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Abstract
Introduction The respiratory system is critical for gas exchange, with respiratory failure resulting in insufficient 
oxygen and inadequate removal of carbon dioxide. Serum uric acid (SUA), a byproduct of purine metabolism, rises 
during hypoxemic conditions and has potential as a prognostic marker in respiratory failure. This study aimed to 
explore the relationship between SUA levels, mortality, duration of hospital stay, and ICU scores (APACHE II, and SOFA) 
in geriatric patients receiving non-invasive mechanical ventilation (NIV).

Materials and methods We conducted a retrospective analysis of 1109 patients with respiratory failure admitted 
to the Respiratory Intensive Care Unit (RICU) from 2020 to 2022. We excluded minor patients (under 18 years old), 
patients with incomplete records, known gout, and dialysis-dependent or SRRT required renal failure. We collected 
demographics, comorbidities, laboratory findings, APACHE II, and SOFA scores. Patients were divided into two age 
groups (≥ 65 and < 65). Statistical analysis, including chi-square, regression, and correlation tests, was performed to 
evaluate the association between SUA and clinical outcomes.

Results Patients aged ≥ 65 had significantly higher SUA, creatinine, and BUN levels, as well as longer hospital stays 
and higher APACHE II and SOFA scores. Elevated SUA levels correlated with increased mortality and NIV requirements 
in the elderly. Regression analysis confirmed SUA as a predictor of NIV need.

Discussion SUA levels are positively associated with worse outcomes in elderly patients with respiratory failure. This 
study supports previous research findings that hyperuricemia correlates with increased ICU admissions and mortality 
in respiratory conditions, particularly in older adults who need a noninvasive ventilation (NIV).

Conclusion Elevated SUA levels are a valuable prognostic marker for predicting NIV needs and poor outcomes 
in geriatric patients with respiratory failure. Regular monitoring of SUA could enhance clinical management and 
improve prognosis in this population.
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Introduction
Respiratory failure, characterized by inadequate gas 
exchange leading to hypoxemia or hypercapnia, remains 
a critical concern in intensive care units (ICUs). Type 1 
respiratory failure is primarily due to impaired oxygen-
ation, while type 2 respiratory failure results from inef-
fective carbon dioxide elimination. Both conditions lead 
to metabolic complications, such as increased anaero-
bic metabolism and ATP degradation, which eventually 
cause elevated serum uric acid (SUA) levels [1].

Recent studies suggest that SUA may serve as a prog-
nostic biomarker for critically ill patients, particularly 
those with respiratory failure. Uric acid, a product of 
purine metabolism, exhibits dual properties as both an 
antioxidant and a pro-oxidant, depending on the meta-
bolic state [2]. As a result of hyperuricemia, oxidative 
stress and systemic inflammation increase. These two 
important processes are linked to the development of 
acute respiratory distress syndrome (ARDS) and multi-
organ dysfunction syndrome (MODS). Additionally, 
elevated uric acid levels impair endothelial function and 
reduce nitric oxide synthesis, leading to an increase in 
pulmonary vascular resistance. Watanabe et al. have 
reported that hyperuricemia inhibits vasodilation in the 
pulmonary arteries and may contribute to the develop-
ment of pulmonary hypertension [3].

Scoring systems like the Sequential Organ Failure 
Assessment (SOFA) and the Acute Physiology and 
Chronic Health Evaluation (APACHE) have been used 
for a long time in intensive care units to predict respira-
tory failure outcomes. However, metabolic biomarkers 
like SUA are gaining more interest for their potential to 
improve early prognosis and risk stratification [4]. In a 
recent study, suggesting a strong correlation between 
hyperuricemia and poor clinical outcomes, patients with 
increased SUA levels suggested higher ICU mortality 
rates and an increased risk of acute kidney injury (AKI) 
[5]. Despite these associations, the role of SUA in respira-
tory failure prognosis is still under investigation. Certain 
research indicates that SUA alone may not be sufficient 
to predict mortality in sepsis-related respiratory failure 
[2]. However, SUA may provide valuable insights into dis-
ease severity and patient survival rates when combined 
with other markers, such as the blood urea nitrogen-to-
albumin ratio (BAR) [6].

Further research is necessary to establish SUA as a reli-
able biomarker for ICU patients with respiratory failure, 
given its ease of measurement and affordability. Our 
study aims to investigate the correlation between SUA 
levels and clinical outcomes in geriatric patients receiving 

non-invasive mechanical ventilation due to respiratory 
failure. These clinical outcomes include mortality, length 
of hospital stay, and ICU severity scores. By identifying 
metabolic markers that predict disease progression, we 
hope to enhance early intervention strategies and opti-
mize patient management in ICUs.

Materials and methods
The Clinical Research Ethics Committee of the XXXXXX 
Training and Research Hospital approved this study on 
27.09.2023, with Decision No: 2012-KAEK-15/2790. A 
total of 1378 patients, admitted and monitored in the 
Respiratory Intensive Care Unit between 01/01/2020 and 
31/12/2022, were screened. 1109 patients with respira-
tory failure who met the study’s criteria were included. 
We excluded patients younger than 18 years old, those 
whose medical records were missing, or those who had 
gout disease, dialysis-dependent renal failure, or a kidney 
transplant. Our study was conducted in a secondary-level 
respiratory intensive care unit, which is a specialized 
ICU primarily dedicated to the management of patients 
with type 1 and type 2 respiratory failure. In this unit, 
although the etiologies vary, patients with decompen-
sated respiratory acidosis or hypoxemic patients with a 
low PaO2/FiO2 ratio and high oxygen demand are admit-
ted and monitored.

All data, including age, gender, comorbidities, labo-
ratory findings, Acute Physiology and Chronic Health 
Evaluation II (APACHE II), Sequential Organ Failure 
Assessment (SOFA) scores, and demographic and clini-
cal data were obtained from patient files and the hospi-
tal information management system. The diagnosis of 
“respiratory failure” was confirmed based on arterial 
blood gas (ABG) values during admission and follow-up. 
The patients were divided into two groups: those aged 65 
years and older and those younger than 65 years. Retro-
spective analysis was performed on the blood parameters 
routinely monitored during intensive care follow-up. 
These blood parameters were compared between the two 
groups, and their effects on mortality and hospital length 
of stay were examined.

Statistical evaluation
Initially, a Microsoft Excel Office 365 file contained all 
study parameters for evaluation. After investigation for 
any mistakes, the file was then converted, and the fol-
lowing statistical evaluations were performed in an IBM 
SPSS Statistics file (IBM Corp. Released 2017; IBM SPSS 
Statistics for Windows, Version 25.0. Armonk, NY).

Keywords Respiratory failure, Serum uric acid, Non-invasive mechanical ventilation, Geriatric patients, ICU scoring 
systems, Mortality prediction
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We evaluated the parameters’ distribution using a his-
togram and a Q-Q plot analysis to confirm the paramet-
ric distribution. We then presented the values by stating 
the mean and standard deviation. The Chi-square test 
was used to evaluate the association with two nomi-
nal parameters, with Phi and Cramer’s V being used for 
parameters with more than two nominal values. Kend-
all’s tau b was used to compare outcome parameters to 
other continuous parameters, in which discharge was 
assumed as the best outcome, with exitus considered 
the worst outcome. The role of each parameter on non-
invasive mechanical ventilation (NIV) was investigated 
by binominal regression analysis. While linear regression 
analysis was planned for the impact of each parameter on 

intensive care unit (ICU) scoring parameters. A p-value 
of or below 0.05 was accepted as statistically significant.

Results
A total of 1378 patients’ records were evaluated. After the 
exclusion criteria of 1378 and 269, the remaining 1109 
patients were included in the study. The majority of the 
patients were older than 65 years (n = 756), and the aver-
age age was 75.61 (± 6.99) years. Both groups were pre-
dominantly male (62.4%, n = 692). The average intensive 
care duration for patients was 8.38 (± 5.26), which was 
higher in the elderly group (8.64 to 7.84, p = 0.001). Type-
two respiratory failure was the dominant respiratory pat-
tern in both age groups (Table 1).

Table 1 Demographic parameters and comorbidities of patients according to age
Parameters Below 65 Years (n = 353) 

(n,%)
Above 65 Years (n = 756) 
(n,%)

Total
(n = 1109) (n,%)

p-value

Age(years, SD) 56.56 (± 6.64) 75.61 (± 6.99) 69.61 (± 11.21)
Hospitalization Duration(Days, ±SD) 7.84 (± 4.60) 8.64 (± 5.53) 8.38 (± 5.26) 0.001
Gender Male 255 (72.24) 437 (57.8) 692 (62.4) 0.001

Female 98 (27.76) 319 (42.2) 417 (37.6)
Respiratory Failure Type Type 1 73 (20.74) 174 (23.11) 247 (22.4) 0.378

Type 2 279 (79.26) 579 (76.89) 858 (77.6)
Chronic Obstructive Pulmo-
nary Disease

Not Present 119 (33.71) 252 (33.33) 371 (33.5) 0.901
Present 234 (66.29) 504 (66.67) 738 (66.5)

Pneumonia Not Present 310 (87.82) 599 (79.23) 909 (82) 0.001
Present 43 (12.18) 157 (20.77) 200 (18)

Diabetes Mellitus Not Present 337 (95.47) 709 (93.78) 1046 (94.3) 0.259
Present 16 (4.53) 47 (6.22) 63 (5.7)

Interstitial Lung Disease Not Present 339 (96.03) 717 (94.84) 1056 (95.2) 0.386
Present 14 (3.97) 39 (5.16) 53 (4.8)

Lung Malignancy Not Present 329 (93.2) 728 (96.3) 1057 (95.3) 0.023
Present 24 (6.8) 28 (3.7) 52 (4.7)

Pulmonary 
Thromboembolism

Not Present 339 (96.03) 725 (95.9) 1064 (95.9) 0.916
Present 14 (3.97) 31 (4.1) 45 (4.1)

Congestive Heart Failure Not Present 347 (98.3) 722 (95.5) 1069 (96.4) 0.020
Present 6 (1.7) 34 (4.5) 40 (3.6)

Atrial Fibrillation Not Present 343 (97.17) 735 (97.22) 1078 (97.2) 0.959
Present 10 (2.83) 21 (2.78) 31 (2.8)

Bronchiectasis Not Present 343 (97.17) 747 (98.81) 1090 (98.3) 0.05
Present 10 (2.83) 9 (1.19) 19 (1.7)

Acute Renal Failure* Not Present 349 (98.87) 732 (96.83) 1081 (97.5) N/A
Present 4 (1.13) 24 (3.17) 28 (2.5)

Chronic Renal Disease Not Present 350 (99.15) 751 (99.34) 1101 (99.3) N/A
Present 3 (0.85) 5 (0.66) 8 (0.7)

Obstructive Sleep Apnea Not Present 349 (98.87) 751 (99.34) 1100 (99.2) N/A
Present 4 (1.13) 5 (0.66) 9 (0.8)

Kyphoscoliosis Not Present 346 (98.02) 755 (99.87) 1101 (99.3) N/A
Present 7 (1.98) 1 (0.13) 8 (0.7)

Coronary Arterial Disease Not Present 352 (99.72) 751 (99.34) 1103 (99.5) N/A
Present 1 (0.28) 5 (0.66) 6 (0.5)

SD: Standard Derivation, For independent samples, a t-test was used to compare hospitalization duration, while Pearson chi-square was used for categorical data. 
Data with inadequate samples for chi-square analyses were removed and labeled as N/A. The diabetes mellitus definition included type 1 and type 2 diabetes yet 
excluded treatment-related diabetes

* These patients did not have dialysis-dependent or SRRT-required renal failure
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The most prevalent comorbidity was chronic obstruc-
tive pulmonary disease, seen at 66.5% (n = 738) of the 
study group, and did not vary between groups. This was 
followed by diabetes mellitus (n = 63), interstitial lung dis-
ease (n = 53), lung malignancy (n = 52), pulmonary throm-
boembolism (n = 45), congestive heart failure (n = 40), 
atrial fibrillation (n = 31), and bronchiectasis (n = 19). Out 
of these, lung malignancy and congestive heart failure 
differed between groups. These two comorbidities were 
more common in the elderly group (p = 0.023 and 0.020, 
respectively) (Table 1).

Regarding laboratory levels comparison, the elderly 
population had an overall higher uric acid, creatinine, 
blood urea nitrogen, sodium, and calcium levels (p = 0.001 
for all values). Similarly, the elderly group had a higher 
APACHE II and SOFA score (p = 0.001 for both values). 
There was a difference in outcomes between elderly and 
non-elderly patients after ICU. Elderly patients required 
more frequent admissions to a ward (14.4–11.6%) or to 
another ICU for follow-up care (13.5–7.6%). They also 
had a lower overall discharge rate and a higher rate of 
intensive care mortality (63.9–74.2% and 8.2–6.5%). 
However, this association had a small magnitude of effect 
(p = 0.004 and a Cramer V of 0.109) (Table 2).

We performed correlation analysis for parameters 
affecting ICU scoring systems, NIV requirements, and 
outcome evaluation. Uric acid levels positively correlated 
with an increased SOFA score in patients below 65 years 
old (p = 0.006, correlation coefficient = 0.149). There was a 
stronger correlation coefficient (0.266) in the older popu-
lation. There was also a positive correlation between uric 
acid, APACHE II score, and NIV requirement (p = 0.001 
for both values and correlation coefficients 0.164 and 
0.125) (Tables 3 and 4).

Binominal regression analysis was performed to 
determine the role of the correlated parameters in NIV 
requirements. As patients below 65 years old did not cor-
relate with uric acid and NIV requirements, the analysis 
was performed for those above 65 years old. The regres-
sion model was statistically significant (χ2(13) = 402.014, 
p = 0.001) and explained 62.5% (Nagelkerke R2) of the 
variance. The Hosmer and Lemeshow test result was 
0.305, which favored a good fit. The model correctly clas-
sified 84.4% of the patients. In the regression model, uric 
acid levels were still statistically significant in their role 
upon NIV requirement (p = 0.029), with the other sta-
tistically relevant parameters being COPD, presence of 

Table 2 Laboratory results, intensive care scoring systems, and outcome comparison of patients
Parameters
(mean, ±SD)

Below 65 Years
(n = 353) (n,%)

Above 65 Years
(n = 756) (n,%)

Total
(n = 1109) (n,%)

p-value

Uric Acid(mg/dl) 5.25 (2.18) 5.95 (2.79) 5.73 (2.41) 0.001
Creatinine(mg/dl) 0.83 (0.26) 1.00 (0.35) 0.95 (0.33) 0.001
Blood Urea Nitrogen(mg/dl) 19.79 (9.23) 25.50 (11.48) 23.65 (11.12) 0.001
Glomerular Filtration Rate(ml/min/1.73 m2) 91.79 (23.27) 68.52 (23.50) 75.88 (25.8) 0.001
Sodium(mmol/L) 138.79 (3.64) 139.41 (4.07) 139.21 (3.95) 0.001
Potassium(mmol/L) 4.42 (0.59) 4.36 (0.69) 4.38 (0.66) 0.146
Calcium(mg/dl) 8.79 (0.60) 8.59 (0.64) 8.66 (0.64) 0.001
Chloride(mmol/L) 96.56 (5.33) 98.17 (5.55) 97.66 (5.55) 0.001
Magnesium(mg/dl) 1.99 (0.36) 1.97 (0.34) 1.98 (0.35) 0.425
Albumin (g/dl) 33.5 (5.4) 31.0 (5.6) 31.8 (5.6) 0.001
Arterial Blood Gas Results
pH 7.4 (0.07) 7.40 (0.08) 7.41 (0.08) 0.989
Partial carbon dioxide(mmHg) 60.1 (15.98) 56.97 (15.09) 57.97 (15.44) 0.02
Bicarbonate(mEq/L) 36.56 (7.80) 34.56 (7.85) 35.2 (7.89) 0.001
Intensive Care Scoring Systems
Glasgow Coma 14.97 (0.19) 14.94 (0.30) 14.95 (0.27) 0.036
APACHE II 13.08 (3.70) 15.92 (3.7) 15.02 (3.93) 0.001
SOFA Score 1.61 (0.95) 1.90 (1.09) 1.81 (1.06) 0.001
Non-Invasive Mechanical
Ventilation
(n,%)

Not Required 110 (31.2) 257 (34.1) 367 (33.2) 0.336
Required 243 (68.8) 497 (65.9) 740 (66.8)

Outcome(n,%) Exitus 23 (6.5) 62 (8.2) 85 (7.7) 0.004
Discharge 262 (74.2) 483 (63.9) 745 (67.2)
Admission to Ward 41 (11.6) 109 (14.4) 150 (13.5)
Admission to another ICU 27 (7.6) 102 (13.5) 129 (11.6)

SD: Standard Deviation; SOFA: Sequential Organ Failure Assessment; ICU: Intensive Care Unit. The exitus definition included the patients who were accepted as 
exitus within the ICU setting. For outcome association, the Cramer V value was 0.109, and thus the magnitude of association was accepted as small
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Table 3 Correlation analysis of parameters for intensive care unit scores, NIMV requirement, and outcome for patients below 65 years 
old
Parameters Geriatric Patients (> 65 years)

Glasgow Coma APACHE II SOFA NIMV Requirement Outcome Mortality
Uric Acid CC -0.057 0.081 0.149** 0.054 -0.069 0.051

P value 0.295 0.134 0.006 0.316 0.104 0.345
Hospitalization Duration CC 0.003 0.005 -0.001 0.052 -0.051 -0.089

P value 0.955 0.932 0.993 0.337 0.247 0.098
COPD CC 0.063 -0.146** -0.185** 0.387** -0.409** -0.273**

P value 0.236 0.006 0.001 0.001 0.001 0.000
Pneumonia CC 0.049 0.046 0.029 -0.273** 0.178** 0.007

P value 0.361 0.393 0.592 0.001 0.002 0.896
Diabetes Mellitus CC -0.042 0.051 -0.041 -0.001 0.002 -0.002

P value 0.430 0.345 0.442 0.994 0.987 0.965
Interstitial Lung Disease CC 0.027 0.039 0.098 -0.177** 0.278** 0.123*

P value 0.609 0.469 0.068 0.002 0.001 0.021
Lung Malignancy CC -0.023 0.186** 0.086 -0.110* 0.439** 0.430**

P value 0.671 0.001 0.109 0.039 0.001 0.000
PE CC -0.125* -0.008 0.189** -0.239** 0.103* 0.064

P value 0.019 0.874 0.001 0.001 0.045 0.231
Congestive Heart Failure CC 0.018 0.027 0.123* -0.053 -0.073 -0.035

P value 0.741 0.617 0.021 0.316 0.151 0.516
Atrial Fibrillation CC 0.023 0.056 -0.039 -0.106* -0.012 0.024

P value 0.667 0.292 0.466 0.046 0.809 0.652
Bronchiectasis CC 0.023 -0.018 -0.075 -0.033 -0.001 -0.045

P value 0.667 0.741 0.160 0.542 0.998 0.398
Creatinine CC -0.093 0.108* 0.172** -0.031 -0.049 -0.059

P value 0.086 0.048 0.001 0.566 0.251 0.280
Blood Urea Nitrogen CC -0.024 0.204** 0.230** 0.078 0.104* 0.171**

P value 0.657 0.001 0.001 0.149 0.016 0.001
GFR CC 0.099 -0.247** -0.349** -0.004 0.075 0.027

P value 0.065 0.001 0.001 0.937 0.077 0.612
Sodium CC -0.077 -0.071 -0.031 0.061 -0.071 -0.086

P value 0.150 0.187 0.564 0.255 0.103 0.108
Potassium CC 0.040 -0.080 -0.024 0.182** -0.112** 0.026

P value 0.457 0.133 0.658 0.002 0.008 0.623
Calcium CC 0.017 -0.112* -0.198** 0.080 -0.120** -0.137*

P value 0.748 0.038 0.001 0.135 0.006 0.011
Chloride CC -0.048 0.061 0.100 -0.340** 0.050 0.032

P value 0.375 0.255 0.061 0.001 0.246 0.547
Magnesium CC -0.072 0.026 0.046 0.019 0.007 0.050

P value 0.203 0.650 0.413 0.739 0.876 0.373
Albumin CC 0.025 -0.244** -0.179** 0.082 -0.284** -0.274**

P value 0.637 0.001 0.002 0.123 0.001 0.000
pH CC 0.004 -0.117* -0.065 -0.373** 0.079 0.027

P value 0.934 0.028 0.226 0.001 0.063 0.608
Partial carbon dioxide CC 0.010 -0.034 -0.089 0.625** -0.191** -0.091

P value 0.856 0.531 0.096 0.001 0.001 0.087
Bicarbonate CC 0.002 -0.132* -0.152** 0.502** -0.172** -0.093

P value 0.968 0.013 0.004 0.001 0.001 0.082
CC: Correlation Coefficient; SD: Standard Deviation; COPD: Chronic Obstructive Pulmonary Disease; GFR: Glomerular Filtration Rate; SOFA: Sequential Organ Failure 
Assessment; NIMV: Non-Invasive Mechanical Ventilation; PE: Pulmonary Thromboembolism. For outcome comparison, Kendall’s Tau B association was utilized, while 
Spearman’s correlation made the remaining comparison
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Table 4 Correlation analysis of parameters for intensive care unit scores, NIMV requirement and outcome for patients above 65 years 
old
Parameters Geriatric Patients (> 65 years)

Glasgow Coma APACHE II SOFA Score NIMV Requirement Outcome Mortality
Uric Acid CC -0.050 0.164** 0.266** 0.125** -0.049 -0.003

P value 0.183 0.001 0.001 0.002 0.090 0.929
Hospitalization Duration CC 0.029 -0.019 -0.023 0.028 -0.159** 0.009

P value 0.430 0.600 0.534 0.456 0.001 0.814
Chronic Obstructive
Pulmonary Disease

CC 0.045 -0.098** -0.114** 0.353** -0.259** -0.167**

P value 0.217 0.007 0.002 0.001 0.001 0.000
Pneumonia CC -0.100** 0.070 0.020 -0.282** 0.203** 0.097**

P value 0.006 0.054 0.590 0.001 0.001 0.008
Diabetes Mellitus CC -0.005 -0.016 -0.024 0.001 -0.011 0.023

P value 0.882 0.664 0.512 0.995 0.744 0.530
Interstitial Lung Disease CC 0.044 -0.018 0.003 -0.148** 0.138** 0.105**

P value 0.231 0.621 0.925 0.001 0.001 0.004
Lung Malignancy CC -0.083* 0.078* 0.114** -0.051 0.123** 0.069

P value 0.023 0.034 0.002 0.161 0.001 0.058
Pulmonary Thromboembolism CC 0.039 -0.025 -0.031 -0.175** -0.060 -0.013

P value 0.288 0.502 0.392 0.001 0.080 0.717
Congestive Heart Failure CC -0.043 -0.020 0.071 -0.024 -0.025 -0.042

P value 0.242 0.592 0.051 0.511 0.467 0.253
Atrial Fibrillation CC 0.032 -0.055 -0.022 0.020 -0.073* -0.021

P value 0.385 0.130 0.539 0.589 0.034 0.561
Bronchiectasis CC -0.019 -0.047 -0.069 0.002 0.010 -0.033

P value 0.598 0.196 0.059 0.962 0.765 0.368
Creatinine CC -0.015 0.276** 0.365** -0.006 -0.041 0.011

P value 0.688 0.001 0.001 0.871 0.154 0.768
Blood Urea Nitrogen CC -0.032 0.217** 0.335** -0.012 0.016 0.062

P value 0.391 0.001 0.001 0.754 0.590 0.099
Glomerular Filtration Rate CC 0.086* -0.278** -0.402** 0.010 0.006 -0.008

P value 0.019 0.001 0.001 0.789 0.831 0.816
Sodium CC -0.099** -0.056 0.064 0.138** -0.014 -0.006

P value 0.007 0.128 0.082 0.001 0.623 0.862
Potassium CC 0.133** -0.029 -0.025 0.133** -0.140** -0.125**

P value 0.001 0.429 0.486 0.001 0.001 0.001
Calcium CC 0.083* -0.072 -0.151** 0.108** -0.128** -0.099**

P value 0.025 0.052 0.001 0.003 0.001 0.007
Chloride CC -0.035 0.119** 0.153** -0.243** 0.082** 0.008

P value 0.339 0.001 0.001 0.001 0.005 0.829
Magnesium CC 0.045 0.050 0.041 -0.009 -0.039 -0.027

P value 0.244 0.192 0.293 0.805 0.208 0.484
Albumin CC 0.123** -0.077* -0.158** 0.215** -0.274** -0.230**

P value 0.002 0.035 0.001 0.001 0.001 0.000
pH CC -0.038 -0.090* -0.050 -0.438** 0.095** 0.090*

P value 0.303 0.015 0.170 0.001 0.002 0.013
Partial carbon dioxide CC 0.057 -0.087* -0.072 0.629** -0.163** -0.084*

P value 0.119 0.017 0.051 0.001 0.001 0.022
Bicarbonate CC 0.047 -0.167** -0.175** 0.409** -0.108** -0.013

P value 0.197 0.001 0.001 0.001 0.001 0.725
CC: Correlation coefficient; SD: Standard Deviation; SOFA: Sequential Organ Failure Assessment; NIMV: Non-Invasive Mechanical Ventilation. For outcome 
comparison, Kendall’s Tau B association was utilized, while the remaining comparison was made by Spearman’s correlation
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pneumonia, PE, and PCO2 levels (p equal to 0.006, 0.001, 
0.046, and 0.01 respectively) (Table 5).

Discussion
The impact of serum uric acid (SUA) levels on respiratory 
function becomes more evident in the geriatric popula-
tion. An observation that supported the fact that uric 
acid had a different role in the elderly compared to the 
other group was that, in correlation analysis, there was 
not any significant correlation between uric acid levels 
and NIV requirement among the non-elderly population. 
The elderly group, on the other hand, showed a posi-
tive correlation. Additionally, despite the distribution of 
respiratory failure types being the same between the two 
groups and the elderly group having lower CO2 levels, the 
correlation between uric acid and NIV requirement was 
only present in the elderly group. This observation was 
strengthened by the regression analysis, in which COPD, 
as expected, had a significant role in NIV requirement; 
however, even in this model, uric acid levels were still 
significant in their role of NIV requirement prediction. 
Overall these observations support the role of uric acid in 
respiratory failure of elderly population.

When evaluated as two groups, below 65 years old 
and above, some parameters had significant differences 
between them, such as hospitalization duration, lung 
malignancy, and bronchiectasis. However, regarding 
respiratory failure type and possible factors affecting it, 
mainly COPD and ILD, the two groups did not have a 
significant difference. These observations support that 
both groups’ respiratory support requirements were sim-
ilar. Another important observation was that the elderly 
population varied regarding electrolyte evaluation, in 
which a higher creatinine, uric acid, blood urea nitrogen, 
and a lower albumin level were noted. As an expected 

finding, the elderly population had a worse outcome than 
those younger than 65, with worse APACHE II and SOFA 
scores.

Respiratory failure remains a major cause of mortal-
ity, with further care required in advanced age due to 
possible serious outcomes that could be remedied with 
close attention. Therefore, in addition to scoring systems 
that predict mortality, identifying clinical characteristics 
and easily accessible biomarkers are also required for 
patients’ treatment modalities. A study investigating the 
prognostic role of hyperuricemia in patients with COPD 
demonstrated that COPD patients with hyperuricemia 
had a higher risk of mortality compared to normourice-
mic patients [7]. Previous research has shown that UA 
holds particular importance in the human body due to its 
antioxidant properties [8, 9]. However, some studies have 
also stated the opposite effect of UA also has the opposite 
effect, acting as a pro-inflammatory factor, particularly in 
individuals with high serum UA levels [10, 11].

Bartziokas and colleagues conducted a study on the 
clinical significance of serum uric acid levels at the time 
of patient admission. They found that serum uric acid 
levels at the time of presentation due to acute exacerba-
tions of COPD (AECOPD) were an independent predic-
tor of 30-day mortality and were associated with a higher 
risk of AECOPD and hospitalization due to AECOPD 
during one-year follow-up. Additionally, this study dem-
onstrated that patients with elevated uric acid levels 
required extended hospital stays, were more frequently 
admitted to the ICU, and required non-invasive mechan-
ical ventilation (NIV) during their hospital course [12].

Recent studies continue to support the role of serum 
uric acid (SUA) as a prognostic biomarker in respira-
tory failure, particularly among patients with COPD. A 
recent prospective cohort study highlighted that elevated 

Table 5 Regression analysis of parameters correlated with Non-invasive mechanical ventilation requirement
Parameters Estimated Coefficient Standard Error Wald p-value Odds Ratio 95% C.I. for

Odds Ratio
Lower Upper

Uric Acid 0.120 0.055 4.761 0.029 1.127 1.012 1.255
COPD 0.720 0.264 7.457 0.006 2.055 1.225 3.447
Pneumonia -1.013 0.308 10.850 0.001 0.363 0.199 0.663
ILD -0.313 0.524 0.357 0.550 0.731 0.262 2.042
PE -1.249 0.627 3.972 0.046 0.287 0.084 0.980
Sodium 0.013 0.041 0.092 0.762 1.013 0.934 1.098
Potassium 0.000 0.211 0.000 0.999 1.000 0.661 1.513
Calcium -0.018 0.240 0.006 0.939 0.982 0.614 1.571
Chloride -0.051 0.034 2.295 0.130 0.950 0.889 1.015
Albumin -0.022 0.030 0.554 0.457 0.978 0.922 1.037
pH -7.242 4.107 3.109 0.078 0.001 0.000 2.244
PCO2 0.113 0.034 11.360 0.001 1.120 1.049 1.196
HCO3 0.036 0.052 0.485 0.486 1.037 0.936 1.149
C.I.: Confidence Interval; COPD: Chronic Obstructive Pulmonary Disease; ILD: Interstitial Lung Disease; PE: Pulmonary Thromboembolism; PCO2: Partial carbon 
dioxide; HCO3: Bicarbonate
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SUA levels were significantly associated with advanced-
stage COPD and severe airflow obstruction. This sug-
gests that SUA is a cost-effective biomarker for assessing 
disease severity and prognosis in acute exacerbations of 
COPD [13]. A meta-analysis also confirmed that SUA 
levels increase with the severity of COPD, particularly in 
patients categorized under GOLD stages 3 and 4, empha-
sizing SUA’s potential in disease stratification [14]. Fur-
thermore, elevated SUA levels have been linked to worse 
clinical outcomes during acute exacerbations, including 
longer hospital stays, increased ICU admissions, and 
higher mortality rates [15]. These findings reinforce the 
importance of monitoring SUA in respiratory failure 
patients, particularly in older populations where hyper-
uricemia is more prevalent and may exacerbate disease 
progression.

Various mechanisms may play a role in the presence of 
elevated uric acid levels in respiratory failure. First, pro-
longed hypoxemia, which worsens during acute respi-
ratory failure, may lead to increased pulmonary artery 
pressures, resulting in increased right ventricular after-
load, promoting purine degradation through increased 
xanthine oxidase activity [16]. Second, a significant por-
tion of respiratory failure patients have concomitant 
cardiovascular disease, which may be associated with 
elevated uric acid levels [17]. Third, impaired lung func-
tion reduces oxygen intake, causing tissue hypoxia, which 
is more pronounced during respiratory failure, leading to 
elevated circulating uric acid levels due to both lung and 
peripheral tissue damage [18]. Overall, these processes 
eventually increase uric acid levels, which is more evi-
dent in the elderly population.

The correlation between uric acid and NIV support 
requirement is another topic of interest, due to the higher 
respiratory dysfunction present in patients requiring NIV 
support. A study by Zhang and colleagues demonstrated 
that hyperuricemia in COPD patients is associated with 
early mortality. This study reported that hyperuricemic 
patients have a higher risk of mortality compared to nor-
mouricemic patients, which was a similar finding to other 
studies; however, this study additionally reported that a 
higher mortality was particularly evident among patients 
requiring NIV [7]. Our findings remain similar to the 
mentioned study, as it was stated that unlike the general 
population, uric acid had a correlation with NIV require-
ments among the elderly. It was also shown that hyper-
uricemia is associated with mortality in the geriatric 
patient group, highlighting that these patients are more 
likely to require NIV. Similar to Zhang’s study, our study 
supports the prognostic importance of uric acid.

NIV remains the preferred approach in treating respi-
ratory failure in the geriatric population, aiming to avoid 
the complications associated with invasive ventilation. 
However, our study shows that, despite the use of NIV, 

serum uric acid levels did not decrease in this patient 
group; in fact, they increased further as the need for 
NIV intensified. This finding is consistent with the study 
by Patanwar and colleagues, which demonstrated that 
elevated serum uric acid levels were associated with 
longer hospital stays, increased ICU requirements, and 
higher mortality rates [19]. Patanwar’s study reported 
that hyperuricemic patients had worse clinical outcomes, 
including increased needs for NIV and intensive care. 
These similarities suggest that metabolic stress persists in 
geriatric patients despite the use of NIV.

Previous studies have demonstrated that uric acid lev-
els are associated with lower FVC and FEV1 values. Gar-
cia-Pachon and colleagues reported that a high uric acid/
creatinine ratio was linked to reduced respiratory func-
tion [20]. Similarly, in our study, we observed that geriat-
ric patients with elevated serum uric acid levels required 
more NIV, likely due to age-related respiratory muscle 
strength loss, although we did not assess their respira-
tory function. These findings suggest that elevated serum 
uric acid levels could indicate respiratory dysfunction in 
geriatric patients and may hold a significant place in clin-
ical management. While NIV has the ability to improve 
oxygenation by providing respiratory support, our study 
indicates that oxidative stress cannot be fully controlled 
in geriatric patients despite this therapy. The study by 
Embarak and colleagues revealed that elevated serum 
uric acid levels in patients experiencing COPD exacer-
bations were associated with increased ICU admissions, 
the need for mechanical ventilation, and higher mortality 
rates [21].

Recent studies have helped us better understand the 
relationship between serum uric acid (SUA) levels, the 
need for non-invasive ventilation (NIV), and mortality in 
patients with COPD. In a study by Patanwar et al. [15], it 
was shown that COPD patients with high serum uric acid 
levels had longer hospital stays, increased intensive care 
unit (ICU) admissions, higher requirements for NIV/
invasive mechanical ventilation (IMV), and higher mor-
tality rates. Similarly, in a prospective study conducted 
by Muhammad et al. [22], it was reported that patients 
experiencing acute COPD exacerbations with elevated 
serum uric acid levels had a higher risk of mortality and 
required more NIV support compared to those with nor-
mal levels. Our study confirms these findings, showing 
that oxidative stress and inflammatory processes may 
persist despite NIV alleviating hypoxemia symptoms 
through oxygenation in the geriatric population. This 
could result in a limited response to respiratory therapy 
in geriatric patients, leading to poorer prognoses. These 
findings suggest that hyperuricemia is not only associated 
with increased inflammatory processes but also serves as 
a crucial biomarker that impacts NIV requirements and 
clinical outcomes in COPD patients.
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Conclusion
In conclusion, high serum uric acid levels in the geriat-
ric patients emerge as a strong prognostic marker asso-
ciated with increased NIV needs and worse clinical 
outcomes. Consistent with other studies in the literature, 
our study found that high serum uric acid levels in the 
geriatric population become a marker of oxidative stress, 
and despite NIV, clinical outcomes tend to worsen in this 
group. Monitoring serum uric acid levels could play a 
critical role in optimizing respiratory support and man-
aging geriatric patients.
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