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Abstract
Objective: The relationship between caesarean sections (C-sections) and infant
feeding varies between different samples and indicators of feeding. The current
study aimed to determine the relationship between C-sections and five indicators
of infant milk feeding (breast-feeding within 1 h after delivery, at the time of the
survey (current) and ever; milk-based prelacteal feeds; and current non-breast
milk use) over time in a country with a rapidly rising C-section rate.
Design: Secondary data analysis on cross-sectional data from Demographic and
Health Surveys from six different time points between 1986 and 2013.
Setting: Dominican Republic.
Subjects: Infants under 6 months of age.
Results: Over 90% of infants were ever breast-fed in each survey sample.
However, non-breast milk use has expanded over time with a concomitant drop in
predominant breast-feeding. C-section prevalence has increased over time
reaching 63% of sampled infants in the most recent survey. C-sections remained
significantly related to three infant feeding practices – the child not put to the
breast within 1 h after delivery, milk-based prelacteal feeds and current non-breast
milk use – in multivariate models that included sociodemographic control
variables. However, current non-breast milk use was no longer related to
C-sections when milk-based prelacteal feeds were factored into the model.
Conclusions: Reducing or avoiding milk-based prelacteal feeds, particularly
among those having C-sections, may improve subsequent breast-feeding
patterns. Simultaneously, efforts are needed to understand and help reduce the
exceptionally high C-section rate in the Dominican Republic.
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Caesarean section (C-section) rates have been increasing
in many countries worldwide, although the increase
may vary by wealth strata within countries, with the lower
wealth strata in some low-income countries having
inadequate access(1). A minimum C-section rate in a
population is one indicator of adequate maternal health
care, although there is no consensus as to what that
minimum level should be. Rates less than 5% have been
found to relate to maternal and perinatal deaths potentially
secondary to the failure to perform necessary C-sections(2).
The WHO has stated that ‘rates higher than 10%
(at a population level) are not associated with reductions
in maternal and newborn mortality rates’ (p.1)(3). Of
particular concern from a child nutrition perspective is the
potential interference C-sections may have on the
initiation of breast-feeding and subsequent exclusive use
of breast milk in the early months of an infant’s life.
However, this adverse relationship is not found con-
sistently across studies, particularly when other variables

have been factored in(4,5). Some of this variation may be a
function of different settings and the use of different infant
feeding indicators (e.g. ‘any’ v. ‘exclusive breast-feeding’).
Further examination of this complex relationship is critical
given rising C-section rates in some settings and the
potential that this surgical procedure may undermine
breast-feeding.

For infants born by C-section, a number of factors have
been identified that decrease initiation or exclusivity of
breast-feeding, including separation of mother and infant
post-delivery, post-surgical pain and hormonal differences
(e.g. maternal prolactin and oxytocin) between a C-section
and vaginal delivery(6,7). However, some linkages
between C-sections and infant feeding may be mediated
by third variables. For example, in some countries greater
wealth is related to both a higher likelihood of having a
C-section and a lower likelihood of breast-feeding(8). In
addition, the nature and strength of the relationship
between C-sections and infant feeding may vary across
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different infant feeding indicators. Indicators in different
studies have included: any breast-feeding, breast-feeding
within 1 h after delivery, use of prelacteal feeds (i.e. any
food or liquid before the first breast-feed(9) or before
breast-feeding is established; often operationalized as the
first 3 d postpartum), duration of breast-feeding and
exclusivity of breast-feeding at various ages.

Early and exclusive breast-feeding may be most at risk
following a C-section. Studies have found that C-sections
are related to a lower likelihood of breast-feeding within
1 h and an increased likelihood of prelacteal feeding(8,10).
However, it has been proposed that this is not inevitable if
adequate or extra supports are provided post-delivery to
establish breast-feeding after a C-section(6). This proposi-
tion is supported by a finding from a non-experimental
study in a hospital setting in India in which no differences
in rates of breast-feeding at 1 h post-delivery were found
between those having a C-section v. vaginal delivery when
lactation support was provided to all mothers(11).

A weaker relationship may be found for indicators of
breast-feeding that are more distal from the C-section
event such as duration or exclusivity at later follow-up
points (i.e. beyond the immediate postpartum period). For
example, Perez-Escamilla and colleagues in Mexico found
that among women who initiated breast-feeding and
continued for at least 1 month, having had a C-section was
not related to duration of breast-feeding while controlling
for other variables (e.g. maternal education)(5). Similarly,
within a meta-analytic study, having had a C-section was
not related to whether infants were fully or exclusively
breast-fed at 6 months among those mothers who had
initiated breast-feeding(4). However, an adverse relation-
ship may be found if C-sections interrupt breast-feeding
initiation, such as breast-feeding within 1 h, which itself is
a predictor of subsequent breast-feeding regardless of
delivery type. For example, breast-feeding within 1 h
postpartum has been found to relate to: (i) lower like-
lihood of introducing prelacteal feeds; (ii) subsequent
breast-feeding; and (iii) exclusive breast-feeding at follow-
up(10,12–14). As well, avoiding prelacteal feeds is related to
greater likelihood of subsequent breast-feeding(13).

Taking advantage of consistent data collection occurring
in the same country over time may allow for identification of
trends that are obscured when data are lumped across
countries or lost if the focus is only on recent cross-sectional
data. It is proposed that examining C-section rates and infant
feeding patterns over time in the Dominican Republic (DR)
may be informative. The DR has been a regular participant
in national surveys over time, in particular the Demographic
and Health Surveys (DHS), which have included measures
of C-sections and infant feeding. The DR also has one of the
highest C-section rates in the world. In a 137-country study
based on available data from 2008 (or most closely available
data to that year), the DR tied for the second highest
C-section rate with Iran at 41·9%, with only Brazil having a
higher C-section rate at 45·9%(2). Since then, the C-section

rate in the DR has risen further, with a preliminary report
from a 2014 DR Multiple Indicator Cluster Survey reporting a
rate of 58·1% of those born in the last 2 years(15). A rise in
the C-section rate from 21 to 56% was estimated in a
summary of findings from DHS rounds in the DR from 1991
to 2013(16).

It was hypothesized that, within the DR: (i) those who
had a C-section would be less likely to breast-feed and
more likely to use non-breast milk and that this relation-
ship would persist after controlling for confounding
variables; and (ii) the receipt of a C-section would be more
strongly related to immediate postpartum v. later infant
feeding practices. Therefore, the aims of the present study
were to determine: (i) the C-section rate and patterns of
infant feeding in the DR over time; (ii) whether receipt of a
C-section is related to infant feeding patterns and, if so,
whether this relationship persists after controlling for
potentially confounding variables; and (iii) whether the
receipt of a C-section is related to more distal infant
feeding indicators after feeding practices in the immediate
postpartum period are considered.

Methods

General
The present study is based on secondary data analysis of
data sets from the DHS. DHS studies obtain ethics approval
within host countries.

Sample
The DHS uses a multi-staged sampling design (sample of
households within a sample of enumeration areas) with the
aim of obtaining a nationally representative sample(17,18).
Sample weights are included in the databases to take into
consideration the sampling strategy. Within selected
households, women between 15 and 49 years of age are
invited to complete the women’s interview which contains a
series of questions on infant feeding practices for those who
have had children within the previous 5 years(18).

Samples for this specific study were drawn from data
sets from all six DHS from the DR spanning 1986–2013.
Extracted samples from each data set were composed of
children who were: (i) living in selected households;
(ii) under 6 months of age at the time of the survey;
(iii) singleton births; and (iv) alive at the time of the sur-
vey. In addition, the samples were restricted to the parti-
cipating mothers who responded to the C-section question
and current breast-feeding question; and, if currently
breast-feeding, responded to all the current infant dietary
intake questions for the previous 24 h to allow for current
breast-feeding status classification. Of the 3685 infants less
than 6 months of age across the six surveys, 91·8%
(n 3384) met the inclusion criteria. With weighting, the
sample size is 3099. Sample sizes varied substantially
between survey years. As the study limited the sample to
children under 6 months of age, the summary values are
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not the same as those reported in the final DHS reports
which are based on the full survey samples without this
age restriction.

Measures

Dependent variables (infant milk feeding indicators)
Dependent variables were the following infant milk
feeding behaviours.

1. Ever breast-fed: mother’s response to a ‘yes/no’ question.
2. How soon after birth put to the breast: responses in the

DHS data set were dichotomized to ‘within 1 h’ v. ‘not
within 1 h’.

3. Milk-based prelacteal feeds: a ‘yes’ response to any
non-breast milk type (i.e. infant formula; powdered/tin;
fresh liquid, e.g. cow’s) used in the first 3 d of birth was
coded as ‘yes,’ otherwise coded ‘no’.

4. Current breast-feeding status: classification into the
following categories was based on ‘yes’/‘no’ response
to questions on whether currently breast-feeding (i.e. at
the time of the survey interview) and response pattern
to a series of questions about the child’s liquid and food
consumption in the 24 h period prior to the interview.

a. Exclusively breast-fed: is defined as nothing other than
breast milk except for medicine, vitamins, minerals and
oral rehydration solution. For the present study this was
operationalized as a ‘yes’ response to current breast-
feeding question AND a ‘no’ response to all questions
about foods or liquids given in the previous 24h.

b. Predominantly breast-fed: allows for water and/or
water-based drinks (excluding food-based liquids, e.g.
infant formula) in combination with breast milk. This
was operationalized in the present study as a ‘yes’
response to current breast-feeding question AND a ‘yes’
response to any of the liquid questions (except non-
breast milk) AND a ‘no’ response to non-breast milk
and all semi-solid/solid food questions in the last 24h.

c. Partially breast-fed: is defined as breast milk in
combination with any semi-solid/solid foods or food-
based liquids (i.e. beyond the beverages allowed under
predominantly breast-fed). This was operationalized in
the present study as a ‘yes’ response to current breast-
feeding question AND a ‘yes’ response to any
non-breast milk and/or semi-solid/solid food item(s).

d. Not breast-fed: operationalized in the present study as a
‘no’ response to current breast-feeding question.

Although the four categories are used to describe changes
in breast-feeding across surveys, this indicator is dichot-
omized to exclusive v. non-exclusive breast-feeding for
the examination of its relationships with C-sections.

5. Current non-breast milk use: this was based on a ‘yes’
response to any non-breast milk (i.e. infant formula;
powdered/tinned; fresh liquid, e.g. cow’s) use reported
as consumed in the 24 h before the survey interview.

Independent variable
The independent variable was caesarean section (C-section):
whether delivery was C-section or vaginal. No additional
details were available as to whether C-sections were planned
pre-labour, emergencies and/or repeat. Also not available in
the data set was whether or not the vaginal deliveries
included an operative component.

Control variables
Several characteristics that were available across all data
sets and for which there is empirical evidence or theory that
implicates their potential relationship to both infant feeding
practices and C-sections were used as control variables in
the multivariate models. These included the following.

1. Child birth order: this was dichotomized to first and
later to control for primiparous v. multiparous effects.

2. Place of residence: this used a DHS dichotomized
variable of urban/rural.

3. Maternal education: this used a continuous measure of
reported years of education.

4. Maternal age: this used a continuous measured in years.
5. Mother’s work status: this used a DHS dichotomized

variable of ‘yes/no’ to capture whether the mother
worked outside the home or not.

6. Number of prenatal care visits: respondent indicated
the number of prenatal care visits attended.

7. Child age at time of the survey: this was measured in
months and is used in the models considering current
infant feeding practices (as opposed to those shortly
after birth, where child age at the time of the survey
should not have an effect).

Two additional variables, which were not available for the
earliest data sets but were included given their impor-
tance in previous studies, are the following.

8. Wealth index: this was based on quintiles generated
from a DHS-developed composite measure which
includes household assets and facilities(19). This
measure was not available for the two earliest surveys.

9. Place of delivery: this question was introduced in 1991.
As there were few home births and ‘others’, this variable
was dichotomized to birth at public v. private institutions.

Finally, the following variable was included in the models
to control for effects from merging survey samples from
different time periods.

10. Phase (‘year’) of survey: this ranged from 1 (1986) to
6 (2013). This was dummy coded and not assumed to
be a simple continuous measure.

Analysis
First, descriptive analyses were used to describe changes
in infant feeding practices and C-sections over time in
the DR. Second, χ2 analyses were used to examine the
relationship between C-sections and each of the infant
feeding indicators. Third, Pearson’s χ2, linear-by-linear
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association and Student t tests were used to examine the
relationship between control variables and infant feeding
indicators that had been identified as related to C-sections in
the previous mentioned analysis. Fourth, logistic regression
models were used to examine the relationship between
C-sections and the infant feeding indicators that were related
to C-sections in bivariate analysis while incorporating the
control variables which had demonstrated a significant rela-
tionship to both C-section and an infant feeding indicator
within bivariate analysis. Fifth, the final logistic regression
model further examined the relationship between C-sections
and infant feeding indicators, this time by including preceding
infant feeding practice in the model (e.g. put to the breast
within 1h for subsequent non-breast milk use). Statistical
significance was set at the more conservative P<0·01
given the power from the moderately large sample size
and the number of statistical tests. The statistical software
package IBM SPSS Statistics Version 20 was used for all
analyses.

Weighting provided within each DHS data set, which takes
into account sampling design, was used for the descriptive
analysis to generate values that estimate population pre-
valence for each survey. Weighting was not used for bivariate
and multivariate analyses as per DHS recommendations(20).

Results

Although ever breast-fed levels among infant less than
6 months of age have remained high over the time period
considered (all samples >90%), there has been a decline
in rates of many breast-feeding practices over time
(Table 1). There is not an obvious trend over time in the
proportion of infants who were breast-fed within 1 h after
birth; however, the substantial drop between the penulti-
mate and ultimate DHS rounds is concerning. The
percentage of those predominantly breast-feeding at the
time of the survey (‘currently’) dropped from 23·9% in
1986 to 6·1% in 2013, with a concomitant increase in
partial breast-feeding over the same time period (44·8 to
57·7%). Although not captured for the full time period,
there is a trend towards an increase in the percentage
of infants receiving milk-based prelacteal feeds noted
across the three most recent surveys (Pearson’s r= 0·998,
P= 0·041). There is a marked increase in the C-section rate
over time, with close to two-thirds of the 2013 sample of
infants considered in the present study delivered this
way (63·4%).

Combining the samples across surveys resulted in a
sample size of 3384 infants (unweighted), 34·0% of whom

Table 1 Infant milk feeding indicators by survey year and by caesarean section (C-section) status†: secondary data analysis on
cross-sectional data from Demographic and Health Surveys, Dominican Republic, 1986–2013

Survey year C-section

1986
(n 392)

1991
(n 311)

1996
(n 373)

2002
(n 932)

2007
(n 809)

2013
(n 282)

Yes
(n 1149)

No
(n 2235)

Early feeding indicators
Ever breast-fed (%) 96·6 93·4 95·7†† 95·4†† 94·4‡‡ 91·5†† 93·8 95·8
Put to breast within 1 h (%) NA 33·4 54·8 59·0†† 58·7‡‡ 41·4†† 39·2 64·3**
Milk-based prelacteal feeds‡ (%) NA NA NA 40·5†† 52·4§§ 67·3|||| 67·7 35·4**

Current feeding practices
Breast-feeding status
Not (%) 20·6 26·0 18·9 21·9 25·8 29·4 26·9 17·9
Partial (%) 44·8 44·2 48·8 55·6 58·2 57·7 56·7 50·7
Predominant (%) 23·9 23·3 13·8 12·5 8·5 6·1 8·0 19·1
Exclusive (%) 10·7 6·5 18·6 10·0 7·6 6·8 8·4 12·3**,¶¶

Non-breast milk use§ (%) 52·7|| 50·5¶ 62·2†† 75·2‡‡ 79·0‡‡ 83·3†† 80·4 62·0**
Delivery type
C-section (%) 16·1 26·7 29·6 35·6 48·1 63·4 – –

NA, not available.
**P< 0·001.
†Percentages by survey year are weighted by the given survey, while the percentages under C-section status, which use samples combined across surveys,
are not weighted.
‡There is a high number of missing values in 2007 mainly due to those reporting never breast-feeding (n 57) not then being asked what the infants consumed in
the first 3 d in that survey year. If all these infants are assumed to have received milk-based prelacteal feeds, this would increase the non-breast milk exposure to
55·1% (weighted). For 2013 data, sixteen never breast-fed and were also not asked this question and assuming they are early non-breast milk drinkers would
increase the overall exposure to 70·0% (weighted).
§There is a high number of missing values for 1986 and 1991 as those not currently breast-feeding (at the time of the survey) were not asked questions about
current food and liquid consumption (including whether the infant consumed non-breast milk). If the assumption is made that the eighty-one infants not currently
breast-fed had consumed non-breast milk in the previous 24 h in 1986, the total value would increase to 62·5% (weighted). For 1991, assuming all seventy-nine
infants not currently breast-fed had consumed non-breast milk, the total value would increase to 63·3% (weighted).
||Missing n 81.
¶Missing n 79.
††Missing n 1–5.
‡‡Missing n 6–10.
§§Missing n 65.
||||Missing n 19.
¶¶Statistical analysis based on dichotomization of exclusive v. non-exclusive breast-feeding categorization (although result is also significant for the relationship
between C-section and current breast-feeding status when data are not collapsed).
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were delivered by C-section. There was no difference in
the ever breast-fed rates between those children delivered
by C-section v. vaginally. The vast majority of the infants
delivered by C-section had ever been breast-fed and at a
frequency only 2·0% less than those delivered vaginally
(Table 1). In contrast, C-sections significantly decreased
the likelihood of breast-feeding within 1 h and current
exclusive breast-feeding, while increasing the likelihood
of milk-based prelacteal feeds and current non-breast
milk use.

All infant milk feeding indicators significantly related to
C-sections in the above analysis were then considered in
relation to the control variables (Table 2). The following
variables were consistently related to less preferred infant
feeding practices for the four considered indicators, as
well as with a higher likelihood of C-sections, in bivariate
analysis: (i) mother being primiparous; (ii) higher
maternal education; (iii) mother working outside the
home; (iv) higher wealth status; (v) more antenatal visits;
and (vi) delivery in a private facility. Urban residence was
also associated with C-sections but less consistently related
to less preferred infant feeding. Older child age was

related to current less preferred infant feeding. Maternal
age was unrelated to infant feeding practices.

These four infant feeding indicators were next
examined within logistic regression models. First, two
unadjusted models were calculated, one with all data
available for a given infant feeding indicator and the other
restricting the model to data from surveys 3 to 6 given that
one of the key control variables, wealth index, was available
only for the last four surveys (Table 3). After this sample
restriction, C-sections remained significantly related to each
of the four infant feeding indicators. After inclusion of
control variables, having had a C-section was still related to
the infant not having been put to the breast within the first
hour, milk-based prelacteal feeds and current non-breast
milk use, but not to current exclusive breast-feeding.

In the final set of models, the aim was to examine the
impact of earlier infant feeding practices on subsequent
feeding practices still related to C-sections in the above
multivariate model (Table 4). First, putting the infant to the
breast within 1 h was found to significantly reduce the
odds of the infant receiving milk-based prelacteal feeds.
Having the infant to the breast within 1 h was not a

Table 2 Relationship of control variables with infant feeding indicators and caesarean sections (C-sections) (unweighted): secondary data
analysis on cross-sectional data from Demographic and Health Surveys, Dominican Republic, 1986–2013

Put to breast within
1 h

Milk-based prelacteal
feeds

Current exclusive
breast-feeding

Current non-breast
milk use C-section

Control variables Yes No Yes No Yes No Yes No Yes No

Continuous Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Maternal education
(years)

7·3 4·4 8·7** 4·4 9·6 4·1 6·9** 4·3 6·7 4·1 7·8** 4·5 8·4 4·4 6·0** 4·2 9·7 4·2 6·6** 4·2

Maternal age
(years)

24·1 5·8 24·4 6·0 24·3 5·9 24·1 5·8 23·9 5·8 24·2 5·8 24·3 5·8 24·2 6·0 24·8 5·8 23·9** 5·8

No. of antenatal
visits

7·2 3·4 7·9** 4·0 8·6 3·8 7·3** 3·2 6·9 3·3 7·6** 3·7 8·0 3·7 6·4** 3·3 8·7 4·0 6·9** 3·3

Child age at time of
survey (months)†

– – – – 1·4 1·3 2·8** 1·4 2·8 1·5 2·1** 1·6 – –

Categorical % % % % % % % % % %

Child birth order
Primiparous 28·6 40·2 41·0 27·5 27·0 34·0 35·8 26·0 39·2 30·2
Multiparous 71·4 59·8** 59·0 72·5** 73·0 66·0* 64·2 74·0** 60·8 69·8**

Mother’s work status
Outside home 17·3 25·6 26·1 13·3 13·6 20·8 22·2 13·7 26·1 16·9
Not outside home 82·7 74·4** 73·9 86·7** 86·4 79·2** 77·8 86·3** 73·9 83·1**

Wealth index
Poorest 40·4 27·2 25·3 45·2 45·6 33·5 29·4 49·9 22·6 42·7
Poor 24·6 22·1 23·1 24·6 22·8 23·7 24·0 22·4 20·9 25·4
Middle 17·4 19·8 20·1 15·7 16·3 18·5 20·3 13·2 21·7 16·1
Rich 11·3 18·2 18·9 9·5 9·5 14·8 16·1 9·2 19·5 10·8
Richest 6·3 12·8** 12·6 5·1** 5·8 9·5** 10·3 5·4** 15·3 5·0**

Place of residence
Urban 54·8 59·4 61·7 52·9 48·1 57·5 60·0 46·5 63·8 52·8
Rural 45·2 40·6 38·3 47·1** 51·9 42·5** 40·0 53·5** 36·2 47·2**

Place of delivery‡
Public 86·5 67·5 69·5 91·4 90·5 76·4 74·5 89·1 60·8 88·5
Private 13·5 32·5** 30·5 8·6** 9·5 23·6** 25·5 10·9** 39·2 11·5**

*P< 0·01; **P< 0·001.
†Child age at time of survey assessed only for current feeding practices as it should not be relevant to events around the birth.
‡The small percentage with home delivery (3·1%) and ‘other’ (0·6%) were dropped for analysis by place of delivery.
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Table 3 Logistic regression models of relationships between infant feeding indicators and caesarean section (C-section) with control variables: secondary data analysis on cross-sectional data
from Demographic and Health Surveys, Dominican Republic, 1986–2013

Put to breast within 1 h Milk-based prelacteal feeds Current exclusive breast-feeding Current non-breast milk use

Model Variable in model Exp (B) 99% CI Exp (B) 99% CI Exp (B) 99% CI Exp (B) 99% CI

Model 1† C-section 0·36** 0·29, 0·44 3·81** 2·99, 4·86 0·65** 0·47, 0·90 2·52** 2·00, 3·16
Model 2‡ C-section 0·31** 0·25, 0·38 3·81** 2·99, 4·86 0·60** 0·43, 0·85 2·24** 1·74, 2·88
Model 3§ C-section 0·40** 0·31, 0·51 2·37** 1·81, 3·12 0·87 0·58, 1·29 1·41* 1·06, 1·89

Child age|| – – 0·53** 0·46, 0·60 1·38** 1·27, 1·50
Maternal education 0·98 0·95, 1·02 1·05* 1·01, 1·09 1·01 0·96, 1·07 1·05* 1·01, 1·09
No. of antenatal visits 0·99 0·96, 1·03 1·02 0·98, 1·06 0·99 0·94, 1·05 1·03 0·98, 1·07
Primiparous 0·63** 0·50, 0·80 1·54** 1·17, 2·02 0·72 0·48, 1·06 1·41* 1·06, 1·86
Mother working outside home 0·80 0·60, 1·07 1·72** 1·22, 2·42 0·73 0·44, 1·22 1·45* 1·01, 2·10
Wealth Reference Reference Reference Reference

Poorest 0·89 0·65, 1·22 1·37 0·97, 1·95 0·76 0·47, 1·22 1·44* 1·03, 2·03
Poor 0·88 0·62, 1·26 1·31 0·88, 1·97 0·72 0·42, 1·24 1·77** 1·18, 2·66
Middle 0·71 0·47, 1·08 1·70* 1·06, 2·72 0·71 0·36, 1·40 1·53 0·94, 2·48
Rich 0·78 0·46, 1·30 1·35 0·73, 2·50 0·80 0·33, 1·94 1·25 0·67, 2·34
Richest 1·21 0·94, 1·55 0·83 0·63, 1·11 0·94 0·64, 1·37 1·06 0·80, 1·40

Urban (v. rural) 0·56** 0·41, 0·77 2·32** 1·55, 3·46 0·36** 0·19, 0·69 1·92** 1·25, 2·96
Private delivery
Survey phase

3 Reference – Reference Reference
4 1·15 0·82, 1·63 Reference 0·48** 0·30, 0·78 1·52* 1·13, 2·34
5 1·04 0·73, 1·48 1·74** 1·32, 2·30 0·49** 0·29, 0·81 1·89** 1·28, 2·78
6 1·00 0·64, 1·56 2·26** 1·50, 3·40 0·33** 0·15, 0·69 2·19** 1·29, 3·72

*P< 0·01, **P< 0·001.
†Model 1: unadjusted, all data with C-section and given infant feeding indicator.
‡Model 2: unadjusted, sample restricted to survey Phases 3–6 as wealth index, used as a control variable in the next model, was not available for Phase 1 and 2 surveys.
§Model 3: adjusted.
||Child age at the time of the survey was not included in the models for feeding indicator specific to shortly after birth as this variable should not be related to these practices.
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significant predictor of current non-breast milk use, how-
ever, although milk-based prelacteal feeds was a strong
predictor of current non-breast milk use. Having a
C-section no longer predicted current non-breast milk use
in a full model when control variables and milk-based
prelacteal feeds were factored into the model.

Discussion

At least some breast-feeding remains very common for
Dominican infants; however, predominant breast-feeding
is dropping rapidly with the high and growing use of
non-breast milk, including in the first few days of life. In
the background of these infant feeding changes is a
substantial expansion of C-sections over time. C-sections
in the DR are most strongly related to infants receiving
milk-based prelacteal feeds, which may set in motion
feeding approaches that undermine subsequent exclusive
breast-feeding. This is supported by the finding that
milk-based prelacteal feeds were associated with sub-
sequent non-breast milk use and hence non-exclusive
breast-feeding at the time of the surveys. Beyond
differences by delivery type, that only 6·8 and 6·1% of
children were categorized as exclusive and predominant

breast-feeders, respectively, in the most recent DHS
indicates an ongoing public health nutrition concern(16).

These findings overlap with those of the study
conducted by Perez-Escamilla and colleagues mentioned
in the introduction; however, unlike that investigation, the
present study included all eligible infants rather than
examining a subset at follow-up (i.e. only those for whom
breast-feeding was established)(5). In addition, the present
study restricted analysis to infants under 6 months of age
to reduce recall bias in contrast to studies such the one
by Perez-Escamilla and colleagues from Mexico that asked
about infant feeding for children up to 5 years of
age. Despite these variations, both studies found that
C-sections appeared to have a more consistent impact on
immediate postpartum feeding in contrast to later time
points. In contrast, Perez-Escamilla and colleagues found
that C-sections also predicted not breast-feeding at all,
while it did not in the present study. This may be in part
due to the high rates of ever breast-feeding in this
Dominican sample (overall 95·1%) even for those having
had a C-section (93·8%); whereas in the Mexican study,
only 81% of the children had had any breast-feeding
overall and only 73% among those who had a C-section(5).

The current study also overlaps with the previously
cited meta-analytic study that drew on studies from

Table 4 Logistic regression models examining relationships between infant feeding indicators and caesarean section (C-section) when
factoring in preceding infant feeding indicators: secondary data analysis on cross-sectional data from Demographic and Health Surveys,
Dominican Republic, 1986–2013

Milk-based prelacteal feeds Current non-breast milk use

Model Variable in model Exp (B) 99% CI Exp (B) 99% CI

Model 1† C-section 2·96** 2·30, 3·82 2·25** 1·76, 2·87
Put to breast within 1 h 0·32** 0·25, 0·42 0·84 0·67, 1·05

Model 2‡ C-section – 1·69** 1·24, 2·29
Put to breast with 1 h 0·95 0·70, 1·28
Milk-based prelacteal feeds 2·96** 2·18, 4·00

Model 3§ C-section 1·93** 1·45, 2·57 1·28 0·92, 1·80
Put to breast within 1 h 0·35** 0·27, 0·46 –

Milk-based prelacteal feeds – 2·69** 1·94, 3·74
Child age|| – 1·40** 1·27, 1·54
Maternal education 1·05* 1·01, 1·09 1·04 1·00, 1·09
No. of antenatal visits 1·02 0·97, 1·06 1·01 0·97, 1·06
Primiparous 1·37* 1·04, 1·82 1·21 0·88, 1·67
Mother working outside home 1·67** 1·17, 2·37 1·45 0·94, 2·23
Wealth

Poorest Reference Reference
Poor 1·36 0·94, 1·95 1·40 0·95, 2·07
Middle 1·30 0·86, 1·96 1·77* 1·10, 2·85
Rich 1·64* 1·01, 2·67 1·34 0·77, 2·33
Richest 1·34 0·71, 2·53 1·14 0·54, 2·41

Urban (v. rural) 0·86 0·64, 1·15 1·14 0·83, 1·57
Private delivery 2·08** 1·37, 3·14 1·60 0·94, 2·73
Survey phase

4 Reference Reference
5 1·83** 1·38, 2·44 0·99 0·72, 1·36
6 2·31** 1·52, 3·52 1·07 0·65, 1·75

*P< 0·01, **P< 0·001.
†Model 1: impact of putting infant to the breast within 1 h on subsequent infant feeding practices in the model (i.e. milk-based prelacteal feeds and current
non-breast milk use).
‡Model 2: impact of putting infant to the breast within 1 h hour AND milk-based prelacteal feeds on current non-breast milk use.
§Model 3: inclusion of control variables in the models.
||Child age at the time of the survey was not included in the models for milk-based prelacteal feeds as this should not be related to this practice.
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different countries and also found that C-sections nega-
tively impact early but not later breast-feeding practices(4).
However, the meta-analysis further examined potential
differences between types of C-section, which was not
possible in this DR study. More specifically it identified
that pre-labour (‘elective’) C-sections lowered the odds
of breast-feeding relative to vaginal deliveries but that
in-labour (‘emergency’) C-sections did not(4). Similarly, an
Italian study found elective C-sections were related to
formula-feeding at discharge, but emergency C-sections
were not(21).

Unfortunately, the DHS data set did not have variables
which would allow for sub-categorization of C-sections.
Given the potential differential effect of C-section types,
this will be an important variable to include in future
studies where possible. However, identifying a brief
but accurate self-report indicator to validly distinguish
C-section types that could be used in large population-
based studies like the DHS appears challenging(22). A
study investigating this very measurement issue happened
to include a sample of Dominican mothers who had had
C-sections at the largest maternity hospital in the DR(22). Of
interest, 49·1% of mothers in that DR sample indicated that
a decision to have a C-section was made in the prenatal
period(22).

Given the current, very high, C-section rate in the DR, a
substantial majority must be assumed to fall within an
elective category. Whereas elective C-sections may reduce
neonatal risk for breech presentations compared with
vaginal deliveries, elective C-sections have been found to
increase risk (e.g. maternal and neonatal intensive care
unit admissions) for cephalic presentations(23). A further
concern is related to repeat C-sections. While not identi-
fiable within these data sets, the exceptionally high
C-section rate in the DR will inevitably lead to a large
proportion of women who will be faced with potential
repeat C-sections and the associated maternal and infant
risks(24).

Placing the infant to the breast as soon as possible after
delivery is one of the ten steps to successful breast-feeding
within the WHO–UNICEF Baby Friendly Hospital
Initiative(9). This practice may be particularly at risk from
C-sections. The 2007 DR value of 58·7% was very con-
sistent with a 58% mean value for the Latin American
region reported from a global study(25). However, a lower
value noted in the 2013 DHS for the DR and a preliminary
report of only 38·1% from the 2014 Multiple Indicator
Cluster Survey of the DR(15) may signal a recent downward
trend in this practice.

A more critical practice, however, may be the extent of
milk-based prelacteal feeds. This practice is demonstrating
a clearer upward trend over time in the DR and is asso-
ciated with subsequent non-breast milk use in the first
6 months of life. While the DHS questions on this topic ask
specifically about liquid use, other than breast milk, in the
first 3 d, it does not tie the questions to the state of

established breast-feeding. Nevertheless, this measure is
commonly considered an acceptable proxy indicator of
prelacteal feeding. Prelacteal feeds have been found to
adversely impact any and exclusive breast-feeding(26).
This linkage is also supported by findings from experi-
mental work in that an intervention study that reduced
prelacteal feeds compared with a control group also
improved exclusive breast-feeding at follow-up(27). Of
additional concern is a recent Latin American and
Caribbean study (that included the DR) that found that
those at lower-economic levels may disproportionately
experience the adverse relationship between C-sections
and use of prelacteal feeds(8). Of note, this latter study and
the current study focused exclusively on milk-based pre-
lacteal feeds v. a broader inclusion of prelacteal liquids
that may include items such as teas.

Although beyond the scope of the present paper, the
current high and rapidly rising C-section rate in the DR
is a concern in and of itself, beyond its impact on infant
feeding. The DR is one in a cluster of Latin American
countries with some of the highest C-section rates
in the world; Brazil, Mexico, Argentina and Cuba also had
rates >35% in the previously cited review using 2008
data(2). Some of these Latin American countries (not the
DR) participated in a cluster randomized trial that required
second opinion for non-emergency C-sections, which
found a small, but significant, reduction in C-sections in
the intervention hospitals(28). Given the continued high
C-section rates, further intervention efforts are required.

Limitations
There are several limitations to the present study. First, as
noted earlier, is the inability to tease out different types of
C-sections (i.e. elective v. emergency) which is relevant
given their apparent differential effects on infant feeding.
Given that the C-section rate in the DR is substantially
above recommended or expected levels based on
estimates of medical need, the majority of C-sections are
likely elective. A second limitation is the incomplete inclu-
sion of potential confounding variables that may relate to
both C-sections and breast-feeding, such as gestational age
at birth, prenatal breast-feeding intention(29) and maternal
obesity(6). Maternal obesity has been found to relate to
the likelihood of having a C-section(30) and not breast-
feeding(31). In the most recent DHS round from the DR,
20·8% of women (15–49 years of age) were classified as
obese (BMI≥30·0kg/m2) and an additional 29·7% as over-
weight (i.e. BMI= 25·0–29·9kg/m2)(16). As maternal BMI is
now included in the DHS, this variable will be available for
evaluation in future studies. Other control variables may not
have been optimal. For example, number of prenatal care
visits may not be an adequate proxy to indicate quality of
prenatal care. In addition, a high number of prenatal care
visits may, in some cases, be related to obstetric complica-
tions, which has prompted some studies to classify such
subgroups separately from those categorized as having
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received an ‘adequate’ number of visits(32). Third, informa-
tion on infant feeding indicators are retrospective and in the
case of information on feeding shortly after birth, could have
occurred several months prior to the survey and therefore
be at increased risk of recall inaccuracies. Fourth, only milk-
based prelacteal feeds were considered in the present
study, while other studies have considered all prelacteal
feeds (e.g. sugar water). Fifth, the study was not able to
separate out infant formula from other non-breast milk
use. Sixth, while the DHS uses similar sampling strategies
and questionnaire structures over time, variations over time
may influence the extent of comparability. For example, in
order to determine current breast-feeding categorization,
responses to 24h dietary intake questions are used.
Typically, the 24h dietary questions are based on responses
to yes/no questions for a series of standard food groups.
However, in 2002, the question was changed and asked
about frequency of consumption of foods in the last 24h for
the same food groups. While information obtained from
the 2002 questionnaire can be collapsed into the yes/no
format for comparability, it is possible that this may have
contributed some response variation between survey years.
Finally, the lack of variables on immediate postpartum
support in the postnatal period does not allow exploration
of the potential protective effect such support may provide
for preferable infant feeding practices under C-section
conditions. That 23·5% of mothers reported no professional
attention within 2d postpartum in the latest DHS round from
the DR, despite almost all deliveries occurring in hospitals, is
of concern(16). An older investigation of hospital-based
obstetric care in the DR identified a number of concerns
that, if persistent, decrease the likelihood that adequate
postpartum support would be routinely available(33). An
additional variable not captured in the data was the extent
of mother–infant skin-to-skin contact soon after delivery
which has been found to relate to early initiation(34) and
exclusivity(35) of breast-feeding, as well as being impeded by
C-section delivery(36).

Despite these limitations, the present study finds
consistent evidence that C-sections are related to impor-
tant infant feeding indicators (e.g. milk-based prelacteal
feeds) in the DR based on data from a 27-year period. The
use of multiple infant feeding indicators, as well as
restricting the sample to young infants to reduce the recall
period, increases the strength of the findings. As well,
these patterns of infant feeding are seen across time which
may indicate these relationships are robust.

In the DR and in other contexts, reducing or avoiding
early non-breast milk feeds, particularly among those
having C-sections, may improve subsequent preferable
infant feeding practices. Simultaneously, however, efforts
are needed to understand and help reduce the excep-
tionally high C-section rate in the DR. Additional investi-
gations of perinatal care in the DR, similar to the recent
large-scale survey in Brazil, might shed additional light on
factors related to C-sections(37).
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