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Summary
Background Acute respiratory infections (ARIs) are a leading cause of mortality in infants. Vitamin D supports 
innate antimicrobial effector mechanisms in leucocytes and respiratory epithelium. Maternal vitamin D supple
mentation during pregnancy has been proposed as a preventive strategy, however, an up-to-date synthesis of 
available data from randomised controlled trials (RCTs) has not been conducted.

Methods We conducted a systematic review and meta-analysis of aggregate data from RCTs of maternal vitamin D 
supplementation for prevention of ARIs in offspring. Data were analysed using a random-effects model. We 
searched MEDLINE, EMBASE, the Cochrane Central Register of Controlled Trials, Web of Science and the 
ClinicalTrials.gov from database inception to 5th August 2025. No language restrictions were imposed. Double- 
blind RCTs of maternal vitamin D supplementation, with placebo or lower-dose vitamin D control, were eligible 
if approved by Research Ethics Committee and if ARI incidence in offspring was collected prospectively and pre- 
specified as an efficacy outcome. Sub-group analyses were done to determine whether effects of maternal 
vitamin D supplementation on offspring ARI risk varied according to maternal baseline circulating 25- 
hydroxyvitamin D (25 [OH]D) concentrations (<25 nmol/L, 25–49.9 nmol/L, 50–74.9 nmol/L, or ≥75 nmol/L). 
The study was registered with PROSPERO, CRD42024527191.

Findings Our search identified 405 unique studies, of which 4 RCTs (3678 participants) were eligible and included. 
For the primary comparison of any maternal vitamin D supplementation vs. placebo, the intervention did not 
significantly affect overall ARI risk in offspring (incidence rate ratio [IRR] 1.01, 95% CI 0.98–1.03, P = 0.66; 4 studies; 
I2 14.5%, absolute effects from GRADE assessment: 0.05 higher rate in vitamin D arm; moderate quality finding). 
Pre-specified subgroup analysis did not reveal evidence of effect modification by maternal baseline vitamin D status: 
<25 nmol/L group: IRR 1.12, 95% CI 0.98–1.27 (607 participants in 4 studies, I2 47.8%) vs. 25–49.9 nmol/L group: 
IRR 1.04, 95% CI 0.96–1.13 (1154 participants in 4 studies, I2 68.5%) vs. 50–74.9 nmol/L group: IRR 1.00, 95% CI 
0.93–1.08 (789 participants in 4 studies, I2 64.9%) vs. ≥75 nmol/L group: IRR 0.97, 95% CI 0.89–1.06 (505 
participants in 4 studies, I2 47.6%). A funnel plot did not indicate the presence of publication bias or small-study 
effects (P = 0.71, Egger’s test).

Interpretation Our analysis of current data does not support routine antenatal vitamin D supplementation for the 
prevention of ARI in offspring. Key limitations of the study were the administration of a low dose vitamin D 
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standard-of-care in some populations which may have attenuated effects of the intervention, and heterogeneity in 
ARI case definitions which may have introduced misclassification bias. Targeted supplementation in deficient 
populations may warrant further investigation.
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(http://creativecommons.org/licenses/by/4.0/).

Keywords: Maternal vitamin D supplementation; Acute respiratory infections; Pregnancy; Offspring

Introduction
Acute respiratory infections (ARIs) are typically defined 
as any infection of the respiratory tract with symptom 
duration up to 21 days. Their impact is particularly 
pronounced in paediatric populations: the 2020 Global 
Burden of Disease study reported infectious diseases to 
be the leading cause of mortality in children aged under 
51 and lower respiratory infections (LRI) have been 
ranked the highest category of infection-related mor
tality in this age group.2

Findings from laboratory studies suggest that 
vitamin D may reduce ARI risk by supporting innate 
immune responses.3 In the context of maternal sup
plementation, protection could be extended to offspring 
in the neonatal period, during which serum 25- 
hydroxyvitamin D (25 [OH]D) concentrations reflect 
maternal levels.4 Beyond the neonatal period, epigenetic 
mechanisms induced by maternal supplementation, 

such as DNA methylation, could impact long-term 
offspring immune function.5 Moreover, the role of the 
epigenome on immune responses to vaccines is a 
rapidly growing area of interest.6 Gestational vitamin D 
supplementation might impact the protective efficacy of 
childhood vaccinations, indirectly influencing risk of 
ARI in offspring.

Findings from observational studies investigating 
associations between maternal vitamin D status and 
risk of ARI in offspring are mixed. One meta-analysis of 
9 birth cohort studies reported no significant associa
tion between highest vs. lowest categories of maternal 
25(OH)D concentrations and risk of ARI in offspring, 
with moderate heterogeneity (I2 = 66%) and no evi
dence of publication bias (Egger’s test, P = 0.49).7 In 
contrast, a more recent meta-analysis of 13 birth cohort 
studies reported a significant inverse association be
tween maternal 25(OH)D concentrations and risk of 

Research in context

Evidence before this study
We identified two relevant meta-analyses of observational 
birth cohort studies through informal consultation of the 
literature (including MEDLINE, EMBASE, and Cochrane 
Database of Systematic Reviews, with no language 
restrictions, from inception up to Dec 31st, 2024), using 
general search terms: ‘vitamin D’, ‘supplementation’, ‘maternal/ 
pregnancy’, ‘respiratory infection’. One meta-analysis of 9 
cohorts reported no significant association between highest 
versus lowest maternal 25-hydroxyvitamin D [25(OH)D] 
categories and offspring ARI risk (moderate heterogeneity; 
no evidence of publication bias). A second, more recent 
meta-analysis of 13 cohorts reported a significant inverse 
association but with high heterogeneity and evidence of 
publication bias. Prior to this study, no meta-analysis of RCTs 
had evaluated the effects of maternal vitamin D 
supplementation exclusively in mothers supplemented 
during pregnancy on risk of ARI in offspring who did not 
receive supplementation beyond the standard of care, either 
overall or stratified by maternal baseline vitamin D status. 
Given the inconsistency of observational findings and the 
absence of RCT-based meta-analysis—particularly one 
examining effect modification by baseline vitamin D 

status—we undertook this study to address this evidence 
gap.

Added value of this study
Our meta-analysis of aggregate data from 3678 participants 
in 4 randomised controlled trials, stratified by baseline 
25(OH)D concentration, suggest there is no effect of 
maternal vitamin D supplementation against offspring acute 
respiratory infection risk overall, or in sub-groups defined by 
baseline maternal vitamin D status.

Implications of all the available evidence
Meta-analysis including the latest available RCT data does 
not support routine antenatal vitamin D supplementation for 
the prevention of ARI in offspring. Key limitations of the 
study were the administration of a low dose vitamin D 
standard-of-care in some populations which may have 
attenuated effects of the intervention, and heterogeneity in 
ARI case definitions which may have introduced 
misclassification bias. Future research which avoids these 
limitations and targets more deficient populations is 
warranted.
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ARI in offspring, albeit with greater heterogeneity 
across synthesised studies (I2 = 83%) and significant 
evidence of publication bias (Egger’s test, P = 0.005).8

Data from randomised controlled trials (RCTs) could 
resolve inconsistencies in observational findings, how
ever they are also conflicting and have not been syn
thesised in a meta-analysis investigating overall and 
subgroup effects. We therefore sought data from these 
studies for inclusion in a meta-analysis of stratified 
aggregate data (trial-level, stratified by baseline vitamin 
D status). Our objectives were to determine whether 
maternal vitamin D supplementation during pregnancy 
reduced overall risk of ARI in offspring, and to evaluate 
whether effects of vitamin D on risk of ARI in offspring 
varied according to maternal baseline 25(OH)D con
centration at enrolment.

Methods
Search strategy and selection criteria
This systematic review and meta-analysis was con
ducted in accordance with PRISMA 2020 guidelines. 
Two investigators (ARM and DAJ) searched MEDLINE, 
EMBASE, the Cochrane Central Register of Controlled 
Trials (CENTRAL), Web of Science and the 
ClinicalTrials.gov registry using the electronic search 
strategies described in the Appendix (Section 1, p3-5). 
Searches included studies registered from database 
inception to 5th August 2025. No language restrictions 
were imposed. These searches were supplemented by 
searching review articles and reference lists of trial 
publications. Collaborators were asked if they knew of 
any additional eligible RCTs.

Double-blind randomised controlled trials of 
maternal supplementation with vitamin D3, vitamin D2 

or 25(OH)D of any duration during pregnancy, with a 
placebo or blinded lower-dose vitamin D control for the 
primary prevention of ARI in offspring, were eligible 
for inclusion if they had been approved by a Research 
Ethics Committee and if data on incidence of ARI were 
collected prospectively and pre-specified as an efficacy 
outcome. The latter requirement was imposed to 
minimise misclassification bias (prospective capture of 
ARI was deemed more likely to be sensitive and specific 
for this outcome).

Methods were pre-specified in a protocol that was 
registered with the PROSPERO International Prospec
tive Register of Systematic Reviews (registration no. 
CRD42024527191) (click here). Details of Research 
Ethics Committee approvals to conduct the primary 
trials included in this study are included in Appendix 
(Section 4, p8). One trial (MAVIDOS) contributed pre
viously unpublished, prospectively collected data to the 
meta-analysis; the trial was approved by the South
ampton and South West Hampshire Research Ethics 
Committee (ISRCTN:82927713; EUDRACT:2007- 

001716-23) and all participants provided written 
informed consent.

Data analysis
Details of the data extraction process can be found in 
Appendix (Section 2, p6). Two investigators (ARM and 
DAJ) searched articles independently and reviewed 
extracted data. Any discordance was resolved through 
discussion. A third investigator (JDS) verified extracted 
data. The primary outcome of the meta-analysis was the 
rate of ARI in offspring. The definition of ARI 
encompassed events classified as upper respiratory 
infection (URI), lower respiratory infection (LRI) and 
ARI of unclassified location (i.e. infection of the upper 
and/or lower respiratory tract). Secondary outcomes 
were the incidence of URI and LRI, analysed separately. 
Pre-specified data on the incidence of acute respiratory 
infections was collected but not previously published 
for one trial.9 The additional secondary outcomes 
requested (Appendix Section 2, p6) were not sufficiently 
available to be meta-analysed.

Data were analysed by DAJ; results were checked 
and verified by JDS. Our meta-analysis approach fol
lowed published guidelines.10 The primary comparison 
was of participants randomised to any vitamin D sup
plement vs. placebo: this was performed for all of the 
outcomes listed above. For one trial that included high- 
dose, medium-dose, low-dose and placebo arms,11 data 
from intervention arms were pooled. The log incidence 
rate ratio and its standard error were calculated for each 
outcome within each trial from the total number of 
events and time at risk, for participants in the inter
vention vs. control arm. This was done in accordance 
with the Cochrane Handbook’s guidelines.12 Log inci
dence rate ratios were then meta-analysed in a random- 
effects model using the Metan package13 within STATA 
IC v14.2 to obtain an overall incidence rate ratio with a 
95% confidence interval (CI) and a measure of hetero
geneity summarised by the I2 statistic and its associated 
P value.

We used the Cochrane Collaboration Risk of Bias tool14 

to assess the following variables: sequence generation, 
allocation concealment, blinding of participants, 
personnel and outcome assessors, completeness of 
outcome data, evidence of selective outcome reporting, 
and other potential threats to validity. Study quality was 
assessed independently by two investigators (ARM and 
DAJ). Any discrepancies were resolved by discussion. For 
the primary analysis, the likelihood of publication bias was 
investigated through the construction of a contour- 
enhanced funnel plot.15 We used the five Grading of 
Recommendations, Assessment, Development and Eval
uation (GRADE) considerations (study limitations, con
sistency of effect, imprecision, indirectness and 
publication bias)16 to assess the quality of the body of ev
idence contributing to analyses. This applied to both the 
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primary efficacy outcome and secondary outcomes of our 
meta-analysis. We conducted a sensitivity analysis for the 
primary outcome, excluding one RCT where risk of bias 
was assessed as being unclear.9

To explore reasons for heterogeneity of effect of the 
intervention between trials we performed a stratified 
analysis according to maternal baseline vitamin D status 
(serum 25 [OH]D < 25 vs. 25–49.9 vs. 50–74.9 vs. 
≥75 nmol/L). The thresholds for baseline 25(OH)D 
concentration were selected a priori on the basis that they 
represent cut-offs that are commonly used to distinguish 
profound vitamin D deficiency (<25 nmol/L), moderate 
vitamin D deficiency (25–49.9 nmol/L) and potentially 
sub-optimal vitamin D status (50–74.9 nmol/L).17

Role of funding source
This study was conducted without external funding.

All authors had access to the study data. DAJ and 
ARM had final responsibility for the decision to submit 
the work for publication.

Results
Study selection and data obtained
The study selection process is illustrated in Fig. 1. 
Our search (studies published from inception to 5th 
August 2025) identified a total of 405 unique studies 
that were assessed for eligibility, of which 4 
studies9,11,18,19 with a total of 3678 randomised par
ticipants fulfilled eligibility criteria. All four of the 
eligible studies identified compared effects of a 
vitamin D regimen vs. placebo. Data for the primary 
outcome (incidence rate of ARI in offspring) were 
obtained for 3084/3678 (83.8%) participants in the 4 
studies.

Study and participant characteristics
Characteristics of the 4 studies contributing data to this 
meta-analysis are presented in Table 1. Trials were 
conducted in 4 different countries on 3 continents, and 
enrolled pregnant women with a gestational age of 
10–24 weeks. 1582/3291 (48.1%) of offspring were fe
male. Baseline serum 25(OH)D concentrations were 
determined in all trials: mean maternal baseline 
25(OH)D concentrations for different trials ranged 
from 27.7 to 77.4 nmol/L (to convert to ng/mL, divide 
by 2.496). All studies administered oral vitamin D3 to 
pregnant women allocated to intervention arms; 3 
studies administered this as daily doses, whilst one 
study administered it as a weekly dose. Three of the 
four trials were conducted in countries with a maternal 
standard of care of up to 10 μg vitamin D3 daily. Trial 
duration ranged from 6.5 months to 7 years. Incidence 
of ARI was the primary outcome for 1 study, and a 
secondary outcome for 3 studies.

Risk of bias within studies
Details of the risk of bias assessment are provided in 
Appendix Table S2, p10. One trial9 was assessed as 
being at unclear risk of bias due to high loss to follow- 
up (367/1134 [32.4%] of randomised participants did 
not complete all symptom questionnaires). The 
remaining 3 trials were assessed as being at low risk of 
bias for all seven aspects assessed.

Overall results, primary outcome
For the primary comparison of any vitamin D supple
ment vs. placebo control, supplementation did not 
result in a statistically significant reduction in the rate 
of offspring experiencing ARI (incidence rate ratio 
[IRR] 1.01, 95% CI 0.98–1.03, P = 0.66; 3084 partici
pants in 4 studies; Fig. 2, Table 2). Between-trial het
erogeneity was low: I2 = 14.5% (P-value for 
heterogeneity: 0.32). GRADE analysis (Appendix 
Table S3) estimated the anticipated absolute rate of 
infections per person-year to be 0.05 higher in the 
vitamin D arm (−0.09 lower to 0.18 higher), compared 
to the placebo arm. This finding was estimated to be of 
moderate quality.

528 studies iden�fied:
223 MEDLINE
249 Cochrane Central Register of Controlled Trials
9 ClinicalTrials.gov
26 Web of Science
21 Embase

123 duplicates removed

405 unique studies screened for eligibility

401 found ineligible
337 not relevant
53 review ar�cles
8 ARI not prespecified as an efficacy 
outcome
2 group alloca�on not concealed
1 comple�on status unconfirmed

4 eligible studies (3,678 par�cipants) iden�fied

4 studies included in meta-analysis (3,084 of 3,678 
par�cipants contributed primary outcome data)

Fig. 1: Flow chart of study selection.

Articles

4 www.thelancet.com Vol 90 December, 2025



Characteristic Study first author, year

Chawes, 201618 Cooper, 20169 Litonjua, 201619 Morris, 202111

Setting Denmark UK USA Bangladesh
Participants Mother-offspring pairs Mother-offspring pairs Mother-offspring pairs Mother- 

offspring pairs
Mean Maternal age at 
enrolment, years (s.d.) 
[range]

31.8 (4.3) [18.5–47.8] 30.5 (5.2) [18.6–44.8] 27.3 (5.5) [18.0–39.5] 23.2 (4.2) 
[18.0–40.0]

Offspring Male: Female 298:283 517:448 420:386 474:465
25 (OH)D assay, EQA scheme LC-MS/MS, DEQAS RIA (Diasorin), DEQAS CLA (DiaSorin)/LC-MS/MS LC-MS/MS, 

DEQAS
Maternal baseline 25(OH)D 
sampling timepoint, weeks of 
gestation

24 14–17 10–18 17–24

Mean Maternal baseline 
25(OH)D at enrolment, 
nmol/L (s.d.)

77.4 (25.0) 46.3 (17.4) 57.4 (25.5) 27.6 (14.3)

Maternal 
25(OH)D < 25 nmol/L at 
enrolment (%)

8/581 (1.4) 118/1134 (10.4) – 449/935 (48.0)

Mean Maternal attained 
25(OH)D (at birth), 
intervention arm, nmo/L 
(s.d.)

107.3 (34.9) – – 93.8 (29.2) (a)

Mothers randomised, 
Intervention: Control (total)

315:308 (623) 565:569 (1134) 442:439 (881) 780(b): 260 
(1040)

Oral dose of vitamin D3, 
intervention arm

60 μg daily + standard care up to 
10 μg daily

25 μg + standard care up to 
10 μg daily

100 μg daily + standard care up to 
10 μg daily

0.41 mg 
weekly(c)

Control Placebo + standard care up to 
10 μg daily

Placebo + standard care up to 
10 μg daily

Placebo + standard care up to 
10 μg daily

Placebo

Trial follow-up duration 3 yrs 7 yrs 3 yrs 6.5 mo
ARI definition Physician confirmed ARI ARI: parent-reported ARI: parental-report of physician’s 

diagnosis
ARI: lab 
confirmed

ARI primary or secondary 
outcome?

Secondary Secondary Secondary Primary

N Offspring contributing 
data/N Mothers randomised 
(%)

572/623 (93.3) 767/1134 (67.6) 806/881 (91.5) 939/1040 
(90.3)

(a) Pooled mean and standard deviation for the low/med/high dose intervention groups; (b) Total number of participants in the low/med/high dose intervention groups; 
(c) Mean dose for the high (0.70 mg), medium (0.42 mg) and low (0.11 mg) dose intervention groups. Abbreviations: DEQAS, vitamin D external quality assessment 
scheme; LC-MS/MS, liquid chromatography tandem mass spectrometry; RIA, radioimmunoassay; CIA, chemiluminescence assay.

Table 1: Characteristics of trials and their participants.

Overall, DL (I2 = 14.5%, p = 0.319)

Morris

Litonjua

Chawes

Cooper

(trial)

Author

1st

2021

2016

2016

2016

Year

705

405

291

380

group

intervention

N,

1.300236

4.552263

5.058419

4.506352

group

Rate, intervention

ARI Incidence

234

401

281

387

group

N, control

1.21874

4.533666

5.172005

4.375835

group

Rate, control

ARI Incidence

1.01 (0.98, 1.03)

1.07 (0.89, 1.28)

1.00 (0.97, 1.04)

0.98 (0.94, 1.02)

1.03 (0.99, 1.07)

(95% CI)

Incidence Rate Ratio

100.00

1.92

35.61

29.74

32.73

Weight

%

.5 1 2NOTE: Weights are from random-effects model

Fig. 2: Forest plot of placebo-controlled RCTs of maternal vitamin D supplementation during pregnancy whose offspring experience res
piratory infections: rate analysis.
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Sub-group analysis, primary outcome
To investigate reasons for the observed heterogeneity of 
effect for the primary comparison of any vitamin D 
supplement vs. placebo control, we stratified this anal
ysis by maternal baseline vitamin D status. Results are 
presented in Table 2 and Appendix Fig. S2, p13. No 
statistically significant effect of vitamin D was seen for 
participants with baseline 25(OH)D < 25 nmol/L (IRR 
1.12, 95% CI 0.98–1.27; 607 participants in 4 studies, I2 

47.8%), 25–49.9 nmol/L (IRR 1.04, 95% CI 0.96–1.13; 
1154 participants in 4 studies, I2 68.5%), 50–74.9 nmol/ 
L (IRR 1.00, 95% CI 0.93–1.08; 789 participants in 4 
studies, I2 64.9%), or ≥75 nmol/L (IRR 0.97, 95% CI 
0.89–1.06; 505 participants in 4 studies, I2 47.6%).

Secondary outcomes
Results of secondary outcomes are presented in Table 3 
and illustrated in Appendix Fig. S3, p14 and Fig. S4, 
p15. Overall, vitamin D supplementation did not have 
a statistically significant effect on the rates of URI or 
LRI.

Risk of bias across studies
A funnel plot for the incidence rate ratios of partici
pants experiencing ARI (Appendix Fig. S5, p16) does 
not show significant asymmetry that would suggest 
publication bias or small-study effects. This was 
confirmed with an Egger’s regression test20 (P = 0.71).

Sensitivity analysis
Results of a sensitivity analysis excluding one study 
assessed as being of unclear risk of bias are presented 

in Appendix Table S4, p12. It did not reveal a statisti
cally significant protective effect of vitamin D supple
mentation (IRR 0.99, 95% CI 0.97–1.02; 2317 
participants in 3 studies). Leave-one-out analysis 
confirmed the robustness of null results (p > 0.05 in all 
models, Appendix Figure S6).

Discussion
To our knowledge, this systematic review and meta- 
analysis represents the most comprehensive synthesis 
to date of RCT data evaluating the effect of maternal 
vitamin D supplementation during pregnancy on the 
risk of ARIs in offspring. By aggregating stratified data 
from 3678 participants across four RCTs, we found no 
significant reduction in overall ARI incidence among 
offspring of mothers receiving vitamin D supplemen
tation compared to placebo (IRR 1.01, 95% CI 
0.98–1.03, absolute effects: 0.05 higher rate of infection 
in vitamin D arm). Subgroup analyses stratified by 
maternal baseline 25-hydroxyvitamin D (25 [OH]D) 
concentrations similarly revealed no evidence of effect 
modification. Including in populations with profound 
vitamin D deficiency (<25 nmol/L). These null findings 
persisted across sensitivity analyses and secondary 
outcomes (URI, LRI), underscoring the robustness of 
the results.

Our results contrast with observational studies 
reporting inverse associations between maternal 
25(OH)D concentrations and offspring ARI risk.7,8 This 
discrepancy may reflect residual or unmeasured con
founding in observational designs, due to 

No. 
trials

Intervention group Control group Incidence rate 
ratio (95% CI)

I2% P for 
heterog-eneity

Offspring, N Total ARI 
events

Person- 
years

Offspring, N Total ARI 
events

Person- 
years

Overall 4 1781 15,408 3570.7 1303 14,879 3294.7 1.01 (0.98–1.03) 14.5 0.32
Maternal baseline 25(OH)D, nmol/L

<25 4 417 1361 413.6 190 1059 294.9 1.12 (0.98–1.27) 47.8 0.12
25–49.9 4 675 5211 1233.0 479 4978 1146.3 1.04 (0.96–1.13) 68.5 0.023
50–74.9 4 409 5030 1106.1 380 5092 1100.9 1.00 (0.93–1.08) 64.9 0.036
≥75 4 263 3683 775.4 242 3613 719.8 0.97 (0.89–1.06) 47.6 0.13

Abbreviations: CI, confidence interval; N, number; ARI, acute respiratory infection; 25(OH)D, 25-hydroxyvitamin D; nmol/L, nanomoles/litre.

Table 2: Rate of incident acute respiratory infections among offspring of mothers randomised to receive vitamin D vs. placebo during pregnancy, by 
allocation: overall and by baseline maternal circulating 25-hydroxyvitamin D concentration.

No. 
trials

Intervention group Control group Incidence 
rate ratio (95% CI)

I2% P for 
heterog-eneity

Offspring, N Total ARI 
events

Person- 
years

Offspring, N Total ARI 
events

Person-years

Upper respiratory infections 4 1781 14,578 3570.7 1303 13,993 3294.7 1.01 (0.98–1.04) 35.0 0.20

Lower respiratory infections 4 1781 901 3570.7 1303 908 3294.7 0.95 (0.82–1.09) 47.6 0.13

Abbreviations: CI, confidence interval; N, number; ARI, acute respiratory infection.

Table 3: Rate of incident upper and lower respiratory infections among offspring of mothers randomised to receive vitamin D vs. placebo during pregnancy, by allocation.
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socioeconomic factors, diet, or genetic variation, which 
RCTs inherently mitigate. Alternatively, methodological 
limitations in the included trials could obscure a true 
biological effect. For instance, standard-of-care vitamin 
D supplementation (up to 10 μg/day) provided to both 
intervention and control arms in three trials may have 
attenuated inter-arm differences in maternal 25(OH)D 
concentrations at follow-up, particularly in populations 
with moderate baseline deficiency. Additionally, 
adherence issues, non-daily dosing or failure to elevate 
maternal 25(OH)D concentrations into a therapeutic 
range (e.g., >75 nmol/L) might have limited effects of 
the interventions studied. Biological plausibility for a 
protective effect exists, as mechanistic studies suggest 
vitamin D modulates neonatal innate immunity and 
epigenetic programming.3,5 However, the absence of 
clinical benefit in this meta-analysis implies that such 
mechanisms, if operative, may not translate to 
measurable reductions in ARI risk under real-world 
trial conditions.

Strengths of this work include the inclusion of data 
from all eligible RCTs, stratified analyses by maternal 
baseline 25(OH)D concentrations, and rigorous 
assessment of bias. The pooled sample size afforded 
greater power than individual trials, and risk of bias was 
assessed as being low in three of four studies. Contour- 
enhanced funnel plots and Egger’s test (P = 0.71) 
indicated no publication bias, contrasting with earlier 
observational meta-analyses reporting significant small- 
study effects.8 This methodological rigour strengthens 
confidence in the validity of our null findings.

Limitations include: heterogeneity in ARI case defi
nitions—ranging from parent-reported symptoms to 
laboratory confirmation—may have introduced 
misclassification bias, potentially diluting observed ef
fects. Reliance on aggregate rather than individual 
participant data (IPD). This constrains adjustments for 
covariates and precise subgroup analyses. The small 
number of trials limited power to detect modest effects, 
particularly in subgroups with baseline 
25(OH)D < 25 nmol/L where few participants were 
enrolled, and limited our subgroup analysis and sub
sequent meta-regression of potential effect modifiers, 
however we sought outcome data stratified by Maternal 
baseline vitamin D status to partially address this lim
itation. Furthermore, most trials were conducted in 
settings where standard care included low-dose vitamin 
D, limiting generalisability.

Future research should prioritise IPD meta-analyses 
to explore individual-level effect modifiers, including 
investigations of cord blood 25(OH)D levels and their 
relationship to offspring ARI incidence. RCTs targeting 
populations with high prevalence of profound vitamin 
D deficiency, using sufficient doses are needed to pro
vide definitive clarification of whether benefits may 
exist in high-risk subgroups. However, ethical con
straints relating to withholding vitamin D 

supplementation from deficient mothers randomised to 
the control arm of such trials should be acknowledged. 
Additionally, mechanistic studies evaluating the impact 
of gestational vitamin D on offspring immune trajec
tories, including responses to vaccines, could elucidate 
pathways not captured by ARI incidence alone.

In conclusion, this meta-analysis provides high- 
quality evidence that maternal vitamin D supplemen
tation during pregnancy does not reduce offspring ARI 
risk, regardless of baseline maternal vitamin D status. 
These findings do not support routine antenatal 
vitamin D supplementation for ARI prevention in 
offspring. However, targeted supplementation in high- 
risk, deficient populations may warrant further 
investigation.
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