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Breastfeeding in the First Days of Life Is
Associated With Lower Blood Pressure at 3
Years of Age
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Malcolm R. Sears ", MB, ChB; Stuart E. Turvey “*', MBBS, PhD; Padmaja Subbarao “*/, MD, MSc;
Meghan B. Azad, PhD

BACKGROUND: Breastfeeding in infancy is associated with lower cardiovascular disease risk in adulthood; however, the amount
of breastfeeding required to achieve this benefit is unknown.

METHODS AND RESULTS: In the CHILD (Canadian Healthy Infant Longitudinal Development) Cohort Study, we analyzed 2382
children with complete data on early life feeding and blood pressure. Infant feeding was documented from hospital records
in the first few days of life and reported by mothers throughout infancy. Blood pressure was measured at 3 years of age.
Analyses controlled for birth weight, gestational age, socioeconomic status, maternal body mass index, and other potential
confounders. We found that nearly all children (2333/2382; 97.9%) were ever breastfed, of whom 98 (4.2%) only briefly re-
ceived breast milk during their birth hospitalization (“early limited breastfeeding”). At 3 years of age, blood pressure was higher
in children who were never breastfed (mean systolic/diastolic 103/60 mm Hg) compared with those who were ever breastfed
(99/58 mm Hg), including those who received only early limited breastfeeding (99/57 mm Hg). These differences in systolic
blood pressure persisted in adjusted models (ever breastfed: —3.47 mm Hg, 95% ClI, —6.14 to —0.80; early limited breastfeed-
ing: —4.24 mm Hg, 95% ClI, -7.45 to —1.04). Among breastfed children, there was no significant dose-response association
according to the duration or exclusivity of breastfeeding. Associations were not mediated by child body mass index.

CONCLUSIONS: Although the benefits of sustained and exclusive breastfeeding are indisputable, this study indicates any breast-
feeding, regardless of duration or exclusivity, is associated with lower blood pressure at 3 years of age. Further research
examining the bioactive components of early breast milk, underlying mechanisms, and long-term associations is warranted.
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early life nutrition are all associated with hypertension
risk in adulthood.”®
Breastfeeding provides critical nutrients and bio-

wide. It is expected to reach 1.5 billion globally by

The prevalence of hypertension is increasing world-
2025,'? causing increased rates of coronary heart

disease, stroke, and mortality.®>* A growing body of
evidence suggests risk factors for poor cardiovascular
health (including high blood pressure), track from child-
hood to adulthood, and are influenced by early life ex-
posures.>® For example, studies in both humans and
animals show that preterm birth, low birth weight, and

active factors that may have beneficial effects on
cardiovascular development during early life;'® how-
ever, there is conflicting evidence on the associations
of breastfeeding and blood pressure in children.'-'®
Two previous meta-analyses, including studies from
both developed and developing countries, showed
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CLINICAL PERSPECTIVE

What is New?

e Thisis the first prospective study to evaluate the
associations of breastfeeding in the first days of
life and blood pressure in early childhood.

e The results show that breastfeeding - even if
limited to the first few days of life (“early lim-
ited breastfeeding”) - is associated with lower
blood pressure at the age of 3 years, inde-
pendent of many potential maternal and infant
confounders.

What Are the Clinical Implications?

e The observed difference in blood pressure at
the age of 3 years between early limited breast-
fed and never breastfed infants may be clinically
relevant because blood pressure tracks from
early childhood to adulthood.

e Supporting breastfeeding initiation could posi-
tively impact cardiovascular health later in life.

e These findings emphasize the need for imme-
diate postpartum lactation support in clinical
settings to facilitate provision of colostrum and
breastfeeding initiation.

that despite the heterogeneity between studies, blood
pressure was consistently lower among individuals
who had been breastfed.'”'® In contrast, a more recent
larger meta-analysis of 43 studies found no consis-
tent long-term association between breastfeeding and
blood pressure.'®

The inconsistency between previous studies on
breastfeeding and blood pressure may be related to
the use of different breastfeeding definitions (eg, ever
VErsus never, any versus none, or more versus less at
various different time points, with or without consid-
eration of exclusivity or complementary feeding)."'-®
Notably, previous studies have not typically docu-
mented or specifically addressed breastfeeding in the
first days of life, yet this early milk (colostrum) is espe-
cially rich in growth factors®®-22 immunologic compo-
nents,?® and stem cells.?* This is especially important
during the COVID-19 pandemic where the support to
successfully start and establish breastfeeding may be
limited because of early hospital discharge and re-
duced in-home postpartum support from public health
nurses.

We explored the associations of breastfeeding ex-
clusivity and duration (including “early limited breast-
feeding” in the first days of life) with blood pressure at
3 years of age among Canadian children in the CHILD
(Canadian Healthy Infant Longitudinal Development)
Cohort Study.
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METHODS

The data that support the findings of this study are
available from the CHILD Cohort Study’s National
Coordinating Centre (child@mcmaster.ca) upon rea-
sonable request.

Design and Study Population

This study was embedded in the CHILD Cohort Study,
a general population birth cohort recruited from 4 sites
in Canada.?®> Women with singleton pregnancies from
Vancouver, Edmonton, Manitoba, and Toronto were
enrolled between 2008 and 2012 and remained eligible
if they delivered a healthy infant >34 weeks gestation
(N=3455). Child blood pressure was measured during
a clinical assessment at 3 years. For the present study,
2382 children had breastfeeding information and blood
pressure measurements available (Figure S1). Written
informed consent was obtained from the participant’s
caregivers. This study was approved by the Human
Research Ethics Boards at McMaster University and
the Universities of Manitoba, Alberta, and British
Columbia and the Hospital for Sick Children.

Infant Feeding Assessment

Information on infant feeding in hospital was ob-
tained by nursing staff and validated by chart review
for a subset of Manitoba participants. Information on
subsequent feeding was collected from question-
naires completed by caregivers at the ages of 3, 6,
12, 18, and 24 months. These data were used to de-
fine breastfeeding in the first days of life as none (no
initiation of breastfeeding at all), “early limited breast-
feeding” (breastfeeding limited to the hospital stay), or
“sustained” (breastfeeding initiated and continued after
hospital discharge). Among breastfed children, we
categorized breastfeeding duration into the following
groups: <3 months; 3 to <6 months; 6 to <12 months,
and >12 months. Breastfeeding exclusivity at 3 months
was categorized as follows: exclusive (breast milk only,
without any formula, other milk, solid foods, or fluids
since birth), partial (breast milk plus any formula, other
milk, solid foods, or fluids); or none (no breast milk).

Child Blood Pressure

At the age of 3 years, blood pressure was measured
with the child sitting comfortably and quietly, with their
feet on the floor and back and right arm supported.
The cuff size that fit the upper arm circumference
was selected. Using the validated automatic sphyg-
manometer the Carescape Dinamap machine, blood
pressure was measured at the right brachial artery.
The measurement was repeated if systolic blood pres-
sure was higher than 105 mm Hg. Children with blood
pressure readings greater or less than +4 SD (N=44)
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where excluded from the analyses. We calculated Z
scores and percentiles for individual systolic and di-
astolic blood pressure values using normative values
from the “Fourth report on the diagnosis, evaluation
and treatment of high blood pressure in children and
adolescents” from the National High Blood Pressure
Education Program Working Group on High Blood
Pressure in Children and Adolescents.?6:27

Covariates

Maternal age, race/ethnicity (classified as White ver-
sus non-White [eg, Asian, First Nation or Other ethnic
groups]), education level (completion of postsecond-
ary degree), smoking during pregnancy (any or none),
and stress during pregnancy (classified in 3 groups:
never or almost never, sometimes, and often) were
self-reported at enrollment during the second or third
trimester of pregnancy.?® Preeclampsia and delivery
mode were extracted from medical records. Maternal
prepregnancy body mass index (BMI) was calculated
from measured height and self-reported prepregnancy
weight, validated against health records in a subset.?®
Infant sex, gestational age and weight at birth, and
length of stay in the hospital were obtained from medi-
cal records. At 3 years of age, child height was deter-
mined in a standing position to the nearest millimeter
without shoes by a Harpenden stadiometer, weight was
measured using a calibrated scale, and BMI Z scores
were calculated using the World Health Organization
reference standard.?® Child screen time (hours per day)
including watching TV/DVDs, using a computer, tablet,
mobile phone, or playing video games® and sugar-
sweetened beverage intake (servings per day) at the
age of 3 years were assessed using questionnaires
completed by caregivers.

Statistical Analysis

We compared characteristics between children with
and without blood pressure measurements and be-
tween different breastfeeding categories using chi-
square tests for categorical variables, ANOVA for
continuous variables with a constant variance, and
Kruskal-Wallis tests for nonnormally distributed vari-
ables. The association of breastfeeding (ever, early
limited, or sustained versus never) and child blood
pressure (systolic and diastolic) was explored using
4 multivariable linear regression models: (1) a basic
model, adjusted for child’s sex and age at blood pres-
sure measurement; (2) a confounder model, which
additionally adjusted for covariates selected based on
their associations with blood pressure in our analysis
or in previous studies and confounders factors or prox-
ies of unmeasured variables that could be the cause
of breastfeeding exposure (eg, length of hospital stay
after delivery, maternal age, race/ethnicity, education
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as an indicator of socioeconomic status), or of blood
pressure outcomes (eg, child screen time and sugar-
sweetened beverages intake at 3 years of age), or
both (eg, maternal prepregnancy BMI, smoking during
pregnancy) and are not instrumental or mediating vari-
ables (eg, BMI, which was not a mediator in our anal-
yses);®" (3) a birth model, which included gestational
age and weight at birth (confounders related mainly to
blood pressure) in addition to the confounder model;
and (4) a final childhood BMI model (fully adjusted
model), which included child current BMI in addition to
the birth model. Rapid infant weight gain (defined as an
increase in weight-for-length Z score >1 from birth to
12 months) was also assessed as a potential covariate.
Maternal preeclampsia was not included in the mod-
els, as there were less than 10 cases for each of the
breastfeeding categories. The same modeling strategy
was applied to further assess breastfeeding duration
and exclusivity among breastfed infants. Thereafter,
we examined the potential mediating role of child cur-
rent BMI in the association of breastfeeding and blood
pressure using the PROCESS mediation package (ver-
sion 3) in SPSS.%?

To assess whether associations differed by child sex,
maternal race/ethnicity, or birth weight, we evaluated
the statistical interaction by including the product term
for each of these covariates with breastfeeding vari-
ables in the adjusted regression models. In a sensitivity
analysis, we restricted our analysis to the Manitoba site
(N=776), where hospital feeding data were validated
by chart review (99% agreement) and had the largest
number of never breastfed infants (N=33). In another
sensitivity analysis, to account for the uneven group
sizes, we restricted our study population to the infants
who were never breastfed or received limited breast-
feeding in the first few days of life (N=147) and com-
pared those 2 groups. Furthermore, we performed
another sensitivity analysis to determine the impact of
misclassification error in maternal education (proxy of
socioeconomic status) by adding a small amount of
noise (shifting 10% of the education labels up or down
by 1 category), or a moderate amount of noise (shifting
20% of the labels up or down 1 category). To reduce
potential bias associated with missing covariate data
(ranging from 0.5%-15%), missing values of covari-
ates (maternal age, race/ ethnicity, educational level,
smoking, and prepregnancy body mass index, infant
gestational age and weight at birth, length of stay in
the hospital after delivery and child body mass index,
screen time, and sugar-sweetened beverage intake),
were multiple imputed (n=5 imputations), according
to the Fully Conditional Specification method (predic-
tive mean matching), assuming no monotone missing
pattern. In the imputation model, we additionally in-
cluded the following as predictor variables: mother’s
smoking postnatally, paternal race, paternal education,
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household income, parity, birth length, birth head cir-
cumference, frozen food intake at 3 years of age, and
the studied determinants and outcomes. We report
the pooled effect estimates after the multiple imputa-
tion procedure.®® Subject characteristics before and
after imputation are given in Table S1, where no sub-
stantiative changes are observed. Statistical analyses
were performed using SPSS version 24.0 (SPSS Inc.,
Chicago, IL, USA).

RESULTS

Overall, 2333/2382 children (98%) were ever breast-
fed, of whom 98 (4%) only briefly received breast milk in
the first days of life during their birth hospital stay (early

Early Limited Breastfeeding and Child Blood Pressure

limited breastfeeding). Among breastfed children, 78%
were breastfed for 6 months or more, and 62% were
exclusively breastfed for at least 3 months. On aver-
age, mothers who never breastfed were younger, more
likely to smoke, and less likely to have a postsecond-
ary degree compared with those who breastfed briefly
or for a sustained period (Table 1). Infant birth charac-
teristics, length of hospital stay after delivery, height,
and BMI at 3 years of age were similar across these
3 groups. At 3 years of age, the mean (=SD) systolic
blood pressure was 99 (x9) mm Hg (Zscore = 0.72;
70th percentile)) and mean diastolic blood pressure
was 57 (7) mm Hg (Z score =0.86; 77th percentile).
Children who attended the 3-year follow-up assess-
ment (N=2382) were more likely to be exclusively

Table 1. Subject Characteristics According to Category of Breastfeeding (N=2382) in the CHILD Cohort Study

Never Early Limited
Breastfed Breastfeeding Continued Breastfeeding
N=49 (2.1%) N=98 (4.1%) N=2235 (93.8%) P Value
Maternal characteristics
Age, y 29.8 (5.5) 30.3 (5.1) 32.6 (4.5) <0.001%
Race/ethnicity, White (%) 35 (71.4) 76 (77.6) 1661 (74.3) 0.73
Postsecondary degree (%) 24 (49.0) 55 (66.1) 1765 (79.0) <0.0018
Smoking during pregnancy (%) 14 (28.6) 15 (15.9) 165 (7.4) <0.0018
Prepregnancy body mass index, kg/m? 24.4 (16.8-49.6) 26.3 (18.6-42.4) 23.0 (18.3-38.9) <0.0018
Preeclampsia (%) 2(4.0) 2(2.0) 82 (3.6)
Infant characteristics at birth
Cesarian section delivery (%) 14 (30.4) 23 (23.5) 551 (25.0) 0.66
Girls (%) 27 (65.1) 47 (48.0) 1055 (47.2) 0.55
Gestational age, wks 39.1 (1.2 39.0 (1.4) 39.2 (1.4) 0.49
Weight, grams 3532 (532) 3480 (522) 3451 (477) 0.42
Length of stay in the hospital, d 3.0 (2.9-3.7) 3.0 (2.9-3.4) 3.0 (2.9-3.6) 0.65
Child characteristics
Age, mo 36.0 (2.0) 36.5 (1.7) 36.4 (2.1) 0.47
Screen time, h 2.0(0.3-5.8) 2.0(0.2-5.2) 1.6 (0-4.4) <0.0018
Sugar-sweetened beverages, n per d 0.1 (0-2.5) 0.4 (0-3.77) 0.2 (0-2.6) 0.06
Body mass index, Z score* 0.7 (1.1) 0.7 (1.1) 0.6 (1.1) 0.27
Height, cm 96.7 (3.2) 95.5 (9.0) 95.6 (7.4) 0.61
SBP, mm Hg 103 (10) 99 (10) 99 (9) 0.02%
SBP - Z scoref 1.0 0.7 0.7 0.02%
SBP percentiles* 78 69 70 0.02%
DBP, mm Hg 60 (7) 57 (6) 58 (7) 0.08
DBP - Z scoref 1.0 0.8 0.9 0.07
DBP percentiles* 80 76 77 0.09

Values are means (SD), numbers (%), or medians (95% range) for variables with skewed distribution based on the imputed data. Differences in maternal, infant
and childhood characteristics were evaluated using ANOVA tests for continuous variables with a constant variance, Kruskal-Wallis for nonnormally distributed
variables, and chi-square tests for categorical variables. CHILD indicates Canadian Healthy Infant Longitudinal Development Cohort Study; DBP, diastolic blood
pressure; and SBP, systolic blood pressure.

*BMI Z scores based on World Health Organization reference standards.

1Z scores of systolic and diastolic blood pressure are calculated using normative values from the “Fourth report on the diagnosis, evaluation and treatment
of high blood pressure in children and adolescents” from the National High Blood Pressure Education Program Working Group on High Blood Pressure in
Children and Adolescents.

*Blood pressure percentiles for age, sex, and height.

SP-Values < 0.05.
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breastfed for at least 3 months than children who did
not attend (N=883) (Table S2).

Compared with never breastfed children, those who
were ever breastfed had lower systolic blood pres-
sure (-3.65 mm Hg (95% ClI, —6.23 to —1.07)) (Table 2,
Figure 1), and systolic blood pressure Z scores (-0.31,
95% ClI, —0.56 to —0.06) (Table 3). This association was
independent of potential confounding factors (maternal
age, race/ethnicity, smoking, education, prepregnancy
BMI, duration of hospital stay after delivery, and child
screen time and sugar-sweetened beverages intake)
(Table S3); birth factors (gestational age and weight at
birth) (Table S3); and current child BMI (fully adjusted
model: —3.47 mm Hg (95% ClI, —6.14 to —0.80)). Similar
patterns of association were observed for diastolic
blood pressure, but these did not reach statistical sig-
nificance (fully adjusted model: —1.66 mm Hg; 95% ClI,
-3.54 to 0.21). We found no evidence of mediation by
current child BMI (Figure 2) or confounding by maternal
stress during pregnancy (not shown), and no evidence
of interaction by sex, maternal race/ethnicity, or birth
weight (P>0.10, not shown). Among breastfed children
(N=2333), we did not observe any evidence of “dose

Early Limited Breastfeeding and Child Blood Pressure

response” according to breastfeeding duration or ex-
clusivity at 3 months (Table 2).

Notably, even early limited breastfeeding
(breastfeeding limited to the first days of life in hospital)
was significantly associated with lower systolic and
diastolic blood pressure at 3 years (fully adjusted BMI
model: —4.24 mm Hg (95% ClI, -7.45 to -1.04) and
—2.62 mm Hg (95% CI, —4.87 to —0.37), respectively,
compared with never breastfeeding) (Table 2, Figure 1).
These associations were also significant when we
evaluated the Z scores of systolic (-0.40; 95% Cl, —0.70
to —0.10) and diastolic (-0.22, 95% CI, —0.43 to —0.02)
blood pressure (Table 3). The results were similar in a
sensitivity analysis limited to the Manitoba study site
where 743 of 776 children (96%) were ever breastfed
and 6% received early limited breastfeeding, although
not all associations reached statistical significance
because of the smaller sample size (Figure S2). The
associations of early limited breastfeeding with blood
pressure remained significant even when we restricted
our study population to the 147 infants that were
never breastfed or received early limited breastfeeding
(Table S4). Lastly, the simulation analyses to determine

Table 2. Associations of Infant Feeding With Blood Pressure at the Age of 3 Years in the CHILD Cohort Study

Systolic Blood Pressure Models Diastolic Blood Pressure Models
mm Hg (95% ClI) mm Hg (95% Cl)
Basic Model Fully Adjusted Basic Model Fully Adjusted
Breastfeeding (N=2382)
Never (N=49) 0.00 (Reference) 0.00 (Reference)
Ever (N=2333) -3.65* -3.47* -1.76* -1.66
(-6.23 to —1.07) (-6.14 to —0.80) (-3.02to —0.49) (-38.54 t0 0.21)
Early limited (n=98) -4.10* —4.24* -2.52% -2.62%
(-7.32 to —0.89) (-7.45 to —1.04) (~4.69 to —0.34) (-4.87 to -0.37)
Sustained (n=2235) -3.63* -3.40* -1.72 -1.59
(-6.25 to -1.02) (-6.08 to —-0.73) (-3.60 t0 0.16) (-3.46 t0 0.29)
Breastfeeding duration (N=2333)"
>0-2.9 mo (n=261) 0.00 (Reference) 0.00 (Reference)
3-5.9 mo (n=242) 0.02 0.18 0.63 0.73
(-1.63to0 1.66) (-1.47 t0 1.83) (-0.52t0 1.78) (-0.43t0 1.89)
6-11.9 mo (n=719) -0.52 -0.18 -0.16 0.02
(-1.20t0 0.16) (-1.53 10 1.18) (-1.15 10 0.83) (-0.93 10 0.97)
>12 mo (n=1111) -0.32 0.18 0.38 0.62
(-0.97 t0 0.32) (-1.15 to 1.51) (-0.07 to 0.83) (-0.31 to 1.55)
Breastfeeding exclusivity at 3 mo (N=2329)"
No (n=261) 0.00 (Reference) 0.00 (Reference)
Partial (h=605) -0.1 0.36 0.76 0.93
(-1.27 t0 1.48) (-1.04 to 1.75) (-0.16 to0 1.68) (-0.05 to 1.90)
Exclusive (n=1463) -0.53 -0.10 0.01 0.18
(-1.16 t0 0.10) (-1.39to0 1.19) (-0.43t0 0.45) (-0.73 10 1.08)

Values are regression coefficients (95% Cl) based on linear regression models. Estimates are based on multiple imputed data. Basic model is adjusted
for child’s sex and age at visit. Fully adjusted model is adjusted for maternal age, prepregnancy body mass index, race/ethnicity, educational level, smoking
during pregnancy, and length of stay in the hospital at delivery, and child’s sex, gestational age and weight at birth, current age, screen time, sugar-sweetened
beverage intake, and child current body mass index. CHILD indicates Canadian Healthy Infant Longitudinal Development Cohort Study.

*P values <0.05.

fAnalysis of breastfeeding duration excludes 49 children who were never breastfed; analysis of breastfeeding exclusivity further excludes 4 breastfed children
missing data on exclusivity. Table S3 shows intermediate models adjusted for different subgroups of covariates.
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5-
Systolic Diastolic Never Breastfed (N=49)
Il Reference
Difference in 0 L L 1
Blood Pressure Basic
mmHg Adjusted*
B (95% C1) S Continued Breastfeeding
(N=2235)
A Basic
A Adjusted*
-104- .. R .. ..

Figure 1. Any breastfeeding (even early limited breastfeeding during the birth hospital stay) is
associated with lower blood pressure at age 3 years in the CHILD Cohort Study.

Values are regression coefficients (95% Cl) based on multiple linear regression models. Basic model is
adjusted for child’s age at visit and sex. *Adjusted model is fully adjusted body mass index model (see
Table 2) adjusted for maternal age, prepregnancy body mass index, race/ethnicity, educational level,
smoking during pregnancy, length of stay in the hospital at delivery, gestational age and weight at birth,
and child’s sex, current age, screen time, sugar-sweetened beverage intake, and current body mass

index. Estimates are based on imputed data.

the impact of misclassification error in maternal
education (proxy of socioeconomic status) showed no
substantive changes in the effect estimates (data not
shown).

DISCUSSION

Main Findings

In this large prospective cohort study, we observed
that any breastfeeding, including early limited breast-
feeding in the first days of life, was associated with
lower blood pressure at 3 years of age. These asso-
ciations were independent of several maternal, birth,
and childhood factors and were observed regardless
of breastfeeding duration and exclusivity. These early
subclinical differences could have long-term health
implications because blood pressure is known to
track throughout life® and even relatively small eleva-
tions could predispose young children to hypertension
later in adulthood. Despite the observational nature of
our findings, they emphasize the importance of early
breastfeeding initiation, even if exclusive or sustained
breastfeeding is not possible.

Interpretation of Main Findings

Conflicting evidence is reported on the associations
of breastfeeding and blood pressure in later life. A
secondary analysis of the PROBIT (Promotion of
Breastfeeding Intervention Trial) study, a cluster ran-
domized trial in Belarus that successfully increased
breastfeeding duration®* among mothers who initiated
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breastfeeding, found no effect on blood pressure at
16 years of age."" Similarly, in a recent meta-analysis
of 43 studies,”® no associations were reported be-
tween breastfeeding and blood pressure in large
studies (>1000 participants). In contrast, 2 earlier meta-
analyses concluded that breastfeeding may lead to re-
ductions of up to 2 mm Hg in systolic and 0.5 mm Hg
in diastolic blood pressure, although these associa-
tions were primarily observed in smaller studies (<1000
participants).'”'® One recent large observational study
that was not included in the meta-analyses found
that, among 1509 participants from the Dutch PIAMA
(Prevention and Incidence of Asthma and Mite Allergy)
birth cohort, children who received any breastfeed-
ing had 2.29 mm Hg lower systolic and 1.19 mm Hg
lower diastolic blood pressure at the age of 12 years,
independent of breastfeeding duration.®® Similarly,
in our population of 2382 Canadian children, we ob-
served that ever breastfeeding was associated with
3.47 mm Hg lower systolic blood pressure at 3 years of
age, regardless of exclusivity or duration.

A novel aspect of our study is the assessment of
infant feeding in the first days of life. Feeding data from
hospital records are not typically captured in birth
cohort studies, and to our knowledge, early limited
breastfeeding has not been studied in relation to car-
diovascular health later in childhood. Using this unique
information, we observed that infants who received
even a relatively small amount of their mother’s early
breast milk (colostrum) had lower blood pressure at
3 years of age, regardless of breastfeeding duration
or exclusivity. This finding could explain the null results
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Table 3. Associations of Infant Feeding With Blood Pressure Z Scores at the Age of 3 Years in the CHILD Cohort Study

Early Limited Breastfeeding and Child Blood Pressure

Systolic Blood Pressure Models Diastolic Blood Pressure Models
tZ score (95% Cl) tZ score (95% Cl)
Basic Model Fully Adjusted Basic Model Fully Adjusted
Breastfeeding (N=2382)
Never (N=49) 0.00 (Reference) 0.00 (Reference)
Ever (N=2333) -0.32* -0.31* -0.13 -0.13
(-0.57 to -0.07) (-0.56 to —0.06) (-0.30t0 0.04) (-0.30 t0 0.04)
Early limited (n=98) -0.37* -0.40* -0.21 -0.22*
(-0.67 to -0.07) (-0.70 to —-0.10) (-0.41 to —0.001) (-0.43 to -0.02)
Sustained (n=2235) -0.31* -0.31* -013 -0.12
(-0.56 to —0.07) (-0.56 to —0.06) (-0.30t0 0.04) (-0.29 t0 0.05)
Breastfeeding duration (N=2333)*
>0-2.9 mo (n=261) 0.00 (Reference) 0.00 (Reference)
3-5.9 mo (n=242) 0.02 -0.002 0.05 0.06
(-0.18t0 0.13) (-0.16 t0 0.15) (-0.06 to 0.15) (-0.05 t0 0.17)
6-11.9 mo (n=719) -0.05 -0.01 -0.008 0.02
(0.17 t0 0.08) (-0.14t0 0.12) (-0.09 to 0.08) (-0.07 to 0.10)
>12 mo (n=1111) 0.01 0.06 0.06 0.09*
(-0.11t0 0.13) (-0.06 to 0.19) (-0.02 to 0.14) (0.01 t0 0.18)
Breastfeeding exclusivity at 3 mo (N=2329)*
No (n=261) 0.00 (Reference) 0.00 (Reference)
Partial (h=605) -0.008 0.02 0.09 0.10*
(-0.13t0 0.13) (-0.11 t0 0.15) (-0.001 t0 0.17) (0.01 t0 0.19)
Exclusive (n=1463) -0.02 0.03 0.02 0.04
(-0.13t0 0.10) (-0.10t0 0.15) (-0.06 to 0.10) (-0.05t0 0.12)

Values are regression coefficients (95% Cl) based on linear regression models. Blood pressure values are expressed in 1Z scores based on the “Fourth report
on the diagnosis, evaluation and treatment of high blood pressure in children and adolescents” from the National High Blood Pressure Education Program
Working Group on High Blood Pressure in Children and Adolescents.” Estimates are based on multiple imputed data. Basic model is adjusted for child’s age at
visit, sex. Fully adjusted model is adjusted for maternal age, prepregnancy body mass index, ethnicity, educational level, smoking during pregnancy, and length
of stay in the hospital at delivery, and child’s sex, gestational age and weight at birth, current age, screen time, sugar-sweetened beverage intake, and child
current body mass index. CHILD indicates Canadian Healthy Infant Longitudinal Development Cohort Study. ¥ Analysis of breastfeeding duration excludes 49
children who were never breastfed; analysis of breastfeeding exclusivity further excludes 4 breastfed children missing data on exclusivity.

*P values <0.05.

from the PROBIT study, which excluded dyads who
did not initiate breastfeeding in hospital (so there was
no “never breastfed” group for comparison).

Our results for early limited breastfeeding might also
partly explain the conflicting results in previous studies
where hospital feeding was not considered, potentially
leading to substantial misclassification of “ever breast-
feeding.” For example, in our CHILD cohort, 98/2382
(4%) of mothers who reported “never breastfeeding”
actually provided early limited breastfeeding during the
neonatal period according to their hospital records. The
extent of this misclassification likely varies substantially
between studies because lactation support and for-
mula supplementation policies vary greatly between
institutions and have changed over time.®®3" Such
misclassification would not affect results if sustained
breastfeeding is required to affect the outcome of in-
terest (as shown for many outcomes including infec-
tions,3® asthma,®® and obesity'®9), but if early limited
breastfeeding is sufficient (as suggested by our current
results for blood pressure), then misclassifying infants
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who briefly received breast milk as “never breastfed”
could significantly bias results toward the null. Thus,
our results highlight the importance of accurately cap-
turing and considering early feeding exposures.
Notably, the lack of a “dose response” according
to breastfeeding duration or exclusivity in our study is
consistent with some prior studies™2® and highlights
another potential reason for the heterogeneity and
overall null findings in previous meta-analyses: if any
breastfeeding is sufficient to influence blood pressure,
then no difference would be expected when compar-
ing “more versus less” breastfeeding, as many studies
have done, including PROBIT."® Although a dose re-
sponse or “biological gradient” is among the classic
criteria for establishing causality in epidemiology,* it
is not a requirement. In fact, the presence or absence
of a dose response in a potentially causal association
could shed light on the underlying biological mech-
anism. For example, whereas the dose-dependent
association of prolonged breastfeeding with reduced
gastrointestinal infections suggests protection through
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A
Body Mass Index
N2 at 3 years oN
Q' 6 (z-score)
&S
Q/
c=-3.70
p=0.007 Systolic
Ever >
p Blood Pressure
Breastfeeding  Total effect (c) -3.70 (-6.36, -0.39)* t3
(yes vs. no) Direct effect (/)  -3.55 (-6.18, -0.91)* SLSpEats
Indirect effect (a*b) -0.15 (-0.56, 0.25) (mmHe)
B
Body Mass Index
Y at 3 years °N
Q6 (z-score)
& o
QI
c=-1.81
p=0.06 Diastolic
Ever
' Blood Pressure
Breastfeeding  Total effect (c) -1.81(-3.67, 0.05)
(yes vs. no) Direct effect (c’) -1.77 (-3.63, 0.09) at 3 years
Indirect effect (a*b) -0.05 (-0.17, 0.07) (mmHg)

Figure 2. Child BMI does not mediate the association of breastfeeding and blood pressure.
Values are beta estimates and 95% ClIs from the mediation analyses of BMI on the association of ever
breastfeeding with child (A) systolic and (B) diastolic blood pressure at 3 years of age. a: effect of ever
breastfeeding (exposure) on BMI (mediator); b: effect of BMI (mediator) on blood pressure (outcome); c’:
direct effect of ever breastfeeding on blood pressure when taking BMI into account; c: total effect of ever
breastfeeding on blood pressure accounting for the mediation effect of BMI on blood pressure (sum of
direct effect (¢’) and indirect effect (a*b)). *P value <0.05.BMI indicates body mass index.

continuous exposure to maternal antibodies and other
immunomodulatory factors in breast milk, the associ-
ation of any breastfeeding (even early limited breast-
feeding) with cardiovascular health points to a different
mechanism, as discussed below. We are confident
that, when they exist, dose effects of breastfeeding are
observable in our study population because we have
previously found inverse linear relationships between
breastfeeding duration and infant BMI Z score® as well
as wheezing rates.*

There are several potential biological mechanisms
that could explain why consuming early breast milk
(colostrum) during the first days of life might pos-
itively influence cardiovascular health. First, early
breastfeeding strongly affects the colonization and
composition of the intestinal microbiota.*34* We
have previously shown that early feeding exposures
in the hospital are associated with subtle microbiota
differences.*® An altered intestinal microbiota may
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be involved in atherogenic processes later in life.®
In addition, nutrients and bioactive components that
are enriched in colostrum such as stem cells*” and
vascular endothelial growth factor*® might influence
cardiovascular development and have long-lasting
developmental benefits. Although not yet studied
in infants, stem cells administered to adults can
produce angiogenic and anti-inflammatory factors,
improve blood flow, and increase elasticity of blood
vessels.*® In addition, colostrum is rich in high con-
centrations of n-3 long-chain polyunsaturated fatty
acids, which are important structural components of
the vascular endothelium.%° A recent study showed
that infants receiving human milk high in n-3 long-
chain polyunsaturated fatty acids had lower blood
pressure at 12 years of age, independent of child’s
current n-3 long-chain polyunsaturated fatty acids
status.'® Experimental studies of other dietary ex-
posures further support the long-term impact of
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infant nutrition on blood pressure; for example, a
randomized trial showed that sodium restriction in
newborns caused a 2 mm Hg reduction in systolic
blood pressure in infancy,® which persisted into
adolescence.® We could not address these poten-
tial mechanisms in our observational study, but our
hypothesis-generating results can inform future re-
search on this topic.

The effect size observed in our study (3.5 mm Hg
higher blood pressure in never-breastfed children) is
substantial, and could be clinically significant. For con-
text, this difference is more than double the estimated
impact of a full SD increase in current BMI (1.3 mm Hg
in the same statistical model). Studies in adults have
estimated that a 2 mm Hg population-wide reduc-
tion in blood pressure could reduce the prevalence
of hypertension by 17% and the number of strokes
by 15%,%2 which equates to preventing 2000 strokes
annually in the United Kingdom.®® Given that blood
pressure tracks from childhood to adulthood,® the ob-
served 3.5 mm Hg reduction in systolic blood pressure
associated with early limited breastfeeding suggests
that supporting breastfeeding initiation could have
substantial impact on cardiovascular disease preven-
tion later in life.

Strengths and Limitations

Our study has several strengths including the pro-
spective design within a large general population birth
cohort and the collection of breastfeeding data from
hospital records, which is rarely captured in other stud-
ies. Furthermore, we assessed blood pressure in early
childhood, before the onset of many traditional cardio-
vascular disease risk factors (eg, smoking and alcohol
consumption).

A limitation of our study is that we did not collect at
least 2 repeated blood pressure measurements as rec-
ommended by the 2017 Hypertension Clinical Practice
Guidelines.®* Blood pressure has a large within-
participant variation and is prone to measurement error.
Also, a sizable proportion (26%) were missing blood
pressure data. Children without blood pressure data
were less likely to be exclusively breastfed, and their
mothers were less educated and more likely to smoke.
This potential selection bias, as well as the overall high
socioeconomic status and high breastfeeding initiation
rates in the CHILD cohort, could limit the generaliz-
ability of our results. Further, we had a relatively small
number of children who were never breastfed (n=49)
because of the high breastfeeding initiation rates in
our population, which limited our statistical power in
comparisons involving this group. It will therefore be
important to replicate our findings in other populations.
Many factors influence the decision to breastfeed and
several are not captured in our study. For example, we
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did not collect information about maternal breastfeed-
ing intentions before delivery or reasons for not breast-
feeding (eg, lack of family or society support, incorrect
or lack of information about breastfeeding, prior un-
successful breastfeeding experiences); however, we
deem it unlikely that these factors would affect the ob-
served associations of breastfeeding and blood pres-
sure. Finally, we had limited power to assess the role of
gestational hypertensive disorders (eg, only 2 cases of
preeclampsia in each of the never breastfed and early
limited breastfed groups). Although we adjusted for a
large number of potential confounders (which notably
had very little impact on our effect estimates), residual
confounding is still possible, as in any observational
study.

CONCLUSIONS

In the prospective CHILD Cohort Study, we observed
that children who were ever breastfed had lower blood
pressure at the age of 3 years, even if they only briefly
received early limited breastfeeding in the first few days
of life. Although the clinical relevance of these associa-
tions remains to be determined, these early differences
in blood pressure could translate into meaningful re-
ductions in the risk of cardiovascular disease later life
and associated healthcare cost savings. Further re-
search is warranted to confirm and understand the ef-
fect of early breastfeeding on long-term cardiovascular
health.

PERSPECTIVES

Our findings have potentially important implications
for healthcare practice and policy. They emphasize
the importance of antenatal education and immedi-
ate postpartum lactation support to facilitate breast-
feeding initiation and provision of colostrum. They are
especially relevant to hospitals implementing cost con-
tainment strategies that could impede breastfeeding
initiation, such as early postpartum discharge (often
less than 24 hours following a vaginal delivery) and/
or elimination of lactation support services on post-
partum units. Our results suggest the short-term sav-
ings from these practices could be greatly outweighed
by the long-term costs from resulting cardiovascular
health deficits later in life.
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Table S1. General descriptive characteristics of the original and imputed dataset (N=2382).

Original Non-Imputed Covariates Imputed
(N=2382) (N=2382)
Maternal characteristics
Age, years 32.5 (4.6) 32.5 (4.6)
Race, White (%) 1763 (74.0) 1772 (74.4)
Post-secondary degree (%) 1800 (75.6) 1844 (77.4)
Smoking during pregnancy (%) 174 (7.3) 194 (8.10)
Pre-pregnancy body mass index, kg/m? 23.1(18.3,39.7) 23.1(18.3, 39.6)
Stress during pregnancy (%)
Never 674 (28.3) NI
Sometimes 1022 (42.9) NI
Often 493 (20.7) NI
Gestational hypertension (%) 112 (4.7) NI
Preeclampsia (%) 84 (9.6) NI
Birth characteristics
Caesarian section delivery (%) 588 (24.7) NI
Girls (%) 1129 (47.4) 1129 (47.4)
Gestational age, weeks 39.2 (1.4) 39.2(1.4)
Weight, grams 3452 (480) 3454 (480)
Child characteristics
Age, months 36.4 (2.0) 36.4 (2.1)
Screen time, hours 1.6 (1.3) 1.6 (1.4)
Body mass index, z score* 0.6 (1.0) 0.6 (1.1)
Systolic blood pressure, mmHg 99 (9) NI
Diastolic blood pressure, mmHg 58 (7) NI

Values are means (SD) for continuous variables with a normal distribution, numbers (%) for
categorical variables, or medians (95% range) for continuous variables with skewed distribution.
Abbreviations: NI, non-imputed. Non-imputed covariates were not included in the analyses.



Table S2. Subject characteristics in the population included in the analyses (N=2382)
compared with the population without blood pressure measurements at 3 years (N=883).

Subjects included  Subjects with No P value
in the population blood pressure
for analysis measurements at
(N=2382) 3 years
(N=883)
Maternal characteristics
Age, years 32.5(4.6) 31.8 (5.0) <0.01
Race, White (%) 1763 (74.0) 576 (65.2) 0.02
Post-secondary degree (%) 1800 (75.6) 590 (66.8) <0.01
Smoking during pregnancy (%) 174 (7.3) 107 (12.1) <0.01
Pre-pregnancy body mass index, kg/m? 23.1(18.3, 39.7) 24.0 (18.1, 41.0) <0.01
Birth characteristics
Girls (%) 1129 (47.4) 416 (47.1) 091
Gestational age, weeks 39.2 (1.4) 39.1(1.4) 0.02
Weight, grams 3452 (480) 3426 (493) 0.18
Lifetime breastfeeding ever (%) 2333 (97.9) 853 (96.6) 0.03
Exclusive breastfeeding at 3 months 1463 (61.5) 421 (47.7) <0.01
Child characteristics
Age, months 36.4 (2.0) 36.3 (2.3) 0.59
Screen time, hours 1.6 (1.3) 2.0(1.8) <0.01
Sugar sweeten beverages, any (%) 1697 (83.7) 326 (81.9) 0.21
Body mass index, z score* 0.6 (1.0) 0.6 (1.0) 0.26
Systolic blood pressure, mmHg 99 (9) _
Diastolic blood pressure, mmHg 58 (7)

Values are means (SD), percentages (%), or medians (95% range) for variables with skewed
distribution based on non-imputed data. Differences in maternal, infant and childhood
characteristics (compared with the group without blood pressure measurements) were evaluated
using T-test for continuous normally distributed variables, Mann Whitney for non-normally

distributed variables, and Chi-squared tests for categorical variables. *P-value <0.05.



Table S3. Associations of infant feeding with blood pressure at the age of 3 years in the CHILD Cohort

Study.
Systolic Blood Pressure Models Diastolic Blood Pressure Models
mmHg (95%Cl) mmHg (95%Cl)
Confounder Birth Confounder Birth
Breastfeeding (N=2,382)
Never (N = 49) 0.00 (Reference) 0.00 (Reference)
_ -3.35% 3.31% 1.62 163
Ever (N =2,333) (-6.05, -0.66) (-6.01, -0.61) (-3.50, 0.26) (-3.50, 0.25)
o 4.15* 412 2.61* ~2.59%
Early Limited (n=98) (-7.38, 0.92) (-7.36, -0.89) (-4.87, -0.36) (-4.84, -0.33)
- -3.20% -3.24* ~1.54 155
Sustained (n=2,235) (-5.99, -0.59) (-5.94, -0.54) (-3.42, 0.34) (-3.43, 0.34)
Breastfeeding duration
(N=2,333)"
>0 — 2.9 months (n = 261) 0.00 (Reference) 0.00 (Reference)
_ 0.16 0.18 0.75 0.73
8- 5.9 months (n = 242) (-1.50, 1.82) (-1.48, 1.85) (-0.41, 1.91) (-0.43, 1.89)
B -0.30 20.28 0.01 0
6—11.9 months (n = 719) (-1.66, 1.07) (-1.65, 1.09) (-0.95, 0.96) (-0.95, 0.95)
B 0.01 0.03 0.61 0.58
=12 months (n=1,111) (-1.35,1.33) (131, 1.37) (-0.32, 1.54) (-0.35, 1.52)
Breastfeeding exclusivity
at 3 months (N=2,329)"
No (n = 163) 0.00 (Reference) 0.00 (Reference)
._ 0.31 0.32 0.92 0.92
Partial (n = 605) (-1.09, 1.71) (-1.08, 1.72) (-0.05, 1.90) (-0.06, 1.89)
. -0.27 -0.24 0.18 0.14
Exclusive (n =1,463) (-157, 1.02) (-1.54, 1.05) (-0.72, 1.08) (-0.76, 1.05)

Values are regression coefficients (95% confidence interval) based on multiple linear regression models.
Estimates are based on multiple imputed data. Confounder model is adjusted for maternal age, pre-
pregnancy body mass index, ethnicity, educational level, smoking during pregnancy, and length of staying
in the hospital at delivery, and child’s sex, current age, screen time and sugar sweetened beverages intake;
Birth model is confounder model additionally adjusted for gestational age and weight at birth. *P — values <
0.05



Table S4. Associations of infant feeding with blood pressure at the age of 3 years in the
CHILD Cohort Study among never and early limited breastfed infants (N=147).

Systolic Blood Pressure
mmHg (95%Cl)

Diastolic Blood Pressure
mmHg (95%Cl)

Breastfeeding (N=147)

Never (N = 49) 0.00 (Reference)

0.00 (Reference)

Early Limited (n=98) -4.58* (-8.03, -1.13)

-2.28* (-4.47, -0.09)

alues are regression coefficients (95% confidence interval) based on multivariable adjusted

linear regression models. Estimates are based on multiple imputed data. Models are adjusted for
maternal age, pre-pregnancy body mass index, ethnicity, educational level, smoking during
pregnancy, and length of staying in the hospital at delivery, and child’s sex, gestational age and
weight at birth, current age, screen time and sugar sweetened beverages intake, and current

body mass index. *P — values < 0.05




Figure S1. Flowchart of study participants included for the main analysis.
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Figure S2. Any breastfeeding (even early limited breastfeeding during the birth hospital stay) is
associated with lower blood pressure at age 3 years in the Manitoba site of the CHILD Cohort
Study.
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Values are regression coefficients (95% confidence interval) based on multiple linear regression
models. Basic model is adjusted for child’s age at visit and sex. *Adjusted model is fully
adjusted BMI model (see Table 2) adjusted for maternal age, pre-pregnancy body mass index,
ethnicity, educational level, smoking during pregnancy, length of stay in the hospital at
delivery, gestational age and weight and birth, and child’s sex, current age, screen time, sugar
sweetened beverage intake, and current BMI. Estimates are based on imputed data.





