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Abstract

Background: Despite numerous population-based randomized intervention trials, the im-

pact of such interventions on socioeconomic inequalities has rarely been examined. We

used data from a large cluster-randomized trial to assess the impact of a breastfeeding

promotion intervention on socioeconomic inequalities in breastfeeding (exclusivity and

duration) and in child cognitive ability at early school age.

Methods: The Promotion of Breastfeeding Intervention Trial (PROBIT) randomized

31 Belarusian maternity hospitals and their affiliated polyclinics either to receive a

breastfeeding promotion intervention modelled on the WHO/UNICEF Baby-Friendly

Hospital Initiative or to continue the standard practices in effect at the time of

randomization. We estimated and compared inequalities in discontinuation of exclusive

breastfeeding before 3 months and of any breastfeeding before 12 months and in

child verbal IQ at age 6.5 years, across maternal education strata between the two

intervention arms.

Findings: Socioeconomic inequalities in discontinuing exclusive breastfeeding before 3

months were negligible in the control group. However, graded inequalities by maternal

education emerged in the intervention group {relative risk [RR]¼1.12 [95% confidence

interval (CI): 1.04, 1.20] for partial university and RR¼ 1.20 [95% CI: 1.11, 1.31] for second-

ary education or less vs complete university; risk difference [RD]¼ 0.06 [95% CI: 0.03,

0.09] and 0.10 [95% CI: 0.06, 0.14], respectively}. For discontinuing any breastfeeding be-

fore 12 months, small socioeconomic gradients in the control group were widened in the

intervention group (RR¼ 1.04 and 1.16, respectively, for mothers with secondary educa-

tion or less). Despite these differential effects on breastfeeding, however, we observed a

small, nonsignificant reduction in socioeconomic inequalities in child verbal IQ at age 6.5

years.
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Conclusions: A population-based intervention to promote breastfeeding slightly widened

socioeconomic inequalities in breastfeeding but not those in child cognitive ability.
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Introduction

Reducing socioeconomic inequalities in health is an import-

ant public health goal.1 A key first step toward achieving

that goal is to evaluate and compare the impact of various

interventions across socioeconomic strata. However, inter-

vention studies—both primary studies and systematic re-

views—rarely assess impacts on socioeconomic inequalities,

and thus little is known about which interventions are ef-

fective and cost-effective for reducing those inequalities.2–4

Determining appropriate intervention strategies to reduce

health inequalities has been the focus of much recent discus-

sion.5 Rose’s population prevention strategy, which has

been widely accepted in public health policies, attempts to

shift the risk distribution of the entire population towards a

lower risk rather than targeting a population subgroup at

‘high risk’, thereby benefiting the entire population.6

However, some researchers have argued that such popula-

tion-wide intervention strategy may inadvertently worsen

socioeconomic inequalities, because socioeconomically

advantaged individuals tend to respond earlier and to a

greater degree than those who are disadvantaged.7–9 Few

empirical studies have examined this phenomenon and have

reported inconsistent results. Smoking prevention,10 folate

intake among women of childbearing age11 and water fluor-

idation12 are among population strategies whose impacts on

inequalities have been assessed, and both widening and nar-

rowing of inequalities have been reported. A recent system-

atic review to identify types of intervention generating

inequalities concluded that available evidence is insufficient

and that more empirical evidence is required.5

Interventions to improve breastfeeding initiation, exclu-

sivity and duration are based on extensive evidence from

both observational and intervention studies of short- and

long-term health benefits of breastfeeding for both mothers

and infants.13–15 Nevertheless, to our knowledge none of

previous studies has systematically examined whether the

increases in breastfeeding resulting from such interventions

have equally benefited all socioeconomic groups.

A frequent methodological challenge in evaluating the

impact of an intervention on inequalities is the lack of

‘baseline’ inequality data in the unexposed to the interven-

tion measured at the same time and in a population that is

similar to the exposed group with respect to confounding.

A well-designed randomized trial overcomes that limita-

tion since randomization can ensure that the intervention

and the control groups have a similar confounding struc-

ture, resulting in optimal ‘baseline’ data from the control

group. However, few randomized intervention trials have

assessed the impact on socioeconomic inequalities. In this

study, we empirically examined the impacts of a cluster-

randomized intervention to promote breastfeeding in the

Republic of Belarus. We took advantage of the randomized

design to accomplish two primary study aims. First, we

compared the extent of socioeconomic inequalities in ex-

clusive and prolonged breastfeeding between the interven-

tion and the control groups. Second, because child

cognitive ability at age 6.5 years was increased in the inter-

vention group in our intention-to-treat analysis,16 we also

compared socioeconomic inequalities in that long-term

outcome between the two intervention arms.

Key Messages

• A population-wide, rather than ‘high risk’-targeted, intervention strategy has been criticized for its inadvertent conse-

quence of widening socioeconomic inequalities in health.

• Exploiting data from a cluster-randomized intervention of breastfeeding promotion intervention, we found that socioe-

conomic inequalities in breastfeeding by maternal education, which were negligible without the intervention,

emerged in the intervention group in both relative and absolute scale.

• However, we found no evidence of widening inequalities in child verbal IQ scores owing to the intervention, despite

the beneficial effect of the intervention on cognition.

• Overall, the intervention improved both breastfeeding and child cognitive ability, irrespective of maternal education

level, by favourably shifting the entire distribution of exclusive and prolonged breastfeeding and of cognitive ability.

International Journal of Epidemiology, 2014, Vol. 43, No. 4 1285



Methods

Study participants

Study participants are mother-infant pairs who partici-

pated in the Promotion of Breastfeeding Intervention Trial

(PROBIT), a cluster-randomized trial to promote exclusiv-

ity and duration of breastfeeding in the Republic of

Belarus. A full description of PROBIT’s design and meth-

ods has been published elsewhere.17 In brief, 31 maternity

hospitals and their affiliated polyclinics (where children

are followed for routine health care) were randomized ei-

ther to receive a breastfeeding promotion intervention

modelled on the 10 steps to successful breastfeeding of the

WHO/UNICEF Baby-Friendly Hospital Initiative (BFHI)

or to continue the maternity hospital and polyclinic prac-

tices in effect at the time of randomization. A total of

17 046 mothers who initiated breastfeeding and their

healthy singleton infants born at �37 completed weeks of

gestation with birth weight �2500 g were recruited during

their postpartum stay between June 1996 and December

1997. The mother-infant pairs were followed up at 1, 2, 3,

6, 9 and 12 months, during which infant feeding was re-

ported by the mother; 96.7% (n¼ 16 491) of them com-

pleted the first-year follow-up. A total of 13 889 children

(81.5% of the original cohort) were re-examined at 6.5

years, when cognitive ability was measured.

Socioeconomic position

Self-reported maternal education at enrolment was used as

the socioeconomic indicator in this study. It was originally

measured using a four-category scale: incomplete second-

ary (3.8%), complete secondary (32.1%), advanced sec-

ondary or partial university (50.5%) or complete

university (13.6%) education. Owing to small numbers in

the lowest education category, we combined incomplete

secondary with complete secondary education into a single

category for our analysis.

Outcomes

Breastfeeding. Mothers reported their current infant feeding

details at each follow-up visit (1, 2, 3, 6, 9 and 12 months)

during the first year. Based on those reports, we created two

outcomes: discontinuation of exclusive breastfeeding (i.e.

introducing any foods other than breast milk) before 3

months and discontinuation of breastfeeding to any degree

(weaning) before 12 months.

Cognitive ability at age 6.5 years. At the 6.5-year follow-

up, the polyclinic paediatricians measured child cognitive

ability using the Wechsler Abbreviated Scales of Intelligence

(WASI).18 The WASI consists of vocabulary and similarities

subtests for verbal IQ, and block designs and matrices for

performance IQ. In a convenience sample of 45 children

during a 1-week training workshop provided by child psy-

chologists and psychiatrists, inter-paediatrician agreement

was high, with Pearson correlation coefficients of 0.80

(95% confidence interval: 0.67, 0.89) for vocabulary, 0.72

(0.54, 0.83) for similarities, 0.80 (0.67, 0.89) for block

designs and 0.79 (0.66, 0.88) for matrices.16 Since we previ-

ously reported that the intervention resulted in significantly

higher verbal IQ scores in intention-to-treat analysis,16 we

focused on results for verbal IQ scores in the present study.

Statistical analysis

We used modified Poisson regression analysis with general-

ized estimating equations (GEEs) to estimate socioeconomic

inequalities in discontinuing exclusive breastfeeding before

3 months and any breastfeeding before 12 months.

Modified Poisson models were used to estimate unbiased

risks for these common binary outcomes;19 the GEEs were

used to account for cluster randomization.20 We estimated

both relative and absolute inequalities for breastfeeding out-

comes. Absolute inequality measures reflect not only

inequalities across socioeconomic subgroups but also public

health importance of the outcome in consideration, and they

could provide different, even contradictory, patterns of

inequalities from relative measures in a given outcome.21,22

However, measuring absolute inequality is often neglected

in health inequalities research.23 Relative risks (RRs) and

absolute risk differences (RDs) of discontinuing breastfeed-

ing among mothers with lower education compared with

mothers with complete university education (reference cate-

gory) were separately estimated in the intervention and in

the control group and then compared between the two

groups. We tested for statistical interactions between the

group assignment and maternal education. We also esti-

mated relative indices of inequality (RII) and slope indices

of inequality (SII) as summary measures of relative and

absolute inequalities of breastfeeding outcomes, respec-

tively, across the entire distribution of maternal education.24

For child IQ, linear regression analyses using GEEs were

performed to estimate mean IQ differences in lower mater-

nal education from the reference category in each interven-

tion group and compared between the groups.

Results

Inequalities in breastfeeding

Table 1 shows that the intervention was successful in

increasing both the exclusivity and duration of breastfeeding
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in the first year, irrespective of maternal education level.

Although prevalences of exclusive or any breastfeeding at

each month were higher among mothers with higher level of

education within each intervention group, socioeconomic

gradients were more pronounced in the intervention group

than in the control group, indicating greater benefits of the

intervention among mothers with higher education.

Figure 1 displays the cluster-adjusted relative and abso-

lute socioeconomic inequalities for discontinuing exclusive

breastfeeding before 3 months according to maternal edu-

cation in each intervention group. Even though mothers in

the control group who had not completed university were

more likely to discontinue exclusive breastfeeding before 3

months compared with those who had, the increased risk

was negligible, showing only a 2–3% increase in relative

risk. In the intervention group, however, mothers with par-

tial university education showed a 12% (95% CI: 1.04,

1.20) higher relative risk of discontinuing exclusive breast-

feeding before 3 months relative to mothers with com-

pleted university education (Figure 1a). The relative risk

increase was greater among mothers with secondary edu-

cation or less compared with mothers who had completed

university (RR¼ 1.20, 95% CI: 1.11, 1.31). As can be seen

from the fact that confidence intervals of these relative

risk estimates did not overlap with each other across two

intervention groups, formal statistical testing yielded a sig-

nificant interaction between the intervention group assign-

ment and maternal education (P¼ 0.0004).

A similar pattern was observed when we estimated risk

differences (Figure 1b). No socioeconomic inequalities

were observed in the control group, whereas a small gra-

dient was seen in the intervention group (RD¼0.06, 95%

CI: 0.03, 0.09 for mothers with partial university educa-

tion; RD¼ 0.10, 95% CI: 0.06, 0.14 for mothers with no

more than secondary education).

Figure 2 shows cluster-adjusted relative and absolute

inequalities in discontinuing any breastfeeding before

12 months in the two randomized groups. In the control

group, a small gradient was observed between maternal edu-

cation and complete breastfeeding cessation (weaning). In the

intervention group, mothers who had not completed univer-

sity were also more likely to wean their infants before 12

months than mothers who had, but no dose-response gradient

was observed. However, the relative inequalities were larger

in the intervention group (P-value<0.001 for the interaction).

Absolute inequalities showed a similar pattern

(Figure 2b). In the control group, absolute risk differences

of weaning before 12 months (vs mothers with complete

university education) were 0.02 (95% CI: 0.00, 0.04) for

mothers with partial university and 0.04 (95% CI: 0.02,

0.06) for those with secondary education or less. The cor-

responding risk differences were larger in the intervention

group: 0.11 (95% CI: 0.08, 0.15) for mothers with partial

university and 0.10 (95% CI: 0.06, 0.14) for mothers with

secondary education or less.

Clustering-adjusted relative inequality index (RII) of

discontinuing exclusive breastfeeding before 3 months was

0.80 (95% CI: 0.74, 0.87) in the intervention group, indi-

cating a 20% relative risk reduction across the entire distri-

bution of maternal education. The corresponding RII was

0.97 (95% CI: 0.93, 1.01) in the control group, consistent

with our stratum-specific analysis results of no relative

inequalities by maternal education in this group. The slope

inequality index (SII) of discontinuing exclusive breastfeed-

ing before 3 months was �0.12 (95% CI: �0.16, �0.08) in

the intervention, indicating a 12% absolute risk reduction

from the lowest to the highest education categories, com-

pared with a 3% reduction in the corresponding absolute

risk reduction (SII: �0.03, 95% CI: �0.06, 0.01) in the

control group. Clustering-adjusted RIIs of weaning before

Table 1. Prevalence of exclusive breastfeeding and any breastfeeding in the first year according to maternal education in each

intervention group

Exclusive breastfeeding 1 month 3 months 6 months

Control Intervention Control Intervention Control Intervention

Secondary or less 25.6 79.6 5.8 43.0 0.7 6.6

Partial university 26.3 80.7 6.8 46.0 0.7 6.9

Complete university 26.6 81.5 6.9 50.8 0.5 8.3

Any breastfeeding 6 months 9 months 12 months

Control Intervention Control Intervention Control Intervention

Secondary or less 32.9 43.1 21.5 32.0 13.9 25.8

Partial university 36.5 47.5 23.6 32.2 16.1 24.6

Complete university 40.4 58.8 27.0 44.0 17.3 35.6
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12 months were 0.89 (95% CI: 0.83, 0.96) and 0.94 (95%

CI: 0.92, 0.97) in the intervention and the control groups,

respectively. The corresponding figures of SIIs were �0.08

(95% CI: �0.13, �0.03) in the intervention group and

�0.05 (95% CI: �0.07, �0.02) in the control group.

Inequalities in verbal IQ

Figure 3 shows the cluster-adjusted mean child verbal IQ

scores at age 6.5 years across maternal education in each

randomized group. In both the control and the intervention

groups, strong positive associations were observed between

Figure 1. Cluster-adjusted relative and absolute socioeconomic inequalities in discontinuation of exclusive breastfeeding before 3 months in each

randomized group
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maternal education and IQ scores. Verbal IQ deficits

among children of mothers with lower education com-

pared with those who completed university were some-

what smaller in the intervention group than in the control

group: 5.2 (95% CI: 3.1, 7.3) vs 6.5 (95% CI: 5.6, 7.4)

points deficit among mothers with partial university educa-

tion and 10.7 (95% CI: 8.4, 12.9) vs 11.7 (95% CI: 10.2,

13.2) points among those with secondary education or

Figure 2. Cluster-adjusted relative and absolute socioeconomic inequalities in complete cessation of breastfeeding (weaning) before 12 months in

each randomized group
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less. However, confidence intervals of these differences

were overlapping with each other (P¼ 0.51 for the interac-

tion), indicating no differential intervention effects on child

IQ across maternal education categories. Similar patterns

of IQ differences were observed for performance and full-

scale IQ scores (data not shown).

Discussion

We have examined effects of a cluster-randomized breast-

feeding promotion intervention on socioeconomic inequal-

ities in breastfeeding behaviours during the first year and

in child verbal ability at age 6.5 years. Socioeconomic

inequalities in breastfeeding by maternal education were

absent or small in the control group, in whom the standard

practices were provided. However, larger socioeconomic

inequalities—the higher socioeconomic position, the

larger—emerged in the intervention group, both for early

discontinuation of exclusive breastfeeding and for weaning

before 12 months. We observed consistently widened

inequalities in both relative and absolute measures. In con-

trast, we observed small, nonsignificant intervention-

induced reductions in socioeconomic inequalities in child

verbal IQ at age 6.5 years. However, the wide confidence

intervals of our estimates for socioeconomic inequalities in

IQ preclude definite conclusions.

Our intervention to promote the exclusivity and dura-

tion of breastfeeding following the Baby Friendly Hospital

Initiative of the WHO was provided to all mothers in

hospitals and affiliated polyclinics randomly selected for

the intervention, irrespective of their education. The

increased socioeconomic inequalities in breastfeeding

observed in the intervention group supports the argument

that population intervention strategies could inadvertently

exacerbate, rather than mitigate, socioeconomic inequal-

ities, particularly when the intervention aims to change

individual behaviours rather than targeting ‘upstream’

structural changes.25 Our results are also compatible with

an observational study from Brazil reporting that breast-

feeding rates increased first among the socioeconomically

better-off, followed by increases among the poor, over a

20-year period of active breastfeeding promotion cam-

paigns in Brazil.26

Because mean child IQ scores at age 6.5 years, verbal

IQ scores in particular, were higher among children in the

intervention than the control group,16 we might expect

that socioeconomic inequalities in child IQ would be wid-

ened in the intervention group, owing to the increase in

observed inequalities in breastfeeding. Reasons for the lack

of widened IQ inequalities are unclear. It could be due to

the only modestly increased inequalities in breastfeeding.

Alternatively, it may indicate that in Belarus, at least,

maternal education is a stronger determinant of child IQ

than breastfeeding. Mothers with higher education may

already follow child-rearing practices that stimulate cogni-

tive development of their infants through more frequent

verbal interactions and reading. Genetic factors may also

play a role in determining child cognitive ability.

Figure 3. Cluster-adjusted mean verbal IQ at age 6.5 years by maternal education in each randomized group
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Despite the widened socioeconomic inequalities by the

intervention in rates of prolonged exclusive and any breast-

feeding, breastfeeding rates were even higher among moth-

ers with the lowest education (secondary school or less) in

the intervention group than they were among mothers who

completed university in the control group. Mean verbal IQ

scores of children in the lowest maternal education cate-

gory in the intervention were also substantially higher than

those of their counterparts in the control group. These

findings support the notion that a population-wide inter-

vention strategy, without focusing on low socioeconomic

groups, would benefit the entire population by successfully

shifting the distribution of breastfeeding rates across all

socioeconomic strata despite the small, unintended

increases in socioeconomic inequalities.6 This benefit

might be particularly evident in our study, because levels

of exclusive and prolonged breastfeeding, even among

mothers with the highest education, did not achieve recom-

mended levels of breastfeeding, suggesting ample room for

improvement. That socioeconomic inequalities in child

cognitive functioning did not widen further supports such

a population intervention strategy.

The randomized intervention design is one of strengths

in our study, providing less biased estimates of impact of

the intervention on socioeconomic inequalities. Moreover,

our intervention sites were hospitals and affiliated poly-

clinics matched on a number of characteristics including

geographical region and urban vs rural status, and the

study sample is representative of general population of

Belarus. Another strength is that our results provide a

more complete assessment of socioeconomic inequalities in

breastfeeding rates, by estimating both relative and abso-

lute inequalities, than common practice in inequality

assessments.23 Finally, our study analysed effects of the

intervention not only on an immediate, direct outcome

(breastfeeding) but also on a long-term consequence of

breastfeeding (child cognitive ability) that is associated

with important health and behavioural outcomes in later

life.27

However, our study also has weaknesses. First, our

results may not be generalizable to other study settings in

Western or developed countries where breastfeeding is

strongly patterned by socioeconomic position or in coun-

tries with lower breastfeeding rates than Belarus, where

more than 95% of mothers initiated breastfeeding at the

time of PROBIT.28 Belarus, a former Soviet country, is one

of the countries with the least socioeconomic inequalities

as reflected, for example, in their low Gini index of 27 in

2008 compared with 42 in Russia, 45 in the USA and 24 in

Sweden. Belarus has also a very high literacy rate and qual-

ity of universal education as evidenced by only 4% of our

sample having less than secondary education. Nonetheless,

higher education in Belarus (and in our sample) is far more

variable, which is why we observe inequalities in both

breastfeeding behaviour and child cognitive ability.

Second, the relatively high level of clustering of child IQ

scores between sites represented by the intraclass correla-

tion coefficient of 0.316 may reduce our statistical power

to detect the small socioeconomic differences in child cog-

nitive ability induced by the intervention.

In conclusion, our study intervention, which was

designed to promote prolonged and exclusive breastfeed-

ing, slightly widened socioeconomic inequalities in discon-

tinuation of exclusive breastfeeding by 3 months and of

any breastfeeding by 12 months. However, inequalities

were not widened in cognitive functioning at early school

age, despite the beneficial effect of the intervention on cog-

nition. More importantly, the breastfeeding promotion

intervention improved both breastfeeding and child cogni-

tive ability, irrespective of maternal education, by favour-

ably shifting the entire distribution of exclusive and

prolonged breastfeeding and of cognitive ability. Our study

illustrates that a randomized intervention trial with good

socioeconomic information can help assess interventions

designed to improve population health not only by exam-

ining the intervention effects on primary outcomes but also

by evaluating the intervention’s impact on socioeconomic

inequalities.
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QC, Canada. E-mail: Katherine.frohlich@umontreal.ca

Accepted 12 February 2014

Geoffrey Rose made some remarkable contributions to the field of

public health. In his definitive book The Strategy of Preventive

Medicine1 Rose developed the idea that public health interventions,

rather than focusing on change in individual risk profiles for a

particular health problem, should focus instead on altering the

conditions that lead to the distribution of risk in a given popula-

tion: an idea now known as the population approach. The popula-

tion approach is based on a number of premises, one of which is

particularly important for this commentary, namely that the distri-

bution of risk exposure in a population is shaped by contextual con-

ditions. Therefore population-health interventions should attempt

to change the contextual conditions of risk in order to alter the dis-

tribution of health risk in populations.

In their paper, Yang et al.2 argue whether population-based

interventions widen or narrow socioeconomic inequalities, using

the case study of a large cluster-randomized controlled trial on
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