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Abstract
Purpose To assess the association between vitamin D (VD) supplementation and the risk of lower respiratory tract infection 
(LRTI) among infants.
Methods This is a nested case–control study from an ongoing prospective birth cohort in Wuhan from 2013. Cases were 
subjects free of neonatal pneumonia but later developed LRTI during infancy, who were matched with five randomly selected 
controls by infant sex, birth year, and birth season. We included 190 cases and 950 controls in the final analysis. The pri-
mary outcome was the first LRTI incident and the exposure was VD supplementation from birth to the index endpoint. The 
association between VD supplementation and LRTI risk was assessed using the Cox proportional-hazards regression model.
Results Infants taking supplements had a 59% relative reduction in the hazard ratio of LRTI (HR = 0.41; 95% CI 0.26, 0.64) 
compared to those not supplemented. There was a linear relationship between LRTI risk and VD supplementation within 
range of 0–603 IU/day: for each 100 IU per day increment in VD supplementation, infants experienced a 21% lower risk 
of developing LRTI (adjusted HR: 0.79; 95% CI 0.71, 0.89). The linear relationship was stably observed in the sensitivity 
analyses as well.
Conclusions VD supplementation was associated with the reduced risk of LRTI throughout infancy, and the optimal sup-
plementation dose for infants may be beyond the current recommendation.
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Introduction

Lower respiratory tract infection (LRTI) has long been a 
leading cause of morbidity and mortality in infancy [1, 2]. 
It was estimated to be responsible for about 16.4 million epi-
sodes of hospital admissions in 2015 and 0.65 million deaths 
in 2016 among children younger than 5 years, of which more 

than half were infant cases [3, 4]. Infancy is a key early 
period in the life course, and poor wellbeing during such 
period can not only impact the present health and develop-
ment but also their later life [5]. Given that, any promising 
strategies for the prevention of LRTI should be explored as 
extensively and early as possible.

Vitamin D (VD) has been shown to possess immunomod-
ulatory properties and mediate the immune responses to 
infections [6–8]. Mounting epidemic evidence has linked 
VD deficiency to the significantly increased risk of LRTI 
in infants [9–11] and young children [12–14], implying a 
potential benefit of VD in the prevention and treatment of 
LRTI in early childhood. Unfortunately, due to the inad-
equate maternal VD intake and accompanying marginal 
levels of VD, VD deficiency is prevalent among neonates 
worldwide, with prevalence ranging from 30% in America 
to 90–96% in China and South-East Asia [15, 16]. Moreover, 
breast milk contains only about 40 IU/L of VD which is far 
from sufficient to satisfy the needs of infants [17], as a result, 
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infants will be chronically deprived of VD nutritional status 
and prone to the increased risk of LRTI. There has been 
a growing concern about the role of VD supplementation 
in preventing childhood LRTI [18]. However, no definite 
answer can be given due to limited evidence.

Previously, we noted a beneficial role of VD supplemen-
tation in reducing LRTI risk within the first 6 months of 
life [19]. Therefore, we conducted this specially designed 
nested case–control study, to further examine whether VD 
supplementation is associated with the risk of LRTI through-
out infancy, and on this basis, to further assess the optimal 
supplementation dose to prevent LRTI.

Materials and methods

Study design and data collection

We conducted this nested case–control study, selecting 
the subjects from mother–infant pairs included in the 
Tongji Maternal and Child Health Cohort (TMCHC). The 
TMCHC is an ongoing prospective birth cohort study with 
the recruitment of pregnant women from 2013 to 2017 
in Wuhan, China, to evaluate the impact of nutritional, 
environmental, and lifestyle exposures on the health status 
of the mother and their offspring [19–21]. Baseline infor-
mation with demographic characteristics (e.g., birth date, 
education level, and household income), anthropometric 
variables (e.g., weight and height before pregnancy), life-
styles (e.g., smoking status), and obstetric history were 
obtained at the enrollment via face-to-face interview. 

After childbirth, data on birth information (e.g., birth 
date, sex of infant and birth weight, birth length, congen-
ital illness) was extracted from health medical records. 
Postpartum follow-up visits were administered via struc-
tured questionnaires by trained investigators at 1 month, 
3 months, 6 months, and 12 months, respectively, to track 
the health data of mother and their babies. All procedures 
performed in these studies involving human participants 
were approved by the ethics review committee of Tongji 
Medical College of Huazhong University of Science and 
Technology (No. 201302). All participants provided writ-
ten informed consent upon enrollment.

Study population

Initially, 2260 infants from TMCHC who had completed 
1-, 3-, 6-, 12-month follow-up visits were included in the 
study. Of these participants, 358 infants were excluded 
for the ineligibility: 248 infants for preterm or post-term 
(gestational age of < 37 or ≥ 42 weeks), low or high birth-
weight (< 2500 g or ≥ 4000 g), 63 infants for congenital 
illnesses; 47 infants for neonatal pneumonia; 181 infants 
for missing data on feeding, supplements use, and illness. 
After these exclusions, 1721 participants were eligible 
for this study, of whom we screened 190 infants who 
developed bronchitis, bronchiolitis, and pneumonia as the 
incident case of LRTI. For each case of LRTI, five con-
trols were randomly matched for sex, birth year, and birth 
season. The final analysis consists of 190 cases and 950 
controls (Fig. 1).

Fig. 1  Flow diagram for the 
inclusion of 190 cases with 
lower respiratory tract infection 
and 950 controls based on a 
nested case–control design 
from Tongji Maternal and 
Child Health Cohort (TMCHC) 
project. Definition of abbrevia-
tions: LRTI, lower respiratory 
tract infection; TMCHC, Tongji 
Maternal and Child Health 
Cohort
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Outcome assessment

LRTI was defined as pediatrician-diagnosed bronchitis or 
bronchiolitis or pneumonia. The primary outcome end-
point was the first LRTI incident, the occurrence time of 
which was used to establish the index time for the controls.

Assessment of VD supplementation

VD supplementation details, including brands of the sup-
plements, dosage, duration, and weekly frequency of use 
(days/week), were first recorded at 1-month postnatal visit 
then repeatedly tracked at 3 months, 6 months, and 12 
months via the constructed questionnaires. For each case 
and their matched controls, the average VD intake from 
supplementation (IU/day) from birth to the endpoint was 
evaluated by dividing the total amounts of consumption by 
the total number of days during this period. The infants 
were dichotomized according to whether taking supple-
ments or not and further classified into quartiles according 
to their VD intake ranking.

Covariate assessment

Baseline demographic and clinical characteristics were 
considered as potential confounders, including maternal 
age at delivery (25, 25–34, ≥ 35), maternal education 
level (0–9, 10–12, > 12 years); household income (< 5000, 
5000–9999, ≥ 10,000 CNY/month), pre-pregnancy body 
mass index (BMI) which was calculated as weight in kilo-
grams divided by height squared in meters and categorized 
as < 18.5, 18.5–23.9, ≥ 24 kg/m2 according to the Chinese 
adult BMI classification [22], parental smoking status (yes 
or no); upper respiratory tract infection (URTI) before 
endpoint (yes or no), parity (1, ≥ 2), infant sex (male or 
female), the birth season (spring: March–May, summer: 
June–September, fall: September–November, and win-
ter: December–February), birth weight and birth length. 
Besides, formula consumption before the outcome end-
point was also an important confounder to be controlled. 
Details of formula consumption (addition time, formula 
volume) were repeatedly assessed through the follow-up 
questionnaires. The average daily formula consumption 
from birth to the index endpoint was calculated by divid-
ing the total amounts of consumption by the total num-
ber of days during this period, categorized as 0, 1–249, 
250–499, ≥ 500 mL/day. Within this specifically designed 
study, the feeding pattern was categorized into fully 
breastfeeding and formula-feeding based on the calculated 
formula consumption during the period from birth to the 
index endpoint using the cutoff of zero.

Statistical analysis

Continuous variables were reported as mean (SD) and 
medians with IQRs (interquartile ranges). Categorical vari-
ables were reported as n (%). Group differences were com-
pared using the Student t test or Wilcoxon rank-sum test 
for continuous variables and chi-square test for categorical 
variables. To account for the occurrence time, Cox propor-
tion hazards regression models were performed to assess 
the association between VD supplementation and the risk 
of LRTI by estimating hazard ratios (HRs) and 95% CIs. 
Analyses for association were both performed by treating 
VD intake from the supplements as a categorical variable 
categorized into quartiles, considering the lowest quartile as 
the reference category, and as a continuous variable using 
a unit of 100  IU/day. First step adjustments were made 
for feeding pattern and parity which was shown with the 
statistical difference between groups. Further adjustment 
was made to control for demographic characteristics and 
other potential factors, including maternal age at delivery, 
education levels, household income, birthweight, maternal 
prepregnancy BMI, parental smoking status before preg-
nancy, formula consumption, and URTI history [23, 24]. 
Tests of linear trend across increasing categories of adher-
ence were conducted by assigning the median value to each 
category and treating it as a continuous variable. The asso-
ciation between VD supplementation and risk of LRTI was 
also checked graphically using restricted cubic splines with 
the reference dose defined as 400 IU/day. Accounting for 
the potential effect of feeding patterns, the association was 
examined separately in fully breastfed infants and formula-
fed infants. In addition, to examine the robustness of our 
results, we run the subgroup analyses based on other poten-
tial confounders including infant sex and the season of birth. 
We also examined whether estimates were changed when the 
study population was restricted to infants with no siblings 
and no URTI history. To address the bias by unmeasured 
confounders, we ran a bias analysis referring to the previous 
study by Pasternak et al. [25] by constructing a hypothetical 
unmeasured confounder which was considered to increase 
the risk of LRTI by a factor of 1.5–5.0 and which has a 1–2 
times higher proportion in the unsupplemented infants (with 
proportions varying from 10 to 90%) than the supplemented 
infants (varying from 5% to 45%). Statistical analysis was 
performed using the statistical program R, version 4.0.2. P 
value < 0.05 was considered statistically significant.

Results

In total, 190 cases with LRTI and 950 controls were 
recruited in the present study. The demographic and other 
relevant characteristics of the recruited participants are 
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shown in Table 1. The median average consumption of for-
mula was 75 mL/day, and 26.3% did not receive formula 
before the LRTI incident; 37.6% had a low average intake of 
less than 250 mL/day. Infants who had siblings were more 

likely to develop LRTI than those without. There were no 
significant differences in maternal age at delivery, educa-
tion levels, household income, pre-pregnancy BMI, parental 
smoking, infant sex, birthweight, birth length, birth season, 

Table 1  Comparison of baseline demographic and clinical characteristics between cases with lower respiratory tract infection and their controls 
(N = 1140)

BMI body mass index, CNY Chinese Yuan, LRTI lower respiratory tract infection, URTI upper respiratory tract infection
a Continuous variables were presented as mean ± SD or median (IQR), categorical variables were shown as n (%).
b P values are from Student’s t test or Wilcoxon rank sum test for continuous data and chi-square tests for categorical data

Characteristics a Overall (n = 1140) Controls (n = 950) Cases
(n = 190)

P value 

Maternal characteristics
 Maternal age, year 0.24
  < 25 96 (8.4) 81 (8.5) 15 (7.9)
  25–34.9 972 (85.3) 804 (84.6) 168 (88.4)
  ≥ 35 72 (6.3) 65 (6.8) 7 (3.7)

 Maternal education, year
  ≤ 12 156 (13.7) 125 (13.2) 31 (16.3) 0.66
  13–15 293 (25.7) 246 (25.9) 47 (24.7)
  ≥ 16 653 (57.3) 546 (57.5) 107 (56.3)
  Missing 38 (3.3) 33 (3.5) 5 (2.6)

 Income, CNY/month 0.46
  < 5000 444 (38.9) 365 (38.4) 79 (41.6)
  5000–9999 468 (41.1) 397 (41.8) 71 (37.4)
  ≥ 10,000 214 (18.8) 178 (18.7) 36 (19.0)
  Missing 14 (1.2) 10 (1.1) 4 (2.1)

 Pre-pregnancy BMI, 
kg/m2

0.13

  < 18.5 209 (18.3) 175 (18.4) 34 (17.9)
  18.5–23.9 794 (69.6) 669 (70.4) 125 (65.8)
  ≥ 24 137 (12.0) 106 (11.2) 31 (16.3)

 Maternal smoking, yes 38 (3.3) 33 (3.5) 5 (2.6) 0.56
 Paternal smoking, yes 378 (33.2) 308 (32.4) 70 (36.8) 0.24
 Parity = 1 942 (82.6) 804 (84.6) 138 (72.6)  < 0.01

Infantile characteristics
 Sex, male 756 (66.3) 630 (66.3) 126 (66.3) 1.00
 Season of birth 1.00
  Spring 300 (26.3) 250 (26.3) 50 (26.3)
  Summer 300 (26.3) 250 (26.3) 50 (26.3)
  Autumn 390 (34.2) 325 (34.2) 65 (34.2)
  Winter 150 (13.2 125 (13.2) 25 (13.2)

 Birth weight, kg 3.3 ± 0.3 3.3 ± 0.3 3.4 ± 0.3 0.34
 Formula consumption, 

day/mL
75 (0–406) 0.11

  0 303 (26.6) 262 (27.6) 41 (21.6)
  1–250 429 (37.6) 362 (38.1) 67 (35.3)
  250–499 183 (16.1) 145 (15.3) 38 (20.0)
  ≥ 500 225 (19.7) 181 (19.0) 44 (23.2)

 VD intake from supple-
ments

250 (145, 332) 250 (149, 333) 225 (117, 313) 0.048

 Having URTI before 274 (24.0) 224 (23.6) 50 (26.3) 0.42
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URTI history, and formula consumption between the cases 
and their controls. Most infants (1034 out of 1140) had taken 
the VD supplements before the LRTI incident (Table 2). The 
median average intake of VD from supplements was 250 IU/
day (Table 1).

In the multivariate cox regression analysis relating sup-
plementation to LRTI with regard to occurrence time, we 
observed a 59% reduction in HR for infants who received 
VD supplementation compared to those not supplemented 
(adjusted HR = 0.41; 95% CI: 0.26, 0.64) (Table 2). LRTI 
risk decreased linearly with the increasing supplementation 
quartile, (p trend < 0.001), and the multivariate HR for bet-
ter adherence to supplementation (the highest quartile of 
VD supplementation) was 0.47 (95%CI: 0.31,0.73) as com-
pared with the lowest quartile (Table 2). Similarly, when 
analyzing VD supplementation as a continuous variable, 
the risk of LRTI also decreased linearly with increasing 

supplementation dose (p for linear association < 0.001) 
(Fig. 2), and a 100 IU per day increase in VD supplemen-
tation was associated with a 21% reduction in LRTI risk 
(adjusted HRs = 0.79; 95%CI:0.71,0.89) (Table 2). Further-
more, the linearity of VD supplementation with LRTI risk 
is independent of infant feeding (Fig. 3).

Sensitivity and bias analyses

In analyses stratified by infant sex and birth season, the 
associations between VD supplementation and LRTI risk 
were consistent with those in the primary analysis (Figs. 4, 
5). Likewise, the dose–response relationship between every 
100 IU/d increase in VD intake from supplements and the 
reduced risk of LRTI remained unchanged in the analysis 
restricted to infants with no siblings and no history of URTI 
(Fig. 6). In the bias analysis adjusting for the unmeasured 

Table 2  Hazard ratios (HRs) and 95% confidence intervals (Cis) for the association between vitamin D supplementation and LRTI risk in Cox 
proportional hazards regression model (n = 1140)

Model 1 was unadjusted; Model 2 was adjusted for parity and feeding pattern; Model 3 was adjusted for demographic characteristics and other 
potential factors including maternal age at delivery, education levels, household income, parity, infant sex, birth season, birthweight, maternal 
pre-pregnancy body mass index, parental smoking before pregnancy, formula consumption and history of upper respiratory tract infection
CI confidence interval, LRTI lower respiratory tract infection, HR hazard ratio, VD vitamin D

HRs and 95% 
CIs

VD supplementation Daily VD intake from supplementation

No Yes Q1,
0–144 IU/day

Q2,
145–250 IU/day

Q3,
250–332 IU/day

Q4,
333–603 IU/day

Per 100 IU/day 
increment

P trend

Case/N 23/106 167/1034 54/285 55/283 43/287 38/285 – –
 Mode 1 1 0.40 (0.26, 0.63) 1 0.90 (0.62, 1.31) 0.74 (0.50, 1.11) 0.49 (0.32, 0.74) 0.80 (0.72, 0.89)  < 0.001
 Mode 2 1 0.40 (0.26, 0.62) 1 0.91 (0.63, 1.33) 0.75 (0.50, 1.13) 0.48 (0.32, 0.73) 0.80 (0.72, 0.89)  < 0.001
 Mode 3 1 0.41 (0.26, 0.64) 1 0.91 (0.62, 1.34) 0.76 (0.51, 1.14) 0.47 (0.31, 0.73) 0.79 (0.71, 0.89)  < 0.001

Fig. 2  Fitted curve for hazard 
ratio (HR) and 95% confidence 
interval (CI) of lower respira-
tory tract infection according to 
average daily VD intake from 
supplements (IU/d) (N = 1140). 
Definition of abbreviations: HR, 
hazard ratio; CI, confidence 
interval; LRTI, lower respira-
tory tract infection; VD, vitamin 
D. The tinted region indicates 
95% confidence intervals 
around the hazard risk

P value for nonlinear association = 0.95

P value for linear association <0.001
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confounder, even if the prevalence of this confounder was 
90% and 45% in the unsupplemented and supplemented 
groups, respectively, and the risk estimate of LRTI for such 
a confounder was as high as fivefold, infants in the supple-
mented group still had a 33% reduction in the HR of LRTI 
(Table S1).

Discussion

In this nested case–control study, we found that infants 
with VD supplementation had a 59% lower risk of LRTI 
as compared with those not supplemented, and the risk of 
LRTI decreased linearly within an intake range of 0–603 IU/
day from supplements. These results were robust in the 

sensitivity analyses considering the potential cofounders, 
such as infant sex, birth season, and feeding patterns, as 
well as by restricting to infants who had no siblings and no 
URTI history.

To our knowledge, there has been one study among 
infants [18] and three studies among young children [26–28] 
assessing the association between VD supplementation and 
LRTI risk but demonstrating inconsistent results. Consistent 
with our findings, Sigh et al. and Leis et al. [27, 28] found 
the intake of VD in the week prior to LRTI in children with 
LRTI was lower than that of the control group, and children 
with an intake of less than 80 IU/kg/day had a nearly 4-times 
increase in LRTI risk as compared with VD intake of greater 
than 80 IU/kg/day. According to World Health Organiza-
tion (WHO) growth standards, the 50th percentile of infant 

Fig. 3  Subgroup analysis of 
association between VD sup-
plementation and LRTI risk, 
stratified by feeding pattern 
(N = 1140). Definition of 
abbreviations: VD, vitamin D; 
LRTI, lower respiratory tract 
infection; HR, hazard ratio; 
CI, confidence interval. a The 
HRs were adjusted for maternal 
age, education levels, house-
hold income, parity, sex, birth 
season, birthweight, maternal 
pre-pregnancy body mass 
index, parental smoking before 
pregnancy, and history of upper 
respiratory tract infection; b the 
HRs were further adjusted for 
formula consumption
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weight is approximately 5 kg by 2 months of age and 9 kg 
by 1 year of age, which means that the optimal VD intake 
for infants may be more than 400 IU considering LRTI risk 
[29]. Likewise, we also noticed the LRTI risk reduced lin-
early within the supplementation dose range of 0–603 IU/
day among infants. The authors suspected that the property 
of VD in promoting lung development [30] and enhancing 
the innate immune response to infection [31, 32] may be 
the underlying mechanism. In contrast, Manaseki-Holland 
et al. [18] and Gupta et al. [26] observed a null effect of VD 
supplementation on the incidence of pneumonia in healthy 
infants and the incidence of recurrent pneumonia in chil-
dren with pneumonia. These inconsistencies could likely be 
attributed to the difference in dose regimen (a quarterly dose 
vs. daily dose) and outcome indicator (pneumonia vs. overall 
LRTIs including bronchitis and pneumonia). Considering 

such aspects, Martineau et al. conducted a system meta-anal-
ysis using individual participant data from 25 randomized 
controlled trials and reported a benefit of VD supplemen-
tation in the prevention of RTI including URTI and LRTI 
[33], unfortunately, Martineau et al. failed to determine the 
optimal supplementation dose [33].

There are nearly 90% of infants born with VD deficiency 
worldwide [15]. Although infants could compensate for the 
demands of VD via the formula that was fortified with a 
content of about 400 IU/L of VD [34], our data showed that 
in contrast to a median VD intake of 250 IU/day from sup-
plements, the median formula consumption was only 75 mL/
day (equivalent to 30 IU/day of VD), and as a result, far 
from meeting infants’ needs. On the other hand, infants are 
unlikely to obtain VD from skin synthesis as they were usu-
ally avoided from direct sun exposure in case of damage to 

Fig. 4  Subgroup analysis of 
association between VD supple-
mentation and LRTI risk, strati-
fied by infant sex (N = 1140). 
Definition of abbreviations: VD, 
vitamin D; LRTI, lower respira-
tory tract infection; HR, hazard 
ratio; CI, confidence interval. 
a The HRs were adjusted for 
maternal age, education levels, 
household income, parity, birth 
season, birthweight, maternal 
pre-pregnancy body mass index, 
parental smoking before preg-
nancy, formula consumption 
and history of upper respiratory 
tract infection
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Fig. 5  Subgroup analysis of 
association between VD sup-
plementation and LRTI risk, 
stratified by the season of 
birth (N = 1140). Definition of 
abbreviations: VD, vitamin D; 
LRTI, lower respiratory tract 
infection; HR, hazard ratio; CI, 
confidence interval. a The HRs 
were adjusted for maternal age, 
education levels, household 
income, parity, sex, birthweight, 
maternal pre-pregnancy body 
mass index, parental smoking 
before pregnancy, formula con-
sumption and history of upper 
respiratory tract infection

Fig. 6  Analysis of association 
between VD supplementa-
tion and LRTI risk, restricted 
to infants of no siblings and 
no URTI history (N = 687). 
Definition of abbreviations: 
VD, vitamin D; LRTI, lower 
respiratory tract infection; 
URTI, upper respiratory tract 
infection; HR, hazard ratio; CI, 
confidence interval. a The HRs 
were adjusted for maternal age, 
education levels, household 
income, sex, birth season, birth-
weight, maternal pre-pregnancy 
body mass index, parental 
smoking before pregnancy, and 
formula consumption
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the eyes and skin [34]. Taken all together, VD supplements 
seem to be the main source as well as the optimal source of 
VD for infants. In the past two decades, a dose of 400 IU/
day of VD has been recommended for infants regardless of 
the feeding pattern and sun exposure with aim of preventing 
rickets [34]. However, in terms of additional LRTI risk, our 
findings, in parallel with the study by leis et al., suggest that 
the daily dose of 400 IU may not be sufficient, and future 
studies on a larger dose in LRTI prevention were warranted. 
Besides, the COVID-19 pandemic has reached an unprec-
edented scale worldwide, and children can be infected with 
the risk of developing mild and moderate pneumonia [35], 
especially infants [36]. There is no vaccine available for 
infants so far, in such a case, our study may provide a pos-
sible prevention strategy for LRTI in young children, which 
also warrants future research.

In this study, the main strength was its prospective nature, 
because the assessment of participants’ supplements use 
was prior to the LRTI incident, making it possible to estab-
lish a causal relationship. The second strength of our study 
includes a sufficient sample size that would reduce casual 
bias. Third, the VD supplements were taken routinely at 
a daily dose, which may be more conducive to maintain-
ing stable serum VD levels than a single large dose. This 
study also has some limitations. First, there is a possibility 
of uncontrolled confounding, for example, the household 
crowded, and immunization status. However, this may have 
a limited impact on our study given the high possibility of 
unadjusted confounders being randomly distributed among 
the study population. The risk estimate of LRTI remained 
reduced after the adjustment for the unmeasured confounder 
in the bias analysis as well. Also, the robustness of the asso-
ciation was confirmed in a number of sensitivity analyses 
considering the major potential confoundings. A second lim-
itation is mother-reported data; however, we have repeatedly 
instructed the mothers on how to report the infant's health 
information at each follow-up visit so that our results may 
be less likely to be impacted by the recall bias and misclas-
sification. Third, the VD status at birth was not measured 
in this study, although about 90% of infants remained with 
VD deficiency or insufficiency at birth in China [16], the 
deficient degree may vary, as a result, we were unable to 
answer the question whether the effect size of VD supple-
mentation on LRTI will vary by different degrees of defi-
ciency, which deserves future research. Finally, VD binding 
protein polymorphisms (VDBP) genotypic variability is a 
significant factor in determining VD status associated with 
VD intake [37]. In our study, the participants were mainly of 
Han ethnicity, among whom the most common genotype is 
the VDBP 1S allele [38], which was associated with higher 
VD status when receiving VD intake than other alleles [37], 
thus making it a limitation when generalized to race/ethnic-
ity of other alleles.

Conclusions

In this study, we found a significant inverse dose–response 
association between VD intake from supplementation and 
the risk of developing LRTI throughout infancy. Our find-
ing provides preliminary evidence that the VD supplemen-
tation may be a possible strategy to prevent LRTI, and the 
optimal supplementation dose may be beyond the current 
recommendation, which is worth confirming further.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s15010- 022- 01845-4.
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