
INTRODUCTION

Breastfeeding is the optimal way to provide an infant with
the nutrients essential for development (Anonymous,
2019a). More than a half of infants in Latvia (~56%) re-
ceive human milk for their first six months of life (Anony-
mous, 2019b). Sodium is a vital mineral that interacting
with potassium provides cellular membrane potential and
water balance in the body (Lawrence and Lawrence, 2015;
Anonymous, 2019c). Sodium content in human milk is
significantly lower than potassium content (~1:3) (Law-
rence and Lawrence, 2015). The average content of sodium
in human milk is 15 mg·100 ml-1, and sodium intake of
120 mg per day is acknowledged as sufficient for the major-

ity of breastfed infants (0 to 6 months) in Europe (Anony-
mous, 2013). Nevertheless, of all minerals in human milk,
sodium content is the most variable, fluctuating throughout
lactation (Lawrence and Lawrence, 2015).

The main causes for variation of sodium content in human
milk are:

• human milk should be iso-osmolar with plasma — so-
dium and potassium levels interchange with other
osmoles (dominantly lactose). Therefore, sodium as
monovalent ion travels freely through the lactocyte’s cell
membrane to the lumen and vice versa to ensure the os-
motic load of the milk (Lawrence and Lawrence, 2015);
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Sodium is an essential mineral, necessary for optimal development of an infant. However, its con-
tent in human milk is highly variable. The main factors influencing sodium content in human milk
are the concentration of other osmoles (dominantly lactose) and time postpartum. It is still debat-
able if maternal sodium intake affects sodium content in human milk. Overall, Latvian inhabitants
consume more sodium than recommended. Therefore, we aimed to analyse the relation between
maternal sodium intake and human milk sodium content. In total, 64 human milk samples and
food data from 64 participants were obtained. Sodium content was determined using inductively
coupled plasma mass spectrometry. Food diary data was analysed using Finnish database Fineli.
The results showed that median sodium content in human milk was 12.67 mg per 100 ml–1. Nev-
ertheless, large inter-individual differences were observed (5.00–42.54 mg·100 ml–1). Sodium in-
take among the participants was higher than the recommended 2000 mg per day (median intake
— 2335.83 mg per day). Although a positive association was found between median maternal so-
dium intake and sodium content in human milk (� = 0.350, p = 0.010), a hierarchical multiple re-
gression revealed that only infant’s age was a significant factor (p = 0.038), explaining 13% of the
variability of sodium content in human milk. Sodium content in human milk is not influenced di-
rectly by maternal sodium intake, and other factors (such as lactose and potassium concentration
in human milk not considered in the study) could potentially influence sodium content in human
milk.
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• more sodium is released into human milk during early
lactation due to increased permeability between the
lactocytes and also during tissue inflammation caused by
mastitis (Richards et al., 2010).

Nutrition during lactation should ensure sufficient intake of
energy, as well as essential minerals and vitamins (Anony-
mous, 2014). Currently, healthy nutrition recommendations
in Latvia are available only for pregnant women (Anony-
mous, 2017a). Women during pregnancy are encouraged to
avoid salted, pickled food products, and salt intake should
not exceed five grams per day (Anonymous, 2017a). No
dietary guidelines in Latvia are developed for the lactating
women at present. Also, there are no previous studies re-
garding sodium content in human milk in Latvia.

Preliminary data about sodium intake among Latvian inhab-
itants indicates that women averagely consume 2488 mg of
sodium per day (Lazda et al., 2018). This value is higher
than that recommended by the Ministry of Health of the Re-
public of Latvia — 2000 mg per day (Anonymous, 2017b).
Added salt, spices containing salt, processed meat products,
bread (both white and dark), fish (fried, pickled) and cheese
are the dominant sodium sources in the diet of Latvian in-
habitants (Lazda et al., 2018). However, at present there are
no data regarding sodium intake among lactating women in
Latvia.

To maintain the osmolality of human milk close to maternal
plasma, the sum of monovalent ions (Na++K+) should be in-
versely related to lactose content. Lactose attracts water,
and therefore determines the milk volume (Lawrence and
Lawrence, 2015). This phenomenon explains why some
studies indicate that mothers with higher salt intake and ele-
vated sodium content in human milk report low milk supply
and earlier cessation of exclusive breastfeeding (Verd et al.,
2010; Murase et al., 2017).

Taking into account that currently there is no data regarding
sodium intake among lactating women in Latvia, and since
increased intake of sodium is related to shorter breastfeed-
ing, there is a necessity to assess dietary habits during
breastfeeding among women in Latvia, as well as to evalu-
ate the effect of maternal sodium intake on sodium content
in human milk.

MATERIALS AND METHODS

Approval from Rîga Stradiòð University Ethics Committee
was received (No. 4/28.7.2016) before the study, and all
women signed informed consent ahead of participation.

Inclusion criteria for the study were:

• currently residing in Latvia;

• singleton pregnancy;

• at least 28 days postpartum;

• woman exclusively breastfeeding or mixed feeding (hu-
man milk + complementary food);

• a woman currently nursing only one infant;

• mother and infant evidently healthy (without metabolic
disorders or acute illnesses, etc.).

Exclusion criteria for the study were:

• unsigned consent form;

• non-compliance with the inclusion criteria.

During the study participating women had to:

• complete questionnaires on the socio-demographic back-
ground and eating habits (food frequency questionnaire
consisting of 72 food items & drinks divided into 15 cate-
gories);

• fill in a 72-hour food diary and;

• obtain a pooled human milk sample (~40 ml) in the next
24 hours after the completion of the 72-hour food diary.

No diet restrictions were applied and participants were al-
lowed to choose the most convenient method for milk ex-
pression (by hand, using a breast pump or a combination of
methods).

Milk was expressed and collected from the feeding breast
after the infant had been nursed. Milk collection frequency
was not defined, but the pooled sample had to include milk
from the morning, midday, and evening feedings. Samples
after collection were kept frozen (approximately –18 °C)
and thawed only prior to analysis.

In total, 64 human milk samples were collected between
November 2016 and December 2017. Sodium content in
samples was determined using inductively coupled plasma
mass spectrometry, according to the manufacturer’s instruc-
tions (Agilent 7700x).

Sodium and salt intake among the participants (including
both from the food products and salt added during cooking)
was calculated using the Finnish food composition database
Fineli, database release 19 (3 March 2018), available at
https://fineli.fi/fineli/en/index.

All results were summarised using MS Excel 2013, and data
statistical analysis was carried out using IBM SPSS Statis-
tics, V22.0. Results were represented as median, interquar-
tile range (IQR), minimal and maximal values. The associa-
tion between human milk sodium content and sodium intake
was analysed using linear regression. Square root transfor-
mation was applied before the performance of regression
analysis to convert data to normality. Non-parametric par-
tial correlation and the Mann-Whitney U test were used to
evaluate maternal and infant’s characteristics (maternal age,
BMI, parity, infant’s age, sex, birth weight and length, feed-
ing pattern and milk expression manner) on sodium content
in human milk (statistically significant if p-value < 0.05).
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RESULTS

Characteristics of the participants are summarised in Table
1. Median sodium content in mature human milk samples
was 12.67 (IQR = 6.56) mg·100 ml–1. However, large
inter-individual differences from 5.00 to 42.54 mg·100 ml–1

were observed. Sodium content in human milk negatively
correlated with the infant’s age (� = –0.284, p = 0.034), but
other maternal (age, BMI, parity, feeding pattern and milk
expression manner) and infant’s characteristics (sex, birth
weight and length) were not associated with sodium content
in human milk (p > 0.05) (see Table 1).

Median sodium and salt intake among the participants was
2335.83 (IQR = 1164.35) mg and 5958.84 (IQR = 2967.58)
mg, respectively. Nevertheless, intake among the partici-
pants varied significantly from 712.38 to 6003.25 mg for
sodium and from 1815.42 to 15296.29 mg for salt.

Median intake frequency (%) of different food products and
drinks among the participants are summarised in Figure 1.

Rye bread was the most often consumed food product from
the grains, cereals & cereal products group, consumed every
day or almost every day by 58% of the participants. Domi-
nant animal-based protein sources in the participants’ diet
were milk — consumed every day by 52% of the partici-
pants. Fish were mostly consumed only seldom (37%). Ap-
proximately half of the participants were consuming fresh
vegetables (53%) and fruits (50%) on a daily basis. Intake
of products like fast food (pizza, kebab, hot dogs, and ham-
burgers) and salty snacks (potato chips, salty nuts) among
the participants was low — 37% of the participants did not
consume these sources of salt and 57% of the participants
consume them rarely.

Median sodium intake in the diet was associated with habit-
ual seed bread (� = 0.339, p = 0.015), fried potatoes’ (� =
0.332, p = 0.017), cookies (� = 0.343, p = 0.014), pork (� =
0.324, p = 0.020), beef (� = 0.308, p = 0.028) and processed
meat intake (� = 0.354, p = 0.011).

There was a moderate positive correlation (� = 0.350, p =
0.010) between median sodium intake and sodium content
in human milk (control variables were maternal age, BMI,
parity, infant’s age, sex, birth weight and length, feeding
pattern and milk expression manner). However, linear re-
gression established that median sodium intake alone was
not a significant predictor for sodium content in human
milk (R2 = 0.057, F(1,58) = 3.523, p = 0.066). Addition of
the variable infant’s age to the regression model improved
the prediction of sodium content in human milk. This hier-
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Table 1. Characteristics of the participants. Association with human milk
sodium content (n = 64)

Median
(interquartile
range – IQR)

Range Association with
human milk so-

dium content

Maternal characteristics

Age, years 31 (4) 23–39 � = –0.144,
p = 0.255

Body Mass Index
(BMI), kg m-2

21.82 (4.28) 17.85–32.18 � = –0.050,
p = 0.696

Parity 2 (1) 1–4 � = –0.094,
p = 0.131

Characteristics of the infants

Age, months 4.0 (4.0) 1.5–11.0 � = –0.284,
p = 0.034

Birth weight, kg 3.50 (0.64) 2.39–5.36 � = –0.011,
p = 0.931

Birth length, cm 53.0 (3.25) 47–61 � = –0.011,
p = 0.933

Sex 32 – girls, 32 – boys p = 0.559

Feeding pattern 40 – exclusively breastfeeding,
24 – mixed feeding

(complementary feeding started)

p = 0.367

Milk expression
manner

37 – breast pump, 18 – manual
expression, 9 – combination of both

methods

p = 0.990

Fig. 1. Median intake frequency (%) of different
food groups and drinks among the participants
(n = 64)



archical multiple regression model was statistically signifi-
cant (R2 = 0.127, F(2,57) = 4.527, p = 0.021). However,
only the infant’s age was a significant factor, explaining
13% of the variability of sodium content in human milk
(� = –0.263, p = 0.038) (see Table 2).

DISCUSSION

Median sodium content in mature human milk samples in
our study (12.67 mg·100 ml–1) was lower, compared to data
from Sweden (19.20 mg·100 ml–1) and Brazil (20.50
mg·100 ml–1) (Mastroeni et al., 2006; Björklund et al.,
2012; Altun et al., 2018). Nevertheless, it should be noted
that both the above-mentioned studies included human milk
sampling one to two months postpartum, but our study was
first year postpartum.

More sodium is released into human milk during early lac-
tation due to increased permeability between lactocytes
(Richards et al., 2010). Similar to Richards et al. (2010) ob-
servations, we also found that sodium content in human
milk is negatively affected by time postpartum (� = –0.284,
p = 0.034).

Although some studies indicate that mothers with an ele-
vated sodium content in human milk report earlier cessation
of exclusive breastfeeding (Verd et al., 2010; Murase et al.,
2017), no significant association was found between sodium
content in human milk and feeding pattern (exclusive or
mixed) in our study (p = 0.367).

Some studies indicate sex differences regarding sodium
content in human milk — women having male infants pro-
duce milk with a higher sodium content during transitional
(5 to 17 days postpartum) and early (18 to 46 days postpar-
tum) lactation, respectively (Li et al., 2016). However, Li et

al. (2016) do not explain this observation, but the differ-
ences could be more related to the time postpartum rather
than the infant’s sex. We did not observe any significant as-
sociation between sodium content in human milk and in-
fant’s sex (p = 0.559).

Manual milk expression may provide more sodium, com-
pared to the use of a breast pump, which could be especially
vital for preterm infants who have additional needs for so-
dium (Becker et al., 2016). However, in our study, we did
not observe any correlation between milk expression man-
ner and sodium content in human milk (p = 0.990).

Overall, median sodium and salt intake among the partici-
pants was slightly higher than recommended by the Minis-
try of Health of the Republic of Latvia (median 2335.84 mg
vs recommended 2000 mg for sodium and median
5958.84 mg vs recommended 5000 mg for salt) (Anony-
mous, 2017b). Bread and meat products among the partici-
pants in our study were the dominant food sources of so-
dium. This is similar to data previously reported
(Anonymous, 2018), which indicated that manufactured
products containing added salt are the major source of so-
dium in the diet among the Latvian adult population.

Researchers from Sweden and Turkey (Björklund et al.,
2012; Altun et al., 2018) speculate that sodium content in
human milk could be affected by the maternal intake of salt,
but they do not provide any further explanation. Although
we observed a positive moderate correlation between mater-
nal sodium intake and sodium content in human milk (� =
0.350, p = 0.010), a hierarchical multiple regression analy-
sis revealed that only infant’s age was a significant factor
for sodium content in human milk (p = 0.038), but not ma-
ternal sodium intake (p = 0.060). The negative association
between human milk sodium content and infant’s age could
be explained by the fact that more sodium is released into
human milk during early lactation due to increased perme-
ability between the lactocytes (Richards et al., 2010). Nev-
ertheless, infants age explained only 13% of the variability
of sodium content in human milk, indicating that other fac-
tors not considered in this study (such as lactose and potas-
sium concentration in human milk), could also potentially
affect sodium content in human milk.

Our study indicates that breastfeeding women in Latvia may
consume more sodium than recommended. However, it
seems that maternal sodium intake does not affect sodium
content in human milk. Nevertheless, further research is
needed with a larger sample size. Potassium and lactose
content of human milk should be analysed in addition to the
sodium content.
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NÂTRIJA PATÇRIÒÐ ZÎDÎÐANAS PERIODÂ, TÂ IETEKME UZ NÂTRIJA SATURU MÂTES PIENÂ

Nâtrijs ir nozîmîgs zîdaiòa attîstîbai, taèu tâ saturs mâtes pienâ ir ïoti mainîgs. To ietekmç sievietes uztura paradumi zîdîðanas laikâ u.c.
faktori. Kopumâ sievietes Latvijâ ar uzturu uzòem vairâk nâtrija, nekâ tiek rekomendçts, tâdçï pçtîjuma mçríis bija noskaidrot saistîbu starp
nâtrija uzòemðanu un nâtrija saturu mâtes pienâ. Pçtîjumâ analizçti 64 piena paraugi, iegûti uztura dati no 64 respondentçm. Nâtrija saturs
noteikts ar induktîvi saistîtâs plazmas masspektrometru. Uztura dati apkopoti, lietojot Somijâ izstrâdâto pârtikas sastâva datu bâzi Fineli.
Rezultâti parâdîja, ka nâtrija saturs mâtes pienâ ir 12,67 mg (starpkvartîïu izkliede = 6,35 mg) 100 ml–1. Tas plaði variçja pçtîjuma
dalîbniecçm (5,00–42,54 mg·100 ml–1 piena). Uzòemtais nâtrijs pçtîjuma dalîbniecçm krasi atðíîrâs (712,38–6003,25 mg) un kopumâ bija
augstâks nekâ rekomendçtie 2000 mg dienâ (mediâna – 2335,83 mg dienâ). Lai gan korelâcijas analîze norâdîja uz vidçji cieðu pozitîvu
sakarîbu starp nâtrija saturu mâtes pienâ un nâtrija patçriòu (� = 0.350, p = 0.010), regresijas analîze apstiprinâja, ka tikai zîdaiòa vecums ir
nozîmîgs faktors (p = 0,038). Nâtrija saturs mâtes pienâ nav atkarîgs no ar uzturu uzòemtâ nâtrija daudzuma. Citi ðajâ pçtîjumâ neapskatîtie
faktori (piemçram, laktozes un kâlija saturs mâtes pienâ) varçtu ietekmçt nâtrija saturu mâtes pienâ.
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