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Breastfeeding and Infant Growth: Biology or Bias?

Michael S. Kramer, MD*‡; Tong Guo, PhD‡; Robert W. Platt, PhD*‡; Stanley Shapiro, MD‡;
Jean-Paul Collet, MD, PhD*‡; Beverley Chalmers, PhD§�; Ellen Hodnett, PhD¶; Zinaida Sevkovskaya, MD#;

Irina Dzikovich, MD, PhD**; and Irina Vanilovich, MD** for the PROBIT Study Groupa

ABSTRACT. Background. Available evidence sug-
gests that prolonged and exclusive breastfeeding is asso-
ciated with lower infant weight and length by 6 to 12
months of age. This evidence, however, is based on ob-
servational studies, which are unable to separate the
effects of feeding mode per se from selection bias, re-
verse causality, and the confounding effects of maternal
attitudinal factors.

Design/Methods. A cluster-randomized trial in the
Republic of Belarus of a breastfeeding promotion inter-
vention modeled on the World Health Organization
(WHO)/UNICEF Baby-Friendly Hospital Initiative ver-
sus control (then current) infant feeding practices.
Healthy, full-term, singleton breastfed infants (n �
17 046) weighing >2500 g were enrolled soon after birth
and followed up at 1, 2, 3, 6, 9, and 12 months old for
measurements of weight, length, and head circumfer-
ence. Data were analyzed according to intention-to-treat,
while accounting for within-cluster correlation. To assess
the potential for bias in observational studies of breast-
feeding, we also analyzed our data as if we had con-
ducted an observational study by ignoring treatment,
combining the 2 randomized groups, and comparing 1378
infants weaned in the first month and those breastfed for
the full 12 months of follow-up with either >3 months
(n � 1271) or >6 months (n � 251) of exclusive breast-
feeding.

Results. Infants from the experimental sites were sig-
nificantly more likely to be breastfed (to any degree) at 3,
6, 9, and 12 months and were far more likely to be
exclusively breastfed at 3 months (43.3% vs 6.4%). Mean
birth weight was nearly identical in the 2 groups (3448 g,
experimental; 3446 g, control). Mean weight was signifi-
cantly higher in the experimental group by 1 month of
age (4341 vs 4280 g). The difference increased through 3
months (6153 g vs 6047 g), declined slowly thereafter, and
disappeared by 12 months (10564 g vs 10571 g). Analysis
by z scores confirmed that infants in both groups gained
more weight than the WHO/Centers for Disease Control
and Prevention reference, with no evidence of undernu-
trition in the control group. Length followed a similar
pattern. In the observational analyses, infants weaned in
the first month were slightly lighter and shorter at birth

and their weight-for-age and length-for-age z scores de-
clined by 1 month, but they caught up to both experi-
mental and the other observational groups by 6 months
and were heavier and longer by 12 months. Among in-
fants in the 2 prolonged and exclusive breastfeeding
groups, weight-for-age z scores fell slightly between 3
and 12 months; length-for-age fell below the reference by
6 months with catch-up to the reference by 12 months.
Head circumference showed no significant differences at
any age between the 2 trial groups or among the obser-
vational groups.

Conclusions. Our data, the first in humans based
on a randomized experiment, suggest that prolonged and
exclusive breastfeeding may actually accelerate weight
and length gain in the first few months, with no detect-
able deficit by 12 months old. These results add support
to current WHO and UNICEF feeding recommendations.
Our observational analysis showing faster weight and
length gains with early weaning and slower gains with
prolonged and exclusive breastfeeding may reflect un-
measured confounding differences or a true biological
effect of formula feeding. Pediatrics 2002;110:343–347;
breastfeeding, infant growth, infant nutrition, randomized,
controlled trial.

ABBREVIATIONS. WHO, World Health Organization; CDC, Cen-
ters for Disease Control and Prevention; PROBIT, Promotion of
Breastfeeding Intervention Trial.

Infants following World Health Organization
(WHO) recommendations for prolonged and ex-
clusive breastfeeding appear to show a fall-off in

weight and length in the first year of life compared
with the existing WHO/Centers for Disease Control
and Prevention (CDC) reference,1 which is based on
predominantly formula-fed infants. Previous studies
are fairly consistent in showing a downward trajec-
tory in z scores beginning at 2 or 3 months until �12
months, with considerable but not complete catch-up
by the age of 24 months.2–11 The data for length-for-
age z scores generally follow the same pattern, al-
though the magnitude of the z score deficit for length
is lower.2–11 Based on this evidence, WHO is cur-
rently developing a new international infant growth
reference based on infants who follow WHO feeding
recommendations.12,13

Is the robust association between prolonged, ex-
clusive breastfeeding and reduced growth causal?
All the existing evidence is based on observational
studies with considerable potential for bias, includ-
ing confounding, reverse causality, and selection
bias. With respect to confounding, breastfeeding
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mothers in developed countries differ considerably
from formula-feeding mothers. In particular, they
tend to be of higher socioeconomic status and may
therefore be more “nutrition-conscious.”14 As a re-
sult, they may be more aware of the risks of obesity
and hence less likely to overfeed their infants inde-
pendently of the choice of feeding mode. Reverse
causality can create a bias in the opposite direction:
slow-growing infants who are “falling off” their
growth curve trajectories may be deliberately sup-
plemented or weaned in an effort to reverse those
trends. If the supplementation or weaning does not
lead to catch-up growth, it may be wrongly
“blamed” for the continued poor growth.

Selection bias is another concern. Breastfeeding is a
“1-way street”; once breastfed infants are weaned,
they seldom, if ever, return to breastfeeding.15,16

Fast-growing infants may tax their mothers’ milk
supply; their hunger may then lead to crying and
poor sleeping, which may subsequently lead to sup-
plementation. Once supplementation begins, the
writing is on the wall for some infants, leading to
reduced suckling, a reduced milk supply, and the
hastening of weaning. Thus, infants who continue
breastfeeding may be a select subgroup whose mod-
est growth does not tax their mothers’ milk supply.

The best solution to these problems of confound-
ing, reverse causality, and selection biases is a ran-
domized, controlled trial with intention-to-treat anal-
ysis. In the remainder of this study, we describe the
methods and results of such a trial, which is to our
knowledge the first attempted.

METHODS
Promotion of Breastfeeding Intervention Trial (PROBIT) is a

cluster-randomized trial in the Republic of Belarus.17 The clusters
that served as units of randomization (and intervention) consisted
of maternity hospitals and their affiliated polyclinics (outpatient
clinics where the children are followed for routine health care).
Cluster randomization was preferred over individual randomiza-
tion in this trial, because randomizing individual women within
the same maternity hospital to different interventions would in-
evitably have led to “contamination” and consequent dilution of
the effect of the intervention. For maternity hospitals in the largest
cities (Minsk, Brest, Vitebsk, and Mogilev) affiliated with 2 or
more polyclinics, enrollment was restricted to infants followed at
a single polyclinic to simplify the intervention and follow-up
procedures. We anticipated enrolling between 250 and 1000 moth-
er-infant pairs per maternity hospital. Thirty-two hospitals were
calculated to provide over 80% power to detect a decrease from
60% to 54% in incidence of 1 or more episodes of gastrointestinal
infection, the primary outcome for PROBIT. The estimated total
sample size was 15 000 to 20 000. One of 32 study sites was
removed from the trial because of documented falsification of
outcome data, leaving a sample size of 17 046 randomized mother-
infant pairs.17

The experimental intervention was based on the WHO/
UNICEF Baby-Friendly Hospital Initiative,18 which comprises 10
steps that maternity hospitals must implement to become certified
as “baby friendly.” Details of the study methods and infant illness
outcomes are outlined in our previous report.17 In brief, the
WHO/UNICEF 18-hour Baby-Friendly Hospital Initiative training
course was provided to the chief obstetrician at the maternity
hospital and the chief pediatrician at the corresponding polyclinic.
Those physicians then embarked on a 1-year program of training
all medical and nursing staff at both sites. The control intervention
consisted of the continued current maternity hospital and poly-
clinic practices that existed at the time of randomization, which
were characterized by delayed onset of breastfeeding, routine
separation of mother and infant, scheduled feeding, frequent sup-

plementation with formula and other liquids, and early introduc-
tion of solid foods. Monitoring visits were conducted both before
and during recruitment and again during the follow-up to ensure
compliance with and maintenance of the practices and policies
specified by the experimental and control interventions.

Healthy newborns weighing at least 2500 g at birth were en-
rolled during their postpartum hospital stay. Follow-up data
forms were completed at polyclinic visits at 1, 2, 3, 6, 9, and 12
months; at each of these visits, data were obtained on infant
feeding, infections, and rash, and measurements were obtained of
weight, length, and head circumference. Because differences in
growth were not major hypotheses of PROBIT (which focused on
reduced infection and atopic eczema),17 no attempts were made to
standardize measurements of weight, length, and head circumfer-
ence among the study sites. As previously reported, random au-
dits at all 31 participating polyclinics showed excellent concor-
dance between the data recorded on the PROBIT data sheets and
both the polyclinic charts and maternal interviews.17 For contin-
ued breastfeeding at 3 months, for example, the � values (and 95%
confidence intervals) were 0.93 (0.88–0.98) and 0.91 (0.87–0.96) for
the polyclinic charts in the experimental and control groups, re-
spectively, and 0.89 (0.81–0.97) and 0.94 (0.89–0.99) for the ma-
ternal interviews.17

Study sites were stratified by region (West [Brest and Grodno
regions] vs East [all other regions]) and urban versus rural loca-
tion, because women in the West and in rural areas have tradi-
tionally breastfed for longer and more exclusively than those in
the East and those in urban regions. Weight-for-age and length-
for-age z scores were based on the WHO/CDC reference and
calculated using EpiInfo 2000 (CDC, Atlanta, GA), where

z �
observed value � reference mean

reference standard deviation

Statistical analysis was based on intention-to-treat, while ac-
counting for the cluster as the unit of randomization and adjust-
ment for both cluster-level (East vs West region, urban vs rural
location, study site) and individual-level (maternal education and
birth anthropometric measures) covariates using a repeated-mea-
sure multilevel regression model with an autoregressive covari-
ance structure (PROC MIXED in SAS, version 8.2) (SAS Institute,
Cary, NC). Baseline characteristics of the 2 trial groups were
compared using PROC MIXED to account for intracluster corre-
lation and the variable number of infants per cluster.

To assess the potential for confounding, reverse causality, and
selection bias, we also analyzed the data as if we had conducted an
observational study, ie, ignoring treatment by combining the 2
randomized groups. Infants who were weaned in the first month
(n � 1378) were used to approximate a formula-fed cohort. We
compared this early weaning group with 2 overlapping (ie, non-
mutually exclusive) groups: 1 exclusively breastfeeding for �3
months with continued breastfeeding (to some degree) for �12
months (n � 1271), and the other exclusively breastfeeding for �6
months with continued breastfeeding (to some degree) for �12
months (n � 251). These latter 2 groups are not mutually exclusive
but were defined deliberately to approximate the then current
feeding recommendations of WHO and UNICEF, respectively.
The data were analyzed using the same multivariate mixed model
as for the intention-to-treat (experimental) approach described
above.

RESULTS
As shown in Table 1, randomized allocation re-

sulted in similar gestational age, birth weight, birth

TABLE 1. Baseline Comparison of Study Infants in Trial

Variable Control
(n � 8181)

Experimental
(n � 8865)

Gestational age (wk) 39.3 39.4
Birth weight (g) 3446 3448
Birth length (cm) 52.2 51.9
Birth head circumference (cm) 34.8 35.1
5-min Apgar score 8.5 8.6
Male sex (%) 51.6 51.8
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length, birth head circumference, 5-minute Apgar
score, and sex distribution in the 2 treatment groups.
Overall, only 3.3% of study infants were lost to com-
plete follow-up.17

As reported previously,17 the experimental inter-
vention was highly successful in prolonging the du-
ration of any breastfeeding. Substantial and highly
significant differences of �12% or 13% in the propor-
tion of infants still breastfeeding (to any degree)
were seen by the second or third month and contin-
ued throughout the 12 months of follow-up. The
intervention was particularly effective in increasing
the degree of breastfeeding. The proportion of
women who were exclusively breastfeeding was sev-
enfold higher in the experimental group at 3 months
(43.3 vs 6.4%; P �.001 by unpaired t test) and �12-
fold higher at 6 months (7.9 vs 0.6%; P �.01).

Table 2 shows the results for weight in grams. The
weight in the experimental group exceeded that of
the control group by 61 g at 1 month, and the differ-
ence increased through 3 months, declined some-
what thereafter, and then disappeared by 12 months.
As shown in Fig 1, weight-for-age z scores were well
above the reference mean of 0 and rose throughout
the first year in both trial groups, indicating that the
observed differences in weight did not reflect under-
nutrition in the control group. For the 2 prolonged

and exclusive breastfeeding (observational) groups,
weight-for-age z scores exceeded those in the 2 trial
groups until 3 months, after which they fell progres-
sively below the trial groups. Mean weight-for-age
among infants weaned within the first month fell
substantially by 1 month but then rose quickly to
catch up to the other groups by 6 months and even
exceed the other groups by 12 months.

Table 3 and Fig 2 show the corresponding results
for length and length-for-age z score, respectively.
Length-for-age showed a similar pattern to that seen
for weight-for-age, except that the 2 prolonged and
exclusive breastfeeding groups actually fell below
the reference value at 6 months, with subsequent
catch-up to the reference by 12 months. As shown in
Table 4, we found no significant differences in head
circumference at any age between the 2 trial groups.
Nor did we observe any significant differences in
head circumference among the early weaned group
and either of the prolonged and exclusive breastfeed-
ing observational groups (observational data not
shown).

DISCUSSION
As reported previously, the experimental interven-

tion, which was based on the WHO/UNICEF Baby-
Friendly Hospital Initiative, succeeded in increasing

TABLE 2. Effect of Intervention on Weight (g)

Age Control
(n)

Experimental
(n)

Difference P
Value

1 mo 4280 (8062) 4341 (8630) 61 .001
2 mo 5170 (7961) 5258 (8459) 88 �.001
3 mo 6047 (8009) 6153 (8620) 106 �.001
6 mo 8042 (7896) 8131 (8509) 89 �.001
9 mo 9451 (7750) 9509 (8339) 58 .002

12 mo 10571 (7918) 10564 (8553) �7 .726

TABLE 3. Effect of Intervention on Length (cm)

Age Control
(n)

Experimental
(n)

Difference P
Value

1 mo 54.63 (8062) 54.79 (8618) 0.16 .258
2 mo 57.57 (7959) 57.89 (8412) 0.32 .030
3 mo 60.63 (8007) 61.13 (8619) 0.50 .001
6 mo 66.90 (7893) 67.36 (8504) 0.46 .002
9 mo 71.62 (7749) 71.93 (8333) 0.31 .039

12 mo 75.75 (7918) 75.93 (8551) 0.18 .226

Fig 1. Weight-for-age z score in experimental versus control trial groups and 3 observational groups.
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both breastfeeding duration and exclusivity.17 The
intervention also resulted in higher infant weight
and length gain in the first 3 months but no discern-
ible differences by 12 months old. Our observational
analysis suggests that prolonged and exclusive
breastfeeding led to slower weight and length gains
between 3 and 12 months, while remaining, on av-
erage, at or above the WHO/CDC reference.

Previous observational studies have reported re-
duced weight gain and length gain in infants who
receive exclusive and prolonged breastfeeding.2–11

Infants in our experimental group, however, grew
faster than those in our control group; the z score
results clearly demonstrate that the observed differ-
ences were not attributable to undernutrition in the
controls. The difference in growth between the 2 trial
groups may reflect the sevenfold higher proportion
of experimental versus control infants who were ex-
clusively breastfed at 3 months and the previously
reported acceleration in growth from birth to 3
months among exclusively breastfed infants.2–11 It is
important to emphasize that our randomized treat-
ment allocation obligates an intention-to-treat analy-
sis, and thus the observed differences between the 2
randomized groups are likely to be small. These
differences represent the best estimates of the ex-
pected average effects on growth of the experimental

breastfeeding promotion intervention. But because
of the substantial overlap in breastfeeding duration
and exclusivity in the 2 randomized groups, these
average effects substantially underestimate the dif-
ferences in outcome caused by prolonged, exclusive
breastfeeding (vs a shorter duration and/or lesser
exclusivity). The magnitude of the causal effects on
growth attributable to breastfeeding duration and
exclusivity cannot be estimated without bias, how-
ever, because it was not the breastfeeding behavior
itself that was randomized—only the exposure to the
experimental versus control intervention.

In contrast, the observational results in infants
weaned within the first month suggest that these
infants were selected by virtue of their falling growth
trajectories, ie, the mother’s and/or physician’s de-
cision to wean was likely related to the perception of
insufficient growth. Nonetheless, these infants grew
faster in weight and length even beyond the time of
“catch-up,” suggesting either intentional overfeed-
ing by their mothers to promote maximal growth or
a true biological effect of formula feeding (with sup-
plementation by solids) in accelerating growth tra-
jectories in the first 12 months of life.19 Similarly,
those infants with prolonged and exclusive breast-
feeding showed growth patterns similar to those re-
ported in previous observational studies,2–11 with a
rise in weight-for-age and length-for-age z scores
through 3 months and a fall thereafter. Unlike pre-
vious reports, however, the z scores for weight-for-
age never fell below 0 (the mean of the WHO/CDC
reference), and those for length-for-age caught up to
the reference by 12 months. Again, these data cannot
distinguish whether the observed growth trajectories
represent a true biological effect of prolonged breast-
feeding or are confounded by other differences, eg, a
(hypothetical) preference for thinner infants among

TABLE 4. Effect of Intervention on Head Circumference (cm)

Age Control
(n)

Experimental
(n)

Difference P
Value

1 mo 37.09 (8061) 37.28 (8592) 0.19 .287
2 mo 38.71 (7959) 38.89 (8431) 0.18 .313
3 mo 40.29 (8006) 40.47 (8608) 0.18 .301
6 mo 43.22 (7894) 43.36 (8477) 0.14 .394
9 mo 45.37 (7748) 45.35 (8317) �0.02 .925

12 mo 47.08 (7915) 46.90 (8541) �0.18 .303

Fig 2. Length-for-age z score in experimental versus control trial groups and 3 observational groups.
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mothers who practice exclusive and prolonged
breastfeeding. Nonetheless, the consistency of the
growth trajectories during the first 3 months between
the experimental group from the trial and the 2 ob-
servational groups with prolonged and exclusive
breastfeeding seem more consistent with a true bio-
logical effect.

Several limitations of our study require discussion.
First, anthropometric measurements were not stan-
dardized among study sites (see “Methods”) and
probably led to increased (random) error in measur-
ing weight, length, and head circumference. This
lack of standardization should therefore have been
nondifferential with respect to the study interven-
tion and biased the results toward the null, ie, to-
ward finding no differences between the experimen-
tal and control groups and among the 3 “observa-
tional” groups. Second, although the infants in both
trial groups grew at rates exceeding those of the
WHO/CDC reference, cultural factors affecting in-
fant feeding in Belarus may differ from other devel-
oped countries, particularly those in the West, and
may therefore limit the generalizability of our find-
ings. Nonetheless, our results offer no support to the
prevailing premise that prolonged and exclusive
breastfeeding inexorably leads to deficits in weight
and length during the first year of life. Instead, our
results showing faster weight and length gains in
infants exposed to the experimental intervention
support the current WHO and UNICEF recommen-
dations for prolonged and exclusive breastfeeding.
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