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ABSTRACT

Objective: Lower respiratory tract infections (LRTISs) are an important public health problem
leading to high mortality and morbidity rates in children. Vitamin D (vitD) deficiency has
been found associated with rickets/osteomalacia, autoimmune diseases;.cardiovascular system
diseases and infectious diseases. Growing evidence demonstrated-that vitD has a key role in
cellular and humoral immunity and also pulmonary functions:.Therefore, we aimed to assess
the association between vitD deficiency and severity of LRIEs in children.

Methods: Hundred and eighteen children aged betweenssix months and five years with LRTIs
were enrolled in this study. Wood-Downes scale (0-410 points; mild < 3, moderate 47, severe
> 8) was used to define the severity of LRITs. Vitamin D deficiency was defined as serum
levels of 25-(OH) vitamin D < 20 ng/mL.

Results: The prevalence of vitD deficiency was found 55.9% in our study population. Indoor
smoking, inadequate breastfeeding, and the'vitD deficiency was found independent predictors
of severe LRTIs.

Conclusion: Vitamin D deficieney was found independent predictor of severe LRTIs.

Vitamin D deficiency should.bekept in mind one of the preventable causes of LRTIs.
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Vitamin D and Lower Respiratory Tract Infections

INTRODUCTION

Lower respiratory tract infections (LRTIs) are the most important causes of the morbidity and
mortality in the childhood. Lower respiratory tract infections are estimated to cause 75% of all
acute illnesses and are the leading cause of hospitalization worldwide. (1). Premature delivery,
low birthweight, malnutrition, inadequate breastfeeding, lower socieeconomic level, crowded
living conditions, maternal age, educational level of parents;=indoor/outdoor air pollution
(especially smoking) and inadequate immunization were defined as predisposing factors of
LRTIs (2).

Vitamin D (vitD) is known to play a key role.inealcium metabolism and bone health,
stimulating intestinal absorption of calcium and phaosphorus (3). Vitamin D deficiency is well-
known to cause rickets and retard skeletal growth. Several studies demonstrated that
correlation between rickets and LRTIs (4%.5). Additionally, Wayse et al (6) demonstrated an
association of subclinical vitD deficiency and LRTIs in non-rachitic children. Growing
evidence demonstrated that vitD is beneficial for cardiovascular health, preventing systemic
diseases (diabetes mellitus, autoimmune disorders, various cancers), pulmonary functions and
infectious diseases (7, 8).

There are inconsistent, results about the association between vitD deficiency and
severity of LRTIs in/the literature (6, 9-13). Therefore, we aimed to assess the association

between vitD deficiency and severity of LRITSs.

SUBJECTS AND METHODS
A hospital-based case-control study was conducted in Near East University Hospital, Cyprus

in January 2016 — January 2018. A total of 118 cases were children younger than five years of
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age admitted to the outpatient clinic with LRTIs. Acute LRTIs defined as a temperature
greater than 38 "C, consolidation on a chest radiograph, and tachypnea [respiratory rate more
than 60 per minute in infants less than two months, more than 50 per minute in infants 3-12
months and more than 40 per minute in children 13—60 months] (14). The study was approved
by the local ethics committee.

A structured questionnaire was used to obtain information concerning the age of the
child, education of parents (primary education, secondary, graduateor postgraduate), smoking
by any member in the family, breastfeeding history, immunization status, and prematurity.

Prematurity was defined as a gestational age under 36 weeks. Adequate breastfeeding
was defined as having been breastfed for at least six months. An incomplete immunization

was defined as none or partial vaccination schedule in.children over two months of age.

Wood-Downes scale
Wood-Downes scale (0-10 points; mild < 3, moderate 47, severe >8) was used to
define the severity of LRITs. Wheezing, retractions, respiratory rate, heart rate, inspiratory

breath sounds and synaosis were usedto calculate of Wood-Downes scores.

Laboratory methods

A blood sample was-gbtained by venipuncture in the participating subjects for serum
acquirement during admission.” Samples were kept at 48 “C for up to 24 hours before being
stored at -80 'C. Serum 25-(OH) vitD levels were measured by chemiluminescence
immunoassay using a Liaison analyser (DiaSorin Inc). Vitamin D deficiency was defined as

serum levels of 25-(OH) vitD < 20 ng/mL.
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Statistical analysis

Statistical analysis was performed using the SPSS, version 20.0 (SPSS, IBM Inc., Armonk,
NY, USA) software package. Continuous variables were expressed as the mean + standard
deviation (mean + SD), and categorical variables were expressed as a percentage (%).
The Kolmogorov-Smirnov test was used to evaluate the distribution ‘of variables. Student’s
t-test was used to evaluate continuous variables showing normal distribution and Mann-
Whitney U-test was used to evaluate variables that did_not show normal distribution.
A p-value < 0.05 was considered statistically significant.To identify predictors of severe
LRTIs, the following variables were initially assessed in.a univariate model: indoor smoking,
inadequate breastfeeding, prematurity, incomplete, immunization and vitD deficiency.
Significant variables in univariate analysis were then entered into a multivariate logistic-

regression analysis using backward stepwise selection.

RESULTS
The mean age was found to be 36.7 + 23.4 months in the severe LRTIs group and 37.1 £ 22.9
months in the non-severe LRTIs group. There was no statistical significant difference between
the severe and non-severe LRTIs groups in terms of mean age [p = 0.743] (Table 1).

The mean vitD level was found to be 14.1 + 8.3 ng/mL in the severe LRTIs group and
26.7 £ 11.4 ng/mL in the non-severe LRTIs group. There was significant difference found
between the two groups in terms of mean vitD levels (p < 0.001). Vitamin D deficiency was
found at a rate of 55.9% in all children included in the study. Vitamin D deficiency was found

with a rate of 67.1% and 42.5 in severe LRTIs and non-severe LRTIs group, respectively.
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There was significant difference found between the two groups in terms of vitD deficiency
[p < 0.001] (Tablel). There was no significant difference between two groups in terms of
educational level of parents (Tablel).

Table 1: General characteristics of patients.

] o Severe LRTIs
Patient characteristics

+ - p
(n=64) (n =54)
36.7 +23.4 37.1+22.9
Age (months) 0.726
(46.9) (48.1)
Primary school, n(%) 26 (40.6) 23 (42.5) 0.471
Secondary school, n(%) 12.(18.7) 10 (18.5) 0.863
Educational level
of parents Graduate, n(%) 19(29.6) 15 (27.7) 0.397
Postgraduate, n(%) 7 (10.9) 6 (11.1) 0.789
Indoor smoking, n(%) 46 (71.8) 11 (20.3) <0.001
Inadequate breastfeeding, n(%) 39 (60.9) 14 (25.9) <0.001
Incomplete immunization, n(%) 12 (18.7) 3(5.5) <0.001
Prematurity, n(%) 21 (32.8) 7(12.9) <0.001
- 10.7 28.1
Vitamin D level (ng/mi) <0.001

(14.1£8.3) (26.7£11.4)
Vitamin D deficiency;n(%) 43 (67.1) 23 (42.5) <0.001

LRTIs: Lower respiratory‘tract infections

Table 1. General characteristics of patients.

There were significant difference between two groups in terms of indoor smoking,
inadequate breastfeeding, incomplete immunization, prematurity and mean Wood-Downes
scores [71.8% vs 20.3% p < 0.001, 60.9% vs 25.9% p < 0.001, 18.7% vs 5.5% p < 0.001,

32.8% vs 12.9% p < 0.001, 12.7 + 3.1 vs 4.1 £ 2.8 p < 0.001; respectively] (Tablel).
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The results of univariate analyses are presented in Table 2. On univariate analysis,
indoor smoking, inadequate breastfeeding, incomplete immunization, prematurity and vitD

deficiency were associated with severe LRTIs (Table2).

Table 2: Univariate analysis of predictors for severe LRTIs.

Predictor variables OR (95% CI) p
Indoor smoking, n(%) 2,842 (1.861=4.937) <0.001
Inadequate breastfeeding, n(%) 1.634 (1:276 — 2.058) <0.001
Incomplete immunization, n(%) 1.417 (1.149 — 1.938) <0.001
Prematurity, n(%) 2.627 (2.053 — 5.861) <0.001
Vitamin D deficiency, n(%) 2.382 (1.867 — 4.381) <0.001

LRTIs: Lower respiratory tract infections,

Table 2. Univariate Analysis of Predictors/for Severe LRTIs.

On multivariate analysis Indear’smoking, inadequate breastfeeding, and the vitD deficiency
were found the independent predictors of severe LRTIs [OR 2.137; 95% CI: 1.439-3.185;
p < 0.001, OR 2.429; 95% ClI: 1.716-4.384; p < 0.001, OR 1.967; 95% CI: 1.429-3.065;

p < 0.001, respectively] (Table3).
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Table 3: Multivariate analysis of predictors for severe LRTIs.

Predictor variables OR (95% CI) p

Indoor smoking, n(%) 2.137 (1.439 — 3.185) <0.001
Inadequate breastfeeding (n%) 2.429 (1.716 — 4.384) <0.001
Vitamin D deficiency, (n%) 1.967 (1.429 — 3.065) <0.001

LRTIs: Lower respiratory tract infections,

Table 3. Multivariate Analysis of Predictors for Severe LRTIs.

DISCUSSION

Our study demonstrated that indoor smoking, tnadequate breastfeeding and vitD deficiency
were found the independent predictors of.severe LRTIs. Growing evidence demonstrated that
vitD plays a key role in cardiovascularoutcomes, antimicrobial activity, inflammation, lung
functions along with calcium and phesphorous homeostasis (15-24).

Vitamin D plays an important role in the maintenance of calcium and phosphate
metabolism and bone homeostasis. Serum vitD levels were inversely associated with serum
parathormone and phosphorus. Previous studies revealed that a close association between
vitD and immune fungtions, insulin resistance, cardiovascular diseases, autoimmune diseases,
and various cancer. Adequate sun exposure, milk products, and other food products (salmon,
sun-dried mushrooms and egg yolk) are rich in vitD.

Lack of exposure to sunlight and low physical activity were main risk factors for vitD
deficiency (25, 26). Vitamin D modulates the activity of the Toll-like receptor (TLR)-4,

responsible for initiating the immune response through pathogen-associated molecular
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patterns (27). Human antimicrobial peptides synthesized and expressed by neutrophils,
macrophages, and respiratory epithelium have activity against bacteria and respiratory viruses
[influenza and respiratory syncytial virus] (28).

Previous studies demonstrated that vitD deficiency has a negative effect on the
prevalence of LRTIs and disease severity and increases intensive care and oxygen require-
ments in patients with LRTIs (6, 10, 29, 30). Belderbos et al (31) have*found a strong inverse
association between cord blood vitD levels of newborns and.acute respiratory infections
(ARIs). Additionally, Camargo et al (32) have shownyan inverse association between
supplementation of vitD and the risk of ARIs. Protective’ effects of vitD on LRTIs are
associated with not only immune modulatory functions.but also better lung functions (33).
Karatekin et al (11) reported that newborns withssubclinical vitD deficiency might have an
increased risk of suffering from ARIs. Cebey-L:épez et al (12) revealed that lower levels of
vitD were found to be correlated with severity of the LRTIs. Conversely, several studies
reported that there was no found correlation between vitD levels and LRTIs (9, 10, 13). In our
study, the vitD deficiency was founduindependent predictor of the severity of LRTIs.

Environmental tobacco smoeke  (ETS) exposure is a well-known risk factor for acute
and chronic lower respiratoryillness (34). Tobacco use is the leading global cause of
preventable death (35). Despite worldwide initiatives to reduce tobacco smoking, it is
estimated that up to 40% of children are still exposed to tobacco smoke (36). Environmental
tobacco smoke exposure often begins in utero with maternal smoking or exposure. Potential
mechanisms for ETS induced damage include impaired in utero lung growth from
suppression of fetal breathing or direct genotoxicity (37). Tobacco smoke comprises a large
number of chemicals and carcinogens, all of which may affect the developing respiratory

system (38). Further, there is evidence linking the effects of tobacco smoke exposure to
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impaired early-life immune function resulting in an imbalance in Thl and Th2 responses
increasing the susceptibility to allergic diseases and childhood respiratory infections (38, 39).

Previous studies demonstrated that indoor smoking is an independent predictor of
severe LRTIs (10, 34). Consistent with previous studies we found that indoor smoking is an
independent predictor of severe LRTIs.

Exclusive breastfeeding for the first six months of life with_breastfeeding along with
complementary feeding after that is recommended by the World, Health Organization (WHO)
(2). Beneficial effects of breastfeeding including against a wide range of infections and
illnesses are well-known (40, 41). Breast milk contains various antimicrobial/anti-
inflammatory components and factors that promote immune-development (41, 42).

It enhances the immature immune system .of-the infant and strengthens defense
mechanisms against infectious and other agents’ during the breastfeeding period (41-44).
Mc Nally et al (10) reported that there was nowsignificant association between inadequate
breastfeeding and LRTIs. In our study, inadequate breastfeeding was found an independent
predictor of severe LRTIs.

Our study has some limitations. First, a small sample size of the present study. Second,
there is no data about treatment.strategies of this population and response to treatment with

regard vitD status.

CONCLUSION

In our study, the vitD deficiency was found independent predictor of severe LRTIs.
Vitamin D deficiency should be kept in mind one of the preventable causes of LRTIs
especially in patients with recurrent LRTIs. Further studies with a larger number of patients
are required for the evaluation of the association between serum vitD level and severity of

LRTIs.
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