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Summary The PROmotion of Breastfeeding Intervention Trial (PROBIT) is a
multicentre, cluster-randomized controlled trial conducted in the
Republic of Belarus, in which the experimental intervention was the
promotion of increased breastfeeding duration and exclusivity, mod-
elled on the Baby-friendly hospital initiative. Between June 1996 and
December 1997, 17 046 mother–infant pairs were recruited during
their postpartum hospital stay from 31 maternity hospitals, of which
16 hospitals and their affiliated polyclinics had been randomly as-
signed to the arm of PROBIT investigating the promotion of breast-
feeding and 15 had been assigned to the control arm, in which
breastfeeding practices and policies in effect at the time of random-
ization was continued. Of the mother–infant pairs originally recruited
for the study, 16 492 (96.7%) were followed at regular intervals until
the infants were 12 months of age (PROBIT I) for the outcomes of
breastfeeding duration and exclusivity; gastrointestinal and respiratory
infections; and atopic eczema. Subsequently, 13 889 (81.5%) of the
children from these mother–infant pairs were followed-up at age
6.5 years (PROBIT II) for anthropometry, blood pressure (BP), behav-
iour, dental health, cognitive function, asthma and atopy outcomes,
and 13 879 (81.4%) children were followed to the age of 11.5 years
(PROBIT III) for anthropometry, body composition, BP, and the meas-
urement of fasted glucose, insulin, adiponectin, insulin-like growth
factor-I, and apolipoproteins. The trial registration number for
Current Controlled Trials is ISRCTN37687716 and that for
ClinicalTrials.gov is NCT01561612. Proposals for collaboration are wel-
come, and enquires about PROBIT should be made to an executive
group of the study steering committee (M.S.K., R.M.M., and E.O.).
More information, including information about how to access the trial
data, data collection documents, and bibliography, is available at the
trial website (http://www.bristol.ac.uk/social-community-medicine/pro-
jects/probit/).
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Why was the cohort set up?
The PROmotion of Breastfeeding Intervention Trial
(PROBIT) was established by Professor Michael S
Kramer of McGill University and the PROBIT I team
to assess the effects of breastfeeding promotion on
breastfeeding duration and exclusivity, gastrointes-
tinal and respiratory infections, atopic eczema, and
growth among infants.1,2 Prior evidence that breast-
feeding is beneficial for infant and child health in
industrialized countries was based almost exclusively
on observational studies, which are prone to con-
founding and other biases.3,4 Yet randomising healthy
term-infants to breast- versus bottle-feeding is infeas-
ible and probably unethical. The PROmotion of
Breastfeeding Intervention Trial was designed as a
cluster-randomised controlled trial in which 31 mater-
nity hospitals and one each of their affiliated poly-
clinics (outpatient clinics where children are
followed for routine health care) across the Republic
of Belarus were randomised to a control group at 15
of the hospitals and clinics that continued the breast-
feeding practices and policies in effect at the time of
randomisation or to the experimental intervention
arm, at 16 of the hospitals and clinics, which was
modelled on the Baby-Friendly Hospital Initiative

designed to increase the duration and exclusivity of
breastfeeding5 (Figure 1). Eligible maternity hospitals
were not located in one of the geographic areas con-
taminated by radionuclides in the wake of the
Chernobyl disaster in the Ukraine, because women
from those areas were often advised by paediatricians
not to breastfeed.1

The Republic of Belarus was chosen as the location
for the trial because postpartum infant care practices
in its maternity hospitals and polyclinics in the 1990’s
were similar to those in North America and Western
Europe 20–30 years earlier, providing a large potential
contrast between the intervention and control sites
and thereby allowing study of the potential health
effects of prolonged and exclusive breastfeeding. The
conventional practices of postpartum infant care at
the hospitals and clinics in the trial included routine
separation of mothers and their infants; delayed onset
of breastfeeding; scheduled feedings; routine use of
water, formula or other liquids in the newborn diet;
and early introduction of solid foods.3 Yet Belarus,
part of the Union of Soviet Socialist Republics
(USSR) for almost 70 years until its independence
in 1991, resembles developed Western countries in
many important respects, including an uncontamin-
ated water supply, readily accessible health services

Figure 1 Location of the 31 hospitals and affiliated polyclinics involved in the Promotion of Breastfeeding Intervention
Trial within the Republic of Belarus (numbered 1–34). The large black circle indicates the location of the Chernobyl nuclear
reactor in the Ukraine
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(even in rural areas), high rates of immunization and
adult literacy, similar compositions of infant formula,
and relatively low rates of infant and child mortality.1

At the time PROBIT was designed, more than 95% of
mothers in Belarus initiated breastfeeding, but few
breastfed exclusively, and half discontinued breast-
feeding completely (weaned) by 3 months
postpartum.

Who is in the cohort and how
often have they been followed-up?
Mother–infant pairs were recruited for the trial dur-
ing their postpartum hospital stay. Mothers were
eligible for participation if they initiated breastfeeding
on admission to the postpartum ward, had no ill-
nesses that would contraindicate breastfeeding or
severely compromise its success, and had given birth
to a healthy singleton infant of 37 weeks or longer
gestation, with a birth weight of 2500 g or more, and
an Apgar score 5 or higher at 5 minutes after delivery.
The staff of the trial estimated that only 1–2% of
eligible women declined participation. All of the
mothers in the trial were Russian- or Belarussian-
speaking.

At recruitment (baseline) between June 1996 and
December 1997, 17 046 healthy mother–infant pairs
were enrolled in the trial and were interviewed and
examined at the time of birth of the infant and at 1,
2, 3, 6, 9, and 12 months thereafter (PROBIT I). Of
these original mother–infant pairs, 16 492 (96.7%)
completed the 12-month follow-up visit, 13 889
(81.5%) completed the age 6.5-year follow-up visit,
and 13 879 (81.4%) completed the 11.5-year follow-up
visit (Figures 2 and 3). Monitoring visits and data
audits were conducted during recruitment and
follow-up in all phases of PROBIT to ensure compli-
ance with study protocols and as a check on the val-
idity and inter-observer reproducibility of the
measurements of the trial outcome data.1,6,7

The characteristics by trial arm of the mother–infant
pairs that were not followed-up and of those who
were followed-up in PROBIT I, II, and III are given
in Table 1. Mothers who did not attend the follow-up
visit of PROBIT II were slightly younger at the time of
birth of their infant (24.6 years and 24.5 years vs. 24.9
years and 25.0 years in the intervention and control
arms, respectively), were slightly less likely to have
partly completed university or advanced secondary
education (46% and 48.1% vs. 47.8% and 54.5%, re-
spectively), and were more likely to have smoked
during pregnancy (3.5% and 2.6% vs. 2.6% and
1.6%, respectively), and the study child was more
likely to have been their first child (64.1% and
63.6% vs. 58.8% and 54.5%, respectively). The charac-
teristics of mothers not followed-up at the PROBIT III
visit were similar to those of the mothers at the
PROBIT II visit. The data shown in Figures 2 and 3

and in Table 1 vary minimally from previously pub-
lished figures owing to the updating of some variables
during collection of the PROBIT III data.

What has been measured?
A summary of data recorded at each phase of PROBIT
is given in Table 2. In PROBIT I, information was
collected on the baseline characteristics of the infant
(e.g. sex; delivery date, method and complications;
gestational age; Apgar score; weight (g), length
(mm), and head circumference (mm); number of sib-
lings; and type of infant feeding) and the parents
(date of birth; education; occupation; marital status;
atopic history (asthma, hay fever and eczema); and
maternal smoking and alcohol consumption during
pregnancy). At regular, scheduled polyclinic visits at
1, 2, 3, 6, 9, and 12 months, the study paediatrician or
midwife collected data via maternal interviews and
infant measurement that included the following in-
formation about the infant: all home and clinic
visits for acute illnesses; weight (g), length (mm),
and head circumference (mm); vaccinations; feeding
method (breastfeeding, mother’s and/or donor’s ex-
pressed milk, formula, cow milk, or other milk;
water, juice, or other liquids; cereals and other solid
foods); times per day of feedings or millilitres per day
of intake, as appropriate; and occurrence of and hos-
pitalisations for gastrointestinal illness, respiratory ill-
ness, and atopic eczema. Information was also
collected about maternal smoking and alcohol
consumption.

To assess the accuracy of PROBIT I data, 20 poly-
clinic charts per study site were selected at random
and reviewed, and were compared in terms of data
with the PROBIT polyclinic visit forms. Among the
20 charts reviewed, interviews were conducted with
10 of the mothers. This audit compared the occur-
rence of 1 or more gastrointestinal-tract infections
and 2 or more respiratory-tract infections in the
infants, as well as breastfeeding at 3 months.
Agreement was high for all 3 outcomes, with no dif-
ference in the degree of under- or over-reporting by
trial arm.1

When the infants in PROBIT I had grown into chil-
dren with a median age of 6.6 years [interquartile
range (IQR) 6.5–6.7; range 5.6–8.5 years], the follow-
ing data were collected about them in PROBIT II:
measures of adiposity [e.g. weight (kg); triceps and
subscapular skinfold thicknesses (mm) and waist cir-
cumference (cm)]; standing and sitting height (cm);6

blood pressure (BP);6 measures of cognitive develop-
ment (Wechsler Abbreviated Scales of Intelligence
(WASI));8 mother- and teacher-reported behaviour
and results of the Strengths and Difficulties
Questionnaire (SDQ);9 measures of atopy (the
International Study of Asthma and Allergies in
Childhood (ISAAC)) questionnaire and the results of
skin-prick tests);10 and measures of dental caries.11

THE PROMOTION OF BREASTFEEDING INTERVENTION TRIAL 681
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For 91% of the participants, the following information
was reported by the mother, and in the remaining 9%
was reported by the father or guardian of the child or
by unknown sources: parental weight and height,
marital status, family relationships, and smoking
and alcohol consumption.

In PROBIT II, 190 randomly selected children (5 per
paediatrician) were re-examined by one of the
Minsk-based study paediatricians (auditors) to
assess the reproducibility of the children’s measure-
ments.6 To avoid selection bias, the audit was done
after completion of the primary data collection so that
all of the children seen during follow-up were eligible
for selection for the audit. Primary data collection
took 28 months. Audit examinations were conducted
at an average of 17.7 months (range 5.3–32.6 months)
after the primary examination. Owing to the time

elapsed between the audit and primary examinations,
the results were compared through use of the Pearson
correlation coefficient. The auditors were blinded to
the initial measurements taken by the polyclinic
paediatricians. The test–retest correlation was high
for height (Pearson correlation coefficient r¼ 0.84),
body mass index (r¼ 0.89), and mid-upper–arm
(r¼ 0.85) and waist circumferences (r¼ 0.84), but
was modest for leg length (r¼ 0.74), hip (r¼ 0.72),
head (r¼ 0.65), and mid-thigh (r¼ 0.55) circumfer-
ences and for subscapular (r¼ 0.65) and triceps
(r¼ 0.59) skinfold thicknesses and systolic (r¼ 0.55)
and diastolic (r¼ 0.45) BP.

In the third phase of the trial, PROBIT III, children
were followed-up at a median age of 11.5 years (IQR
11.3–11.8; range 10.2–14.5 years). The measurements
made on the children were: measures of adiposity

Age Total n Total % 17 046 randomized mother-infant 
pairs recruited during postpartum 

hospital stay 
      

PROBIT I 
Birth 17 046 100 

8865 Mother-infant 
pairs enrolled to 

intervention 

8181 Mother-infant 
pairs enrolled to

control

        
   Mother-infant pairs 

attended 
 Mother-infant pairs 

attended: 
1 m 16 760 98.3  8679  8081 
2 m 16 523 96.9  8535  7988 
3 m 16 685 97.9  8658  8027 
6 m 16 481 96.7  8562  7919 
9 m 16 176 94.9  8403  7773 

      

12 m 16 492 97.0a  8569 Mother-infant 
          pairs attended
276    Did not attend
20      Died 

 7923 Mother-infant  
          pairs attended 
230    Did not attend 
28      Died

        

PROBIT II 
6.5 y 13 889 81.9b

7108  Attended 
1717  Did not attend 
20      Died 

6781  Attended 
1354  Did not attend 
18      Died 

      

PROBIT III 
11.5 y 13 879d 81.9c

7405  Attended 
1200  Did not attend
214    Refused 
6        Died 

6474  Attended 
1445  Did not attend 
211    Refused 
5        Died 

11.5 y 13 545 79.9e  7226 with assay data 6319 with assay data 

m=months y=years 

a 17 046 minus 48 deaths=16 998; (16 492/16 998)=97.0%  

b 17 046 minus 86 cumulative deaths=16 960; (13 889/16 960)=81.9% 

c 17 046 minus 97 cumulative deaths=16 949; (13 879/16 949)=81.9% 

d 12 973 of the 13 879 attended PROBIT I,  II & III  and 906 attended PROBIT I & III   

e 13 545/16 949=79.9%

Figure 2 Recruitment and follow-up phases of the Promotion of Breastfeeding Intervention Trial with data for infants and
children
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[e.g. weight (kg); triceps and subscapular skinfold
thicknesses (mm); waist circumference (cm); percent
body fat, fat mass (kg), and fat-free mass (kg),
measured by foot-to-foot bio-impedance]; standing
and sitting height (cm); BP; and whole-blood insu-
lin,12 adiponectin, insulin-like growth factor-I (IGF-I),
and apolipoproteins A1 and B, measured after at least
8 hours of fasting and collected via finger prick onto
specially developed Whatman 903 (Whatman plc,
Maidstone, UK) filter-paper cards. Fasted whole
blood glucose was also measured in a finger prick
blood specimen with a hand-held glucometer
(Advantage Accu-Chek Glucometer; Roche
Diagnostics Limited, Burgess Hill, UK). The children
self-completed the Children’s Eating Attitude Test
(ChEAT), a brief questionnaire that elicits information
about attitudes toward eating.13,14 If the mother of
the child was present at the study visit or attended
later, the paediatrician also measured her height
(cm), weight (kg), percent body fat, fat mass (kg),
fat-free mass (kg), and diastolic or systolic BP or
both (mm Hg). Of the children’s mothers, 93.7%
had at least one measurement made, and 66.3%
had all seven measurements. Answers to questions

about the father’s medical history, by the parent or
guardian that accompanied the child, were also
recorded.

As with PROBT II, a re-measurement audit was
done on 143 randomly selected children (1 to 5 per
paediatrician) in PROBIT III by one of five blinded
auditors at 2.1–28.8 months (mean 16.0 months)
after the initial examination. The test–retest correl-
ation was high for height (Pearson correlation coeffi-
cient r¼ 0.90) and weight (r¼ 0.91), fat mass
(r¼ 0.87), and fat-free mass (r¼ 0.87); and was mod-
erate for fat percentage (r¼ 0.82), subscapular
(r¼ 0.82) and triceps (r¼ 0.73) skinfold thicknesses,
leg (r¼ 0.78) and upper-arm length (r¼ 0.74), and
mid-upper–arm (r¼ 0.86), hip (r¼ 0.83), waist
(r¼ 0.77), and head (r¼ 0.50) circumferences.

Funding has been obtained and preparations are
underway for the interview and examination of the
children in PROBIT at age 16 years (PROBIT IV). The
main outcomes in this phase of the trial are
computer-administered neurocognitive measures
(including verbal and non-verbal cognitive ability);
visual acuity; eczema; and lung function as measured
with spirometry.

Age   17 046 randomized mother-infant 
pairs recruited during postpartum 

hospital stay 

Intervention Arm Control Arm 

PROBIT I 
Birth of infant 

Data for 8865 mothers 
and 8865 fathers 

Data for 8181 mothers 
and 8181 fathers 

 Data for mothers:  Data for mothers: 
 1 m   8679  8081 
 2 m   8535  7988 
 3 m   8658  8027 
 6 m   8562  7919 
 9 m   8403  7773 

 12 m   8569  7923 

PROBIT II 
6.5 y post-partum

Data for 7085 mothers 
and 6702 fathers 

Data for 6751 mothers 
and 6435 fathers

PROBIT III
11.5 y post-partum

Data for 7379 mothers 
and 7235 fathers

Data for 6473 mothers 
and 6458 fathers

m=months y=years 

At least one data item was filled in the questionnaire regarding the parent; this may be reported
by the parent or others or measured directly. Data on fathers were often reported by the mother.
For those mothers not living with the child’s father at the time of the visit, it is unclear whether
the mothers’ responses pertain to their current partners or the child’s biological father. 

Figure 3 Recruitment and follow-up phases of the Promotion of Breastfeeding Intervention Trial with data for parents
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Table 2 Summary of data items collected in the Promotion of Breastfeeding Intervention Trial

Method Measurements

PROBIT I

June 1996–December 1997

At birth

N¼ 17 046

Study paediatrician/
midwife- recorded from
medical notes and
interview with mother

� Sex of child
� Delivery date
� Gestational age in completed weeks and determination method
� Delivery method and complications
� Weight (g), length (mm), head circumference (mm)
� Apgar score at 1 and 5 minutes
� Postpartum maternal and infant complications
� Infant feeding in hospital
� Mother’s and father’s date of birth, education, occupation, and marital status
� Number of other children living together in household and number under 3 years old
� Number of months previous infants breastfed
� History of atopy (asthma, hay fever, and eczema) in the parents and in any previous

child from same mother and father
� Average number of cigarettes smoked per day during pregnancy
� Average frequency and amount of alcohol consumed during pregnancy

July 1996–January 1999

Age 1, 2, 3, 6, 9, and 12 months

N¼ 16 492 at 12 months

Paediatrician measured/
recorded

� Weight (g), length (mm), head circumference (mm)
� Vaccinations received since last study visit
� Current feeding information for the infant: type of feeding, times per day, and milli-

litres per day
� Is the infant still breastfeeding?
� If the infant has stopped breastfeeding since last study visit: the date last breastfed and

main reason for stopping
� Classification of breastfeeding based on the WHO definition15

� Rash onset, gastrointestinal illness and respiratory illness, details about type of illness,
duration, recurrence, and visits to doctor because of illness

� Other illness of the infant with onset since last study visit
� Hospitalisations of the infant since last study visit
� Average number of cigarettes smoked by mother per day since last study visit
� Average frequency and amount of alcohol consumed by mother since last study visit
� Date form completed and date of last study visit

PROBIT II

December 2002––April 2005

Age 6.5 years

N¼ 13 889

Parent-reported:
91% mother
8% father/guardian
1% unknown

� Breastfeeding history for the index child and subsequent siblings
� Child’s behavioural development, history of asthma and allergies, and sucking

behaviour
� Parental cigarette and alcohol consumption, marital status, and family relationships
� Parents’ weights and standing heights

Paediatrician measured
in duplicate

Child’s:

� Blood pressure (mmHg) (M1; Omron Healthcare, Milton Keynes, United Kingdom)
� Weight (kg) (Bella 840; Seca Corporation, Hamburg, Germany)
� Standing height (cm), sitting height (cm) (both: Medtechnika; Pinsk, Belarus)
� Head, waist, hip, mid-thigh, and mid-upper arm circumference (cm)(measured with a

non-stretch cloth tape measure)
� Subscapular and triceps skinfold thickness (mm) (Lange skinfold callipers; Beta

Technology, Santa Cruz, CA)

(continued)
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Table 2 Continued

Method Measurements

Paediatrician administered � Intelligence quotient test: Wechsler Abbreviated Scales of Intelligence (WASI)8

� Allergy test: International Study of Asthma and Allergies in Childhood (ISAAC)
questionnaire and skin-prick tests with five inhalant antigens (Allergy Canada)10

Paediatrician reviewed
medical records since the
child was age 12 months

� Weight (kg), height (cm), and date of measurement
� Medications, probiotics use, weaning, and condition of teeth
� Hospitalisations for gastrointestinal infections, pneumonia, and asthma since the age of

12 months

Parent-reported child
behaviour; questionnaires

� Strengths and difficulties questionnaire (SDQ)9

� Other child behaviour

Teacher-reported child
behaviour; questionnaires

� Strengths and Difficulties Questionnaire (SDQ)9

� Other child behaviour
� Evaluating academic performance in reading, writing, mathematics, and other subjects,

and a classroom questionnaire for the whole class

PROBIT III

January 2008–December 2010

Age 11.5 years

N¼ 13 879

Parent-reported:
72% mother
17% father/guardian
1% both parents
10% child/unknown

� Child’s breastfeeding and medical history
� Child’s current medications
� Parents’ medical history

Child-reported � Children’s Eating Attitude Test (ChEAT): a brief, self-report questionnaire to assess
eating attitudes among children13,14

Paediatrician measured If available, mother’s:
� Standing height (cm), weight (kg), bioimpedance, and blood pressure (mm Hg), using

the same equipment as that used for the child

Child’s:
� Fasting time
� Glucose via finger prick using a hand-held glucometer (Advantage Accu-Chek

Glucometer; Roche Diagnostics Limited, Burgess Hill, UK)
� Pubertal development by Tanner staging
� Upper-arm length (cm) (non-stretchable tape measure)

In duplicate:
� Standing height (cm), sitting height (cm) (both: Medtechnika; Pinsk, Belarus)
� Weight (kg) and foot-to-foot bioimpedance (Tanita TBF300GS; Tanita Corporation,

Inc., Illinois, USA)
� Mid-upper–arm, waist, hip, and head circumferences (cm) (non-stretchable tape

measure)
� Subscapular and triceps skinfold thicknesses (mm) (Lange skinfold callipers; Beta

Technology, Santa Cruz, CA)

Three measures of:
� Blood pressure (Omron 705IT; Omron Healthcare, Milton Keynes, United Kingdom)

Paediatrician collected � Eight fasted whole-blood spots (10-mm diameter) on Whatman 903 Specimen
Collection Paper 903 (Whatman plc, Maidstone, UK).
These were stored in Bi-tran non-gas–permeable bags with desiccants at –188C locally,
and transported and stored at –808C at the Minsk laboratory.

(continued)
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What has been found? Key
findings and publications
The key findings from the PROBIT trial are summarized
in the following sections of this paper, divided into
intention-to-treat analyses (effects of the randomised
breastfeeding promotion intervention) and observa-
tional analyses (ignoring the randomisation). A com-
plete list of PROBIT publications can be found at:
http://www.bristol.ac.uk/social-community-medicine/
projects/probit/publications/.

Effects of the intervention for
breastfeeding promotion analysed
according to intention-to-treat
In comparison to the control arm, the breastfeeding
promotion intervention substantially increased the
duration and exclusivity of breastfeeding [according
to the definitions of these variables by the World
Health Organization (WHO)].15 At 3 months, infants
in the intervention arm were 7 times more likely
(43.3% vs. 6.4%) to be exclusively breastfed and
twice as likely (51.9% vs. 28.3%) to be predominantly
breastfed, and were breastfed to any degree at higher
rates throughout infancy, although at 6 months the
rates of both exclusive (7.9% vs. 0.6%) and predom-
inant (10.6% vs. 1.6%) breastfeeding were low.1

During infancy, the experimental intervention
reduced the risk of one or more gastrointestinal-tract
infections (9.1% vs. 13.2% for the intervention vs.
control groups, respectively; adjusted odds ratio, OR
0.60; 95% CI 0.40–0.91) and of atopic eczema (3.3%
vs. 6.3%; adjusted OR 0.54; 95% CI 0.31–0.95), but
there was no important reduction in the risk of 2 or
more respiratory-tract infections (39.2% vs. 39.4%; ad-
justed OR 0.87; 95% CI 0.59–1.28).1,16 We found
greater weight and length gains in the first 3

months of life in the experimental group than in
the control group. By 12 months of life, however,
there were no detectable weight or length differences
in the two randomised groups.3

At 6.5 years, children randomised to the breastfeed-
ing promotion intervention in PROBIT had a 7.5-point
advantage in verbal IQ (95% CI 0.8 to 14.3), a
2.9-point higher performance IQ (–3.3 to 9.1), and a
5.9-point higher full-scale IQ (–1.0 to 12.8) than those
in the control arm. Smaller but consistently positive
differences of 2–3 IQ points were seen in an audit of
190 children and blinded teacher rated academic per-
formance.17 No differences were observed in children
in the breastfeeding-promotion and control arms of
the trial in the risks of childhood asthma and al-
lergy,16,18 measures of adiposity,6,19,16 stature,6,16

BP,6,16 dental caries,11,16 or child behaviour.20

Findings made in PROBIT III7 are currently in prep-
aration for publication.

Summary of observational results
Several studies have analysed PROBIT as an observa-
tional study, combining the 2 arms of the trial into a
single cohort. Key findings are presented below,
grouped under similar themes.

Infant feeding and growth
In PROBIT, we obtained frequent measurements of
infant feeding and growth during the first year of
life, and of growth up to 11.5 years of age. This fea-
ture, along with the large sample size and high
follow-up rates in the trial, has led to several
PROBIT publications relating infant feeding to
growth.3,21–23 Although our observational analyses
have suggested slower trajectories of growth in in-
fants with prolonged and exclusive breastfeeding

Table 2 Continued

Method Measurements

Laboratory assays � Assays done on dried blood spots for insulin,12 apolipoprotein A1, apolipoprotein B,
insulin-like growth factor-1. adiponectin

Paediatrician- reviewed
medical records from age 7
years to current date

� Dates of hospitalisations for gastrointestinal infections, pneumonia, and asthma
� Weight (kg), height (cm), and date of measurement

Paediatrician- reviewed
medical records for those
children who did not
participate in PROBIT II
from age 12 months to
7 years

� History of weaning and dates of hospitalisations for gastrointestinal infections,
pneumonia, and asthma

Abbreviations: PROBIT, Promotion of Breastfeeding Intervention Trial; WHO, World Health Organization
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than in those without this,3,23 those analyses are sub-
ject to the same sorts of bias as are previous observa-
tional studies. Another analysis, which examined the
association between infant size and subsequent feed-
ing decisions, found that smaller infant size was
strongly associated with an increased risk of weaning
and of discontinuing breastfeeding, especially be-
tween 2 and 6 months of infant age.22

Infants exclusively breastfed for 6 months had a
higher level of adiposity at age 6.5 years than those
exclusively breastfed for 3 months (e.g. the difference
in BMI was 0.3 kg/m2; 95% CI 0.1 to 0.4).24 However,
this observation may reflect reverse causality ra-
ther than a causal effect of prolonged exclusive
breastfeeding, whereby mothers with infants on a
faster weight gain trajectory are more confident or
encouraged or both to continue breastfeeding for a
longer period.24

Breastfeeding duration, growth
trajectories, and health outcomes
Infants exclusively breastfed for 6 months had a
lower risk of gastrointestinal infection during the
period from 3–6 months postnatally than those exclu-
sively breastfed for 3 months who then continued
partial breastfeeding to 6 months (adjusted incidence
density ratio: 0.35; 95% CI 0.13–0.96), but the two
groups showed no important differences in the risk
of respiratory infection or atopic eczema.21 These
data suggest that exclusive breastfeeding from the
age of 3–6 months reduces an infant’s risk of gastro-
intestinal infection during the period of exclusive
breastfeeding; moreover, no adverse health effects of
this feeding practice were observed.21

We have used multilevel linear spline models to
analyse repeated measures of length/height and
weight during infancy and childhood, and studied
these growth trajectories in relation to the occurrence
of rashes25 and to BP,26 cognition,27 and mental
health.27 We found no strong or consistent evidence
to support the hypothesis that there is a critical or
sensitive period in infancy that determines the risk
of these outcomes in early childhood.

Gestation, size at birth, and later
behaviour/cognitive ability
We observed that cognitive ability at age 6.5 years
was lower in infants born at 37 and 38 weeks of ges-
tation than in those born at 39–41 weeks, and that
this was also true for infants that were small for
gestational age (<10th percentile, 10th–50th percent-
ile, and 450th–90th percentile) as compared with
those born large for gestational age (490th percent-
ile).28 A lower birthweight-for-gestational age was

also associated with problematic behaviour at age
6.5 years.29

Socioeconomic patterning of
adiposity and linear growth
The effects of socioeconomic position on health and
growth outcomes in transitional countries of
middle-income, such as Belarus, have previously
received little attention. We found that children
aged 6.5 years who had at least one parent with a
non-manual job were more likely to be overweight
or obese than those from backgrounds entirely of
manual labour. Fathers in a family in which either
they or their spouse had a non-manual job were
also more likely to be overweight or obese, but
mothers with the same background were less likely
to be overweight or obese.30 Children aged 6.5 years
and their parents who came from more advantaged
backgrounds (non-manual work or a university edu-
cation) were taller than those from less advantaged
backgrounds.31

What are the study’s main
strengths and weaknesses?
A major strength of the PROBIT cohort is that it pro-
vides a rich data set with follow-up of a large number
of contemporary children and their parents living in a
middle-income, transitional economy, with high re-
sponse rates (480%) in all phases of data collection.
Data in the trial were collected on several occasions,
and included information on infant feeding, growth,
and the occurrence of gastrointestinal and respiratory
infections and on health outcomes during childhood.
Some parental measurements were also included. The
major advantage of the PROBIT cohort is that it is
nested in a randomised controlled trial of breastfeed-
ing promotion. The data can therefore be used to
compare and contrast the results of intention-to-treat
with those of observational analysis, as has been done
for both infant growth3 and long-term behavioural
outcomes.32

If we were establishing the PROBIT cohort again, we
believe it would be valuable to collect at birth data on
maternal pre-pregnancy weight, weight gain during
gestation, and changes in weight during the first
year postpartum, as well as data on paternal smoking
and drinking during the mother’s pregnancy. We
could also, at follow-up at 6.5 years, have asked
more questions about paternal behaviours.
Additionally, it is unclear whether the responses of
mothers not living with their childrens’ fathers at
the time of the 6.5-year visit pertained to their
then-current partners or to their childrens’ biological
fathers, and we would have clarified this.

688 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/43/3/679/757449 by guest on 23 April 2024



Can I get hold of the data? Where
can I find out more?
Proposals for collaboration with PROBIT are welcome,
and enquiries and requests for further information
about the trial should be made to the executive
group of the study steering committee (M.S.K.,
R.M.M., E.O.), which will review all proposals
(e-mail: Michael.Kramer@mcgill.ca, Richard.
Martin@bristol.ac.uk, or Emily_Oken@harvardpil-
grim.org). More information, including how to
access the trial data, data-collection documents, and
the trial bibliography, is available on our website:
http://www.bristol.ac.uk/social-community-medicine/
projects/probit/.
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KEY MESSAGES

� The Promotion of Breastfeeding Intervention Trial is the largest randomised trial ever conducted in
the area of human lactation. The randomised intervention in this trial has resulted in two groups
with substantially different exposures to prolonged, exclusive breastfeeding. The trial included
417 000 randomised mother–infant pairs, more than 80% of which have been followed for 11.5
years, allowing the causal effects of breastfeeding promotion to be estimated through analyses of
intention-to-treat.

� The breastfeeding promotion intervention in PROBIT was associated with reduced risks of
gastrointestinal-tract infections and atopic eczema during infancy, and with a 7.5-point (95% CI
0.8 to 14.3 point) advantage in verbal IQ, a 2.9-point (–3.3 to 9.1 point) higher performance IQ,
and a 5.9-point (95% CI –1.0 to 12.8 point) higher full-scale IQ at 6.5 years, as compared with the
respective variables in the control arm of the trial.

� The breastfeeding promotion intervention was not associated with the risk of respiratory-tract infec-
tions during infancy or with asthma, allergy, measures of adiposity, stature, BP, dental caries, or child
behaviour at age 6.5 years.

� The long-term follow-up of the children, mothers, and fathers in PROBIT has been exploited for
several observational analyses. Highlights of this observational research include: (i) Examination of
breastfeeding and infant growth, comparing and contrasting the results of observational analysis
(with its associated biases) with those of intention-to-treat analysis. (ii) The use of repeated meas-
ures of length/height and weight during infancy and childhood to model growth trajectories through
multilevel linear spline methods, and examination of these trajectories in relation to the occurrence of
rashes and to BP, cognition, and mental health.
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