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risk, full-term pregnancy (duration, 37-42 weeks) resulting in spontaneous vaginal deliveries,

intrapartum hemorrhage < 500 mL, and a healthy infant (Apgar score = 8 at one minute).

Results: The subjects were classified into three groups based on feeding modes. The propor-

tion of each mode was 28.3% in the breastfeeding group, 56.5% in the mixed-feeding group,

and 15.2% in the formula-feeding group. The systolic blood pressure (SBP) in mothers at one

month postpartum for each feeding mode was 118.4 £ 8.7 mmHg in the breastfeeding group,

120.6 £ 9.3 mmHg in the mixed-feeding group, and 122.0 £ 9.9 mmHg in the formula-feeding

group. SBP at one month postpartum in the breastfeeding group was significantly lower than

that in the other groups. No significant differences were observed in diastolic blood pressure

in the three groups at one month postpartum.

Conclusion: Breastfeeding resulted in lower SBP in mothers at one month postpartum compared

with those using other feeding modes, thus indicating an effect of breastfeeding on maternal

blood pressure.
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Introduction

Human milk is species-specific and contains optimal nutrients, growth factors, and

immunological components beneficial for infants.! Breastfeeding in infants has

short-term benefits, such as prevention of infectious diseases, including diarrhea,?

respiratory tract infection,®? and otitis media.'®!! Recent studies have reported that the

long-term health benefits of breastfeeding in infants include reduction in the risk of

adult diseases, such as obesity,'>!* hypertension,'*!* and type 1 diabetes mellitus.!®!

In addition, other studies have suggested that the long-term health benefits of breast-

feeding for mothers include prevention of the development of ovarian'®2° and breast
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cancer?'?? and type 2 diabetes mellitus.?’ Furthermore, from an economic viewpoint,
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these physiological factors, oxytocin is released in a pulsatile fashion from the anterior
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maintenance of lactogenesis, as well as decreased postpartum
bleeding and more rapid uterine involution. In addition, it also
functions as a neurotransmitter, sedative, and promoter of
mother-child attachment.?>” Johnston and Amico reported
that plasma oxytocin levels in mothers who were exclusively
breastfeeding were higher than those who were formula-
feeding, and basal plasma oxytocin levels were maintained
ata high level.” Light et al suggested that oxytocin decreases
blood pressure; mothers with high oxytocin levels had
lower blood pressure than those with low oxytocin levels.”
In addition, Jonas et al reported that both systolic blood
pressure (SBP) and diastolic blood pressure (DBP) fall
during breastfeeding.>® However, although the relationship
between breastfeeding and blood pressure has been studied
to a reasonable extent, not enough evidence in terms of a
link between breastfeeding and lower blood pressure has yet
been obtained. In particular, little information is available
on whether blood pressure differs in women among various
feeding modes, including breastfeeding, mixed-feeding,
and formula-feeding. An understanding of the relationship
between breastfeeding and maternal blood pressure is very
important for long-term maternal health benefits and disease
prevention. The purpose of the present study was to assess
whether feeding modes influence maternal blood pressure at
one month postpartum.

Materials and methods
Study population

The present retrospective chart review was conducted on
the pregnancy charts of 407 women who delivered at a
birthing center located in Aomori Prefecture, Japan. This
study was conducted in accordance with the principles of the
Declaration of Helsinki (Seoul 2008) and the ethical guide-
lines for epidemiological research provided by the Ministry
of Education, Culture, Sports, Science, and Technology
as well as the Ministry of Health, Labour, and Welfare in
Japan (2008). All data used in the present study were coded
and obtained from the medical records of subjects without
disclosing their identity from the medical records. During the
period from August 1998 until the end of September 2007,
579 pregnancy records of women who had a singleton preg-
nancy and delivered a live infant were studied. The inclu-
sion criteria were low-risk, full-term pregnancy (duration
3742 weeks) resulting in a spontaneous vaginal delivery,
intrapartum hemorrhage < 500 mL, and a healthy infant
(Apgar score = 8 at one minute). Mothers with chronic
diseases (eg, diabetes, hypertension, hyperthyroidism),
gestational diabetes, and pregnancy-induced hypertension

were excluded from the study. Records with unknown or
missing data regarding obstetric factors were not included.
A total of 407 cases were finally available for analysis.

Perinatal factors

Perinatal factors extracted from the pregnancy charts were
maternal age, parity, self-reported prepregnancy weight,
prepregnancy body mass index, gestational weight gain,
blood pressure, chronic diseases, delivery mode, duration
of pregnancy, duration of labor, neonatal gender, neonatal
weight and height, Apgar score at one minute, admission to
hospital, and first month checkup (maternal weight, blood
pressure, feeding modes, infant weight).

Feeding modes

Subjects were divided into three groups according to feeding
modes at one month postpartum. The first group was exclu-
sively breastfeeding and the mothers gave breast milk only;
the second group was mixed-feeding with breast milk and
infant formula; and the third group was formula-feeding with
infant formula only. Each feeding mode at one month post-
partum was determined by self-assessment from mothers.

Statistical analysis

Statistical analysis was performed using SPSS software, version
16.0 (SPSS Japan Inc, Tokyo, Japan) for Windows. Descriptive
statistics are shown as the arithmetic mean * standard
deviation. All data showed a normal distribution. A two-
sample #-test, one-way analysis of variance, and Tukey’s
honestly significant difference test were performed to deter-
mine differences across the three groups. The x? statistic was
used to analyze categorical variables. Univariate analysis was
performed using Pearson’s correlation coefficient. Multiple
linear regression analysis was performed to determine any
association between SBP (object functions) and maternal
factors (explanatory variables). A value of P < 0.05 was
considered to be statistically significant.

Results

Characteristics of study population

Characteristics of the study population are summarized in
Table 1. The study population was classified into three groups
depending upon the feeding mode, ie, breastfeeding 28.3%,
mixed-feeding 56.5%, and formula-feeding 15.2%. The
overall smoking rate was 18.2%, and the values in each group
were 7.8%, 20.9%, and 27.4%, respectively, indicating that
the smoking rate in the breastfeeding group was significantly
lower than that in the other groups. No significant difference
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Table | Summary and comparison of characteristics in the feeding modes

Maternal/infant factors Feeding modes group

All population Breastfeeding Mixed-feeding Formula-feeding

n =407 (100%) n=115 (28.3%) n =230 (56.5%) n =62 (15.2%)

Mean SD Mean SD Mean SD Mean SD
Maternal age years® 26.7 4.5 26.7 4.1 26.6 4.6 26.7 4.7
Nulliparous® 154 378 43 374 9l 39.6 20 323
Smokers* 74 18.2 9 7.8 48 20.9 17 27 4%
Prepregnancy weight kg® 534 85 52.6 6.8 53.6 9.3 542 83
Prepregnancy body mass index*® 21.2 3.2 20.9 2.4 21.4 3.6 21.4 34
Delivery weight 65.2 8.7 64.3 74 65.6 9.1 65.4 9.4
Gestational weight gain kg® 11.8 4.0 1.7 35 12.0 4.4 1.2 37
Duration of pregnancy weeks® 39.5 1.2 395 1.1 39.6 1.2 393 1.1
Birth weight g° 32135 373.1 3200.2 321.9 3226.1 403.6 3188.2 345.5
One-minute Apgar score® 9.8 0.4 9.9 0.4 9.8 0.4 9.7 0.5
Maternal weight at one month 579 83 57.1 7.1 58.3 8.8 57.8 8.8
postpartum kg®
Postpartum weight loss kg® 7.3 23 7.2 2.1 7.3 23 7.6 2.5
Infant weight at one month g° 4510.1 455.7 4496.2 448.5 4523.5 476.0 4486.0 3925

Notes: Body mass index, weight in kilograms divided by the square of the height in meters (kg/m?); ®one-way analysis of variance, not significant; “presented as number and

percent and analyzed with the y? test: **P < 0.01.
Abbreviation: SD, standard deviation.

was observed between feeding modes and maternal/infant
factors, except for maternal smoking status.

Assessment of feeding modes

and blood pressure

Results for maternal blood pressure at one month postpartum
obtained for each feeding mode are shown in Figure 1. The
mean SBP value 118.4 £ 8.7 mmHg in the breastfeeding
group, 120.6 £ 9.3 mmHg in the mixed-feeding group, and
122.0£9.9 mmHg in the formula-feeding group, demonstrat-
ing that blood pressure increased in a stepwise manner across
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the groups. The breastfeeding group showed the lowest value
among the three groups, whereas no significant differences in
one-month postpartum DBP were observed among the three
groups. However, SBP and DBP values of these groups, as
shown in Figure 2, showed no statistically significant dif-
ferences in the third trimester. In addition, multiple linear
regression analysis identified maternal weight at one month
postpartum, feeding modes, and parity as independent pre-
dictive factors for SBP elevation at one month postpartum;
however, the value of R* was low (R?=0.09, one-way analysis
of variance; P < 0.001).
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Figure | Distribution of SBP and DBP at one month postpartum in three feeding modes, breastfeeding, mixed-feeding, and formula-feeding. SBP observed in the
breastfeeding group was significantly lower than that in the other groups (P < 0.05) (A) No significant difference was observed in DBP. (B) One-way analysis of variance:

*P < 0.05.
Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Figure 2 Distribution of SBP/DBP in the third trimester observed according to three feeding modes, namely breastfeeding, mixed-feeding, and formula-feeding. No
statistically significant differences were observed in SBP and DBP between mothers who used any of the three feeding modes (A and B).

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.

Relationship between maternal factors

and blood pressure

A positive weak correlation was observed between SBP at
one month postpartum and prepregnancy weight (r = 0.231,
P < 0.001), prepregnancy body mass index (r = 0.214,
P < 0.001), delivery weight (r = 0.249, P < 0.001), and
maternal weight at one month postpartum (r = 0.250,
P < 0.001, Table 2). However, no significant correlation
was observed between SBP at one month postpartum and
maternal age, gestational weight gain, duration of pregnancy,
or postpartum weight loss (Table 2). Furthermore, multiple
linear regression analysis was used to identify independent
variables associated with elevated blood pressure. The
mother’s weight at one month postpartum, feeding mode,
parity, and SBP in the third trimester of pregnancy were iden-
tified as variables that can independently predict increased
SBP at one month postpartum (R? = 0.14, one-way analysis
of variance, P < 0.001, data not shown), although R? was
a low value. Because it may be considered that smoking

Table 2 Correlations between maternal factors and blood

pressure

Third trimester  One month

of pregnancy postpartum

SBP DBP SBP DBP
Maternal age 0.036 —0.014  0.133%  0.049
Duration of pregnancy -0.015 0.063 —0.002 0.031
Prepregnancy weight 0.203*  0.071 0.231*  0.096
Prepregnancy BMI 0.177%  0.067 0.214¥  0.059
Delivery weight 0.202*%  0.073 0.249%F  0.146%*
Gestational weight gain 0.009 0.011 0.043 0.043
Maternal weight one month ~ 0.184**  0.060 0.250%*  0.143**

postpartum

Notes: Pearson’s correlation coefficient: *P < 0.05; **P < 0.01.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic
blood pressure.

affected blood pressure as a confounding factor, the data
were adjusted by smoking, and a regression analysis was
conducted. As a result, delivery weight, parity, and feeding
mode were identified as factors (R?>=0.076, one-way analysis
of variance, P < 0.001, data not shown).

Next, the effects of parity and maternal smoking on
blood pressure were analyzed (Table 3). SBP in multipa-
rous mothers was higher than that in primiparous mothers
(121.1 £ 9.0 mmHg versus 118.7 = 9.5 mmHg, P < 0.05).
At this time, the mean maternal age of nulliparous and mul-
tiparous women was 24.2 + 3.9 years and 28.1 + 4.2 years,
respectively, showing that maternal age in multiparous
women was significantly higher than that in nulliparous
women (P < 0.001). In contrast, smoking did not affect blood
pressure, although the mean maternal age of nonsmokers was
significantly higher than that of smokers (26.9 & 4.5 years
versus 25.4 + 4.4 years, P < 0.05). However, parity did not
affect blood pressure in either case (data not shown).

Discussion

In this retrospective study, the pregnancy charts of
407 women who delivered at a birthing center in rural Japan
between August 1998 and September 2007 were analyzed.
When blood pressure in each group was compared, one-
month postpartum SBP in the breastfeeding group was
significantly lower than that in the other groups (Figure 1). At
that time, various factors such as maternal age, prepregnancy
weight, prepregnancy body mass index, delivery weight, and
maternal weight at one month postpartum correlated with SBP
(Table 2). Generally, aging and smoking cause high blood
pressure. Actually, maternal age in the multiparous group was
significantly higher than that in the nulliparous group, which
showed a lower SBP than that in the multiparous group
(Table 3). The present results showed that the smoking rate
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Table 3 Influence of parity and maternal smoking status on blood pressure

Mean age Third trimester of pregnancy One month postpartum
SBP DBP SBP DBP

Nulliparous 24.2 (3.9)* 117.2 (9.9) 69.6 (8.7) 118.7 (9.5) 71.8 (9.8)
(n=154)
Multiparous 28.1 (4.2)* 117.3 (10.0) 69.7 (9.2) 121.1 (9.0)* 73.0 (10.0)
(n=253)
Nonsmokers 26.9 (4.4)* 117.4 (10.0) 69.3 (9.1) 120.3 (9.3) 727 (9.7)
(n=333)
Smokers 25.4 (4.5)* 117.5(9.9) 71.5(8.1) 119.7 (9.3) 71.7 (10.6)
(n=174)

Notes: Values in parentheses are the standard deviation. A statistically significant difference was found between nulliparous and multiparous and nonsmokers and smokers

by the two-sample t-test *P < 0.05.
Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.

in the breastfeeding group was significantly lower than that
in the other groups (Table 1), indicating that mothers in the
mixed-feeding and formula-feeding groups were more likely
to be smokers. Therefore, it may be considered that smoking
affected blood pressure as a confounding factor. However,
no significant relationships were observed with any factors,
suggesting that a direct effect of smoking does not affect the
lower SBP caused by breastfeeding in mothers at one month
postpartum. Lee et al reported that women who breastfeed for
1-6 months have a lower risk of hypertension than those who
do not breastfeed.’! Jonas et al and Altemus et al reported that
both SBP and DBP reduce during a breastfeeding session,
and that blood pressure before breastfeeding decreases dur-
ing at least the first 6 months of breastfeeding in a homelike
environment.**3? Under these circumstances, there is a pos-
sibility that breastfeeding reduces blood pressure, particularly
SBP, and that aging acted as a factor that upregulated blood
pressure in the present population.

Oxytocin is released in a pulsatile manner from the
anterior pituitary gland because of nipple/areolar stimulation.
Previous studies have reported that oxytocin levels in breast-
feeding mothers are higher than those in mixed-feeding
mothers.?® Additionally, mothers with high oxytocin levels
have lower blood pressure than those with low oxytocin
levels.?’ In animal studies, frequent oxytocin administra-
tion induces calm and long-term antistress effects, such as
lowering of blood pressure in rats.>*** Because mothers in
the breastfeeding group fed their infants several times per
day, oxytocin was released whenever the infant suckled
the breast; thus, oxytocin was repeatedly released during
breastfeeding. Therefore, these findings suggest that blood
pressure in breastfeeding mothers decreased in response
to oxytocin release, and that these mothers were likely to
benefit from oxytocin at least while breastfeeding their infant.
In the present study, plasma levels of oxytocin in mothers

were unknown, because this study was a retrospective chart
review. Additional approaches will be needed to clarify
these issues.

The present results showed that the exclusive breastfeed-
ing rate at one month was 28.3% (Table 1). In 1989, the
World Health Organization/United Nations Children’s Fund
released a joint document called “The Ten Steps to Successful
Breastfeeding”.’> The American Academy of Pediatrics®
and World Health Organization®® both recommend exclusive
breastfeeding for infants in the first 6 months of life. In
a US national survey conducted in 2001, 33% of infants
were breastfed (exclusive breastfeeding 17%) at the age
of 6 months.’” In Japan, breastfeeding has been promoted
since 1989, according to the abovementioned guidelines.
According to a national Japanese study in 2005, 42.4%
of infants at the age of one month, 38.0% at 3 months,
and 34.7% at 6 months were exclusively breastfed.’® The
breastfeeding rate obtained herein was much lower than the
national average of Japan reported in 2005. These results may
be because of regional characteristics and lack of knowledge
or motivation for breastfeeding.

It is well known that breast milk is the ideal food for
infants. Numerous worldwide studies have demonstrated
improved health and developmental outcomes in breastfed
infants and their mothers. The present study showed that
breastfeeding resulted in lower SBP in mothers at one month
postpartum compared with those using other feeding modes.
Although the present study was performed in one specific
district in Japan, the results support previous findings that
breast feeding may induce long-term positive effects on
maternal health. One important benefit of breast feeding is
the prevention of adult diseases, and since chronic diseases,
including metabolic disorders, are one of the largest causes of
death in adults, promoting breastfeeding is essential. Thus,
promoting breastfeeding is recommended, and further studies
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on the benefits of breast feeding for both the mother and child
are needed to achieve this aim.
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