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Zinc and vitamin C deficiencies associate with
poor pulmonary function in children with persistent asthma
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Abstract

Background: One of the pathophysiologic mechanisms involved in asthma is the increase in oxidative stress. Zinc (Zn),
vitamin C (VC), and vitamin E (VE) have antioxidant functions. However, the status of oxidative stress, Zn, VC, and
VE in Thai asthmatic children have not been reported.

Objective: We aimed to evaluate the status of oxidative stress, Zn, VC, VE, pulmonary function tests, and airway in-
flammation in Thai asthmatic children with persistent asthma.

Methods: In this cross-sectional study, the data was collected from asthmatic children aged 7-17 years. The plasma
PGF, concentration as a marker of oxidative stress was measured using an ELISA kit. Plasma Zn concentration was
measured through atomic absorption spectrophotometry. Plasma VC and VE concentrations were determined using
HPLC. Pulmonary function tests were evaluated as forced expiratory volume in first second (FEV ) and forced vital
capacity (FVC), using a spirometer. The status of airway inflammation was determined by measuring fractional exhaled
nitric oxide.

Results: There were 76 asthmatic children in this study. Seventy-two participants had high oxidative stress. All partici-
pants had Zn deficiency. Nearly 40% of participants had VC deficiency. VC deficiency was associated with severe asth-
ma and airway obstruction. Plasma Zn concentrations were positively correlated with FEV, (r = 0.27) and FEV /FVC
ratio (r = 0.65).

Conclusion: Deficiency of Zn and/or VC was related to severe asthma and decreased pulmonary function. Nutrition
assessment and management should be considered to alleviate asthma burden.
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Disequilibrium, via either an increase in oxidative stress or
compromised antioxidant resources, promote the symptoms
of asthma.

A compound, 8-iso-prostaglandin F, (PGF, ), formed by
lipid peroxidation of arachidonic acids (AAs) in cell mem-
brane, is an oxidative stress product. PGF, induces inflam-
matory cytokine production and recruits inflammatory cells
in the airway.* Such inflammation causes swelling, mucus hy-
persecretion, and smooth muscle contraction of the airway,
resulting in airway narrowing.’ PGF, is one of the markers
to determine oxidative stress status in patients with asthma.

Non-enzymatic antioxidants, including zinc (Zn), vitamin
C (VC), and vitamin E (VE), provide protection against ox-
idative stress. VC provides intra- and extra-cellular aqueous
antioxidant capacity. VE protects polyunsaturated fatty acids
in cell membrane from lipid peroxidation, therefore preserv-
ing cell membrane functions. Zn exerts an antioxidant effect
by reducing hydroxyl radical formation from hydrogen perox-
ide through the antagonism of redox-active transition metals
such as iron and copper. In addition, Zn acts as a cofactor of
superoxide dismutase, an antioxidative enzyme. Accordingly,
deficiencies of these antioxidants could lead to pulmonary
damage that worsens asthma symptoms.

Several observational studies demonstrated that asthmat-
ic patients had low levels of serum Zn, VC, and VE than the
healthy population.®” However, some research did not find
any different in these nutrients between asthmatic patients
and healthy population.® This discrepancy may be due to dif-
ferent factors, such as age, ethnicity, eating patterns, as well as
exposure to environmental pollutants, in patients. At present,
the information on the association among levels of these nu-
trients, level of asthma severity, degree of asthma control, and
airway inflammation in human are sparse. Moreover, there is
no study reported on oxidative stress and antioxidant status in
Thai children with persistent asthma.

Thus, this study was conducted to determine the status
of oxidative stress, antioxidants, and airway inflammation in
Thai children with persistent asthma and to determine the
association among oxidative stress, antioxidant status, airway
inflammation, asthma severity, asthma control levels, and pul-
monary function tests of the studied population.

Methods
Study design and subjects

This was a cross-sectional study. We enrolled children,
aged 7-17 years, who were diagnosed asthma, according to the
Global Strategy for Asthma Management and Prevention up-
dated in the 2015, the NHLBI/WHO workshop report; Global
Initiative for Asthma (GINA),® for at least 6 months. The re-
cruitment was performed at the allergy clinic, Department of
Pediatrics, Faculty of Medicine Ramathibodi Hospital, Mahi-
dol University between October 2015 and May 2016.

Asthmatic children who were eligible to participate in this
study were those with persistent asthma per GINA guide-
line.” To ensure the results were not affected by the change in
asthma control and treatment regimen, all subjects recruit-
ed were clinically stable and anti-asthmatic drugs including
inhaled corticosteroid (ICS) dose remain unchanged for at
least 4 weeks prior to data collection. The exclusion criteria

include the change of asthma severity and levels of asthma
control as well as anti-asthmatic drugs during data collection
processes, having pulmonary or chronic systemic diseases
other than asthma and allergic rhinitis, immunodeficiency, a
history of premature birth, an infection or major surgery or
had received anesthesia in the past 4 weeks, taking drugs that
were not for treatment of asthma but could affect the symp-
toms of asthma such as aspirin and p-blockers in the past 4
weeks, taking supplementation of either Zn, VC, or VE in the
past 4 weeks, taking anti-inflammatory drugs in the past 4
weeks, smoking, pregnancy, and participating in other clinical
trials.

All participants provided informed consent, and the study
was conducted in accordance with the Declaration of Helsinki
and approved by Human Research Ethics Committee, Facul-
ty of Medicine Ramathibodi Hospital, Mahidol University (ID
08-57-11).

Data collection

Demographic characteristics were reported by parents of
participants using questionnaires. Medical data such as sever-
ity of asthma, levels of asthma control, and medications were
collected from medical records. Height was measured using a
standard stadiometer and weight was measured using a cali-
brated digital scale. Dietary intakes of Zn, VC, and VE were
collected using semi-quantitative food frequency question-
naires (FFQ), providing the frequency and the average quan-
tity of each food item consumed during 4 weeks before the
visit. Dietary intakes of VC were calculated using the INMU-
CAL-nutrients software from the Institute of Nutrition, Mahi-
dol University. Since the data of the amount of dietary Zn and
VE were insufficient in the INMUCAL-nutrients software, the
dietary intakes of Zn and VE were calculated using the United
States Department of Agriculture National Nutrient Database
for Standard Reference Release 25.

Pulmonary function tests

Spirometry was performed in all participants by using a
multi-functional spirometer HI-801 (CHEST M.IL, INC,; To-
kyo, Japan). The data of pulmonary function tests included
forced vital capacity (FVC) and forced expiratory in first sec-
ond (FEV)). The measurement and interpretation of pulmo-
nary function tests were performed according to the criteria
of the American Thoracic Society (ATS) and the European
Respiratory Society (ERS) recommendations.”® The cut-oft val-
ue for abnormal FEV, was %FEV | equal to or less than 80% of
the predicted value and the cut-off value for airway obstruc-
tion was FEV /FVC equal to or less than 90%.

Fractional exhaled nitric oxide (FENO)

Fractional exhaled nitric oxide was measured by a trained
technician using a CLD 88sp FENO analyzer (ECO MEDICS;
Duernten, Switzerland). The measurement and interpreta-
tion of FENO measurement were done according to the ATS
and the ERS recommendations; that is taking a single breath
exhalation-online method."* The cut-off values for low, in-
termediate, and high FENO categories are < 25, 25-50, and
> 50 ppb, respectively (for children aged less than 12 years,
the cut-off values are < 20, 20-35, and > 35 ppb, respectively).
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The intermediate and high FENO categories were interpreted
as eosinophilic airway inflammation.

Blood collection and biochemical analysis

Blood was drawn from an antecubital vein by a registered
nurse. Five mL of blood were collected in an EDTA-contain-
ing tube, centrifuged at 3,000 rpm for 10 minutes; then, stored
at -80°C until analysis of plasma Zn, VE, and PGF, .

Two mL of blood were collected in a heparin-containing
tube, centrifuged at 3,000 rpm for 10 minutes; then the su-
pernatant was mixed with 10% metaphosphoric acid. The
mixture was centrifuged, filtered, separated into aliquots in
microtubes wrapped with aluminium foil for light protection,
and stored at -80°C until plasma VC analysis.

Plasma Zn concentrations were measured through atomic
absorption spectrophotometry by using GBC Avanta S AAS
(GBC Scientific Equipment Pty Ltd.; Dandenong, Australia).
Plasma VC and VE concentrations were measured through
high performance liquid chromatography (HPLC) using the
Waters 2475 Multi A Fluorescence Detector (Waters Corpora-
tion; Massachusetts, United States). Plasma PGF, concentra-
tions were measured using the OxiSelect 8-iso-prostaglandin
F, ELISA kit (STA-337: 96 assays per kit) (Cell Biolabs; Cali-
fornia, United States).

Statistical analysis

A sample size of 69 subjects was estimated, considering
a case-controlled prospective study by Al-Abdulla et al. in
2010," accepting type I error of 0.05, a power of 95%, and an
effect size 1.1094 in the association between asthma severity
and oxidative stress markers present in peripheral blood.

The Kolmogorov-Smirnov test was used for normality of
the distribution. Normal distributed data are expressed as the
mean and standard deviation. Non-normal distributed data
are expressed as the median and range. Levene’s statistic test
was used for homogeneity of variances. Differences in nor-
mal distributed continuous variables between categories were
tested using Student’s t-test or one-way ANOVA with Scheffe’s
method as a post hoc analysis. Differences in categorical vari-
ables were tested using the x*-test. The relationship between
two normal distributed continuous variables was tested us-
ing the Pearson correlation coefficient. Statistical analysis was
performed using the SPSS program version 19. A p-value less
than 0.05 was considered statistically significant.

Results

There were 76 participants enrolled in this study. Com-
plete data were available for 71 participants; 4 participants
had symptoms of acute upper respiratory tract infection so
they could not undergo the FENO procedure and one partic-
ipant could not be assessed for plasma VE concentration due
to insufficient blood volume.

The mean age of participants was 11.76 years. The num-
bers of participants among mild, moderate, and severe asthma
were similar. Most of participants had completely controlled
asthma. One fifth of participants (17.11%) had abnormal
FEV, values. The majority of participants (67.11%) had air-
way obstruction. A few participants (12.5%) had eosinophilic
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airway inflammation. The clinical characteristics of partici-
pants are shown in Table 1.

Table 1. Clinical characteristics of asthmatic participants

Characteristics Number (%)
Gender
- Men 53 (69.74)
- Women 23 (30.26)

Height for age (% standard) 101.23 £ 4.21*

Weight for age (% standard) 123.99 + 29.12*

Weight for height (% standard) 117.88 + 21.45*

Having tobacco smoke exposure 24 (31.58)
Having allergic rhinitis 71(93.42)
Type of allergic rhinitis (n = 71)
- Mild intermittent 50 (70.42)
- Mild persistent 16 (22.54)
- Moderate to severe persistent 5(7.04)
Asthma severity"
- Mild 27 (35.52)
- Moderate 29 (38.16)
- Severe 20 (26.32)
Asthma control*
- Completely controlled 60 (78.95)
- Incompletely controlled 16 (21.05)

Pulmonary function tests
- FEV | (% predicted) 95.96 + 18.55*
- FEV /FVC ratio (%) 86.93 + 6.02*

Having eosinophilic airway inflammation (n = 72) 9 (12.5)

*Data is reported in mean+SD.

TAsthma severity was categorized according to the GINA, updated 2015%
mild asthma group comprised patients who were taking low dose of inhaled
corticosteroid (ICS). Moderate asthma group comprised patients taking me-
dium or high dose of ICS or using low dose of ICS plus either long-acting
inhaled f,-agonist (LABA) or leukotriene receptor antagonist (LTRA). Severe
asthma group comprised patients taking medium or high dose of ICS plus
either LABA or LTRA or taking ICS plus LABA plus LTRA.

*Asthma control was categorized according to the GINA, updated 2015%
asthmatic patients had none of the following in the past 4 weeks: 1) daytime
symptoms > 2/week, 2) any night waking due to asthma, 3) using reliever
(short-acting inhaled B,-agonist) > 2/week, 4) any activity limitation due to
asthma were classified as completely controlled asthma. Asthmatic patients
having at least one of those criteria were classified as incompletely controlled
asthma.

The medians of dietary Zn, VC, and VE intakes were 48
(range 3.00-203.10), 3.68 (range 1.30-11.68), and 5.77 (range
4.08-10.53) mg/day, respectively. The median intakes of Zn
and VC was within reference ranges (4-8 and 40-90 mg/
day, respectively) equivalent to 105.44 and 96.23% of rec-
ommended intakes of Zn and VC, according to Thai dietary
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reference intakes (2003), respectively. However, the dietary VE
intake was low (31.85% of that recommended).

The mean plasma concentration of PGF, was 134.48 pg/
mL (normal 40-100 pg/mL). Almost 96% of participants had
high oxidative stress. The mean plasma concentrations of Zn,
VC, and VE were 54.13 pg/dL, 3.07 pg/mL, and 1,320.73 pg/
dL, respectively; whereas the normal values of plasma Zn,
VC, and VE are 80-120 pg/dL, 2-20 pg/mL, and 600-1,400 pg/
dL, respectively."* All participants had Zn deficiency, however
there was no statistically significant correlation between plas-
ma concentrations and dietary intake of Zn. Around 40% (30
children) had VC deficiency with respect to the above criteria.
All participants had normal plasma VE concentrations. Plas-
ma concentrations of PGF,, Zn, VC, and VE did not signifi-
cantly differ among participants according to age, gender, hav-
ing allergic rhinitis, and exposure to tobacco smoke.

The mean plasma concentration of VC in participants
with severe asthma was significantly lower than that of those
with moderate and mild asthma. Plasma concentrations of
PGF,, Zn, VC, and VE did not differ among asthmatic par-
ticipants with completely and incompletely controlled asth-
ma. The mean plasma concentration of PGF, in participants
with severe asthma was slightly higher than that in those

with moderate and mild asthma; however, it did not reach a
significant level. Plasma concentrations of PGF,, Zn, VC, and
VE in participants according to asthma severity are shown in
Table 2.

A significantly positive correlation was noted between
the plasma Zn concentrations and FEV | values as well as the
FEV /FVC ratio (Figure 1A and B). A weak positive correla-
tion was observed between the plasma VC concentrations and
the FEV /FVC ratio (Figure 2). Plasma PGF, and VE con-
centrations were not significantly correlated with pulmonary
function parameters.

Regarding the VC status, we classified participants into
two groups as follows: the normal VC status group and the
VC deficiency group. There were significantly more par-
ticipants with severe asthma in the VC deficiency group
than in the normal VC group. In addition, eosinophilic air-
way inflammation was detected in the VC deficiency group
more than that in the normal VC group with a statistical
significance. Both groups had airway obstruction; those in
the VC deficiency group had significantly more airway ob-
struction than the other group (Figure 3). Medical data of
asthmatic children according to the VC status are shown in
Table 3.

Table 2. Concentrations of plasma prostaglandin F, (PGF, ), zinc (Zn), vitamin C (VC), and vitamin E (VE) according to

severity of asthma

Plasma concentration
Mild (n =27)

PGE,_ (pg/mL) 129.16 + 14.05
Zn (ug/dL) 53.23 +9.94
VC (pg/mL) 3.39 £ 2.09*

VE (pg/dL) (n =75) 1,239.36 +203.97

Asthma severity*

Moderate (n = 29)

p-value

Severe (n = 20)

135.18 £ 26.97 140.66 + 16.86 0.06
54.65 = 8.70 54.58 £9.0 0.82
3.52+1.95* 1.97 £1.91° 0.004

1,431.98 + 436.43 1,266.57 + 256.66 0.13

* Criteria using the GINA, updated 2015°
Data is expressed as mean + SD.

The differences between groups were analyzed using 1-way ANOVA with Scheffe’ method as a post hoc analysis.
In the same row, mean + standard deviation followed by the same small letter are not significantly different at the level 0.05 of p-value using Scheffe’ method.

A

r=0.27,p=0.019

FEV, (% predicted)

407 T T T T T T T T 1
50 55 60 65 70 75 80

Plasma Zn concentrations (pug/dL)

110

100 )

O
o

80 ................

r=0.65,p <0.001
70

FEV./FVC (%)

60
50

407
35

T T T T T T T T 1
40 45 50 55 60 65 70 75 80

Plasma Zn concentrations (ug/dL)

Figure 1. The association between plasma zinc concentrations and forced expiratory volume in the first second (FEV ) levels
(A) and forced expiratory volume in the first second (FEV ) to forced vital capacity (FVC) ratio (FEV /FVC ratio) (B)

The association between variables was analyzed using Pearson correlation coefficient.

7Zn, zinc
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Figure 2. The association between plasma vitamin C con-
centrations and forced expiratory volume in the first sec-
ond (FEV)) to forced vital capacity (FVC) ratio (FEV /FVC
ratio)

The association between variables was analyzed using Pearson correlation

coefficient.
VC, vitamin C

VCstatus NS
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1

Figure 3. The mean forced expiratory volume in the first
second (FEV)) to forced vital capacity (FVC) ratio and the
mean forced expiratory volume in the first second (FEV )

levels according to vitamin C status

The differences between groups were analyzed using Student’s ¢-test.
* Significant (p = 0.01)

NS, not significant; VC, vitamin C

Table 3. Demographic and medical data of asthmatic participants according to vitamin C status

VC status [Number (%)]

Characteristics Normal Deficiency p-value
(plasma VC 2-20 pg/mL) (plasma VC < 2 ug/mL)
(n =46) (n=30)
Age (year) 11.38 +2.41* 12.35 +2.41* 0.097
Gender
- Men 31 (67.39) 22 (73.33) 0.58
- Women 15(32.61) 8(26.67)
Having smoking exposure
- Yes 14 (30.43) 10 (33.33) 0.79
-No 32 (69.57) 20 (66.67)
Asthma severity
- Mild 43.48 (20) 23.33 (7)
- Moderate 45.65 (21) 26.67 (8) <0.001
- Severe 10.87 (5) 50 (15)
Asthma control
- Completely controlled 84.78 (39) 70 (21) 0.12
- Incompletely controlled 15.22 (7) 30 (9)
Airway inflammation (n = 72)
- Yes 4.65 (2) 24.14 (7) 0.025
- No 95.35 (41) 75.86 (22)
Plasma PGF, (pg/mL) 132.10 + 20.18* 138.14 + 21.54* 0.22°

* Data is reported in mean + SD; * Student’s t-test; The differences between groups were analyzed using x*-test; PGF, , prostaglandin F, ; VC, vitamin C
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Discussion

Patient with persistent asthma is the target population in
our study because of their high oxidative stress. ICSs have
been used as standard treatment of persistent asthma, which
is recommended by GINA.? ICSs reduce airway inflamma-
tion by inhibition of cytokines and adhesion molecules gene
expression.'* In our study, most participants had low levels
of FENO, which was most likely a result of using daily ICS.
Similarly, Montuschi et al. demonstrated that asthmatic pa-
tients receiving ICS revealed significantly lower FENO level
than those without ICS.” However, the direct effect of ICS on
oxidative stress in asthma has been less extensively studied. It
is probable that controlling inflammation of asthma with ICSs
does not necessarily always control oxidative stress. Alzoghai-
bi et al. showed that the serum TBARS level in persistent asth-
matic patients using ICSs for 3 months was still significantly
higher than the healthy controls.' Ozaras et al. demonstrated
that the serum MDA levels of asthmatic patients treated with
inhaled fluticasone 500 pg/day for 1 month was significantly
higher than the healthy controls.”” Thus, in patients with per-
sistent asthma, the use of ICS decreases airway inflammation
but might not dampen oxidative stress to the level of healthy
controls.

The majority of asthmatic patients in our study had high
plasma PGFZ(1 concentration, indicating an increase in oxi-
dative stress in these patients. This finding is in concordance
with the results of previous studies'®'” as mentioned above. It
is possible that exogenous oxidants such as cigarette smoke,
airborne pollutants, and particulate matter may contribute to
increase oxidative stress.

Although we predicted an association between eosinophil-
ic airway inflammation and plasma PGF, concentrations, we
did not find any association.

The findings in our study were consistent with the results
from the study by Montuschi et al."* Although they found a
positive correlation between the concentrations of PGF, in an
EBC and the levels of FENO in asthmatic patients not taking
ICSs, there was no correlation between the concentrations of
PGF, in EBC and the levels of FENO in those taking ICSs.
Similarly, Louhelainen et al. reported no significant correla-
tion between sputum PGF, and FENO levels in asthmatic
patients.'® There is a possibility that FENO levels reflect differ-
ent aspects of airway inflammation and are affected by many
factors;” thus, PGF, and FENO levels could increase inde-
pendently of each other.

We also found that participants with severe asthma tended
to have higher plasma PGF, concentrations than those with
mild or moderate asthma; however, the difference was not sig-
nificant. To our knowledge, this is the first study to show the
relationship between plasma PGF, and asthma severity ac-
cording to revised GINA criteria.

According to the available data, the prevalence of Zn defi-
ciency in Thai school children in the northeastern and south-
ern parts of Thailand was 57 and 31%, respectively.®® In the
present study, all participants had Zn deficiency. This finding
was not due to low Zn intake since all participants had ade-
quate Zn intake. There are several factors contributing to Zn
deficiency in asthmatic patients such as high Zn utilization,
redistribution, and increased excretion.

Zn has an antioxidant capacity; therefore, high oxidative
stress in asthmatic patients may reduce the body Zn levels. In
addition, asthma is a chronic inflammatory disease. The redis-
tribution of plasma Zn to the cellular compartment can occur
during excessive inflammation.» Moreover, Zn is necessary
for activation and recruitment of T-cell lymphocytes, mast
cells, and eosinophils.?? Consequently, greater Zn demand by
the immune system can be a contributing factor to Zn defi-
ciency during the inflammatory stage. Because respiratory ep-
ithelial cells are rich in Zn, the loss of respiratory epithelial
tissues through shedding into airways during acute episodic
attacks can deplete Zn reserves.” It is possible that cortico-
steroid for treatment of asthma can affect the Zn status. Ka-
karash et al. reported that asthmatic children using steroid
had lower serum Zn concentrations than those not using it.**
One of the proposed mechanisms for Zn deficiency caused by
steroids is higher urinary Zn excretion in patients using cor-
ticosteroids.”

Although all participants in this study had Zn deficien-
cy, there was no association between plasma Zn concentra-
tions and asthma severity and asthma control. The results of
our study are consistent with those reported by Bilan et al.,
investigating Zn status in asthmatic children.” They reported
no significant difference in plasma Zn levels between patients
with intermittent asthma and those with persistent asthma.
Bishopp et al. also reported no significant difference in the
mean serum Zn concentrations between the severe and mild
asthma groups.” These findings suggest that asthma can con-
tribute to Zn deficiency, but Zn status does not affect the se-
verity of asthma or levels of asthma control in asthmatic pa-
tients.

In our study, a positive correlation between plasma Zn
concentrations and FEV, values as well as the FEV /FVC ra-
tio was found. Similarly, Jayaram et al. reported that the me-
dian of Zn concentrations in sputum was significantly lower
in asthmatic participants with abnormal FEV | than in those
with normal FEV .** Ghaffari et al. showed that Zn supple-
mentation at the dose of 50 mg/day for 8 weeks significantly
increased both FEV | levels and the FEV /FVC ratio in asth-
matic children than baseline.”” Accordingly, asthmatic patients
with Zn deficiency, especially in those who have abnormal
pulmonary function, should take Zn supplementation to help
improve their pulmonary function.

The prevalence of VC deficiency in 50 Thai healthy adults
(non-smokers and non-drinkers) and in 50 Thai smokers in
2018 was 8 and 22%, respectively.*® So far, there was no report
on the prevalence of VC deficiency in Thai children. Nearly
40% of participants in the present study had VC deficiency
despite the fact that the median intake of VC in our study was
high, supporting an increase in the utilization of VC to com-
bat oxidative stress occurring in asthmatic patients. There is
evidence showing that VC supplementation could reduce the
levels of FENO in 16 hyperpnea-induced bronchoconstriction
asthmatic patients.* The results from our study demonstrated
a lower mean plasma concentration of VC in participants with
eosinophilic airway inflammation than that in those without
inflammation. This may confirm an increase in the utilization
of VC to alleviate airway inflammation in asthma.
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We found a significantly higher number of participants
with severe asthma in the VC deficiency group than that in
the normal VC group. There was a higher number of partic-
ipants with incomplete asthma control in the VC deficiency
group than that in the other group without a statistical sig-
nificance. We also found that the VC deficiency group had a
trend of having a higher mean plasma PGF, concentration
than the other group. This evidence may suggest the effect of
high oxidative stress in severe asthma on the risk of VC defi-
ciency in asthmatic patients. Our results are concordant with
the results from the study of Harik-Khan et al. and Misso et
al, showing that low plasma VC was independently associated
with severe asthma.’>*

In our study, nearly 70% of participants had an airway ob-
struction (FEV /FVC < 90%). The decline in the FEV /FVC
ratio corresponding to VC deficiency was observed in asth-
matic participants. Apparently, VC deficiency not only affects
the redox equilibrium, but also promotes eosinophilic airway
inflammation, leading to the decline in pulmonary function.

All participants in our study had normal plasma VE con-
centrations, although nearly 90% of them reported low VE in-
takes. The report of low VE intake can be explained by insuf-
ficient data of VE contents in Thai food items. Since there was
no VE deficiency found in the present study, the correlation
among VE concentrations, asthma severity, and asthma con-
trol could not be demonstrated.

No statistically significant correlation was found between
VE concentrations and pulmonary function in the present
study. Ghaffari et al. reported a significantly inverse associa-
tion between plasma VE concentrations and FEV | levels and
the FEV /FVC ratio in children with moderate asthma. They
found that the mean plasma VE concentration, FEV, level,
and the FEV /FVC ratio were low.”* On the other hand, Ya-
masaki et al. did not find an association between serum VE
concentration and FEV, levels as well as the FEV /FVC ratio.*”
In the study by Yamasaki et al., the mean serum VE concen-
tration, FEV | level, and the FEV /FVC ratio were quite similar
to those observed in the present study. The discrepancy be-
tween the studies may be due to the difference in status of VE
and pulmonary function of participants. In our study, none of
participants had VE deficiency. In addition, pulmonary func-
tion levels in our study were higher than those in the studies
mentioned above.

The present study has several limitations. Firstly, this was
a cross-sectional study that was conducted at a one-time
point; therefore, we are unable to make a causal inference.
Secondly, we did not have the data on the oxidative stress
status and the status of Zn, VC, and VE in children without
asthma at similar age group to compare with those with asth-
ma. Despite not having a control group, Zn and VC deficien-
cies as well as the correlation between antioxidant nutrients
and pulmonary function were demonstrated in the present
study. Thirdly, the small sample size may limit the chances
of achieving statistical significance in the results. Fourthly,
although the assessment of micronutrient intakes, using the
semi-quantitative FFQ and a qualified software, provides ade-
quate information on long-term intakes, recall bias is possible
resulting in over- or under-estimate of each nutrient intake.

And lastly, the assessment of VE intake was problematic
because accurate data on food contents is limited.

Conclusion

Our study demonstrated that all asthmatic children had
Zn deficiency. In addition, nearly 40% of them had VC de-
ficiency. Reduction of Zn was associated with abnormal pul-
monary function. The reduction of VC was associated with
severe asthma, airway obstruction, and eosinophilic airway
inflammation. Therefore, assessment of plasma Zn and VC
status as well as nutritional status should be included in asth-
ma management. For those who have deficiencies of Zn and/
or VC, supplementations of these nutrients together with nu-
tritional counseling should be provided to ameliorate asthma
management.
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