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ABSTRACT

Background: The versatile functions of antioxidants in a variety of health conditions
have garnered a lot of interest lately. Popular for its antioxidant properties, vitamin C
has been utilized to treat people suffering from chronic obstructive pulmonary
disease (COPD). The purpose of this systematic review is to show how vitamin C
supplements benefit COPD patients.

Objective: To look into how vitamin C might help with chronic obstructive
pulmonary disease (COPD).

Methodology: We conducted a systematic review and meta-analysis to evaluate
the effect of vitamin C on chronic obstructive pulmonary disease (COPD) by
analyzing randomized controlled trials (RCTs) from Cochrane Library, Embase,
PubMed, Scopus, and Web of Science up to August 1, 2020. Studies included were
English-language RCTs involving adult COPD patients who received vitamin C
supplementation versus placebo, reporting on serum antioxidants, nutrition, and
lung function. Exclusion criteria encompassed studies with comorbidities, non-
human experiments, reviews, case reports, and articles with insufficient data.

Results: A literature search identified 1268 studies, with 189 duplicates. Studies
varied in vitamin C dosage and duration, and most assessed lung function (FEV1%
or FEV1/FVC) and serum antioxidant levels. Subgroup analysis showed significant
improvement in FEV1% with (>400 mg/day of vitamin C) (SMD: 1.10, P = 0.03), but
no significant change with <400 mg/day. Sensitivity analysis revealed that one study
(Long et al.) had a substantial impact on results. “Serum vitamin C levels were higher
in the vitamin C group (SMD: 0.64, P = 0.03), while vitamin E levels showed no
significant difference (SMD: 0.84, P = 0.08). Serum GSH was significantly higher with
vitamin C (SMD: 2.46, P = 0.0007), with significant variation among studies. SOD
levels showed no difference (SMD: 0.43, P = 0.72), and vitamin C had no significant
effect on BMI or FFMI.

Conclusion: The present study suggest that vitamin C supplements have important
clinical implications for COPD patients. Reduced oxidative lung damage means
increased lung function and elevated serum antioxidant levels. In the meantime, we
discovered that vitamin C administration might raise the serum level of antioxidants
in COPD patients, but not their nutritional status.
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Introduction

globally is chronic obstructive pulmonary disease,

or COPD.1 Because of the growing social and
financial costs involved, comprehensive control is a key
objective for public health."® Prolonged breathing
problems and airflow restriction are characteristics of
COPD. These signs and symptoms are caused by airway
and/or aberrations of the alveoli, which are typically
brought on by smoking fumes or prolonged exposure to
dangerous particulates. The disruption of the oxidant/
antioxidant equilibrium is known as oxidative stress, and
it has been proposed that oxidative stress is a key factorin
the pathophysiology of' COPD.*® As the primary line of
defence toward oxidants, antioxidants shield the lungs
from the acute effects of reactive oxygen species and/or
other oxidants.” The top three most often prescribed
medications to treat flare-ups of COPD are short-acting
‘bronchodilators, systemic corticosteroids, and antibio-
tics. However, there is no proof that these drugs prevent
oxidative stress. In the meantime, because of their
bodies' steroid resistance, the majority of COPD patients
react badly to cortices.’
Vitamins that are high in vitamin C are popular because of
its potent antioxidants.’It performs its antioxidant role by
maintaining the matching decreased state of both long-
lived oxidants, like semiquinone radicals, and transient
oxidants, including O, and nitric oxide.”'*"" Assessing the
clinical treatment impact of vitamin C administration in
individuals with COPD' is our goal.
According to Kanani et al.'s study, adult lung function and
vitamin C intake are positively correlated'.””™ Liu et al.
(2013) found a negative link between the antioxidation
level of vitamin C and SOD in blood and vitamin C
supplements, however Gouzi et al.'s study showed a
positive correlation between the two parameters.”
Furthermore, despite the fact that many research
investigations have demonstrated the link between
COPD and malnutrition™", there has been no discernible
shift in body mass index (BMI) or fat-free mass index
(FFMI) following 'vitamin C' treatment.
A critical aspect of COPD is oxidative stress, which
involves exposure to oxidative compounds' like peroxide
ions, OH radicals, and hydrogen peroxide, combined with
a deficiency in antioxidants. Chronic illnesses like COPD
are associated with these shortages in antioxidants.
Patients with COPD experience worsening conditions
due to oxidative stress, which damages endothelial
alveoli and inactivates anti-proteases. Factors like
smoking and air pollution further aggravate oxidative
stress, contributing to the progression of COPD. Thus,
managing oxidative stress through antioxidant supple-
mentation could potentially aid in controlling COPD.

Currently, the third most common cause of death

Objective

To look into how vitamin C might help with chronic
obstructive pulmonary disease (COPD).

Mathodology

We searched the Web of Science, Cochrane Library,
Embase, PubMed and Scopus for randomized controlled
trials (RCTs) that looked into the effect of vitamin C on
chronic obstructive pulmonary disease (COPD). The
search was restricted to research written in 'English only,
with no other constraints, and it encompassed all records
up to August 1, 2020. The records were screened and
managed using Endnote X9 software.

Relevant studies were evaluated for inclusion by two
researchers and any differences were discussed and
settled with an additional researcher. 18-20 The following
were the requirements for inclusion:

(1) COPD-diagnosed patients who were 18 years of age or
older were included in the eligible studies;

(2) vitamin C supplementation was contrasted with a
placebointhe research; and

(8) randomized controlled trials (RCTs) that reported data
on serum antioxidants, nutrition, and lung function were
included in the studies. Based on each qualifying study,
the two researchers separately gathered the following
data: investigation time span, demographics of particip-
ants, methodology, country of origin, vitamin C consum-
ption, and first author.

Results

Aliterature search using the specified approach turned up
1268 studies, 189 of which were duplicates. 24
publications were selected for full-text review out of 1055
papers that were excluded after title and abstract reviews.
In the end, eleven articles met the criteria for this
investigation.*"*"****" Each investigation included a
sufficient random sequence generation procedure and
was RCT. Seven research®*"“**#% explained how hiding
allocations was done. In total, 247 individuals who got
vitamin C therapy and 238 individuals who got placebos
were incorporated in the current meta-analysis, for a total
of 485 participants. Men patient reports have been
included in four investigations,”'*** and a further four
research *'***and the 'male-female ratio'. However, both
investigations ** # did not disclose the patients' sex.
Participants received daily 'vitamin C supplements of less
than 400 mg/day' in two studies®™ but patients in the
other trials received vitamin C supplements of 400
mg/day or more."*"*** The function of the lungs was the
main outcome in seven studies.®™®"****** Serum antiox-
idation levels were reported in eight research®'® "%

whereas 'three studies reported nutritional status®** as
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Table 1. Features Of Involved Investigations

Wu et al.
(2006) Taiwan

RCT China,

Vitamin C

Vitamin C
250 mg/d

ab

ef

12 weeks

Placebo

Placebo

Ansari and RCT,
colleagues Single
(2010) blind

Pakist
an

Vitamin C

23

Vitamin C
1000
mg/d

ab

NA

36 weeks
(9 months)

Placebo

22

Salbutam
ol 100 pg
and
beclomet
hasone
50 pg

Liu and RCT,
colleagues Double
(2010) blind

China,
Taiwan

Vitamin C

11

Vitamin C

500 mg/d

+ Vitamin
E 400
IU/d

ab

efh

13 weeks

Placebo

Vitamin E
400 IU/d

Kanani and
colleagues RCT India
(2012)

Vitamin C

17

Vitamin C

500 mg/d

+ Vitamin
E 200
mg/d

ab

12 weeks
(3 months)

Placebo

15

Vitamin E
200 mg/d

Long and
colleagues RCT China
(2013)

Vitamin C

24

Conventio
nal
therapy +
exercise +
Vitamin C
400-800
mg/d +
VE 8-10
IU/d

ef

NA

Placebo

19

Conventio
nal
therapy +
exercise
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Zou and Vitamin C 24 weeks (6
colleagues. RCT China | Vitamin C 57 300-600 ab NA months)
(2019) mg/d
Placebo 58 Nothing
Pirabbasi RCT
and Single Ma}lays Vitamin C 12 Vitamin C NA cfefg 24 weeks (6
colleagues blind ia 500 mg/d months)
(2016)
Placebo 17 NA
Conventi
Chen and onal
colleagues RCT China | Vitamin C 25 therapy + a gh 20 days
(2016) Vitamin C
500 mg/d
Conventi
Placebo 25 onal
therapy
Jia and Vitamin C 24 weeks (6
colleagues RCT China | Vitamin C 25 1500 NA cdefg months)
(2017) mg/d
Blank
Placebo 25 control
group
Gouzi and RCT, Vitamin C
colleagues Double France | Vitamin C 32 180 ma/d NA cdefh 28 days
(2019) blind 9
Placebo 25 Placebo

secondary outcomes'. Table 1 displays the details of the
reported randomized controlled trials.

With the exception of the Zou et al. study® there was little
chance of 'bias in allocation concealment' in the other
investigations. In terms of inadequate outcome data and
potential bias, the risk of bias was minimal for all included
RCTs (100%) in the analysis. Regarding the results of
selective reporting, there was a fifty percent chance of
bias in five research’****°, while the remaining studies had
aminimal risk of bias.

One of the objectives of COPD evaluation is to figure out
the degree of airway limitation.1. The diagnosis can only
be made using spirometry. The existence of chronic
airflow restriction can be diagnosed using FEV1%.1,6 The
vitamin C supplements given to COPD patients had an

impact on these two diagnostic criteria. All the ten
research studies that met the eligibility criteria, ®**™ %
reported lung function as a result using the
FVC.6.13,14,22,24»26

The findings of the sensitivity analysis demonstrated that
the Long et al.* study had a substantial impact on the
pooled results. The study's 12 decreased from 86% to 0%
if it was removed from our evaluation. We were careful not
to exclude this study from our evaluation. In contrast to
the placebo therapies employed in the other research that
were reviewed, the Long et al study found that respiratory
rehabilitation exercises by itself would not significantly
improve pulmonary function in COPD patients in practical
practice.”® Our conclusion was that the practice of
breathing may not have been the primary cause of the

FEV1/
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variability.

Five studies (n=233 patients) examined the FEV1/FVC
ratio; the results showed significant variation among
these investigations (12=97%, P<0.00001), with
(SMD:0.67, 95% CI: 0.27,1.07, P=0.002). 'Sensitivity
analysis revealed that none of the individual studies had a
statistically significant impact on the combined data's
outcomes.

Various studies assessed different antioxidants. The
levels of vitamin C and vitamin E in serum' were tested in
six studies including 230 patients and four studies
involving 184 patients. GSH levels were detected.'“***?*
In the lung, non-enzymatic antioxidants include GSH, C,
and E. Three investigations including 137 patients
assessed the lung's amount of SOD, an enzyme
antioxidant.™"**

Six 'investigations examined the serum levels of vitamins
C and E in 119 individuals with COPD who received vita-
min C and 110 patients who received a placebo.*'*"****?
‘Serum vitamin C levels were greater in the vitamin C
group than in the placebo group, according to the pooled
data from the six trials (SMD:0.64, 95% CI: 0.03, 1.25,
P=0.03). There was also a considerable amount of
variation between the studies (12=79%, P=0.0003).

The findings on serum vitamin E levels were analyzed
using a random effect model, and the results showed that
there was substantial variation among these research
investigations 12=90%, P<0.00001), with the 'serum
vitamin E level being higher in the (vitamin C suppleme-
ntation group than in the placebo group (SMD:0.84, 95%
Cl:-0.09, 1.75,P=0.08). .

Serum GSH levels were assessed in four RCTs with 184
patients.***** Serum GSH is an important non-
enzymatic antioxidant in the lung. The vitamin C supple-
mentation group had greater serum GSH levels than the
placebo group (SMD: 2.46, 95% CI: 1.07, 3.88,
P=0.0007), according to pooled data. There was also
significant variation among the studies 12=96%,
P<0.00002. Based on the length of treatment, subgroup
analysis showed that vitamin C significantly increased
GSH levels in each of the subgroups. Sensitivity analysis
showed that the results were greatly impacted by the
study of Kanani et al." This study was unique in that it
treated patients with both vitamin C and vitamin E, as
opposed to earlier studies that solely employed vitamin C.
Although vitamin E may help lower oxidative stress and
airway inflammation, there is no proof that it has an effect
on serum GSH levels. Kanani's work thus remained in its
entirety.

Discussion

Each year, COPD claims the lives of about 3 million
individuals worldwide, although little progress has been
made in delaying the course of the illness or lowering
mortality.” It has been proposed that oxidative stress,

which is caused by an imbalance between antioxidants
and oxidants, plays a major factor in the pathophysiology
of COPD.*® Overexposure to oxidants can cause
oxidative tissue damage, inactivation of antiproteases,
and upregulation of genes linked to inflammation, all of
which can resultin COPD.” It has been demonstrated that
a number of variables, such as smoking and air pollution,
might raise systemic oxidative stress in COPD patients.”
The onset of COPD is linked to an excess of oxidant
exposure and/or a reduction in antioxidant levels.
Smoking is a prime example. Many oxidants, including
various free radicals, were discovered among the more
than 4000 components of cigarette smoke that have been
identified. These constituents may be the cause of the
increased oxidative stress that smokers with COPD
experience.*”*' Taking supplements of antioxidants may
help with COPD symptoms.6 One popular antioxidant
supplement is vitamin C. Research has demonstrated
that administering vitamin C supplements to patients with
COPD can reduce the harm caused by excessive
oxidative stress.” These findings remained unchanged
after sensitivity analyses that eliminated low-quality
papers were performed. By means of the subgroup
analysis, we discovered that, when taken in the
appropriate dosage, vitamin C supplements beyond 400
mg/day considerably enhanced lung performance,
whereas vitamin C supplements under 400 mg/day did
not significantly affect lung function in any way.

The findings demonstrated that vitamin C supplemen-
tation significantly raised the serum level of GSH in every
subgroup that was examined. There was no discernible
variation observed between the subgroups for the
elevation of GSH levels in serum. The body of research
indicates that vitamin C supplementation helps treat
COPD in a way that is clinically significant. Uncertainty
surrounds the exact method by which vitamin C
supplements enhance lung function™ According to
research by Liu et al., vitamin C supplements help COPD
patients breathe easier and feel better. According to Wu et
al., lung function and dietary antioxidant levels, such as
vitamin C, were favourably connected, but whether this
was was unclear whether it was also helpful in the
treatment of COPD, which ran counter to the findings of
multiple other investigations. The FEV1/FVC ratio in
COPD patients was shown to be significantly reduced by
salbutamol and beclomethasone treatments,'®'*#****
However, a small but not statistically significant decrease
in the ratio of FEV1/FVC was noted when vit C therapy
was added.”

The findings of our meta-analysis suggest that vitamin C
supplements may help COPD patients' lung function
which was in accordance with other investigations.®*
The rationale for this development could be numerous.
However, its antioxidant capacity might be the most
significant. With COPD, oxidative overloading is a
common occurrence that is mostly brought on by
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infection and hypoxia. It is essential to the remodeling and
deterioration of lung tissue. As an antioxidant, vitamin C
antioxidant, has been utilized extensively in a variety of
illnesses that have pathophysiologic traits with conditions
like ARDS, sepsis, etc.**”

Vitamin C has been shown to be a highly efficient
attenuator of oxidative stress, which may inhibit the lung
structure remodeling.*® For example, raised oxidative
stress can result in dysregulated antiproteases in lung
tissue, which is central to the pathophysiology of COPD-
related emphysema.” Furthermore, it has been discov-
ered that oxidative stress has a mechanistic role in
pulmonary fibrosis. Research indicates that a disparity in
reactive ROS/RNS, causes several pro-fibrotic mole-
cules, such TGF-B, to be overexpressed.*’ Although there
are a number of theories that could account for the
beneficial effects of vitamin C on lung function, direct
research examining these correlations is currently
lacking. This is an issue that requires more discussion.
The levels of key plasma antioxidants Vitamin E, Vitamin
C, and GSH are lower in smokers than in nonsmokers."*'
A class of metalloenzymes known as superoxide
dismutases (SODs) is responsible for converting O2-to
H202. Hydroxygenase and glutathione peroxidase
convert H202 into oxygen and water.”® **** An investiga-
tion by Peh et al. demonstrated that oxidative stress was
elevated when the activities of these three important
antioxidant enzymes were inhibited, which raised the risk
of emphysema.” An antioxidant that is often employed is
vitamin C. Apart from serving as vitamin C plays a crucial
role in breaking down chains of antioxidants in the
aqueous phase.” When there is an increase in the
formation of free radicals in bodily fluids, electron spin
resonance can quickly deplete vitamin C.* This is a
process that vitamin C mediates in the antioxidation
process. The DNA break was considerably reduced after
vitamin C supplementation,® creating a favourable
environment for the regeneration of GSH radicals.”
Vitamin E's main role is to act as an antioxidant that
breaks chains.” To raise the amount of non-oxidized
vitamin E in the blood, vitamin C can help convert oxidized
vitamin E into non-oxidized vitamin E.”* Additionally,
vitamin C and vitamin E showed complementary effects in
terms of antioxidant activity.” Increasing serum vitamin E
was shown to be preventive against COPD mortality by
Hanson et al.***

Throughout COPD therapy, malnutrition is a concern that
is frequently disregarded.” Weight loss and protein and
calorie malnutrition affect 20-50% of COPD patients,
which can worsen the disease, cause respiratory muscle
dysfunction, increase disability, and ultimately increase
the disease's mortality."* Mete et al. discovered that
COPD patients with low body mass index and malnu-
trition had considerably worse lung function.50 Similarly,
it was discovered that individuals with COPD who had low
body mass indices as well as those who were malno-

urished or at risk of malnourishment had considerably
smaller amounts of fat-free body mass.” Reduced FFMI
may have detrimental physiologic effects on COPD
patients.” ** These suggested that FFM and total body
mass are significant predictive variables for COPD.

An excess of free radicals can cause systemic inflam-
mation, which can harm muscles and bones, impair
breathing ability, and impair lung function.*** Conversely,
oxidative stress plays a significant role in the pathoph-
ysiology of COPD and ultimately leads to impaired
respiratory function.” A sedentary lifestyle brought on by
the restricted gas exchange will inevitably result in a low-
antioxidant diet and a decrease in appetite and nutrient
content. The resulting malnutritional status would worsen
the patients' pre-existing malnourishment and heighten
the severity of the disease. It would also accelerate the
progression of the disease and raise oxidative stress in
the patients.**°

Numerous investigations demonstrated that oxidative
stress was, in fact, a detrimental element contributing to
the atrophy and malfunctioning of muscles in patients
with COPD."™® Antioxidants are essential for enhancing
muscular atrophy and endurance in COPD patients.*
Gouzi et al. pointing out that vitamin C was ineffective as a
pulmonary rehabilitation supplement.” Low body mass
index (BMI) and fat-free mass index (FFMI) characteristics
were linked to a poor outcome in the COPD population,
according to a Cochrane systematic review.” These
outcomes are in line with our investigations, which
suggest that vitamin C treatment may enhance the
nutritional situation in COPD patients.

Conclusion

Finally, we discovered that vitamin C supplements have
important clinical implications for COPD patients.
Reduced oxidative lung damage means increased lung
function and elevated serum antioxidant levels. In the
meantime, we discovered that vitamin C administration
might raise the serum level of antioxidants in COPD
patients, but not their nutritional status. Large-scale,
carefully planned prospective RCTs are required to
corroborate these results further.
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