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Serum Vitamin A and 3-Carotene Levels in Children with Asthma

ABDULRAHMAN M. AL SENAIDY*

Department of Biochemistry, College of Science, King Saud University, Saudi Arabia

Background. Low serum levels of dietary antioxidants are associated with allergic diseases including asthma. Vitamin A and carotenoids are
dietary antioxidants that are likely to play an important role against airway inflammation. Methods. This study included 433 asthmatic schoolchildren
and 537 healthy control subjects, between 6 and 18 years of age. Serum B-carotene, vitamin A, cholesterol, and triglycerides levels were studied in
all subjects. Results. Serum vitamin A concentration was significantly lower in asthmatic subjects than in healthy control subjects (19.4 £ 1.1 mg/dL
vs. 28.9 £ 0.86 mg/dL) (p < 0.001). There were no significant differences in the levels of 8-carotene, cholesterol, and triglycerides between the two
groups. Conclusion. Reduction of vitamin A in asthmatic children may have etiological implications for the disease.
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INTRODUCTION

The role of the environmental and nutritional factors in the
pathogenesis of allergic diseases and airway obstruction has
been recently the focus of investigation (1, 2). Dietary studies
have suggested that there is an association between low intake
of antioxidants and the development of asthmatic symptoms,
such as bronchial inflammation and reduction of pulmonary
function (3-5). Triggers of asthma, including allergens and
viruses, lead to the recruitment and activation of airway in-
flammatory cells, which produce more oxygen-derived free
radicals, resulting in oxidative damage (6). Lungs have sev-
eral natural antioxidant defense systems that inhibit reactive
oxidant propagation by scavenging hydroxyl radicals and
singlet oxygen (7).

Vitamin A, C, E, and carotenoids belong to a group of
antioxidants that are likely to play an important role in the
respiratory tract by physiologically quenching singlet oxy-
gen and inhibiting free radical chain reaction (8, 9). Several
studies have supported the assumption that airway obstruc-
tion is probably associated with reduction in serum retinol
(vitamin A) and carotenoids (10, 11). Retinoic acid, an active
metabolite of vitamin A, is known to influence the develop-
ment, maintenance, differentiation, and regeneration of lung
epithelial cells (12). Lower vitamin intake is more preva-
lent among children with asthma, and vitamin A deficiency
decreases the proliferation of airway mucus and basal cells,
causing squamous metaplasia (13). Low intake of 8-carotene
due to reduced consumption of fresh fruits and fruit juice has
been affiliated with diminished lung function (14, 15).

However, the association between pulmonary function and
vitamin A status, however, is not fully understood. The aim
of this study was to compare the serum concentrations of
vitamin A, f-carotene, cholesterol, and triglyceride in large
groups of asthmatic children with non-atopic control subjects
in a cross-sectional observational study.
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MATERIALS AND METHODS

This study was conducted on schoolchildren, 6 to 18 years
of age, living in the capital city Riyadh, Saudi Arabia. A
total of 433 patients with controlled asthma took part in the
study and were compared with 537 healthy control subjects
with no respiratory problems. Diagnosis of asthma was based
on a documented clinical history of recurrent cough and/or
wheezing and previous demonstration of improvement of
symptoms in response to asthma medication. The control
subjects had never had any episode of breathlessness and had
never used asthma medication. Exclusion criteria included
previous or concurrent use of prescription medications or
vitamins and upper respiratory tract infection within the past
30 days before the study. All subjects were screened by a
physician. Information on the child’s health was collected
from parents by self-administered questionnaires.

Blood Collection

Fasting venous blood samples were collected from all the
study subjects after informed parental consent and processed
immediately. Blood was collected into Vacutainer (Beckton—
Dickinson) tubes without anticoagulant that were centrifuged
at 1700 g for 20 minutes at 4°C, and serum was stored at
—70°C until analyzed. To avoid isomerization of vitamins,
blood samples were protected from light as soon as they were
drawn.

Test Methods

All analyses were performed in a single session; hence
there were no multiple freezing and thawing cycles for
serum samples. Aliquots (0.5 mL) of serum were extracted
for vitamin A and B-carotene with hexane as described by
Vuilleumier et al. (16). Vitamin A and S-carotene were deter-
mined by reverse phase high-performance liquid chromatog-
raphy with UV-Vis detection at 300 and 436 nm, respectively
(17). The mobile phase consisted of a mixture of acetonitrile,
methylene chloride, and methanol (70/20/10, v/v/v). The co-
efficient of variation for the estimation of vitamin A and
B-carotene were 3.3% and 1.8%, respectively.
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Serum cholesterol and triglycerides were measured on a
COBAS MIRA Clinical Analyzer (F. Hoffman-La Roche
and Co., Basel, Switzerland) using commercial enzymatic
kits (Roche Diagnostics).

Statistical Analysis. Data are reported as means £ SD.
Statistical significance was determined by unpaired Student’s
t test, using GraphPad Software program (Prism 3.02; Graph-
Pad Software, Inc., San Diego, CA). p values of <0.05 were
considered to be statistically significant.

RESULTS

The main characteristics of the participants and levels of
vitamin A, B-carotene, cholesterol, and triglycerides are out-
lined in Table 1. As shown, serum vitamin A level in the asth-
matic group was significantly lower than in control subjects
(p < 0.05). However, there were no significant differences
between control subjects and asthmatic patients for serum
levels of B-carotene, cholesterol, and triglyceride. We have
also evaluated the serum biochemistry in the control subjects
and asthmatic patients as a function of age, by distributing
the subjects into six age groups: 6 to 8 years (20 asthmat-
ics, 41 control subjects), >8 to 10 years (90 asthmatics, 81
control subjects), > 10 to 12 years (87 asthmatics, 100 con-
trol subjects), >12 to 14 years (109 asthmatics, 115 control
subjects), >14 to 16 years (90 asthmatics, 180 control sub-
jects), and 16 to 18 years (37 asthmatics, 61 control subjects).
Vitamin A levels were significantly lower (p < 0.05) in chil-
dren with asthma as compared with the control subjects in
all age categories (Figure 1). A decrease in -carotene level,
in the asthmatic group, is also presented in Figure 2, but the
differences are less significant owing to the great individ-
ual variability of the data. However, there was no significant
differences in the levels of cholesterol and triglycerides be-
tween asthmatics and control subjects irrespective of age
factor within the groups (Table 2).

About 40% of the males and 72% of the females between
6 to 8 years of age had serum vitamin A level less than 10
ng/dL, which was an indication of vitamin A deficiency. In
general, 67 (15%) of the males and 33 (7%) of the females
asthmatic subjects had vitamin A deficiency (serum vitamin
A <10 pg/dL); whereas 74 (17%) of the males and 60 (14%)
of the females were found to be having serum vitamin A
below the critical level (20 u g/dL) (Table 3).

DiscussioN

The serum levels of vitamin A and B-carotene in the con-
trol group were similar to the levels previously reported (18,
19). Similarly, the level of serum cholesterol and triglyc-
erides in the control group was also in agreement with earlier

TABLE 1.—Characteristics of patients and control subjects.

Controls Patients
Variables (mean + SD) (mean + SD) p value
Age (years) 123+ 3.1 125+ 3.1 —
Body mass index (kg/m?) 19.68 £+ 4.63 20.79 £5.79 —
Gender (% female) 48.7 40.8 —
Serum vitamin A (mg/dL) 28.9 +0.86 194 £+ 1.1 0.0001
Serum B-carotene (mg/dL) 87.8 +3.2 75.1 £0.09 n.s
Serum cholesterol (mmol/L) 4.5+ 0.83 4.2 +0.08 n.s
Serum triglycerides (mmol/L) 1.24+0.05 1.1 £0.05 n.s
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FIGURE 1.—Vitamin A level in serum of Asthmatics and Healthy subjects. Data
are shown as mean =+ standard deviation. Values with different letters were
significantly (P < 0.05) different from each other.

published reports (20, 21). Several studies have shown associ-
ations between antioxidant vitamins and pulmonary function
(3,22). The present study demonstrated a significant decrease
in serum level of vitamin A in asthmatic subjects compared
with healthy controls. Serum S-carotene level showed no dif-
ference between the two groups. To explain the inconsistency
of these findings, it is possible that serum concentrations of
these biomarkers do not adequately reflect the specific condi-
tions in the airway or that vitamin A has powerful antioxidant
activity compared with B-carotene.

In agreement with our data, Riccioni et al. (23) reported
decreased level of serum vitamin A concentration in patient
group, while vitamin E and $-carotene level did not differ be-
tween patients and control subjects. Another study reported

120] [ Controls BN Patients

105

90+

-Carotene (pg/dl)

6-8 8-10 10-12 12-14 14-16 16-18
Age (Years)

FiGURE 2.—pB-Carotene level in serum of Asthmatics and Healthy subjects. Data
are shown as mean =+ standard deviation. None of the values were statistically
different (P < 0.05).
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TABLE 2.—Lipid profile (mmol/L) in serum of asthmatic and healthy subjects.

Control Patients

Age group (years) Cholesterol Triglycerides Cholesterol Triglycerides

6-8 46+02 1.2+0.1 40+£0.1 1.1+0.1
>8-10 50+£0.1 1.3+£0.1 46+£02 1.3+0.1
>10-12 47+0.2 1.2+0.1 43+0.1 12£02
>12-14 43+£0.1 1.1 £0.1 42+£02 1.2+£0.1
>14-16 42+£03 1.3+£0.2 41+£03 1.2+0.1
>16-18 50+£0.2 1.5+£02 42+£02 1.2+03

Data are shown as mean £ SD. None of the values were statistically different.
p < 0.05.

that the severity of asthma is negatively correlated with the
plasma level of retinol, and the children with vitamin A defi-
ciency had more frequent and severe asthmatic attacks (24).

However, in contrast to our findings, in a recent exper-
imental study, Gertrud et al. (25) reported aggravation of
asthma by high dietary levels of vitamin A. Furthermore, it
has been reported that earlier consumption of multivitamin
supplements (26) as well as supplements containing only vi-
tamins A and D have been linked with a high risk of asthma
in later life (27). These adverse effects have been explained
by the ability of vitamin A supplements to enhance immunity
that increases the inflammatory response in the lungs (28).

Increased systemic production of free radicals is known to
be a feature of chronic airway inflammation (29). Using a
human bronchial epithelial cell line (BEAS-2B), Takamura
et al. reported that retinoic acid may reduce eosinophilic
airway inflammation. Oxidative burden has been suggested
to be a potential mechanism linking airway inflammation
to reduced pulmonary function. Neutrophils, macrophages,
monocytes, eosinophils, and mast cells can generate oxy-
gen free radicals and other reactive oxygen species (30, 31).
Malondialdehyde (MDA) is a reactive aldehyde that has been
evaluated as a biomarker of pulmonary oxidative stress at-
tributed to air pollution exposure and changes in lung func-
tion (7). Excess lipid peroxides expressed as MDA has been
found in exhaled breath condensate (32).

Enhanced production of lipid peroxides due to airway in-
flammation provides convincing evidence of cell membrane
damage, which may induce cellular dysfunction and cause
worsening of airway obstruction. Thus, it would be reason-
able to assume that accumulation of free radicals is attributed
to an impaired conversion of B-carotene to retinol, associated
with a defect in the mobilization of stored retinol. Our re-
sults show that reduced level of vitamin A in asthma patients
is probably caused by an increased utilization of this an-
tioxidant in presence of excess free radicals, suggesting that

TABLE 3.— Distribution of the study groups according to the World Health
Organization classification for vitamin A.

<10 pg/dL 10-20 pg/dL
Group N (%) N (%)
Asthmatic:
Male 67 (15) 74 (17)
Female 33(7) 60 (14)
Control:
Male 0 0
Female 0 0

Organization classification for vitamin A.
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vitamin A appears to be more effective antioxidant. How-
ever, it is not clear from this study whether the low level of
vitamin A is either a primary cause that is linked with the
pathogenesis of asthmatic condition or is a secondary event
due to the inflammatory process in asthma or a coincidence
of low dietary intake and asthmatic condition.

The prevalence of asthma in Saudi Arabia has increased
dramatically in recent years, with the highest prevalence
in children below 18 years of age (33). Although vitamin
A deficiency is not a public health problem in Saudi Ara-
bia (34), the present study shows that serum retinol con-
centrations are markedly low in asthmatic school children,
which was in sharp contrast to the normal concentrations
found in nonasthmatic school children. Furthermore, we ob-
served an increased lipid peroxides (i.e., serum MDA) in
children with asthma. In summary, our results strengthen
previous reports indicating that vitamin A plays a role in
the evolution of asthma (10-13, 22-24). A detailed and
comprehensive study of the effects of disease activity and
treatment effects on antioxidant status is needed with a
particular emphasis on vitamin A and other antioxidant
vitamins.
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