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Background: A significant part of the pathogenesis of cystic fibrosis (CF) may be 
played by oxidative stress.

Objective: To measure redox abnormalities associated with CF.

Methodology: The information databases 'CINAHL, PsycINFO, CENTRAL, and 
Medline' have been thoroughly searched. Standardized mean difference (SMD) and 
95% confidence intervals (95% CI) were computed using the mean concentrations 
of biological markers in the blood from individuals with 'clinically-stable cystic 
fibrosis' (CF) and 'non-CF controls'.

Results: This systematic review analyzed 842 citations, ultimately including 44 
studies conducted between 1998 and 2020 across 54 global centers. Most 
investigations had a 'cross-sectional design', with a few controlled trials, and were 
generally of moderate quality. Key findings indicated that individuals with clinically 
stable cystic fibrosis (CF) had significantly lower levels of plasma or serum vitamin A 
(SMD -0.67), β-carotene (SMD -2.18), and vitamin E (SMD -0.68) compared to non-
CF controls, with no significant differences in vitamin C (SMD -0.04), 25(OH)D (SMD -
0.24), or the vitamin E ratio (SMD -0.36). Trace element levels showed no significant 
differences for zinc (SMD -0.50) or copper (SMD 0.54), while selenium levels were 
lower in CF patients in one study. No significant differences were observed in 
erythrocyte CAT activity (SMD -0.41), erythrocyte SOD activity (SMD 0.03), or 
plasma ceruloplasmin content (SMD 0.62). The analysis highlights specific 
biochemical markers that are significantly altered in CF patients compared to non-
CF controls.

Conclusions: In patients with clinically stable cystic fibrosis, there is strong 
evidence of decreased antioxidant capacity and increased oxidative stress, 
according to this comprehensive review and meta-analysis.
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Introduction

Cystic fibrosis (CF) is an autosomal recessive 
disease that affects more than 70,000 individuals 
worldwide and shortens life span. Mutations in 

the gene encoding the CF transmembrane conductance 
regulator (CFTR), which mainly aids in the efflux of 
bicarbonate and chloride anions, cause the condition. 
The cells of the epithelium that line the airways mucous 
membranes and submucosal glands are primarily where 

1,2CFTR is expressed.  Pulmonary infection, inflamma-
tion, and a gradual decrease in lung function are all 
caused by dysfunctional CFTR, which ultimately results 

3,4in respiratory failure and early mortality.  The 'gastroin-
testinal tract, pancreas, sweat ducts, skeletal muscle, 
cardiovascular system, and reproductive organs' are 

5among the other body systems that contain CFTR.  As a 
result, CF is a complicated multisystem illness that 
requires ongoing, thorough evaluations in order to track 
and address health issues. 
Variable physiological pathways of signaling that are 
advantageous for cell functioning and communications 
are activated by brief increases in free radicals produced 
from oxygen reactive oxygen species and nitrogen 

6reactive nitrogen species.  Nevertheless, a number of 
complications associated with cystic fibrosis (CF), such 

7 8 9,10as lung disease,  inflammation,  systemic hypoxemia,  
11and dysglycemia,  cause an overabundance of reactive 

oxygen species to be produced, above what is nece-
ssary for the best possible physiological performance. 
Reduced glutathione (GSH), the main non-enzymatic 

12antioxidant, has also been linked to CFTR's efflux.  
Hence, in vitro impairment of CFTR function increases 
intracellular GSH buildup, which attenuates the reaction 
to redox-sensitive pathways of signaling that regulate 

13 14adaptations to hypoxia  and cigarette smoke,  thereby 
increasing the susceptibility of extracellular compart-

15ments to oxidative stress.  Furthermore, it is probable 
that variations in the genes encoding glutathione S-
transferase (GST) and glutamate-cysteine ligase would 
further reduce extracellular production and the detoxif-

12,16,17ying capacity of GSH.  These variables lead to a 
disparity between oxidants and antioxidants to the 
benefit of oxidants (i.e., oxidative stress), which disrupts 
the process of redox signaling and causes damage to 

6molecules.  This disparity is compounded by the 
inadequate absorption of micronutrient with antioxidant 

18capabilities in cystic fibrosis patients.
While CF-related redox discrepancies have been studied 

19since 1967.  and have been the focus of multiple 
15,20,21'narrative reviews,  a recent meta-analysis brought 

attention to the possible importance of these discrepa-
22ncies in the development and progression of CF.  Van  et 

22al.  discovered that CF had higher levels of F2-
isoprostane 8-iso-prostaglandin F2α (8-iso-PGF2α), a 
biomarker of lipid peroxidation, than other illnesses, 

which include those linked to oxidative stress-causing 
environmental triggers and lifestyle variables like 
cardiovascular illness and cigarette smoking. Although 
there was some proof of elevated oxidative stress in CF 
from this research, the number of biomarkers that were 

23taken into consideration was small.
Recent developments in analytical techniques have 
increased the accessibility of hitherto unobtainable 
biomarkers for physiological and medical research, such 
as those utilized to measure oxidative damage in biological 

24samples.  Measuring protein carbonyl groups and 8-
hydroxy-20-deoxyguanosine (8-OHdG)' can be used to 
evaluate oxidative changes to proteins and DNA, similar to 
how elevated levels of 8-iso-PGF2α and malondialdehyde 

25(MDA) indicate lipid peroxidation.  Apart from examining 
the byproducts of oxidative damage, it is now feasible to 
identify antioxidant deficits that could serve as appropriate 
targets for therapy.
While vitamins and trace element level monitoring is 

26advised in CF hospitals,  quantifying thiols—like cysteine 
(Cys) and GSH—is also helpful from an antioxidant stand-
point, as these substances are critical to comprehending 

6the redox potential (Eh) of biological fluids.  Oxidoreduc-
tases, like glutathione peroxidase (GPx), catalase (CAT), 
and superoxide dismutase (SOD), are interesting 
therapeutic targets because they provide extra functional 

27information about the maintenance of thiol:disulfide pairs.  
There is a wealth of biomarkers to investigate redox 
imbalances, however there isn't any solid proof that 
decreased blood antioxidant levels lead to a state of 
oxidative stress.
Therefore, in order to offer thorough and up-to-date 
suggestions for future clinical practice and research trials, 
a systematic examination of the body of information from 
studies of redox abnormalities related to cystic fibrosis is 
required. The purpose of this study was to provide an 
overview of the research on the possibility of redox 
anomalies in the blood of individuals with clinically stable 
cystic fibrosis. Our hypothesis was that individuals with 
clinically stable cystic fibrosis (CF) would have lower blood 
markers of antioxidant status compared to non-CF 
controls, and that their heightened blood markers of 
oxidative stress would be associated with CF.

Objective

This review attempted to measure redox abnormalities 
associated with CF.

Methodology

Publications that participated defined blood indicators of 
antioxidant status and/or oxidative stress in CF patients 
relative to a control group without the disease. We 
incorporated case-control comparisons from population-
based research and baseline case-control comparisons 

Circulatory biochemical markers and Pulmonary Function in Patients with Idiopathic Pulmonary Fibrosis: A systematic review and Meta-Analysis

Pak. J. Chest Med. 2021;27(03)



211

from intervention trials. The presence of an abnormal 
sweat test diagnostic genotyping and/or enrolment 
through a CF clinic is required to establish a clinical 
diagnosis of CF. Since acute pulmonary exacerbations 
are a widely recognized cause of antioxidant deficiency 
and oxidative stress, the study subjects had to be 
deemed clinically stable and devoid of complaints at the 

28moment of screening.  Research that was letters to the 
editor, case reports, or reviews were not included. Exclu-
ded from consideration were studies that contrasted CF 
patient outcomes with industry-standard values. No 
constraints were placed on the sort of redox-related 
biomarker that may be used; however, as CF is linked to 

29 30renal illness  and pelvic floor incontinence,  both 
conditions may change the urine's redox status, the 
biomarker had to be examined in blood. The duration of 
publishing was unrestricted. Studies that did not have a 
full text available in either French or English were 
disqualified.
The Cochrane Central Register of Controlled Trials 
(CENTRAL), PsycINFO, Current Nursing and Allied Health 
Literature (CINAHL), Medline, and PsycINFO databases 
were thoroughly searched in order to find relevant papers 
through November 1, 2019.
To find papers that met the criteria for being eligible, this 
review used a three-part searching procedure, in keeping 

Figure 1. A flow diagram representing the CONSORT method for study identification, screening, and selection.

Identification

Records identified through database search
n = 842

Screening

Duplicate records removed
n = 0

Records screened (Ti/ab)
n = 842

records excluded
n = 659

Eligibility

Full-text arcticles assessed with eligibility
n = 182

Full-text arcticles excluded with reasons
n = 123

Full-text not available: n= 9
Not re :levant indicators  n = 12

Not clinically stable  n = 88:
No qualified control group  n = 20:
not carried out in humans  n = 2:

Included

Arcticles included in the systematic review
n = 49
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31with other comparable systematic investigations.  The 
first technique employed the following, Medical topic 
Heading (MeSH) or topic terms lipid peroxidation MeSH 
or 'oxidative stress' “MeSH” or 'cystic fibrosis' “MeSH” 
and 'antioxidants' “MeSH” or 'oxidoreductase' “MeSH” 
or 'vitamins' “Pharmacological Action” or 'oxidants' 
“MeSH” and 'blood' “subheading”. The second part of 
the literature search was guided by the set of sixteen 
prominent markers found in plasma, serum, erythrocyte, 
or whole blood samples, which was found in eleven 
independent and qualifying investigations.
The second tactic used specific terms “ti/ab” from the title 
and/or abstract to identify references. The biological 
materials and biomarkers found in the “MeSH” search 
were and-linked to 'cystic fibrosis' in this search in the 
following ways: 'cystic fibrosis' “tiab” and 'tocopherol' 
“tiab” or 'carotene' “tiab” or 'malondialdehyde' “tiab” or 
'MDA' “tiab” or 'thiobarbituric acid reactive substances' 
“tiab” or 'TBARS' “tiab” or 'ascorb' “tiab” or 'lycopene' 
“tiab” or 'protein carbonyl' “tiab” or 'copper' “tiab” or 
'isoprostane' “tiab” or 'prostaglandin' “tiab” or 
'glutathione' “tiab” or 'hydroperoxide' “tiab” or 
'superoxide' “tiab” or 'vitamin “tiab” or 'zinc' “tiab” and 
'blood' “tiab” or 'plasma' “tiab” or 'serum' “tiab” or 
'erythrocyte' “tiab” or 'whole blood' “tiab”. Additionally, 
the “MeSH search” was run again to provide a thorough, 
precise and specific search.
Both writers independently executed the 2-step evalu-
ation and selection procedure “AJC and ZLS”. The “ti/ab” 
of all references were evaluated to see if the study fulfilled 
the eligibility requirements after duplicate publications 
were eliminated, and papers that weren't suitable were 
omitted. After that, the complete texts of the relevant 
citations were obtained for comparison to the qualifying 
standards. The systematic review contained all relevant 
references. Meta-analyses were performed using results 
from a minimum of two separate investigations. Compa-

31,33rable meta-analyses have used these techniques.
Using an application designed specifically for reviews, 
two review authors “AJC and ZLS” separately extracted 
pertinent information about the research's approach 
population, drugs, requirements for eligibility, biomarkers 
and biological fluids examined, and site. When feasible, 
data about the participants—both case and control—was 
documented, including their age, sex, genotype, lung 
function, comorbidities, and medical interventions. We 
obtained subgroup data (i.e., sorted by severity, 
genotype, or comorbidities) when accessible. Plot 
digitizer software was used to gather data from graphics. 
When data and/or variability measures were missing from 
an article, they were either computed or obtained by 
contacting the relevant author. The reference was 
included in the systematic review but not in the meta-
analysis if the data was not made accessible.
The Newcastle-Ottawa Quality Assessment Scale (NOS) 
for Case-Control research was used by two review 

writers, "AJC and ZLS," to independently rate the quality 
of the research [34]. While evaluating the incorporated 
research, disagreements over assessments were 
resolved and a compromise was established in order to 
reduce skew in the scale's perception. This process 
involved the two writers individually evaluating ten 
unrelated studies that were left out of the current study. A 
total of nine points might be obtained for every 
investigation based on its selection, comparison, and 
exposure. A study's quality was rated as low if it received 
a score of 0–2, moderate if it received a score of 3–5, and 

33good if it received a score of 6–9.  
The RevMan v5.3 software (Cochrane, UK) was used to 

36calculate group effect measures.  Mean differences and 
'95% confidence intervals (CI) were computed for every 

36research.  Standardized mean differences (SMD) were 
computed since biomarkers were regularly produced in 
dissimilar units or assessed using dissimilar techniques. 
RevMan v5.3, Cochrane UK was used for calculating 

36evaluations of heterogeneity.  The I2 statistic was 
employed in this review to evaluate heterogeneity. The 
variability in estimates of effect resulting from heter-
ogeneity is expressed as a percentage value by the I2 
statistic. Significant heterogeneity is indicated by an I2 of 

36≥75%.  The DerSimonian-Laird method was used to 
incorporate a random-effects model in the presence of 
significant heterogeneity, which might be explained by 

37methodological or population-based concerns.  
Dropped from the meta-analysis was information with 
significant heterogeneity that was unable to be accounted 
for by these variables. The information was provided 
inside the content if variability was unable to be 
eliminated. Similar meta-analyses have employed these 

31,33methods.

Results

A schematic representation of the testing procedure is 
shown in Figure 1. Initially, 842 citations were assessed 
for inclusion for this systematic review after identical 
citations were eliminated. 659 of these references were 
eliminated because they were beyond the purview of this 
review through the title/abstract screening process. 
Following the full paper's screening (n = 182; 9 were 
omitted because the full content was not accessible in 
either English, the remaining 123 references were 
eliminated due to the following reasons: the research 
failed to include relevant indicators (n = 12), the cases 
were not considered clinically stable (n = 88), there was no 
qualified control group (n = 20), or the investigation was 
not carried out in human beings (n = 2). 
Data were gathered from 29 centers in Europe, 16 centers 
in North America, 4 centers in Asia, 3 centers in Oceania, 
and 2 centers in South America for the research, which 
were published between 1998 and 2020. A total of 44 
research (88.7%) had a cross-sectional design, while 3 
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non-randomized controlled trials (5.2%), 3 non-
randomized and non-controlled trials (5.2%), 1 
randomized controlled trial (3.0%), and 1 open-pilot 
observation (3.0%) also gathered data at baseline. There 
were 8–233 cases and 5–178 controls in the included 
studies, which had sample sizes that were generally 
moderate.
The generally moderate (n = 32; 64.4%) quality of the 
research includes 13 good-quality studies (29.5%) and 5 
low-quality investigations (9.3%).  Data missing from six 

38-43investigations  was sought since the mean and/or 
standard deviation (SD) could not be determined. 
However, none of the authors provided the additional 
information. 
Twelve applicable studies compared the thiol content of 
blood neutrophils, plasma, serum, and erythrocytes from 
clinically stable CF patients to non-CF controls. Among 
the indicators investigated were blood neutrophil GSH' (n 

40,52 53,54= 2),  plasma or serum protein thiol groups (n = 2),  
39,51erythrocyte GSH (n = 2),  and plasma or serum albumin 

45-50(n = 6).  
Despite the fact that three studies meeting the criteria for 
inclusion investigated GSH in bloodstream 'neutrophils (n 

40,52 39,51= 2)  and erythrocytes (n = 2),  a meta-analysis for 
either biomarker could not be finished because the mean 
± SD for the two trials that provided medians and 

39,40interquartile ranges could not be computed.  
Those with clinically stable cystic fibrosis had significantly 
lower albumin concentrations in their serum or plasma 
than non-CF controls (SMD -0.99, 95% CI -1.69 to -0.28, 

45-50p < 0.001, 85%, 5 trials).  Between individuals with 
clinically stable cystic fibrosis (CF) and non-CF controls, 
there was no discernible difference in the levels of protein 
thiol groups in plasma or serum (SMD -0.36, 95% CI -0.91 

53,54to 0.21, p = 0.23, 12.1%, 2 trials).
Vitamin levels found in either the serum or plasma of 
individuals with clinically stable cystic fibrosis (CF) were 
compared to non-CF controls in twenty-two investiga-
tions. The most researched biomarkers for fat-soluble 
vitamins are, A (vitamin A, retinol, carotene, β-carotene, 

7,41,42,48,49,55-62lutein, and lycopene n = 13),  E (vitamin E, 
vitamin E, cholesterol, ocopherol, and α-tocopherol, n = 

7,38,41,42,52,54-56,59-6413),  D (vitamin D, 25(OH)D and 1,25(OH)2D, 
44,45,48,50,58-60,65-68n = 11),  and C (vitamin C, ascorbic acid, and 

7,41,42,57,61zeaxanthin; n = 5).
The plasma or serum concentrations of vitamin A (which 
includes retinol; SMD-0.67, 95% CI -1.15 to -0.18, p = 
0.03, I2 84%, 7 trials) and β-carotene (which includes 
carotene; SMD -2.18, 95% CI -3.21 to -1.12, p < 0.01, 
91%, 4 trials) were consistently lower in CF patients' 
plasma or serum than in non-CF controls. These non-
provitamin A carotenoids were also examined in plasma 
or serum samples: lutein (SMD -1.53, 95% CI -1.84 to -

7,571.21, p < 0.01, I2 0%, 2 trials),  lycopene (2 trials; mean ± 
42SD not computable for 1 trial,  hence, meta-analysis was 

7,42not complete)  and zeaxanthin (SMD 1.48, 95% CI -5.87 

7,57to 8.83, p = 0.68, I2 98%, 2 trials).  
Between individuals with clinically stable cystic fibrosis 
(CF) and non-CF controls, there was no discernible 
difference in the concentration of vitamin C (including 
"ascorbic acid") in the plasma or serum (SMD -0.04, 95% 
CI -1.84 to 1.73, p = 0.98, I2 94%, 2 trials) [41,61]. 
Additionally, there was no discernible difference in the 
plasma or serum concentration of 25(OH)D, which 
includes "vitamin D," between individuals with clinically 
stable cystic fibrosis and non-CF controls (SMD -0.24, 
95% CI -0.80 to 0.34, p = 0.51, I2 93%, 8 trials) 
[45,48,50,58–60,66–68].
The metabolite of 25(OH)D, 1,25(OH)2D, was also 
investigated; however, there was no statistically 
significant difference in its plasma or serum levels 
between CF patients and non-CF patients (SMD -0.47, 
95% CI -1.13 to 0.21, p=0.18, I2 91%, 4 trials). Whenever 
possible, the winter months were used to gather the 
samples. Vitamin E (tocopherol and α-tocopherol) 
concentrations in plasma or serum were considerably 
lower in CF patients than in non-CF patients (SMD -0.68, 
95% CI -1.14 to -0.22, p < 0.01, I2 88%, 11 trials). 
Nonetheless, there was no discernible difference in the 
plasma or serum vitamin E:cholesterol ratio between
CF patients and non-CF patients (SMD -0.36, 95% CI -
0.04 to 0.75, p = 0.08, I2 0%, 2 trials).
Eight investigations examined the amounts of trace 
elements in the plasma or serum of CF
patients to non-CF patients. Zinc was one of the trace 
elements examined n = 5. selenium n
= 3 and copper n = 2. 
There was no discernible difference in plasma or serum 
copper levels between CF and non-CF subjects ('SMD 
0.54, 95% CI -0.26 to 1.32, p = 0.55, I2 69%, 3 trials'). In 
one trial, plasma or serum selenium levels were 
considerably lower in persons with cystic fibrosis (CF); 
however, the second trial's non-computable mean ± SD 
precluded doing a meta-analysis. Additionally, there was 
no discernible difference in plasma or serum zinc levels 
between CF and non-CF subjects (SMD -0.50, 95% CI -
1.22 to 0.21, p = 0.17, I2 90%, 6 trials). 
Five investigations compared oxidoreductases in CF 
patients erythrocytes, plasma, or serum to those in non-
CF patients. The oxidoreductases that were examined 
were plasma or serum ceruloplasmin content (n = 2), 
erythrocyte CAT activity (n = 2), and erythrocyte SOD 
activity (n = 5).
Erythrocyte CAT activity was not significantly different 
between CF and non-CF individuals (SMD -0.41, 95% CI -
1.52 to 0.73, p = 0.48, I2 79%, 2 trials). Plasma or serum 
ceruloplasmin content also showed no significant 
difference (SMD 0.62, 95% CI -0.39 to 1.59, p = 0.24, I2 
59%, 2 trials). Erythrocyte SOD activity was not 
significantly different between the two groups (SMD 0.03, 
95% CI -1.17 to 1.21, p = 0.98, I2 97%, 5 trials).
Total antioxidant capacity (TAC) as well as total 
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antioxidant status (TAS) and trolox equivalent antioxidant 
status (TEAS) were evaluated in four investigations 
comparing the plasma or serum of CF patients to non-CF 
patients. TAC did not differ statistically between those 
with CF and those without (SMD -0.83, 95% CI -2.01 to 
0.39, p = 0.19, I2 95%, 5 trials).
Eleven investigations compared the levels of lipid 
peroxidation in CF patients blood or plasma to those in 
non-CF patients. The biomarkers included total 8-iso-
PGF2α (n = 2), hydroperoxides (n = 2), and MDA 
(measured by the thiobarbituric acid reactive substances 
[TBARS] assay; n = 6). 
MDA levels in CF patients were much greater than in non-
CF subjects (SMD 1.34, 95% CI 0.44 to 2.25, p < 0.01, I2 
97%, 9 trials). In a similar vein, CF patients had 
significantly higher total '8-iso-PGF2α levels' ('SMD 0.65, 
95% CI 0.24 to 1.06, p < 0.01, I2 0%, 3 trials'). 
Nonetheless, there was no discernible variation in the 
levels of hydroperoxide (SMD 2.82, 95% CI -2.69 to 8.23, 
p = 0.35, I2 98%, 3 trials).

Discussion

This is the first systematic review and meta-analysis to 
investigate if there are differences between non-CF 
controls and those with clinically stable cystic fibrosis (CF) 
in terms of circulating indicators of antioxidant status and 
oxidative stress. There were 49 studies that matched the 
eligibility criteria; these included 1675 controls and 1792 
CF patients, and 25 biomarkers were deemed suitable for 
meta-analysis. Two primary conclusions were reached: 
The plasma or serum of clinically stable cystic fibrosis' 
patients had considerably low levels of vitamins A and E, 
β-carotene, lutein, and albumin than non-CF controls; 
and  the patients had significantly higher levels of protein 
carbonyls, total 8-iso-PG2α, and MDA. These results offer 
comprehensive evidence that oxidative stress, even in 
clinically stable patients who did not experience a 
pulmonary exacerbation at the time of sampling, may be 
involved in the pathogenesis of cystic fibrosis.
The tripeptide glutathione (GSH) is essential for contro-
lling intracellular redox balances. Four studies that 
measured GSH in CF patients erythrocytes and blood 
neutrophils relative to controls were included in this 
analysis. However, the lack of sufficient data in two trials 
made meta-analyses impractical. There were no 
discernible variations in erythrocyte GSH levels between 
CF patients and controls in the included studies. Adults 
with mild-to-very severe cystic fibrosis (CF) lung disease 
showed a substantial negative connection between their 
FEV1 and erythrocyte GSH levels. This finding raises the 
possibility that high erythrocyte GSH is a marker of past 
oxidative damage in the CF lung. It's still unclear if 
oxidative stress from other conditions, like CF-related 
diabetes (CFRD), affects erythrocyte GSH amounts in 
people with cystic fibrosis (CF). 

Because deficient CFTR does not contain enough 
extracellular GSH, it can lead to oxidative stress. 
However, functional CFTR is permeable to GSH. Since 
GSH in plasma quickly oxidizes to generate glutathione 
disulfide (GSSG), no research in this review measured 
plasma GSH. The bulk of the plasma protein thiol pool, 
plasma or serum albumin, was much smaller in CF 
patients, despite two investigations finding no differences 
in plasma protein thiol groups between CF patients and 
controls. Malnutrition and liver dysfunction are two 
comorbidities that might affect serum albumin levels in 
people with cystic fibrosis (CF). There were no trials with a 
single homozygous genotype group, and only two trials 
recorded participant genotypes. Future research have to 
account for genotype and look into variations in thiol 
concentrations amongst genotype-classified subgroups.
Future studies ought to investigate thiol:disulfide pairs in 
the blood of CF patients who are in a clinically stable 
state. For example, total plasma GSH was shown to be 
approximately 40% lower in CF patients compared to 
healthy controls by Roum et al. However, this study was 
eliminated since the clinical stability of the cases was not 
obvious. In CF patients, oxidative disturbances may have 
a higher effect on redox potential (Eh) due to lower GSH 
concentrations. Other thiol:disulfide pairs, including 
thioredoxin and Cys:cystine (Cyss), should also be taken 
into account. Although GSH synthesis is regulated by 
extracellular Cys pools, GSH:GSSG and Cys:Cyss serve 
separate purposes. Reduced Cys:Cyss ratios can cause 
mitochondria to produce reactive oxygen species, which 
can activate Nrf2 and other antioxidant transcription 
factors. 
Vitamins dissolved in fat and water are examples of 
exogenous antioxidants. Though just two moderate-to-
high quality trials addressed this, vitamin C levels were 
not substantially different between CF patients and 
controls when it came to water-soluble micronutrients. In 
one study, vitamin C levels were higher in CF children 
getting ascorbic acid supplements, but in another, vitamin 
C levels were lower in CF adolescents who did not take 
multivitamins. Vitamins A and E, β-carotene, lutein, and 
25(OH)D are among the fat-soluble micronutrients that 
were considerably reduced in CF patients; however, 
1,25(OH)2D and the vitamin E:cholesterol ratio did not 
differ significantly. These analyses' heterogeneity was 
probably caused by variations in the measurement units, 
supplementation procedures, and demographics of the 
populations they included. 
Wood et al. discovered noteworthy inverse relationships 
between lipid peroxidation indicators and vitamins C, E, 
and β-carotene, implying that heightened generation of 
free radicals could weaken antioxidant defenses in CF 
patients who do not take supplements. FEV1 and the 
Shwachman-Kulzycki score are two clinical outcomes 
that have a good correlation with vitamins C and E. In CF 
patients, multivitamin supplementation can increase 
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antioxidant levels; nevertheless, there are drawbacks, 
including inadequate dose, poor adherence, and 
nutrient malabsorption. The development of therapies to 
reduce oxidative stress in cystic fibrosis is complicated 
by these circumstances, as indicated by the inconsistent 
outcomes of research including supplementation with 
vitamins.
The trace substances in blood have antioxidant activities 
and affect oxidoreductase activity in alongside vitamins. 
There were no variations in plasma or serum copper and 
zinc 'levels between CF patients and controls' in any of 
the eight studies that looked at trace element levels in CF 
patients. Although a meta-analysis on selenium was not 
feasible, no noteworthy variations were documented. 
Although its involvement in oxidative stress is still 
unknown, certain studies have revealed links between 
clinical outcomes and zinc levels, indicating that low zinc 
may be related to serious lung conditions and starvation.
Antioxidant enzymes found in blood directly combat 
oxidative stress and preserve thiol:disulfide ratios. 
Throughout five studies, there were no discernible 
variations in erythrocyte activity between CF patients 
and controls for superoxide dismutase (SOD), the most 
researched enzyme. The findings were not all the same; 
other research reported reduced, increased, or no 
change in SOD activity. Technical variations and 
undocumented dietary consumption or supplemen-
tation may be the cause of this variability. Erythrocyte 
SOD activity may be impacted by iron shortage, which is 
prevalent in CF patients. In general, it is still unknown 
how circulatory SOD activity affects the pathogenesis of 
CF.
There were no appreciable variations observed in CF 
patients' plasma/serum ceruloplasmin concentration or 
erythrocyte catalase (CAT) activity, two other oxidoredu-
ctases that were reviewed. Further investigations 
revealed normal levels of glutathione peroxidase (GPx) in 
whole blood and plasma, reduced levels of plasma 
diamine oxidase, higher levels of serum glutathione S-
transferase (GSTα and GSTα1), higher levels of 
'erythrocyte glutathione reductase (GR) activity, and 
normal levels of serum γ-glutamyl transferase' (GGT). 
Due to a lack of trials, 'these biomarkers were not 
included in a meta-analysis'. To ascertain whether 
circulating oxidoreductases are promising targets for CF 
therapy, more investigation is required.
As a mediator of the pathogenesis of numerous long-
term illnesses, lipid peroxidation is measured with great 
importance using biomarkers such as 8-iso-PGF2α, 
which is the end byproduct of arachidonic acid 
oxidation. Just two investigations that showed increa-
sed total 8-iso-PGF2α in CF patients compared to 
controls were found to be eligible for meta-analysis 
despite the substantial study on 8-iso-PGF2α in 
illnesses. Nonetheless, inferences on particular lipid 
peroxidation increases against general inflammatory 

activity are limited due to the lack of data on free 8-iso-
PGF2α. Future research should examine spirometry and 
longitudinal changes in 8-iso-PGF2α to determine whether 
this marker is appropriate for use as therapy in cystic 
fibrosis.
MDA was the most extensively researched lipid perox-
idation biomarker in cystic fibrosis (CF), and a meta-
analysis revealed considerably higher levels in cystic 
fibrosis plasma/serum, but with significant heterogeneity 
because of varying assay techniques. On the other hand, 
there was no significant difference in plasma/serum lipid 
hydroperoxides between the CF and control groups, which 
highlights the difficulty in determining lipid peroxidation in 
biological materials.
Lipid peroxidation indicators and immune cell counts 
correlate, indicating a connection between increased 8-
iso-PGF2α and increased inflammatory responses in 
cystic fibrosis patients. Lipid peroxidation's involvement in 
non-pulmonary CF sequelae, such dysglycemia 
connected to CF, is still poorly understood, which calls for 
more investigation into particular CF subgroups.
When comparing CF plasma/serum to controls, there was 
a substantial rise in protein carbonylation, a marker of 
oxidative damage to proteins. Nevertheless, unlike results 
in other chronic illnesses where protein carbonylation 
corresponds with skeletal muscle weakness, investiga-
tions did not show relationships with clinical results.
Peripheral skeletal muscle impairment in cystic fibrosis 
(CF) can be caused by oxidative metabolic abnormalities, 
inflammation, and loss of nutrients. According to recent 
research, adolescents with cystic fibrosis (CF) produce 
more alkoxyl radicals when they exercise, which may be a 
contributing factor to their intolerance to exercise. 
Oxidative stress control in CF skeletal muscle is further 
complicated by mitochondrial abnormalities linked to 
faulty CFTR.
Although increased protein carbonylation in CF is 
highlighted by this meta-analysis, next research should 
elucidate its clinical relevance by prospectively examining 
the relationships between protein carbonylation bioma-
rkers and pertinent outcomes. Knowing about redox 
imbalances may help with understanding mitochondrial 
function and oxidative capability in skeletal muscle, two 
areas that may be targeted for CF therapy.

Limitations

Numerous intrinsic limitations were faced by this 
systematic review and meta-analysis. There are still gaps in 
the literature regarding the influence of genotype, age, and 
sex on redox biomarkers. Longitudinal research is required 
to corroborate these findings, even though correlations 
from included studies indicate a negative link between 
antioxidants and age and a positive relationship between 
oxidative stress indicators and age. The high level of 
biomarker heterogeneity was a major drawback, partially 
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because so few trials matched controls and patients 
according to age and other variables. To minimize 
heterogeneity, controls and cases in subsequent trials 
should be matched based on age and, ideally, sex. 
Heterogeneity was also influenced by differences in assay 
and unit of measurement methodologies.
The age of some included studies poses another 
limitation. Since the oldest study dates back to 1977, 
advancements in medicine and CF treatments like CFTR 
modulators may influence redox imbalances differently 
today. Future research should investigate whether CFTR 
modulator treatments alter observed redox imbalances, 
representing a crucial area for exploration.

Future Research Directions

This review focused on antioxidant and oxidative stress 
biomarkers sampled from clinically-stable CF cases, 
excluding hospitalized individuals. Pulmonary exacerb-
ations in CF are associated with increased lung infection, 
inflammation, acute dysglycemia, muscle weakness, and 
weight loss, potentially increasing biomarkers of oxidative 
damage. Despite treatments for pulmonary exacerba-
tions potentially enhancing antioxidant vitamin levels in 
blood plasma, elevated lipid peroxidation and protein 
carbonylation persist despite improved lung function. 
Future trials should explore whether post-exacerbation 
redox imbalances correlate with clinical outcomes such 
as time to subsequent hospitalization.
Several vital biomarkers crucial for understanding in vivo 
oxidative stress in CF have not been systematically 
studied on a case-control basis in blood samples from 
clinically-stable CF individuals. For instance, DNA 
oxidation can be quantified by circulating 8-OHdG, which 
has shown elevation in various diseases but remains 
understudied in CF. Additionally, CF-associated comorbi-
dities like renal disease may limit the use of urinary 
samples for systemic oxidative stress indices, under-
scoring the need for confirmation in blood samples.
Endothelial dysfunction, increasingly recognized in CF, 
may exacerbate with dysglycemia and involve oxidative 
stress pathways. CFTR expression in endothelial cells 
suggests a role in modulating pro-inflammatory and pro-
oxidant pathways, impacting nitric oxide availability and 
potentially elevating nitrotyrosine levels, a marker of 
nitrosative stress. Future studies should quantify nitroty-
rosine levels in blood from clinically-stable CF individuals 
versus controls, building on prior findings from exhaled 
breath condensate and sputum analyses.

Conclusion

This analysis methodically shows that, in comparison to 
controls, clinically-stable CF patients have lower levels of 
some circulating biomarkers of antioxidant capacity and 
higher levels of oxidative stress. To clarify the effects of 

oxidative stress on the pathogenesis of CF-related 
illnesses like lung disease, diabetes mellitus, and 
anomalies in skeletal muscle, more research is required.
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