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Abstract: Hypoxemic respiratory failure (HRF) is a PaO, < 60 mmHg with normal or subnormal
PaCO.. The gas exchange is impaired at the level of the alveolo-capillary membrane. HRF is associated
with a high mortality rate in hospitals, and there is no diagnostic laboratory test to predict this mortality.
This study evaluates the possibility of predicting mortality in HRF patients with dynamic thiol-disulfide
homeostasis parameters, which are indicators of oxidation state. Sixty-two patients with HRF and 40
healthy individuals in the control group were included in the study. Dynamic thiol-disulfide parameters
were studied from the serum of all participants. Total and native thiol levels were significantly lower in
the patients than in the control group (p <0.05). Disulfide levels were higher in patients who died than
in survivors (p <0.01). The logistic regression analysis determined that the rise in disulfide values
increased the mortality risk by 1.57 times. Progressive hypoxemia increases oxidation. Serum disulfide
level is a valuable parameter in predicting mortality in hypoxemia.
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1. Introduction

Hypoxemic respiratory failure (HRF), also referred to as type | respiratory failure, is a clinical
picture of the respiratory system's oxygenation function failing [1]. HRF can be seen in almost all lung
diseases, usually involving fluid accumulation or collapse in the alveoli, and many extrapulmonary
disorders such as obesity and heart failure [2]. Recently, the importance of HRF has increased due to
the effects of the disease associated with SARS-CoV-2 infection (coronavirus disease 2019; COVID-
19) in the lungs [3]. Acute HRF is among the most common causes of hospital mortality, with an
approximately 30% rate [4]. Nowadays, the diagnosis of HRF is made by clinical findings, arterial blood
gas tests, and chest radiography. Various scores such as APACHE |1 are currently used for the severity
of such diseases, and there is no single laboratory parameter routinely used to predict mortality [5].

Insufficient oxygenation can result in hypoxia in the lung and other tissues [6]. There are
conflicting studies in the literature between hypoxia and oxidative stress. Cell culture and experimental
animal studies show both the increase and decrease of reactive oxygen species (ROS) in hypoxia [7, 8].

Thiols are organic compounds containing the sulfhydryl group. These compounds have general
antioxidant properties [9]. During oxidation, intramolecular and intermolecular disulfide bonds are
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formed between two sulfhydryl groups, and since this is a reversible reaction, it is called the dynamic
thiol-disulfide homeostasis [9]. In addition, it can also be an index for oxidant-antioxidant states in many
pathological conditions, such as heart disease, diabetes, cancer, and neurological diseases [10].

This study aimed to investigate the relationship between hypoxemia and oxidative stress based
on the dynamic thiol-disulfide balance. Also, we aimed to determine whether dynamic thiol-disulfide
homeostasis parameters effectively predict mortality in patients diagnosed with HRF.

2. Material and Methods

2.1. Study population

This cross-sectional study included 62 HRF with chronic obstructive pulmonary disease (COPD)
patients admitted to the Kirsehir Training and Research Hospital emergency department and 40 healthy
individuals who were admitted to the emergency department and had no health problems. Those using
antioxidant drugs, chronic liver disease, malignancies, or active smokers were excluded from the study.
The diagnosis of HRF was made based on clinical findings, chest radiography, and arterial blood gas
test measurements. Fourteen of the 62 HRF patients died soon after being admitted to the hospital; 3
three from sepsis, six from cardiac arrest, and five from pulmonary disease; 48 forty-eight patients
survived. All participants provided written informed consent. The investigation conforms to the
principles outlined in the Declaration of Helsinki.

2.2. Ethical Consideration

The study was approved by the Ethics Committee of Ahi Evran University Faculty of Medicine
(Ethical committee approval number and date: 2018-03/32, 13/02/2018).

2.3. Laboratory Parameters

Venous blood samples were collected from all participants into anticoagulant-free serum tubes
and tubes containing K2EDTA at the first admission. Serum tubes were centrifuged at 2000 x g for 10
minutes. Routine biochemistry tests were performed immediately from a portion of the serum collected,
and the remaining serum was transferred to microcentrifuge tubes and stored at —80 °C.

Routine biochemistry tests, including glucose, urea, creatinine, aspartate transaminase (AST),
alanine transaminase (ALT), and C-reactive protein (CRP), were measured in a Cobas 501 (Roche
Diagnostics®, Germany) autoanalyzer. Complete blood count parameters from the blood samples
collected in tubes with K;EDTA have been studied on the Sysmex XN-1000 (Sysmex Corporation,
Kobe, Japan) device. Blood samples collected from the radial or femoral artery to dry lithium heparin
injectors were immediately analyzed for pH, O, saturation, PaO; (partial pressure of oxygen), PaCO,
(partial pressure of carbon dioxide), and HCO3 (bicarbonate) parameters using the RAPIDLab® 348EX
(Siemens Healthcare GmbH, Germany) instrument at room temperature.

The parameters of thiol-disulfide homeostasis were measured as previously described by Erel and
Neseliolu [11]. Total thiol and native thiol tests were run with commercial kits (Rel Assay Diagnostics,
Gaziantep, Turkey) using the Cobas 501 (Roche Diagnostics®, Germany) biochemistry autoanalyzer.
Disulfide levels were calculated as follows:

[total thiol values — native thiol values]/2 D

2.4. Statistical Analysis

All statistical analyses were performed using SPSS software (version 21.0, SPSS Inc., Chicago,
IL, USA) and Excel (Microsoft Turkey). The normality of variables was determined by Kolmogorov-
Smirnov and Shapiro-Wilks tests. Results were presented as mean + standard deviation or median (at
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the 25" and 75" percentiles) for continuous variables and frequency for categorical variables. To
compare two groups, an unpaired t-test or Mann-Whitney U-test was used for continuous variables, a y?
test was used for categorical data, and Pearson's / Spearman's test was used for correlation analysis. One-
way analysis of variance (ANOVA) was used to compare more than two normally distributed groups.
Bonferroni comparison was made as a post hoc test after the ANOVA test. The Kruskal-Wallis test was
performed to compare more than two groups that were not normally distributed. Dunn's nonparametric
comparison was performed as a post hoc test after the Kruskal-Wallis test. A linear regression model
was used to examine the independent effects of different predictors. Logistic regression analysis was
used to find other predictors of mortality in the study. In this analysis, variables were chosen using the
backward elimination method. The receiver operating characteristic (ROC) curve analysis was used to
evaluate the diagnostic value for mortality of variables found to contribute to the logistic regression

model significantly. Values of p < 0.05 were considered statistically significant.

3. Results

The demographic characteristics and laboratory findings of the study group are summarized in
Table 1. There was no statistically significant difference in demographic characteristics between the

groups.

Table 1. Demographic characteristics and laboratory results of the groups.

Parameters Deceased (n = 14) Survivor (n = 48) Control (n = 40) p-value
Age, years 715+13.1 68.5+10.8 66.7+7.3 0.292
Sex, male % 57.1 70.8 67.5 0.628
BMI, kg/mz 275+6.4 275+86.7 26.7+3.8 0.783
Hypertension, % 42.9 50.0 475 0.892
Diabetes mellitus, % 42.9 271 275 0.493
Glucose, mg/dL 127 (96-193) 124 (104-145) 109 (98-183) 0.662
Urea, mg/dL 66 (46-111) 49 (35-69) 49 (37-58) 0.247
Creatinine, mg/dL 1.43 (0.90-1.88) 0.89 (0.77-1.11) 0.90 (0.74-1.23) 0.113
ALT, IU/L 11 (6-21) 15 (9-23) 15 (8-21) 0.322
AST, IU/L 17 (11-32) 22 (14-28) 19 (12-28) 0.811
CRP, mg/L 10.3 (5.52-13.4) ** 1.49 (0.53-4.31) 1.04 (0.41-2.55) <0.001
Leukocyte, x103uL 9.80+4.7 924 +43 9.68 £4.0 0.860
Total thiol, pmol/L 296 + 61°F 309 + 56 424 + 57 <0.001
Native thiol, umol/L 254 + 56" 274 + 541 381+58 <0.001
Disulfide, pmol/L 21.8+3.8"F 174+41 17930 0.001
O, Sat, % 66.6 + 9.9 716+82 i} 0.0612
pH 7.37 £0.05 7.35+0.05 - 0.213¢
PaCO,, mmHg 40.0 (37.2-42.0) 40.5 (34.0-44.8) - 0.760°
PaO,, mmHg 43.2+8.3 43.6 £8.8 B 0.863?
HCQOj3, mEg/L 242 £ 2.8 246+ 34 ) 0.736%

Note: AST, aspartate transaminase; ALT, alanine transaminase; BMI, body mass index; CRP, C-reactive protein; HCOs,
bicarbonate; O2 Sat, oxygen saturation; PaO2, partial pressure of oxygen; PaCOz, partial pressure of carbon dioxide.
ab: n values were obtained via unpaired t-test and Mann-Whitney U-test, respectively. *p<0.05 versus Survivor,’p<0.05 Control

There was a statistically significant difference in CRP levels between the patients who were
deceased and survived and the control group; CRP levels were approximately ten times higher in patients
deceased than others (p<0.001, Table 1). Other biochemical tests in the three groups were statistically
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similar. There were statistically significant differences in thiol-disulfide homeostasis parameters
between the groups. Both total and natural thiol levels were significantly lower in surviving patients and
deceased, both from each other and in the control group. In contrast, disulfide levels were significantly
higher only in those who were deceased (p=0.001, Table 1, Figure 1). Mean leukocyte count and blood
gas parameter values in the three groups were statistically similar.
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Fig. 1 Average disulfide values in control, survivor, and deceased groups

We also evaluated the correlations of laboratory findings of deceased patients. The correlation
between CRP, an important marker for inflammation, and disulfide levels were not significant (r = -
0.180, p = 0.538). There was an inverse correlation between disulfide and O, saturation levels, an
indicator of hypoxemia (r = -0.632, p = 0.015; Figure 2). In the linear regression analysis for disulfide
and oxygen saturation in the deceased group, it was found that oxygen saturation was responsible for
approximately 40% (r? = 0.339) of the increase in serum disulfide levels. There was no statistically
significant relationship between other parameters.
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Fig. 2 Scatter plot showing disulfide levels and oxygen saturation in the deceased group.

Table 2 shows the logistic regression analysis to determine the variables that predict mortality.
According to the logistic regression analysis results, an increase in total thiol level decreased the
mortality probability by 0.98 times, and an increase in disulfide and CRP levels increased the mortality
probability by 1.57 and 1.19 times, respectively. There was no statistically significant prediction of the
effect of gender on mortality.
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Table 2. Logistic regression analysis to estimate the probability of death.

Risk Factor OR (95% C.1.) p-value
Total thiol (umol/L) 0.98 (0.96-0.99) 0.044*
Disulfide (umol/L) 1.57 (1.18-2.08) 0.002**
CRP, (mg/L) 1.19 (1.04-1.35) 0.011*
Gender (1) 0.19 (0.03-1.24) 0.083

CRP, C-reactive protein; * :p<0.05; **: p<0.01

ROC analysis was performed to determine whether CRP, total thiol, and disulfide variables had
a cut-off value in predicting mortality in patients with HRF. As there was no statistically significant cut-
off value of total thiol values on death, the area between the reference line and the line of total thiol
values was not statistically significant (AUC: 0.537, p = 0.674). In the ROC analysis, cut-off values of
4.18 mg/dL for CRP and 19.5 pmol/L for disulfide were found in predicting mortality, respectively
(Figure 3).

ROC Curve

Source of the
Curve
Disulfide, pmol/L
08 —CRP, mglL
Reference Line

Disulfide
(umol'T
Cut-off 195 418
Sensitivity  85.7% 92.9%
Specificity  68.8% 75.0%
AUC 0.789 0.863
| 95%ClI 0.648-0929  0.770-0.956
- P 0001 <0 o

CRF (mg/L)

Sensitivity

0,0 02 04 06 08 10

1 - Specificity

Fig. 3 ROC curve for disulfide and CRP values

4, Discussion

In this study, we found that due to the oxidative stress caused by hypoxemia, the dynamic thiol-
disulfide balance was preserved in survivors in patients with HRF, but the balance shifted towards
disulfide in patients who died. We found that the disulfide parameter is more valuable than other routine
laboratory tests in predicting mortality.

During normal cellular metabolism in aerobic respiration organisms, ROS and reactive nitrogen
species (RNS) are released, which can be harmful to the organism [12, 13]. At the same time, these
species deliberately produce these compounds at low levels for use in many physiological processes,
such as the killing of pathogens, autophagy, apoptosis, and some signaling pathways [14]. Organisms
have developed various antioxidant defense systems to keep ROS under control and prevent damage to
themselves, including non-enzymatic peptides containing thiol, such as glutathione, and enzymatic
antioxidants, such as catalase and superoxide dismutase (SOD). Thus, an oxidant-antioxidant balance is
achieved in the body [9, 15]. In any case, if this balance shifts in favor of ROS increase, oxidative
damage occurs. Oxidative damage is associated with many diseases, such as cardiovascular,
neurodegenerative, metabolic, and inflammatory diseases [16]. An increase in ROS production under
hypoxemic conditions has been found in various experimental studies. Among these studies, there are
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studies in the literature that show that both the direct ROS itself and the number of oxidation products
it causes and the antioxidants decrease against it [17-21]. The increase in ROS in hypoxia is thought to
be the signaling function required by the cells to respond to hypoxia [22].

The levels of various compounds and enzyme activities are measured to assess the oxidant-
antioxidant levels in the body. One of these measurements is thiol-disulfide homeostasis [10]. In case
of ROS increase, thiols are oxidized to disulfides and the equilibrium shifts towards disulfide. If the
ROS increase is relatively small and short-lived, the antioxidant responses can be activated to reduce
excess ROS and restore equilibrium. However, when the ROS increase is at high levels and persistent
(in cases of chronic oxidative stress), antioxidant responses are insufficient, and restoration cannot be
achieved [23]. In our study, there was a slight increase in serum disulfide levels in HRF patients than in
the control group, while there was a decrease in total and native thiols, suggesting that oxidation is at
controllable levels. We found that the increase in hypoxia is responsible for the increase in disulfide
levels. It was observed that oxygen saturation decreased, and disulfide levels increased in patients who
died (Figure 2). The high disulfide values of the deceased patients indicate that the oxidation was severe
in those individuals and that the antioxidant thiols were insufficient to prevent oxidant damage. In
addition, since CRP is a good marker for inflammation, we examined whether there is a relationship
between CRP and disulfide levels. However, we could not find a relationship. It suggests that
inflammation did not contribute to disulfide levels in patients who deceased.

The hospital mortality rate from acute HRF is about 30% [4], and the leading causes of death are
sepsis, pulmonary dysfunction, and neurological dysfunction [24]. In the current study, 14 of the patients
(23%) died after admission to the emergency department. In our study, when biochemical tests, blood
gas, and dynamic thiol-disulfide parameters were compared between those who are deceased and those
who survived, there were only significant increases in disulfide and CRP levels but no significant
differences in all the remaining parameters. These results show that routine parameters and blood gases
may not be so beneficial in predicting the mortality of these patients. On the other hand, serum disulfide
levels are significant in predicting mortality in these patients.

Our study has some limitations, in that it was conducted in a single center, and the study group
was relatively small in numbers. In addition, the underlying primer disease and comorbidities of the
patients that caused HRF may also have affected disulfide levels and mortality.

5. Conclusion

In HRF, ROS increases due to hypoxia and progressive hypoxemia, oxidation level, and mortality
risk. Our study demonstrated that the routine biochemical and blood gas parameters used in predicting
the mortality of HRF patients were insufficient. However, we found that the serum disulfide parameter
predicted mortality better in these patients.

We believe that the findings we obtained from our study will shed light on further studies.
Antioxidant supplements that cause an increase in blood thiol levels, such as glutathione, can be given
to patients with hypoxemic respiratory failure who are admitted to the emergency department with high
disulfide levels. In this way, it can be investigated whether it has a positive effect on the mortality of
patients.
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