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Abstract: Objective: To investigate the effects of sialic acid (SA) in serum and breast milk on the growth and devel-
opment of infants at different stages of pregnancy and lactation. Methods: From January 2015 to January 2016, 
a total of 146 local women who underwent the prenatal check-up and delivery in our hospital and their children 
were enrolled. Their serum SA levels at 10th, 16th and 38th weeks during the pregnancy, and the levels of SA in 
breast milk at Day 3, 42 and 90 post-partum were examined by ELISA kit. And the mental development index (MDI) 
and psychomotor development index (PDI) of infants were evaluated at day 90 after birth with a 0~3-year-infant 
intelligence development scale. Results: The data from 133 pairs subjects were record completely. The serum SA 
level played a significant role in the early mental and psychomotor development of infants in the second trimester 
(P<0.01). The MDI were higher in pregnant women with high serum SA level during the third trimester than those 
with low level (P<0.05), which was also higher in pregnant women with high SA level in breast milk than those with 
low level in breast milk at day 3 and 42 post-partum (P<0.01). While the SA levels in serum or breast milk at early 
pregnancy and Day 90 after delivery had no effect on the mental and psychomotor development of infants (P>0.05). 
Moreover, logistic regression analysis showed that the serum SA levels were closely associated with MDI at second 
and last trimester, and were closely associated with PDI at second trimester (P<0.05). As for breast milk, its SA level 
was closely associated with MDI at Day 3 and 42 after delivery (P<0.05). Conclusion: The levels of maternal serum 
SA during the second trimester can promote the early mental and psychomotor development of the infant, and the 
high levels of SA in both serum and breast milk during late pregnancy and 1 month post-partum have a positive ef-
fect on the early mental development of the infants.
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Introduction

It has been proved that the material basis for 
human mental and motor development is the 
formation of neural plate during the early stage 
of pregnancy, which is usually formed in the 
Day 19 since the formation of embryo. The 
rapid development of human brain goes th- 
rough the entire pregnancy and infancy, espe-
cially in the period from the 3rd month of preg-
nancy to 3 months after birth, which is charac-
terized by the peaked growth of brain cells [1]. 
Therefore, it is the priority among priorities to 
guarantee the adequate nutrition for the fetus 
during this vital period, in order to promote the 
development and maturation of the brain cells.

Since 1937, a large number of studies on sialic 
acid (SA) showed that the SA content in the gray 

matter of human brain accounts for more than 
90%, especially its amount in nerve cells was 
far more than other types of cells [2], indicating 
that SA is a very important nutrient for brain, 
and plays an irreplaceable role in the construc-
tion of the nervous system. Since the nutrient 
supply for the embryo almost completely de- 
pends on the placenta while the capacity of SA 
synthesis of fetus is immature, which cannot 
meet the huge demand for rapid development 
of brain and nerve system of embryo [3], it is  
of extraordinary significance to investigate the 
effect of maternal SA level during pregnancy 
and lactation on the growth and development 
of infants. However, there are only few related 
researches at present.

In this current study, the maternal SA levels in 
serum and breast milk at different stages of 
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pregnancy and lactation were analyzed and 
compared, and its effects on the mental and 
motor development in infants were evaluated, 
which will provide novel insights and potential 
directions for clinical research.

Materials and methods

Participants

Inclusion criteria: 1) pregnant women aged 
from 20 to 36 years old; 2) pregnant women 
had the first single fetus; 3) the pregnancy was 
less than 8 weeks and the first pregnant check-
up was at our hospital; 4) pregnant women 
without serious complications during pregnan-
cy including pregnancy-induced hypertension 
and acute severe infection, etc.; 5) pregnant 
women with normal nerve system function, and 
without the history of exposure to toxic and haz-
ardous substances or receiving radiation thera-
py during pregnancy; 6) the pregnant women 
and their spouses had no family history of men-
tal disorders, cancer, immune system diseases 
and thyroid diseases; 7) the infants with the 
gestational age ≥(40±2) weeks, full-term birth, 
no serious asphyxia during the delivery and 
Apgar score >7; 8) the newborns without severe 
neonatal diseases, congenital defects, had full 
development of the nervous system and with a 
weight between 2500-4000 g; 9) the maternal 
breast milk was sufficient to newborns who 
were breastfed alone for the first 3 months 
after birth and did not suffer from severe acute 
diseases or severe infection.

According to the criteria, a total of 146 local 
women who underwent the prenatal check-up 
and delivery in our hospital and their newborns 
were enrolled in this study from January 2015 
to January 2016. The information of telephone 
number and home address of all the partici-
pants were collected and archived.

This study was approved by the Hospital Ethics 
Committee, and all the enrolled pregnant wo- 
men and the family members signed the writ-
ten informed consent before they were recruit-
ed in.

Methods

After 12-hour fasting, the intravascular blood 
was collected from the pregnant women at 
10th, 16th and 38th weeks of pregnancy 
respectively, when they took the routine preg-

nant check-up. The serum was prepared and 
stored at -70°C for further use. And the breast 
milk was collected from the mothers at Day 3, 
42 and 90 after delivery when they received 
the routine physical examination, and also 
stored at -70°C for further use. The sialic acid 
levels in serum and breast milk were dete- 
cted via enzyme-linked immunosorbent assay 
(ELISA) method.

Evaluation criteria 

The levels of infant intelligence development 
were evaluated by using a 0~3-year-old infant 
intelligence development scale from Children’s 
Developmental Centre of China at 90th day 
after birth. And the scale consists of mental 
scale and psychomotor scale: the mental scale 
is used to measure perceived accuracy, speech 
function, memory and simple problem-solving 
ability and psychological function, etc.; the psy-
chomotor scale is used for measuring gross 
and fine motor ability as well as the abilities for 
sit, stand, walk, climb stairs, manipulation of 
hands and finger, etc. These two scales includ-
ed 30 items and the results were expressed by 
the mental development index (MDI) and psy-
chomotor developmental index (PDI) [4]. The 
evaluation was performed by two physicians at 
the same time.

Statistical analysis

All the data were analyzed via SPSS 17.0 statis-
tical software. The measurement data were 
expressed as mean ± standard deviation, and 
the comparison was performed by using t test. 
Logistic regression analysis was conducted to 
identify the association between SA level and 
the development of infant intelligence. P<0.05 
was considered statistically significant.

Results

General information

The data of 133 pairs (91.1%) of mothers and 
their infants were collected completely in the 
study, including 73 cases with natural child-
births, and 60 cases with cesarean sections 
and the average age of them was (25.5±4.2) 
years old. The other 13 pairs of mothers and 
infants were excluded from the study due to the 
loss to the follow-up, or not following the physi-
cians’ instruction.
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The levels of SA in serum and breast milk at 
different stages of pregnancy and lactation

Our study showed that the levels of serum SA in 
pregnant women increased gradually with the 
increase of gestational weeks. And after deliv-
ery, the levels of SA in breast milk decreased 
dramatically with the elongation of lactation.

As shown in Table 1, during the pregnancy, the 
levels of serum SA at 16th and 38th weeks 
were significantly higher than that at 10th 
weeks of the pregnancy (P<0.01), which was 
also dramatically higher at 38th week than that 
at the 16th week of the pregnancy (P<0.01). 
And during the lactation, the levels of SA in 
breast milk at Day 42 and 90 after delivery 
were significantly reduced by comparing with 
that at Day 3, which was also dramatically lower 
at Day 90 than that at Day 42 after delivery 
(P<0.01).

Effects of maternal serum SA on the develop-
ment of infant intelligence

All the pairs of mothers and infants were divid-
ed into two groups basing on their levels of 
serum SA at first trimester (with a median of 
2.08 µmol/L at 10th week), second trimester 
(with a median of 2.64 µmol/L at 16th week) 
and last trimester (with a median of 2.93 
µmol/L at 38th week) after pregnancy respec-
tively: high-level group (> median) and low-level 
group (≤ median). Meanwhile, the MDI and PDI 

(P<0.05), but the PDI in high-level group was 
just slightly higher than that of low-level group 
without significant difference (P>0.05).

Effects of SA in breast milk on the develop-
ment of infant intelligence 

Similarly, all the pairs of mothers and their 
infants were divided into two groups basing on 
their levels of SA in breast milk at Day 3 (with a 
median of 5.10 mmol/L), Day 42 (with a medi-
an of 1.97 mmol/L) and Day 90 (with a median 
of 0.52 mmol/L) after delivery respectively: 
high-level group (> median) and low-level group 
(≤ median) and the MDI and PDI of the infants 
at Day 90 after birth were evaluated. As shown 
in Table 3 and Figure 2, the results indicated 
that the MDI was significantly higher in high-
level group at Day 3 and Day 42 after delivery 
than those in low-level group (P<0.01), while 
the PDI in high-level group was only slightly 
higher than that of low-level group (P>0.05). 
Meanwhile, the SA levels in breast milk in these 
two groups at Day 90 after delivery showed no 
evident difference, indicating that SA in breast 
milk at that time point had no effect on the 
development of infant intelligence (P>0.05).

The association between SA level and the 
development of infant intelligence

Furthermore, we performed the logistic regres-
sion analysis to identify the association be- 
tween SA level and the development of infant 

Table 1. The levels of SA in serum and breast milk at different stages of pregnancy and lactation

Stages 
Weeks of pregnancy Days after delivery

10 16 38 3 42 90
Levels of SA (mmol/L) 2.10±0.92 2.59±0.95* 2.95±0.98*,# 5.15±0.18 1.99±0.08& 0.53±0.04&,**

Note: Compared with 10 weeks of pregnancy, *P=0.000; compared with 16 weeks of pregnancy, #P=0.003; compared with 3 d 
after delivery, &P=0.000; compared with 42 d after delivery, **P=0.000.

Table 2. Effects of maternal serum SA on the development of 
infant intelligence

Stage of pregnancy Groups 
Intelligence

MDI PDI
First trimester High level (n=66) 98.52±6.29 95.87±3.54

Low level (n=67) 97.37±7.04 96.21±3.36
Second trimester High level (n=66) 102.38±5.11 99.74±3.20

Low level (n=67) 95.99±5.68* 95.86±3.43*

Last trimester High level (n=65) 101.01±5.87 97.44±3.59
Low level (n=68) 97.50±6.13* 96.61±3.47

Note: Compared with high-level group, *P<0.05.

of the infants at Day 90 after birth 
were evaluated. As shown in Table 
2 and Figure 1, the results showed 
that the serum levels of SA at early 
stage of pregnancy had no effect  
on the development of infant inte- 
lligence (P>0.05). While the MDI 
and PDI were significantly higher in 
high-level group during the second 
trimester than those in low-level 
group (P<0.01). Moreover, the MDI 
of high-level group was significantly 
higher during the last trimester 
than that of the low-level group 
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intelligence. As shown in Tables 4 and 5, the 
serum SA levels at second and last trimesters 
were closely associated with MDI, and serum 
SA level at second trimester was closely associ-
ated with PDI (P<0.05). Meanwhile, the SA lev-
els in breast milk at Day 3 and 42 after delivery 
were closely associated with MDI (P<0.05), but 
were not associated with PDI (P>0.05).

Discussion

Fetal and infant period is not only considered 
as the most active and vigorous period for indi-
vidual growth and development, but also known 
as the vital period for the growth and develop-
ment of the nervous system [5]. In our study, 
we found that performers were better in tests 
of mental development in infants whose moth-
ers had higher level of SA in serum at second to 
last trimesters and has higher level of SA in 
breast milk at early stage of lactation than 
those had low level of SA at the same time. 
What’s more, logistic regression analysis sho- 
wed that the serum SA levels at second and 
last trimesters were closely associated with 
MDI, and SA level at second trimester was 

stored in gangliosides in brain, which play the 
roles on the structure maintenance, cell recog-
nition and material transport [6, 7]. As the 
diversity and amount of ganglioside varied with 
the development, maturity and decline of the 
brain [8, 9], the nervous and SA indicated a 
close relationship in the composition and oper-
ation. At present, SA and ganglioside contain-
ing drugs have been developed in the treat-
ment of central nervous system injury [10]. 
Polysialic acid (PSA) is the main way for SA to 
participate in the construction and activity of 
the nervous system, and to regulate the gap 
and affinity for neural cells to communicate 
with neural cell adhesion molecules [11, 12], 
thereby it can efficiently promote the smooth 
construction of brain neural network and rapid 
development. However, this combined effect 
only happened in the late stage of pregnancy 
and early stage of infant [13].

In this study, the MDI was evaluated and com-
pared between the high-level group and low-
level group of serum SA at 10th week of preg-
nancy, and there was no significant difference 
in the MDI between the two groups, indicating 

Figure 1. Effects of maternal serum SA on the development of infant intelligence. A: Effects of serum SA on MDI; B: 
Effects of serum SA on PDI.

Table 3. Effects of SA in breast milk on the development of 
infant intelligence

Stage of lactation Group
Intelligence

MDI PDI
3 d after delivery High level (n=66) 101.93±4.22 97.85±4.00

Low level (n=67) 93.41±3.98* 96.57±3.84
42 d after delivery High level (n=66) 101.77±3.83 97.45±3.59

Low level (n=67) 94.24±4.08** 97.20±3.35
90 d after delivery High level (n=65) 98.02±5.74 97.79±3.17

Low level (n=68) 97.31±6.07 97.64±2.93
Note: Compared with high-level group, *P=0.033, **P=0.019.

closely associated with PDI, addition-
ally, the SA levels in breast milk  
at day 3 and 42 after delivery were 
closely associated with MDI, indicat-
ing that SA played an important role in 
the construction of brain-neuron net-
work. Therefore, it is necessary for 
mothers to provide enough SA to fetal 
and newborn otherwise it will cause 
the mental retardation and the del- 
ayed development of intelligence [3].

Previous studies showed that, more 
than 60% of SA was synthesized and 
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that maternal SA at early stage of pregnancy 
did not show significant influence on mental 
development, which might be related with the 
specific development period of the embryonic 
nervous system. Via MRI imaging technology, it 
can be observed that the development of brain 
only enters the explosive growth phase from 
15th week since the formation of embryo, 
which is featured by the dramatic growth in 
number of axons and the extension of nerve 
fiber that covers the whole cerebral cortex, 
although the brain is formed at 28th day of 
pregnancy [14].

After birth, the infants begin to activate their 
ability for SA synthesis gradually, and get into 
the self-sufficient mode. It was shown that the 
SA synthase is not active in postnatal rats, 
while reached the highest level of at Day 15 
after birth [15, 16]. In this study, our finding 
suggested that at Day 90 post-partum, mater-
nal SA did not have a significant influence on 
the mental development. However, interesting-

ly, the maternal serum SA levels increased 
steadily during pregnancy, while breast milk SA 
levels rapidly decreased during lactation. Ac- 
cording to the results from previous studies, 
the level of SA in amniotic fluid gradually 
increased with the increase of estrogen th- 
roughout the pregnancy [17]. Here, we specu-
late that the levels of estrogen secretion during 
the pregnancy may cause the gradual increase 
of serum SA. However, the decrease of SA lev-
els in breast milk after birth may be the evolu-
tionary result in order to meet the needs of neo-
natal growth and development of the infants 
who begin to generate SA by themselves. Thus, 
there might be a very subtle link between 
maternal SA levels and SA requirements of 
offspring.

In addition, it can be seen from the results that 
there was an advantage on psychomotor devel-
opment in infants whose mothers had a high 
level of serum SA during the second trimester 
over those whose mothers had a low level of 

Figure 2. Effects of SA in breast milk on the development of infant intelligence. A: Effects of SA in breast milk on 
MDI; B: Effects of SA in breast milk on PDI.

Table 4. Association between SA level and MDI

Stages
Serum SA

Stages
SA in breast milk

OR (95% CI) P value OR (95% CI) P value
First trimester 0.691 (0306~1.690) 0.310 3 d after delivery 0.069 (0.029~0.891) 0.017
Second trimester 0.181 (0.036~1.060) 0.031 42 d after delivery 0.081 (0.190~0.966) 0.030
Last trimester 0.160 (0.061~1.096) 0.030 90 d after delivery 0.691 (0.389~1.266) 0.311

Table 5. Association between SA level and PDI

Stages
Serum SA

Stages
SA in breast milk

OR (95% CI) P value OR (95% CI) P value
First trimester 0.509 (0.210~1.290) 0.611 3 d after delivery 0.409 (0.269~1.377) 0.388
Second trimester 0.109 (0.030~0.910) 0.021 42 d after delivery 0.698 (0.309~1.091) 0.691
Last trimester 0.601 (0.369~1.271) 0.318 90 d after delivery 0.298 (0.091~1.219) 0.091
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serum SA. This may be due to the development 
of motor function is determined by the develop-
ment of muscle, bone and nervous system, 
besides, the second trimester is the vital peri-
od for the development of nerve system. In 
addition, it was found that the PSA amount, 
which determines the number of synapses in 
the associated muscles, can determine the 
types of muscle: fast muscle and slow muscle 
[18, 19]. Therefore, SA also affects the develop-
ment of motor neurons to some extent. At the 
same time, we noticed that the maternal SA 
level had more significant influence on the intel-
lectual development than that on motor devel-
opment, which might be due to that SA in the 
human body mainly in the service of the ner-
vous system [20, 21].

In conclusion, the high levels of maternal SA in 
serum during second to last trimesters and in 
breast milk at early lactation have a promoting 
effect on the early development of infants’ 
intelligence. Therefore, it is recommended to 
breastfeed, especially the colostrum. Pregnant 
women can increase the intake of SA from 
foods, and improve the self-synthesized SA  
via moderate exercise and a pleasant mood, 
which will promote the infant growth and de- 
velopment.
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