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ABSTRACT
	Aims: To determine the correlation between blood uric acid (Ua) concentration with quantitative severity criteria in preeclampsia.
Study design: Cross-sectional, descriptive, and analytical study 
Place and Duration of Study: Department of Gynecology and Obstetrics at Regional General Hospital No. 1 of the Mexican Institute of Social Security located in Ciudad Obregón, Sonora, Mexico, between November 2024 and August 2025. 
Methodology: A retrospective cohort of 104 pregnant patients with severe preeclampsia (SP) was included. The mean blood concentration of Ua, frequency of hyperuricemia (>4.5 mg/dL), frequency of quantitative severity criteria of SP and their correlation with Ua were studied (Ua vs systolic blood pressure ≥160 mmHg, diastolic blood pressure ≥110 mmHg, aspartate aminotransferase enzyme (AST) ≥37 U/L, alanine aminotransferase enzyme (ALT) ≥37 U/L, thrombocytopenia <100,000 platelets/µL, serum creatinine >1.1 mg/dL, proteinuria ≥2 g/24 h and oliguria <0.5 ml/K/h). Descriptive statistics, Student's t test, chi-square test, Pearson's correlation coefficient (r) and Odds ratio were used with the SPSS™ version 22 statistical program.
Results: Mean Ua 5.33±1.02 mg/dL with hyperuricemia 83.65% (n=87). Frequency of quantitative severity criteria: oliguria 21.15%, systolic blood pressure 20.2%, AST 16.3%, thrombocytopenia 11.5%, proteinuria 9.61%, diastolic blood pressure 6.7%, ALT 6.7% and serum creatinine 4.8%. Correlations: systolic blood pressure r=.107, diastolic blood pressure r=.092, AST r=.051, ALT r=.117, thrombocytopenia r=-.279, serum creatinine r=.470, proteinuria r=.961 and oliguria r=-.145. 
Conclusion: Ua-creatinine correlation was moderately positive, and Ua-proteinuria was strongly positive. Other correlations were not statistically significant. Hyperuricemia can be part of the clinical examinations aimed at evaluating renal involvement in SP.
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1. INTRODUCTION
Uric acid (Ua) is a terminal metabolite of purines (adenine, guanine) which are characterized by their double-ring structure and are part of nucleic acids (DNA, RNA). Purines are released when nucleated cells lyse and through the ingestion of certain foods (meats, liver, shellfish, beans, peas, beer). Its metabolic pathway involves the conversion of hypoxanthine to xanthine and then of xanthine to Ua catalyzed by the enzyme xanthine oxidase. 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. The proximal renal tubule, primarily the S1 segment, is responsible for 90% of Ua reabsorption. In the S2 segment of the proximal renal tubule secretion exceeds reabsorption. Reabsorption sites more distal to the proximal renal tubule account for the remaining 10% of filtered Ua. (Maiuolo, 2016).

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) elevation of Ua is a risk factor for multiple diseases because it promotes inflammation, oxidative stress, and endothelial dysfunction. (El Ridi R, 2017) (de Oliveira, 2012) (Annesi, 2024).

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 from plasma volume expansion, decreased systemic vascular resistance, increased cardiac output, increased glomerular filtration rate and the uricosuric effects of estrogens. In addition, an increase in its urinary excretion has also been found. (Kazma, 2020). Ua increases towards the end of pregnancy approaching the levels of a normal non-pregnant woman due to increased fetal Ua production and decreased maternal glomerular filtration rate. (Kazma, 2020) (Amini, 2014).

The mean 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 is identified by Ua values >4.5 mg/dL. (Martínez-Gascón, 2016). Hyperuricemia occurring in early preeclampsia (<34 weeks) has been associated with massive destruction and death of trophoblastic cells. Hyperuricemia in late preeclampsia (≥34 weeks) has been linked to increased reabsorption 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). Hyperuricemia precedes the appearance of the signs and symptoms of preeclampsia. (Nakagawa, 2023). This is the first clinical biochemistry parameter that changes during the disease. (Vázquez-Rodríguez, 2019). Furthermore, Ua it is a predictor of a substantial increase in blood pressure and proteinuria, the development of maternal organ damage and a higher frequency of adverse fetal effects in utero and at birth. (Li, 2023).

Preeclampsia is a hypertensive disease that complicates human pregnancy from week 20 onward (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 impaired coagulation (platelets). The maternal abnormalities associated with preeclampsia are known as severity criteria. (ACOG, 2020) (Abramova, 2021).

In 2020, the American College of Obstetricians and Gynecologists (ACOG) of United States of America issued a list of severity criteria of preeclampsia. These 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 refractory to usual analgesics, persistent visual disturbances, hyperreflexia, acute pulmonary edema, epigastric or right upper quadrant abdominal pain, hepatic dysfunction (aspartate aminotransferase (ALT) and alanine aminotransferase (AST) levels, elevation to twice the normal upper limit) and thrombocytopenia (<100,000 platelets/µL). (ACOG, 2020).

Vázquez-Rodríguez et al. have proposed that the severity criteria of preeclampsia can be classified as quantitative and qualitative to facilitate their study, analysis, and interpretation. (Vázquez-Rodríguez, 2020). 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 in 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 in 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


Experts from North America (Canada, the United States and Mexico) have not included hyperuricemia as a criterion for the severity of preeclampsia because, in their opinion, the evidence generated is not strong enough to support its inclusion. (ACOG, 2020) (Magee, 2022) (GPC, 2017). However, in everyday medical practice, hyperuricemia plays a prominent role in preeclampsia because it has been a useful tool for complementing early clinical diagnosis, for establishing a differential diagnosis with chronic hypertension, for making decisions about pregnancy termination and for predicting peripartum evolution and maternal-fetal outcome.
2. OBJECTIVE

To determine the correlation between blood Ua concentration and quantitative severity criteria in preeclampsia.

3. material and methods
A cross-sectional, descriptive, and analytical study was conducted on a retrospective cohort of pregnant patients with a confirmed diagnosis of SP admitted to the Department of Gynecology and Obstetrics at Regional General Hospital No. 1 of the Mexican Institute of Social Security located in Ciudad Obregón, Sonora, Mexico, between November 2024 and August 2025. The diagnosis of SP and the quantitative severity criteria were established based on the ACOG recommendations issued in 2020. (ACOG, 2020).

The admission records were reviewed. Pregnant patients over 18 years of age, regardless of parity, who delivered at the same hospital and had available medical records and clinical laboratory tests were included. Patients in the postpartum period, with a history of liver disease, chronic kidney disease of any cause, those undergoing dialysis, hemodialysis or with a kidney transplant were excluded. Patients with unavailable medical records or incomplete laboratory tests were also excluded.

A cohort of 104 patients met the selection criteria. All patients had regularly attended their local Family Medicine Unit for prenatal care and were referred to the host hospital after hypertension was documented by SP. Upon admission to the Department of Gynecology and Obstetrics at the main hospital, it was found that all patients had already received antihypertensive medication. Medical records were reviewed to determine age, comorbidities, parity, gestational age, body mass index, delivery route (vaginal or cesarean section), birth weight, Apgar score at one and five minutes postpartum, fetal mortality and maternal mortality.

For the purposes of the investigation, systolic blood pressure, diastolic blood pressure and the results of clinical laboratory tests upon hospital admission were recorded to determine Ua levels and quantitative severity criteria for preeclampsia (thrombocytopenia, serum creatinine, AST, ALT). Hyperuricemia was identified when the blood uric acid concentration was >4.5 mg/dL. (Martínez-Gascón, 2016). Urine was collected using an indwelling urinary catheter placed upon admission and oliguria was defined as a first-hour urine volume <0.5 ml/K/hour. Proteinuria was quantified in the clinical laboratory using urine samples from the first 24 hours of hospitalization and pathological proteinuria was defined as ≥2 g/24 hours.

The blood concentration of hemoglobin, glucose, albumin, globulins, plasma colloid osmotic pressure (PCOP mmHg = (serum albumin g x 5.54) + (serum globulins g x 1.43)) and the Lactic dehydrogenase (LDH) enzyme were also studied because they are secondary data that are considered of interest in SP. 
3.1 Statistical analysis

Descriptive statistics (mean, median, standard deviation, range) were used for data analysis. The Kolmogorov-Smirnov test was applied, and a normal distribution of the data was found. Therefore, the unpaired Student's t-test was used to study the existence of significant differences between groups and the chi-square test was used for non-numerical variables. A P-value <.05 was considered significant. Pearson's correlation coefficient (r) was calculated to identify the association of Ua with each of the quantitative severity criteria for preeclampsia (0 to .1 nonexistent or very weak, .1 to .29 weak, .30 to .50 moderate, .50 to 1.00 strong), as well as the Odds ratio. The statistical software SPSS™ version 22 was used.
4. results
General data are shown in Table 2. The mean of maternal age was 26 years. The main comorbidities were obesity, chronic hypertension, and diabetes. 47.11% were experiencing their first pregnancy. The mean of gestational age was approximately 36 weeks with 46.2% of pregnancies being preterm. Systolic and diastolic blood pressure values were very high. Cesarean section was used in 89.4% of cases with a fetal mortality rate of 5.76% and a maternal mortality rate of 0%. 
	Table 2. General data



	Parameters
	Results

	Age years (range)
	26.32±6.21 (16 to 44)

	Morbidities
	

	     Obesity % (n)
	64.42 (67)

	     Chronic hypertension % (n)
	12.5 (13)

	     Gestational diabetes % (n)
	4.80 (5)

	     Primary hypothyroidism % (n)
	2.88 (3)

	     Type 2 diabetes mellitus
	1.92 (2)

	Body Mass Index 
	33.34±7.28 

	Parity
	

	     First pregnancy % (n)
	47.11 (49)

	     Two or more pregnancies % (n)
	52.89 (55)

	Weeks of pregnancy % (n)
	36.48±3.65

	     37 to 41 (Full-term pregnancy)
	53.8 (56)

	     <37 (Preterm pregnancy)
	46.2(48)

	Blood pressure mmHg
	

	     Systolic
	165.47±16.39 

	     Diastolic
	104.02±9.67 

	Uresis ml/hour
	51.82±19.13 

	Termination of pregnancy % (n)
	

	     Cesarean section
	89.4 (93)

	     Vaginal delivery
	10.6 (11)

	Fetal weight g
	2,776±862

	Apgar scale score median
	

	     Minute 1/minute 5
	8/9

	Fetal mortality % (n)
	5.76 (6)

	Maternal mortality % (n)
	0


The clinical laboratory data are shown in Table 3.
	Table 3. Clinical laboratory data


	Parameters
	Results

	Hemoglobin g/dL
	13.03±1.30

	Platelets /µL
	180,021±62,202

	Glucose mg/dL
	93.26±36.14

	Creatinine mg/dL
	0.60±0.20

	Uric acid mg/dL
	5.33±1.02

	Albumin g/dL
	2.48±0.35

	Globulins g/dL
	2.96±0.59

	Plasma colloid osmotic pressure mmHg
	18±2.21

	Aspartate aminotransferase enzyme U/L
	39.46±71.34

	Alanine aminotransferase U/L
	32.45±56.89

	Lactic dehydrogenase enzyme U/L
	234.72±23.43

	Proteinuria g/L
	1.5±0.83


The mean of Ua concentration was 5.33 ± 1.02 mg/dL (range 3.1 to 8.1). The frequency of hyperuricemia was 83.65% (87 cases) and 16.35% (17 cases) the values were within the normal range (1.2 to 4.5 mg/dL). Figure 1
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	Figure 1. Distribution of patients according to blood uric acid concentration


Frequency of quantitative severity criteria in preeclampsia is shown in Figure 2. The most frequent criterion was oliguria, followed by systolic blood pressure, AST enzyme, thrombocytopenia, proteinuria, diastolic blood pressure, ALT enzyme, and serum creatinine.
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	Figure 2. Frequency of quantitative severity criteria in preeclampsia.

	% (n), AST = aspartate aminotransferase, ALT = alanine aminotransferase.

	


When the correlation between Ua blood concentration and quantitative severity criteria for preeclampsia was analyzed, the association was found to be strongly positive with proteinuria and moderately positive with serum creatinine. The correlation with the other criteria was not significant. The Odds ratio test results showed an increased risk for hyperuricemia with all severity criteria, 1.898 for systolic blood pressure, but with a significant P-value only with thrombocytopenia. Table 4
	Table 4. Correlation and relative risk of blood uric acid concentration with quantitative severity criteria in preeclampsia



	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


5. DISCUSSION

A retrospective cohort of 104 pregnant patients with SP was studied to determine the correlation between blood Ua concentration and quantitative severity criteria for preeclampsia. The mean Ua concentration was determined (5.33 ± 1.02 mg/dL) as well as the frequency of hyperuricemia, which was found to be very high (83.65%). Figure 1. The most frequent criterion was oliguria, followed by systolic blood pressure, AST enzyme, thrombocytopenia, proteinuria, diastolic blood pressure, ALT enzyme and serum creatinine. Figure 2. The correlation between blood Au concentration and creatinine was moderately positive and with proteinuria it was strongly positive. The correlation with the other criteria was not statistically significant. Table 4. The Odds ratio test results showed an increased risk of hyperuricemia with all quantitative severity criteria, but with a significant P-value only with thrombocytopenia.

The findings showed that Ua had a significant correlation only with renal criteria such as serum creatinine and proteinuria, but not with oliguria or extrarenal criteria. In this study, urine output was examined because ACOG has included it as a severity criterion; the Ua-oliguria correlation was weakly negative (r=-.145). Its interpretation is subject to reservation because urine output is not a recommended parameter for assessing renal involvement, as urine volume preservation has been more closely associated with the hypertension-uresis phenomenon that occurs outside of pregnancy and in preeclampsia. (Roman, 1986). 

Given this scenario, the focus of the discussion of the results of the present research has been intentionally directed to the relationship that exists between Ua with serum creatinine and proteinuria. The metabolic origins of Ua and creatinine differ. Ua is a metabolite of purines, while serum creatinine is a product of creatine breakdown from muscle tissue and dietary meat. However, they share the same site of renal clearance at the glomerular level as well as tubular reabsorption and secretion. 

The oxidative biochemical function of both metabolites is also similar, as 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 both protective antioxidants and 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, a hallmark of cardiovascular disease, diabetes, obesity and preeclampsia. Similarly, creatinine can act as an antioxidant, but its production is linked to metabolic processes that can also contribute to oxidative stress. (Sautin, 2008) (Gallo, 2023).

In theory, the adverse effects of hyperuricemia and elevated creatinine may be additive; it is unknown whether this occurs in patients with preeclampsia. Hyperuricemia is the most frequently identified independent risk factor in preeclampsia and precedes increases in serum creatinine and the development of hypertensive disease. An increased Ua/creatinine ratio is positively associated with the risk of adverse pregnancy outcomes. 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). Despite the consistency of the data reported in previous research, experts in our geographic region have included serum creatinine as a criterion for renal involvement in SP and have called into question hyperuricemia. (ACOG, 2020) (Magee, 2022) (GPC, 2017). 

The cutoff point for nephrotic proteinuria is >3.5 g/24 hours; it is generally due to a glomerular problem and is always non-selective. (Bartal, 2022). The frequency of nephrotic syndrome in SP is very low, most patients develop infranephrotic proteinuria. The proteins originate in the tubules and not the glomeruli, at least at the onset of renal involvement. (Suzuki, 2020) (Wang, 2025). New-onset hyperuricemia may herald the development of pathological proteinuria (≥2 g/24 hours), which has been widely recognized as an adverse risk factor for renal function. (Le, 2019).

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 must assess severity. The findings suggest that 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. They also 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 goal of therapy 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. Further research is needed to document the benefits.

The main strength of the research was identifying the correlation between blood Ua concentration and quantitative severity criteria for preeclampsia, its statistical significance, and its potential clinical utility. The research has weaknesses because it was a retrospective cross-sectional study with a small sample size and the analysis of data from patients residing in a specific geographic region. These factors limit the generalizability of the findings.

6. CONCLUSIONS

The frequency of hyperuricemia was very high (83.65%). The most frequent quantitative severity criteria were oliguria, systolic blood pressure and AST enzyme levels. The Ua-creatinine correlation was moderately positive, and the Ua-proteinuria correlation was strongly positive, other correlations were not statistically significant. Blood Ua concentration can be included in clinical examinations aimed at assessing renal involvement in patients with SP, especially in low resource countries.
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