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Background

Two observations which may suggest a potential 
association between MMR vaccination and 
autism

1. Timing of initial recognition of autism symptoms 
occurs about the same time as recommended age 
for first MMR vaccination

2. Wakefield et al., (1998) Case Series



BackgroundBackground
Institute of Medicine Review (2001)Institute of Medicine Review (2001)

IOM rejected causal relationship at the IOM rejected causal relationship at the 
population level between MMR vaccination and population level between MMR vaccination and 
Autism Spectrum Disorder (ASD)Autism Spectrum Disorder (ASD)

Consistent body of evidence suggesting no associationConsistent body of evidence suggesting no association
Biologic models which were fragmentaryBiologic models which were fragmentary
No well defined animal modelsNo well defined animal models
Wakefield case series was uninformative regarding causalityWakefield case series was uninformative regarding causality

IOM strongly encouraged additional studies to IOM strongly encouraged additional studies to 
examine possible associations between MMR examine possible associations between MMR 
vaccination and ASD subgroupsvaccination and ASD subgroups



Study ObjectivesStudy Objectives

Primary ObjectivePrimary Objective
Evaluate association between ASD and age Evaluate association between ASD and age 
of receipt of 1of receipt of 1stst MMR vaccineMMR vaccine



Study ObjectivesStudy Objectives

Secondary ObjectiveSecondary Objective
Compare MMR vaccination histories among Compare MMR vaccination histories among 
ASD subgroups and matched controlsASD subgroups and matched controls

Developed in response to IOM (2001) reportDeveloped in response to IOM (2001) report
Data collection in schools was near completion for Data collection in schools was near completion for 
this study by the time the report was publishedthis study by the time the report was published



Methods Methods -- Study PopulationStudy Population

Metropolitan Atlanta Developmental Metropolitan Atlanta Developmental 
Disabilities Surveillance Program (MADDSP)Disabilities Surveillance Program (MADDSP)

Population based surveillance program started in 1991Population based surveillance program started in 1991

Population area included approximately 300,000 Population area included approximately 300,000 
children aged 3children aged 3--10 years in the five county 10 years in the five county 
Metropolitan Atlanta areaMetropolitan Atlanta area



Methods Methods -- Study PopulationStudy Population

MADDSP Cont.MADDSP Cont.
Multiple source ascertainment of developmental Multiple source ascertainment of developmental 
disabilitiesdisabilities

Mental retardationMental retardation
Cerebral palsyCerebral palsy
Hearing lossHearing loss
Visual impairmentVisual impairment

ASD was added to list of conditions in 1996ASD was added to list of conditions in 1996



MethodsMethods
Study DesignStudy Design

CaseCase--Control Study DesignControl Study Design

Cases: 624 children with ASDCases: 624 children with ASD

Controls: 1,824 children without known Controls: 1,824 children without known DDsDDs



Methods Methods 
Selection of CasesSelection of Cases

Cases: 624 children with ASDCases: 624 children with ASD
Children born between 1986 and 1993Children born between 1986 and 1993
Identified through MADDSP with evaluations available Identified through MADDSP with evaluations available 
up through 1996up through 1996
Abstraction of records by trained abstractorsAbstraction of records by trained abstractors
DSMDSM--IV criteria used to classify childrenIV criteria used to classify children
ASD classification determined by ASD expertsASD classification determined by ASD experts
Inclusion in study sample required one of following:Inclusion in study sample required one of following:

Valid MMR vaccination date from school immunization formValid MMR vaccination date from school immunization form
DTP vaccination by age 2 from school immunization formDTP vaccination by age 2 from school immunization form
Immunization exemption formImmunization exemption form



MethodsMethods
Defining ASD SubgroupsDefining ASD Subgroups

PrePre--Existing Conditions < 1 Year of AgeExisting Conditions < 1 Year of Age
Any known birth defectAny known birth defect
Other coOther co--occurring developmental disabilitiesoccurring developmental disabilities
Major perinatal or postnatal insult that could have Major perinatal or postnatal insult that could have 
contributed to developmental delaycontributed to developmental delay

CNS InfectionsCNS Infections
Traumatic Brain InjuriesTraumatic Brain Injuries



MethodsMethods
Defining ASD SubgroupsDefining ASD Subgroups

Developmental Delay < 1 Year of AgeDevelopmental Delay < 1 Year of Age
Lack of speech at appropriate agesLack of speech at appropriate ages

CooingCooing
BabblingBabbling

Socially unresponsive in 1Socially unresponsive in 1stst year of lifeyear of life
Lack of appropriate eye contactLack of appropriate eye contact
Unresponsive to parents’ voicesUnresponsive to parents’ voices
Unwilling to cuddleUnwilling to cuddle



MethodsMethods
Defining ASD SubgroupsDefining ASD Subgroups

Regression and/or PlateauRegression and/or Plateau
Children with an indication of loss of age Children with an indication of loss of age 
appropriate developmental skills (regression)appropriate developmental skills (regression)

Children with appropriate skills that failed to Children with appropriate skills that failed to 
progress (plateau)progress (plateau)



MethodsMethods
Summary of ASD SubgroupsSummary of ASD Subgroups

13%13%8080Regression and/or PlateauRegression and/or Plateau
38%38%235235PrePre--existing conditionsexisting conditions

378378

NN

61%61%Mental Retardation (MADDSP case def)Mental Retardation (MADDSP case def)

PercentPercentClinical CharacteristicsClinical Characteristics

• ASD subgroups were not mutually exclusive
• Mental Retardation defined as IQ < 70



MethodsMethods
Selection of Matched ControlsSelection of Matched Controls

Controls: 1,824 children without known DDControls: 1,824 children without known DD
Controls selected at 3:1 ratio Controls selected at 3:1 ratio 
Controls selected from regular education programsControls selected from regular education programs
Matched based on age, sex, and school of attendance at Matched based on age, sex, and school of attendance at 
the time of abstraction *the time of abstraction *
Inclusion in study sample required one of following:Inclusion in study sample required one of following:

Valid MMR vaccination date from school immunization formValid MMR vaccination date from school immunization form
DTP vaccination by age 2 from school immunization formDTP vaccination by age 2 from school immunization form
Immunization exemption formImmunization exemption form

* Case children in special education schools were matched to con* Case children in special education schools were matched to controls from trols from 
public school associated with case child’s home addresspublic school associated with case child’s home address



MethodsMethods
GA State Birth Certificate SampleGA State Birth Certificate Sample

Matched cases and controls to GA State Matched cases and controls to GA State 
Birth Certificates to assess effects of  Birth Certificates to assess effects of  
potential confounderspotential confounders

Maternal AgeMaternal Age

Maternal EducationMaternal Education

Child Birth WeightChild Birth Weight

Multiplicity (Singleton versus other)Multiplicity (Singleton versus other)

Parity (1Parity (1stst born versus other)born versus other)



MethodsMethods
Demographic SubgroupsDemographic Subgroups

Demographic Factors From Total SampleDemographic Factors From Total Sample
AgeAge
GenderGender

Data from Birth CertificatesData from Birth Certificates
RaceRace
Birth WeightBirth Weight
Maternal AgeMaternal Age
Maternal EducationMaternal Education



Methods Methods 
Specific HypothesesSpecific Hypotheses

Assessed whether variation in age at first MMR Assessed whether variation in age at first MMR 
vaccination was different for cases and controlsvaccination was different for cases and controls

Also assessed 3 specific age cutAlso assessed 3 specific age cut--offs:offs:
1)1) < 18 months < 18 months -- evaluation of whether vaccination by the evaluation of whether vaccination by the 

recommended age for MMR vaccinationrecommended age for MMR vaccination
2)2) < 24 months < 24 months –– evaluation of whether vaccination by the evaluation of whether vaccination by the 

typical time of first parental concerntypical time of first parental concern
3)3) < 36 months < 36 months –– evaluation of whether vaccination prior to evaluation of whether vaccination prior to 

timeframe required by DSMtimeframe required by DSM--IV for symptom onset for IV for symptom onset for 
autismautism



MethodsMethods
Analytic ApproachAnalytic Approach

We used conditional logistic regression analysis We used conditional logistic regression analysis 
stratified by matched casestratified by matched case--control setscontrol sets

Analyses with Total SampleAnalyses with Total Sample
Unadjusted analysesUnadjusted analyses
Subjects did not require a GA State birth certificateSubjects did not require a GA State birth certificate

Analyses with GA State Birth Certificate SampleAnalyses with GA State Birth Certificate Sample
Unadjusted analyses (not reported in manuscript)Unadjusted analyses (not reported in manuscript)
Adjusted analyses for confounding with data available from Adjusted analyses for confounding with data available from 
the birth certificatethe birth certificate



Descriptive DataDescriptive Data



Descriptive DataDescriptive Data
Age Distribution of Cases and ControlsAge Distribution of Cases and Controls
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Descriptive DataDescriptive Data
Sex Distribution of Cases and ControlsSex Distribution of Cases and Controls
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Descriptive DataDescriptive Data
Maternal Age from Birth CertificateMaternal Age from Birth Certificate
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Descriptive DataDescriptive Data
Maternal Education from Birth CertificateMaternal Education from Birth Certificate
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Descriptive DataDescriptive Data
Birth Weight from Birth CertificateBirth Weight from Birth Certificate

0%

20%

40%

60%

80%

100%

Cases Controls

Pe
rc

en
ta

ge
 o

f t
ot

al
 s

am
pl

e

0 - 1499 g

1500-2499 g

2500+ g



Descriptive DataDescriptive Data
Multiplicity from Birth CertificateMultiplicity from Birth Certificate
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ResultsResults



Age at 1Age at 1stst MMR VaccinationMMR Vaccination
For Total SampleFor Total Sample
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Demographic Case Subgroup AnalysesDemographic Case Subgroup Analyses
For Total SampleFor Total Sample

410410

214214

124124

500500

624624

CasesCases

1.06 1.06 
(0.51(0.51--2.20)2.20)

0.96 0.96 
(0.55(0.55--1.68)1.68)

0.83 0.83 
(0.52(0.52--1.30)1.30)

GirlsGirls

2.34 2.34 
(0.99(0.99--5.54)5.54)

1.66 1.66 
(0.95(0.95--2.92)2.92)

1.08 1.08 
(0.73(0.73--1.60)1.60)

Aged 3Aged 3--5 Yrs5 Yrs

1.14 1.14 
(0.90(0.90--1.46)1.46)

1.22 1.22 
(0.97(0.97--1.54)1.54)

1.12 1.12 
(0.91(0.91--1.38)1.38)

< 18 < 18 MosMos

1.33 1.33 
(0.89(0.89--1.98)1.98)

1.10 1.10 
(0.82(0.82--1.49)1.49)

Aged 6Aged 6--10 Yrs10 Yrs

1.67 1.67 

(1.10(1.10--2.53)2.53)

1.29 1.29 
(0.96(0.96--1.73)1.73)

BoysBoys

1.49 1.49 

(1.04(1.04--2.14)2.14)

1.21 1.21 
(0.93(0.93--1.57)1.57)

All CasesAll Cases

< 36 < 36 MosMos< 24 < 24 MosMosCase GroupsCase Groups



Demographic Case Subgroup AnalysesDemographic Case Subgroup Analyses
For GA Birth Certificate SampleFor GA Birth Certificate Sample

199199

112112

6868

243243

311311

CasesCases

0.24 0.24 
(0.04(0.04--1.47)1.47)

0.84 0.84 
(0.26(0.26--2.77)2.77)

0.79 0.79 
(0.33(0.33--1.86)1.86)

GirlsGirls

2.63 2.63 
(0.51(0.51--13.5)13.5)

1.67 1.67 
(0.60(0.60--4.67)4.67)

0.77 0.77 
(0.39(0.39--1.50)1.50)

Aged 3Aged 3--5 Yrs5 Yrs

0.98 0.98 
(0.65(0.65--1.47)1.47)

0.94 0.94 
(0.65(0.65--1.38)1.38)

0.93 0.93 
(0.66(0.66--1.30)1.30)

< 18 < 18 MosMos

1.09 1.09 
(0.52(0.52--2.30)2.30)

0.87 0.87 
(0.51(0.51--1.46)1.46)

Aged 6Aged 6--10 Yrs10 Yrs

1.64 1.64 
(0.77(0.77--3.49)3.49)

1.01 1.01 
(0.61(0.61--1.67)1.67)

BoysBoys

1.23 1.23 
(0.64(0.64--2.36)2.36)

0.99 0.99 
(0.63(0.63--1.55)1.55)

All CasesAll Cases

< 36 < 36 MosMos< 24 < 24 MosMosCase SubgroupCase Subgroup



Clinical Case Subgroup AnalysesClinical Case Subgroup Analyses
For Total  SampleFor Total  Sample

248248

376376

8080

390390

CasesCases

1.21 1.21 
(0.79(0.79--1.84)1.84)

1.09 1.09 
(0.79(0.79--1.51)1.51)

1.06 1.06 
(0.82(0.82--1.38)1.38)

With MRWith MR

2.45 2.45 

(1.20(1.20--5.00)5.00)

1.46 1.46 
(0.93(0.93--2.30)2.30)

1.23 1.23 
(0.87(0.87--1.73)1.73)

Without MRWithout MR

1.37 1.37 
(0.78(0.78--2.41)2.41)

1.07 1.07 
(0.83(0.83--1.39)1.39)

< 18 < 18 MosMos

1.45 1.45 
(0.54(0.54--3.93)3.93)

1.30 1.30 
(0.64(0.64--2.66)2.66)

RegressionRegression

1.51 1.51 
(0.96(0.96--2.37)2.37)

1.44 1.44 
(0.82(0.82--1.59)1.59)

No preNo pre--existexist

< 36 < 36 MosMos< 24 < 24 MosMosCase SubgroupCase Subgroup



Clinical Case Subgroup AnalysesClinical Case Subgroup Analyses
For Birth Certificate  SampleFor Birth Certificate  Sample

132132

179179

3131

187187

CasesCases

0.82 0.82 
(0.38(0.38--1.79)1.79)

0.96 0.96 
(0.54(0.54--1.71)1.71)

1.13 1.13 
(0.72(0.72--1.79)1.79)

With MRWith MR

3.55 3.55 
(0.74(0.74--17.1)17.1)

1.02 1.02 
(0.47(0.47--2.22)2.22)

0.68 0.68 
(0.40(0.40--1.16)1.16)

Without MRWithout MR

0.83 0.83 
(0.23(0.23--3.09)3.09)

1.05 1.05 
(0.68(0.68--1.61)1.61)

< 18 < 18 MosMos

0.69 0.69 
(0.14(0.14--3.30)3.30)

0.41 0.41 
(0.07(0.07--2.29)2.29)

RegressionRegression

1.82 1.82 
(0.77(0.77--4.31)4.31)

1.02 1.02 
(0.56(0.56--1.86)1.86)

No preNo pre--existexist

< 36 < 36 MosMos< 24 < 24 MosMosCase SubgroupCase Subgroup



Other Demographic Subgroup AnalysesOther Demographic Subgroup Analyses
For Birth Certificate  SampleFor Birth Certificate  Sample

4949
306306

235235
120120

295295
6060

218218
137137

CasesCases

< 2500 g< 2500 g
>> 2500 g2500 g

< 16 Yrs< 16 Yrs
16+ Yrs16+ Yrs

< 35 Yrs< 35 Yrs
35+ Yrs35+ Yrs

White/White/OthOth
BlackBlack

CategoryCategory

1.181.18
2.762.76

0.940.94
0.610.61

0.940.94
0.600.60

Maternal EdMaternal Ed

1.411.41
1.261.26

0.480.48
0.930.93

0.500.50
0.910.91

Birth WeightBirth Weight

0.900.90
0.530.53

0.870.87
0.830.83

< 18 Mo< 18 Mo

1.231.23
2.642.64

0.910.91
0.590.59

Maternal AgeMaternal Age

0.890.89
1.681.68

0.770.77
0.980.98

RaceRace

< 36 Mo< 36 Mo< 24 Mo< 24 MoSubgroupSubgroup

* No statistically significant associations for any subgroups in this table



Summary of FindingsSummary of Findings

The variation in age of 1The variation in age of 1stst MMR vaccination MMR vaccination 
between children with autism and matched between children with autism and matched 
controls was similarcontrols was similar

No significant associations were found between No significant associations were found between 
vaccination at < 18 or < 24 months and risk for vaccination at < 18 or < 24 months and risk for 
autism or for any autism subgroups including autism or for any autism subgroups including 
regression.regression.



Summary of FindingsSummary of Findings

Cases were more likely than controls to be Cases were more likely than controls to be 
vaccinated before 36 months of age vaccinated before 36 months of age 
(93.4% vs. 90.6%).(93.4% vs. 90.6%).

Profile for Elevated and/or Significant Profile for Elevated and/or Significant ORsORs::
Children aged 3Children aged 3--5 years5 years
BoysBoys
Children without MRChildren without MR
Children of Older MothersChildren of Older Mothers
Children of Better Educated MothersChildren of Better Educated Mothers



DiscussionDiscussion

Why 36 months and not 18 or 24 months?Why 36 months and not 18 or 24 months?
In 1991, the Individuals with Disabilities Education In 1991, the Individuals with Disabilities Education 
Act (IDEA) mandated the provision of special Act (IDEA) mandated the provision of special 
education programs for children with autism education programs for children with autism 
beginning at 36 monthsbeginning at 36 months
GA required MMR vaccination for schoolGA required MMR vaccination for school--based based 
IDEA programsIDEA programs
In this sample, 98% of the ASD children aged 3In this sample, 98% of the ASD children aged 3--5 5 
years were enrolled in preschool special education years were enrolled in preschool special education 
programsprograms



Study StrengthsStudy Strengths

Large populationLarge population--based sample of childrenbased sample of children
Clinical information reviewed by autism experts Clinical information reviewed by autism experts 
Most children received first MMR vaccination Most children received first MMR vaccination 
prior to publicity regarding possible association prior to publicity regarding possible association 
between MMR and autismbetween MMR and autism
Access to confounding variables from birth Access to confounding variables from birth 
certificatescertificates
Evaluation of ASD subgroupsEvaluation of ASD subgroups



Study LimitationsStudy Limitations

Incomplete information available for determining age Incomplete information available for determining age 
of onset for ASDof onset for ASD
Very small unexposed groupVery small unexposed group

Most children received MMR vaccine by 36 monthsMost children received MMR vaccine by 36 months
Denmark Study had 20% of children unexposedDenmark Study had 20% of children unexposed

MMR immunization recordsMMR immunization records
Obtained from school records and could not be confirmedObtained from school records and could not be confirmed
Not available on all casesNot available on all cases

Confounders available for only birth certificate sampleConfounders available for only birth certificate sample
Study was not designed to assess ASD subgroupsStudy was not designed to assess ASD subgroups



SummarySummary

Similar patterns of age at 1st MMR vaccination among Similar patterns of age at 1st MMR vaccination among 
cases and controlscases and controls
Similar proportions of cases and controls vaccinated Similar proportions of cases and controls vaccinated 
according to ACIP schedule (i.e., < 18 months)according to ACIP schedule (i.e., < 18 months)
Similar proportions of cases and controls vaccinated by Similar proportions of cases and controls vaccinated by 
typical age of onset for autism (i.e. < 24 months)typical age of onset for autism (i.e. < 24 months)
Children with autism were more likely to be vaccinated Children with autism were more likely to be vaccinated 
before 36 months of aged compared to matched before 36 months of aged compared to matched 
controlscontrols



The EndThe End
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