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• Review Common Clinical Examples (& 
Tradeoffs) with Probiotic Use

• Why Probiotic and Prebiotic Research in 
Pediatrics is Challenging

• Potential Strategies
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A 5 year-old boy with fever, 
emesis x 1 day (now resolved) 
and loose (non-bloody) stools x 2 
days



What is the evidence that some 
probiotic strains are effective for the 
treatment of acute viral 
gastroenteritis?
A. Excellent evidence; I don’t know why we don’t do this 

all the time

B. Good evidence; but the clinical impact is limited

C. Good evidence; but it only seems to work in Boston

D. No evidence; There are no probiotic strains that have 
any clinical effect on acute gastroenteritis
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Probiotics for Infectious Diarrhea

10

Allen SJ, Martinez EG, Gregorio GV, Dans LF. Probiotics for treating acute infectious diarrhoea. Cochrane Database of 

Systemic Reviews. DOI: 10.1002/14651858.CD003048.pub3

• 63 trials; n= 8014 patients (mostly children)

• Probiotics not associated with adverse 

effects. 

• Nearly all studies reported a shortened 

duration of diarrhea 



Treatment of Acute Diarrhea: 
Meta Analysis Results
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Infectious Diarrhea

• Most common scenario was rotavirus

• Strains most frequently cited clinically

– Lactobacillus casei (LGG)

– Saccharomyces boulardii

– Enterococcus LAB SF68

• Published effect is modest—only 25 
hours difference
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A 5 year-old girl with otitis media, 
will start a 10 day course of 
amoxicillin. Should you start a 
probiotic supplement to prevent 
antibiotic associated diarrhea?



Would you recommend a probiotic 
supplement to prevent antibiotic 
associated diarrhea in this case?

A. Yes, Definitely

B. Yes, Probably

C. No, but I would not object to the parent initiating it

D. No and I would object to the parent initiating it

14
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Overall RR=0.58 reported in meta-analysis; NNT=13



Reduction in Relative Risk of Antibiotic 
Associated Diarrhea
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Claxton AJ, et al. A systematic review of the associations between dose regimens and medication compliance. Clin Ther. 

2001; 23: 1296-1310. Osterberg L, et al. Adherence to medication.  NEJM. 2005; 353:487-97.

Adherence decreases as regimen 
complexity increases



Antibiotic-Associated Diarrhea 
Summary

• Prevention of antibiotic-associated 
diarrhea is well documented; however, it is 
highly dependent on patient adherence

• Strains frequently cited clinically

– LGG

– Saccharomyces boulardii

Szajewska H, Dziechciarz P, Mrukowicz J. Aliment Pharmacol Ther. 2006 Jan 15;23(2):217-27.



A 5 month-old, breastfed boy is 
about to start child care. Parents 
ask if they should start a probiotic 
supplement to prevent illness and 
missed days from child care.  



Would you recommend a probiotic 
supplement for a 5 month old breastfed 
boy about to start daycare?

A. Yes

B. Maybe

C. No, but I would not object to the parent initiating it

D. No and I would object to the parent initiating it
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24Laursen RP, et al. Probiotics and Child Care Absence Due to Infections: A Randomized Controlled Trial. Pediatrics. 2017;140(2):e20170735



Probiotics in Child Care

• Daily administration of Bifidobacterium animalis 
subsp. lactis (BB-12R) and Lactobacillus 
rhamnosus (LGGR) x 6 months 

• No difference in 

– Days absent from day care in healthy infants

– Upper or lower respiratory tract infections

– Gastroenteritis/diarrhea episodes

25Laursen RP, et al. Probiotics and Child Care Absence Due to Infections: A Randomized Controlled Trial. Pediatrics. 2017;140(2):e20170735



Child Care Studies tend to be positive when…

• There is minimal or no breastfeeding

– In the Laursen et al. study, almost half (47%) the 
infants enrolled were breastfed 

• Children are older (> 3 years of age)

– In the Laursen et al. study, children were between 8 
and 13 months of age

• Thus, would not recommend for a 5 month-old; 
would encourage continued breastfeeding

26

Hojsak I, et al. Lactobacillus GG in the prevention of gastrointestinal and respiratory tract infections in children who attend day care centers: A randomized, 

double-blind, placebo-controlled trial. Clin Nutr. 2010;29(3):312-316. Garaiova I, et al. Probiotics and vitamin C for the prevention of respiratory tract 

infections in children attending preschool: a randomised controlled pilot study. Eur J Clin Nutr. 2015;69(3):373-379. Weizman Z, et al. Effect of a Probiotic 

Infant Formula on Infections in Child Care Centers: Comparison of Two Probiotic Agents. Pediatrics. 2005;115(1):5-9. Smerud HK, et al. Effect of a 

probiotic milk product on gastrointestinal and respiratory infections in children attending day-care. Microb Ecol Health Dis. 2008;20(2):80-85.



Child Care Infection Prevention

• Strains frequently cited

– Lactobacillus rhamnosus GG (LGG) 

– L. acidophilus LA-5

– Bifidobacterium Bb-12

– Lactobacillus reuteri (American Type Culture 
Collection 55730)

27
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A 5 week-old boy presents with crying 

for 5 hours/day for the last week. He is 

well-fed and gaining weight. Physical 

examination is negative. Based on the 

negative history and examination you 

suspect colic. 

Should you start a probiotic 

supplement? 



L reuteri DSM 17938

• At least five randomized controlled trials for L reuteri

– Canada, Poland, Italy, China, Australia, United 
States

• Overall results, suggest positive benefit

• One negative study (Australia)

• One underpowered study (United States)

30



Harbe et al. JPGN 2016

Difference in means



Why was the Australian study 
different?

• Infants were older

• Use of proton pump inhibitors and H2 blockers

• Use of infant formula

32



Patient with colic

• Best evidence is for L. reuteri DSM 17938

• Tends to work best in the following situations

– Breastfed infants

– Babies not on any GI medications (e.g., 
randitidine)

– Babies that start early in the course of 
symptoms

33



During a pre-natal visit, soon-to-be 

parents ask if they should start a 

probiotic supplement immediately 

after birth to prevent colic.   



Would you start a probiotic 
supplement on a healthy infant for 
colic prophylaxis?

A. Yes; there is good evidence

B. No; there is not enough evidence

C. No; there are no studies on this topic

D. This is a trick question

35
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• Design:  Double-blind, randomized 
controlled trial

• Subjects: 554 newborns

• Intervention:  1 × 108 colony-
forming units of L reuteri DSM 
17938 or placebo for 90 days

• Results:  Crying time at 3 months of 
life was lower in the intervention 
group (38 minutes/day versus 71 
minutes/day; p<0.01)

Indrio, at al. 2014

Indrio F. JAMA-Pediatrics. 2014.



Colic Summary

• L. reuteri DSM 17938 may also be 
effective in the prevention of colic.

• However, only one randomized 
controlled trial

• Prevalence of colic was high (25%)

• You may be treating lots of infants who 
don’t necessarily need to be treated 

Indrio F. JAMA-Pediatrics. 2014.



Probiotics and Primary
Prevention for 
Atopic Dermatitis



During a pre-natal visit, soon-to-be 

parents ask if they should start a 

probiotic supplement immediately 

after birth to prevent eczema? 



• Design:  Double-blind, randomized 
controlled trial

• Subjects: 159 mothers & children

• Intervention: Lactobacillus GG 
supplementation (1010 CFU) for 1 
month prenatally, and 6 months 
post-natally for infants

• Results:  Decreased likelihood of 
atopic eczema in the probiotic 
group (RR=0.51 [95%CI: 
0.32,0.84])

Kalliomaki, at al. 2001

Kalliomaki M, et al.  Probiotics in primary prevention of atopic disease:  a randomized placebo-controlled trial.  Lancet.  2001;357:1076-1079.



Study (Year) Treatment Population Results

Kalliomaki

(2003)

1 x 10^10 CFU of LGG daily

Started 2 to 4 weeks before 

delivery and continued 6 months 

postnatally

107 Finnish 

mothers with 

atopic risk 

factors

Four-year follow-up of original cohort

Decreased risk of atopic dermatitis (AD)

Kopp (2008) 5 x 10^9 CFU LGG twice a day

Started 4 to 6 weeks before 

delivery and continued 6 months 

postnatally.

f/u at 2 years of age

105 German 

mothers with 

atopic risk 

factors

No difference in development of atopic dermatitis 

and no difference in severity.

Mean breastfeeding 

duration=6.5 months

Mean breastfeeding 

duration=9.2 months
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Cumulative Incidence of Eczema (n=184)

* P>0.05 by Wilcoxon log rank test

Time in Years

LGG Intervention
Control 

Cabana, et al. Pediatrics. 2017. 
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Eczema prevention

• Best studied probiotic is LGG

– Successful in prenatal/postnatal study in Finland, but 
a negative study in Germany

– Postnatal San Francisco study was negative

– Both German and San Francisco studies had high 
rates of breastfeeding

•

48

Osborn DA, Sinn JK. Prebiotics in infants for prevention of allergy. Cochrane Database Syst Review. 2018; Mar 28;(3):CD006474. doi: 

10.1002/14651858.CD006474.pub3; Cabana, et al. Pediatrics. 2017. 



What about prebiotics?



Prebiotics & Eczema prevention

• Cochrane: “There is some evidence that a prebiotic 
supplement added to infant feeds may prevent 
eczema.” 

– Cochrane analysis suggests a reduction in eczema in 
1218 infants analyzed in the early stages of life when 
supplemented with GOS/FOS (9:1 ratio; 8 g/L added 
to cow milk–based formula)

– “Further research is needed before routine use of 
prebiotics can be recommended for prevention of 
allergy in formula fed infants.” 

• Cuello-Garcia (2017): Reported a risk of developing 
eczema  of RR: 0.68, 95% CI: 0.40 to 1.15

50

Cuello Garcia et al. Prebiotics for the prevention of allergies: A systematic review and meta-analysis of randomized controlled trials. Clin Exp Allergy 2017 

Nov;47(11):1468-1477. doi: 10.1111/cea.13042. Osborn DA, Sinn JK. Prebiotics in infants for prevention of allergy. Cochrane Database Syst Review. 

2018; Mar 28;(3):CD006474. doi: 10.1002/14651858.CD006474.pub3;

. 



Clinical Summary

• Even with good evidence, there are clinical 
tradeoffs to consider

– 25 hours may be statistically significant, but not 
clinically significant for a family

– Making a medication regimen more complicated 
may adversely affect overall adherence

• In many situations, the clinical evidence is 
mixed (eczema prevention, colic treatment) or 
limited to one randomized trial (colic prevention)

51



Pediatric Care Applications
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The 5 “D”s

• Dependency

• Developmental Issues

• Delayed Payoff

• Differential Epidemiology

• Demographic Patterns

Forrest C, Simpson L, Clancy C.  Child Health Services Research. JAMA. 1997;277:1787-93.



Category Issues Potential Strategies
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Prebiotics & Diarrhea Prevention

• Location: Perth, Australia

• Design: Double-blind 

prospective randomized 

controlled trial 

• Subjects: healthy children 
1-3 years of age (n= 496)

Binns CW, Lee AH, Harding H, Gracey M, Barclay DV. The CUPDAY Study: prebiotic-probiotic milk product in 1-3-year-old children attending 

childcare centres. Acta Paediatr. 2007 Nov;96(11):1646-1650.



• Assignment to 2 servings a day for 5 
months of ‘CupDay’, a milk product 
containing Bifidobacterium lactis and a 
prebiotic blend comprising 50% 
Raftilose P95 (FOS) and Acacia gum

• Control group received a control milk 
product not containing probiotics or 
prebiotics.  

Binns CW, et al. The CUPDAY Study: prebiotic-probiotic milk product in 1-3-year-old children attending childcare centres. Acta Paediatr. 

2007 Nov;96(11):1646-1650.

Intervention



• Outcomes:

– Risk of diarrhea 

• Results:

– The children consuming the ‘Cupday’ 
drink had an adjusted risk ratio of 
0.80 (95% CI: 0.70, 0.91) of diarrhea.

– Controlling for age, consumption rate 
and concurrent family illness. 

Outcomes

Binns CW, Lee AH, Harding H, Gracey M, Barclay DV. The CUPDAY Study: prebiotic-probiotic milk product in 1-3-year-old children 
attending childcare centres. Acta Paediatr. 2007 Nov;96(11):1646-1650.



• Yoon study

• Need for clinical trials
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Many medications do not have a 
pediatric indication

79

• 121 medications listed in 

the formulary (27%) were 

off-label.

• The percentage of off-label 

medications varied by class 

of medications, over a wide 

range (3–57%).



Why Pediatric Research is 
Challenging

80



Children ≠ Little Adults

81

≠
Pediatric 

Research
Data from 

Adult Research



The 5 “D”s

• Dependency

• Developmental issues

• Dollars

• Differential epidemiology

• Demographic patterns

Forrest C, Simpson L, Clancy C.  Child Health Services Research. JAMA. 1997;277:1787-93.
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Forrest C, Simpson L, Clancy C.  Child Health Services Research. JAMA. 1997;277:1787-93.



Dependency

• Evaluation of the child 
involves the parents

• Consent for clinical trials 
is more complex

• Since children are 
considered dependent 
and ‘vulnerable’, there 
are constraints on study 
design



Dependency

• Evaluation of the child 
involves the parents
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Evaluation of Child via Parent

88

Evaluation Tool Acronym Disease or 

Condition

Pediatric Quality of Life PedsQL N/A

Scoring Atopic Dermatitis SCORAD Atopic Dermatitis

Parental Opinions of Pediatric 

Constipation 

POOP-C Constipation

Pediatric Inventory for Parents PIP Stress

Children’s Sleep Status Questionnaire CSSC Sleep

Childhood Asthma Control Test C-ACT Asthma
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Infant Colic Clinical Trials
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Infant Colic Clinical Trials
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Research in Children

• Informed consent must be obtained 
from study participants

– For studies involving prenatal and postnatal 
interventions, consent is obtained again for 
the newborn

• Assent

– Older children should not be excluded 
from decision-making

– Assent should be obtained whenever 
appropriate (>7 years old)

99
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Is 4 weeks of probiotic 
supplementation effective in 
treating functional constipation 
in children?

102



103Olgaç et al. (2013) 

103 children (4-16 yrs) 

2

5

1,7

4,6

0

1

2

3

4

5

6

Baseline Week	4

N
u
m
b
e
r	
o
f	
bo

w
e
l	
m
o
ve
m
en

ts
/w

e
ek

L.	reuteri	Protectis	(n=25) Lactulose		(n=28)

p<0.05

1,7

3,5

1,8

3,5

0

0,5

1

1,5

2

2,5

3

3,5

4

Baseline Week 4

S
to

o
l 
c
o

n
s
is

te
n

c
y
 

L. reuteri Protectis (n=25) Lactulose (n=28)

p<0.05L. reuteri as effective as Lactulose for constipation at 4 weeks

2

5

1,7

4,6

0

1

2

3

4

5

6

Baseline Week	4

N
u
m
b
e
r	
o
f	
bo

w
e
l	
m
o
ve
m
en

ts
/w

e
ek

L.	reuteri	Protectis	(n=25) Lactulose		(n=28)

p<0.05

1,7

3,5

1,8

3,5

0

0,5

1

1,5

2

2,5

3

3,5

4

Baseline Week 4

S
to

o
l 
c
o

n
s
is

te
n

c
y
 

L. reuteri Protectis (n=25) Lactulose (n=28)

p<0.05

L reuteri DSM 17938 (n=25) L reuteri DSM 17938 (n=25)

1,9

1,9

Placebo (n=28)Placebo (n=28)



104Olgaç et al. (2013) 

103 children (4-16 yrs) 

2

5

1,7

4,6

0

1

2

3

4

5

6

Baseline Week	4

N
u
m
b
e
r	
o
f	
bo

w
e
l	
m
o
ve
m
en

ts
/w

e
ek

L.	reuteri	Protectis	(n=25) Lactulose		(n=28)

p<0.05

1,7

3,5

1,8

3,5

0

0,5

1

1,5

2

2,5

3

3,5

4

Baseline Week 4

S
to

o
l 
c
o

n
s
is

te
n

c
y
 

L. reuteri Protectis (n=25) Lactulose (n=28)

p<0.05L. reuteri as effective as Lactulose for constipation at 4 weeks

2

5

1,7

4,6

0

1

2

3

4

5

6

Baseline Week	4

N
u
m
b
e
r	
o
f	
bo

w
e
l	
m
o
ve
m
en

ts
/w

e
ek

L.	reuteri	Protectis	(n=25) Lactulose		(n=28)

p<0.05

1,7

3,5

1,8

3,5

0

0,5

1

1,5

2

2,5

3

3,5

4

Baseline Week 4

S
to

o
l 
c
o

n
s
is

te
n

c
y
 

L. reuteri Protectis (n=25) Lactulose (n=28)

p<0.05

L reuteri DSM 17938 (n=25) L reuteri DSM 17938 (n=25)

1,9

1,9

Placebo (n=28)Placebo (n=28)



105Olgaç et al. (2013) 

103 children (4-16 yrs) 

2

5

1,7

4,6

0

1

2

3

4

5

6

Baseline Week	4

N
u
m
b
e
r	
o
f	
bo

w
e
l	
m
o
ve
m
en

ts
/w

e
ek

L.	reuteri	Protectis	(n=25) Lactulose		(n=28)

p<0.05

1,7

3,5

1,8

3,5

0

0,5

1

1,5

2

2,5

3

3,5

4

Baseline Week 4

S
to

o
l 
c
o

n
s
is

te
n

c
y
 

L. reuteri Protectis (n=25) Lactulose (n=28)

p<0.05L. reuteri as effective as Lactulose for constipation at 4 weeks

2

5

1,7

4,6

0

1

2

3

4

5

6

Baseline Week	4

N
u
m
b
e
r	
o
f	
bo

w
e
l	
m
o
ve
m
en

ts
/w

e
ek

L.	reuteri	Protectis	(n=25) Lactulose		(n=28)

p<0.05

1,7

3,5

1,8

3,5

0

0,5

1

1,5

2

2,5

3

3,5

4

Baseline Week 4

S
to

o
l 
c
o

n
s
is

te
n

c
y
 

L. reuteri Protectis (n=25) Lactulose (n=28)

p<0.05

L reuteri DSM 17938 (n=25) L reuteri DSM 17938 (n=25)

1,9

1,9

Placebo (n=28)Placebo (n=28)

1,9

1,9



106



107



The Use of Placebos for Children

• The Declaration of Helsinki states that 
every patient in a clinical study, including 
those in a control group, should be 
assured of at least the current standard 
of care

• Children are a ‘vulnerable’ population 
and the investigator clearly needs to 
state why a placebo is justified

108
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Dependency

• Children are considered a 
vulnerable population in 
research

• Pediatric clinical trials 
cannot just ‘duplicate’ 
adult trials

• Use of placebo has to be 
justified

112



The 5 “D”s

• Dependency

• Developmental issues

• Dollars

• Differential epidemiology

• Demographic patterns

Forrest C, Simpson L, Clancy C.  Child Health Services Research. JAMA. 1997;277:1787-93.



The 5 “D”s

• Dependency

• Developmental issues

• Dollars   

• Differential epidemiology

• Demographic patterns

Forrest C, Simpson L, Clancy C.  Child Health Services Research. JAMA. 1997;277:1787-93.



Development

• Childhood is a time of great change 
and a potential opportunity to affect 
adult outcomes



The roots of many ‘adult’ 
diseases occur in infancy 

and childhood

Forrest C, Simpson L, Clancy C.  Child Health Services Research. JAMA. 1997;277:1787-93.



Early Roots in Childhood

• Asthma, eczema, allergic rhinitis

– Asthma = 10-12% of the population

– Allergic rhinitis=10-25% of the population

– Eczema prevalence = 10-20% of pediatric population

117

1. Leung DY, et al. Ann Allergy Asthma Immunol. 2004;93(3 Suppl 2):S1-S21.

2. Breuer K, et al. Clin Exp Allergy. 2004;34(5):817-824.



Hygiene Hypothesis

• The lack of early 
childhood exposure 
to infectious agents 
increases 
susceptibility to 
allergic diseases 



Objective:

To test the effectiveness of a 

probiotic supplement in 

preventing the development of 

early markers of asthma

Subjects:

184 infants at high risk for 

developing asthma

Intervention:

Postnatal daily infant probiotic 

dietary supplementation (first 6 

months of life)



Hygiene hypothesis

120



Prevention Studies 

Folster-Holst R, Ann Nutr Metab. 2010; 57: 166-19



• Because of issues of fetal development, it 
can be difficult to have studies approved 
that allow prenatal intervention early in 
pregnancy

122



Early Roots of Disease in Childhood

123

• There is great potential 

in investigating the 

development (and 

potential prevention) of 

diseases early in 

childhood

• There are limitations 

with early prenatal 

interventions



The 5 “D”s

• Developmental issues

• Dependency

• Dollars

• Demographic patterns

• Differential epidemiology

Forrest C, Simpson L, Clancy C.  Child Health Services Research. JAMA. 1997;277:1787-93.
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Dollars/Return on Investment

• The final ‘product’ of pediatric care is 
realized over an extended time horizon

• As a result, it is challenging to measure 
benefits of early intervention

• How can you 

prove the 

effectiveness of an 

early childhood 

intervention?



Perry Preschool Study  

• 123 preschool kids randomly assigned to Head 
Start pre-school (2.5 hours/day).

– Start age:  3 years

– End age: 40 years 

• Every $1 invested in Head Start, the return on 
investment ranged from $7 to $9, based on: 

128http://www.highscope.org/files/BarnettS_Proceedings2012.pdf

– Graduation rates and 
impact on economy

– Less obesity, decreased 
smoking rates 



Dollars

• The benefits of pediatric 
interventions may take 
many years before they 
can be measured

• Intermediate outcomes 
are useful, but may not be 
clinically convincing to 
change practice
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The 5 “D”s

• Dependency

• Developmental issues

• Dollars

• Differential epidemiology

• Demographic patterns

Forrest C, Simpson L, Clancy C.  Child Health Services Research. JAMA. 1997;277:1787-93.



Differential Epidemiology

• Only a handful of relatively 
common chronic conditions 
(e.g., obesity, asthma, etc).

• However, a wide plethora of 
rare diseases manifest in a 
very small percentage of 
children.

• Can make recruitment for 
clinical studies very difficult



132Gerteis J, et al Multiple Chronic Conditions Chartbook. AHRQ Publications No, Q14-0038. Rockville, MD: Agency for Healthcare Research and Quality. April 2014 



Most common chronic adult 
conditions

133



Most common chronic pediatric 
conditions
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Distribution of Pediatric Health Costs
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Current trials in ClinicalTrials.gov

• Clinical trials for children & ‘probiotics’

• 65 trials currently listed as recruiting, 
enrolling or active

• The majority of studies focus on common 
conditions

136

▪ Diarrhea

▪ Acne

▪ Respiratory tract 
infections

▪ Gastroenteritis

▪ Constipation

▪ Colic



Active Trials of Chronic Pediatric 
Conditions in ClinicalTrials.com

Condition n Intervention Location

Children With Familial 

Hypercholesterolemia

40 Lactobacillus paracasei

B21060 + prebiotics

Naples, Italy

Inflammatory bowel 

disease

80 VSL#3 Czech Republic 

Cerebral Palsy (CP) and 

Chronic Constipation

40 L. reuteri DSM 17938 Guadalajara, 

Mexico

Extremely Low Birthweight 

Infants

150 LGG Rockford Memorial 

Hospital (USA)

Type I Diabetes mellitus 30 VSL#3 Medical College of 

Wisconsin (USA)

Hirschsprung's associated 

enterocolitis (HAEC)

40 Lactobacillus LB Cairo University

Juvenile idiopathic arthritis 120 VSL#3 Hôpitaux de Paris
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Active Trials of Chronic Pediatric 
Conditions in ClinicalTrials.com

Condition n Intervention Location Frequency

Children With Familial 

Hypercholesterolemia

40 Lactobacillus paracasei

B21060 + prebiotics

Naples, Italy 1 in 400

Inflammatory bowel 

disease

80 VSL#3 Czech Republic 8 in 10,000

Cerebral Palsy (CP) and 

Chronic Constipation

40 L. reuteri DSM 17938 Guadalajara, 

Mexico

2 in 1000 

(for CP)

Extremely Low Birthweight 

Infants

150 LGG Rockford Memorial 

Hospital (USA)

< 1 in 1000

Type I Diabetes mellitus 30 VSL#3 Medical College of 

Wisconsin (USA)

2 in 1000

Hirschsprung associated 

enterocolitis (HAEC)

40 Lactobacillus LB Cairo University 1 in 5000

newborns

Juvenile idiopathic arthritis 120 VSL#3 Hôpitaux de Paris 4 in 10,000
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139

Turku, Finland Meeting in 2016:  Michael Cabana, Francesco Savino, 
Flavia Indrio, Daniel Tancredi, Frank d’Amico, Anna Partty, Valerie Sung, 

Kim Chau, Hania Szajewska 

Aberdeen 2014 Turku 2016

Aberdeen, Scotland Meeting in 2014: Frank D’Amico, Dan 
Tancredi, Steven Davis, Valerie Sung, Francesco Savino, Flavia 
Indrio, Anna Partty, Hania Szajewska, Girish Deshpande, Katja 
Johnson, Silja Mentula, Raish Oozeer, Michael Cabana, Christophe 
Dupont



Centre for Community Child Health 



Differential Epidemiology

141

• Because of the 

distribution of disease, in 

many cases, chronic 

pediatric conditions are 

difficult to study

• Another reason why 

pediatric research lags 

behind adult research



The 5 “D”s

• Developmental Issues

• Dependency

• Delayed Payoffs/Outcomes

• Differential Epidemiology

• Demographic Patterns

Forrest C, Simpson L, Clancy C.  Child Health Services Research. JAMA. 1997;277:1787-93.
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• Dollars

• Differential epidemiology
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Forrest C, Simpson L, Clancy C.  Child Health Services Research. JAMA. 1997;277:1787-93.



Demographic Patterns

• Children have 
disproportionately high 
rates of poverty and 
housing insecurity

• This issue can affect the 
types of health issues most 
urgent for clinical 
investigators to address, 
as well as the ability of 
children to participate in 
clinical studies



145https://www.weforum.org/agenda/2017/06/these-rich-countries-have-high-levels-of-child-poverty/



146https://www.weforum.org/agenda/2017/06/these-rich-countries-have-high-levels-of-child-poverty/



Demographic Patterns

• In the United States, 
children have the 
greatest degree of 
racial and ethnic 
diversity than any 
other segment of the 
population

• As of 2011, the 
majority of infants 
born in the United 
States were to 
parents of ‘minority’ 
groups



TIPS Recruitment materials
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Demographics

149

• Issues associated with 

poverty & food insecurity 

are more common in 

pediatrics and may affect 

research priorities

• Studies have to be 

culturally, as well as 

developmentally 

appropriate in pediatrics



The 5 “D”s

• Developmental issues

• Dependency

• Dollars

• Differential epidemiology

• Demographic patterns

Forrest C, Simpson L, Clancy C.  Child Health Services Research. JAMA. 1997;277:1787-93.



Category Issues Potential Solutions

Dependency Assessment are based on parent 

perceptions

More complicated consent process

Greater justification needed for use of 

placebos

Development Higher scrutiny for the safety of early 

interventions during child development

“Dollars” Difficulty in measuring the long-term 

benefits of early intervention

Differential 

Epidemiology

Limited numbers of children with specific 

conditions can limit recruitment

Demographic 

Patterns

Higher rates of poverty make participation 

in research studies less of a priority

Greater need for study materials that are 

linguistically and culturally appropriate
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Category Issues Potential Solutions

Dependency Assessment are based on parent 

perceptions

Develop better methods 

to observe & collect data

More complicated consent process Streamline the 

consent/assent process
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Use of equivalence 

studies, network meta-

analysis

Development Higher scrutiny for the safety of early 

interventions during child development

“Dollars” Difficulty in measuring the long-term 

benefits of early intervention

Differential 

Epidemiology

Limited numbers of children with specific 

conditions can limit recruitment

Demographic 

Patterns

Higher rates of poverty make participation 

in research studies less of a priority

Greater need for study materials that are 

linguistically and culturally appropriate
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153
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Greater understanding of
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“Dollars” Difficulty in measuring the long-term 
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Category Issues Potential Solutions

Dependency Assessments are based on parent 

perceptions

Develop better methods 

to observe & collect data

More complicated consent process Streamline the 

consent/assent process

Greater justification needed for use of 

placebos

Use of equivalence 

studies, network meta-

analysis

Development Higher scrutiny for the safety of early 

interventions during child development

Greater understanding of

basic mechanisms of 

action

Delayed Payoff Difficulty in measuring the long-term 

benefits of early intervention

Use of long term pediatric 

cohorts

Differential 

Epidemiology

Limited numbers of children with specific 

conditions can limit recruitment

Greater use of network 

studies, IPDMA

Demographic 

Patterns

Higher rates of poverty make participation 

in research studies less of a priority

Support research that 

reaches out to 

underserved communities 

& affects local issues 

important to communities

Greater need for study materials that are 

linguistically and culturally appropriate
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Agenda

• Review Common Clinical Examples (& 
Tradeoffs) with Probiotic Use

• Why Probiotic Research in Pediatrics is 
Challenging

• Potential Strategies
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NHLBI:  
http://www.nhlbi.nih.gov/childrenandclinicalstudies/index.php

Michael D. Cabana, MD, MPH

University of California, San Francisco

Twitter:   @cabanam

Web:    http://chipper.ucsf.edu/

http://www.nhlbi.nih.gov/childrenandclinicalstudies/index.php
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Action Items

• Promote the importance of results 
from well done research studies

– Evidence-based medicine (not 
anecdotal-based medicine)

161http://www.nhlbi.nih.gov/childrenandclinicalstudies/download.php?language=en&thisTitle=Home&file=No_More_Hand_Me_Down_Research



Summary

162

• To stay at the forefront of health 
advances, continued research is 
needed

• Pediatric research is not ‘smaller’ 
adult studies

• Unique issues in pediatrics:  

– Development, dependency, differential 
epidemiology, demographics and 
dollars

• Support pediatric research

– Practice-based research networks

– Stay informed about current research

– Support families participating in 
research



Graphics Slide
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Graphic
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Funny joke

Interesting 

point
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Split Slides

• PI

– Point

– Point

• Main Point



• How do you develop and 
implement systems of care to 
handle the routine conditions as 
well as the ‘uncommon’ 
conditions in child health care?



167Guyer B, et al. Annual Summary of Vital Statistics: Trends in the Health of Americans During the 20th Century. Pediatrics 2000;106;1307.
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Polio

• Franklin Roosevelt’s 

contracting polio led to 

establishment of the 

National Foundation for 

Infantile Paralysis (NFIP)

• NFIP is now called the 

March of Dimes.  

• The NFIP funded the 1954 

Salk Polio Vaccine Trials.  

Courtesy of Gail Pearson, MD



The Evolution of Pediatric Care

• The field of pediatrics must continually
add to current knowledge about how to 
best care for children through pediatric 
research. 

170

• Research is broadly defined as the 
“systematic investigation, including 
research development, testing and 
evaluation, designed to develop or 
contribute to generalizable 
knowledge.” 
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Vitamin D Deficiency

• ~1 billion people worldwide have low 

Vitamin D levels (<30 ng/mL)

• In asthma, Vitamin D deficiency has 
been associated with:

– Increased severe exacerbations, 
hospitalizations, and ED visits 

• Vitamin D may increase responsiveness 
to corticosteroids and also decrease the 
risk of viral upper respiratory infections

Ginde AA et al.  Arch Int Med 2009; 169:384 Brehm JM et al. AJRCCM 2009; 179:765; JACI 2010; 126:52



VIDA – Trial Design

•Population: Adults with asthma and vitamin D 
insufficiency (<30 ng/mL)

•Intervention: Vitamin D (loading dose then 4,000 U 
daily) or matching placebo added to low-dose inhaled 
corticosteroid



• AMERICAN ACADEMY RECOMMENDATION OF VITAMIN D 
FOR CHILDREN



Agenda

• Background

• Why Pediatric Research is Unique

• Current Threats to Pediatric Research

• How to Support Pediatric Research

175



Polio

• Affected adults 

and children

• However, by the 

mid-20th century, 

the group most 

affected was 

children 5 to 9 

years of age 

Courtesy of Gail Pearson, MD



Salk Vaccine Trial

• 1952:  58,000 cases of polio 

• 1954:  Salk Vaccine Trial

- 1,800,000 children 

- 1,000,000 in observational study

- 750,000 in placebo-controlled trial

- 220,000 volunteers

- 64,000 school personnel

- 20,000 Public Health Officers 

- 1955: Results announced on April 12

Courtesy of Gail Pearson, MD



April 12, 1954

Cases of Polio in the United States

▪ 1952:  58,000 

▪ 1956:  14,647 

▪ 1957:  5,894

▪ 1979:  0

Courtesy of Gail Pearson, MD



So, why isn’t more research done 
in kids?

Courtesy of Gail Pearson, MD, PhD



A victim of our own success 

• Less concerns about 
childhood diseases 
that are vaccine 
preventable 

• Complacency about 
drug development by 
providers; we assume 
that every pediatric 
medication has a FDA 
pediatric indication
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Agenda

• Background

• Why Pediatric Research is Unique

• Current Threats to Pediatric Research

• How to Support Pediatric Research
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Practice Based Research Networks

• A group of clinics that affiliate for the 
purpose of examining the health care 
processes through research 

• PROS:  Primary Care Practices

• PRIS: Pediatric Inpatient Programs

• PECARN: Pediatric Emergency 
Medicine
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Goal of Pediatrics

• The attainment of the optimal 
physical, mental, and social well-
being of all infants, children, 
adolescents, and young adults
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Developmental Issues

• Data must be placed into context of 
development and age



Development

Weight=10 kg

At 12 months?

At  22 months?

At 6 months?



• Research in the use of probiotics and prebiotics has 
great potential to create many new therapies to 
improve the health of children. However, there are 
unique challenges in studying the effectiveness of 
probiotics and prebiotics in pediatric populations. 
Children differ from adults based on the 5 "D"s 
(Development, Dependency, Differential 
Epidemiology, Demographics and "Dollars"). This 
presentation will highlight issues in conducting 
research on children in the context of probiotic and 
prebiotic studies. Understanding these issues places 
the limitations of pediatric research in context and 
increases awareness of other important questions to 
answer in terms of pediatric therapies. 
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1891
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“The Doctor” by Sir Luke Fildes 



2018
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Seizure

Management

Cool Cap Treatment of 

Hypoxic Ischemic Encephalopathy

Infectious Disease

Prevention

Fluid 

Management

Temperature 

Regulation
Pulse

Oximetry

Antibiotic 

Treatment
Interdisciplinary

Care

Pulmonary

Ventilation

Probiotic 

Therapy



190

Sanitation

Public Health Infrastructure

Food Safety

Water purity

Antibiotics

Immunizations

Chemotherapy

Max Roser (2018) - "Child Mortality". Published online at OurWorldInData.org. Retrieved from: 'https://ourworldindata.org/child-mortality'
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