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ABSTRACT
Purpose  The Japanese Human Milk Study, a 
longitudinal prospective cohort study, was set up to 
clarify how maternal health, nutritional status, lifestyle 
and sociodemographic and economic factors affect 
breastfeeding practices and human milk composition. This 
would eventually determine factors affecting the growth 
and development of infants and children.
Participants  A total of 1210 Japanese lactating women 
who satisfied the inclusion criteria, were invited across the 
country at various participating sites, between 2014 and 
2019. Finally a total of 1122 women were enrolled in this 
study.
Findings to date  Among 1122 eligible participants, 
mean age at delivery was 31.2 (SD 4.4) years and mean 
prepregnancy BMI was 20.8 (SD 2.7). Among these women, 
35% were previously nulliparous and 77.7% had college, 
university or higher education. The mean gestational period 
was 39.0 (SD 1.3) weeks. Caesarean section was reported 
among 11.9%; mean infant birth weight was 3082 (SD 360) 
g. Of the infants, 53.7% were male. Overall, our participants 
appeared to be healthier than the general population in Japan. 
Analyses of the 1079 eligible human milk samples obtained at 
the first and second months postpartum showed the following 
composition: carbohydrate, 8.13 (SD 0.32) g/100 mL; fat, 
3.77 (SD 1.29) g/100 mL; and crude protein, 1.20 (SD 0.23) 
g/100 mL. We also analysed osteopontin, fatty acid, vitamin D 
and phospholipid levels in limited subcohorts of the samples.
Future plans  Follow-up surveys will be conducted to 
obtain milk samples every 2 months for 12 months and 
to investigate mother and child health until the children 
reach 5 years of age. These will be completed in 2024. 
We plan to longitudinally analyse the composition of 
macronutrients and various bioactive factors in human 
milk and investigate the lifestyle and environmental factors 
that influence breastfeeding practices, maternal and child 
health, and child development.
Trial registration number  UMIN000015494; pre-results.

INTRODUCTION
The WHO recommends exclusive breast 
feeding for the first 6 months of life to 
promote optimal health and development 
of infants.1 Breast feeding is beneficial for 

both mothers and infants. Breastfed infants 
exclusively for the first 6 months have fewer 
infections, including respiratory illnesses 
and diarrhoea.2 For lactating women, breast 
feeding might prevent reproductive cancers 
(such as breast and ovarian cancers) and 
type 2 diabetes.2 Furthermore, recent data 
suggest that breast feeding may determine 
prolonged health consequences among chil-
dren including neurodevelopment, lifestyle 
diseases and malignancy.2 The benefits of 
breast feeding have been discussed in rela-
tion to the composition of human milk.

Human milk contains numerous 
compounds and provides nutrition and many 
bioactive components to the infants.3 Human 
milk composition changes throughout the 
lactation period and has been widely studied 
in different countries.3 A recent review 
suggested that human milk composition can 
be influenced by a variety of factors such as 
the maternal diet, physical characteristics and 
socioeconomic status.4 However, the review 
also provided evidence that data for those 
factors are still inconsistent or lacking.4 The 
inconsistency of evidence may be influenced 

Strengths and limitations of this study

	► The Japanese Human Milk Study is a nationwide, 
longitudinal prospective cohort study of more than 
1000 lactating mother–infant dyads in Japan.

	► This study will collect a wide range of data on ma-
ternal factors (sociodemographic, economic and 
lifestyle-related factors), along with data on devel-
opment of children over a period of 5 years.

	► The sufficient amount of milk samples allows for a 
comprehensive compositional analysis and their as-
sociations in the mother–milk–infant triad.

	► One of the study limitations is lack of information 
on maternal nutrition and lifestyle during pregnancy.
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by differences in the residential environment of mothers 
and infants. Different lifestyles and environment in coun-
tries and regions appear to influence the composition 
of human milk. For Japanese populations, the concen-
tration of docosahexaenoic acid (DHA) in human milk 
varied widely around the world, and Japan was one of 
the countries with the highest concentration of DHA 
in human milk.5 One of the public health challenges in 
Japan is the high rate of low-birthweight (LBW) infants, 
which was 9.4%, while the Country average in the Organ-
isation for Economic Co-operation and Development was 
6.5% in 2017.6 Recent studies suggest that maternal char-
acteristics, mainly underweight, may explain the high 
percentage of LBW infants in Japan.7 8 Thus, we inves-
tigated in our Japanese cohort the effects of maternal 
factors on breastmilk composition and effects of breast 
feeding on the maternal and infant health outcomes.

Human milk studies have been conducted in Japan for a 
long time, including studies by our research group in 1960 
and 1989,9 10 and recent studies have focused on different 
areas.11–13 However, none of these studies focused on the 
effects of maternal characteristics, including socioenvi-
ronmental factors, on human milk composition, feeding 
practices and child development. We hypothesised that 
maternal characteristics, including socioenvironmental 
factors, may influence human milk composition, feeding 
practices and child development in the Japanese popu-
lation. Therefore, we designed this prospective cohort 
study to investigate maternal health status, nutrition, 
lifestyle, and sociodemographic and economic factors, 
and to clarify whether these factors are linked to breast-
feeding practices and human milk composition and/or 
are associated with the growth and development of chil-
dren through differences in human milk composition.14

This paper summarises the cohort profile and the 
baseline characteristics of all eligible participants at the 
start of the investigation. The baseline data allow us to 
discuss the generalisability, strengths and limitations of 
this cohort study. Our study could also provide additional 
information about nationwide birth cohort including 
human milk samples in Japan.

COHORT DESCRIPTION
Since the detailed study design and protocol of the Japa-
nese Human Milk Study have been published elsewhere,14 
cohort descriptions are briefly summarised in this paper.

Study design
The Japanese Human Milk Study is a longitudinal prospec-
tive cohort study of lactating Japanese women and their 
infants and children. We collected human milk samples 
and information related to various health parameters 
from mother–child dyads. Collection of milk samples 
and health information was performed every 2 months 
during the first year after birth. After 1 year, follow-up 
surveys were conducted at 18, 24, 36, 48 and 60 months, 
and health information was collected longitudinally.

Study participants
Our study participants were recruited at between first 60 
days postpartum from 73 medical institutions, including 
16 hospitals and obstetrics clinics, across Japan between 
October 2014 and May 2019 (enrolment period). When 
lactating women visited hospitals and clinics, they were 
invited to participate in the study. Our trained staff 
explained the purpose of this study; then, questionnaires 
and sterile plastic bags for human milk collection were 
mailed to those who provided informed consent. We then 
followed up by mail, email and phone call for up to 5 
years, at which time the study was completed. The inclu-
sion criteria were as follows: (1) healthy singleton infants 
aged less than 60 days and (2) healthy lactating women 
who had delivered infants and experienced no disrup-
tions in their breastfeeding patterns when providing 
human milk samples for this study. The exclusion criteria 
were as follows: (1) hepatitis B-positive or hepatitis C-pos-
itive individuals, or patients with HIV or human T-cell 
leukaemia virus type 1 infections; (2) patients who were 
on medication for underlying illnesses; (3) individuals 
who did not breast feed; and (4) mothers, partners or 
children who were not of Japanese ethnicity. The infants 
and their siblings, partners (fathers) and grandparents 
were also surveyed through mothers.

Figure 1 shows the flowchart of this study from enrol-
ment to identification of valid respondents and collec-
tion of human milk samples at baseline. We recruited 
1210 lactating women; however, 83 did not provide valid 
responses and 5 met the exclusion criteria: the women or 
their partners were not Japanese. Thus, 1122 women were 
included in the study, of whom 1079 provided human 
milk samples during the first study period (baseline).

Data collection
Sociodemographic factors, health status and dietary patterns 
among mothers, and the physical and psychological development 
of infants
Data were collected using original basic questionnaires 
and validated and reliable scales: a Brief-Type Self-
administered Diet History Questionnaire for maternal 
diet,15 Kinder Infant Development Scale for phys-
ical and psychological development of infants16 and 
mother’s Child Care Stress Scale for maternal nursing 
distress.17 The maternal baseline profile included socio-
demographic characteristics (age and season at delivery), 
socioeconomic profile (family structure, household 
income, educational attainment and employment status, 
including the status of the partner), lifestyle and medical 
history (smoking status and prevalence of allergies, 
including those in the respondent’s partner), pregnancy 
outcomes (parity) and physical health (height, prepreg-
nancy weight and prepregnancy body mass index (BMI)). 
Prepregnancy BMI was calculated using height and weight 
and categorised with reference to the following WHO 
definitions: <18.5 kg/m2, underweight; 18.5–24.9 kg/m2, 
normal weight; and ≥25.0 kg/m2, obesity.18 The infant 
baseline profile included sex, gestational age, mode of 
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delivery, birth weight, birth height, birth head circumfer-
ence, and feeding status, including breast feeding.

Human milk collection and analysis
Milk samples were provided from the study participants 
with sufficient milk supply and willing to collect milk 
samples. We defined a human milk provider as an indi-
vidual who had sufficient milk supply and agreed to 
provide human milk, while non-providers had any reasons 
not to provide milk samples as summarised in figure 1. 
Approximately 10–20 mL human milk samples were 
obtained after their breast feeding using a manual breast 
pump that was transferred to a milk storage container, 
and stored at –18°C once a day for 7 days. Milk samples 
were obtained from the participants via a fast frozen 
delivery service and stored at –80°C until analysis. Macro-
nutrients, total solid and energy levels were measured 
using a mid-infrared milk analyser (MIRIS; Miris holding, 
Uppsala, Sweden) in the thawed and mixed individual 
containers. The intraday precisions were 0.43%, 1.81%, 
1.86%, 1.38%, 0.29% and 0.20% for carbohydrate, fat, 
crude protein, true protein, total solid and energy in 
the repeated measurement of the reference human milk 
sample for six times, respectively.

Patient and public involvement
The participants and the public were not involved in 
the design and conduct of this study. Study updates 
are regularly shared with the public through corporate 
websites, email newsletters and fact sheets for healthcare 
professionals.

FINDINGS TO DATE
Baseline characteristics
Parents
The baseline characteristics of the mothers and their 
partners are summarised in tables 1 and 2. The mean age 
at birth was 31.2 (SD 4.4) years, and the birth season was 
equally distributed throughout the year. Most mothers 
had nuclear families with only her partner and their chil-
dren (86.3%). Household income of the participants 
generally ranged from 4 to 6 million Japanese yen (JPY, 
US$1 is approximately 110 JPY) for 35.5% and 2–8 million 
JPY for 84.2% of the study population. The national statis-
tics in 2016 reported that the average and median house-
hold incomes for all households were 5.45 million JPY and 
4.27 million JPY, respectively.19 Of the 1116 women who 
responded to the questionnaire, 22.3% had graduated 
from junior high school, high school or others, while the 
remaining 77.7% had graduated from college or univer-
sity or had a higher degree. Almost half of the mothers 
(42.8%) were homemakers or unemployed. Smoking 
history was observed in 30.4% of the women, but most 
of them had quit before or during pregnancy. A history 
of allergic diseases was recorded in 61.7% of the women, 
with allergic rhinitis being the most prevalent (35.4%). 
One-third of the mothers (35.0%) were previously nullip-
arous, while 44.1% had another child at the time of study 
enrolment. The mean prepregnancy BMI was 20.8 (SD 
2.7) kg/m2, with 15.8% and 7.0% of the mothers being 
classified as underweight and obese, respectively. Among 
the partners who provided valid responses (n=1121), 

Figure 1  Flow diagram of the study participants.
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Table 1  Baseline profiles of the mothers

Variables Valid response (n) n % Mean (SD)

Age at delivery (years) 1122 31.2 (4.4)

 � <20 2 0.2

 � 20–24 58 5.2

 � 25–29 341 30.4

 � 30–34 464 41.4

 � 35–39 214 19.1

 � ≥40 43 3.8

Season at delivery 1122

 � Spring (March–May) 284 25.3

 � Summer (June–August) 264 23.5

 � Autumn (September–November) 285 25.4

 � Winter (December–February) 289 25.8

Family structure 1118

 � Single parent 4 0.4

 � Nuclear family 965 86.3

 � Extended family 149 13.3

Household income from all sources (million JPY/year) 1078

 � <2 (<US$18 000/year) 16 1.5

 � 2 to <4 (US$18 000 to <US$36 000/year) 271 25.1

 � 4 to <6 (US$36 000 to <US$55 000/year) 383 35.5

 � 6 to <8 (US$55 000 to <US$73 000/year) 254 23.6

 � 8 to <10 (US$73 000 to <US$91 000/year) 91 8.4

 � ≥10 (US$≥91 000/year) 63 5.8

Education 1116

 � JHS/HS/others 249 22.3

 � Some college/technical 469 42

 � 4-year college/graduate degree 398 35.7

Employment 1117

 � Independent or family business 38 3.4

 � Full-time employment, permanent 344 30.8

 � Full-time employment, temporary 30 2.7

 � Part-time employment 89 8

 � Unemployment/homemaker 478 42.8

 � Leave of absence 138 12.4

Smoking status 1118

 � Never smoked 778 69.6

 � Ex-smoker, quit before pregnancy 190 17

 � Ex-smoker, quit during pregnancy 119 10.6

 � Ex-smoker, quit after delivery 8 0.7

 � Smoker, but refrained during pregnancy 11 1

 � Smoker, continuously 12 1.1

Medical history of allergy 1092

 � Asthma 96 8.8

 � Food allergy 77 7.1

 � Atopic dermatitis 137 12.5

Continued
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66.4% had graduated from college or university or higher 
educational institutions; 84.5% worked in private compa-
nies and public organisations as full-time workers; 37.7% 
were current smokers; and 32.0% had allergic rhinitis.

Infants
Birth-related baseline characteristics are presented in 
table 3. The majority (97.2%) of infants were born full-
term; 53.7% of the infants were boys, and caesarean deliv-
eries accounted for 11.9% of the births. The mean birth 
weight, height and head circumference were 3082 (SD 
360) g, 49.3 (SD 1.8) cm and 33.4 (1.9) cm respectively, 
while the proportion of low-birthweight infants (<2500 g) 
was 4.3%. With respect to feeding methods, 74.6% of 
the infants were exclusively breast fed at the baseline of 
a mean 55.1 (SD 19.6) days postpartum. The baseline 
characteristics were comparable, including breastfeeding 
status between the human milk providers and non-human 
milk providers (online supplemental tables 1–3).

Human milk macronutrients
Table 4 shows the macronutrient, total solid and energy 
content in human milk at baseline. A total of 1079 milk 
samples were obtained. Mean concentrations of macro-
nutrients were 8.13 (SD 0.32) g/100 mL for carbohydrate, 
3.77 (SD 1.29) g/100 mL for fat, 1.20 (SD 0.23) g/100 mL 
for crude protein, 0.95 (SD 0.18) g/100 mL for true 
protein, 13.3 (SD 1.3) g/100 mL for total solids and 72.6 
(SD 12.0) kcal/100 mL for energy content, respectively. 
The mean time point for collection of baseline human 
milk samples was 53.8 (SD 17.8) days postpartum.

The composition of human milk was comparable to that 
reported in previous studies.20–22 We used mid-infrared 
spectrophotometer that was specifically developed for 
the evaluation of human milk and calibrated to human 

milk values for analysing the milk macronutrients and 
energy content.23 In this study, fat was the most variable 
macronutrient in human milk, which is consistent with 
the literature on mature milk.24 Milk fat content varies 
according to the residual milk content of the breast at 
sampling (eg, fore, middle and hind milk),25 as well as 
other factors such as the day–night cycle26 and maternal 
BMI.27 Our results indicated that the average composi-
tion of human milk was a combination of fore and hind 
milk,25 similar to the findings of other studies using the 
same technique.20–22 Milk protein content was the highest 
in the colostrum and declined by approximately 25% 
in the first month of life, gradually declining thereafter 
to approximately 50% by the infant’s first year of life.28 
The protein concentrations in this study were similar to 
those reported for similar lactation periods in previous 
studies.20–22 The mean carbohydrate value of 8.1 (SD 0.3) 
g/100 mL in this study was within the range described in 
the literature using MIRIS.20–22 Carbohydrate content in 
milk had relatively little individual variation as compared 
with fat and protein concentrations in our study. 
However, other studies using the same methodology 
(MIRIS) have reported some variations, with mean or 
median carbohydrate concentrations ranging from 7.0 to 
8.7 g/100 mL.20–22 Although an infrared spectrophotom-
eter such as MIRIS is accurate and reliable for measuring 
proteins and fat, the accuracy of carbohydrate measure-
ments is reported to be limited and varies widely among 
instruments.29 30 Therefore, caution should be exercised 
in comparing carbohydrate contents between studies.

Findings to date from the Japanese human milk study
Since data collection began in 2014, the subcohort studies 
conducted in the Japanese Human Milk Study have 

Variables Valid response (n) n % Mean (SD)

 � Allergic rhinitis 387 35.4

 � Allergic conjunctivitis 128 11.7

 � Urticaria 121 11.1

 � None 418 38.3

Parity 1118

 � 0 391 35

 � 1 493 44.1

 � ≥2 234 20.9

Height (cm) 1121 158.3 (5.4)

Prepregnancy body weight (kg) 1111 52.3 (7.3)

Prepregnancy BMI (kg/m2) 1111 20.8 (2.7)

 � <18.5 176 15.8

 � 18.5–24.9 857 77.1

 � ≥25.0 78 7

BMI, body mass index; HS, high school; JHS, junior high school; JPY, Japanese yen.

Table 1  Continued

https://dx.doi.org/10.1136/bmjopen-2021-055028
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contributed to various aspects of the literature regarding 
human milk composition.31–34

Osteopontin (OPN) concentration in human milk
OPN is a multifunctional protein that is present in various 
cells, tissues and body fluids.35 36 Its concentration is the 
highest in milk and is significantly higher in humans than 
in cows.36 37 We determined the OPN content in a large 
number of human milk samples from Danish, Chinese, 
Korean and Japanese mothers in a multicentre study. A 
total of 629 women provided 829 milk samples, of which 
169 were obtained from 118 women recruited in an early 
phase of the Japanese Human Milk Study. We found that 

Table 2  Baseline profiles of the partners

Variables
Valid response 
(n) n %

Education 1115

 � JHS/HS/others 375 33.6

 � Some college/
technical

217 19.5

 � 4-year college/
graduate degree

523 46.9

Employment status 1115

 � Independent or 
family business

121 10.9

 � Fulltime 
employment, 
permanent

942 84.5

 � Fulltime 
employment, 
temporary

27 2.4

 � Part-time 
employment

7 0.6

 � Unemployment/
homemaker

6 0.5

 � Leave of absence 4 0.4

 � Unknown or no 
partner

5 0.4

 � Others 3 0.3

Smoking status 1119

 � Never smoked 417 37.3

 � Ex-smoker, quit 
before pregnancy

199 17.8

 � Ex-smoker, quit 
during pregnancy

47 4.2

 � Ex-smoker, quit 
after delivery

31 2.8

 � Smoker, but 
refrained during 
pregnancy

10 0.9

 � Smoker, 
continuously

412 36.8

 � Unknown or no 
partner

3 0.3

Medical history of 
allergy

1088

 � Asthma 96 8.8

 � Food allergies 67 6.2

 � Atopic dermatitis 111 10.2

 � Allergic rhinitis 348 32

 � Allergic 
conjunctivitis

74 6.8

 � Urticaria 25 2.3

 � None 428 39.3

HS, high school; JHS, junior high school.

Table 3  Baseline profiles of the infants

Variables

Valid 
response 
(n) n % Mean (SD)

Sex 1122

 � Male 602 53.7

 � Female 520 46.3

Gestational age 
at birth (week)

1079 39.0 (1.3)

 � Preterm births 
(<37)

26 2.4

 � Term births 
(37–41)

1049 97.2

 � Post-term 
births (≥42)

4 0.4

Mode of delivery 1117

 � Vaginal 
delivery

984 88.1

 � Caesarean 
section

133 11.9

Birth weight (g) 1108 3082 (360)

 � Male 594 3119 (370)

 � Female 514 3039 (342)

 � Low birth 
weight 
(<2500 g)

48 4.3

Birth height (cm) 1103 49.3 (1.8)

 � Male 592 49.5 (1.8)

 � Female 511 49.0 (1.8)

Birth head 
circumference 
(cm)

1058 33.4 (1.9)

 � Male 565 33.6 (1.9)

 � Female 493 33.2 (1.9)

Feeding status 1120

 � Exclusive 
breast-feeding

835 74.6

 � Non-exclusive 
breast feeding

285 25.4



7Nojiri K, et al. BMJ Open 2021;11:e055028. doi:10.1136/bmjopen-2021-055028

Open access

the milk OPN concentration and the OPN/protein% 
differed significantly between countries.31 Further, longi-
tudinal measurement of OPN concentrations in human 
milk from the same mother showed a significant decrease 
throughout the lactation period.31 These results will 
contribute to a better understanding of the OPN content 
in human milk and facilitate the design of infant formula 
fortified with this bioactive protein abundantly found in 
human milk.

Fatty acid (FA) composition in Japanese human milk
FAs are one of the human milk nutrients affected by 
maternal nutritional status and may be involved in the 
neurological development of children.38 The DHA 
content in human milk varies greatly depending on the 
geographical location and local environmental factors,5 
and has been shown to be historically higher in Japanese 
human milk samples than in samples from other coun-
tries.39 In this study, we characterised the FA composition 
in human milk and investigated the dietary and sociode-
mographic factors associated with the DHA concentra-
tion in human milk among 78 Japanese women recruited 
in an early phase of the Japanese Human Milk Study. 
We determined the levels of 14 saturated FAs, 7 mono-
unsaturated FAs and 10 polyunsaturated FAs. Milk DHA 
levels were higher in women who routinely took DHA 
supplements than in women who did not take DHA 
supplements.32 A multivariate linear regression model 
showed an association between DHA concentration in 
human milk and maternal dietary intake of grilled fish, 
which is the most common method of cooking seafood 
in Japan, after adjustment for DHA supplementation 
use, maternal and infant age, maternal BMI and infant 
birth weight.32 These results will contribute to a better 
understanding of the FA composition in Japanese human 
milk. DHA concentrations in human milk in the present 
study were lower than those reported previously for Japa-
nese samples (mean milk DHA concentration of 0.65% 
vs 0.99%39 and 1.09%40), which may reflect the reduced 
intake of fish in the Japanese population.41 Furthermore, 
DHA concentrations in human milk may reflect dietary 
habits, including DHA supplements, in Japanese women 
from a contemporary cohort.

Vitamin D (VD) concentrations in Japanese human milk
Recent studies have shown that VD deficiency is more 
common in pregnant and lactating women,42 and current 
VD concentrations in human milk might be lower than 
those in the past, increasing the risk of rickets in infants. 
Most of the VD is metabolised to 25-hydroxyvitamin D 
(25OHD), which circulates in the blood for a long time. 
Thus, 25OHD is an indicator of excess or deficiency of VD 
in the body as a nutrient. We compared VD and 25OHD 
concentrations in human milk collected in 1989 (n=72) 
and 2016–2017 (n=90) and evaluated seasonal differ-
ences too. This study was based on the data obtained by 
our research group at two different time points: one study 
performed in 198910 and the ongoing Japanese Human 
Milk Study.14 The results showed that VD and 25OHD 
concentrations in human milk were higher in summer 
than in winter, irrespective of the study year, and lower 
in 2016–2017 than in the summer of 1989.33 A multiple 
regression analysis showed that season, daily outdoor 
activity and sun exposure over the last 12 months were 
associated with VD concentrations in human milk.33 
These results suggest that the recent low VD status in 
lactating women may be associated with lower VD and 
25OHD concentrations in human milk. This report 
underscores the need for improvement of the VD status 
in lactating women and infants, thus laying the founda-
tion for a potentially useful public health strategy.

Phospholipid (PLs) concentrations in Japanese human milk
Supplementation of milk fat globule membranes has 
been implicated in the development of cognitive and 
gastrointestinal functions in childhood.43 PLs are one 
of the components of the milk fat globule membrane 
and are categorised under many different subclasses.44 
We analysed various subclasses of PLs in human milk 
samples (n=20) that had undergone FA measurements 
in a previous study.32 A total of 15 subclasses of PLs were 
quantified by 31-phosphorus nuclear magnetic resonance 
spectroscopy, and all human milk samples contained 
12 subclasses of PLs (sphingomyelin, dihydrosphingo-
myelin, phosphatidylcholine, lysophosphatidylcholine, 
alkyl-acyl phosphatidylcholine, choline plasmalogen, 
phosphatidylserine, phosphatidylinositol, phosphatidyl 
ethanolamine, lysophosphatidyl ethanolamine, etha-
nolamine plasmalogen and phosphatidic acid).34 The 
PL concentrations in human milk were similar to those 
obtained previously, while choline-containing glycero-
phospholipids were associated with DHA concentrations 
in human milk.34 These results can contribute to a better 
understanding of the PL profile in Japanese human 
milk and to the design of a milk fat globule membrane-
enriched infant formula.

Future plans
We established a cohort of Japanese lactating women and 
obtained baseline data for a series of maternal and child 
characteristics and milk macronutrients. We will continue 
to measure milk macronutrient composition up to 12 

Table 4  Macronutrient, total solid and energy content in 
human milk

Variables n Mean (SD)

Carbohydrate (g/100 mL) 1079 8.13 (0.32)

Fat (g/100 mL) 1079 3.77 (1.29)

Crude protein (g/100 mL) 1079 1.20 (0.23)

True protein (g/100 mL) 1079 0.95 (0.18)

Total solid (g/100 mL) 1079 13.3 (1.3)

Energy (kcal/100 mL) 1079 72.6 (12.0)

Days postpartum (day) 1079 53.8 (17.8)
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months postpartum and plan to clarify the relationship 
between these characteristics and milk macronutrients, 
including longitudinal associations throughout the post-
partum period and seasonal changes based on the data 
obtained over 12 months. At the end of 5 years of data 
collection, we aim to investigate the relationship between 
the macronutrient composition in human milk and child-
related factors such as growth, development and health 
conditions, including allergies and infectious diseases. 
Further comprehensive studies of the mother–milk–
infant triad may shed light on hidden associations, apart 
from clarifying the existing factors, between maternal 
factors and outcomes of their children.

In addition to providing a source of nutrition for 
infants, human milk contains a myriad of bioactive factors 
promoting survival and health, including vitamins, 
immune components and human milk oligosaccharides 
(HMOs). For example, HMOs in human milk vary indi-
vidually throughout lactation and play a variety of roles 
in the formation of gut microbiota and immune develop-
ments in infants.45 Since this study will collect substantial 
amount of human milk longitudinally, it has the potential 
to analyse the wide variety of human milk compositions 
and reveal a wider range of mother–milk–infant triad 
relationships.

We plan to evaluate the lifestyle and environmental 
factors that influence maternal and infant health or 
breastfeeding practices, including the relationship 
between maternal child rearing-related stress and breast-
feeding practices, maternal eating patterns and post-
partum weight retention, and smoking habits of parents 
and development of their children. We believe that the 
findings of this study will contribute to the promotion 
of breastfeeding practices and the elucidation of human 
milk composition for the benefit of women and their 
children.

Strengths and limitations
Strengths
First, we were able to establish a Japanese Human Milk 
Study birth cohort of over 1000 women–infant dyads 
nationwide and obtain corresponding human milk 
samples. Second, the proportion of women who were 
exclusively breast feeding (approximately three-quarters) 
was higher than the corresponding rates reported by the 
national census (51% at 1 month and 55% at 3 months 
after delivery),46 thus allowing us to explore the mother–
milk–infant triads within the profound context of breast 
feeding. Third, we collected human milk samples from 
almost all participants (1079/1122, 96%) at baseline, 
and the amounts collected were sufficient for compre-
hensive compositional analyses. These profiles were 
partly attributed to the study design, since the inclusion 
criteria, that is, ‘healthy lactating women who had deliv-
ered infants and had not disrupted their breastfeeding 
patterns when providing human milk samples for this 
study’ seemed to affect the cohort profile.14 In this study, 
since women who could not breast feed adequately were 

excluded at enrolment, fewer women would be expected 
to drop out because of the requirement to collect milk 
samples. We believe that the higher rate of breastfeeding 
practice, the more efficient collection rate; consequently, 
this substantial amount of milk samples will facilitate the 
analysis of a wide variety of human milk components and 
investigation of the relationships of mother–milk–infant 
triads with socioenvironmental factors.

Limitations
One of our study’s limitations is that the generalisability 
of our results may be limited and requires careful inter-
pretation. First, the percentage of multiparous women 
in our study population (65%) was greater than that 
reported in the national vital statistics in 2016 (53%).47 
Moreover, in comparison with the corresponding propor-
tions reported in the general population, our cohort 
showed a lower proportion of caesarean deliveries 
(12% vs 19%48), preterm births (2.4% vs 5.6%47) and 
low-birthweight infants (4.3% vs 9.4%47). In short, our 
participants appeared to be healthier than the general 
population in Japan. These factors are associated with 
human milk expression during early lactation and may be 
influenced by the inclusion criteria.49–51 In fact, 38% of 
our study cohort had a household income of >6 million 
JPY/year, which was slightly higher than that (27%) of 
the largest nationwide birth cohort with 100 148 children 
and parents.52 Women achieved relatively higher educa-
tion than their partners (77.6% of women had attended 
college, university, or higher vs 66.4% of the partners) 
and women in the aforementioned nationwide birth 
cohort (63.7%).52 Such high educational attainment may 
influence favourable outcomes of interest. In addition, 
the voluntary participation may result in a selection bias. 
Other study limitations were the lack of information on 
maternal nutrition and lifestyle during pregnancy.

COLLABORATION
Data are available on reasonable request. Proposals for 
collaboration on human milk and data analysis should be 
sent to Keisuke Nojiri (​keisuke-​nojiri@​beanstalksnow.​co.​
jp). They will be considered by the Japanese Human Milk 
Study team.
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