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Objective: The present study aims to assess the cognitive function of healthy full-term
puerperaec and compare it with the cognitive function of healthy non-pregnant women in
order to analyze possible influencing factors.

Methods: The study subjects were divided into two groups: the maternal (case) group (n =
80) and the control group (n = 30). A total of 50 healthy single-birth full-term primiparous
women and 30 women undergoing a second pregnancy were assigned to the maternal group,
while 30 non-pregnant women matched by general data were assigned to the control group.
Subject cognitive function was assessed using the Montreal Cognitive Assessment (MoCA)
(Beijing version) and the Birmingham Cognitive Screen (BCoS) (Mandarin version); related
influencing factors were analyzed.

Results: In the maternal group, the results showed a MoCA score of 26.52 + 2.13 points and
a cognitive impairment incidence of 26% in primiparous women, along with a MoCA score
of 25.83 + 2.49 points and a cognitive impairment incidence of 36.7% in women undergoing
a second pregnancy. All scores were lower in the maternal group than in the control group,
which had a MoCA score of 27.47 + 1.28 points and cognitive impairment incidence of 6.7%
(p < 0.05). The differences in MoCA score and cognitive impairment incidence between the
primiparous sub-group and the second pregnancy sub-group were not statistically significant
(p > 0.05). The visual space and executive function MoCA scale scores were lower in the
maternal group than in the control group (p < 0.01). Furthermore, the scores were lower in
the maternal group than in the control group in the following BCoS items: instant story
recall, total apple deletion number, auditory attention, rule conversion, and gesture imitation
(p < 0.05).

Conclusion: Women in the postpartum period may develop cognitive dysfunction; however,
the difference in cognitive impairment incidence between the primiparous sub-group and
the second pregnancy sub-group in this study was not statistically significant. The educa-
tional level, labor analgesia, and total labor time (min) were found to be influencing factors
in the postpartum cognitive function decline (p < 0.05).
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Introduction

Postpartum cognitive impairment refers to the cognitive damage experienced by
women during pregnancy and the postpartum period. It commonly manifests as
poor thinking ability, memory loss, and difficulty concentrating." Over 80% of
pregnant women experience subjective cognitive decline;? however, current
research regarding whether this is accompanied by a decline in objective cognitive
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function or not is inconsistent. Few studies on the cogni-
tive function of women during pregnancy and the post-
partum period have been conducted; the related
mechanisms and influencing factors remain unclear.
Existing studies primarily focus on the correlation between
postpartum depression/anxiety and the subject’s cognitive
function; others review correlations between pregnancy
comorbidities (eg, gestational hypertension, gestational
diabetes mellitus, and the cognitive function of pregnant
women). However, not many studies examine the cogni-
tive function of healthy women in the postpartum period
who do not have affective disorders. Accordingly, this
study aims to assess the cognitive function of healthy full-
term puerperae and compare it with the cognitive function
of healthy non-pregnant women; this will help to create
a comparison between primiparous women and women
undergoing a second pregnancy as well as analyze possible
influencing factors.

When evaluating cognitive ability, it is important to
consider the sensitivity of the utilized neuropsychological
scale. As there is no standardized evaluation scale for
postpartum cognitive function at present, in the present
study, we used two comprehensive assessment tools, the
Montreal Cognitive Assessment (MoCA) (Beijing version)
(Supplementary Figure 1) and the Birmingham Cognitive

Screen (BCoS)® (Mandarin version), to assess subject cog-
nitive function. A depression screening scale (Patient
Health Questionnaire [PHQ-9]) and an anxiety assessment
scale (Generalized Anxiety Disorder [GAD-7]) were used
for mental function status screening.

Data and Methods

Subjects

A total of 50 healthy single-birth full-term primiparous
women and 30 women undergoing a second pregnancy
who were hospitalized in the Obstetrics Department of
Guangzhou Women and Children’s Medical Center and
Nansha District First
July 2019 and February 2020 were enrolled in the present

People’s Hospital between
study’s maternal (case) group. Inclusion criteria: (1)
female patients aged 20-35 years; (2) healthy full-term
primiparous women and women undergoing a second
pregnancy; (3) patients who were 1-3 days after labor;
(4) patients with Mandarin as their first language; (5)
patients who had mastered and could practice Mandarin;
(6) patients with a junior high school education level and

above; (7) patients with the ability to finish all the

measurement scales (usual duration of 45 min); and (8)
patients who provided informed consent. Exclusion cri-
teria: (1) pregnant women previously diagnosed with an
intellectual disability, mental disorder, or depression; (2)
patients with gestational hypertension, gestational dia-
betes, hypothyroidism, moderate—severe anemia, epilepsy,
or other diseases that could affect cognitive function; and
(3) patients with a PHQ-9 score of >4 points and a GAD-7
score of >4 points. More primiparous women were
recruited in the case group due to the fact of one-child
policy in China. The numbers of subjected recruited from
the two centers were different, but the same inclusion and
exclusion criteria were strictly followed. The recruitment
process is shown in Figure 1.

The 30 control group subjects were sourced from hos-
pital staff, patients’ families and communities, and sub-
jects who matched the general maternal group information.
Inclusion criteria: (1) female subjects aged 20-35 years;
(2) subjects without a history of giving birth; (3) subjects
with Mandarin as their first language; (4) subjects who had
mastered or could practice Mandarin; (5) subjects with
a junior high school education level and above; (6) sub-
jects with the ability to finish all the measurement scales
(usual duration of 45 min); and (7) subjects who provided
informed consent. The exclusion criteria were the same as
in the maternal group.

The present study was conducted with approval from
the Guangzhou Women and Children’s Medical Center
ethics committee (No:44700). Written informed consent
was obtained from all patients.

Research Methods

The following neuropsychological scales were employed
for the study conduction: BCoS (Mandarin version),
MoCA (Beijing version), PHQ-9, and GAD-7.

The MoCA scale has a total score of 30 points. If the
education level of the subject is <12, 1 point is added to
the score. A score of >26 is considered to indicate normal
cognitive function, while a score of <26 is considered to
indicate cognitive impairment. The MoCA scale is more
sensitive to screening for mild cognitive impairment than
the Mini-Mental State Examination.* Its completion
requires approximately 10 minutes, making it suitable
for clinical application. The scale has been applied in
many studies for cognitive function screening in young
people;”” however, to date, there is no large-sample norm
regarding the MoCA score in young people.
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87 women were qualified for
the case (maternal ) group

7 women were excluded:

3 patients had a PHQ-9 score of >4 points

1 patient diagnosed with diabetes

1 patient diagnosed with hypertension

2 patients were unable to finish all the measurement
scales, which usually lasted for 45 minutes

A
| 80 patients were recruited l

l l

50 primiparous women

30 women undergoing
a second pregnancy

Figure | Maternal group recruitment process flow chart.

The BCoS is a tool used to comprehensively assess
patient cognitive function. It was designed by Professor
Glyn Humphreys et al at the University of Birmingham
and introduced to China by the Neurology Department of
Guangzhou First People’s Hospital (The Second
Affiliated Hospital of the South China University of
Technology). The corresponding copyright was obtained
in cooperation with the University of Birmingham, and
the tool was translated into Chinese, with versions
including Mandarin and Cantonese. This is convenient
for native Cantonese speakers in Guangdong and
Mandarin speakers in all Chinese regions. The BCoS
covers 23 cognition sub-items, including instantaneous
memory, delayed recall, episodic memory, maintenance
attention, selective attention, visual space neglect, tactile
neglect, planning ability, writing ability, expression abil-
ity, comprehension ability, number calculation, number
reading, and logical operation. The scale completion
requires 35-75 minutes. Although the required time is
longer when compared with the MoCA, the BCoS can
identify specific areas of patient cognitive impairment
more accurately and reflect the symptoms of cognitive
impairment more comprehensively.® The BCoS scale is
not a total score system; it includes sub-item scores, and
there is no large-sample BCoS score norm for young
people.

All subjects completed the study at the bedside during
impatient hospitalization. The time from delivery to inter-
view performance was 1-3 days. All women were treated

the same and needed to look after their baby during test-
ing. Women who could not finish the measurement tests
were removed from the analysis.

Clinical Data

General information (including name, date of birth, educa-
tion level, address, and telephone number), past medical
history, personal history, and other information were col-
lected from all subjects. The height; weight; parity; birth
weight; total labor time; information regarding the use of
analgesia during delivery; and hemoglobin, blood creati-
nine, alkaline phosphatase, and fasting blood glucose
levels were collected from the subjects in the maternal
group. All participants received the same drug regimens:
Ropivacaine hydrochloride injection (20 mg) and sufenta-
nil citrate injection (50 ug).

Statistical Analysis

The study sample size was determined in accordance with
a study conducted by Chow et al.” Data were analyzed using
the Statistical Package for Social Sciences 25.0. software.
General information, such as patient age and years of educa-
tion, was expressed as mean + standard deviation (x £ SD).
Normally distributed data were compared using an indepen-
dent sample #-test when comparing the continuous variables
of the two groups, while Analysis of Variance was employed
when comparing three groups. Non-normally distributed
data were compared using the Wilcoxon rank-sum test,
categorical variables were compared using a chi-squared
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test, and factors influencing the cognitive impairment of
puerperae were analyzed using multiple linear regression.
A p level of < 0.05 was considered statistically significant.

Results

General Situations

All subjects in the maternal group completed the MoCA
scale, while only 42 subjects (27 primiparous women and
15 women undergoing a second pregnancy) completed the
BCoS (Mandarin version). The remaining subjects either
refused to complete the BCoS or withdrew for various
reasons. All subjects in the control group completed both
the MoCA scale and the BCoS scale. The differences in age
and education level among the primiparous women, women
undergoing a second pregnancy, and women in the control
group were not statistically significant (p > 0.05) (Table 1).

Cognitive Function Assessment

MoCA Scale Cognitive Function Assessment

The MoCA score in the primiparous sub-group was 26.52 +
2.13 points; 13 cases in this group scored <26 points,
accounting for 26%. In the second pregnancy sub-group,
the MoCA score was 25.83 + 2.49 points; 11 cases in this
group scored <26 points, accounting for 36.7%. In the control

Table | General Data of Subjects

group, the MoCA score was 27.47 + 1.28 points; two cases
scored <26 points (25 points, both), accounting for 6.7%.

The MoCA score and cognitive impairment incidence
differences among the three groups (one group and two sub-
groups) were statistically significant (p < 0.05). The MoCA
score cognitive impairment incidence difference between the
primiparous sub-group and the second pregnancy sub-group
was not statistically significant (p > 0.05). The MoCA score
was lower in the maternal group than in the control group;
the difference was statistically significant (p < 0.05). The
cognitive impairment incidence was higher in the maternal
group than in the control group; the difference was statisti-
cally significant (p < 0.05) (Table 2).

The MoCA scale visual space and executive function
item scores were lower in the maternal group than in the
control group; the differences were statistically significant
(p < 0.01). There were no significant differences between
the maternal group and the control group regarding the
language, naming, attention, delayed recall, abstraction,
and orientation scores (p > 0.05).

BCoS Cognitive Function Assessment
The BCoS scores for instant story recall, total apple dele-
tion number, auditory attention, rule conversion, and

Groups Primiparous Group (n=50) Maternal Group (n=30) Control Group (n=30) P-value
Age (meanSD) 27.64+2.99 28.5+2.86 27.23%2.16 0.212
Years of education (mean+SD) 14.86+2.23 13.73£2.52 14.57+2.47 0.052
Height (cm) 160.75+5.13 158.83+4.43 N/A 0.09
Birth weight (kg) 3.1740.34 3.19+0.30 N/A 0.79
Hemoglobin 112.72£13.03 1145£11.72 N/A 0.54
Alkaline phosphatase 214.84+54.22 194.50+53.57 N/A 0.11
Blood glucose 4.8854+0.77 5.27+0.876 N/A 0.04
Blood creatinine 45.72+6.70 46.54+8.02 N/A 0.62
Total labor time (min) 525.54+229.83 349.43£161.47 N/A <0.01

Table 2 MoCA Score and Incidence of Cognitive Impairment

Groups Number of Participants
Primiparous group (a) 50
Maternal group (b) 30
Control group (c) 30
Overall comparison P-value
Multiple comparison P-value avsb
avsc
bvsc

MoCA Score (MeantSD) Cognitive Dysfunction [n (%)]
26.52+2.13 13 (26)

25.83+2.49 Il (36.7)

27.47+1.28 2 (6.7)

0.01* 0.021

0.15 0.313

0.048 0.032

0.008 0.005

Note: *Compared with the maternal group, MoCA score was statistically significant.
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Table 3 Evaluation Results of BCoS Scale
Item Maternal Group (n=42) Control Group (n=30) P-value
Average | Standard Deviation | Average | Standard Deviation
Memory-situational memory
Story recall (instant recall) 7.87 1.31 9.25 1.39 0.000
Attention and spatial neglect
Total number of apple deletion 48.60 1.21 49.23 0.86 0.024
Controlled attention
Number of correct responses to rule transitions 12.98 1.54 13.90 1.45 0.011
Total number of correct responses of auditory attention | 53.31 0.75 53.67 0.48 0.046
Practical ability, action ability
Gesture imitation 11.71 0.46 11.93 0.25 0.021

gesture imitation were lower in the maternal group than in
the control group; the differences were statistically signif-
icant (p < 0.05). This indicated that, compared with the
control group, the maternal group had cognitive impair-
ment in memory, attention and spatial neglect, and practice
and action ability, but no cognitive impairment in language
and number use (Table 3).

Analysis of Factors Influencing Maternal

Cognitive Impairment

The factors influencing maternal cognitive impairment
were analyzed. In the multiple linear regression analysis,
the MoCA score was used as the dependent variable and
the education level, age, height, weight, infant birth
weight, total labor time (min); analgesia use during deliv-
ery; and hemoglobin, serum creatinine, alkaline phospha-
tase, and fasting blood glucose levels were used as
independent variables. The results are shown in Table 4.

The multiple linear regression analysis results revealed
patient education level, labor analgesia, and total labor
time as influencing factors in postpartum cognitive func-
tion decline (p < 0.05). Analgesia use during labor and the
patient education level showed a positive correlation with
the MoCA score, while total labor time showed a negative
correlation.

Age, height, weight, and birth weight, along with
hemoglobin, serum creatinine, alkaline phosphatase, and
fasting blood glucose levels had no significant correlation
with the MoCA score (p > 0.05); accordingly, they are not
considered influencing factors in postpartum cognitive
function decline.

The MoCA score was higher in women who received
analgesia during labor (52 cases) than in women who did
not receive analgesia during labor (28 cases) (26.81 + 1.91
points and 25.25 £ 2.59 points, respectively); the differ-

ence was statistically significant (p < 0.05).

Table 4 Multiple Regression Analysis of Influencing Factors of Maternal Cognitive Impairment

Variables Non Standardized Coefficient Standardized Coefficient t-value P-value
B Standard Error Beta
Years of Education 0.270 0.104 0.282 2.603 0.011
Age 0.107 0.090 0.138 1.190 0.238
Weight 0.009 0.039 0.026 0.228 0.820
Height 0.012 0.056 0.027 0.218 0.828
Birth weight 0.046 0.025 0.212 1.821 0.073
Hemoglobin 0.001 0.018 0.007 0.073 0.942
Alkaline phosphatase —0.008 0.004 —0.180 -1.719 0.090
Blood glucose —0.108 0.278 —0.039 —0.390 0.698
Blood creatinine 0.031 0.033 0.097 0.925 0.358
Anesthesia 2.075 0.533 0.436 3.889 0.000
Total labor time min —0.005 0.001 —0.495 —4.030 0.000
Risk Management and Healthcare Policy 2021:14 https: 3751
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Discussion
“Cognition” is a comprehensive term used to describe
advanced psychological functions. In the human brain,
these functions include attention, language, memory, prac-
tical ability, orientation, executive function, judgment, and
problem-solving. The results of the current study revealed
that women in the postpartum period were more likely to
experience cognitive impairment than others. Among the
80 maternal group cases, 24 experienced cognitive impair-
ment within three days of delivery (30% incidence); how-
ever, the difference in cognitive impairment incidence
between the primiparous sub-group and the second preg-
nancy sub-group was not statistically significant.
According to the MoCA scale results, the maternal group
had significantly lower scores for visual space and execu-
tive function compared with the control group. This sug-
gests that women in the postpartum period experience
visual space and executive functioning cognition impair-
ment. The BCoS evaluation results revealed that women in
the postpartum period experienced impairment in three
cognitive fields: Attention and spatial neglect, practice
and action ability, and memory and orientation. The
same results also revealed five specific maternal impair-
ment characteristics in various cognitive fields. First,
attention and spatial neglect impairment mainly included
control attention, selective attention, and sustained atten-
tion; however, no significant abnormalities regarding spa-
tial neglect or visual and tactile extinction were observed.
Second, action planning and control impairment was
mainly reflected in gesture imitation, which included con-
cept motor apraxia and limb motor apraxia; there was no
significant damage in structural and conceptual apraxia.
Third, memory and orientation impairment mainly mani-
fested in instantanecous memory; however, there was no
significant orientation and long-term memory impairment
(including episodic memory). Fourth, there was no signif-
icant language function impairment (including language
expression, understanding, naming, reading, articulation,
and writing). Finally, no obvious damage was observed
in the patients’ ability to read, calculate, and write num-
bers. It should be noted that the BCoS took a long time to
complete, and women in the maternal group were unable
to complete it directly after delivery. The use of
a simplified BCoS for screening should be considered in
future studies.

Currently, the known factors that may lead to postpar-
tum cognitive impairment include endocrine changes,

pregnancy complications, emotional issues, and sleep pat-
tern changes. Endocrine factors include hypothalamus—
pituitary—gonadal axis dysregulation, where estradiol and
progesterone increase significantly during pregnancy and
decrease rapidly after delivery, and cortisol and prolactin
level fluctuations, which may cause cognitive function
changes.'® During pregnancy, women are also prone to
vitamin D deficiency; this vitamin may be associated
with cognitive functioning in young women."' Pregnancy
complications, such as gestational hypertension, may
increase the risk of long-term neurovascular abnormalities;
this may also increase the risk of cognitive decline in
women with this history.'*'® Gestational diabetes melli-
tus-induced insulin resistance and glucose metabolism dis-

orders may lead to cognitive function decline in

women,'*1°

and postpartum depression is also considered
to be related to cognitive impairment.'® Furthermore, sleep
disorders, mainly characterized by insomnia and accom-
panied by sleep interruption and changes in sleep struc-
ture, are common in pregnant women; this may be caused
by body and hormone level changes during pregnancy.'’
Sleep problems during pregnancy may cause emotional
changes in pregnant women, resulting in depression and
anxiety. A lack of sleep caused by insomnia and frequent
waking can also cause cognitive function decline in preg-
nant women.

The results of the present study reveal that the patient
education level, analgesia use during labor, and total
labor time influence the postpartum cognitive function
decline. In the present study, analgesia use during labor
and the patient education level were positively correlated
with the MoCA score, while the total labor time showed
a negative correlation. In previous studies,'® the patient
education level was also considered a factor affecting
cognitive function (ie, the higher the education level,
the higher the MoCA score). Maternal pain, fatigue, and
fear during childbirth may cause a stress reaction leading
to the release of inflammatory factors, which enter the
central nervous system and inhibit hippocampal neuron
growth, resulting in neurotoxic damage and giving rise to
cognitive function decline.® Total labor time extension
may further aggravate physical and psychological dis-
comfort in pregnant women, thus causing cognitive
impairment. The present study found that analgesia use
during labor may reduce the risk of postpartum cognitive
impairment; this is consistent with the findings of other
existing studies.” Analgesia use during labor can
decrease maternal pain and fear and, as a result, reduce
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the immune stimulation of inflammatory factor secretion
on the matrix, thereby reducing the possibility of post-
partum cognitive impairment.

The present study has several limitations. First, as it is
a preliminary study, the MoCA and BCoS scale validity and
reliability were not assessed in different groups; this may
introduce a certain level of bias into the analysis. Second,
other factors possibly affecting the cognitive function of
women in the postpartum period, such as lack of sleep,
postpartum anemia, and fatigue, were not explored in this
study. Third, only the correlation between the cognition
function and the education level was analyzed; this may not
equate to reading proficiency. Fourth, the group size differ-
ence was not adjusted when comparing the outcomes.
Further investigations with a larger sample size are necessary
in order to validate the findings of the present study.

An existing study found that the probability of maternal
cognitive impairment occurrence is highest on the first day
after delivery, and that cognitive function can gradually
return to normal levels later; however, sustained damage
can also be caused.” Early cognitive impairment among
women in the postpartum period may be caused by special
physiological and psychological changes during pregnancy
as well as by the interaction of pain, stress, and childbirth-
induced fatigue. However, additional studies examining
long-term cognitive impairment are required.
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