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A B S T R A C T

In July 2025, Andersson et al. reported in Annals of Internal Medicine that early-life exposure to Aluminium (Al)- 
adjuvanted vaccines was not associated with increased risk of 50 chronic diseases, based on a Danish cohort of 
1.2 million children. While widely cited as reassuring evidence of Al-Based Adjuvant (ABA) safety, closer scrutiny 
reveals major methodological and conceptual flaws. Specifically, the study demonstrates limited understanding 
of Al toxicology, weaknesses in cohort design and statistical analysis, and insufficient transparency regarding 
potential conflicts of interest. We argue that these shortcomings prevent meaningful conclusions about ABA 
safety, particularly in relation to neurodevelopmental and autoimmune outcomes, and highlight the need for 
more rigorous, transparent, and scientifically grounded investigations.

1. Introduction

In July 2025, Andersson et al. published a large-scale cohort study in 
Annals of Internal Medicine that concluded that exposure to Aluminium 
(Al)-adjuvanted vaccines in early childhood was not associated with an 
increased risk of 50 chronic diseases [1]. Two days later a correction was 
published with updated supplementary material [1, erratum]. While the 
Danish analysis performed on 1.2 million children is already cited as 
reassuring evidence of the safety of vaccines that include Al-Based Ad
juvants (ABAs), a closer examination of the authors’ published data 
reveals fundamental flaws that compromise the study’s ability to detect 
harm. In addition, it raises concern about the role of ABAs in several 
chronic diseases, such as those with neurodevelopmental outcomes.

As experts in the fields of Al and ABAs’ toxicology, epidemiology, 

neurodevelopmental disorders, autoimmunity, and vaccine-related in
juries, with individual experience ranging from one to four decades, we 
are in a position to assess critically the scientific and methodological 
soundness of this study.

In the following sections, we briefly outline the study’s major con
cerns that critically undermine its conclusions, including: i) the striking 
lack of knowledge regarding Al and ABAs; ii) critical shortcomings in 
cohort design and statistical analysis; iii) insufficient transparency and 
potential conflicts of interest.

In our view, all these biases prevent this work from reliably evalu
ating the safety of early-life exposure to ABAs. A study that fails - or 
refuses - to ask the right questions cannot yield meaningful answers, 
regardless of cohort size or indeed media coverage.
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2. Major concerns

2.1. Al and ABAs: the published science

2.1.1. Dismissal of prior evidence on ABA toxicity
Al salt as potassium alum has been added in vaccines since the 1920s 

[2]. Vaccines that include ABAs (Al oxyhydroxide, Al hydroxyphosphate 
and amorphous Al hydroxyphosphate sulfate) remain approved by 
regulatory agencies without any scientifically established safe limit for 
their Al content [3]. This is despite burgeoning experimental evidence in 
animals and humans concerning the biopersistence and neurotoxicity of 
ABAs and their links to chronic inflammatory conditions such as neu
rodevelopmental disorders and Auto Immune/inflammatory Syndrome 
Induced by Adjuvants (ASIA) [4–7]. Furthermore, ABAs’ mechanisms of 
action are still not fully understood, and misconceptions about their 
pharmacokinetics persist [8], while cerebral translocation of ABAs in 
animal models and Al accumulation in human brain tissue have been 
repeatedly reported [9,10].

The authors of Andersson et al. seemingly disregard a significant 
body of these published data demonstrating cellular fate, biopersistence, 
cerebral translocation and multiple adverse effects (allergy, autoim
munity, neurological and neuroinflammatory events, behavioral alter
ations) in humans, animal and cellular models [4–7,10–16].

2.1.2. Weak studies’ referencing
This glaring omission of numerous relevant peer-reviewed studies, 

while referencing outdated and largely irrelevant studies performed on 
different Al compounds and ways of exposure other than intramuscular 
and subcutaneous injection, undermines the authors’ purported interest 
in the safety of ABAs and raises questions about their level of expertise in 
the subject. For instance, rather than engaging with more recent pub
lished toxicological research [17,18], Andersson et al. refer to outdated 
discredited U.S. Food and Drug Administration (FDA) models (e.g., 
[19]), which further weakens the study’s foundation and indicates 
inadequate and superficial understanding of the toxicological issues 
related to ABA exposure by the authors of the study.

Similarly, the authors’ reliance on methodologically limited studies 
that assess children’s exposure to ABAs by measuring Al levels in blood 
or hair is misguided and reflects a fundamental misunderstanding of the 
known mechanisms governing the cellular capture and biopersistence of 
vaccine-derived insoluble particulate Al salts [20–23].

2.1.3. Erroneous exposure quantification
In a study claiming to investigate a potential link between exposure 

to certain compounds and the occurrence of adverse effects, accurate 
characterization of exposure is the cornerstone. However, it is evident 
that, in the present case, infant exposure to Al from vaccination is not 
properly estimated, rendering any attempt to interpret the data and 
draw conclusions invalid.

Al content and adjuvant types from manufacturers are not sufficient. 
Indeed, ABA exposure was inferred solely from vaccine records and 
manufacturer-reported Al content of each vaccine given to an infant. 
However, it has already been published that significant variability be
tween vaccine batches exists, meaning that data given by manufacturers 
of vaccines on their Al content is at best random and in any case does not 
allow an accurate evaluation of ABA exposure [24]. Unpublished data 
also indicated that the Al content in the pediatric Neisvac vaccine was 
consistently four times lower than expected, with comparable unpub
lished variability observed in veterinary vaccines (personal data, GC & 
LL). Thus, infants receiving the same Al-adjuvanted vaccines may in fact 
receive vastly different amounts of Al, and in some cases, a single dose 
may contain more Al than several combined doses. This entirely random 
nature of the data on vaccine Al content described in a peer-reviewed 
paper published in 2021 has not been refuted either by vaccine manu
facturers or by regulatory bodies such as the European Medicines 
Agency (EMA) or FDA. Al-content variability is compounded by the fact 

such agencies neither measure nor hold independent data on vaccine Al 
content.

The mere uncertainty surrounding the actual Al content of the vac
cines recorded in the registry is, on its own, enough to nullify any reli
able estimate of real exposure. This fundamental flaw renders all 
subsequent analyses and conclusions invalid, particularly given the 
study’s narrow exposure range (0–4.5 mg, assessed per 1 mg increment), 
where even small misclassifications will critically distort risk 
assessment.

Furthermore, no distinction was made in the methodology between 
the different types of injected ABAs, despite significant differences in 
their physicochemical properties, which affect their pharmacokinetics 
and pharmacodynamics [14]. Ignoring these differences and treating all 
ABAs as a single Al exposure fails to capture the true variability and 
impact of each distinct compound. In the same time, the authors should 
have been more cautious also regarding information provided by man
ufacturers and regulatory product characteristics, as discrepancies in the 
reported chemical nature of ABAs (e.g., “All formulations contain 
approximately 0.5 mg of aluminum (provided as amorphous aluminum 
hydroxyphosphate sulfate, previously referred to as aluminum hydroxide) per 
mL of vaccine”) can be read in FDA package insert of several vaccines 
such as Recombivax HB® [25], highlighting uncertainties that further 
weaken the accurate characterization of children’s exposure. Such lim
itations warrant explicit discussion.

Body weight and age of exposure should be considered. In addition, the 
authors made no dose adjustment relative to recipient body weight, a 
critical parameter in neurodevelopmental toxicology [26].

In the same way, the exact exposure timing was ignored as the cu
mulative Al dose over 24 months was treated uniformly, masking 
potentially critical windows of susceptibility in early life, especially 
considering the role of the immature blood-brain barrier. This is also in 
opposition with previous studies showing that delaying or avoiding Al- 
containing vaccines appears associated with lower risk of atopic 
dermatitis and other allergic outcomes, with incidence highest before 
age 2 [27,28]. The question of timing is still neglected as exposure of 
premature babies was not detailed, whereas prematurity is a major risk 
factor of neurodevelopmental disorders [29]. This is wholly inconsistent 
with toxicological principles, which emphasize timing over cumulative 
quantity, especially concerning early exposures and neuro
developmental risk assessment [26].

Other vaccination and other sources of Al exposure should be studied. No 
consideration was given to potential maternal vaccination during 
pregnancy, which can modulate fetal immune and neurological devel
opment as well as Al body burden of the baby [7]. Similarly, no 
consideration for a potential Al-booster injection at 5 years of age was 
given, including for children followed up to age 8. No consideration was 
given for potential co-administered vaccines such as Measles Mumps 
Rubella (MMR), which though not Al-adjuvanted, remain immunologi
cally relevant. Live vaccines like measles can induce MCP-1 production 
[30], a chemokine shown to facilitate cerebral translocation of previ
ously administered ABA in mice [31]. Given its administration after 
multiple Al-containing vaccines, MMR warrants consideration in the 
Danish study despite lacking Al, as it may modulate ABA-related 
neurotoxicity.

Allowing for the fact that a direct comparison between injected and 
ingested Al salts is not correct, no analysis was discussed regarding other 
Al environmental sources that may confound the estimated vaccine- 
specific burden. In particular, formula-fed infants are exposed to sub
stantial amounts of Al through their diet [32]. This issue is further 
compounded by additional sources of Al, such as Al-containing medi
cations including antacids and infant pain relievers.

Reduced exposure of injured babies. Because children who experienced 
early adverse reactions to vaccines may have had their vaccination 
schedules modified or interrupted, they may have been misclassified as 
"low exposure," introducing misdirection in the dose-response modeling. 
This risk of reverse causality is not addressed. These biases, previously 
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discussed by one of the authors in earlier work [33,34], are not 
compatible with drawing firm conclusions that precisely rely on the 
absence of such biases, as acknowledged by the authors themselves in 
the discussion of the study.

2.2. Cohort design, statistical analyses & data interpretation

Improper statistical adjustments made in Andersson’s study have 
already been explained elsewhere [23,35]. The main concerns are dis
cussed here in brief.

2.2.1. Systemic data bias evidenced by implausible protective effects of ABA 
exposure

By their own analysis, Andersson et al. are 95 % confident in the 
protective effects of 12 categorical diseases. Indeed, an increase in 
exposure of 1 mg Al via ABAs administered in the first two years of life 
was shown to reduce disease outcomes between 2 and 5 years old for: 
ulcerative colitis by 38.9 %; erythema nodosum by 35.1 %; asthma by 
4.2 %; angioedema and urticaria by 11.1 %; allergy unspecified by 
16.3 %; anaphylaxis or epinephrine autoinjector by 19.0 %; food allergy 
by 19.0 %; neurodevelopmental outcomes by 7.5 %; autistic disorder by 
6.4 %; autism spectrum disorder composite by 7.5 %; attention deficit- 
hyperactivity disorder by 11.1 %; other pervasive developmental dis
orders by 12.4 %. To our knowledge and understanding, this is the first 
time in medical literature where exposure to Al has been shown to be 
beneficial. Bearing in mind what is known about human exposure to Al 
[36] these unlikely benefits seriously challenge the validity of the whole 
study and its conclusions, and this fails to meet Hill’s criterion of bio
logical plausibility.

2.2.2. Major selection biases in the cohort design
Absence of a control group. By omitting a truly unexposed control 

group (i.e., children with no ABA exposure), the study is unable to assess 
baseline toxicity or threshold effects. As previously explained in the 
section dedicated to erroneous exposure quantification, the only verifi
able comparison authors could have made is between infants never 
receiving an Al-adjuvanted vaccine and infants receiving at least one Al- 
adjuvanted vaccine.

Exclusion of highly exposed children. Moreover, key exclusions may 
have strongly removed subpopulations at greatest risk for ABA-related 
outcomes. Indeed, the study excluded children with unusually high 
vaccination counts, discussed as potentially due to medical or registry 
errors (see above the section on the reliability of the national registry). It 
is worth noting that ABA exposure levels deemed “implausible” in the 
Danish schedule would actually be consistent with other schedules such 
as that published by the CDC [37]. It should also be noted that in 
response to online comments on this point, authors performed a rean
alysis “restricted to those fully vaccinated, and without excluding children 
with an implausible number of vaccinations” and stated that “similar overall 
estimates” were observed [35]. Surprisingly, the results for atopi
c/allergic disorders are actually inconsistent: the initial analysis showed 
no meaningful association (HR 0.99, 95 % CI 0.98–1.01), whereas the 
reanalysis reported a marginally elevated risk (HR 1.03, 95 % CI 
1.00–1.07), highlighting the sensitivity of estimates to methodological 
choices and rounding.

Omitting death outcome. The study excluded children who died before 
reaching two years of age. Mortality was not considered as a health 
endpoint, despite non-live vaccines, which generally are those con
taining ABAs, have been associated with an increased rate of childhood 
mortality [38,39]. Omitting death as an outcome limits the study’s 
ability to capture the full spectrum of potential ABA-related adverse 
effects.

Exclusion of children under two with severe health conditions. The 
exclusion of patients with severe health issues prior to 24 months was 
applied without a clear rationale or justification. By removing this 
subgroup, potentially more susceptible to ABAs, the authors narrowed 

the scope of their analysis. Nonetheless, they concluded that ABA 
exposure is “safe for all”, a statement that represents an over
generalization not supported by the available data.

Focusing only on children from 2 to 5 years old. The study also excluded 
children diagnosed before age two, which is misleading, as for instance 
the incidence of atopic dermatitis is highest before this age for children 
followed by the age of 14 months (supplement figure 6 in [1]). The 
follow-up window, which ends for most children at age 5, is insufficient 
to capture many chronic conditions that manifest earlier or later, and 
even the secondary analysis extending follow-up to age 8 remains 
inadequate for detecting numerous relevant outcomes.

Exclusion of foreign population. The study excluded children whose 
mothers had not lived in Denmark for at least 2 years before childbirth, 
which raises the issue of excluding foreign populations, despite evidence 
that some may be at higher risk of neurodevelopmental disorders [40].

Exclusion of vulnerability groups. In addition, no subgroup analyses 
were performed for known biologically vulnerable groups such as pre
term infants, children with low birth weight, or those with familial or 
genetic susceptibility to neurodevelopmental or autoimmune disorders. 
Finally, no stratified analysis by sex beyond statistical adjustments was 
provided, despite well-known sex differences in immune responses and 
neurodevelopmental outcomes [40,41].

Taken together, all these exclusions almost certainly mask or un
derestimate specific and potentially serious risks, rendering the study far 
too weak to support any reliable conclusions.

2.2.3. Biased statistical modeling and interpretation
Dose-response relationships. Statistical models assume linear dos

e–response relationships, yet Al exhibits non-linear effects. Biphasic, 
non-monotonic neurotoxic responses have indeed been observed both 
for dietary Al-in vitro [42–44] and in vivo [45–48], and also for ABAs 
[49]. The assumption that a certain amount of Al administered as a 
vaccine is needed to result in any infant health outcome is thus unsub
stantiated and indeed contradicted by published studies.

Collider bias and petitio principii. Adjusting for covariates such as 
general practitioner visits before age 2 may introduce bias, as these visits 
can reflect both higher ABA exposure and early symptoms or adverse 
reactions, creating a “collider bias”. For instance, children with asthma 
tend to have more medical visits, so adjusting for visit frequency could 
reduce any true association between asthma and Al exposure. In 
response to this online comment, Andersson et al. reanalyzed the data 
and reported “similar results.” However, for atopic/allergic disorders, 
first analysis showed no meaningful association (HR 0.99, 95 % CI 
0.98–1.01), while the second found a modest but statistically significant 
increase (HR 1.05, 95 % CI 1.04–1.07), indicating inconsistencies in the 
authors’ own results and conclusions [35].

Additionally, treating birth year as a covariate may have artificially 
suppressed genuine associations by neutralizing concurrent increases 
over time in both Al exposure and disorder diagnoses, an example of 
petitio principii.

2.2.4. Overly confident conclusions unsupported by the data
Increased risks. More surprisingly, and beyond all that has just been 

presented, a review of the article and the supplemental material updated 
two days after publication highlights an increased risk of certain disor
ders with the highest ABA doses [23]. Andersson et al. did not directly 
analyze a zero-exposure group. However, by inferring the unexposed 
cohort from the supplemental data, it can be found that children who did 
not receive any Al-containing vaccines in their first two years were 
25.7 % less likely to develop atopic dermatitis and 49.6 % less likely to 
develop allergic rhinoconjunctivitis between ages 2 and 5, compared 
with exposed children (respective unadjusted odds ratios of 0.796 (95 % 
CI: 0.698–0.907, p = 0.0006) and 0.668 (95 % CI: 0.579–0.771, 
p < 0.0001). Andersson et al. included 11 figures examining Al exposure 
and Asperger’s syndrome, which is now classified under Level 1 Autism 
Spectrum Disorder [50,51]. All figures show a positive association with 
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Al exposure, with statistical significance emerging in Supplementary 
Figures 4 and 11 for children born after 2006 and those exposed to 
0–1.5 mg compared with 3–4.5 mg cumulative Al dose. Supplementary 
Figure 11, the only analysis reporting risk differences and Al exposure as 
a categorical variable, found significantly higher risks for multiple 
neurodevelopmental outcomes in 464,378 children receiving 
> 3–4.5 mg aluminum versus 701,571 receiving > 1.5–3 mg, including 
+ 9.73 overall neurodevelopmental cases per 10,000. In response to 
online comments noting these results contradicted their reassuring 
conclusions, the authors excluded children born before 2002 - removing 
38 % of the moderate-dose group - citing a “positivity” violation, which 
erased statistical significance. Though possible, this would require 
early-birth moderate-dose children to have much lower risk than 
later-birth peers, a pattern not supported by Supplementary Figure 4.

Finally, the authors’ analysis demonstrates evidence of harm induced 
by ABAs, and the reanalysis is insufficient to demonstrate otherwise. In 
any case, all these observations must be interpreted in light of the pre
viously described mischaracterization of Al exposure in the dataset.

2.3. Transparency and conflicts of interest

2.3.1. Registry validity and access to raw data
Previous publications from the same group have faced important 

criticisms for registry misclassification (children recorded as unvacci
nated who were in fact vaccinated and coding errors for type of vac
cines) or underreporting adverse effects [35,52–55]. In the present 
study, registry data used for both exposure and outcomes were not 
independently validated, as access for external audit remains restricted. 
Indeed, no assessment of data quality, diagnostic accuracy, or registry 
misclassification was provided. Given the magnitude and inconsistency 
of the findings described, access to the underlying deidentified raw data 
would be valuable for independent verification and to advance the sci
entific debate. This lack of transparency limits reproducibility and 
public trust.

2.3.2. Potential conflicts of interest
The importance of the topic, combined with the range of criticisms 

highlighted here and elsewhere, raises legitimate questions regarding 
potential conflicts of interest that warrant transparent disclosure. The 
potential conflicts of interest appear to be the same as those in a previous 
study, which have already been discussed [33,54]. Briefly, several au
thors are affiliated with the Statens Serum Institut, a national entity 
involved in vaccine production. One of the authors reported affiliations 
to VAC4EU, a European vaccine surveillance consortium, and funding 
from Novo Nordisk Fonden and Lundbeckfonden, both closely linked to 
Danish health policy and biomedical interests. The Novo Nordisk 
Foundation, through its wholly owned subsidiary Novo Holdings A/S, 
maintains a controlling interest in Novo Nordisk A/S, the largest phar
maceutical company in Denmark. Consequently, the foundation 
providing research funding is also the controlling shareholder of a major 
pharmaceutical manufacturer. Although declared as “outside the scope” 
of the study, these affiliations raise legitimate concerns about impar
tiality, particularly given his consistent track record of publishing 
findings supportive of industry and public health agendas [56–59].

3. Conclusion

Despite being published in a leading medical journal, the study has 
serious methodological limitations, many are acknowledged by the au
thors themselves, yet its conclusions are presented with unjustified 
confidence. Key issues include uncertain real exposure, limited follow- 
up, absence of an unexposed comparison group, no stratification by 
known risk factors, and structural biases that prevent detection of 
moderate, delayed, or subgroup-specific harms. Notably, certain ana
lyses in the study indicate statistically significant protective effects of 
ABA exposure, which is a huge indicator of the weakness of the study, as 

well as statistically significant increases in neurodevelopmental risks for 
children presumably receiving higher cumulative Al doses, though these 
findings are underreported and obscured by post hoc reanalysis de
cisions. The generalization of these findings to other populations, vac
cine schedules, or healthcare contexts is methodologically unsound, 
ignoring critical differences in environmental exposures, genetic sus
ceptibilities, and healthcare disparities.

That such a limited and internally inconsistent study was not only 
published in a high-impact medical journal, but also presented as reas
surance in media coverage, raises uncomfortable questions. In a scien
tific climate where vaccine hesitancy is often framed as a crisis of 
misinformation, there may be institutional incentives - whether explicit 
or implicit - to produce and promote studies that accentuate claims of 
safety while minimizing uncertainty. However, science built on conve
nience rather than rigor does not serve public health. We assert that this 
study does not demonstrate the safety of ABAs. Framing this as definitive 
evidence of such safety misrepresents the data and undermines scientific 
integrity and public trust. As previously said “The role of aluminum ad
juvants in vaccines raises issues that deserve independent, rigorous and honest 
science” [22].

If Not Now, When? [60].
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