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Outline of PresentationOutline of Presentation

Hypotheses on the role of infections in Hypotheses on the role of infections in 
childhood leukemiachildhood leukemia

Day care attendance finding in the Northern Day care attendance finding in the Northern 
California Childhood Leukemia Study (NCCLS)California Childhood Leukemia Study (NCCLS)

MetaMeta--analysis of studies of day care analysis of studies of day care 
attendance/social activity and risk of childhood attendance/social activity and risk of childhood 
leukemialeukemia
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Hypotheses on InfectionsHypotheses on Infections
Describes childhood leukemia as a rare response to one Describes childhood leukemia as a rare response to one 
or more common infections acquired by personal contact or more common infections acquired by personal contact 

KinlenKinlen’’ss Hypothesis (Hypothesis (‘‘population mixingpopulation mixing’’))
Childhood leukemia may be caused by a viral infection or Childhood leukemia may be caused by a viral infection or 
infections, the transmission of which is promoted by infections, the transmission of which is promoted by 
populationpopulation--mixing.mixing.

GreavesGreaves’’ Hypothesis (Hypothesis (‘‘delayed infectionsdelayed infections’’))
Childhood leukemia, especially Childhood leukemia, especially cALLcALL, may arise as a , may arise as a 
consequence of a rare abnormal response due to a consequence of a rare abnormal response due to a delay in delay in 
the of exposure to common the of exposure to common infection(sinfection(s))
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A 2 Step Model for the Natural 
History of cALL
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+ (12p-, TEL del)

cALLDelayed, common (bacterial?)
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(Proliferative stress)

2o

DEVELOPMENTAL 
ERROR

(oxidative stress?)
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TEL-AML1

-9m b 3 41 2
age/years

Greaves, Nature Reviews Cancer, 2006
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Surrogate measures used to assess the Surrogate measures used to assess the 
role of infections in childhood leukemiarole of infections in childhood leukemia

Are infections associated 
with childhood leukemia?

QUESTION

Social Contacts

• Child’s birth order/family structure

• Child’s social contacts through        
day care, playgroups, etc.

• Parental social contacts at work

• Population mixing

Infections

• Childs infections

• Maternal infections   
during pregnancy

Immune modulating

• Breastfeeding

• Vaccinations

McNally RJ and Eden T. British Journal of McNally RJ and Eden T. British Journal of HaematologyHaematology, 127:243, 127:243--63, 2004.63, 2004.
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Day Care AttendanceDay Care Attendance

In developed countries, contact with other In developed countries, contact with other 
children is the main source of exposure to children is the main source of exposure to 
common infections.common infections.
Day care attendance increases the risk of Day care attendance increases the risk of 
infections.infections.
HypothesisHypothesis:  Day care attendance, as a surrogate :  Day care attendance, as a surrogate 
for exposure to infections during early childhood, for exposure to infections during early childhood, 
is associated with a reduced risk of acute is associated with a reduced risk of acute 
lymphoblastic leukemialymphoblastic leukemia
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Northern California Childhood Northern California Childhood 
Leukemia Study (NCCLS)Leukemia Study (NCCLS)

County Boundaries

San Francisco Bay Area

Central Valley

San 
Francisco

Los 
Angeles

Pacific
Ocean

Map of NCCLS Study AreaPopulationPopulation--based matched based matched 
casecase--control study of control study of 
childhood leukemiachildhood leukemia
Incident casesIncident cases ascertained ascertained 
from 9 major pediatric from 9 major pediatric 
clinical centers in N. & C. clinical centers in N. & C. 
CaliforniaCalifornia
Controls individually Controls individually 
matchedmatched (date of birth, sex, (date of birth, sex, 
Hispanic status, and maternal Hispanic status, and maternal 
race) race) 
42% Hispanic42% Hispanic
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Day care Attendance DataDay care Attendance Data
Data collected through an inData collected through an in--home personal home personal 
interviewinterview
Information obtained for each day care attended:Information obtained for each day care attended:

Age started day careAge started day care
Months attendedMonths attended
Mean hours per week attendedMean hours per week attended
Number of other children at day careNumber of other children at day care

Total childTotal child--hours of exposure summary measurehours of exposure summary measure
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Total ChildTotal Child--hours Calculationhours Calculation

4.35 4.35 

wks/mowks/mo

Mean Mean 
hrs/wkhrs/wk

ChildChild--hourshoursMonths Months 
attendedattended

No. other No. other 
children children X X X =

1,087.51,087.54.354.35555510101st1st

730.8730.84.354.357744662nd2nd

2,035.82,035.84.354.35666613133rd3rd

Total child-hours     3,854.1



Total Child-hours and Risk of ALL

*Adjusted for annual household income and maternal education

**Total child-hours censored at reference date

Data from Ma et al., Cancer Epidemiology Biomarkers and Prevention, 2005.
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Total Child-hours and Risk of ALL 
by Race/Ethnicity

Non-Hispanic White Hispanic

*Adjusted for annual household income and maternal education

**Total child-hours censored at reference date

Data from Ma et al., Cancer Epidemiology Biomarkers and Prevention, 2005.
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Day Care Attendance Characteristics in Day Care Attendance Characteristics in 
NHNH--Whites & HispanicsWhites & Hispanics

0.72

0.26

0.01

0.32

0.06

0.06

in Whites

Case vs cont. 

<0.001

<0.01

<0.01

<0.001

<0.001

<0.001
P

<0.001

<0.01

0.21

<0.001

<0.001

0.01
P

2.112.31.98.0Total childTotal child--hrs, khrs, k

2.01.02.01.0# children in # children in 
householdhousehold

5.010.13.89.4# children at # children at 

day careday care

8.013.76.88.5Hrs/weekHrs/week

3.018.83.012.5Mo. of stayMo. of stay

49.030.054.030.0Age started, mo.Age started, mo.

HispWhiteHispWhite

ControlsCases

VariablesVariables

Median values are presented;  Data censored on reference data

P-values are from nonparametric Wilcoxon rank-sum tests.  (From Ma et al., CEBP, 2005)
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Day Care Attendance Characteristics in Day Care Attendance Characteristics in 
NHNH--Whites & HispanicsWhites & Hispanics

0.72

0.26

0.01

0.32

0.06

0.06

in Whites

Case vs cont. 
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<0.01

<0.01

<0.001

<0.001

<0.001
P

<0.001

<0.01

0.21

<0.001

<0.001

0.01
P

2.112.31.98.0Total childTotal child--hrs, khrs, k

2.01.02.01.0# children in # children in 
householdhousehold

5.010.13.89.4# children at # children at 

day careday care

8.013.76.88.5Hrs/weekHrs/week

3.018.83.012.5Mo. of stayMo. of stay

49.030.054.030.0Age started, mo.Age started, mo.

HispWhiteHispWhite

ControlsCases

VariablesVariables

Median values are presented;  Data censored on reference data

P-values are from nonparametric Wilcoxon rank-sum tests.  (From Ma et al., CEBP, 2005)
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Day Care Attendance Characteristics in Day Care Attendance Characteristics in 
NHNH--Whites & HispanicsWhites & Hispanics

0.72

0.26

0.01

0.32

0.06

0.06

in Whites

Case vs cont. 

<0.001

<0.01

<0.01

<0.001

<0.001

<0.001
P

<0.001

<0.01

0.21

<0.001

<0.001

0.01
P

2.112.31.98.0Total childTotal child--hrs, khrs, k

2.01.02.01.0# children in # children in 
householdhousehold

5.010.13.89.4# children at # children at 

day careday care

8.013.76.88.5Hrs/weekHrs/week

3.018.83.012.5Mo. of stayMo. of stay

49.030.054.030.0Age started, mo.Age started, mo.

HispWhiteHispWhite

ControlsCases

VariablesVariables

Median values are presented;  Data censored on reference data

P-values are from nonparametric Wilcoxon rank-sum tests.  (From Ma et al., CEBP, 2005)



Total Child-hours during Infancy and 
Risk of ALL and cALL in NH-Whites

ALL cALL

*Adjusted for annual household income and maternal education

**Total child-hours censored at 1 year of age

Data from Ma et al., Cancer Epidemiology Biomarkers and Prevention, 2005.
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Summary of NCCLS ResultsSummary of NCCLS Results

In NonIn Non--Hispanic White children, increasing childHispanic White children, increasing child--
hours of exposure is associated with reduced risk hours of exposure is associated with reduced risk 
of ALL.  of ALL.  
In NonIn Non--Hispanic White children, the reduction in Hispanic White children, the reduction in 
risk is stronger in risk is stronger in cALLcALL and when censoring day and when censoring day 
care on the 1care on the 1stst year of life.year of life.
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MetaMeta--analysis of Studies of Day Care analysis of Studies of Day Care 
Attendance and Risk of Childhood ALLAttendance and Risk of Childhood ALL

ObjectivesObjectives:  :  
1) Identify all previous studies on day care 1) Identify all previous studies on day care 

attendance/social activity and risk of childhood attendance/social activity and risk of childhood 
leukemialeukemia

2) Calculate combined risk estimates and 95% 2) Calculate combined risk estimates and 95% 
confidence intervalsconfidence intervals

3) Evaluate the overall consistency and strength of 3) Evaluate the overall consistency and strength of 
association while identifying the various sources association while identifying the various sources 
of betweenof between--study heterogeneitystudy heterogeneity
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DefinitionsDefinitions

OutcomeOutcome:  Clinically diagnosed ALL, acute :  Clinically diagnosed ALL, acute 
leukemia or leukemia in children between 0 and leukemia or leukemia in children between 0 and 
19 years of age.19 years of age.
ExposureExposure:  Day care attendance and/or social :  Day care attendance and/or social 
activityactivity

Such as formal day care, nursery school, play groups, Such as formal day care, nursery school, play groups, 
mother and toddler groups, preschool, mother and toddler groups, preschool, ““social social 
activityactivity””, etc., etc.
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Search MethodSearch Method

Searched the Searched the PubMedPubMed database using the terms database using the terms 
““childhood leukemiachildhood leukemia”” and and ““childhood cancerchildhood cancer”” in in 
combination with terms including:combination with terms including:

InfectionsInfections
Day careDay care
Child careChild care
Social contactSocial contact

Bibliographies of publications on infections and Bibliographies of publications on infections and 
childhood leukemiachildhood leukemia
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Flow Diagram of Inclusion/ExclusionFlow Diagram of Inclusion/Exclusion

56 potentially 
relevant studies 36 excluded:

Reviews/Commentaries
Mortality study
Leukemia risk not examined

20 retrieved  for 
detailed evaluation

6 excluded:
Reviews/Commentaries
Leukemia prognosis study
Multiple publications14 Included in 

meta-analysis
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14 Studies Included in Analysis14 Studies Included in Analysis

136/172136/17211--1414ALL, cALL, c--ALLALLUSAUSAMa et al., 2005 (NHMa et al., 2005 (NH--Whites)Whites)

176/1571176/157100--1515ALL, cALL, c--ALLALLDenmarkDenmarkKamperKamper--Jorgensen et al., 2008Jorgensen et al., 2008
120/153120/15311--1414ALL, cALL, c--ALLALLUSAUSAMa et al., 2005 (Hispanics)Ma et al., 2005 (Hispanics)

1272/62381272/623822--1414ALL, cALL, c--ALLALLUKUKGilhamGilham et al., 2005et al., 2005
387/525387/52511--1515AL, ALLAL, ALLFranceFranceJourdanJourdan--DaDa Silva et al., 2004Silva et al., 2004

921/921921/9211.51.5--1414AL, cAL, c--ALLALLGermanyGermanySchuzSchuz et al., 1999et al., 1999

153/300153/30000--1414LeukemiaLeukemiaGreeceGreecePetridouPetridou et al., 1997et al., 1997
38/11238/11200--44ALLALLUKUKRoman et al., 1994Roman et al., 1994

246/237246/23722--1515ALALFranceFrancePerrillatPerrillat et al., 2002et al., 2002
98/22898/22822--1414AL, cAL, c--ALLALLHong KongHong KongChan et al., 2002Chan et al., 2002

1744/18791744/187911--1414ALL, cALL, c--ALLALLUSAUSANegliaNeglia et al., 2000et al., 2000
158/499158/49900--1414ALLALLUSAUSARosenbaum et al., 2000Rosenbaum et al., 2000
433/416433/41600--99ALLALLCanadaCanadaInfanteInfante--RivardRivard et al., 2000et al., 2000
90/26690/26615 mo 15 mo –– 1414ALLALLNew ZealandNew ZealandDockertyDockerty et al., 1999et al., 1999

136/187136/18700--1414LeukemiaLeukemiaGreeceGreecePetridouPetridou et al., 1993et al., 1993
Case/contCase/contAgeAgeDiseaseDiseaseLocationLocationStudy, YearStudy, Year
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Definitions of Exposure in AnalysisDefinitions of Exposure in Analysis

< 1 yr of age< 1 yr of ageDay care (No/Yes)Day care (No/Yes)Ma et al., 2005 (Hispanics)Ma et al., 2005 (Hispanics)

< 2 yrs of age< 2 yrs of ageChild care (No/Yes)Child care (No/Yes)KamperKamper--Jorgensen et al., 2008Jorgensen et al., 2008

< 1 yr of age< 1 yr of ageDay care (No/Yes)Day care (No/Yes)Ma et al., 2005 (NHMa et al., 2005 (NH--Whites)Whites)
< 1 yr of age< 1 yr of ageSocial activity (No/Yes)Social activity (No/Yes)GilhamGilham et al., 2005et al., 2005
Birth to Birth to dxdxDay care (No/Yes)Day care (No/Yes)JourdanJourdan--DaDa Silva et al., 2004Silva et al., 2004

< 2 yrs of age< 2 yrs of ageDeficit in social contacts (No/Yes)Deficit in social contacts (No/Yes)SchuzSchuz et al., 1999et al., 1999

Birth to Birth to dxdxDay care (No/Yes)Day care (No/Yes)PetridouPetridou et al., 1997et al., 1997
Year before Year before dxdxPreschool playgroup (No/Yes)Preschool playgroup (No/Yes)Roman et al., 1994Roman et al., 1994

Birth to Birth to dxdxDay care (No/Yes)Day care (No/Yes)PerrillatPerrillat et al., 2002et al., 2002
< 1 yr of age< 1 yr of ageIndex & family day care measureIndex & family day care measureChan et al., 2002Chan et al., 2002
< 2 yrs of age< 2 yrs of ageDay care before age 2 (No/Yes)Day care before age 2 (No/Yes)NegliaNeglia et al., 2000et al., 2000

Birth to Birth to dxdx>36 mo. of care vs. stayed home>36 mo. of care vs. stayed homeRosenbaum et al., 2000Rosenbaum et al., 2000
< 2 yrs of age< 2 yrs of ageEntry Entry ≤≤2 yrs old  vs. no day care2 yrs old  vs. no day careInfanteInfante--RivardRivard et al., 2000et al., 2000
< 1 yr of age< 1 yr of ageReg. contact outside home (No/Yes)Reg. contact outside home (No/Yes)DockertyDockerty et al., 1999et al., 1999

< 2 yrs of age< 2 yrs of ageAttendance at Attendance at crechecreche (No/Yes)(No/Yes)PetridouPetridou et al., 1993et al., 1993
Time of ExposureTime of ExposureExposure TypeExposure TypeStudy, YearStudy, Year
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Main MetaMain Meta--analysisanalysis

Random effects model Random effects model 

Main analysisMain analysis::
Day care/social activity and ALL (14 studies)Day care/social activity and ALL (14 studies)
If study reported multiple If study reported multiple ORsORs by time period of day by time period of day 
care attendance/social activity, then OR for earliest care attendance/social activity, then OR for earliest 
time period was used time period was used 



Day care Attendance/Social Activity (ever/never) Day care Attendance/Social Activity (ever/never) 
& Childhood ALL& Childhood ALL

*Stayed home vs. >36 months of care

**3-part index and family day care measure (trend)

Odds ratio
.1 .5 1 5 10

 Combined

Petridou et al., 1993
Roman et al., 1994

Petridou et al., 1997
Schuz et al., 1999

Dockerty et al., 1999
Infante-Rivard et al., 2000

*Rosenbaum et al., 2000
Neglia et al., 2000
**Chan et al., 2002

Perrillat et al., 2002
Jourdan-Da Silva et al., 2004

Ma et al., 2005 (Whites)
Gilham et al.,. 2005

Ma et al ., 2005 (Hispanics)
Kamper-Jorgensen et al., 2008

*Combined OR = 0.77 

95% CI = 0.66-0.88

p (heterogeneity)=0.040



Influence Analysis of Individual Study ResultsInfluence Analysis of Individual Study Results

 0.64  0.77 0.66  0.88  0.91

 Petridou et al.

 Roman et al.

 Petridou et al.

 Schuz et al.

 Dockerty et al.

 Infante-Rivard et al.

 Rosenbaum et al.

 Neglia et al.

 Chan et al.

 Perrillat et al.

 Jourdan-Da Silva et al.

 Gilham et al.

 Ma et al.

 Ma et al.

 Kamper-Jorgensen et al.

 Study ommited
 Meta-analysis random-effects estimates (exponential form)

 

(Whites)
(Hispanics)

Odds ratios
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Subgroup MetaSubgroup Meta--analysisanalysis

Random effects model Random effects model 

Subgroup analysesSubgroup analyses::
Day care/social activity unspecified timing and ALL Day care/social activity unspecified timing and ALL 
(7 studies)(7 studies)
Day care/social activity at age <1 or <2 and ALL Day care/social activity at age <1 or <2 and ALL 
(9 studies)(9 studies)



Day care attendance/social activity & childhood ALLDay care attendance/social activity & childhood ALL
Unspecified TimingUnspecified Timing

Odds ratio
.1 .5 1 5 10

 Combined

Petridou et al., 1993

Petridou et al., 1997

*Rosenbaum et al., 2000

Neglia et al., 2000

Perrillat et al., 2002

Jourdan-Da Silva et al., 2004

Ma et al., 2005 (Whites)

Ma et al ., 2005 (Hispanics)

*Combined OR = 0.81 

95% CI = 0.70-0.94

p (heterogeneity)=0.277

*Stayed home vs. >36 months of care



Day care attendance/social activity & Childhood ALLDay care attendance/social activity & Childhood ALL
<1 or <2 years of age<1 or <2 years of age

Odds ratio
.1 .5 1 5 10

 Combined

Petridou et al., 1993

Schuz et al., 1999

Dockerty et al., 1999

Infante-Rivard et al., 2000

Neglia et al., 2000

*Chan et al., 2002

Gilham et al.,. 2005

Ma et al., 2005 (Whites)

Ma et al ., 2005 (Hispanics)

Kamper-Jorgensen et al., 2008

*Combined OR = 0.79 

95% CI = 0.65-0.95

p (heterogeneity)=0.001

*3-part index and family day care measure (trend)
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Heterogeneity:  Heterogeneity:  Selection BiasSelection Bias
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Heterogeneity:  Heterogeneity:  Information BiasInformation Bias
Recall biasRecall bias

All studies are caseAll studies are case--control in designcontrol in design
The 1 recordsThe 1 records--based study showed a reduced risk based study showed a reduced risk 
OR= 0.68, 95% CI=0.48OR= 0.68, 95% CI=0.48--0.95  0.95  

Exposure misclassificationExposure misclassification
Only day care attendance (4 studies excluded)Only day care attendance (4 studies excluded)

Disease misclassificationDisease misclassification
Infants in study pop. (6 studies excluded)Infants in study pop. (6 studies excluded)
Only ALL studies (5 studies excluded)Only ALL studies (5 studies excluded)
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Heterogeneity:  Heterogeneity:  Information BiasInformation Bias
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Heterogeneity:  Heterogeneity:  OthersOthers

ConfoundingConfounding
All studies adjusted for major confounders (e.g. All studies adjusted for major confounders (e.g. 
age, sex, SES and race/ethnicity if applicable)age, sex, SES and race/ethnicity if applicable)

Publication biasPublication bias
None observed based on visual evaluation of None observed based on visual evaluation of 
funnel graphs and the funnel graphs and the BeggBegg and and MazumdarMazumdar
adjusted rank correlation test adjusted rank correlation test 
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Summary of ResultsSummary of Results

Day care attendance/social activity is associated Day care attendance/social activity is associated 
with a statistically significant reduced risk of with a statistically significant reduced risk of 
childhood ALL childhood ALL 

Similar results were found for Similar results were found for cALLcALL, although , although 
based on a smaller number of studies (7)based on a smaller number of studies (7)



34

Summary of ResultsSummary of Results

Age at start of daycare/social activity does not Age at start of daycare/social activity does not 
appear to significantly affect resultsappear to significantly affect results

Individual study biases do appear to contribute Individual study biases do appear to contribute 
to study heterogeneity, but do not completely to study heterogeneity, but do not completely 
account for the reduced risk observed.  account for the reduced risk observed.  
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Future DirectionsFuture Directions

Studies should attempt to obtain detailed Studies should attempt to obtain detailed 
accounts of the extent of social contacts in the accounts of the extent of social contacts in the 
day care setting.day care setting.
Understand the relationships and contributions Understand the relationships and contributions 
of the various sources of exposure to infections.of the various sources of exposure to infections.
Evaluate the influence of genetic susceptibility Evaluate the influence of genetic susceptibility 
on the relationship between exposure to on the relationship between exposure to 
infections and childhood ALL.  infections and childhood ALL.  
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Thank you for your attention!Thank you for your attention!
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Inclusion/Exclusion CriteriaInclusion/Exclusion Criteria

Language:  EnglishLanguage:  English
Publication date: Jan. 1966 to April 2008Publication date: Jan. 1966 to April 2008
Study design:  Cohort or caseStudy design:  Cohort or case--controlcontrol
Exposure: day care attendance or social activityExposure: day care attendance or social activity
Outcome:  leukemia in children aged 0Outcome:  leukemia in children aged 0--19 years19 years
Location:  anyLocation:  any
Race/ethnicity:  anyRace/ethnicity:  any
Used most recent for multiple publicationsUsed most recent for multiple publications
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Sources of HeterogeneitySources of Heterogeneity

Exposure assessment and classificationExposure assessment and classification
Timing of exposureTiming of exposure
Disease classificationDisease classification
Age groupsAge groups
Location of studyLocation of study
Control selectionControl selection
Adjustment for confoundingAdjustment for confounding
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Statistical AnalysisStatistical Analysis

Fixed effects modelFixed effects model:  assumes that the true effect :  assumes that the true effect 
of the exposure is the same value in each study;  of the exposure is the same value in each study;  
differences due to random variationdifferences due to random variation

--ORsORs are weighted according to a measure of are weighted according to a measure of 
the quantity of information they containthe quantity of information they contain

Random effects modelRandom effects model:  assumes a different :  assumes a different 
underlying effect for each study underlying effect for each study 

--Relatively more weight is given to smaller Relatively more weight is given to smaller 
studiesstudies
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14 Studies Included in Analysis14 Studies Included in Analysis

11--141419951995--20022002ALL, cALL, c--ALLALLUSAUSAMa et al., 2005 (NHMa et al., 2005 (NH--Whites)Whites)

00--151519891989--20042004ALL, cALL, c--ALLALLDenmarkDenmarkKamperKamper--Jorgensen et al., 2008Jorgensen et al., 2008
11--141419951995--20022002ALL, cALL, c--ALLALLUSAUSAMa et al., 2005 (Hispanics)Ma et al., 2005 (Hispanics)

22--141419911991--19961996ALL, cALL, c--ALLALLUKUKGilhamGilham et al., 2005et al., 2005
11--151519951995--19981998AL, ALLAL, ALLFranceFranceJourdanJourdan--DaDa Silva et al., 2004Silva et al., 2004

1.51.5--141419801980--19971997AL, cAL, c--ALLALLGermanyGermanySchuzSchuz et al., 1999et al., 1999

00--141419931993--19941994LeukemiaLeukemiaGreeceGreecePetridouPetridou et al., 1997et al., 1997
00--4419721972--19891989ALLALLUKUKRoman et al., 1994Roman et al., 1994

22--151519951995--19991999ALALFranceFrancePerrillatPerrillat et al., 2002et al., 2002
22--141419941994--19971997AL, cAL, c--ALLALLHong KongHong KongChan et al., 2002Chan et al., 2002
11--141419891989--19931993ALL, cALL, c--ALLALLUSAUSANegliaNeglia et al., 2000et al., 2000
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