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ABSTRACT

Background: Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response to infection. Recent
studies suggest that metabolic disturbances, including hyperuricemia, may influence the clinical course of sepsis. Uric acid,
an end product of purine metabolism, has pro-inflammatory properties that may exacerbate organ dysfunction in septic
patients and hence used as a marker of poor prognosis in sepsis. Hyperuricemia and its potential association with poor clinical
outcomes, such as acute kidney injury (AKI), need for vasopressor support, mechanical ventilation, and mortality, remains
an area of growing interest. This study investigates the association between hyperuricemia and clinical outcomes in adult
sepsis patients admitted to the Medical Intensive Care Unit (MICU).

Methods: This retrospective analytical study included 162 adult patients diagnosed with sepsis and admitted to the MICU
of Karpaga Vinayaga Medical College Hospital, Chengalpattu, Tamil Nadu, India, between January 2024 and December
2024. Adult patients who met Sepsis-3 definition of sepsis is included in this study. Serum uric acid levels, Lactate levels,
Creatinine value at the time of admission and after 24 hours of admission were noted. Serum Uric acid levels more than 7
mg/dL is considered as hyperuricemia. Patients were divided into hyperuricemia (n=107) and normouricemia (n=55) groups
based on serum uric acid levels. Baseline characteristics, laboratory parameters, AKI, duration of hospital stay, need for
vasopressor support, need for assisted mechanical ventilation and mortality outcomes were compared between the groups
using appropriate statistical tests, including Fisher’s exact test and chi-square analysis.

Results: The median age was 59.5 years, with a female predominance (60.49%). Diabetes (58.02%) and hypertension
(53.09%) were the most common comorbidities. Hyperuricemia was present in 66.04% of patients, with a mean serum uric
acid level of 8.24 + 3.13 mg/dL. AKI was significantly associated with hyperuricemia (p<0.0001). Elevated lactate levels
(>2.2 mmol/L) were found in 98.13% of hyperuricemia patients, indicating hemodynamic instability. Vasopressor support
was more frequently required in the hyperuricemia group, with 38% needing two or more vasopressors versus 16.7% in the
normouricemia group (p<0.001). Additionally, 35.51% of hyperuricemia patients required mechanical ventilation compared
to 3.63% in the normouricemia group (p<0.001). In-hospital mortality was also significantly higher in the hyperuricemia
group (p=0.0194), although 30-day mortality did not reach statistical significance (p=0.2248).

Conclusion: Hyperuricemia in sepsis is significantly associated with worse clinical outcomes, including acute kidney injury,
need for multiple vasopressors, assisted mechanical ventilation, and increased in-hospital mortality. Serum uric acid may
serve as a useful biomarker for risk stratification in septic patients.

Keywords: Hyperuricemia, Sepsis, Septic shock, Mechanical ventilation, Vasopressor support, Mortality, AKI, Duration of
stay.
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1. INTRODUCTION

Sepsis is defined as a life-threating organ dysfunction caused by an infection or suspected infection with an increase in the
Sequential Organ Failure Assessment (SOFA) score > 2 [1]. According to the Sepsis-3 criteria, septic shock is defined as
persistent hypotension that necessities vasopressor initiation to maintain a mean arterial pressure (MAP) of 65 mm Hg or
greater with a serum lactate level greater than 2 mmol/L after at least 30 mL/kg of crystalloid fluid resuscitation [1]. Sepsis-
related mortality has been reported to reach up to 50%, among several case series [2-5]. Sepsis remains one of the challenging
medical conditions in intensive care unit (ICUs), causing more than 30% of the short-term ICU mortality in ICUs [6]. The
early identification of sepsis and timely appropriate management can prevent severe complications and progression to septic
shock [7]. Uric acid is the final product of purine catabolism by xanthine oxidase in liver cells, accounting for more than
50% of the total antioxidant activity in the blood, and it delays cell senescence through its antioxidant effect [8-10].
Approximately two-thirds of uric acid is excreted by the kidney, and the rest is excreted by the gastrointestinal tract. In
addition, some uric acid is degraded in the body after reaction with oxidants or peroxynitrite[11]. Hyperuricemia is defined
as the accumulation of serum uric acid beyond its solubility point in water and develops due to uric acid over production,
under secretion, or both [12]. The changes in the level of serum Uric acid are affected by oxidative stress and provide
evidence of impaired plasma antioxidant capacity in severe sepsis [13]. Normal levels of blood uric acid are typically 3.4—
7.2 mg/dL for men and 2.4-6.1 mg/dL for women. Since the last century, elevated uric acid levels have been noted to be
associated with atherosclerosis [14—18], hypertension, hyperinsulinemia [19,20], and chronic kidney disease [21], chronic
heart failure [22,23] and obstructive pulmonary disease [24,25]. Majority of intensive care unit patients undergo ischemic
reperfusion injury and inflammation to varying degrees during their hospitalization. Uric acid may be a factor playing a role
in these processes since it has both oxidant and antioxidant properties. Since high levels of oxyradicals and lower antioxidant
levels in patients with sepsis are believed to result in multiorgan failure, the measurement of uric acid levels could be possibly
used as a marker of oxidative stress in patients with sepsis. Hence, we retrospectively analysed patients admitted to Medical
Intensive Care Unit (MICU) with sepsis to see if there is any significance of serum uric acid with respect to the morbidity
and mortality rate, because of its low cost and readily available in our basic laboratory panel. We hypothesized that elevated
uric acid levels at the early hours of sepsis can predict an increased risk of morbidities as a single test.

2. MATERIALS AND METHODS

2.1 Study Design : We retrospectively analysed patients with sepsis admitted to the intensive care unit (ICU) of our Hospital
between January and December 2024. We followed them for a maximum of 30 days, after their first day of hospitalization.

2.2 Enrollment criteria: Patients were included if they were at least 18 years of age and met the Sepsis-3 definition of sepsis
(having an infection or suspected infection with an increase in Sequential Organ Failure Assessment (SOFA) score > 2) [1].
Patients were excluded if they were <18 years old, pregnant females, patients from an outside facility that have already been
in the MICU for more than 24 hours, had no uric acid data within 24 h of admission, had a history of gout, CKD, Malignancy
or were on allopurinol or on hemodialysis, diuretics. During the course of the study, all patients continued to receive standard
of care for their illnesses by the MICU team.

2.3 Data collection and Definitions: We gathered information regarding age, sex, BMI, concomitant diseases,
immunosuppression, site of infection, length of hospital stay, complete blood count, lactate levels, uric acid levels on
admission, creatinine levels on admission and after 24 hours of admission, SOFA score, need for vasopressor support, need
for assisted mechanical ventilation from medical records. The baseline uric acid level was defined as the serum uric acid
level collected from patients within 24 h of ICU admission. Based on baseline Uric acid levels, Patients were divided into
hyperuricemia and non-hyperuricemia groups. Hyperuricemia in general is defined as a serum urate level of >7mg/dL in
men and >6mg/dL in women. For our study, we defined hyperuricemia as a uric acid level >7mg/dL in both males and
females. We defined Acute Kidney Injury (AKI) as an absolute >0.3mg/dL increase in serum creatinine over a 48-hour period
from the baseline creatinine based on the Acute Kidney Injury Network (AKIN) definition [26]. We used as the baseline
creatinine value as the patients’ creatinine value at the time of initial presentation to the MICU.

2.4 Clinical outcomes: The primary end point was the correlation between hyperuricemia in patients presenting with sepsis
and the mortality in ICU. Main outcomes included Length of Stay, Acute Kidney Injury, the need for assisted mechanical
ventilation (AMV), and the need for vasopressor support (norepinephrine, epinephrine, vasopressin, dopamine, or
phenylephrine), as well as mortality in the 28-day follow-up after the first day of admission to the ICU.

2.5 Statistical analysis: All data were collected, tabulated, and statistically analyzed using SPSS 28.0. Quantitative data were
expressed as mean + SD. These data were analyzed by applying chi-square test (expected frequency >5) and Fischer exact
test (expected frequency <5) with 95% confidence interval. A p-value < 0.05 was considered statistically significant. For the
qualitative data, they were expressed in the form of number and percentage and then analyzed by applying x2 for comparison
between two independent qualitative variables that were normally distributed.
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3. RESULTS
3.1. Baseline Characteristics.

A total of 162 adult patients with sepsis admitted to the MICU at Karpaga Vinayaga Medical College hospital in
Chengalpattu, Tamilnadu, India, who met inclusion criteria were included in the study. Among these, 107 were in
Hyperuricemia group, while 55 were in the non- hyperuricemia group. The median age was 59.5 years. The most prevalent
co morbidities were diabetes and hypertension however they are not statistically significant (see Table 1) Overall there are
39.51%(n=64) males and 60.49%(n=98) females and 43.21% of the enrolled patient population were >65 years of age. Also
to note was that 25.31% of the overall patient population had a body mass index (BMI) >30. The BMI distribution in the
overall population is given in Table 1. Main comorbidities and risk factors for sepsis were also included, with Type 2
Diabetes mellitus being the most frequent with 94 (58.02%) cases followed by systemic hypertension 86(53.09%) and
cardiovascular disease 54 (33.33%)

Five infection sites were identified, with pulmonary (n=52, 32.1%) being the most common, followed by urinary tract (n=48,
29.63%), bacteremia (n=20, 12.35%), soft tissue infections (n=16, 9.88%), abdominal infections (n=8, 4.94%) and others
(n=18, 11.11%).

3.2. Acute Kidney Injury

Amongst 162 patients, 107 (66.04%) had the primary end point of hyperuricemia. The mean serum uric acid level was 8.24
+ 3.13SD mg/dL (see Table 2). The probability of having hyperuricemia along with AKI is about 95.32% and without AKI
is about 4.68%. The mean serum creatinine value at the time of admission was 2.3 £ 1.5SD mg/dL (see Table 2). Meanwhile
the probability of having a uric acid value <7mg/dL along with AKI is 58.18% and without AKI about 41.82%. These
probabilities are statistically significant with a p value of <0.0001.

3.3. Severity of Illness.

Elevated lactic acid levels can be used as a marker for indicating impaired tissue oxygenation, leading to increased anaerobic
metabolism and suggesting the presence of hemodynamic instability resulting in lack of appropriate organ perfusion. In our
lab elevated lactic acid level was considered as any level >2.2mmol/L. The mean lactate level of our study population was
3.6 £ 2.9 SD mmol/L (see Table 2). Of the patients with hyperuricemia 98.13% had an elevated lactic acid level, which is
statistically significant.

Duration of stay in the MICU helps indirectly identify the degree of severity of illness of the ICU patients. We found that
overall, 82.72% of our enrolled patients were still in the MICU and not transferred to a lower level of care at the end of 72
hours. The probability of having hyperuricemia and still being in the MICU at the end of 72 hours and more than 7 days was
32.10% and 30.86%, respectively, while the probability of having a uric acid level <7mg/dL and being in the MICU at the
end of 72 hours and more than 7 days was 16.67% and 3.09%, respectively, which is statistically significant.

3.4. In hospital and 30 days mortality.

In this study, there is a significant correlation between In hospital mortality and higher uric acid levels. In hospital mortality
(overall n=24, 14.81%) is significantly higher in the hyperuricemia group (n=21, 87.5%) than those in the normal uric acid
level group (n=3, 12.5%), with p value of 0.0194 which is statistically significant, while 30 days mortality (overall n=12,
7.40%) in the hyperuricemia group (n=10, 83.33%) and normal uric acid level group (n=2, 16.67%) are not statistically
significant (p value= 0.2248)

3.5. Need for vasopressor support.

In our study, the need for vasopressor support was significantly higher in the hyperuricemia group compared to the
normouricemia group. The proportion of patients requiring 2 or more vasopressors was significantly higher in the
hyperuricemia group (38/100 = 38%) compared to the normouricemia group (3/18 = 16.7%). Notably, 18 patients in the
hyperuricemia group required 3 vasopressors, while none in the normouricemia group did. This difference was statistically
significant (p <0.001, Fisher’s exact value test), suggesting a strong association between hyperuricemia and the need for
escalating vasopressor support.

3.6. Need for Assisted Mechanical Ventilation.

Among the 162 patients included in the study, 40(24.69%) required assisted mechanical ventilation. A significantly higher
proportion of patients in the hyperuricemia group required ventilatory support compared to the normouricemia group.
Specifically, 38 out of 107 patients (35.51%) with hyperuricemia required mechanical ventilation, while only 2 out of 55
patients (3.63%) in the normouricemia group did. This difference was statistically significant (p<0.001, Fisher’s exact test),
indicating a strong association between hyperuricemia and the increased need for mechanical ventilation in patients with
sepsis.
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Table 1. Baseline Characteristics

Characteristics Overall N %
Age

<30 years old 12 (7.40%)
30-65 years old 80 (49.38%)

>65 years old

70 (43.21%)

Sex

Males 64 (39.51%)
Females 98 (60.49%)
BMI

18.5-24.9 70 (43.21%)
25-29.9 51(31.48%)
>30 41 (25.31%)
Comorbidities

Diabetes 94 (58.02%)
Hypertension 86 (53.09%)

Cardiac Disease

Pulmonary Disease

54 (33.33%)
31 (19.14%)

Uric Acid
High N %

6 (5.61%)
52 (48.59%)
49 (45.79%)

46 (42.99%)
61 (57.01%)

49 (45.79%)
33 (30.84%)
25 (23.37%)

63 (58.88%)
57 (53.27%)
36 (33.64%)
19 (17.76%)

Normal N %

6 (10.91%)
28(50.91%)
21 (38.18%)

18 (32.73%)
37 (67.27%)

21 (38.18%)
18 (32.73%)
16 (29.09%)

31 (56.36%)
29 (52.73%)
18 (32.73%)
12 (21.82%)

Table 2. Clinical Characteristics at Admission N=162

p value

0.1731

0.2057

0.3176

0.7587
0.9477
0.9065
0.5338

Variables

Respiratory rate (bpm)

Pulse (bpm)

Temperature (Farenheit)

Systolic Blood Pressure (mmHg)
Mean arterial pressure (mmHg)

Glasscow coma scale score

Serum Uric Acid levels (mg/dL)
Serum Lactate levels (mmol/L)

Serum creatinine levels (mg/dL)

Mean + SD
248+54
106.2+19.2
98.2+24
90.4+21.2
66.3+17.6
133+£1.2

8.24+£3.13
36£2.9
23+1.5
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Table 3. Primary and Secondary Outcomes.

Variables Overall N % Uric Acid p value
High N% Normal N%

Primary Outcomes

In hospital Mortality 24 (14.81%) 21 (87.5%) 3 (12.5%) 0.0194

30 days Mortality 12 (7.40%) 10 (83.33%) 2 (16.67%) 0.2248

Secondary Outcomes

Hospital stay in MICU

<3 days 28 (17.28%) 5(4.67%) 23 (41.82%) <0.0001

3 -7 days 79 (48.77%) 52 (48.60%) 27 (49.09%)

>7 days 55 (33.95%) 50 (46.73%) 5(9.09%)

Elevated Lactate levels 142(87.65%) 105(64.81%) 37(22.84%) <0.0001

Development of AKI 134 (82.71%) 102 (95.32%) 32 (58.18%) <0.0001

Need for Vasopressors 118 (72.84%) 100 (84.74%) 18 (15.25%) <0.0001

Single support 77 (65.25%) 62 (80.52%) 15 (19.48%)

Dual support 23 (19.49%) 20 (86.96%) 3 (13.04%)

Triple support 18 (15.25%) 18 (100%) 0

Need for Assisted Mechanical Ventilation 40 (24.69%) 38 (35.51%) 2 (3.63%) <0.0001

Sources of Sepsis - Pie Chart

Abdominal infections
Others

Pulmonary

Soft tissue infections

Bacteriemia
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4. DISCUSSION

This retrospective analytical study evaluated the association between hyperuricemia and clinical outcomes in adult patients
with sepsis admitted to the MICU. Our findings demonstrate a significant correlation between elevated serum uric acid levels
and adverse clinical outcomes, including acute kidney injury, increased need for vasopressor support, mechanical ventilation,
and higher in-hospital mortality.

The prevalence of hyperuricemia in our sepsis cohort was 66.04%, aligning with existing literature that describes
hyperuricemia as a common metabolic disturbance in critical illness due to increased catabolism, renal dysfunction, and
impaired clearance of uric acid [27]. We observed a strong association between hyperuricemia and acute kidney injury (AKI),
with a statistically significant difference (p<0.0001). This supports previous findings that uric acid has nephrotoxic
properties, contributing to renal vasoconstriction, oxidative stress, and inflammation, which may exacerbate AKI in septic
patients [28,29].

Our results also indicate a significant association between hyperuricemia and hemodynamic instability. Patients with
hyperuricemia were more likely to require multiple vasopressors, with 38% requiring two or more agents compared to 16.7%
in the normouricemia group (p<0.001). Moreover, 18 patients in the hyperuricemia group required three vasopressors,
whereas none in the normouricemia group did. This trend may reflect the impact of hyperuricemia on vascular tone and
endothelial dysfunction, which have been implicated in reduced vasopressor responsiveness [30].

Another important finding is the association between hyperuricemia and respiratory failure. A striking 35.51% of patients in
the hyperuricemia group required assisted mechanical ventilation, compared to just 3.63% in the normouricemia group
(p<0.001). This suggests that elevated uric acid may be a marker of more severe disease with systemic involvement, possibly
due to its link with increased proinflammatory cytokine activity and tissue hypoxia [31].

The strong correlation between hyperuricemia and elevated serum lactate further supports this hypothesis, as both markers
reflect impaired oxygen delivery and metabolic stress.

Mortality data from our study show that in-hospital mortality was significantly higher in the hyperuricemia group (87.5% of
deaths; p=0.0194), consistent with findings from prior studies associating uric acid with poor outcomes in sepsis and critically
ill patients [31,32].

However, 30-day mortality did not show a statistically significant difference between groups (p=0.2248), which may be
attributed to sample size limitations or post-discharge factors not captured in the study.

Despite these findings, there are several limitations to consider. This was a single-center retrospective study, limiting the
generalizability of results. Additionally, causality cannot be inferred from associations, and potential confounding
variables—such as the timing of sepsis onset, fluid resuscitation status, and baseline renal function—may influence the
outcomes. Nevertheless, the strength of the observed associations suggests that serum uric acid could serve as a valuable
biomarker in the early risk stratification of septic patients.

5. CONCLUSION

This retrospective analytical study demonstrates a significant association between hyperuricemia and adverse clinical
outcomes in patients with sepsis. Elevated serum uric acid levels were correlated with increased severity of illness, prolonged
ICU stay, higher need for vasopressor support and increased mortality. These findings suggest that hyperuricemia may serve
as a useful prognostic marker in the early identification of high-risk septic patients. However, further prospective studies are
warranted to explore the casual relationship and to evaluate whether therapeutic modulation of serum uric acid levels could
improve sepsis outcomes.
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