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INTRODUCTION
The purpose of this commissioned work was to understand the evidence about
infant feeding and cognitive development to inform public health programs. We
sought to identify, compile, quality assess, summarize and interpret the evidence
more recent than 2005 in the context of the “Formula No Thanks” Peel Public
Health Media Campaign.
The specific search questions were:
1. Do healthy full term infants, less than 6 months of age and living in
developed countries who are exclusively breastfed or given only
breastmilk and no other artificial milk substitute, compared to babies of the
same description who are given both breastmilk and formula, show any
differences in cognitive development, social intelligence, learning
potential, short term intelligence (childhood), or long term intelligence
(adult)?
2. Do healthy full term infants, less than 6 months of age and living in
developed countries who are fed formula or mixed feedings of formula and
breast milk, compared to babies of the same description who are
exclusively formula fed, show any differences in incidence of learning
problems or disabilities, cognitive development, short term intelligence
(childhood), or long term intelligence (adult)?

METHODS
The literature was searched to identify relevant articles that were published
between 2005 and 2009. A systematic review published by the Agency for
Healthcare Research and Quality (AHRQ) in 2006 was understood to effectively
capture and summarize the evidence to 2006. The new search was retrospective
to 2005 to capture any articles that may have been in the publication process
between 2005 and 2006. This strategy was designed to be comprehensive to
identify literature published since the AHRQ review.
Searches were conducted on June 10, 2009 in Medline, Embase, and CINAHL
(2005-2009). Keyword terms drawn from the research questions were used in
conjunction with known synonyms and relevant indexing terms from each of the
three databases searched. An initial search was run in Medline and reviewed by
a health sciences librarian for completeness, then modified as required for
Embase and CINAHL. In cases where a relevant keyword was not available as
an indexing term, the keyword was included in the search as a text word along
with the indexing terms. Search terms were combined using Boolean operators
and were limited to results relating to humans, and in the English language.
The complete search strategy is outlined in Appendix 1.
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SearchResults
The searches yielded 1260 citations (Medline [220], CINAHL [294] and EMBASE
[746]). Seven articles were forwarded for inclusion by Peel Health staff, two of
which had not been identified in our database searches. One (Anderson, 1999)
was outside the search date range and was found to be included in the AHRQ
systematic review. The other (Caspi, 2007) was outside the search terms, but
included in the results of the search based on a recommendation from Peel
Health. Titles and abstracts of 1261 articles were screened for relevance, and 56
articles were retrieved in full text for a more detailed review of the full document
versions.
The 56 articles were assessed applying the following relevance criteria:
1. Must include a population of healthy, full-term infants in developed
country(ies) who are exclusively breastfed or given only breastmilk, or who
are exclusively given artificial milk substitute (infant formula).
2. Must compare the relationship between breastfeeding or infant formula,
and cognitive development.
3. Must provide data on outcomes related to cognitive development/ function/
ability
4. Must be an English language primary study or review (and may be an
overview) published between 2005 and 2009

Relevanceassessmentresults–ReasonsforExclusion (see Appendix
3).
A total of 46 papers were excluded:
Not a study or review – 31 studies.
Not a relevant population, not comparing the relationship between breastfeeding
or formula and outcomes, or not providing data on outcomes – 14 studies.
Duplicate title – 1 study.
The remaining ten papers were distributed for full quality assessment and
interpretation. See Appendix 4 for the Reference List of included papers.

QualityAssessment
All 10 papers were assessed for methodological quality. Seven of the ten papers
were causation studies, and of those, 4 were found to be of weak quality and 3
were of moderate quality. The lone included intervention study was found to be of
moderate quality. Two papers were book chapters and were not quality
assessed; however, their reference lists were reviewed for papers not captured in
the search, and the chapters were used as background, with other more recent
journal articles providing current, first-hand data.
Quality assessment using either the Tool for Causation Studies or the Tool for
Intervention Studies was therefore completed for 8 papers; the two book
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chapters were not quality assessed. Quality assessment tools are included in
Appendices 5 and 6.
Results of the quality assessment are in Appendix 7. Given that no papers were
of strong quality, only the 4 papers of moderate quality were included in the
interpretation of results.

InterpretationandApplicabilityReview
Health Evidence staff together with Peel Health staff met to review all quality
assessments, and to discuss the relevance and applicability of the evidence in
consideration of existing Peel Health programs. The following summarizes the
discussion.

RESULTS AND CONCLUSIONS
Overall, the findings of the studies were inconclusive to directly answer the
research questions, which ideally would have required a body of
methodologically-strong causation studies directly comparing breast feeding to
infant formula feeding based assessment of appropriate outcomes (and similar
outcomes across studies), using valid and reliable measurement tools, and with
sufficient attention to potential confounding variables. There was considerable
heterogeneity among the included studies. Studies differed in design, they
assessed different variables thought to be related to cognitive outcomes, used a
variety of methods to collect data, various tools to assess outcomes, and studied
different populations in diverse settings. The heterogeneity among the studies
makes it challenging to compare across studies and develop definitive
conclusions.
More specifically, variables that may influence cognitive outcomes in the studies
included home environment, exclusive breastfeeding, and fatty acid metabolism.
Studies assessed a variety of outcomes including cognitive development,
intelligence, verbal ability, developmental delay, and IQ. Several studies
assessed cognitive ability or IQ, but used different scales or tools (e.g. Peabody
Individual Achievement Test, Wechsler Scales of Intelligence), and at different
end points (e.g. at 4 years of age, at adolescence, at adulthood). Studies were of
retrospective design (e.g. one study extracted data from the National
Longitudinal Study of Adolescents) and prospective design (e.g. longitudinal birth
cohort study) and used a variety of data collection methods or data sources. In
addition, the studies included different populations and characteristics (e.g. low
income, siblings) and settings (e.g. U.S., Belarus and Australia).
While some of the studies found an association between breast-feeding and
cognitive benefits, these studies tended to be rated as having lower
methodological quality using the critical appraisal tool. Furthermore, those
studies reporting a positive relationship between breastfeeding and cognitive
development, tended to not control for confounding variables, such as, mother’s
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IQ. Studies assessed as being of higher methodological and controlling for
confounding factors, tended to not report a significant relationship between
breastfeeding and cognitive development.
Below is a brief summary of the findings of the 8 included research studies (7
causation studies and one intervention study). The two book chapters are not
summarized here.
In Kramer et al. (2008), children who were breastfed had higher intelligence
scores. However, the results were insignificant for 4 of the 7 aspects of the
Wechsler intelligence scale, and for the remaining 3 aspects the confidence
intervals were wide meaning that it was quite possible that at the lower end of the
confidence interval the effect size was not clinically meaningful. Though this
randomized controlled trial set in Belarus was well done, limited information was
provided about the representativeness of the study sample and the 34 clinics
participating. This makes it difficult to determine the generalizability of these
results to the Canadian context.
Lawlor et al. (2006) studied an Australian cohort to determine infant and maternal
predictors of intelligence at 5 and 14 years. They found that of 11 characteristics
associated with intelligence, parental education, family income and breastfeeding
were the strongest predictors. Limitations were that the study included low
birthweight infants and that follow up included only 50% of the original cohort,
with low SES participants most likely to be lost to follow up.
Evenhouse et al. (2005), using retrospective data from the U.S. National
Longitudinal Study of Adolescent Health, compared breastfed and non-breastfed
siblings, and found a ‘causal’ connection between breastfeeding and intelligence.
The study controlled for birth weight, birth order, parental investment, and
gender. A limitation in the study is that no formula feeding information was
collected, so that the definition of breast-feeding is unclear.
Sacker et al. (2006) studied a cohort in the UK to examine the association
between breastfeeding and developmental delay. They found that infants never
breastfed were more likely to have gross motor delay at 9 months of age even
when biological, socioeconomic or psychosocial factors were controlled for. The
protective effect was not found for fine motor delay.
Gibson-Davis (2006) found that maternal intelligence scores explained the
association between breastfeeding and higher intelligence in 3 year olds.
Similarly, Der (2006) included sibling analysis and found that the association
between breastfeeding and children’s mental ability was small and insignificant
when maternal IQ was controlled for in the analysis, and that maternal IQ was
the most influential among relevant confounders.
Caspi et al, (2007) studied the moderating effect of the gene FADS2 on fatty acid
metabolism and found that among breast fed infants, those with the FADS2 gene
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had higher IQ scores indicating that the ability to metabolize fatty acids could
explain the higher IQ scores.
Zhou et al, (2007) looked at duration of breast-feeding and intelligence,
controlling for home environment and socioeconomic characteristics. They found
that home environment explained the association between breastfeeding and
intelligence. Of note, the scale used to measure intelligence was designed for
use with children at high risk and so may not accurately assess the outcome for
non-high risk children.

SUMMARY CONCLUSIONS
x
x

x

x

Studies included were of moderate or weak quality.
Some studies found a positive association between breast feeding and
cognitive development.
o Where an association was present, the confidence intervals were
wide, meaning the effect size could be too small to be clinically
important.
o Breastfeeding was often inadequately defined or measured. It was
unclear in several studies whether populations studied were
exclusively breast fed, and breast feeding status was
inconsistently/unreliably measured.
Maternal IQ and socio-environmental factors appear to explain any effect,
meaning that it is not feasible to attribute the observed improvements in
cognitive outcomes to feeding method alone, since maternal IQ and socioenvironmental factors appear to explain many of the differences in
cognitive outcomes.
Where there was an association between breast feeding and cognitive
outcomes, it is unknown whether the association is explained by some
component of breast milk, or by socio-environmental factors, meaning that
it is not possible to conclusively attribute any improvements in outcomes
to breast milk alone.

RECOMMENDATIONS
x

x

The literature to date does not support a claim of superior cognitive
function or ability as a result of breast-feeding. A high-quality review
published in 2007, along with several more published studies were
considered in drawing this conclusion. Public health programs should
convey that there are benefits to breastfeeding but should not suggest
cognitive benefits.
At this time, a synthesis of the available literature does not suggest
superiority of breast milk compared to formula for improved cognitive
development..
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APPENDIX 1: SEARCH STRATEGY
Medline:
Database: Ovid MEDLINE(R) <1996 to May Week 5 2009>
Search Strategy:
-------------------------------------------------------------------------------1 Child Development/ or Cognition Disorders/ or cognitive development.mp.
(35028)
2 exp Intelligence/ or social intelligence.mp. (5671)
3 Social Behavior/ or social behaviour.mp. or Social Behavior Disorders/
(15204)
4 exp Learning/ or exp Learning Disorders/ or learning potential.mp. (110539)
5 short term intelligence.mp. (0)
6 long term intelligence.mp. (2)
7 Intelligence Tests/ (2750)
8 exp Cognition Disorders/ or exp Cognition/ or cognition.mp. (76232)
9 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 (192781)
10 exp Infant Formula/ (1105)
11 Bottle Feeding/ae [Adverse Effects] (274)
12 breast feeding.mp. or exp Breast Feeding/ (11470)
13 Milk, Human/ (4665)
14 10 or 11 or 13 or 12 (15185)
15 14 and 9 (718)
16 limit 15 to (english language and humans and yr="2005 -Current") (267)
17 from 13 keep 1-220 (220)
18 from 17 keep 1-220 (220)
19 from 18 keep 1-220 (220)
***************************
Embase:
Database: EMBASE <1996 to 2009 Week 23>
Search Strategy:
-------------------------------------------------------------------------------1 exp Cognitive Development/ (1898)
2 exp Child Development/ (9185)
3 cognition disorders.mp. or exp Cognitive Defect/ (36968)
4 exp Wechsler Intelligence Scale/ or exp Emotional Intelligence/ or exp
Intelligence Test/ or exp Intelligence Quotient/ or intelligence.mp. or exp
Intelligence/ or exp Stanford-Binet Intelligence Scale/ (16230)
5 short term intelligence.mp. (0)
6 long term intelligence.mp. (3)
7 exp Cognition/ or social intelligence.mp. (392198)
8 social behaviour.mp. or Social Behavior/ (11482)
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9 exp Learning Test/ or exp Learning/ or exp Social Learning/ or learning.mp.
or exp Learning Disorder/ (123175)
10 6 or 3 or 7 or 9 or 2 or 8 or 1 or 4 or 5 (446452)
11 infant formula.mp. or exp Artificial Milk/ (4020)
12 exp Infant Feeding/ (12249)
13 exp Bottle Feeding/ (784)
14 exp Breast Milk/ or exp Breast Feeding/ or breastfeeding.mp. (14685)
15 breast feeding.mp. (11579)
16 11 or 13 or 12 or 15 or 14 (18127)
17 16 and 10 (1848)
18 limit 17 to (human and english language and yr="2005 -Current") (746)
19 from 18 keep 1-500 (500)
***************************
CINAHL:
SEARCH APPEARANCE IN CINAHL - EbscoHost
Limited by English; January 2005-June 2009; Taxonomy specifications not
required
( (MH Human Development+ or MH Cognition Disorders or MH "Mental
Disorders Diagnosed in Childhood"+) ) or (MH Intelligence+) or ( (MH Social
Behavior or MH Social Behavior Disorders+) ) or ( (MH Learning+ or MH
Learning Disorders+) ) or (MH Intelligence Tests) or ( (MH Cognition+) or TX
("cognitive development" or "short term intelligence" or "long term intelligence" or
"learning potential") )
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APPENDIX 2: SEARCH RESULTS
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APPENDIX 3: RELEVANCE ASSESSMENT RESULTS
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Buyken,2008
Effectsof
breastfeedingon
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6.
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metabolism

7.
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Dee,2007
Associationsbetween
breastfeedingpractice
andyoungchildren’s
languageandmotor
skilldevelopment.
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Effectofbreastfeeding
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Breastfeeding
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studyor
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breastfeeding
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3yearolds
intheU.S.
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Vocabulary
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Primary
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Yes
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Nota
studyor
review
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Nota
studyor
review
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overinterpreted.

12.

Deshpande,
2008
Exclusivebreast
feedingforthefirst6
months.

13.

Elwood,2005
Longtermeffectof
breastfeeding:
cognitivefunctionin
theCaerphillycohort.

14.

Evenhouse,
2005
Improvedestimatesof
thebenefitsofbreast
feeding…

15.

Fewtrell,2007
Optimaldurationof
exclusive
breastfeeding:whatis
theevidenceto
supportcurrent
recommendations?

16.

GibsonDavis,
2005
Breastfeedingand
verbalability…

17.

Gordon,2008
Breastfeeding,breast
milkfeeding,
breastfeedingandIQ:
unknownandknown
knowns.

18.

Gubala,2007
Meritsofbreastfeeding
throughthetoddler
years.

Limitedoutcomes
reported;measureof
outcomeswas
mother’slevelof
concern
Controlsfor
confoundersby
comparingsiblings;
controlsformaternal
IQ

Peel Public Health Infant Feeding and Cognitive Development Final Report, July 2009
Page 12 of 24

19.

HaddersAlgra,
2005

Children
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Nota
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review
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20.
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21.

Jacobson,2006
Breastfeedingand
intelligenceinchildren.

22.

Kramer,2008
Anintervention
promotingexclusive
andprolonged
breastfeeding
improvedverbal
intelligencescoresin
childrenat6.5years.

23.

Kramer,2008
Effectsofprolonged
andexclusive
breastfeedingonchild
behaviorandmaternal
adjustment:evidence
formalarge,
randomizedtrial.

24.

Kramer,2008
Breastfeedingand
childcognitive
development.

25.
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findingsfromthe
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26.
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babies…

27.
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Doesbreasfeeding
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28.
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2007
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29.
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Nutritionandbrain
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30.
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findingsfromthe
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refuted

NA

NA

NA

53.

Breastfeedingand
intelligence

NA

NA

NA

Studyhintsatlink
betweenbreastfeeding
andintelligence

NA

No



No

NA

54.

55.





NA

NA

NA


























Research
Summaries#237

56. Duplicatetitle.





Nota
studyor
review
Nota
studyor
review
Nota
studyor
review
Nota
studyor
review
Nota
studyor
review
Nota
studyor
review
Nota
studyor
review
NA







NA

NA

No



No

Commentary

No

Commentary

No

Commentary


No

Commentary
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APPENDIX 4: REFERENCE LIST OF INLCUDED STUDIES


ǡǤǡǡǤǡǦǡ Ǥǡǡ ǤǤǡǡǤ ǤǡǡǤǡǤǤȋʹͲͲȌǤ
    
Ǥ    
 ǡͳͲͶȋͶȌǡͳͺͺͲǦͳͺͺͷǤ

 ǡ ǡ Ǥ   ǣ 
ǡǡǦǤ ǣ  ʹͲͲ
ͶǢ͵͵͵ȋͷͷȌǣͻͶͷǤ

ǡǤ 
  Ǥ   ʹͲͲͷǢͶͲȋ ȌǤ

ǦǡǦ  Ǥ͵ǦǦ
 Ǥ ʹͲͲǢͳͳͺȋͷȌǣͳͶͶͶǦͳͶͷͳǤ

ǡ ǡǡ  ǡǡǤ
 ǣ Ǥ 
 ʹͲͲͺǢͷȋͷȌǤ

ǡ ǡ ǡ̵ ǡ ǡǤ
   ǣ Ǧ
  Ǥ ʹͲͲʹǢ͓ʹͲͲȋʹȌǤ

  ǡǡǤ Ǧ  Ǥ
Ǧ ǣ     
ʹͲͲͻǢ͵ͻȋͻǦʹͳͷǤ

ǡ ǡ Ǥǣ
Ǥ Ƭǣ      
ʹͲͲǢʹͲȋʹȌǣͳʹͲǦ͵ͶǤ

 ǡǡ Ǥǣ
Ǥ ʹͲͲǢͳͳͺȋ͵ȌǣͺʹǦͺͻǤ

 ǡǡ ǡǤ ǡǦ
ǡ   ǤʹͲͲ
 Ǣʹ͵ȋ͵Ȍǣʹ͵ǦͶͳǤ
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APPENDIX 5 – QUALITY ASSESSMENT TOOL
CAUSATION STUDIES


Peel Public Health Infant Feeding and Cognitive Development Final Report, July 2009
Page 18 of 24

APPENDIX 6 – QUALITY ASSESSMENT TOOL –
INTERVENTION STUDIES
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APPENDIX 7: INCLUDED STUDIES - QUALITY ASSESSMENT
RESULTS
Caspi

Der

1. What Research Design
Was Used?

2

2

Causation Studies
Author/ Score
Evenhouse Gibson- Lawlor
Michaelsen
Davis
Book chapter
1
2
2

2. Were there clearly
identified comparison
groups?
3. Were the comparison
groups compared for
similarity on important
confounders at baseline?
4. Were the outcomes
and exposures measured
in the same way in the
groups being compared?
5. Were the data
collection tools shown to
be valid?
6. Were the data
collection tools shown to
be reliable?
7. Was the follow-up
sufficiently long for the
outcome of interest?
8. Was the follow-up
sufficiently complete?
9. Does exposure to the
agent precede the
outcome?
10. Was there a doseresponse gradient (as
exposure increases risk of
outcome
increases/decreases)?
11. If there were
significant differences
between groups at
baseline were they
controlled for in the
analysis?
12. Were appropriate
statistical tests done for
the research design?
13. Were the 95%
confidence intervals for
the outcome(s) of interest
precise?
14. Was the description of

1

1

1

1

1

1

0

1

1

0

Quality Criteria

Petryk

Sacker

Zhou

Book
Chapter
(no QA)

2

2

0

1

1

1

1

1

1

1

1

1

1

1

0

1

1

1

1

2

0

0

0

1

1

0

2

0

1

1

1

1

0

1

NA

0

0

0

0

1

0

1

1

1

1

1

1

1

NA

1

0

0

1

1

1

1

1

1

1

1

1

NA

1

1

1

1

1

1

1

0

0

0

0

1

0

0

0

1

2

1

1

0

0

(no QA)
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study participants detailed
enough to apply the
results in clinical practice?

TOTAL

8

11

10

12

13

(weak)

(weak)

(weak)

(moderate)

(moderate)

11
(weak)

Intervention Studies
Quality Criteria

Kramer





Selection Bias

Strong/Moderate





Study Design

Strong





Confounders

Weak





Blinding

Moderate





Data Collection
Methods
Withdrawals and
Dropouts
Intervention
Integrity
Analyses

Strong



Strong

OVERALL





























































Good

















Done appropriately





Moderate
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13
(moderate)

