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ABSTRACT

Introduction: Breast milk is seen not only as a nutritional substance, but also as a functional food.
It contains many bioactive ingredients, including bacteria that are transferred, among other things, from
the mother’s intestines to the child during breastfeeding. It is known that maternal postpartum psychiatric
disorders can alter her intestine’s microbiota, which in turn can affect the bacteria present in the milk.
However, it is not known whether postpartum mental disorders in women differentiate the nutritional
composition and energy value of breast milk. Therefore, the aim of the study was to assess the content
of total protein, fats, carbohydrates, dry matter and energy value of milk of women at risk of postpartum
depression symptoms four weeks after delivery.

Material and methods: The research was carried out in the fourth week after delivery. Seventy five women
participated. The Edinburgh Postnatal Depression Scale (EPDS) research tool was used in the study.
The analysis of the human milk composition was performed with the Miris HMA.

Results: The prevalence of the risk of PPD symptoms in the study sample was estimated at 28% on
the EPDS. It was not found that the risk of PPD symptoms differentiate the nutritional composition and
calorie content of human milk (p > 0.05).

Conclusions: Human milk is a perfectly selected and well-balanced food for a baby, regardless of the pre-
sence or absence of the risk of postpartum depression symptoms in the study sample.
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INTRODUCTION

Recent studies reveal a relationship between the risk
of postpartum depression (PPD) symptoms and ear-
ly termination of breastfeeding or not attempting to
feed human milk. Scientists believe that women with
postpartum depression have low self-esteem and thus
experience low effectiveness in breastfeeding [1]. Some
women diagnosed with postpartum depression give
up breastfeeding because of the medications they take.
However, it should be emphasized that there are anti-
depressants which, after determining the optimal dose,

guarantee the correct treatment of mental disorders
during breastfeeding [2, 3].

It is also important that few studies have assessed
the relationship between the risk of postpartum depres-
sion symptoms and the composition of breast milk. Pre-
vious studies have focused on postnatal mental health dis-
orders involving hormones and immune factors in milk as
a physiological response to stress [4, 5]. However, the rela-
tionship between the risk of PPD symptoms and the nutri-
tional composition and value of breast milk is not well
understood. Therefore, the research attempted to establish
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a relationship between the presence of risk of postpartum
depression symptoms and the nutritional composition
of human milk in the study sample. The amount of total
protein, fats, carbohydrates, dry matter and energy content
of milk in women at risk of postpartum depression symp-
toms four weeks after delivery was analysed.

MATERIAL AND METHODS

RECRUITING STUDY PARTICIPANTS

AND RESEARCH PROCEDURES

Initially 165 puerperae were included in the study.
However, 75 puerperae were finally included in the study,
which was carried out in the fourth week after delivery.
Ninety puerperae were excluded from participating in the
research project due to lactation suppression and feeding
the baby modified milk. The selection of study participants
was purposeful. Participation in the research project was
voluntary. The participants gave written informed consent.
The study inclusion criteria included: 1) breastfeeding or
feeding the child expressed human milk using a bottle/
tube; 2) good, logical verbal contact with the participant
of the study; 3) no history of depression or no anxiety or
anti-depressive therapy over the last year; 4) physical and
mental condition allowing the participants to express milk
on their own and complete a questionnaire. The study
was conducted after having obtained a positive opinion
of the Bioethics Committee of the Nicolaus Copernicus
University in Torun — no. 121/2019 (Poland).

The research project was conducted from April 13,
2019 to January 20, 2020. Four weeks after delivery, the
patients completed a 10-item questionnaire of the Edin-
burgh Postnatal Depression Scale (EPDS) by Cox et al. [6]
to assess their mental state. Each participant of the study
chose one of the four possible answers that best described
her well-being. Zero to 3 points could be obtained for
each answer. The maximum number of points that could
be obtained was 30. The most common cut-off point in
the conducted studies was 12-13 points [7, 8]. According
to the authors of the EPDS, this value indicates the “prob-
ability” of depressive disorders of various severity levels
[6]. The respondents who were at risk of mood disorders
(EPDS score of 12 or item 10) were informed that they
needed to see a psychologist or a psychiatrist for the fur-
ther diagnosis of perinatal mental disorders. According to
the criteria specified in DSM-V, postpartum depression is
diagnosed when the first depressive episodes occur within
four weeks after delivery [9]. EPDS is the most popular
tool to assess the mood of puerperae [10]. It is charac-
terized by good psychometric properties (test sensitivity
86%, prognostic accuracy 73%, specificity 78%, Cronbach’s
alpha reliability coefficient (a) 0.88 [6].

HUMAN MILK ANALYSIS

The analysis of human milk composition and the
energy content was performed by means of the Miris
Human Milk Analyzer (HMA) at the Human Milk Bank

in Torun. The device assessed the calorie content of
human milk (kcal/100 ml) and the amount of total protein
(g/100 ml), fat (g/100 ml), carbohydrates (g/100 ml) and
dry matter (g/100 ml) in human milk. The milk (10 ml)
was collected from four time intervals during one day
(6am.-12 pm, 12 pm. - 6 p.m., 6 p.m. — 12 a.m. and
12 a.m. - 6 a.m.), collecting milk at the beginning (5 ml)
and at the end of feeding (5 ml). In order to ensure overall
quality of the sample, the milk, after having been collect-
ed, was frozen and stored at —20°C until the analysis for
no longer than 6 months. Prior to the start of the analysis
of milk composition, the consistency of each sample was
checked, including the temperature of milk storage, signs
of any damage to the container with the milk sample or
whether the container had been unsealed. The process
of milk thawing for the analysis was slow — the milk was
left overnight in the refrigerator (4°C). The energy con-
tent of human milk and its composition were measured
according to the procedure of the manufacturer of Miris
HMA (Sweden). The accuracy (< 0.1%) and repeatability
(< 0.05%) of the Miris HMA device make it compatible
with other technologies [11].

STATISTICAL ANALYSIS

Statistical analysis was carried out using the PQStat
package, 1.8.0.338 version. The results of milk compo-
sition depending on the group in terms of EPDS were
compared by means of Student’s t-test (if the distribu-
tions did not differ significantly from the theoretical
normal distribution) or the Mann-Whitney U test (if the
distributions differed significantly from the theoretical
normal distribution). The test probability at the level of
p < 0.05 was considered significant.

RESULTS

DEMOGRAPHIC AND CLINICAL

CHARACTERISTICS OF THE STUDY SAMPLE

The mean age of the study sample of women was
31 years (30.99 + 5.24 years). The youngest participant
was 20 years old and the oldest one was 46 years old.
The majority of the 75 respondents had higher education
(57.33%) and secondary education (30.67%). Only one
woman (1.33%) reported having only primary educa-
tion. Women with vocational (8%) and lower secondary
school education (2.67%) were in the minority. The vast
majority of the respondents (69.33%) lived in the city;
only one in three (30.67%) lived in the countryside.
Almost 99% of the patients were in a relationship on
the day of the study. They were usually married (65.33%).
One third of all respondents stated that they were cohab-
iting. Only one patient was single (1.33%). The entire
sample (n = 75) described their socioeconomic condi-
tions as “good”. Almost three quarters of the respondents
worked. Every fourth patient (28%) was unemployed.
The vast majority of the surveyed women were multipa-
rous (60%), while 40% of the participants gave birth for
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the first time. All patients gave birth to a single baby. Only
one third of the surveyed women (33.33%) gave birth
on their due date. 50 women (66.66%) who took part in
the study had a preterm labour; mothers of late preterm
babies (33-36 weeks of pregnancy) constituted half
of this group (33.33%). The remaining 33.33% of women
gave birth before 32 weeks of pregnancy. A slight major-
ity of women (50.67%) gave birth via caesarean section,
while 38 patients had a natural birth (49.33%).

ASSESSMENT OF THE RISK OF POSTPARTUM

DEPRESSION SYMPTOMS IN THE STUDY

SAMPLE ACCORDING TO EPDS

Depression was an independent variable in the research
project. The authors of the study set the score of 12 points
or more obtained by puerperae as a cut-off point on
the EPDS. The result was set as an indicator of the risk
of postpartum depression symptoms. In the sample of 75
women, four weeks after the labour, a score of > 12 points
on the EPDS was obtained by 28% of the women (n = 21).
No risk of postpartum depression symptoms was estimated

at 72% (n = 54). The minimum score that the study sample
obtained on the EPDS was 0, and the maximum was 25.
The mean value was 7.57, with Me 5 and SD 5.72.

ANALYSIS OF HUMAN MILK COMPOSITION

IN TERMS OF THE RISK OF POSTPARTUM

DEPRESSION SYMPTOMS IN THE STUDY

SAMPLE

The study attempts to determine whether there is
arelationship between the presence of risk of postpartum
depression symptoms and the nutritional composition
of human milk in the study sample. For this purpose,
the score value on the EPDS (> 12 points) was set as
the indicator of the occurrence of risk of postpartum
depression symptoms. The study sample was divided into
two groups: women with the risk of postpartum depres-
sion symptoms (n = 21) and without the risk of post-
partum depression symptoms (n = 54). The mean value
of nutrients, median and standard deviation were calcu-
lated for each group (Tables 1-4). Our study showed that
the amount of total protein in human milk in the study

TABLE 1. Comparison of total protein content in human milk (/100 ml) in terms of the risk of postpartum depression

symptoms in the study sample

Total protein content

in human milk

Women without the risk of postpartum
depression symptoms (n = 54)

Women with the risk of postpartum
depression symptoms (n = 21)

Arithmetic mean 1.6 1.67
Median 1.6 15
Standard deviation 0.25 0.78
Minimum 1.2 1.1
Maximum 24 5
Lower quartile 14 1.4
Upper quartile 1.7 1.6
Mann-Whitney U test V4 0.96

p 0.34

TABLE 2. Comparison of fat content in human milk [g/100 ml] in terms of the risk of postpartum depression symptoms in

the study sample

Fat content in human milk

depression symptoms (n = 54)

Women without the risk of postpartum =~ Women with the risk of postpartum

depression symptoms (n=21)

Arithmetic mean 3.68 3.44
Median 37 35
Standard deviation 0.93 1.18
Minimum 2 13
Maximum 6.2 6.2
Lower quartile 2.93 2.8
Upper quartile 4.28 4
Brown-Forsythe test F 0.66

p 0.42
Student’s t-test t 0.93

df 73

p 0.36
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TABLE 3. Comparison of carbohydrate content in human milk [g/100 ml] in terms of the risk of postpartum depression
symptoms in the study sample

Carbohydrate content Women without the risk of postpartum Women with the risk of postpartum
in human milk depression symptoms (n = 54) depression symptoms (n = 21)
Arithmetic mean 7.89 7.56
Median 7.9 7.9
Standard deviation 0.52 1.32
Minimum 6.2 33
Maximum 8.8 84
Lower quartile 7.5 7.5
Upper quartile 83 8.3
Mann-Whitney U test 0.14
p 0.89

TABLE 4. Comparison of dry matter content in human milk [g/100 ml] in terms of the risk of postpartum depression symp-

toms in the study sample

Dry matter content

in human milk

Women without the risk of postpartum

Women with the risk of postpartum

depression symptoms (n = 54)

depression symptoms (n =21)

Arithmetic mean 13.35 12.99
Median 133 13
Standard deviation 1.13 1.9
Minimum 10.7 6.9
Maximum 16.8 16.7
Lower quartile 12.5 12.7
Upper quartile 13.98 14.1
Mann-Whitney U test 0.19

p 0.85

sample without the risk of PPD symptoms was 1.6 g/100 ml,
whereas in the study sample with the risk of PPD symp-
toms it was 1.67 g/100 ml. The amount of fat in human
milk of the study sample without the risk of PPD symp-
toms was higher (3.68 g/100 ml) than the amount of fat
in human milk of the study sample with the risk of PPD
symptoms (3.44 g/100 ml). Nevertheless, no significant
correlation was found (p > 0.05). No significant correlation
between the amount of carbohydrates in human milk and
the risk of PPD symptoms was demonstrated in the stud-
ied material either. The average amount of carbohydrates
in human milk of the study sample without the risk
of PPD symptoms was 7.89 g/100 ml, and in the sample
with the risk of PPD symptoms it was 7.56 g/100 ml.
The amount of dry matter of the study sample without
the risk of PPD symptoms was higher (13.35 g/100 ml)
in comparison with the study sample with the risk of PPD
symptoms (13.0 g/100 ml).

ANALYSIS OF THE ENERGY CONTENT

IN HUMAN MILK IN TERMS OF THE RISK

OF POSTPARTUM DEPRESSION SYMPTOMS

INTHE STUDY SAMPLE

In the conducted research, an attempt was made to
determine whether there is a relationship between the
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calorie content of human milk and the presence of risk
of postpartum depression symptoms (Table 5). It should
be noted that the samples of the analysed human milk
from the conducted daily milk collection come from
the fourth week after giving birth. At the time, we are
talking about mature milk, the energy content of which
is about 75 kcal/100 ml [12, 13]. In our study the energy
content of human milk in the study sample with the risk
and without the risk of PPD symptoms is comparable
(73.43 kcal/100 ml and 74.13 kcal/100 ml, respectively)
to the energy content of human milk reported in the lite-
rature.

DISCUSSION

In the study it was not found that the risk of PPD
symptoms differentiate the nutritional composition and
calorie content of human milk. However, given that
human milk provides not only energy and nutrients,
but also bioactive factors that are crucial to the infant’s
growth and development, research into human milk
composition should be continued in order to identify
factors that may be related to changes in its composition.
All the research carried out on the composition of human
milk can contribute to the optimal growth, development
and health of infants. It should also be noted that PPD
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TABLE 5. Comparison of calorie content of human milk [kcal/100 ml] in terms of the risk of postpartum depression symp-

toms in the study sample

Arithmetic mean 74.13 73.43
Median 74 73
Standard deviation 9.09 11.69
Minimum 55 50
Maximum 100 99
Lower quartile 67.25 69
Upper quartile 79 80
Brown-Forsythe test F 1.11

p 0.3
Student’s t-test t 0.28

df 73

p 0.78

is the most common disorder that occurs during preg-
nancy and after childbirth. It leads to long-term negative
effects for infants as well as their mothers and fathers.
The data before the COVID-19 pandemic show that 1 in
5 women will develop psychiatric disorders in the peri-
natal period [14-16]. On the other hand, the limited data
that have been published so far show that an increase in
mental disorders in pregnant and postpartum women
has been observed since the beginning of the COVID-19
pandemic [17, 18].

Despite abundant research on postpartum depres-
sion and breastfeeding, no studies on the relationship
between the nutritional composition and energy value
of human milk and the risk of PPD symptoms have yet
been published.

The study by Keim ef al. seems to be interesting;
in it, the relationship between the risk of depression
symptoms during pregnancy and the concentration
of long-chain polyunsaturated fatty acids (LC-PUFA)
in human milk is analysed. Two hundred eighty-seven
women participated in the study. The CES-D (Cen-
ter for Epidemiologic Studies Depression Scale) was
used to assess the risk of depression symptoms during
pregnancy (below 20 weeks of pregnancy and between
24 and 29 weeks of pregnancy). In order to determine
the level of long-chain polyunsaturated fatty acids,
samples of human milk were collected four months
after delivery. The authors of the study emphasized
the significant role of fatty acids (LC-PUFA), especially
docosahexaenoic acid (DHA), in maintaining positive
mental health in women. The results of the study indi-
cate that the risk of depression symptoms below 20
weeks of pregnancy was associated with a lower con-
centration of DHA. However, no correlation between
the risk of depression symptoms below 20 weeks
of pregnancy and the concentration of other fatty acids

was observed. There was also no relationship between
the risk of depression symptoms diagnosed from 24 to
29 weeks of pregnancy and the level of LC-PUFAs [19].
On the other hand, Hibbeln found that higher DHA
concentration in human milk (r = -0,84, p < 0.0001)
predicted a lower prevalence rate of postpartum depres-
sion symptoms, based on reports from 23 countries
(n = 14,532 patients). However, no relationship was
found between the level of eicosapentaenoic acid
and arachidonic acid concentration in human milk
and the risk of PPD symptoms [20]. Further research
results showed that the composition of microorga-
nisms in breast milk may be variable due to stress, anx-
iety or depressive symptoms experienced by women in
the postpartum period. Changes in the composition
of microorganisms in breast milk can occur both directly
and indirectly. The direct route is related to the transfer
of abnormal maternal gastrointestinal flora to the milk
ducts via the entero-mammary barrier [21, 22]. Studies
conducted on both animals and humans, including preg-
nant women, indicate that the experience of stress and
psychiatric disorders is associated with an altered intes-
tinal microbiome [23, 26]. This affects the microbiolog-
ical composition of breast milk, which can be altered by
transferring the altered intestinal microflora into breast
milk. The intermediate barrier is related to the effect
of maternal psychosocial stress on the nutrient content
of breast milk, which may possibly affect the bacteri-
al composition of the milk. A clinical study conduct-
ed by Keith et al. showed that maternal mood has an
influence on changes in the fat content of milk [27].
In turn, changes in fatty acids are associated with chang-
es in the microbial composition of milk, which is con-
firmed by the results of the study by Kumar et al. - high-
er levels of fatty acids can increase the pH of milk and,
as a result, change the composition of milk bacteria [28].
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Scientific reports indicated that the occurrence of depres-
sive disorders reduces milk production [29]. In our study,
despite the high prevalence rate of postpartum depression
symptoms, every woman who participated in the study
provided a sufficient amount of milk for her baby to meet
its needs.

This study provides a comprehensive assessment
of the nutritional and energy composition of human
milk. To our knowledge, this is one of the few studies
that has focused on the relationship between postpartum
depression and the nutrient levels and energy content
of human milk. The milk sampling procedure was care-
fully planned and conducted to minimize errors result-
ing from physiological factors and, consequently, influ-
encing the composition of human milk. An additional
advantage of this study is the advanced techniques to
test human milk in accordance with the recommended
protocol, which allowed us to minimize possible errors
in the composition of human milk. There are also some
limitations of this study. First of all, the study was con-
ducted among a small number of participants, so further
large-scale studies in diverse populations are warranted.
Secondly, the study did not take into account the mater-
nal and infant factors that interact with and affect human
milk composition.

CONCLUSIONS

The conducted research showed that human milk
was optimal food for a baby, regardless of the risk of post-
partum depression symptoms in a mother. The results
of the study confirm the great value of human milk
and the sense of feeding it to babies of women who suf-
fer from the risk of postpartum depression symptoms.
Women with a risk of PPD symptoms should not be
concerned about poor composition and energy content
of milk, since the conducted research shows that human
milk is perfectly selected and well-balanced food for
a baby, regardless of the occurrence or absence of the risk
of postpartum depression symptoms. Therefore, it is cru-
cial to inform women about this fact and encourage them
to feed their babies natural food.
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