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Recurrent respiratory tract
infections in children might be
associated with vitamin A status:
a case-control study
Xuguang Zhang1, Xuezheng Dai2, Xianan Li2, Xun Xie2, Yiru Chen2,
Yanping Chen1, Haoyang Guan1 and Yan Zhao2*
1Department of Child Healthcare, The Sixth Affiliated Hospital of Harbin Medical University, Harbin,
Heilongjiang, China, 2Department of Nutrition and Food Hygiene, School of Public Health, Harbin
Medical University, Harbin, Heilongjiang, China
Background: Recurrent respiratory tract infections (RRTIs) are common in
children and its development might be associated with vitamin A deficiency
according to recent research. The aim of this study was to understand the
relation between vitamin A status and RRTIs in children, and the relation
between dietary intake of vitamin A and RRTIs.
Methods: 2,592 children aged 0.5–14 years from Heilongjiang province of China
participated in the survey. The RRTI group consisted of 1,039 children with
RRTIs, while 1,553 healthy children were included in the control group. The
levels of serum vitamin A were determined by high performance liquid
chromatography (HPLC); dietary information was collected with the Food
Frequency Questionnaire (FFQ).
Results: Serum vitamin A concentration in the RRTI group was significantly lower
than that in the control group (0.27 ± 0.09 mg/L vs. 0.29 ± 0.09 mg/L) (P < 0.01).
The levels of vitamin A was obviously associated with the occurrence of
RRTIs. The odds ratios (ORs) for vitamin A insufficiency and deficiency were
1.32 (95% CI: 1.09–1.60) and 1.95 (95% CI: 1.50–2.55) respectively; whereas
1.48 (95% CI: 1.13–1.94) and 6.51 (95% CI: 4.18–10.14) respectively, in children
with current respiratory tract infection (RTI) symptoms. Even an insufficient
intake of animal liver was associated with lower RRTIs [OR: 0.45 (95% CI:
0.38–0.53)], while only an excessive intake of meat had the same effect [OR:
0.85 (95% CI: 0.68–1.06)].
Conclusions: Low serum vitamin A concentration was associated with high
incidence of RRTIs in children in northeast China; low serum vitamin A
concentrations and the current RTI symptoms were associated with the
development of RRTIs; and low intakes of vitamin A-rich foods were also
associated with the development of RRTIs.

KEYWORDS

vitamin A insufficiency, vitamin A deficiency, recurrent respiratory tract infections,

children, dietary intake

1 Introduction

Recurrent respiratory tract infections (RRTIs) are common in children (1, 2) and

defined as any upper or lower respiratory tract infections (RTIs) that frequently occur

within a period of a year, a frequency far beyond the normal range (3–5). In recent

years, the incidence of RRTIs has been increasing, and it is shown that the rates of
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RRTIs among children in northeast China ranged from 17.8% to

18.7% (6). The pathogenesis of RRTIs is complex, involving

anatomy and physiology of the respiratory system, vitamin or

trace element deficiency, genetic and environmental factors, and

impaired immunity (2, 7). The deficiencies of immunoglobulin G

(IgG) subclasses, especially IgG2 and specific polysaccharide

antibody are common in children with RRTIs. Children with the

deficiency in secretory IgA alone and/or IgG subclass are prone

to have RRTIs (8, 9). Asthma and allergic diseases are important

risk factors for RRTIs (10). A number of underlying conditions

can also lead to RRTIs, e.g., primary or secondary

immunodeficiency, reflux and aspiration primary ciliary

dyskinesia, bronchopulmonary dysplasia, and congenital cardiac

defects. It is noteworthy that RRTIs in most children result from

immature immune systems at a developmental stage without

underlying diseases (11).

Vitamin A (VA) is an essential micronutrient that plays an

important role in a wide array of physiological processes,

including vision, immune response, cell differentiation and

proliferation, intercellular communication, and reproduction (12).

Vitamin A deficiency (VAD) increases the risk of infectious

diseases in children and in the long term, their mortality rates

(13). Currently, VAD remains a major public health threat (14).

WHO recommends that infants aged 6–11 months should be

supplemented with 100,000 IU (30 mg RE) vitamin A every 6

months, and children aged 12–59 months should be

supplemented with 200,000 IU (60 mg RE) vitamin A every 4–6

months to reduce child morbidity and mortality (15). Serum VA

deficiency is closely related to immune impairment (16). It

damages the humoral and cell-mediated immune system through

direct and indirect effects on phagocyte and T cells, thus

increasing the possibility of RRTI due to injury (17).

Most previous studies have focused on determining the relation

between VA concentrations and RTIs (18, 19), whereas only a few

studies on the relation between serum VA levels and RRTIs (20–

22). In addition, the association between threshold dietary intake

of vitamin A and respiratory outcomes is unclear. In this study,

we explored the relation between serum VA levels and dietary

intake in children and RRTIs, providing strong evidence for

appropriate VA supplementation for the prevention of RRTIs.
2 Methods

2.1 Subjects and clinical assessment

A total of 2,592 children aged 0.5–14 years were recruited from

the outpatient department at Harbin Children’s Hospital

(Heilongjiang, China) via a face-to-face questionnaire answered

by their parents or guardians. The period of enrollment ranged

from Feb 2015 to Jan 2018.

Assessment was based on the diagnostic criteria for RRTIs

according to the consensus guidelines for the treatment of RRTIs

in children in China (23). A child was diagnosed as recurrent

upper respiratory tract infection if meeting at least one of the

following conditions: seven or more episodes of upper respiratory
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tract infections per year in children aged 0–2 years, six or more

in those aged 3–5 years, five or more in those aged 5–14 years.

Recurrent lower respiratory tract infection, including

tracheobronchitis and pneumonia, was defined as two or more

lower respiratory tract infection episodes per year. The interval

between two infections should be longer than 7 days. Children

with underlying diseases, including inhalation allergy or allergic

asthma, primary immunodeficiency, chronic respiratory diseases,

other chronic conditions, or those who had recently been

administered with gamma globulin, blood products, hormones,

or using therapeutic dose of vitamin A followed by a serum

vitamin A test, were excluded.

Of the 2,592 children, 1,039 had RRTIs and the other 1,553

without RRTIs consisted of the control group. Height, weight

and levels of VA, were investigated in the survey. The presence

of respiratory infection symptoms (e.g., fever, coughing, sneezing,

nasal congestion, runny nose, pharyngeal congestion, etc.) was

recorded at the time of the child’s visit.
2.2 Calculation of BMI z-scores

Height and weight of the participants were documented and

body mass index (BMI) was calculated as body weight (kg)/

height squared (m2).

BMI was also assessed using the z-score based on WHO

standards for all the participants. For children under 5 years old:

overweight is weight-for-height greater than 2 standard deviations

(SD) above WHO Child Growth Standards median; and obesity is

weight-for-height greater than 3 SD above WHO Child Growth

Standards median. For children between 5 and 14 years old:

overweight is weight-for-height greater than 1 SD above WHO

Child Growth Standards median; and obesity is weight-for-height

greater than 2 SD above WHO Child Growth Standards median.
2.3 Determination of serum vitamin A

Blood samples (3 ml per child) were taken via antecubital

venipuncture, stored cold in cool box for less than 2 h. After

centrifuged at room temperature for 10 min at 1,200 × g, the

upper serum was pipetted and stored at 4°C for less 24 h. Samples

were kept at room temperature for 30 min before detection.

Retinol was extracted from serum with hexane, followed by

deproteinization, and evaporated to dryness with nitrogen gas. The

residue was dissolved in 0.2 ml ethanol. Retinyl acetate dissolved

in ethanol was used as the internal standard (Thermo Fisher

Scientific, USA). Serum levels of retinol were determined by HPLC

(LC-20AD; Shimadzu, Japan) with C8 column (Agilent, 1.7 µm,

2.1 × 50 mm) at 25°C and with a ultraviolet detector at wavelength

of 325 nm in Heilongjiang Harmony Health Medical Laboratory.

The elution was carried out in the solution of 95% methanol and

5% water at a flow rate of 1 ml/min. The sensitivity of detection

was assessed with the inter-batch coefficient of variation (CV) of

3.7% and between batches CV of 5.1%. The retinol (Sigma, USA)

was used as standard for determination.
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TABLE 1 Demographic and clinical characteristics of the children in this
study.

Characteristics Control group
(n = 1,553)

RRTI group
(n = 1,039)

P

Age, yeara 4.42 (1.92, 7.91) 4.92 (3.00, 7.30) 0.002

0–2 538 (34.6) 256 (24.6) 0.00

3–5 441 (28.4) 396 (38.1)

6–14 574 (37.0) 387 (37.3)
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2.4 Diagnostic criteria of serum vitamin A
status

Based on the WHO diagnosis criteria of VA insufficiency, the

serum level of vitamin A at more than 0.3 mg/L, 0.2–0.3 mg/L and

less than 0.2 mg/L was considered as normal, insufficient and

deficient, respectively.
Sex 0.22

Boy 933 (60.1) 649 (62.5)

Girl 620 (39.9) 390 (37.5)

Residency 0.82

Urban 1,270 (81.8) 846 (81.4)

Rural 283 (18.2) 193 (18.6)

BMI z-scores 0.77

Normal 1,303 (83.9) 865 (83.3)

Overweight 176 (11.3) 127 (12.2)

Obesity 74 (4.8) 47 (4.5)

Fever 0.00

Yes 167 (10.8) 356 (34.3)

No 1,386 (89.2) 683 (65.7)

Vitamin A (mg/L)b 0.29 ± 0.09 0.27 ± 0.09 0.00
2.5 Dietary intake information

Intake of main staples, milk, meat, eggs, vegetables and fruits

was investigated with a food frequency questionnaire (FFQ). The

intake was assigned according to the recommended daily intakes

for children of different ages by the Chinese Nutrition Society

(24), combined with the frequency of food intake. The daily

intakes within the range of recommendation were considered

adequate; otherwise, it would be insufficient. Daily intakes more

than the recommendation were considered excessive. None

intakes of milk, egg and animal liver were recorded.

Sufficiency 725 (46.7) 351 (33.8) 0.00

Insufficiency 639 (41.1) 478 (46.0)

Deficiency 189 (12.2) 210 (20.2)

Current symptoms of
respiratory infection

0.00

Yes 575 (37.0) 744 (71.6)

No 978 (63.0) 295 (28.4)

Vitamin A preparation (%) 0.001

Yes 367 (23.6) 189 (18.2)

No 1.186 (76.4) 850 (81.8)

Data are expressed as n (%).
aMedian (Q1, Q3).
bMean ± SD.
2.6 Statistical analysis

SPSS 24.0 software was used for all statistical analysis of the

data. Quantitative data were expressed as mean ± SD or median

(inter-quartile range, IQR) and those that followed a normal

distribution were analyzed with the t-test; otherwise, the Mann–

Whitney U test was employed. The chi-squared test was used to

compare differences in the distribution of qualitative variables

between groups. Values with P < 0.05 were considered significant

for all statistical tests. Logistic regression was used to determine

odds ratios (OR) and 95% confidence intervals (CI) to evaluate

the association of RRTIs with the serum levels of VA, as well as

the association between food intake and RRTIs.

Factor analysis (principal component analysis, PCA) was

applied to explore the dietary pattern for the study population.

The analysis was based on the daily intake of 17 VA-rich foods

in 5 categories. The eigenvalues and the scree plot were used to

decide on the number of factors retained. Varimax rotation was

performed and the adequacy of the data was determined with the

Kaiser-Meyer-Olkin (KMO) index and Bartlett’s sphericity test.

Factor loadings <0.60 were excluded. Dietary patterns were

named according to the characteristics of the included food

groups. Dietary patterns were further categorized into quartiles,

where quartile 1 represented low intake and quartile 4 high

adherence to the dietary pattern. Quartiles of adherence allow for

better evaluation of dietary intake.
3 Results

3.1 Demographic characteristics

Demographic and clinical characteristics of the children in

the study were summarized in Table 1. 2,592 children were
Frontiers in Pediatrics 03
included and divided into the control group (n = 1,553) and

RRTI group (n = 1,039), with serum VA levels of 0.29 ±

0.09 mg/L and 0.27 ± 0.09 mg/L (P < 0.01), respectively. The

occurrence of RRTIs was observed more frequently in the age

of 3–5 years (38.1% vs. 28.4% in the control group). The

percentage of children with fever, current RTI symptoms or

vitamin A deficiency was higher in RRTI group than in

control group, while the percentage with VA supplementation

was lower in the children with RRTIs (P < 0.05). Sex,

urban/rural locality and BMI z-scores were not

statistically different.

Age, sex, urban/rural locality and BMI z-scores in the RRTI

group compared to controls were not statistically different

(P > 0.05) in children with adequate (n = 1,076) and deficient

(n = 399) serum VA levels. Among children with serum VA

insufficiency (n = 1,117), the age median of the control and RRTI

groups was 4.17 (1.58, 7.25) and 5.17 (3.08, 7.69) years old,

respectively. In the children with RRTIs, the percentage of fever

or current RTI symptoms was higher in the condition of vitamin

A insufficiency and deficiency than sufficiency (36.0% and 40.0%

vs. 28.5%). On the contrary, the percentage of VA

supplementation was the lowest with vitamin A deficiency

(4.8%) (Table 2).
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TABLE 2 Comparison of the basic characteristics of children with different serum vitamin A levels.

Characteristics Vitamin A sufficiency P Vitamin A insufficiency P Vitamin A deficiency P

Controls
(n = 725)

RRTI
(n = 351)

Controls
(n = 639)

RRTI
(n = 478)

Control
(n = 189)

RRTI
(n = 210)

Age, yeara 5.10 (2.14, 8.90) 5.10 (3.08, 8.10) 0.48 4.17 (1.58, 7.25) 5.17 (3.08, 7.69) 0.00 3.83 (1.67, 5.75) 4.13 (2.25, 6.12) 0.23

0–2 227 (31.3) 84 (23.9) 0.00 239 (37.4) 107 (22.4) 0.00 72 (38.1) 65 (31.0) 0.25

3–5 182 (25.1) 128 (36.5) 183 (28.6) 180 (37.6) 76 (40.2) 88 (41.9)

6–14 316 (43.6) 139 (39.6) 217 (34.0) 191 (40.0) 41 (21.7) 57 (27.1)

Sex 0.75 0.33 0.44

Boy 445 (61.4) 219 (62.4) 369 (57.7) 290 (60.7) 119 (63.0) 140 (66.7)

Girl 280 (38.6) 132 (37.6) 270 (42.3) 188 (39.3) 70 (37.0) 70 (33.3)

Residency 0.29 0.20 0.21

Urban 575 (79.3) 288 (82.1) 526 (82.3) 379 (79.3) 169 (89.4) 179 (85.2)

Rural 150 (20.7) 63 (17.9) 113 (17.7) 99 (20.7) 20 (10.6) 31 (14.8)

BMI z-scores 0.49 0.14 0.53

Normal 582 (80.3) 288 (82.1) 556 (87.0) 396 (82.8) 165 (87.3) 181 (86.2)

Overweight 92 (12.7) 45 (12.8) 63 (9.9) 60 (12.6) 21 (11.1) 22 (10.5)

Obesity 51 (7.0) 18 (5.1) 20 (3.1) 22 (4.6) 3 (1.6) 7 (3.3)

Fever 0.00 0.00 0.17

Yes 44 (6.1) 100 (28.5) 60 (9.4) 172 (36.0) 63 (33.3) 84 (40.0)

No 681 (93.9) 251 (71.5) 579 (90.6) 306 (64.0) 126 (66.7) 126 (60.0)

Current symptoms of respiratory infection 0.00 0.00 0.00

Yes 253 (34.9) 232 (66.1) 284 (44.4) 347 (72.6) 38 (20.1) 165 (78.6)

No 472 (65.1) 119 (33.9) 355 (55.6) 131 (27.4) 151 (79.9) 45 (21.4)

Vitamin A supplementation 0.001 0.04 0.00

Yes 129 (17.8) 93 (26.5) 147 (23.0) 86 (18.0) 91 (48.1) 10 (4.8)

No 596 (82.2) 258 (73.5) 492 (77.0) 392 (82.0) 98 (51.9) 200 (95.2)

Data are expressed as n (%).
aMedian (Q1, Q3).
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3.2 Correlation analysis between vitamin A
status and RRTIs

The associations between vitamin A status and RRTIs were

analyzed using multivariable logistic regression. As shown in

Table 3, the ORs for VA insufficiency were 1.55 (95% CI:

1.30–1.84) and 2.30 (95% CI: 1.82–2.90) for VAD compared

with the VA adequate group. Model 1 adjusted for age and

sex, the ORs for VA insufficiency and deficiency were 1.56

(95% CI: 1.31–1.86), 2.31 (95% CI: 1.82–2.93); model 2 was

adjusted for BMI z-scores, fever, infectious factors and VA

supplementation on the basis of model 1, with an OR of 1.32

(95% CI: 1.09–1.60) for VA insufficiency and 1.95 (95% CI:

1.50–2.55) for VAD.

The associations were also analyzed according to current RTI

symptoms. In children with current RTI symptoms, the ORs for

the serum VA insufficiency and deficiency groups compared

with the sufficient group were 1.33 (95% Cl: 1.05–1.69) and

4.74 (95% Cl: 3.19–7.03), respectively; model 1 adjusted for sex

and age, the ORs for the insufficiency and deficiency groups
TABLE 3 Associations between vitamin A status and RRTI in multivariable log

Characteristics Vitamin A sufficiency Vitamin
Crude OR (95% CI) Ref 1.55

Model 1 OR (95% CI) Ref 1.56

Model 2 OR (95% CI) Ref 1.32

Model 1, adjusted for age and sex; Model 2, adjusted for age, sex, BMI z-scores, fever

Frontiers in Pediatrics 04
were 1.36 (95% Cl: 1.06–1.73) and 5.25 (95% Cl: 3.51–7.87);

model 2 had ORs of 1.48 (95% Cl: 1.13–1.94) and 6.51 (95%

CI: 4.18–10.14). In children without symptoms of respiratory

infection, the ORs at model 2 were 1.63 (95% Cl: 1.21–2.19)

and 1.57 (95% Cl: 1.02–2.43) for the groups with VA

insufficiency and deficiency, respectively, compared to that with

VA sufficiency (Table 4).
3.3 Correlation analysis between dietary
intake and RRTIs

Logistic regression models were used to determine whether

lower dietary intake was associated with RRTIs. The OR for

sufficient milk intake compared to no milk intake was 0.68 (95%

CI: 0.52–0.88); the OR for adequate staple intake compared to

insufficient intake was 0.53 (95% CI: 0.33–0.85); the OR for

sufficient meat intake compared to insufficient meat intake was

0.52 (95% CI: 0.42–0.64); no children had adequate animal liver

intake; compared to no animal liver intake, the OR for
istic regression models.

A insufficiency Vitamin A deficiency Ptrend
(1.30–1.84) 2.30 (1.82–2.90) <0.001

(1.31–1.86) 2.31 (1.82–2.93) <0.001

(1.09–1.60) 1.95 (1.50–2.55) <0.001

, symptoms of respiratory infection and vitamin A preparation.
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TABLE 4 Associated factors screened in multivariable logistic regression models among children with or without current RTI symptoms.

Characteristics Vitamin A sufficiency Vitamin A insufficiency Vitamin A deficiency Ptrend
Current symptoms of respiratory infection
Crude OR (95% CI) Ref 1.33 (1.05–1.69) 4.74 (3.19–7.03) <0.001

Model 1 OR (95% CI) Ref 1.36 (1.06–1.73) 5.25 (3.51–7.87) <0.001

Model 2 OR (95% CI) Ref 1.48 (1.13–1.94) 6.51 (4.18–10.14) <0.001

No symptoms of respiratory infection
Crude OR (95% CI) Ref 1.46 (1.10–1.94) 1.18 (0.80–1.74) 0.031

Model 1 OR (95% CI) Ref 1.50 (1.13–2.01) 1.19 (0.80–1.77) 0.022

Model 2 OR (95% CI) Ref 1.63 (1.21–2.19) 1.57 (1.02–2.43) 0.004

Model 1, adjusted for age and sex; Model 2, adjusted for age, sex, BMI z-scores, fever and vitamin A preparation.
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insufficient intake of animal liver was 0.77 (95% CI: 0.64–0.94); the

OR for adequate intake of eggs was 0.36 (95% CI: 0.24–0.54)

compared to no intake in model 2 (Figure 1).

The frequency of intake of 17 food items was obtained from

2,053 children aged 2–14 years old according to the

recommended intake for that age. Through PCA, the positive

factor loadings more than 0.60 were included in each dietary

pattern and the dietary patterns were named according to the

dietary components of the dominant food groups. The fruit and

vegetable pattern included: vegetables (carrots, kale borecole,

spinach, broccoli, pumpkin, Chinese cabbage), fruits (apple, pear,

banana, apricot, watermelon, orange) and soybean; staples, meat

and egg pattern included: staples (cereals and potatoes), meat

and egg; and the third dairy pattern included dairy products

(Table 5). Children were divided into quartiles according to the

factor scores of each dietary pattern. The relationship between

dietary intake and the risk of developing RRTIs was analyzed by

logistic regression. For the vegetable-fruit model, the OR of Q2

and Q3 decreased with increasing scores compared to Q1; while
FIGURE 1

Correlation between intake of vitamin A-rich foods and RRTIs. Point estima
ratio; CI, confidence intervals. Model 1, adjusted for age (quantile) and sex
respiratory infection.

Frontiers in Pediatrics 05
the ORs of Q4 were not statistically significant. For the staples-

meat-egg model, the OR decreased with higher factor scores, and

in model 3 the Q4 OR was 0.15 (95% CI: 0.09–0.25). In the milk

model, the OR for Q2 and Q3 were not statistically significant

compared to Q1 and were <1 at Q4 regardless of what factors

were balanced, with an OR of 0.60 (95% CI: 0.45–0.80) (Table 6).
4 Discussion

RRTIs are common in children and severe RRTIs may be

harmful to both the physical and mental health of children (4).

In addition to pathological damage to the upper and lower

respiratory tracts, recurrent episodes of RRTIs may have adverse

effects on neighboring organs and lead to otitis media in

children; secondary immune responses can lead to acute

glomerulonephritis and myocarditis, resulting in a poor

prognosis for children with RRTIs and an increase in the

financial burden of treatment (25, 26). The pathogenesis of
tes were the ORs and horizontal lines represented the 95% CI. OR, odds
; Model 2, adjusted for age, sex, BMI z-scores, fever and symptoms of
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TABLE 5 Rotated factor loading matrix of dietary patterns from PCA
among children of 2–14 years.

Vegetable-fruit Staples-meat-egg Milk
Carrots 0.89 – –

Kale borecole 0.91 – –

Spinach 0.93 – –

Broccoli 0.87 – –

Pumpkin 0.92 – –

Chinese cabbage 0.94 – –

Apple 0.84 – –

Pear 0.93 – –

Banana 0.91 – –

Apricot 0.92 – –

Watermelon 0.94 – –

Orange 0.92 – –

Soybean 0.79 – –

Staples – 0.88 –

Meat – 0.62 –

Egg – 0.84

Milk – – 0.99

Based on principal component analysis. Factor loading ≥0.60 was included in each

factor.
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RRTIs is complex and multifactorial. Previous studies have shown

that the disruption of the barrier function of the respiratory tract

and impaired immune function may be closely linked with

RRTIs. The association between VAD and development of RRTI

in children has been found recently (21). VA is a very important

fat-soluble vitamin to human and plays an immunomodulatory

role in the human body, especially in the maintenance of airway

epithelial cell integrity and immune function (27, 28). Studies

have shown that approximately 140–250 million children under 5

years of age worldwide have VAD (29). Children with chronic

VAD are susceptible to a variety of diseases, e.g., RRTIs, growth

restriction and immune disorders (30, 31). In this study, our data

showed that (1) serum VA insufficiency or deficiency was

positively associated with the incidence of RRTIs; (2) serum VA

insufficiency or deficiency in children with respiratory infection

symptoms was positively associated with the occurrence of

RRTIs; (3) daily dietary intakes of vitamin A were also associated

with the occurrence of RRTIs.

It has been found that the incidence of respiratory infections in

children with VAD is about two times higher than in normal

children (32), and that VAD children with normal growth and

development have higher prevalence of respiratory infections
TABLE 6 Multiple logistic regression for the risk of RRTI according to the qu

Model Q2
Vegetable-fruit Model 1 0.55 (0.43–0.71)

Model 2 0.55 (0.43–0.72)

Model 3 0.94 (0.70–1.25)

Staples-meat-egg Model 1 1.09 (0.86–1.40)

Model 2 0.81 (0.60–1.11)

Model 3 0.75 (0.53–1.05)

Milk Model 1 0.85 (0.66–1.08)

Model 2 0.87 (0.68–1.11)

Model 3 0.97 (0.74–1.27)

Model 1, unadjusted; Model 2, adjusted for age and sex; Model 3, adjusted for age, se
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than non-VAD peers with delayed growth (33, 34). In addition,

depending on the definition of RRTIs, a child diagnosed with

RRTIs may either be in the midst of a recurrent and ongoing

period of infection or may have been free of reinfection for some

time and be in the process of getting better. Therefore, the

definition of RRTIs based on the number of infections alone may

not be able to distinguish between these two conditions, so in

this study, the presence or absence of respiratory infection

symptoms was collected from children at the time of enrollment,

and the risk of RRTIs was further confirmed by statistical

methods such as stratified analysis and logistic regression for

children with respiratory infection symptoms and lower serum

VA levels.

VA for human is derived from both animal (retinoids) and

plant (provitamin A carotenoids) sources (33). Animal food

sources, e.g., milk, eggs and meats were analyzed in this study.

Some findings have suggested that the absorption of fat-soluble

vitamins can be enhanced in presence of dietary fat, with dairy

products playing an important role in children’s diets (35–37).

We found that a higher intake of milk, meat, animal livers and

eggs was associated with a lower risk of RRTIs. Although no

children in this study consumed sufficient animal livers,

consumption of animal livers somewhat played a protective role

in decreasing the risk of RRTIs compared with no intake of

animal livers. In addition, we found that all the three dietary

patterns were protective against developing RRTIs. Among the

vegetable-fruit models, Q2 and Q3 were associated with a

reduced risk of RRTIs; higher adherence to the staples-meat-egg

model and the milk model was associated with a lower risk of

RRTIs. Therefore, the risk of developing RRTIs was reduced

when VA-rich foods were sufficiently consumed; adequate intake

of VA-rich foods in children was vital to reducing the risk of

developing RRTIs.

The relation between compliance with dietary

recommendations and development of upper respiratory tract

infections in children has been studied (38). This study was the

first to examine the relation between dietary intake and patterns

and RRTIs. The association of the intake of high protein and

VA-rich animal foods (milk, eggs, animal liver) with RRTIs was

mainly investigated. The analysis on the relation between the

frequency of intake of VA-rich plant food intake, other than

portions, and RRTIs was conducted. Therefore, future study

would aim at investigating the intake and specific VA content of
artiles of dietary pattern scores (n = 2,053).

Q3 Q4 Ptrend
0.41 (0.32–0.53) 1.11 (0.87–1.42) <0.001

0.42 (0.32–0.55) 1.11 (0.86–1.42) <0.001

0.74 (0.55–1.00) 1.48 (1.12–1.95) <0.001

0.80 (0.63–1.02) 0.50 (0.39–0.65) <0.001

0.46 (0.32–0.67) 0.22 (0.14–0.35) <0.001

0.34 (0.23–0.52) 0.15 (0.09–0.25) <0.001

0.84 (0.66–1.07) 0.54 (0.42–0.69) <0.001

0.83 (0.65–1.07) 0.55 (0.43–0.72) <0.001

0.81 (0.62–1.07) 0.60(0.45–0.80) 0.001

x, BMI z-scores, fever and symptoms of respiratory infection.
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multiple food groups and exploring their relation with RRTIs to

provide strong evidence for appropriate VA intake in children’s

diet to prevent RRTIs.

The current study has some limitations. First, parents or

guardians were asked about food allergies in their children only

during sample collection, but the bias in reporting RRTIs might

exist with the assessment of current RTI symptoms. Second, the

diagnostic criteria of pediatric RRTIs were based on the

frequencies of upper and lower respiratory tract infections

according to children’s age groups, resulting in possible recall bias

(or other types of bias). Similarly, other potential confounding

factors should be considered. Third, this was a case-control study

and thus prospective research was warranted in the future. More

future investigation would focus on the types and specific intakes

of vitamin A-rich foods as well as vitamin A supplements, and

further elucidation of the molecular mechanisms of specific fat-

soluble vitamin deficiency leading to RRTIs.
5 Conclusions

In summary, low serum vitamin A concentrations were

associated with RRTIs in children in Northeast China; lower

intake of vitamin A-rich foods was also associated with higher

risk of development of RRTIs. Therefore, for children with

RRTIs or those vulnerable to RRTIs in Northeast China, it was

crucial to consume adequate vitamin A-rich foods or

supplements regularly, if necessary, to maintain normal serum

vitamin A levels for a lower risk of RRTIs.
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