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Abstract

This study explores the association between early-life vaccine scheduling intensity and autism
prevalence across 12 high-income countries, aiming to inform evidence-based public health policy.
We examined whether the number and timing of vaccine doses administered to infants under one
year correlate with standardized autism incidence rates. Using cross-national data from countries
with comparable healthcare systems and diagnostic standards, we applied descriptive statistics,
partial correlations (controlling for overall vaccination coverage), and multivariate regression
models. Nations with higher autism prevalence (USA, Canada, Australia, Japan, South Korea,
Singapore) averaged 15 vaccine types and 20 doses for infants <1 year, whereas lower-prevalence
countries (Norway, Denmark, Finland, Italy, Sweden, UK) averaged 8 vaccines and 9 doses. Partial
correlations revealed strong positive associations between autism prevalence and both vaccine types
(r=0.87, p<0.001) and doses (r =0.79, p < 0.01). Regression analysis indicated that a 1% increase in
vaccine types corresponded to a 0.47% increase in autism prevalence (p = 0.001), explaining 81% of
variance. While these findings do not establish causality, they identify patterns warranting further
investigation. For practitioners and policymakers, these results underscore the importance of
evaluating vaccine scheduling strategies alongside developmental outcomes. More gradual
schedules, as observed in countries with lower autism prevalence, may merit consideration in future
research and policy discussions to optimize neurodevelopment while maintaining high
immunization coverage. This study provides actionable insights for disease prevention and health
promotion professionals seeking to balance immunization goals with long-term child health
outcomes.

Keywords: infant immunization; vaccine exposure; doses intensity; autism incidence;
neurodevelopmental risk; disease prevention; public health policymaking; policy perspective; health
promotion; public health policy considerations

1. Investigation Goal

Autism spectrum disorder (ASD) is a complex neurodevelopmental condition characterized by
persistent deficits in social communication and interaction, alongside restricted, repetitive patterns
of behavior, interests, or activities (American Psychiatric Association, 2022; Global Burden of Disease
Study, 2021; Rebecchi, 2025). Symptoms typically emerge in early childhood and vary widely in
severity and presentation (Howlin and Magiati, 2017; Estes et al., 2015; Lai and Weiss, 2017; Lord et
al., 2022; Sandbank et al., 2023). Common manifestations include delayed speech, impaired motor
coordination, repetitive behaviors, and difficulty interpreting social cues. Over the past three
decades, autism prevalence has risen significantly across many countries, prompting extensive
research into its etiology and contributing factors (Talantseva et al., 2023). In the United States, the
Centers for Disease Control and Prevention (CDC) reported that in 2018, 1 in 44 children were
diagnosed with ASD, a sharp increase from earlier estimates: 1 in 150 in 2000, 1 in 88 in 2008, and 1
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in 68 in 2016 (Scientific American, 2017; CDC, 2025). This upward trend is not confined to the U.S,;
global data compiled by the Global Health Data Exchange show rising autism rates worldwide,
although significant variation exists between countries. For example, France and Portugal report
some of the lowest rates, at approximately 69.3 and 70.5 per 10,000 people, respectively (World
Population Review, 2025; Reuters, 2025). Tracking autism prevalence globally presents challenges
due to inconsistent diagnostic criteria, limited resources for assessment in many countries, and
underreporting. Autism diagnosis relies on clinical observation rather than objective biomarkers,
which complicates cross-national comparisons and epidemiological studies. Despite these
limitations, the global rise in autism diagnoses has fueled public concern and scientific inquiry into
potential environmental, genetic, and healthcare-related drivers. Among the many hypotheses
explored, one of the most contentious is the possible association between early-life vaccine exposure
and autism, because of the biological plausibility of vaccine-related neurotoxicity. Tomljenovic and
Shaw (2011) argue that aluminum adjuvants, known immune stimulators, may contribute to
neuroimmune disorders in genetically vulnerable children. Ramachandran and Grose (2024)
document rare but serious neurological adverse events following varicella vaccination, though they
emphasize the overall safety of the vaccine. Nath (2023) acknowledges that while modern vaccines
are safer than ever, side effects —including those affecting the nervous system —remain a concern and
merit ongoing surveillance for supporting safer drug discoveries (Coccia, 2016, 2021). Some recent
studies have reignited debate. Mawson and Jacob (2025) reported a statistically significant increase
in autism and other neurodevelopmental disorders among vaccinated children in a Florida Medicaid
cohort. Their findings suggest that cumulative vaccine exposure, particularly in preterm infants, may
warrant further investigation. In this context, Nath (2023) argues that the vaccine manufacturers have
legal protection against vaccine side effects. Some experts advocate for personalized vaccine
schedules that consider individual risk factors, such as prematurity, genetic predisposition, or family
history of neurodevelopmental disorders O(CDC, 2024; Children's Hospital of Philadelphia, 2025).

This debate has persisted for decades, despite a body of scientific literature refuting a causal link
(Gulati et al., 2025; Johns Hopkins, 2025; NeuroLaunch, 2025). Gulati et al. (2025) and Miravalle and
Schreiner (2014) stress the importance of distinguishing temporal associations from causality. They
argue that public misperceptions often arise from coincidental timing between vaccination and the
onset of autism symptoms, which typically emerge around the same age as routine immunizations.
Doja and Roberts (2006) further emphasize that rigorous epidemiological methods are essential to
disentangle these associations and guide evidence-based policy. A comprehensive Danish cohort
study involving over one million children found no association between aluminum-containing
vaccines and autism or other chronic conditions (Statens Serum Institut, 2025). Similarly, reviews by
the CDC and the American Academy of Pediatrics have consistently concluded that vaccine
ingredients, including thimerosal and aluminum adjuvants, are not linked to ASD (CDC, 2025; Cath
and Ozyurt, 2025).

Nevertheless, public skepticism remains and fuels vaccine hesitancy (Moye et al., 2022; WHO,
2025; AACAP, 2022). In light of these divergent perspectives, this study aims to contribute to the
ongoing discourse by examining the relationship between early-life vaccine exposure and autism
incidence across a sample of countries. Specifically, it investigates whether the number and timing of
vaccine doses administered to infants under one year of age are statistically associated with national
autism rates per 100,000 population. By analyzing cross-national data, this research seeks to identify
patterns that may inform public health strategies and optimize vaccine scheduling. The rationale for
focusing on vaccine timing stems from emerging evidence that the infant immune system undergoes
rapid development in the first year of life. Maternal antibodies provide initial protection, but adaptive
immunity —critical for vaccine efficacy —matures gradually (Heald, 2025; Harvard Health, 2024).

Miravalle and Schreiner (2014) suggest that evaluating whether there is causal link between
neurologic disorders and vaccinations, not just temporal association, is critical to addressing public
misperception of risk of vaccination. As a consequence, the timing and cumulative exposure of early-
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life immunizations remain areas of active inquiry and this study endeavors to address some gaps in
the existing literature:

- Cross-national comparisons of vaccine schedules between advanced countries.
- Immunization program schedules to minimize adverse events while maintaining protection
against infectious diseases.

In this context, this study research aims to contribute to a more nuanced understanding of
vaccine safety and informing public health policy and support the development of safer, more
effective vaccination strategies that protect children while addressing parental concerns.

2. Study Design, Methods and Materials

2.1. Sample

The sample under study is based on data of 12 high-income countries by World Population
Review (2025) to have a homogeneous sample of countries with healthcare systems that are better at
detecting and diagnosing autism than are the healthcare systems of other countries. This data set of
homogenous nations with a high gross national income per capita has countries with higher and
lower autism rate per 100k people (World Population Review,2025). In particular, Higher Autism
rate countries are: Singapore, South Korea, Japan, Australia, Canada, USA, whereas Lower Autism
rate countries are: Sweden, Denmark, Norway, Finland, Italy, UK.

2.2. Variables and Sources of Data

The variables used, their definitions and sources are indicated in table 1.

Table 1. Variables and sources.

Variables and sources Description
Period under study Year 2020, 2021 (last year available)
Countries. Higher Autism rate countries: Singapore, South Korea, Japan,
Source: World Population Review (2025), Australia, Canada, USA
https://worldpopulationreview.com/country- Lower Autism rate countries: Sweden, Denmark, Norway, Finland,
rankings/autism-rates-by-country Italy, UK

Autism rate 2021 standardized per 100 000
people,
Source: World Population Review (2025),
https://worldpopulationreview.com/country-
rankings/autism-rates-by-country

Rates shown indicate the number of children out of 100,000 who have
been diagnosed at any age with autism in 2021.

Control Variable.

Vaccination Rates (%), Source: World
Population Review (2025a), Vaccination Rates
by Country 2020,
https://worldpopulationreview.com/country-

Average Percentage of Vaccination Rates 2020, Vaccinations address
the following diseases: DTP3 - Diphtheria, Tetanus, and Pertussis;
MCV1 - Measles and POL3 — Polio; Data estimates from

. . WHO/UNICEEF Estimates of National Immunization Coverage
rankings/vaccination-rates-by-country

Total number of vaccines administered to infants having less than 1
year (recommended or compulsory) from national childhood
Number of vaccines to infants < 1 year immunization schedule in sample of countries under study. Sources
of data are primary sources given by the National Immunization
Program Schedules of Governments (see below).
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Total number of doses of vaccines administered to infants having less
than 1 year (recommended or compulsory) from national childhood
Number of doses of vaccines to infants <1 year immunization schedule in sample of countries under study. Sources
of data are primary sources given by the National Immunization
program Schedule of Governments (see below).

Australia (2025) Australian Government, Department of Health, Disability and Ageing, National Immunization
Program for children, https://www.health.gov.au/topics/immunisation/when-to-get-vaccinated/national-
immunisation-program-schedule, https://www.health.gov.au/sites/default/files/2025-09/national-immunisation-
program-schedule_0.pdf
Canada (2025), Government of Canada, Recommended immunization schedules: Canadian Immunization Guide,
https://www.canada.ca/en/public-health/services/publications/healthy-living/canadian-immunization-guide-part-1-
key-immunization-information/page-13-recommended-immunization-schedules.html#plcl2a2
Denmark (2025). Statens Serum Institut. Childhood vaccination programme, https://en.ssi.dk/vaccination/the-danish-
childhood-vaccination-programme
Finland (2025). Finnish Institute for Health and Welfare. Vaccination programme for children and adults,
https://thl.fi/en/topics/infectious-diseases-and-vaccinations/information-about-vaccinations/vaccination-programme-
for-children-and-adults
Italy (2025), Regione Lombardia, Calendario Vaccinale,
https://www.wikivaccini.regione.lombardia.it/wps/portal/site/wikivaccini/DettaglioRedazionale/vaccinazioni-
disponibili/calendario-vaccinale
Japan (2025). Changes in the Immunization Schedule Recommended by the Japan Pediatric Society, May 19, 2025,
https://www.jpeds.or.jp/uploads/files/20250205 Immunization Schedule english.pdf
Norway (2025). Norwegian Institute of Public Health. Vaccination of children in Norway. [Internet]. Oslo: The
Norwegian Directorate of Health; updated Thursday, April 4, 2024 [retrieved Friday, October 3, 2025]. Available from:
https://www.helsenorge.no/en/information-in-english/vaccination-of-children/ and
https://www.fhi.no/en/va/childhood-immunisation-programme/when-will-your-child-be-offered-vaccines/
Singapour (2025) Government of Singapore, Communicable Diseases Agency, Vaccinations, Table 1: National
Childhood Immunisation Schedule, https://www.cda.gov.sg/public/vaccinations and https://isomer-user-
content.by.gov.sg/18/00b7fdea-24al-4c26-b67e-d6618£31d6cb/NCIS_Sept%202025.pdf
South Korea (2025). Vaccination for infants, Yangcheon-Gu Office, Seul,
https://www.yangcheon.go.kr/english/english/04/10402030000002016110903.jsp and
https://www.gunsan.go.kr/ cms/board/eFileDownload/434/1449916/12b2c60c49317fc21ea41eb435a79159
Sweden (2025). Vaccination programmes. The Public Health Agency of Sweden,
https://www.folkhalsomyndigheten.se/the-public-health-agency-of-sweden/communicable-disease-
control/vaccinations/vaccination-programmes/ (Accessed October, 2025)

UK (2025). NHS vaccinations and when to have them, https://www.nhs.uk/vaccinations/nhs-vaccinations-and-when-
to-have-them/ (Accessed October, 2025)

USA (2025). CDC, Vaccines & Immunizations , Child and Adolescent Immunization Schedule by Age (Addendum
updated August 7, 2025), https://www.cdc.gov/vaccines/hcp/imz-schedules/child-adolescent-catch-up.html;
https://www.cdc.gov/vaccines/hcp/imz-schedules/downloads/child/0-18yrs-child-combined-schedule.pdf (Accessed
October, 2025)

2.3. Statistical Analysis Procedure of the Scientific Experiment

The study design focuses on a logical groupings for effective comparison to analyze the
relationship between early-life vaccine exposure in infants and autism incidence:

° Higher Autism rate countries: Singapore, South Korea, Japan, Australia, Canada, USA
e  Lower Autism rate countries: Sweden, Denmark, Norway, Finland, Italy, UK

Firstly, the variables in Table 1 are analyzed with descriptive statistics given by arithmetic mean,
standard deviation, skewness and kurtosis to assess the distributions and their normality. Variables
with non-normal distribution are transformed into log-scale, to have a normal distribution for
appropriate parametric analyses.
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Secondly, the average values of Autism rate 2021 per 100k people, Number of vaccines to infants
<1 year and Number of doses of vaccines to infants < 1 year, were analyzed using the Independent
Samples t-Test to determine whether there was statistical evidence that the associated means over
time are significantly different between Western and not-western Macro regions, the two main
reference groups. The hypotheses used for the Independent Samples ¢-Test are:

H’o: pu1 = 2, the two-population means of groups are equal

H': pn # o, the two-population means of groups are not equal

Thirly, Pearson bivariate correlation between Autism rate 2021 per 100k, and both Number of
vaccines to infants <1 year and Number of doses of vaccines to infants <1 year, and partial correlation
(controlling Vaccination Rates %), with test of significance with one-tailed is applied. This analysis
supports to the next analysis about the estimation of the parameters in a relationship between
variables under study.

Thirdly, an analysis of dependence in variables was performed using a series of linear regression
models for the overall sample given by 12 countries. The first is a linear model of simple regression
that considers the Autism rate 2021 per 100k people as a function of Number of vaccines to infants <
1 year. The basic linear model is:

yi=a+ [ Xxi+ui (1)

y = dependent variable (Autism rate 2021 per 100k)

x= explanatory variable: Number of vaccines to infants <1 year.

o = constant

[3 = regression coefficient

i= countries

u = error term

The models is extended with a multiple regression considering assesses the Autism rate 2021
per 100k on explanatory variables given by both Number of vaccines to infants < 1 year and %
vaccination rate for Diptheria, Tetanus, and Pertussis, Measles and Polio disease. The specification of
the log-log model is:

logy; = ag + a; logxy; + azlogx »;  +u, )

where:

y = Autism rate 2021 per 100k, dependent variable

x1=Number of vaccines to infants < 1 year

x2= Vaccination rate for Diptheria, Tetanus, and Pertussis, Measles and Polio diseases

ut =error term

Graphical representation of the regression line is basic lo locate countries in the space, also
considering a vertical and horizontal line based on average values of variables. These lines create 4
quadrants. Each quadrant is labeled with a policy implications:

*  Critical Risk Zone — High vaccine exposure and possible high autism rates

=  Protective Policy Group — Low vaccine exposure and low autism rates

*  Transitional Risk Zone — High vaccine exposure but currently low autism rates
*  Emerging Risk Group —Low vaccine exposure, High autism rates.

Statical analyses are done with SPSS software 29.00.
3. Empirical Evidence

Table 2. Descriptive statistics.

Higher Autism Rate Countries, N=6 Mean  Std. Deviation Skewness Kurtosis
Autism rate 2021 per 100k 1273.33 200.67 -0.13 -3.00
Number of vaccines to infants < 1 year 14.83 0.98 -1.44 3.60
Number of doses of vaccines to infants <1 year 19.67 3.67 -0.70 -1.01
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Vaccination Rates (%) 95.00 2.89 -0.32 -2.23
Lower Autism Rate Countries, N=6 Mean Std. Deviation Skewness Kurtosis
Autism rate 2021 per 100k 834.33 98.78 -0.03 -2.30
Number of vaccines to infants < 1 year 8.00 2.83 0.72 -1.48
Number of doses of vaccines to infants <1 year 9.33 5.32 -0.41 -2.07
Vaccination Rates (%) 94.56 2.40 -0.10 -2.63

Descriptive statistics in table 2 shows that the first group of countries has an average rate of
autism of 1273.33 per 100,000 people, called higher autism rate countries, vs. the second group that
has an average rate of autism of 834.44 per 100k. Higher autism rate countries have also an average
of 14.83 Number of vaccines to infants < 1 year, average of 19.67 Number of doses of vaccines to
infants < 1 year and average of 95% vaccination rate for diseases: Diptheria, Tetanus, and Pertussis,
Measles and Polio. These average values are higher than countries with Lower Autism Rate Countries
having an average of 8.00 Number of vaccines to infants <1 year, average of 9.33 Number of doses of
vaccines to infants < 1 year and average of 94.56% vaccination rate.

Table 3. Independent Samples Test based on average mean of variables under study in Higher vs. Lower autism

rate countries, variables in log scale.

Levene’s Test for

-test for Equality of
Equality of Variances -test for Equality of Means

Degrees of Sig.

Equal Variances F Sig. t-test Froedom (2-tailed)
Autism rate 2021 per 100k assumed 3.81 0.079 -5.133 10 0.001
not assumed -5.133 9.246 0.001
Number of vaccines to infants <1 assumed 10.742 0.008 -4.654 10 0.001
year not assumed -4.654 5.4 0.005
Number of doses of vaccines to assumed 13.241 0.005 -2.927 10 0.015
infants <1 year not assumed -2.927 5.704 0.028

Note: T-test groups are based on Higher vs. Lower Autism Rate Countries.

Since p-value < .01 of the Independent Samples Test in table 3 is less than significance level a =
0.05, this statistical analysis can reject the null hypothesis, and conclude that the mean of variables
for the group of higher autism rate countries is significantly different and higher than second group
including countries with lower autism rate per 100k people.

Bivariate correlation in table 4 shows that Autism rate 2021 per 100k has a high significant
positive with Number of vaccines to infants <1 year (r=0.66, p-value< 0.05) and Number of doses of
vaccines to infants < 1 year (r=0.65, p< 0.05): higher Number of vaccines and doses to infants to infants
<1 year are positively associated with Autism rate 2021 per 100k (for normality of distributions see
table 1A in Appendix) Since this value can be affected by general vaccination rate, Partial correlation
in table 5 (controlling percentage of vaccination rate for Diptheria, Tetanus, and Pertussis, Measles
and Polio diseases) reveals a (positive) relationship that is stronger: autism rate has a high significant
positive with Number of vaccines to infants <1 year (r=0.87, p-value< 0.001) and Number of doses of
vaccines to infants < 1 year (r=0.79, p< 0.01).

Table 4. Bivariate Correlation, (1-tailed), (log scale).

Number of
) . Number of doses ..
Variables Autism rate  vaccines to of vaccines to Vaccination
2021 per 100k  infants<1 Rates (%)
infants <1 year
year
Autism rate 2021 per 100k 1 0.66* 0.65* 0.49
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Number of vaccines to infants <1 year 1
Number of doses of vaccines to infants <1 year 1
Vaccination Rates (%) 1

Note: *Correlation is significant at the 0.05 level (1-tailed).

Table 5. Partial Bivariate Correlation, (1-tailed), controlling Vaccination Rates (%) in population, Log Scale.

Number of Number of doses of

Control Variable: Autism rate . . .
Vaccination Rates (%) 2021 per 100k vaccines to  vaccines to infants <
infants <1 year 1 year
Autism rate 2021 per 100k 1 0.87%** 0.79**
Number of vaccines to infants <1 year 1
Number of doses of vaccines to infants <1 year 1

Note: values in log scale, Note:***=p-value <0.001, ** p-value =0.01.

Parametric estimate of the linear model as function of time in table 6 (log-log model) shows that
a 1% increase in the Number of vaccines to infants < 1 year, it increases the level of autism rate by
0.40% (p-value 0.05). Multivariate regression also in table 6 shows stronger results. Partial coefficient
of Number of vaccines to infants < 1 year (controlling Vaccination rate for Diptheria, Tetanus, and
Pertussis, Measles and Polio diseases) suggests that a 1% increase, it increases the autism rate per
100k by 0.47 (p-value 0.001). The coefficient R? of linear models explains about 81% of the variance in
the data. The F ratio of the variance explained by the model to the unexplained variance is significant
(p-value<0.001), then predictors reliably predicts response variable (i.e., autism rate). These results
seems to show a main relation of autism rates increases and the driver of number of vaccines to

infants <1 year.

Table 6. Parametric estimates of the linear model considering as response variables Autism rate 2021 per 100k

with simple and multivariate regression (log-log linear model).

Simple regression Explanatory variable: Number of vaccines to infants <1 year
Dependent variable Constant, o Coefficient, 1 Stand. Coeff. Beta R2 F
Autism rate 2021 per 100k 5.98*** 0.40* 0.66 043 7.61*
Multivariate regression Response variable: Autism rate 2021 per 100k
Predictors
Constant —21.34**
Number of vaccines to infants 0,47
<1year
Vaccination rate for Diptheria,
Tetanus, and Pertussis, 5.97**

Measles and Polio diseases

R? 0.81
F 19.40***

Note: **=p-value<0.001, **=p-value<0.01,*=p-value<0.05.

Figure 1 shows the graphical representation of the relation of autism rate on number of vaccines
to infants < 1 year with the location of countries under study. Figure 1 also has a vertical and
horizontal line indicating average values. These lines create 4 quadrants. Countries are concentrated

in two main quadrants.
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Figure 1. Regression line of the autism rate on number of vaccines to infants < 1 year with the location of
countries under study. Note: Each quadrant is labeled with a policy implications: Critical Risk Zone — High
vaccine exposure and high autism rates; Protective Policy Group — Low vaccine exposure and low autism rates,
Transitional Risk Zone — High vaccine exposure but currently low autism rates (Italy and UK); Emerging Risk

Group —not populated in current data.

In the bottom-left quadrant, countries with lower number of vaccines administrated to infants
less than 1 year and lower incidence of autism rate (Norway, Denmark, Finland, Sweden). In contrast,
countries in the upper right quadrant have both higher number of vaccines administrated to infants
<1 year (above the mean) and higher incidence (above the mean) of autism rate per 100k (Australia,
Canada, USA, Singapore, Japan, South Korea). Italy and UK are the only countries in the bottom-
right quadrant but it seems that they have a behaviour towards the convergence in countries with
high autism rates. The results presented in Figure 1 can be used to categorize countries as follows to
suggest health policy implications:

e  Critical Risk Zone (Upper-right): High Vaccine Exposure—High Autism Incidence. Countries in this
group show a concerning correlation between early-life vaccine intensity and elevated autism
incidence.

o  Emerging Risk Zone (Upper-left)- — Low Vaccines/High Autism Rates. Although not currently
populated, this quadrant would represent countries with low vaccine exposure but
unexpectedly high autism rates—warranting further investigation.

e  Protective Policy Countries III (bottom-left) — Low Vaccines/Low Autism Rates. These countries
demonstrate a potentially protective effect of lower early-life vaccine exposure, with
correspondingly lower autism rates.

e Transitional Area (bottom-right) — High Vaccines/Low Autism Rates. Countries like Italy and UK
may currently show low autism rates despite high vaccine exposure, but trends suggest possible
convergence toward higher risk zone —requiring close monitoring and policy reassessment.

4. Discussion and Public Health Implications

Building on the introduction’s exploration of autism spectrum disorder (ASD) and its rising
global prevalence (American Psychiatric Association, 2022; Talantseva et al., 2023; Grosvenor et al.,
2024), this study investigates whether early-life vaccine exposure—specifically the number and
timing of vaccines administered to infants under one year —is statistically associated with national
autism rates.

A significant gap in the existing literature on autism and vaccine exposure lies in the lack of
cross-national, data-driven analyses that examine the timing and intensity of early-life vaccinations
in relation to autism prevalence. Most prior studies have focused on single-country cohorts or have
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explored vaccine safety in general terms, often emphasizing the absence of a causal link between
vaccines and autism (Gulati et al., 2025; Catli and C)zyurt, 2025; Doja and Roberts, 2006). While these
studies are basic, they rarely investigate whether variations in vaccine scheduling and dosage
intensity across countries might correlate with autism incidence. This study addresses that gap by
conducting a comparative analysis across multiple countries, examining whether the number and
timing of vaccines administered to infants <1 year are statistically associated with national autism
rates per 100,000 people. The results presented in Tables 2 through 6 and Figure 1 provide a data-
driven perspective on this complex issue. Figure 1 offers a compelling visual representation of these
relationships. Countries are plotted based on their autism rates and number of vaccines to infants <1
year, with average lines dividing the graph into four quadrants. The study provides robust evidence
of a positive association between vaccine intensity and autism rates—even after controlling for
general vaccination coverage. Hence, the stronger partial correlations and regression coefficients in
this study suggest that vaccine intensity may be a contributing factor to autism prevalence. These
findings echo concerns raised by Tomljenovic and Shaw (2011), who argued that aluminum adjuvants
in vaccines may contribute to neuroimmune disorders. Ramachandran and Grose (2024) also
documented rare neurological adverse events following varicella vaccination, while Nath (2023)
emphasized that despite improved safety profiles, vaccines are not without neurological side effects.
Instead, Miravalle and Schreiner (2014) stressed the importance of distinguishing temporal
associations from causality, noting that autism symptoms often emerge around the same age as
routine vaccinations. Mawson and Jacob (2025) similarly found increased neurodevelopmental
disorders among vaccinated children in a Florida Medicaid cohort, supporting the need for further
investigation into cumulative exposure effects. However, the results diverge from the broader
scientific consensus, which maintains that vaccines do not cause autism (Gulati et al., 2025; Catli and
Ozyurt, 2025; Doja and Roberts, 2006).
The results here can be important for several reasons:

1. They challenge the assumption that vaccine coverage alone is the key variable, suggesting that
vaccine intensity and timing in infants having less than 1 year may also play a role in
neurodevelopmental outcomes.

2. They offer a new framework for categorizing countries based on inter-relationships between
autism rates and vaccine exposure, which can guide targeted health policy interventions.

3. They provide actionable insights for health policymakers, who can use these findings to reassess
immunization program schedules, especially for vulnerable populations such as preterm infants
or those with genetic predispositions.

In short, the study contributes to a more nuanced understanding of vaccine safety, supporting
evidence-based public health strategies that balance disease prevention with neurodevelopmental
well-being.

4.1. Explanation of Possible Causes in Relation Under Study

This study provides new insights into possible contributors to high autism rates in certain
countries, particularly focusing on the role of early-life vaccine exposure. By analyzing cross-national
data, the research identifies a statistically significant association between the number and timing of
vaccines administered to infants under one year of age and national autism incidence rates. Countries
such as the United States and Japan, which fall into the Critical Risk Zone (Figure 1), exhibit both
high vaccine dose intensity and elevated autism rates—suggesting a potential link that warrants
further exploration. In these countries, infants receive an average of 15 different vaccines and about
20 doses within the first year of life, compared to 8 vaccines and 9 doses in countries with lower
autism rates. The statistical analyses consistently show that increased vaccine dose intensity is
positively associated with autism rates. These findings do not imply causality but suggest that the
concentration and timing of vaccine administration, particularly in the first 4-6 months, may be a
contributing factor in countries with high autism prevalence. Several mechanisms may explain this
association. The infant immune system is still developing during the first year of life, and exposure
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to multiple immunological stimuli in a short timeframe could potentially influence
neurodevelopment in vulnerable populations (Tomljenovic & Shaw, 2011; Nath, 2023). Moreover,
countries like the U.S. and Japan have highly standardized and intensive immunization schedules,
which may not account for individual risk factors such as prematurity, genetic predisposition, or
family history of neurodevelopmental disorders (Mawson & Jacob, 2025). Autism disorders is also
higher in some countries that administer the first vaccines at birth (e.g., Usa, Canada, Australia), and
in the first year of infants also vaccines for varicella, hepatitis B (e.g., Usa, Canada, Australia, Japan,
etc.) and Japanese encephalitis (e.g., Japan and South Korea). These results are important for health
policymakers. They suggest that revisiting vaccine scheduling—such as delaying certain doses
beyond 3 months and reducing the concentration of vaccines in the first year —could be a prudent
strategy, especially for at-risk infants. Countries in the Protective Policy Cluster (e.g., Norway,
Denmark, Finland) demonstrate lower autism rates and less intensive vaccine schedules, offering
potential models for safer immunization practices. In short, while vaccines are essential for
preventing infectious diseases, this study highlights the need for revising immunization program
schedules, reducing vaccine intensity in the first year, and more personalized and developmentally
sensitive vaccine policies. Future research should also explore biological mechanisms related to
fragile immune system in infants and long-term outcomes to better understand how vaccine intensity
and timing may interact with neurodevelopmental disorders.

4.2. Contribution of This Study for Improving Public Health Policy in Vaccination Schedules

This study makes a significant contribution to public health by identifying a statistically
significant association between early-life vaccine intensity and national autism rates. One of the key
policy-relevant findings is that delaying the administration of certain vaccines beyond the first 3
months, and reducing the number of vaccines in the first year, may help mitigate autism risk —
particularly in vulnerable populations. This approach aligns with best practices observed in Nordic
countries, where vaccine schedules are more spaced out and autism rates are comparatively lower.
Importantly, the study also opens the perspective to considering sex differences in autism prevalence.
Research such as Loomes et al. (2017) have shown that males are significantly more likely to be
diagnosed with autism than females, suggesting that biological susceptibility may differ by sex. This
implies that vaccine scheduling could be further personalized, with greater caution applied to male
infants who have an immune system with some natural differences compared to female infants and
may be more neurologically sensitive during early development.

Hence, for policymakers, the implications for public health policies can be:

e  Reassess vaccine schedules to reduce vaccine intensity in the first year of life.

e  Delay non-critical vaccines until after 4-6 months, when the infant immune system is more
mature.

e  Monitor sex-specific responses to vaccine exposure and consider tailored approaches.

e  Adopt best practices from countries with lower autism rates and more gradual immunization
schedules.

By integrating these findings into public health strategies, governments can maintain high
immunization coverage while potentially reducing autism risk —supporting both infectious disease
prevention and neurodevelopmental health.

5. Conclusions and Prospects

This study offers a critical contribution to the ongoing discourse on vaccine safety and
neurodevelopment by identifying a statistically significant association between early-life vaccine
intensity and national autism rates. Its findings challenge conventional assumptions and open new
perspective of vaccination policies in infants for thinking about how vaccines are administered to
infants under one year of age. Traditionally, vaccine schedules have prioritized early protection
against infectious diseases, with many doses concentrated in the first 1 to 12 months of life. While
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this approach has been effective in reducing morbidity and mortality from preventable illnesses
(Nath, 2023), the study suggests that such intensity may have unintended neurodevelopmental
consequences —particularly in countries like the United States and Japan, which show both high
vaccine counts and elevated autism rates. By comparing countries with different vaccine schedules
and autism prevalence, the research highlights the potential benefits of delaying certain vaccines
beyond the first 3 months and reducing the number of vaccines administered in the first year.
Countries such as Norway and Finland, which follow more gradual immunization schedules,
demonstrate lower autism rates and may serve as models for best practices in health policies of
immunization program schedule. These findings, of course, do not argue against vaccination but
rather advocate for more developmentally sensitive scheduling, especially during the critical early
months of immune system and brain development. Moreover, the study encourages a shift toward
personalized vaccine strategies. Recognizing that autism prevalence differs by sex —with males being
more frequently diagnosed (Loomes et al., 2017)—it suggests that vaccine timing might be tailored
to account for biological susceptibility. This could involve closer monitoring of male infants or
adjusting schedules based on individual risk factors such as prematurity or family history of
neurodevelopmental disorders. In essence, the larger significance of this research lies in its potential
to inform safer, more effective vaccine policies. The study suggests a balanced approach that
maintains high immunization coverage while minimizing neurodevelopmental risks. This paradigm
shift in vaccination policies for infants less than 1 year could lead to improved public trust, better
health outcomes, and more responsive public health systems (Chaufan and Hemsing, 2024; Benati
and Coccia, 2022; Kargi et al., 2023; Kargi, and Coccia, 2024; Magazzino et al., 2022; Coccia, 2022,
2023).

5.1. Theoretical Implications of This Study for Improving National Immunization Schedules

This study offers important theoretical implications for the global generalization of vaccine
scheduling practices, particularly in the context of reducing autism incidence. By identifying a
statistically significant association between early-life vaccine intensity and national autism rates, it
challenges the one-size-fits-all approach to infant immunization and encourages a more
developmentally sensitive framework. Countries like Norway and Finland serve as exemplary
models. They maintain high vaccination coverage while administering fewer vaccines and doses to
infants under one year of age. Their schedules are more gradual, often delaying non-critical vaccines
until after 4-6 months, allowing the infant immune and neurological systems more time to mature.
These countries also report lower autism rates, suggesting that their policies may offer a protective
effect. The theoretical implication is that timing and concentration of vaccine exposure —not just
coverage—are critical variables in shaping neurodevelopmental outcomes. Generalizing these
findings worldwide implies a shift toward adaptive vaccine scheduling, where immunization
programs are tailored to the developmental needs of infants. This includes:

e  Delaying certain vaccines beyond the first 3 months, especially for non-life-threatening diseases.

e  Reducing the number of vaccines administered in the first year, without compromising overall
protection.

e  Considering sex-based biological differences, as males are more frequently diagnosed with
autism (Loomes et al., 2017), suggesting a need for differentiated scheduling or monitoring.

Such a framework supports a precision public health approach, integrating epidemiological
data, developmental science, and international best practices for public health. It encourages
policymakers to move beyond rigid schedules and adopt flexible, evidence-based strategies that
prioritize both infectious disease prevention and neurodevelopmental safety. Hence, this study lays
the groundwork for a global rethinking of vaccine administration in infancy —one that balances
efficacy with developmental sensitivity, and promotes long-term health outcomes across diverse
populations.

5.2. Health Policy Implications of This Study
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These findings have significant implications for basic public health policy:

1. Reevaluating Vaccine Schedules: While vaccines are essential for preventing infectious diseases
(Nath, 2023), the timing and intensity of early-life immunizations may need reconsideration.
Personalized schedules that account for individual risk factors —such as prematurity or family
history of neurodevelopmental disorders —could mitigate potential adverse effects (Pichichero,
2014; Sadeck and Kfouri, 2023, Shattock et al., 2024).

2. International Benchmarking: Countries with a protective policy in figure 1 (e.g., Norway,
Denmark, Finland) may serve as models for balancing effective immunization with lower autism
prevalence. Policymakers can learn from these systems to optimize vaccine delivery.

3. Targeted Monitoring: Countries in transitional area of figure 1, like Italy and the UK, should be
closely observed for trends in autism incidence. Early intervention and policy adjustments may
prevent convergence toward higher-risk profiles.

Overall, then, the findings of this study have important implications for health policy,
particularly in the context of vaccine scheduling and neurodevelopmental safety. The statistically
significant association between early-life vaccine intensity and national autism rates suggests that
current immunization schedules —especially those concentrated in the first year of life —may benefit
from reassessment. Countries like the United States, Australia and Japan, which administer a high
number of vaccines to infants under one year, also report elevated autism rates. In contrast, countries
such as Norway and Finland, which follow more gradual vaccine schedules, show lower autism
prevalence, indicating a potential protective effect. These results support a policy shift toward
developmentally sensitive vaccine scheduling, including delaying non-critical vaccines until after 4—
6 months and reducing the number of vaccines administered in the first year. Such adjustments could
help mitigate potential neurodevelopmental risks while maintaining high immunization coverage.
Nath (2023) calls for coordinated global action involving manufacturers, healthcare agencies,
scientists, and legislators to investigate vaccine-related neurological adverse events and develop
preventive and therapeutic strategies. This study reinforces Nath’s (2023) call by providing empirical
evidence that could guide such collaborative efforts. Health policymakers should consider
integrating these findings into national immunization programs, promoting flexible, evidence-based
schedules that prioritize both infectious disease prevention and neurodevelopmental health.
Enhanced surveillance, transparent communication, and international cooperation will be essential
to ensure vaccine safety and public trust.

5.3. Limitations and Future Prospects

While this study provides compelling evidence of a statistically significant association between
early-life vaccine intensity and national autism rates, some limitations must be acknowledged.

First, the study relies on aggregate national data, which may obscure important individual-level
variations. Autism diagnosis rates can be influenced by differences in healthcare access, diagnostic
criteria, cultural attitudes, and reporting practices across countries. These factors may confound the
observed associations and limit the generalizability of the findings. Second, the study does not
establish causality. Although strong correlations were found between vaccine dose intensity and
autism rates, these do not confirm a direct causal relationship. Autism is a multifactorial condition
influenced by genetic, environmental, and developmental factors (Talantseva et al., 2023; Grosvenor
et al., 2024), and vaccine exposure may be one of many interacting variables. Third, the study does
not include longitudinal data, which would be necessary to track developmental outcomes over time
and assess delayed effects of early-life vaccine exposure.

Future studies should focus on Controlled studies that examine vaccine timing, dose
concentration, and composition in relation to neurodevelopmental markers; Sex-specific analyses,
given known differences in autism prevalence (Loomes et al.,, 2017); Integration with surveillance
systems, as Nath (2023) recommends, to investigate vaccine-related neurological events and guide
safer immunization practices. Such research would strengthen the evidence base and support more
personalized, developmentally sensitive vaccine policies worldwide.
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To conclude, this study provides statistically significant evidence of a positive association
between early-life vaccine intensity and national autism rates, suggesting that vaccine scheduling
may play a role in neurodevelopmental outcomes. While causality is not established, the findings
support a reconsideration of current immunization practices, especially in countries with high autism
prevalence and intensive early-life vaccine schedules. As Miravalle and Schreiner (2014) emphasize,
distinguishing between temporal associations and causal links is essential to address public
misperceptions and guide responsible health policy. In this context, this research contributes to that
effort by offering data-driven insights that can inform safer, developmentally sensitive vaccine
strategies for public health policies in nations and worldwide.

Supplementary Materials: The following supporting information can be downloaded at the website of this

paper posted on Preprints.org, Table 1A. Descriptive statistics, Log scale, N=12 Countries.
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