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There  has  been  enormous  debate  regarding  the  possibility  of a link  between  childhood  vaccinations  and
the subsequent  development  of  autism.  This  has  in  recent  times  become  a  major  public  health  issue  with
vaccine  preventable  diseases  increasing  in  the community  due  to  the fear  of a ‘link’  between  vaccinations
and  autism.  We  performed  a meta-analysis  to  summarise  available  evidence  from  case-control  and  cohort
studies on  this  topic  (MEDLINE,  PubMed,  EMBASE,  Google  Scholar  up  to  April, 2014).  Eligible  studies
assessed  the  relationship  between  vaccine  administration  and  the subsequent  development  of  autism  or
autism  spectrum  disorders  (ASD).  Two  reviewers  extracted  data  on  study  characteristics,  methods,  and
outcomes.  Disagreement  was  resolved  by  consensus  with  another  author.  Five  cohort  studies  involving
1,256,407  children,  and  five  case-control  studies  involving  9,920  children  were  included  in this  analysis.
The  cohort  data  revealed  no  relationship  between  vaccination  and  autism  (OR:  0.99;  95%  CI:  0.92  to  1.06)
or  ASD  (OR:  0.91; 95% CI:  0.68  to 1.20), nor  was  there  a relationship  between  autism  and  MMR  (OR: 0.84;
95%  CI:  0.70 to  1.01),  or thimerosal  (OR: 1.00; 95%  CI:  0.77  to 1.31),  or mercury  (Hg)  (OR: 1.00;  95%  CI:
0.93  to 1.07).  Similarly  the  case-control  data  found  no  evidence  for increased  risk  of  developing  autism

or ASD  following  MMR,  Hg,  or thimerosal  exposure  when  grouped  by condition  (OR:  0.90,  95%  CI:  0.83
to  0.98; p  =  0.02)  or grouped  by  exposure  type  (OR:  0.85, 95%  CI: 0.76  to 0.95;  p = 0.01).  Findings  of  this
meta-analysis  suggest  that vaccinations  are  not  associated  with  the  development  of  autism  or  autism
spectrum  disorder.  Furthermore,  the  components  of the vaccines  (thimerosal  or  mercury)  or  multiple
vaccines  (MMR)  are  not  associated  with  the  development  of  autism  or autism  spectrum  disorder.
. Introduction

Over the past several years much concern has been raised
egarding the potential links of childhood vaccinations with the
evelopment of autism and autism spectrum disorders (ASD). The
accinations that have received the most attention are the measles,
umps, rubella (MMR)  vaccine and thimerosal-containing vac-

ines such as the diphtheria, tetanus, pertussis (DPT or DT) vaccine.
 rising awareness of autism incidence, prevalence, and the pos-

ulated causation of childhood vaccinations has led to both an
ncreased distrust in the trade-off between vaccine benefit out-

eighing potential risks and an opportunity for disease resurgence.
his is especially concerning given the fact that the CDC reported 17

easles outbreaks in the U.S. in 2011 and NSW, Australia also saw

 spike in its measles notifications from late 2011 to mid-July 2012
1,2]. Vaccine-preventable diseases clearly still hold a presence in
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modern day society and the decision to opt out of MMR  or other
childhood vaccination schedules because of concerns regarding the
development of autism should be properly evaluated with avail-
able evidence. To date there have been no quantitative data analysis
pooling cohort and case-control studies that have assessed the rela-
tionship between autism, autistic spectrum disorder and childhood
vaccinations.

This meta-analysis aims to quantitatively assess the available
data from studies undertaken in various countries regarding autism
rates and childhood vaccination so that the relationship between
these two, whatever its significance, can be adequately substanti-
ated.

2. Methods

2.1. Study protocol
We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines to conduct our
review and analysis [3,4]. The PRISMA guidelines have been
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http://www.sciencedirect.com/science/journal/0264410X
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or thimersal exposure. In addition we performed subgroup anal-
yses by exposure type investigating the individual likelihood of
developing autism or ASD depending on whether the participants

Potentially relevant 

studies identi�ied and 

screened for retrieval 

(n=1112)

Studies excluded after inspection 

of abstracts (n=953)

Studies retrieved for more 

detailed evaluation 

(n=159)

Potentially appropriate 

studies to be included in 

the meta-analysis (n=46)

Studies included in meta -

analysis (n=10)

Studies with usable 

Studies excluded for having no 

cohort data (n=113)

Studies excluded for not meeting 

inclusion criteria (n=36)

Studies withdrawn, by outcome 

(n=0)
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eveloped in an attempt to standardise reporting in systematic
eviews and include a four-phase flow diagram as well as a checklist
f 27 items deemed necessary for transparent reporting of results
f meta-analyses. A systematic search of the databases Medline
from 1950), PubMed (from 1946), Embase (from 1949), and Google
cholar (from 1990) through to April 2014, to identify relevant arti-
les was completed. The following combinations or search terms
ere used to search all databases: vaccine; immunise; immunisa-

ion; autism; autistic; Asperger; pervasive developmental disorder
nd PDD. The search strategy was peer reviewed by two  indepen-
ent experts prior to implementation. The reference lists of relevant
rticles were also searched for appropriate studies. No language
estrictions were used in either the search or study selection. A
earch for unpublished literature was not performed.

.2. Eligibility criteria

This review included retrospective and prospective cohort stud-
es and case-control studies published in any language looking at
he relationship between vaccination and disorders on the autistic
pectrum. No limits were placed on publication date, publication
tatus, or participant characteristics. Studies were included that
ooked at either MMR  vaccination, cumulative mercury (Hg) or
umulative thimerosal dosage from vaccinations to ensure all pro-
osed causes of ASD or regression were investigated. Outcome
easures included development of any condition on the autistic

pectrum as well as those specifically looking at regressive pheno-
ype. Papers that recruited their cohort of participants solely from
he Vaccine Adverse Event Reporting System (VAERS) in the United
tates were not included due to its many limitations and high risk
f bias including unverified reports, underreporting, inconsistent
ata quality, absence of an unvaccinated control group and many
eports being filed in connection with litigation [5,6]. We excluded
tudies that did not meet the inclusion criteria.

.3. Study selection

Two authors (LT, AS) independently reviewed the abstracts and
ethods of returned results to assess for eligibility for inclusion.
isagreements between reviewers were resolved by consensus
ith the third author (GE).

.4. Data collection process

Data was extracted manually by one author (LT) which was
ubsequently reviewed by another author (GE). Where data on
ultiple endpoints was available, the longest duration between

xposure and measurement of outcome was used. Where data
n multiple doses of mercury were available, the data used was
hat when the largest dose was given. Where data was provided
djusted for confounding variables, the result that was  adjusted
or the most variables was  included. Duplicate publications were
etermined and excluded by juxtaposing authors’ names, sample
izes of treatment and control groups, and subsequent odds and
isk ratios.

.5. Data items

Information was extracted from each paper on (1) study design;
2) country of study; (3) sample sizes (including total number of
articipants, and number of participants in each treatment arm);

4) intervention (including type, dose and timing of vaccination);
5) outcome measure (including development of autistic disorder,
ther autism spectrum disorder, or autistic disorder with regres-
ion); (6) and measures of effect (including calculated odds and
2 (2014) 3623–3629

risk ratios and the confounding variables for which they were
adjusted).

2.6. Risk of bias in individual studies

Risk of bias was assessed independently by two  authors (LT,
AS) using the appropriate Newcastle-Ottawa scale (NOS) [7] with
disagreements resolved by consensus with the other author (GE).
The NOS scale has three components assessing studies on partici-
pant selection, comparability, and outcome/exposure assessment.
A study is awarded stars for items within each category for a max-
imum of nine stars. We  decided to rate studies as low risk of bias
if they received nine stars, moderate risk of bias if they received
seven or eight stars, and high risk of bias if they received less.

2.7. Statistical analysis

Pooled odds ratios and 95% confidence intervals were calculated
for the effect of vaccinations on the development of autism using
a random effects model [8]. For both case-control and cohort stud-
ies, an overall pooled odds ratio was  calculated. Subsequently we
divided the data and performed subgroup analyses to investigate
risk of developing either autism alone or ASD alone after MMR,  Hg,
information, by outcome 

(n=10)

Fig. 1. Flowchart of search strategy.
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ad received the MMR  vaccine, the measles vaccine alone, or had
xposure to thimerosal or Hg.

We  tested heterogeneity with Cochran’s Q statistic, with p < 0.10
ndicating heterogeneity, and quantified the degree of heterogene-
ty using the I2 statistic, which represents the percentage of the
otal variability across studies which is due to heterogeneity. I2

alues of 25, 50 and 75% corresponded to low, moderate and high
egrees of heterogeneity, respectively [9]. We  quantified publica-
ion bias using the Egger’s regression model where effect estimates
re graphed against sample size and symmetry of the resultant
unnel plot is assessed. This approach assumes that larger studies
ill produce results nearer the average and smaller studies will be

pread on both sides of the average, which is useful to detect bias
n meta-analyses that are later contradicted by large trials [10]. In
ddition, Rosenthal’s fail-safe number was calculated to assess pub-
ication bias, which calculates the number of additional ‘positive’
r ‘negative’ studies that would be required to change the out-
ome of the meta-analysis [11]. All analyses were performed with
omprehensive Meta-Analysis (version 2.0), Biostat, Englewood, NJ
2005).

. Results

.1. Study selection

The search of Medline, PubMed, and Embase returned 519,
18, and 1133 results, respectively. After adjusting for duplicates,
112 papers in total remained, 953 were excluded immediately
n inspection of the abstracts as they clearly did not meet inclu-
ion criteria, leaving 159 papers whose methods sections were
nalysed in more detail to determine suitability. No unpublished
elevant studies were obtained. Five additional papers were found
n examination of relevant reference lists. A further 113 were iden-
ified as having no possible case-control or cohort data and were
xcluded, leaving 46 papers to which the inclusion criteria were
pplied (Fig. 1). A total of five case-control studies and five cohort
tudies were identified for inclusion in the review.

.2. Study characteristics

All five cohort studies selected for inclusion were retrospec-
ive cohort studies published in English (Table 1). The total sample
valuated among these cohort studies consisted of 1,256,407 chil-
ren. Two studies [12,13] had data looking specifically at MMR
accination, two [14,15] had data specifically on cumulative Hg
osage, while one [16] had two data sets looking specifically at
himerosal exposure. All studies looked at the development of
utism or other ASD among large populations as the defined out-
ome, with the exception of one [13] that investigated specifically
he development of the regressive phenotype of autism compared
o non-regressive autism.

The five case-control studies were published in English and
nvestigated a total sample of 9920 children (Table 2). Four of the
ve studies had data specifically on MMR  vaccination [17–21] and
ubsequent risk of autism or ASD, two of the five studies had data
n the monovalent measles vaccine [18,20], and one study had
hree data sets investigating cumulative Hg/thimerosal exposure
nd subsequent risk of developing autism, ASD, or autism with
egressive phenotype [22].

.3. Risk of bias within studies
.3.1. Cohort studies
Using the NOS, two studies were rated as having low risk of

ias [14,16], two as moderate risk [12,15], and one was rated as
aving a high risk of bias [13]. Specific ratings for each study are
2 (2014) 3623–3629 3625

included in Table 1. Bias encompassed in the assessment of the
study by Uchiyama included selection bias due to recruitment of all
participants from a private clinic, poor definition and inadequate
description of assessment of regression, and a lack of controlling for
comparability between the “MMR  Generations” and “pre- and post-
MMR  Generations”. The study by Madsen also has the potential for
bias as a result of investigating MMR  vaccination status as opposed
to a cumulative dosage of thimerosal or Hg. As the Hg or thimerosal
dosage in vaccinations varies, there is a degree of fluctuation in the
amount of exposure to the individuals within a population studied.
In contrast, when using the binary system of vaccinated versus non-
vaccinated in a population with such high immunisation coverage
to investigate the risk of ASD, the unvaccinated group is at much
higher risk of being non-representative of the larger population for
many additional reasons thus creating bias. We  have continued to
include it in our meta-analysis despite risk of bias as it still provides
valuable evidence for the question of the increased risk of autism or
ASD in the vaccinated population compared to those unvaccinated,
despite bias affecting the implications that can be drawn about the
causal nature of the relationship. Follow-up periods for each of the
cohort studies varied with time periods of 5 years (at least 3 years
of data per individual) [13], 8 years (at least 2 years of data per
individual) [15], 8 years [12], 11 years (at least 2 years of data per
individual) [14], and individuals followed from 1 to 11 years [16].
The mean length of follow-up of the five cohort studies is 8.6 years,
with the range being 5 years to 11 years.

3.3.2. Case-control studies
Using the NOS, one study was assessed as having low risk of bias

[19], and four as having moderate risk [17,18,21,22] (Table 2). All
case-control studies had good methodology for case and control
selection, as well as comparability, however, adequate description
of non-response rate was a recurring problem.

3.4. Outcomes

3.4.1. Cohort studies
All five cohort studies included for meta-analysis reported neg-

ative findings in their individual investigations of MMR,  Hg or
thimerosal and autism, other ASD, or autism with regression. Com-
bining the data for a summary odds ratio found no increased risk of
developing autism or ASD following MMR,  Hg, or thimerosal expo-
sure (OR: 0.98, 95% CI: 0.92 to 1.04; I2 = 0.00, p = 0.45) (Fig. 2). The
results of the subgroup analyses investigating the risk of develop-
ing either autism alone (OR: 0.99, 95% CI: 0.92 to 1.06; I2 = 0.00,
p = 0.80), or ASD alone (OR: 0.91, 95% CI: 0.68 to 1.20; I2 = 55.6,
p = 0.10) after exposure to MMR,  Hg or thimerosal were not sup-
portive of a causal link (Fig. 3). On dividing the data to investigate
each exposure type individually, there was  not an increased risk of
developing autism or ASD following Hg exposure (OR: 1.00, 95% CI:
0.93 to 1.07; I2 = 0.00, p = 0.89), thimerosal exposure (OR: 1.00, 95%
CI: 0.77 to 1.31; I2 = 38.78, p = 0.20), or MMR  vaccination (OR: 0.84,
95% CI: 0.70 to 1.01; I2 = 0.00, p = 0.55) alone (Fig. 4).

3.4.2. Case-control studies
The five case-control studies included in the analysis all indi-

vidually reported finding no evidence for an association between
vaccination and ASD. The overall odds ratio for risk of developing
autism or ASD following MMR,  Hg, or thimerosal exposure was  non-
significant when data was  grouped by condition (OR: 0.90, 95% CI:
0.83 to 0.98; p = 0.02) or grouped by exposure type (OR: 0.85, 95%
CI: 0.76 to 0.95; p = 0.01). Again the results of the subgroup analy-

ses were similarly negative, with risk of developing autism alone
(OR: 0.69, 95% CI: 0.54 to 0.88; I2 = 66.97, p < 0.001) or ASD alone
(OR: 0.94, 95% CI: 0.86 to 1.03; I2 = 41.73, p = 0.06) after exposure
to MMR,  Hg or thimerosal being non-significant. The odds ratios
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Table 1
Characteristics of cohort studies included in the analysis.

Andrews [14] Hviid [16] Madsen [12] Uchiyama [13] Verstraeten [15]

Study design Retrospective cohort Retrospective cohort Retrospective cohort Retrospective cohort Retrospective cohort
Country  U.K. Denmark Denmark Japan U.S.A.
Sample size 109,863 467,450 537,303 904 140,887
Participants Children born in the

United Kingdom from
1988 to 1997 and were
registered in general
practices that
contributed to a
research database

All children born in
Denmark from January
1990 until December
1996

All children born in
Denmark from January
1991 through
December 1998

Children of the
Yokohama
Psycho-Developmental
Clinic in Japan with a
diagnosis of autistic
spectrum disorder
(DSM-IV code 299.00)
born 1976–1999

Infants born at one of
three health
maintenance
organisations in USA
during 1992 to 1999

Intervention Cumulative Hg dose
from DTP/DT
vaccinations

Vaccination with a
thimerosal-containing
vaccine compared to
vaccination with a
thimerosal-free
formulation of the
same vaccine

MMR-vaccination at 15
months (vaccine
strains: Moraten
(measles), Jeryl Lynn
(mumps), and Wistar
RA 27/3 (rubella))

MMR vaccination Cumulative Hg
exposure from
thimerosal-containing
vaccinations

Outcomes Risk of developing
neurodevelopmental
disorders (including
general developmental
disorders, language or
speech delay, tics, ADD,
autism (ICD-9 code
299.0), unspecified
developmental delay,
behaviour problems,
encopresis, and
enuresis)

Risk of developing
autistic disorder
(ICD-10 code F84.0,
DSM-IV code 299.00)
or other
autistic-spectrum
disorders (ICD-10
codes F84.1–F84.9,
DSM-IV codes
299.10–299.80)

Risk of developing
autistic disorder
(ICD-10 code F84.0,
DSM-IV code 299.00)
or  other
autistic-spectrum
disorders (ICD-10
codes F84.1–F84.9,
DSM-IV codes
299.10–299.80)

Odds of developing
regressive phenotype
of autism as defined by
Taylor et al. [36].

Risk of developing
neurodevelopmental
disorders (including
autism (ICD-9 code
299.0), other childhood
psychosis, stammering,
tics, sleep disorders,
eating disorders,
emotional
disturbances, ADD,
language delay, speech
delay, and coordination
disorder)

Risk  of bias
Selection **** **** **** ** ****

** 

** 

Mod

b
c
v
o
p

3

o
a

Comparability ** ** 

Outcome *** *** 

Overall Low risk Low risk 

ased on exposure type did not support a link between measles vac-
ination (OR: 1.00, 95% CI: 0.59 to 1.67; I2 = 30.50, p = 0.23), MMR
accination (OR: 0.69, 95% CI: 0.53 to 0.90; I2 = 66.85, p < 0.001),
r thimerosal exposure (OR: 0.89, 95% CI: 0.78 to 1.00; I2 = 58.40,

 = 0.02) and ASD.

.5. Publication bias
Egger’s regression analysis suggested that there was no evidence
f publication bias for cohort studies (p = 0.12). In addition, Begg
nd Mazumdar’s rank correlation [23] suggested a symmetrical

Fig. 2. Combined estimate for va
* **
** **

erate risk High risk Moderate risk

plot (p = 0.07). For case-control studies, Egger’s regression analy-
sis suggested the presence of publication bias, however, Begg and
Mazumdar analysis revealed that the studies were symmetrical on
the funnel plot (p = 0.21). Moreover, the fail-safe number was 159
and due to the comprehensive nature of the literature search per-
formed it is unlikely that such a large number of studies would have
been missed by the search. In addition, due to the controversial

nature of the topic and the high volume of publication on this issue
for both sides of the argument it is unlikely that so many papers
on one side of the argument (that would have met  our inclusion
criteria) remain unpublished.

ccines and autism or ASD.
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Table  2
Characteristics of case-control studies included in the analysis.

DeStefano [17] Mrożek-Budzyn [18] Price [22] Smeeth [19] Uno  [21]

Study design Case-control Case-control Case-control Case-control Case-control
Country U.S.A. Poland U.S.A. UK Japan
Sample size 2448 288 1008 5763 413
Case  participants All children aged 3 to

10 years in 1996 in the
Metropolitan Atlanta
Developmental
Disabilities
Surveillance Program
(MADDSP) with autism

All children in the
lesser Poland
(Malopolska)
Voivodeship aged 2 to
15 diagnosed with
childhood or atypical
autism, classified
according to ICD
10-criteria as F84.0 or
F84.1, respectively
identified from general
practitioner records

All children aged 6 to
13 from three managed
care organisations
(MCO) with a diagnosis
of autism according to
ICD 9 codes 299.0 or
299.8 supplemented
with the Autism
Diagnostic
Interview-Revised
administered to
mothers

All children registered
in the UK General
Practice Research
Database (GPRD) who
were born in 1973 or
later with a first
diagnosis of autism
between 1987 and
2001

All children from the
Yokohama
Psycho-Developmental
Clinic (YPDC), Kanto
area, with a diagnosis
of ASD based on
DSM-IV and using the
Diagnostic Interview
for Social and
Communication
Disorder (DISCO) who
were born between
April 1, 1984 and April
30, 1992

Control participants Children from regular
education programs
matched to cases based
on  age, gender and
school of attendance

The first 2 children
who visited the
physician after the
time of the autistic
child visit matched for
birth year, gender and
practice

Randomly selected
from the MCO  matched
for year of birth,
gender, and MCO

Children from the
GPRD with no
diagnosis of PDD
matched by year of
birth, sex, and general
practice

Volunteers from
general schools in the
Kanto area matched by
sex and year of birth

Intervention Exposure to MMR
vaccine

Exposure to
monovalent measles
vaccine or MMR
vaccine

Hg exposure from
vaccinations since birth

MMR  vaccination MMR  or monovalent
measles vaccine
exposure

Outcomes MMR  exposure in cases
and control groups

Odds ratio of having
autism, based on
vaccination status and
type of vaccine used

Odds of having autism,
ASD, or ASD with
regression per �g of Hg
per kg of body weight

Odds of having autism
or other PDD based on
MMR  status

Odds of having ASD
based on vaccination
status

Risk  of bias
Selection **** **** **** **** ****

**
**
M

4

h
s
S
l
s
a
d

t

Comparability ** ** 

Outcome ** ** 

Overall Moderate risk Moderate risk 

. Discussion

This meta-analysis of five case-control and five cohort studies
as found no evidence for the link between vaccination and the
ubsequent risk of developing autism or autistic spectrum disorder.
ubgroup analyses looking specifically at MMR  vaccinations, cumu-
ative mercury dosage, and thimerosal exposure individually were
imilarly negative, as were subgroup analyses looking specifically
t development of autistic disorder versus other autistic spectrum

isorder.

Four of the five cohort studies included in this review inves-
igated very large populations and were of sound methodology,

Fig. 3. Pooled estimate for vacc
 ** **
 *** *
oderate risk Low risk Moderate risk

which is of great importance as our review question has impli-
cations at the population level, and thus required such data for
optimal applicability.

The current meta-analysis is the only quantitative analysis of
pooled data on the topic. In the process of searching the literature
12 systematic reviews were identified and reference lists searched
for additional data [24–35]. Eleven of the 12 identified reviews
shared the current conclusion that there was  no evidence for a link
between vaccination and autistic spectrum disorder, advocating

continuation of current immunisation practices. The only review
to suggest that a link could not be excluded was that by Ratajczak
[32] looking into the aetiology of autism and concluded that it is

ines and autism and ASD.
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Fig. 4. Pooled estimate for mercur

ultifactorial involving genetics and/or inflammation of the brain
aused by a wide variety of environmental toxins, one of which may
e mercury.

Of specific mention, a 2012 Cochrane review examining five
CTs, one controlled clinical trial, 27 cohort studies, 17 case-control
tudies, five time-series trials, one cross-over trial, two ecological
tudies, and six self-controlled case series studies looked at the
ffectiveness of the MMR  vaccination and its associated adverse
ffects [25]. Congruent with our current study, this review found no
ualitative evidence for a link between the MMR  vaccination and
utism. As every treatment has the possibility of adverse events,
hose found to be associated to MMR  vaccination included aseptic

eningitis, febrile seizures and thrombocytopenic purpura in spe-
ific populations. Many conditions were found to be unlikely to be
ssociated with vaccination, one of which was autism.

Publication bias was not found in the study, which may  be due
o the important public health nature of the question. While we
hought it more important to include only studies that strictly
dhered to a case-control or cohort study protocol and drew it’s par-
icipants from reliable sources, we recognise that there does exist
ata from VAERS that reported positive results, however, due to
he aforementioned reasons these papers were excluded. It could
e considered that duplicate data may  be influencing the results
s two of the five cohort studies were performed at the popula-
ion level in Denmark with a crossover of birth cohorts. While the
wo studies looked at different interventions (one MMR  and the
ther thimerosal-containing vaccines) the outcome data was  the
ame, so while being an interesting comparison to one another,
ay  not provide completely individual results to contribute to this
eta-analysis. However, a sensitivity analysis of these studies from
enmark did not change the overall result. An important strength
f this meta-analysis is the length of follow-up of the cohort studies,
ith an average of 8.6 years.

In conclusion, this meta-analysis provides no evidence of a
elationship between vaccination and autism or autism spectrum
isorders and as such advocate the continuation of immunisation
rograms according to national guidelines.

As with any treatment or behaviour, one must weigh the bene-
ts and risks to determine their course forward. While at the level
f the individual avoidance of immunisation may  be seen as con-
erring lower risk by avoiding possible associated adverse events,
he increase in parents deciding to take this course of action has
ubstantially decreased ‘herd immunity’ among populations, sub-
equently increasing the risk of catching potentially more serious
nfectious diseases. Thus the risk incurred by not immunising a

hild is increasing substantially as levels of immunisation coverage
all. In regards specifically to the fear of a child developing autism
ollowing immunisation, the data consistently shows the lack of
vidence for an association between autism, ASD and vaccination,
), MMR  vaccines, and thirmerosal.

regardless of whether the intervention was  the MMR  vaccine itself
or one of its components, providing no reason to avoid immunisa-
tion on these grounds.

5. Epilogue

As an epidemiologist I believe the data that is presented in this
meta-analysis. However, as a parent of three children I have some
understanding of the fears associated with reactions and effects of
vaccines. My  first two  children have had febrile seizures after rou-
tine vaccinations, one of them a serious event. These events did not
stop me  from vaccinating my  third child, however, I did take some
proactive measures to reduce the risk of similar adverse effects. I
vaccinated my  child in the morning so that we were aware if any
early adverse reaction during the day and I also gave my  child a dose
of paracetamol 30 min  before the vaccination was  given to reduce
any fever that might develop after the injection. As a parent I know
my children better than anyone and I equate their seizures to the
effects of the vaccination by increasing their body temperature. For
parents who  do notice a significant change in their child’s cogni-
tive function and behaviour after a vaccination I encourage you to
report these events immediately to your family physician and to
the ‘Vaccine Adverse Event Reporting System’.

Author contributions

Dr Guy D. Eslick had full access to all of the data in the study
and takes responsibility for the integrity of the data and the accu-
racy of the data analysis. Study concept and design: Guy D. Eslick;
acquisition of data: Luke Taylor, Amy  L. Swerdfeger; analysis and
interpretation of data: Guy D. Eslick; drafting of the manuscript:
Luke Taylor, Amy  L. Swerdfeger; critical revision of the manuscript
for important intellectual content: Guy D. Eslick, Luke Taylor, Amy
L. Swerdfeger; statistical analysis: Guy D. Eslick; study supervision:
Guy D. Eslick.

Conflict of interest statement

None.

References

[1] Center for Disease Control and Prevention. Morbidity and Mortality Weekly
Report (MMWR). Measles- United States, 2011. Available at: http://www.cdc
.gov/mmwr/preview/mmwrhtml/mm6115a1.htm?s cid=mm6115a1 w#fig1.
Accessibility verified October 30, 2013.
[2] NSW Government Health. Measles Notifications in NSW Residents. Available at:
http://www0.health.nsw.gov.au/data/diseases/measles.asp. Accessibility veri-
fied October 30, 2013.

[3] Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for system-
atic reviews and meta-analyses: the PRISMA statement. BMJ  2009;339:b2535.

http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015
http://refhub.elsevier.com/S0264-410X(14)00636-7/sbref0015


cine 3

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

atic review of current epidemiological evidence. Arch Pediatr Adolesc Med
L.E. Taylor et al. / Vac

[4] Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate healthcare
interventions: explanation and elaboration. BMJ  2009;339:b2700.

[5] Varricchio F, Iskander J, Destefano F, Ball R, Pless R, Braun M, Chen RT. Under-
standing vaccine safety information from the Vaccine Adverse Event Reporting
System. Pediatr Infect Dis J 2004;23:287–94.

[6] Goodman MJ, Nordin J. Vaccine Adverse Event Reporting System repor-
ting  source: a possible source of bias in longitudinal studies. Pediatrics
2006;117:387–90.

[7] Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, Tugwell
P.  The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Non
Randomised Studies in Meta-Analyses, Available from http://www.ohri.ca/
programs/clinical epidemiology/oxford.asp, (accessed July 16, 2013).

[8] DerSimonian R, Laird N. Meta-analysis in clinical trials. Controlled Clin Trials
1986;7:177–88.

[9] Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in meta-
analyses. BMJ  2003;327:557–60.

10] Egger M, Davey Smith G, Schneider M,  Minder C. Bias in meta-analysis detected
by  a simple, graphical test. Br Med  J 1997;315:629–34.

11] Rosenthal R. The file drawer problem and tolerance for null results. Psychol
Bull 1979;85:638–41.

12] Madsen KM,  Hviid A, Vestergaard M,  et al. A population-based study
of  measles, mumps, and rubella vaccination and autism. N Engl J Med
2002;347(19):1477–82.

13] Uchiyama T, Kurosawa M,  Inaba Y. MMR-vaccine and regression in autism spec-
trum disorders: negative results presented from Japan. J Autism Dev Disord
2007;37:210–7.

14] Andrews N, Miller E, Grant A, Stowe J, Osborne V, Taylor B. Thimerosal expo-
sure in infants and developmental disorders: a retrospective cohort study
in  the United Kingdom does not support a causal association. Pediatrics
2004;114(3):584–91.

15] Verstraeten T, Davis RL, DeStefano F, et al. Safety of thimerosal-containing vac-
cines: a two-phased study of computerized health maintenance organization
databases. Pediatrics 2003;112(5):1039–48.

16] Hviid A, Stellfeld M,  Wohlfahrt J, Melbye M.  Association between thimerosal-
containing vaccine and autism. JAMA 2003;290(13):1763–6.

17] DeStefano F, Bhasin TK, Thompson WW,  Yeargin-Allsopp M, Boyle C. Age at
first measles–mumps–rubella vaccination in children with autism and school-
matched control subjects: a population-based study in metropolitan Atlanta.
Pediatrics 2004;113(2):259–66.
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