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Abstract. Previous cohort studies reported inconsistent findings 
regarding the association between dietary or supplementary 
vitamin C intake and lung cancer risk. These associations were 
investigated by conducting a meta‑analysis of cohort studies. 
The PubMed and EMBASE databases were utilized, using 
keywords related to the topic from inception to April 15, 2022. 
Pooled effect sizes, such as relative risk (RR) or hazard ratio 
(HR) with 95% confidence intervals (CIs), were calculated 
using a random‑effects model. A total of 20 cohort studies from 
13 articles were included in the final analysis. In a meta‑analysis 
of all studies, there was no significant association between 
dietary or supplementary vitamin C intake and lung cancer 
risk (RR/HR, 0.90; 95% CI, 0.80‑1.01; I2=56.4%; n=20). In the 
subgroup meta‑analysis by the source of vitamin C, dietary 
vitamin C intake decreased the risk of lung cancer (RR/HR, 
0.82; 95% CI, 0.73‑0.92; I2=42.5%; n=14), whereas there was no 
association between supplementary vitamin C intake and lung 
cancer risk (RR/HR, 1.01; 95% CI, 0.84‑1.22; n=4). The present 
meta‑analysis of cohort studies found that dietary vitamin 
C intake is beneficial for preventing lung cancer, whereas its 
supplementary intake does not have a beneficial effect.

Introduction

In recent decades, lung cancer has been the leading cause of 
cancer death worldwide (1,2). According to the GLOBOCAN 

report in 2020, the number of new cases of lung cancer was 
>2.2 million, accounting for 11.4% of all cancer cases and 
ranking second worldwide; the number of deaths from lung 
cancer was nearly 1.8 million, accounting for 18% of all 
cancer deaths and ranking first worldwide (3). Identification 
of modifiable risk factors for lung cancer can help prevent 
this deadly malignancy. Current epidemiological data suggest 
that tobacco use is the most probable cause which leads to 
lung cancer (4). On the other hand, high consumption of fruit 
and vegetables (5) rich in vitamins and various antioxidants 
decreases the risk of lung cancer (6‑11).

Vitamin C has been reported to have a protective effect 
against the risk of lung cancer (12,13). More specifically, 
vitamin C is an important antioxidant regulator (14) that traps 
free radicals and reactive oxygen molecules (15), which in turn 
protects cells from oxidative DNA damage, thereby preventing 
cancer initiation (16).

Previous observational epidemiological studies have 
reported inconsistent findings regarding the association 
between vitamin C intake and the risk of lung cancer. Several 
observational studies have reported that high consumption of 
dietary vitamin C is associated with a decreased risk of the 
lung cancer (15,17,18). For example, studies by Yong et al (6) 
in 1997, Voorrips et al in 2000 (19) and Yuan et al (20) in 2003 
reported that vitamin C intake reduced the risk of lung cancer 
by 34, 23 and 19%, respectively. Additionally, it has been 
reported that supplementary vitamin C intake reduces the risk 
of lung cancer (10,21,22). However, other observational studies 
have reported that there is no association between vitamin C 
(dietary and/or supplementary) intake and the risk of lung 
cancer (19,20,23‑25). Previous studies reported that vitamin C 
intake even increased the risk of lung cancer (26‑29).

Previous meta‑analyses of cohort studies have also reported 
inconsistent findings based on the source of vitamin C: dietary 
or supplementation. Meta‑analyses conducted by Cho et al (12) 
in 2006, Luo et al (13) in 2014 and Fu et al (30) in 2021 showed 
that dietary vitamin C intake significantly reduced the risk of 
lung cancer by 20, 17 and 16%, respectively. On the contrary, 
the study of Cho et al (12) showed that no association between 
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total vitamin C intake (dietary plus supplementary) and the 
risk of lung cancer. Fu et al (30) also showed no association 
between supplementary vitamin C intake and the risk of 
lung cancer.

The aim of the present study was to investigate the associa‑
tion between dietary or supplementary vitamin C intake and 
the risk of lung cancer using a comprehensive meta‑analysis of 
cohort studies and subgroup meta‑analyses by various factors, 
specifically the source of vitamin C (dietary or supplementary).

Materials and methods

Literature search strategy. An extensive research was 
conducted for eligible studies published from inception to April 
15, 2022, in two core databases: PubMed (https://pubmed.
ncbi.nlm.nih.gov/) and EMBASE (https://www.embase.
com/landing?status=grey). Both the National Library of 
Medicine and Medical Subject Heading (MeSH) terms were 
used and a wide range of free‑text search terms to identify as 
numerous relevant articles as possible. A PICO framework was 
used to determine the search terms associated with the topic 
as follows: ‘P’ stands for population, which, in the present 
study, was ‘general population’; ‘I’ for intervention (exposure 
in this study), which was ‘dietary or supplementary intake of 
vitamin C’; ‘C’ for comparison, which was ‘little or no intake 
of vitamin C’; and ‘O’ for outcome, which was ‘incidence of 
lung cancer.’ Using Boolean operators along with all selected 
MeSH and free‑text terms, the following search term was 
created: (vitamin C or ascorbic acid) and (lung cancer or 
lung neoplasms). The language of the publications was limited 
to English.

Selection criteria. The cohort studies that were selected 
(i) investigated the association between vitamin C intake 
(dietary or supplementary) and the risk of lung cancer, and (ii) 
reported outcome measures using adjusted relative risks (RRs) 
or hazard ratios (HRs) with 95% confidence intervals (CIs). 
When multiple studies used data from the same study, the most 
comprehensive analysis was included.

Selection of relevant studies and data extraction. Based on 
the selection criteria, two authors (Dung V Dung and Xuan 
Quy Luu) independently evaluated the eligibility of the 
studies that could potentially be included in the meta‑analysis. 
Discrepancies between evaluators were resolved by a third 
author (Seung‑Kwon Myung). The following data was 
extracted on the general characteristics of the included studies: 
Year of publication, name of first author, region (period of 
enrollment), characteristics of the population (number of 
participants, sex and age), follow‑up period, type of vitamin C 
intake, outcomes, number of lung cancer cases, RR/HR with 
95% CI and adjusted variables.

Quality assessment. The methodological quality of the indi‑
vidual cohort studies using the Newcastle‑Ottawa Scale (31) 
was evaluated (n=13). The evaluated items were as follows: i) 
Selection (representativeness of the exposed cohort, selection 
of the non‑exposed cohort, ascertainment of exposure, and 
outcome of interest that was not present at the start of the 
study); ii) comparability (control for important and additional 

factors); and iii) outcome (assessment of outcome, follow‑up 
long enough for outcomes to occur, and adequacy of follow‑up 
of cohorts). Each cohort study could be awarded a maximum 
of one point for each numbered item within the selection and 
outcome categories, whereas a maximum of two points could 
be given for the comparability category. Individual studies 
were classified as low (average score or lower) or high quality 
(higher than the average score).

Main analysis and subgroup analyses. In the main analysis, 
the association between vitamin C intake (dietary or supple‑
mentary) and the risk of lung cancer using adjusted RRs or 
HRs with 95% CIs was investigated. A subgroup meta‑ analyses 
by region was also performed (Europe, United States and 
Asia), source of vitamin C (dietary, supplementary, or both), 
follow‑up period (≤10 years or >10 years), sex (only male, only 
female, or both) and number of participants (<30,000 partici‑
pants, 30,000‑60,000 participants, or >60,000 participants), 
and quality of study (high or low).

Statistical analysis. From individual studies, the adjusted RRs 
or HRs were used and their 95% CIs to calculate the pooled 
effect size with a 95% CI. Because individual studies involved 
different populations, a random‑effects model was chosen 
with the Der Simonian and Laird method (32). To examine 
the heterogeneity in results across studies, Higgins I2 was 
used, which measures the percentage of total variation across 
studies. If I2 was <0, it was set to zero. I2 ranges from 0% (no 
observed heterogeneity) to 100% (maximal heterogeneity); if 
I2 is >50%, substantial heterogeneity exists (33).

Publication bias was evaluated using Begg's funnel plot and 
Egger's test. If publication bias existed, the Begg's funnel plot 
was asymmetrical, or the P‑value of the Egger's test was <0.05. 
When the two tests showed inconsistent results, the results 
from the Egger's test were adopted because the funnel plot 
relies on visual inspection, which might be misleading (34). 
Statistical analyses were conducted using the Stata SE soft‑
ware package (version 17.0; StataCorp LP).

Results

Selection of relevant studies. A flow diagram of the selection 
process of the relevant studies is demonstrated in Fig. 1. A total 
of 1,588 articles were identified by searching the databases. 
After removing 345 duplicate articles, titles and abstracts were 
reviewed of 1,243 articles, and subsequently 1,218 articles 
that did not meet the predetermined selection criteria were 
excluded. After reviewing the full texts of the remaining 
25 articles, 12 articles were excluded for the following reasons: 
Identical population (n=1), irrelevance (n=8), and insufficient 
data (n=3). Ultimately, 20 cohort studies from the remaining 
13 articles were included in the final analysis.

General characteristics of studies. The general characteristics 
of the included studies are shown in Table I. From the 20 cohort 
studies, a total of 808,587 participants were identified, including 
7,227 lung cancer patients (6,8,17‑20,23‑29). The individual 
studies were conducted in the United States (n=12), Europe (n=4), 
and Asia (n=4). All participants were aged between 25‑80 years. 
The mean follow‑up period ranged from 4‑20 years.
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Quality assessment. As shown in Table II, 14 cohort 
studies from eight articles were considered to be of low 
quality, (6,17,19,23‑25,27,28) and six studies from the 
five remaining articles were considered to be of high 
quality (8,18,20,26,29).

Main analysis and subgroup meta‑analyses. The findings from 
the main analysis and subgroup meta‑analyses by the source of 
vitamin C are shown in Fig. 2. Overall, there was no signifi‑
cant association between dietary or supplementary vitamin C 
intake and the risk of lung cancer in the meta‑ analysis of all 20 
cohort studies (RR/HR, 0.90; 95% CI, 0.80 to 1.01; I2=56.4%). 
In the subgroup meta‑analysis by the source of vitamin C, 
dietary vitamin C intake was associated with a decreased risk 
of lung cancer (RR, 0.82; 95% CI, 0.73‑0.92; I2=42.5%; n=14), 
whereas there was no association between supplementary 
vitamin C intake and the risk of lung cancer (RR, 1.01; 95% CI, 
0.84‑1.22; I2=25.7%; n=4). In the subgroup meta‑analysis of two 
cohort studies, the combination of dietary and supplementary 
vitamin C intake was associated with an increased risk of lung 
cancer (RR, 1.37; 95% CI, 1.06‑1.76; I2=0%).

Table III presents the findings of the subgroup meta‑anal‑
yses based on various factors. In the subgroup meta‑analysis by 
region, there was no significant association between vitamin C 
intake and lung cancer risk across regions (United States, 
Europe and Asia). In the subgroup meta‑analysis by follow‑up 
period, dietary or supplementary vitamin C intake decreased 

lung cancer risk during the follow‑up period of 5 to 10 years 
(RR, 0.83; 95% CI, 0.74‑0.94; I2=0%; n=11). However, this 
beneficial effect was not observed when the follow‑up period 
was longer than 10 years (RR, 0.94; 95% CI, 0.76‑1.17; I2=0%; 
n=8). As demonstrated in Fig. 3, there was no publication bias 
in this meta‑analysis (symmetrical Begg's funnel plot; Egger's 
test, P=0.68).

Discussion

In the present meta‑analysis of cohort studies, there was no 
significant association between dietary or supplementary 
vitamin C intake and lung cancer risk. However, in the 
subgroup meta‑analysis by the source of vitamin C, dietary 
intake of vitamin C was found to be associated with a 
decreased risk of lung cancer, whereas no association was 
found between supplementary vitamin C intake and high risk 
of lung cancer. Notably, the combination of dietary and supple‑
mentary vitamin C intake was associated with an increased 
risk of lung cancer. In the subgroup meta‑analysis by follow‑up 
period, dietary or supplementary vitamin C intake was associ‑
ated with a decreased risk of lung cancer among studies with 
10 years or shorter follow‑up periods. However, this beneficial 
effect was not observed among studies with follow‑up periods 
longer than 10 years.

Although the effects of vitamin C on lung cancer develop‑
ment remain unclear, several potential biological mechanisms 

Figure 1. Flow diagram of identification of relevant studies.
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have been proposed. Vitamin C has antioxidant properties 
at low serum levels, prooxidant properties at high serum 
levels, and is involved in the epigenetic regulation of genomic 
stability (35‑37). High levels of reactive oxygen species (ROS), 
which are a subset of free radicals, are well known to damage 
cellular DNA and promote oncogenesis (38). Vitamin C, as a 
potent antioxidant, may scavenge these ROS, preventing DNA 
damage and oncogenesis (37). Also, at high concentrations 
(5‑20 mM), vitamin C (ascorbate) could act as a prooxidant 
through the reduction of metal ions, such as Fe3+ (2 Fe3+ + 
Ascorbate → 2 Fe2+ + Dehydroascorbate), leading to the 
formation of ROS, such as H2O2. Through the Fenton reaction, 
H2O2 can produce free hydroxyl radicals (2 Fe2+ + 2 H2O2 → 
2 Fe3+ + 2 OH· + 2 OH‑) which are selectively toxic to cancer 
cells (36). Additionally, ten‑eleven translocation (TET) 
promotes DNA demethylation as one of the epigenetic modi‑
fications, and loss of function in TET proteins and changes 
of DNA methylation can lead to genomic instability and 
carcinogenesis (39). Vitamin C, a cofactor of TET enzymes, 
is also known to directly promote DNA demethylation and 
alter the expression of tumor suppressors and DNA repair 
enzymes (39).

The findings of the present study, are consistent with those 
of previously published meta‑analyses. A meta‑analysis by 
Cho et al (12) of eight prospective studies in 2006 reported 
that dietary vitamin C intake significantly decreased the risk 
of lung cancer (RR, 0.80; 95% CI, 0.71‑0.91), whereas there 
was no significant association between total vitamin C intake 
(dietary plus supplementary) and the risk of lung cancer 
(RR, 1.00; 95% CI, 0.80‑1.25). Additionally, Luo et al (13) 
conducted a meta‑analysis of 14 prospective cohort studies 
in 2014 and concluded that high dietary vitamin C intake, by 
consumption of fruits and vegetables, had a protective effect 
against lung cancer (RR, 0.83; 95% CI, 0.73‑0.94). However, a 
subgroup meta‑analysis of supplementary vitamin C alone was 
not conducted, and additional prospective studies have been 
published since this publication.

Recently, in 2021, a meta‑analysis of cohort studies by 
Fu et al (30) reported findings similar to those of Cho et al's 
meta‑analysis. However, their analysis included only six cohort 
studies on dietary vitamin C intake and three on supplemen‑
tary vitamin C intake. The present meta‑analysis involved 
20 cohort studies and subgroup meta‑analyses according 
to the source of vitamin C (dietary or supplementary). 
Unlike previous meta‑analyses, the present study's subgroup 
meta‑analysis showed that the combination of dietary and 
supplementary vitamin C intake was significantly associated 
with a 37% increased risk of lung cancer.

There are several possible explanations for the discrep‑
ancies regarding the findings on the effects of dietary and 
supplementary vitamin C intake on the risk of lung cancer. 
The majority of commercial vitamin C supplements are 
synthetic. Although synthetic vitamin C supplements and 
food‑derived dietary vitamin C are chemically identical, the 
effects of fruits and vegetables rich in vitamin C may differ 
from those of vitamin C supplements in that the combination 
of natural vitamin C and numerous nutrients in fruits and 
vegetables might have beneficial effects of reducing the risk 
of lung cancer (40,41). Additionally, it was found that the 
combination of dietary and supplementary vitamin C intake 
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significantly increased the risk of lung cancer. A possible 
explanation is that when provided in addition to dietary 
vitamin C, vitamin C supplements may act as pro‑oxidants 
under conditions of oxidative stress, such as smoking, 
thereby inducing DNA damage and eventually leading to the 
development of lung cancer (41,42).

The present meta‑analysis revealed a difference in the risk 
of lung cancer between food‑derived, dietary vitamin C and 
synthetic vitamin C supplements. This implies that the diverse 
dietary nutrients from foods as well as vitamin C should not 
be directly equated to synthetic nutrient supplements in terms 
of beneficial effects. Although the dietary intake of nutrients 
from foods, such as fruits and vegetables, has shown beneficial 
effects in the prevention of cancer, the effects of synthetic 
nutrient supplements should be investigated in further random‑
ized controlled trials (RCTs) as well as epidemiological 
observational studies.

The present study, to the best of the authors' knowledge, 
was the most comprehensive meta‑analysis of cohort studies 
on the association between vitamin C intake and the risk of 
lung cancer, including subgroup meta‑analyses of various 
factors.

However, the present study had some limitations. First, 
most studies included in this meta‑analysis did not report 
the risk of lung cancer based on the specific levels of dietary 
vitamin C consumed by the participants. Thus, it was 
impossible to perform subgroup meta‑analyses by dietary 
intake levels of vitamin C; second, although the subgroup 
meta‑analyses revealed that dietary intake of vitamin C along 
with supplements increased the risk of lung cancer, only two 
studies were included in this analysis. Further prospective 
studies are warranted to confirm these findings. Third, only 
studies published in English were included to ensure the high 
quality of the included studies and accessibility of the data. If 
studies published in languages other than English had been 
included in the present study, the findings may have changed. 
However, this would not have significantly affected the 
conclusions. Fourth, this meta‑analysis only included cohort 
studies. Regarding the effects of vitamin C supplementation, 
RCTs provide a higher level of evidence than cohort studies. 
Finally, all the included cohort studies were published before 
2010. Further RCTs and meta‑analyses of RCTs are warranted 
to confirm the association between supplementary vitamin C 
intake and lung cancer risk.

Figure 2. Association between dietary or supplementary intake of vitamin C and risk of lung cancer in a random‑effects meta‑analysis of cohort studies (n=20). 
*Random‑Effects Model. RR, relative risk; HR, hazard ratio; CI, confidence interval.
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In conclusion, in the present meta‑analysis of cohort studies 
it was found that the dietary intake of vitamin C is beneficial 
for the prevention of lung cancer, whereas its supplementary 

intake does not have any beneficial effect. The findings of 
the present study should be confirmed by further prospective 
studies and RCTs.
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