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ABSTRACT

As an antioxidant, vitamin C has been increasingly used in the treatment of various pulmonary diseases in recent years.
However, the mechanism by which vitamin C affects lung function remains unclear to this day. Given its low cost and low
risk, vitamin C is highly suitable for widespread use as a conventional treatment, making research into its mechanisms
of influencing lung function necessary. Considering the potential association between vitamin C and white blood cells
(WBCs), it may influence lung function by affecting white blood count (WBC). The potential impacts of WBCs on the lungs
may include damage to the lung parenchyma through proteases released by these cells, as well as the effects of inflammatory
factors on alveolar epithelial cells, among other mechanisms. This study aims to explore the potential relationship between
dietary vitamin C intake, WBC, and lung function through a cross-sectional study. This cross-sectional study included data
from 15,738 participants in the National Health and Nutrition Examination Survey (NHANES) from three time periods:
2007-2008, 2009-2010, and 2011-2012. Parallel mediation analysis was conducted using a multivariable logistic regression
model to assess the relationships between dietary vitamin C intake, WBC, and lung function. Following the cross-sectional
study, we further incorporated Mendelian randomization (MR) analysis to strengthen the validity of the findings. The re-
sults of this cross-sectional study showed that dietary vitamin C intake was negatively associated with WBC (p < 0.05, < 0),
while WBC was also negatively associated with lung function. In contrast, dietary vitamin C intake was positively associated
with lung function, with a significant positive mediation effect (p <0.05, 3> 0). These findings suggest that vitamin C may
influence lung function by modulating WBC levels. The study may reveal part of the mechanism through which vitamin
C affects lung function, specifically through the mediation of WBC. The roles of inflammation and proteases could be po-
tential underlying mechanisms. However, further research is required to clarify the biochemical mechanisms. This study
provides a reference for the clinical use of vitamin C in the treatment of related pulmonary diseases and promotes further
research into its broader effects.
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1 | Introduction

Vitamin C reacts with free radicals and oxidants to form less
reactive products, protecting cells from damage during normal
physiological processes or diseases. As a widely consumed nat-
ural supplement, vitamin C is often considered the preferred an-
tioxidant (Bielski et al. 1975). Vitamin C, as an antioxidant, may
theoretically benefit lung function; however, existing research
findings on its actual effects remain contradictory, potentially
influenced by individual variability and differences in study
design. Nonetheless, studies have indicated beneficial effects
of vitamin C on lung function, particularly in populations with
impaired pulmonary health. A meta-analysis of 10 randomized
controlled trials involving 487 participants demonstrated that vi-
tamin C supplementation (>400 mg/day) significantly improved
the percentage of forced expiratory volume in 1s (FEV1%) in pa-
tients with chronic obstructive pulmonary disease (COPD) (Lei
et al. 2022). Furthermore, a therapeutic trial targeting elderly
pneumonia patients in the United Kingdom reported lower mor-
tality and reduced disease severity in the vitamin C group, while
another therapeutic trial conducted in the former Soviet Union
on adults across a wide age range observed a dose-dependent
reduction in pneumonia duration with two doses of vitamin C
(Hemild and Louhiala 2013). Among smokers, adequate vitamin
C intake has been associated with superior lung function (Shin
et al. 2015), and even in pregnant smokers, vitamin C supple-
mentation has been shown to improve neonatal lung function
test outcomes (Mcevoy et al. 2014). These findings suggest that
vitamin C may exert its effects on lung function through under-
lying mechanisms. Given the low cost and minimal risk profile
of vitamin C, further research into its potential mechanisms re-
mains highly valuable.

Vitamin C concentrations in white blood cells (WBCs) are 50
to 100 times higher than in plasma, enabling it to play a cru-
cial role in cellular functions (Bergsten et al. 1990; Evans
et al. 1982). Taking neutrophils as an example, vitamin C sup-
plementation has demonstrated improvements in their chemo-
tactic function among populations with specific pathological
conditions. For instance, administering 400mg/day vitamin
C to neonates with suspected sepsis significantly enhanced
neutrophil chemotaxis (Vohra et al. 1990). Similarly, patients
with chronic granulomatous disease (CGD) showed improved
leukocyte chemotaxis following enteral or parenteral vitamin
C supplementation (Anderson 1981, 1982). At the molecular
level, this vitamin C-dependent enhancement of chemotaxis
may involve improved microtubule assembly through increased
stable acetylated a-tubulin (Boxer, Albertini, et al. 1979; Boxer,
Vanderbilt, et al. 1979; Parker et al. 2016), and could also be as-
sociated with its antihistamine properties (Johnston et al. 1992).
Studies also show that vitamin C reduces reactive oxygen spe-
cies (ROS) production in WBCs and inhibits the activation of the
pro-inflammatory transcription factor NF-kB. This helps modu-
late immune responses and reduce inflammation at the cellular
level, as observed in vitro (Carr and Maggini 2017; Mohammed
et al. 2013; Tan et al. 2005), suggesting that vitamin C directly
influences the sustained production of oxidants and inflam-
matory mediators. More importantly, It has been shown that
apoptosis of neutrophils is significantly promoted by vitamin
C through the protection of the caspase-dependent apoptosis
process, which is highly sensitive to oxidative stress (Carr and

Maggini 2017). These results imply that vitamin C could influ-
ence WBCs, thereby impacting lung function.

To assess lung function, FEV1 and FVC are commonly used as
representative indicators. Some studies have indicated that WBC
is negatively correlated with both FVC and FEV1, and WBC can
damage lung parenchyma through the release of proteases (Wu
et al. 2021), such as serine protease and cysteine protease se-
creted by neutrophils (Owen 2008), and eosinophil peroxidase
secreted by activated eosinophils (Mukherjee et al. 2018), which
ultimately impair lung function. These observations highlight
the damaging effect of WBC on lung function.

However, the specific mechanism by which vitamin C affects
lung function has not been fully explained. Therefore, to explore
whether vitamin C influences lung function through its effect
on WBC and whether WBC mediate the relationship between
vitamin C and lung function, this study uses data from the
NHANES database (Ahluwalia et al. 2016).

2 | Methods
2.1 | Cross-Sectional Study
2.11 | Study Population

Data from the NHANES 2007-2008, 2009-2010, and 2011-
2012 (NHANES Questionnaires, Datasets, and Related
Documentation) are analyzed by us, including a total of 30,442
participants. After excluding 10,392 individuals with unknown
FVC and FEV1, 3253 with unknown dietary vitamin C intake,
and 1059 with unknown WBC, 15,738 participants remained.
There were 15,738 participants that are included in our study
(Figure 1).

30442 Individuals
included in
NHANES 2007-
2012

3253 Individuals
with Vitamin C
data missing

10392 Individuals
with FEV1 and ¢ >
FVC data missing Y
16797 Individuals
included in
NHANES 2007-
2012

1059 Individuals
with WBC data
missing A
15857 Individuals
included in
NHANES 2007-
2012

A

N=15738

FIGURE 1 | Flowchart illustrating participant selection for this
study. N=15,738, NHANES.
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2.1.2 | Dietary Vitamin C Intake

All NHANES participants underwent two 24-h dietary re-
call interviews. The first interview took place at the Mobile
Examination Center (MEC), while the second interview was
conducted by telephone 3 to 10days afterward (Zipf et al. 2013).
For the purposes of this study, we grouped the data from the
MEC interview as DAY1 (D1), and the data from the follow-up
telephone interview as DAY2 (D2). The average dietary vita-
min C intake was then calculated by averaging the data from
both days.

2.1.3 | WBC

The complete blood count (CBC) parameters were derived
using Beckman Coulter's counting and quantification meth-
ods, which incorporated automatic dilution and mixing
devices for sample processing, along with single-beam spec-
trophotometry for hemoglobin measurement. WBC differ-
entiation was performed using VCS technology. The quality
control and quality assurance (QA/QC) protocols of NHANES
follow the standards set by the 1988 Clinical Laboratory
Improvement Amendments (CLIA) (Zipf et al. 2013). We use
these data and get corresponding WBC.

2.1.4 | FEVland FVC

Spirometry testing was carried out until the participant suc-
cessfully completed at least three acceptable maneuvers,
reached a maximum of eight spirometry curves, or could no
longer proceed. The objective was to complete three accept-
able exhalation maneuvers in compliance with ATS stan-
dards. FVC and FEV1 were derived from the two highest
values obtained from acceptable forced expiratory maneuvers,
ensuring minimal variability (e.g., the two highest FVC values
should be within 150 mL of each other) (Zipf et al. 2013). Our
study's final FEV1 and FVC values were the averages of the
two maximum values.

2.1.5 | Covariates

Many factors can influence lung function, so we adjusted for
potential confounders. Smoking significantly impacts lung
function and is a major cause of COPD (Lugg et al. 2022).
Alcohol consumption also increases the risk of pulmonary dis-
eases (Ochoa et al. 2022). Hypertension and diabetes mellitus
(DM) are other factors that could affect lung function (Schnabel
et al. 2011; James 2024). Income, which can influence dietary
quality, may also impact lung function (Munro et al. 2023).
Therefore, adjustments were made for potential confounders
to ensure the reliability of the final data.

Race and ethnicity categories include Mexican-Americans,
non-Hispanic blacks, non-Hispanic whites, other Hispanics,
and other races, including multiracial individuals. Marital
status is categorized as married or unmarried, with the
married group including cohabitation, separation, divorce,
and widowhood. Smoking status is categorized into three

groups: current smokers, former smokers, and never smok-
ers. Participants who have never smoked 100 cigarettes in
their lifetime are classified as never smokers. Those who have
smoked more than 100 cigarettes but no longer smoke are con-
sidered former smokers. Individuals who have smoked over
100 cigarettes and currently smoke, whether occasionally or
daily, are categorized as current smokers. Household income
is evaluated using the poverty income ratio (PIR), which is
calculated based on a specific threshold that takes household
size into account. This allows for a more accurate assessment
of income relative to the number of people in a household. In
terms of health indicators, body mass index (BMI) is widely
recognized as a key measure of obesity and overall health,
derived from an individual's weight and height. It provides a
straightforward way to categorize individuals into different
weight groups, such as underweight, normal weight, over-
weight, and obese. Regarding physical activity, it is classified
into three categories: none or unknown, moderate, or vigor-
ous. Moderate physical activity results in a slight increase in
respiration or heart rate, such as brisk walking or cycling,
while vigorous activity leads to a significant rise in respira-
tion or heart rate, like running or intense sports. These clas-
sifications help in understanding various health aspects, such
as economic status, obesity risk, and physical activity levels,
which can influence overall well-being. Hypertension or dia-
betes is diagnosed if any of the following criteria are met. For
diabetes, the criteria are as follows: (1) a doctor has diagnosed
the participant with diabetes, (2) self-reported long-standing
diabetes, (3) HbAlc> 6.5%, (4) fasting glucose >7.0mmol/L,
(5) random blood glucose >11.1 mmol/L, (6) 2-h OGTT blood
glucose >11.1 mmol/L, (7) use of diabetes medication or in-
sulin, or (8) being diagnosed with diabetes at birth (type 1
diabetes). Hypertension is diagnosed according to the stan-
dards set by the International Society of Hypertension, as well
as based on responses from a self-reported questionnaire. A
participant is considered hypertensive if they meet any of the
following: (1) current use of antihypertensive medication, (2)
a physician's accurate diagnosis, (3) real-time blood pressure
measurements > 140/90 mmHg, (4) self-reported prior diagno-
sis of hypertension and current use of blood pressure-lowering
medication, or (5) ambulatory blood pressure monitoring
(ABPM) criteria: mean blood pressure>130/80 mmHg over
24h, >135/85mmHg during the day, and >120/70 mmHg at
night. Data on alcohol consumption were collected through a
questionnaire, with participants classified as alcohol drinkers
(those consuming at least 12 alcoholic beverages annually) or
non-drinkers (those consuming fewer than 12 alcoholic bev-
erages per year).

In a word, we included baseline data of the population and
some conventional indicators as covariates. All results in
Table 2 are adjusted for the year circle, age, gender, race, mar-
riage status, PIR, BMI, smoking status, DM, Hypertension,
Drinking status, and physical activity. By incorporating co-
variates into the regression equation, we can control for
confounding factors. The NHANES database is a database
of normal healthy people, and there are not many basic dis-
eases. For common diseases, hypertension and diabetes, we
have included regression equations in the form of covariates.
For our inclusion criteria, we did not exclude individuals with
unknown covariate indicators. We retained these individuals
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and categorized their other indicators as a variable labeled
“No/unknown.”

2.1.6 | Statistical Analysis

2.1.6.1 | Multivariable Linear Regression-Based Medi-
ation Analysis. To explore whether WBC mediates the link
between dietary vitamin C intake and lung function (FEV1,
FVC), we performed a parallel mediation analysis using a
multivariable logistic regression model (Figure 2), where WBC
served as the mediator. The regression model was employed to
evaluate the relationships and effects among the various vari-
ables. Adjustments were made for year, age, gender, race, mar-
ital status, PIR, BMI, smoking status, diabetes, hypertension,
alcohol use, and physical activity. The unstandardized regres-
sion coefficients were reported, along with standard errors
in parentheses. The direct effect (DE) represents the rela-
tionship between vitamin C and lung function independent
of the mediator, whereas the indirect effect (IE) captures
the influence of vitamin C on lung function through the medi-
ation of WBC. The total effect (TE) represents the overall
causal effect of vitamin C on lung function. The proportion
of the mediation effect by WBC was calculated by dividing IE
by TE (Figure 2).

Mediator
(White Blood
Count)
Indirect
Effect
(DETPOS;_Y: . Direct Effect Outcome
ietary Vitamin (FEVI. FVO)
C intake)

FIGURE 2 | Workflow of Multivariable Linear Regression-Based
Mediation Analysis.

Assumption 2

Assumption 1

Instrumental variable

Exposure
SNPS Vitamin C

2.2 | Mendelian Randomization (MR)

In epidemiological research and analysis, issues such as re-
sidual confounding and reverse causality frequently arise.
MR can mitigate these biases, thereby generating more robust
evidence to clarify which interventions yield health benefits
(Davey Smith and Hemani 2014). The principle of MR is rooted
in Mendel's second law, which states that genetic alleles seg-
regate independently during gamete formation when DNA is
transmitted from parents to offspring (Larsson et al. 2023).
Specifically, MR is a statistical method based on three key as-
sumptions: (1) the instrumental variable is strongly associated
with the exposure, (2) the instrumental variable is not associ-
ated with confounders, and (3) the instrumental variable influ-
ences the outcome only through the exposure. By mitigating
the impact of residual confounding, MR provides stronger evi-
dence for causal inference than traditional observational stud-
ies and, in some cases, even surpasses randomized controlled
trials in reliability. This study conducted a univariable MR
analysis to further validate the conclusions drawn from the
cross-sectional analysis. The primary MR analysis was per-
formed using the inverse-variance weighted (IVW) method
under a random-effects model, which combines Wald ratios
by dividing the SNP-outcome effect by the SNP-exposure ef-
fect (Burgess et al. 2013). The IE captures the influence of vi-
tamin C on lung function through the mediation of WBC. The
TE represents the overall causal effect of vitamin C on lung
function. The proportion of the mediation effect by WBC was
calculated by dividing IE by TE (Figure 3). Furthermore, MR's
data comes from https://gwas.mrcieu.ac.uk/datasets/, and the
select of instrumental variable is in Table S1.

3 | Results
3.1 | Cross-Sectional Study

3.1.1 | Participant Demographics

Table 1 shows the demographic characteristics of the 15,738
NHANES participants collected between 2007 and 2012.

Confounders

Mediator
WBC

PEEENNE i
FVC, FEV1

Reverse
MR analysis

Assumption 3

SV SR gyl —

FIGURE 3 | Workflow of Two-Step Mendelian Randomization Mediation Analysis.
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TABLE1 | Demographic characteristics of participants.

TABLE1 | (Continued)

Variables Total (n=15,738) Variables Total (n=15,738)
Year, n (%) Moderate 3421 (21.7)
2007-2008 4922 (31.3) Vigorous 4027 (25.6)
2009-2010 5596 (35.6) WBC (10000 cells/uL), mean +SD 70.5+22.5
2011-2012 5220 (33.2) FVC (mL), mean +SD 3636.3+1187.4
Age, mean +SD 36.4+21.2 FEV1 (mL), mean +SD 2917.6 £957.7
Gender, n (%) Ave. vitamin C (mg/day), median 67.0 (32.4,116.7)
Female 7912 (50.3) (IQR)
Abbreviations: BMI, body mass index; DM, diabetes mellitus; IQR, interquartile
Male 7826 (49.7) range; PIR, poverty income ratio.
Race, n (%)
Mexican American 2886 (18.3) Data on smoke: never =smoked less than 100 cigarettes in life;
Non-Hispanic black 3486 (22.2) former =smoked less than 100 cigarettes 1n’ life and §m9ke not
at all now; now=smoked more than 100 cigarettes in life and
Non-Hispanic white 6323 (40.2) smoke some days or every day.
Other Hispanic 1733 (11.0) . .
Data on alcohol: Yes=at least 12 alcoholic drinks per year;
Other race-including multiracial 1310 (8.3) No =less than 12 alcoholic drinks per year.
Marry, n (%)
Data on physical activity: Moderate: In a typical week, engage
Never married 2057 (19.0) in moderate-intensity sports, fitness, or recreational activi-
Divorced 1196 (11.1) ties—such as brisk walking, cycling, swimming, or volley-
o ) ball—that result in a slight increase in breathing or heart rate,
Living with partner 889(8.2) for at least 10 min without interruption; Vigorous: In a typical
Married 5753 (53.2) week, engage in vigorous-intensity sports, fitness, or recre-
ational activities—such as running or basketball—that sig-
Separated 3583.3) nificantly increase breathing or heart rate, for at least 10 min
Widowed 556 (5.1) continuously.
PIR, mean+SD 24+1.6
BMI, mean +SD 269+74 3.1.2 | Linear Regression Model Results
Smoke, r (%) Table 2 illustrates the associations between dietary vitamin
Never 5934 (54.9) C intake, WBC, and lung function (FEV1, FVC). The results
indicate that dietary vitamin C intake was negatively cor-
Former 2533 (23.4
@34 related with WBC, and WBC was negatively correlated with
Now 2342 (21.7) lung function. DE indicates that vitamin C has a positive ef-
DM, 1 (%) fect on lung function, while IE, also positive, was smaller than
’ DE, suggesting that WBC plays a mediating role in the effect
No/unknown 12,949 (82.3) of vitamin C on lung function. The mediation proportion cal-
Yes 2789 (17.7) culated using FEV1 and FVC as outcomes was 6.743% and

Hypertension, n (%)

No/unknown 10,837 (72.2)

Yes 4180 (27.8)
Alcohol, n (%)

Yes 2725 (25.9)

No/unknown 7808 (74.1)
Physical activity, n (%)

Unknown 8290 (52.7)

(Continues)

7.311%, respectively.

3.1.3 | MR Results

Table 3 presents the results of MR analysis investigating the me-
diating role of WBC count in the relationship between dietary
vitamin C intake and lung function. The results show a negative
association between vitamin C and WBC (p <0.05), while WBC
demonstrates a significant negative correlation with lung func-
tion (p <0.001). Additionally, reverse causality had minimal im-
pact, further supporting the reliability of the findings. The IE
was positive but smaller in magnitude than the DE, indicating
that WBC count partially mediates the influence of vitamin C on
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TABLE 2 | The mediating role of white blood cell count in the relationship between dietary vitamin C intake and lung function (Multivariable

Linear Regression-Based Mediation Analysis from Nhanes database).

Exposure: dietary vitamin C intake (mg/day); mediator: white blood count (10,000 cells/uL); outcome: FEV1, FVC

(mL)
Total effect Proportion
Exposure to Mediator Mediated (exposure to mediated
Outcome mediator to outcome Direct effect (indirect) effect outcome) (%)
FEV1 —0.0095 —1.8120 0. 2365 (0.0705)*** 0.0171 (0.0065)** 0. 2536 (0.0706)*** 6.743
(0.0030)** (0.0705)***
FVC —0.0095 —1.9061 0.2282(0.0859)** 0. 018 (0.0065)** 0.2462 (0.0861)** 7.311
(0.003)** (0.2953)***

Note: Mediation model: Adjust for year circle, age, gender, race, marriage status, PIR, BMI, smoking status, DM, Hypertension, Drinking status, physical activity.
Unstandardized regression coefficients are displayed, with standard errors in parentheses.

*p<0.05.
P <0.01.
5D <0.001.

TABLE 3
two-step mediated Mendelian randomization).

| The mediating role of white blood cell count in the relationship between dietary vitamin C intake and lung function (Analyze through

Exposure: serum vitamin C; mediator: white blood count; outcome: FEV1, FVC

Outcome to Mediated Total effect Proportion
Exposure to Mediator to exposure (indirect) (exposure to mediated
Outcome mediator IVW) outcome (IVW) (IVwW) effect outcome, IVW) (%)
FEV1 —0.0528 (0.0246)* —0.0587 0.0044 (0.0146)  0.0030 (0.0014)*  0.0764 (0.0276)** 3.94
(0.0079)***
FVC —0. 0488 (0.0211)* —0.0333 0.0187 (0.0181)  0.0016 (0.0008)* 0. 0741 (0.0263)** 2.19
(0.0065)***
Note: 8 value of univariate Mendelian randomization analysis results are displayed, with standard errors in parentheses.
*p<0.05.
*p <0.01.
#p <0.001.

lung function. The mediation proportions calculated for FEV1
and FVC as outcomes were 3.94% and 2.19%, respectively. The
MR analysis provides robust evidence supporting the results of
the multivariate linear regression, thereby enhancing the credi-
bility of the conclusions.

4 | Discussion
4.1 | Interpretation of Results

In this study, we used the NHANES 2007-2012 cross-sectional
data and applied linear regression to examine whether vitamin
C could influence lung function through the mediation of WBC.
Our analytical results suggest that WBC may mediate the effect
of vitamin C on lung function.

Regarding the impact of dietary vitamin C intake on WBC,
our results align with the current general consensus (Table 2),
showing a negative correlation between the two. This could be
because vitamin C promotes the chemotactic function of WBC
(Carr and Maggini 2017; Bozonet et al. 2015), enabling them to
migrate to infection sites where they perform their function and
are then cleared (Limmermann 2016), rather than circulating

aimlessly in the bloodstream. More importantly, vitamin C may
also promote the apoptosis of neutrophils, an essential process
that helps eliminate oxidant-sensitive cells (Sharma et al. 2004).

The idea that vitamin C influences lung function through WBC
is well-supported by our data. Table 2 demonstrates a notable
negative correlation between WBC levels and lung function. The
impact of WBC on lung function is linked to the release of prote-
ases by inflammatory cells, which subsequently cause damage
to the lung parenchyma (Wu et al. 2021). Several studies have
pointed out that individuals with higher eosinophil counts ex-
perience faster FEV1 decline (Hong et al. 2024). Although the
specific underlying mechanisms remain unclear, this may be
due to damage to the lung parenchyma caused by proteases re-
leased from eosinophils (Mukherjee et al. 2018) and substances
such as TGF-f that lead to pulmonary fibrosis (Wynn 2011).
Also, aging, reduced FEVI, and a history of bronchitis are as-
sociated with increased WBC (James et al. 1999). Neutrophils
deficient in vitamin C remain in inflammatory sites in vivo, con-
tinually contributing to inflammation rather than being cleared
by macrophages in vitro (Vissers and Wilkie 2007). Alveolar
macrophages are involved in nearly all the scenarios mentioned
above, as they can both initiate and resolve immune responses.
A disruption in their homeostasis would severely impact lung
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function (Lugg et al. 2022). These studies support the finding
that high WBC damages lung function (Hong et al. 2024; Zeig-
Owens et al. 2018; Hancox et al. 2018), which aligns with our
results.

The DE in our results also shows a significant positive cor-
relation between vitamin C and lung function (FEV1, FVC)
(p<0.05, standard error <0.5). Numerous related studies also
provide strong evidence for a positive relationship between vi-
tamin C supplementation and improved lung function (Shaheen
et al. 2010). For instance, a daily intake of 400 mg of vitamin C is
required for a statistically significant improvement compared to
a placebo (Lei et al. 2022). The underlying reason why vitamin
C impacts lung function is thought to be its antioxidant prop-
erties, which reduce oxidative stress (Barnes 2022). Vitamin C
has been used to treat various diseases, including COPD (Lei
et al. 2022; Barnes 2022; Romieu and Trenga 2001), and con-
ditions with similar pathophysiological features, such as Acute
Respiratory Distress Syndrome (ARDS) (Lei et al. 2022; Boretti
and Banik 2020). In our results (Table 2), both DE and IE
showed positive correlations (p < 0.05; standard error <0.5), and
the direction was consistent. Additionally, the IE was found to
be smaller than the DE, indicating that WBC may play a role in
the mechanism through which vitamin C influences lung func-
tion. The mediation proportions of 6.743% and 7.311% calculated
from FEV1 and FVC indicate that other mediating factors or
mechanisms could also play a role.

In summary, vitamin C may influence lung function through
the mediating role of WBCs, and the underlying mechanisms
may include affecting the occurrence and duration of lung in-
flammation, or controlling protease activity in the lung paren-
chyma, ultimately impacting lung function.

4.2 | Strengths and Limitations

The main strength of this study lies in the fact that no previous
research has identified WBC as a mediator in the relationship
between vitamin C and lung function. This study, through an
analytical cross-sectional approach (Wang and Cheng 2020),
offers a novel conclusion based on linear regression, making it
an effective method for studying relationships involving three
variables.

However, there are several limitations in this study. First, as a
cross-sectional study, it is difficult to draw accurate causal con-
clusions (Savitz and Wellenius 2023). Second, this study focused
on dietary vitamin C intake, which does not directly equate to
plasma vitamin C levels, and the difference between the two
may introduce some error into the final results (Padayatty
et al. 2004; Sauberlich 1994).

5 | Conclusion

In conclusion, our multivariate regression analysis revealed
a statistically significant positive association between dietary
vitamin C intake and pulmonary function (FEV1/FVC), with
WBC demonstrating partial mediation effects accounting for
6.74% to 7.31% of the total observed association. The MR analysis

provided corroborating evidence supporting causal relationships
among these three factors. But the mediation model explains
only approximately 7% of the observed association, suggesting
that other potential mechanisms may be jointly involved, which
warrants further investigation through multi-omics studies.
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