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exclusive breastfeeding, nutrition, complete immuniza-
tion, and reduction of indoor air pollution and pediatric 
HIV across all regions between 2000 and 2015 explain the 
reduction of several cases of ARI [1, 2]. Also, increases in 
access to health services have been reflected in an 187% 
increase in hospital admissions for pneumonia [1]. This 
increase generates an excessive economic burden for 
health systems, especially in countries or settings with 
low health resources.

1,25(OH)2D3 is a key component of response in 
immune cells in response to pathogens. In macrophages 
infected, the expression of several cytokines, including 

Introduction
In the last decades, the number of episodes of acute 
respiratory infections in young children has decreased by 
22%; however, acute respiratory infections (ARI) remain 
in the top ten of the most common causes of death 
in children worldwide [1]. Improvements in rates of 
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Abstract
Introduction  Increasing evidence has demonstrated the effectiveness and safety of vitamin D supplementation to 
prevent acute respiratory infections in children. More economic evaluations incorporating the new evidence and in 
the pediatric population are needed to know the efficiency of this treatment. This study aimed to determine the cost-
utility of vitamin D supplementation to prevent acute respiratory infections in pediatric patients.

Methods  A decision tree model was used to estimate the cost and quality-adjusted life-years (QALYs) of vitamin D 
supplementation in healthy school children between 1 and 16 years. Multiple sensitivity analyses were conducted. 
Cost-effectiveness was evaluated at a willingness-to-pay (WTP) value of $19,000.

Results  The base-case analysis showed that vitamin D supplementation was associated with lower costs and 
higher QALYs than strategy without this supplementation. The QALYs per person estimated in the model for those 
treatments were 0,99 with vitamin D supplementation and 0,98 without vitamin D supplementation. The total costs 
per person were US$ 1354 for vitamin D supplementation and US$ 1948 without vitamin D supplementation. This 
position of absolute dominance of vitamin D supplementation makes it unnecessary to estimate the incremental 
cost-effectiveness ratio.

Conclusion  In conclusion, our study shows that Vitamin D supplementation is a cost-effective strategy to prevent 
ARI in pediatric patients, from a societal perspective.
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interleukin 1β (IL-1β), a core component of innate 
immune responses, and the neutrophil chemokine IL-8/
CXCL8 are induced in presence of 1,25(OH)2D3 [3]. 
Also, 1,25(OH)2D3 contributes to the suppression of 
peripheral inflammatory T cell responses and enhanced 
development of T-regulatory (Treg) cells [4]. This can 
explain that in vitamin D-supplemented patients the 
antimicrobial activity in pulmonary surface airway fluid 
is significantly higher [5].

A systematic review and meta-analysis of 7434 pedi-
atric patients found high levels (64% of frequency) of 
25OHD deficiency (47% < 50 nM) in children with sep-
sis (p < 0.0001), also associated with increased mortality 
(OR 1.81; 95% CI 1.24 to 2.64; p = 0.002, I2 = 25.7%) [6]. 
Also, a recent systematic review and meta-analysis of 48 
488 participants (aged 0–95 years) in 43 studies found a 
significantly lower proportion of participants in the vita-
min D supplementation group had one or more ARIs (14 
332 [61·3%] of 23 364 participants) than in the placebo 
group (14 217 [62·3%] of 22 802 participants), with an OR 
of 0·92 (95% CI 0·86–0·99; 37 studies; I²=35·6%) [7].

There is no consensus among the different clini-
cal practice guidelines on recommending Vitamin D 
to prevent ARI in children. However, with recent evi-
dence, these recommendations may change. The most 
recent meta-analysis published in 2021 evidenced that 
in children years there is a reduction in risk of ARI (0·71 
(0·57–0·90]; 15 studies; I²=46·0%. Unfortunately, only 
the effectiveness and safety of this treatment have been 
evaluated in most clinical practice guidelines, ignoring 
the need for a third element such as efficiency. When effi-
ciency is evaluated through complete economic evalua-
tions, outcomes such as days of hospital stay, clinical or 
radiological cure play an important role, as does survival 
itself, since these are outcomes that directly impact the 
cost. The contribution of an economic evaluation to the 
current evidence lies not only in estimating whether it 
is cost-effective, but also in determining other outcomes 
that are inputs for estimating the impact of such an inter-
vention at the public health, such as the cost-savings per 

patient treated with this supplementation. Also, to eval-
uate if there is any effect-modifying that can estimate 
under what conditions if supplementation is efficient. In 
synthesis, more economic evaluations incorporating the 
new evidence and in the pediatric population are needed 
to know the efficiency of this treatment. More economic 
evaluations incorporating the new evidence and in the 
pediatric population are needed to know the efficiency of 
this treatment. The objective of the present study was to 
determine the cost-utility of vitamin D supplementation 
to prevent ARI in pediatric patients.

Materials and methods
Base case
A decision tree model was used to estimate the cost and 
quality-adjusted life-years (QALYs) of vitamin D supple-
mentation compared without vitamin D supplementa-
tion, Fig. 1.

We searched the Cochrane Library, Embase, and 
PubMed in order to retrieve metanalysis about the effect 
of vitamin D supplementation in the prevention of ARIs 
from inception to November 2022. Keywords used for 
searching were as follows: “vitamin D”, “respiratory tract 
infections,” and “meta-analysis”. Out of a total of 104 
articles initially searched, and after excluding duplicated 
articles or articles did not reported results in pediatric 
patients, 7 metanalysis were reviewed [6–12]. The meta-
analysis of Jolliffe et al. [7] were selected to extract the 
relative risk of this decision tree model because it was not 
only the most recently published, but also contained data 
from previous studies. This meta-analysis evaluated the 
efficacy and safety of vitamin D supplementation (400–
1000 IU daily for 6–12 months) in 15 RCTs with 11,871 
healthy school children between 1 and 16 years [7]. ARI 
events in this meta-analysis included upper respiratory 
infection, lower respiratory infection, or both. In this 
study, a protective effect of vitamin D supplementation 
on the risk of having one or more ARIs was observed 
in participants aged 1.00–15.99 years (0·71 [0·57–0·90]; 
I²=46·0%), without difference between participants in the 

Fig. 1  Markov model
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incidence of serious adverse events of any cause, death 
due to any cause, hypercalcemia, or renal stones.

It was decided to use a decision tree model because 
we are going to model interventions that have distinct 
outcomes that can be measured at a specific time point, 
such in this case cost and QALY associated with the inci-
dence of ARI in the next six months after of vitamin D 
supplementation in healthy school children between 1 
and 16 years. In our economic model, a tree decision, and 
according to the natural history, four health states were 
defined: “death after acute respiratory infection”, “Sur-
vival after acute respiratory infection”, “Survival without 
acute respiratory infection”, and “death for all causes”. 
Then, in both decision nodes, there are two possibilities 
that the patient dies or survives after of episode of ARI. 
The only difference between the two decision branches 
is the probability of ARI at 6 months. This probability 
in the on the branch with vitamin D supplementation is 
lower than in the branch without this supplementation 
because it was multiplied by the relative risk of this inter-
vention as detailed later. The time horizon defined was 
six months. Given the short time horizon, no discount 
rates were applied to costs or QALYs. Cost-effectiveness 
was evaluated at a willingness-to-pay (WTP) value of 
$19,000 using the World Health Organization’s (WHO) 
recommendation for choosing cost-effective interven-
tions based on a country’s gross domestic product (GDP) 
per capita (1 to 3 times country`s gross domestic product 
per capita) [13].

Data on transition probabilities were obtained from 
local data reported by national surveillance of ARI, 
national vital statistics [14–16], Table  1. Utilities were 
extracted from a utility assessment study of parent prefer-
ences for pediatric health outcomes made in 4016 partic-
ipants [17]. Since utilities and relative risks do not come 
from the Colombian population, they were subjected to 
probabilistic sensitivity analysis as detailed below as rec-
ommended by Consolidated Health Economic Evaluation 

Reporting Standards (CHEERS) Statement [18]. We did 
this analysis from a societal perspective (including direct 
and indirect costs). All direct and indirect costs for each 
health state defined in the model were extracted from a 
previously published Colombian study in children with 
pneumonia [19]. This study estimates the direct medical 
costs and indirect non-medical costs of pneumonia in 
children under 5 years, based on information obtained 
from 275 patients hospitalized using the databases of the 
Individual Registry of Services Provision and Sufficiency 
and a survey constructed, validated, and applied to par-
ents, mothers, and caregivers of children hospitalized by 
these events.

Drug costs were taken from the National Drug Price 
Information System (SISMED, 2020) [20]. All cost costs 
were transformed to 2020 costs using official inflation 
data in Colombia. We used US dollars (Currency rate: 
US$ 1.00 = COP$ 3,000) to express all costs in the study 
[15].

Sensitivity analysis
We conduct a one-way sensitivity presenting these results 
in the tornado diagram. Probabilistic sensitivity analysis 
was also performed. For this purpose, random sampling 
was performed from each of the parameter distribu-
tions. We used the beta distribution for relative risk and 
utilities and the gamma distribution for costs. For each 
treatment strategy, we calculated the expected costs and 
QALYs using the combination of all parameter values in 
the model. To do this calculation, a second-order Monte 
Carlo simulation with 10,000 replications of each param-
eter was made: resulting in the expected cost-utility for 
each treatment strategy. To represent decision uncer-
tainty, we plot the cost-effectiveness and acceptability 
frontiers. Microsoft Excel® was used in all analyses.

Results
The base-case analysis showed that vitamin D supple-
mentation was associated with lower costs and higher 
QALYs than strategy without this supplementation. The 
QALYs per person estimated in the model for those treat-
ments were 0,99 with vitamin D supplementation and 
0,98 without vitamin D supplementation. The total costs 
per person were US$ 1354 for vitamin D supplementa-
tion and US$ 1948 without vitamin D supplementation. 
This position of absolute dominance of vitamin D supple-
mentation makes it unnecessary to estimate the incre-
mental cost-effectiveness ratio, Table 2.

Table 1  Model inputs
Model input Base case value Distribution
Probabilities

ARI 0.22 β(SD: 0.005)

Mortality ARI 0.0001 β(SD: 0,000029)

Mortality All-Causes 0,0008 β(SD: 0,00022)

Disutility
ARI 0.06 β(SD: 0.015)

Cost/day
ARI (US$) 880 Γ (SD: 222)

Vit D3 400 UI/daily (US$) 0,08 Γ (SD: 0.02)

Vit D3 effectiveness
Relative risk of reduction 

of ARI
0.71 LogN(SD: 0.11)

ARI = acute respiratory infection

Table 2  Cost effectiveness analysis
Strategy Cost (US$) Diff ($) QUALYs Diff (QALYs) NMB($)
Vit D3 1354 0,99 18,791

Non-Vit D3 1948 594 0,98 0,01 18,733
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Sensitivity analysis
In the deterministic sensitivity analyses, our base-case 
results were robust to variations in utilities, transition 
probabilities, relative risk, and cost; Fig. 2. The results of 
the probabilistic sensitivity analysis are graphically rep-
resented in the cost-effectiveness plane, Fig. 3. This scat-
ter plot shows that 96% of simulations were graphed in 
quadrant 1 (high cost, high QALYs) below WTP. In the 

cost-effectiveness acceptability plot, vitamin D supple-
mentation becomes a cost-effectiveness alternative if 
WTP is equal to or higher than US$ 4000 Fig. 4.

Discussion
Our economic evaluation shows that vitamin D supple-
mentation is cost-effective to prevent ARI in pediat-
ric patients. Evaluating treatments to reduce costs and 

Fig. 3  Cost effectiveness plane

 

Fig. 2  Tornado diagram
RR : Relative risk
ARI = acute respiratory infection
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optimize health resources is a priority for all health sys-
tems, especially in ARI, which, due to their frequency, 
generate a high economic burden. In our study, vitamin 
D supplementation had a chance of being cost-effective 
between 98 and 75% at a WTP between 1 and 3 GBD per 
capita in Colombia, respectively; supporting the imple-
mentation of this strategy generates savings of US$ 519 
per patient. This potential savings is not negligible, even 
more so if we take into account that there are more than 
3 million cases of ARI in our country every year.

To our knowledge, this is the first economic evalua-
tion of vitamin D supplementation in the prevention of 
ARI. The efficiency of some interventions has been evalu-
ated previously to prevent ARI. Sakai et al., evaluate the 
cost-effectiveness of gargling to prevent upper respira-
tory tract infection during an RCT in 252 healthy adults 
volunteers [21]. Gargling (Gargle with approximately 20 
ml of water or povidone-iodine for about 15 s, 3 times/
day) was cost-effective, after 60 days, with an increase in 
QALY of 0.43 and ICER of $31,800 per QALY; model that 
was sensible to cost of gargling and utilities. From Japan’s 
societal perspective, this ICER was within the range of 
other preventive methods such as influenza vaccination. 
Barber et al. evaluated the cost-effectiveness of OM-85 
to prevent ARI in children 2–6 years in Mexico from a 
third payer perspective. OM-85 was cost-effective in pre-
venting ARI, and also showing cost savings in over 70% of 
cases for direct costs with a reduction of 2.61 episodes of 
ARI during a follow-up of six months [22]. These results 
with OM-85 have been similar to those obtained in other 
countries such as France and Italy [23–25].

In contrast to the evidence on efficiency, there is 
a greater number and diversity of evaluations of the 

effectiveness of different interventions to prevent ARI. A 
Cochrane systematic review of 15 RTC shows that pro-
biotics were better than placebo in reducing the num-
ber of participants experiencing episodes of acute URTI 
(least one episode: odds ratio (OR) 0.53; 95% confidence 
interval (CI) 0.37 to 0.76; P-value < 0.001; low-quality evi-
dence), the mean duration of an episode of acute URTI, 
antibiotic use and cold-related school absence. However, 
the quality of the evidence was low or very low [26]. A 
recent systematic review of 54 studies (4851 children) 
judged to be of moderate quality [27, 28]; reported a sta-
tistically significant association between treatment with 
OM-85 and a reduction in the frequency of respiratory 
infections (MD -2.33; 95% CI -2.75, − 1.90; P < 0.00001) 
and a statistically significant reduction in fever days in 
the group treated with OM-85 compared to the control 
group was reported (MD − 2.91 days; 95% CI -3.75, − 
2.07; p < 0.00001). On June 27, 2019, EMA recommended 
the use of medicines containing bacterial lysate only for 
the prevention of recurrent respiratory infections except 
for pneumonia [27]. Other Cochrane systematic review 
of six RTC with 5193 children aged from 2 months to 
59 months showed that zinc supplementation reduced 
the incidence of pneumonia by 13% ( RR 0.87; 95% con-
fidence interval (CI) 0.81 to 0.94, six studies, low-quality 
evidence) and prevalence of pneumonia by 41% (RR 0.59; 
95% CI 0.35 to 0.99, one study, n = 609, low-quality evi-
dence) [29].

There is no consensus concerning interventions to 
eliminate certain risk factors to prevent ARI or recurrent 
acute respiratory infections. Reducing exposure to damp 
and mold for example, is the intervention for which a 
good-quality systematic review supports the elimination 

Fig. 4  Acceptability Curve
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of this risk factor for recurrent respiratory acute infec-
tions [27]. Other environmental interventions with low 
or very low-quality studies are also recommended, such 
as discouraging exposure to second and third-hand 
smoke and pollutants in general, in addition, to improv-
ing hand-washing as one of the best methods to reduce 
respiratory infections [27, 30].

Our study has some limitations. We use relative risk 
extracted from the literature and not estimated directly 
from our population. As was mentioned previously, the 
reliability and robustness of the results were evaluated by 
sensitivity analysis. The results of this economic evalua-
tion given the base case are only applicable to children. 
The cost was obtained from a retrospective study pub-
lished previously from Colombia and cannot exclude 
selection or information bias in these values. However, 
the ICER estimate was robust to any variation in the 
cost in the study. The current metanalysis do not evalu-
ated the efficacy of vitamin D supplementation consid-
ering the baseline concentrations of 25(OH)D and there 
are doubt if there are differences in the effect in patients 
with vitamin D deficiency and normal vitamin D levels. 
Also, the heterogeneity of randomized controlled trials 
of found by other metanalysis of vitamin D supplements 
on ARIs is high and this can explain also the differences 
in the results between systematic review published [31]. 
However our results were robust to variations of relative 
risk, given confidence about possible variation on the 
effectiveness of this intervention.

Conclusion
In conclusion, our study shows that Vitamin D supple-
mentation is a cost-effective strategy to prevent ARI in 
pediatric patients, from a societal perspective. This evi-
dence will undoubtedly guide policymakers toward more 
efficient use of health resources.
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RR	� relative risk
RTC	� randomized controlled trial
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