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Abstract

Introduction: Many factors may influence the score of the College Admis-
sion Test. The purpose of this study was to assess the factors that may pre-
dict students’ scores in the College Admission Test in China.

Material and methods: We sent out 1000 questionnaires which consisted
of the following items: objective data on demographic factors, their scores
of the test, the year they attended the test, whether they took a set of “art”
subjects or a set of “science” subjects, the monthly salary of the whole
family, the highest academic degree obtained by the father and mother,
the history of past operations and the name and the times of operations
undergone, as well as the type of anesthesia received by those who took the
College Admission Test.

Results: Univariate analyses showed that age, gender, household income,
parental education, and anesthesia history may influence College Admission
Test scores. These variables were subsequently entered into the multivari-
ate linear regression model. Students with a history of local anesthesia are
predicted to have a score 8.1 points lower than the average (-8.1, 95% Cl:
-15, -1) and this effect is statistically significant (p = 0.025). Students with
a history of general anesthesia are also predicted to have lower scores (-2.8,
95% Cl: —=16, 10.2) than the average, but the difference is not statistically
significant.

Conclusions: The present findings suggest that the scores in the College
Admission Test may be associated with age, gender, father’s education and
the use of local anesthetics. Ever receiving local anesthesia had a negative
impact on College Admission Test scores.

Key words: general anesthesia, local anesthesia, College Admission Test,
questionnaire.

Introduction

Because of the complexity of the mechanisms of general anesthesia
and its potential effects on various organs, more and more attention has
been drawn to the effects of general anesthesia on the brain development.

A growing number of animal experiments has shown that the clinical-
ly commonly used anesthetics have neurotoxic effects on brain devel-
opment, and can cause long-term neurobehavioral abnormalities. At the
same time, clinical studies on the relation between pediatric anesthesia
and its subsequent learning and behavior disorders remain controver-
sial [1, 2].
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Experiments with 14 days of pregnant mice
exposed to 2.5% concentration of sevoflurane for
2 h showed the activation of cysteine protease
and increased caspase-3 and interleukin-6 (IL-6)
levels in newborn mice. The sevoflurane anesthe-
sia impaired learning and memory in the 31-day-
old offspring mice [3]. This may be related to the
increase of intracellular Ca%* ion concentration,
the nuclear factor kB (NF-xB) signaling pathway
activation and significantly increased levels of
proinflammatory cytokines.

Utskits [4] found that a clinically relevant con-
centration of propofol could cause dendritic axis
change for a long time in immature rats’ neurons.
After continuous exposure to propofol for 4 h, the
dendritic growth rate dropped significantly. An-
other in vitro study found that propofol can induce
long-term depression in the hippocampal CA1 re-
gion of adult rats [5].

Animal experiments have shown considerable
achievements, confirming that general anesthesia
can induce neuronal apoptosis, influence the for-
mation of synapses, and change the neurotrans-
mitter number. However, some studies showed no
impacts of anesthesia and some even drew the
opposite conclusions that instead of adversely
impacting brain development, general anesthet-
ics will even protect brain function and improve
learning ability and memory [6].

Clinical experiments studying the effects of
general anesthetics on children’s memory have
been performed. Pham et al. [7] studied 5- to
12-year-old children who accepted general an-
esthesia, and found that general anesthesia did
not interfere in the process of memory formation.
Yin et al. [8] compared the effect of propofol and
sevoflurane in 7- to 13-year-old children on the
short-term and long-term memory, and found that
propofol affected the short-term memory, but nei-
ther anesthetic affected the long-term memory.

In this study we want to evaluate the impact
of anesthetics on brain function by studying fac-
tors that may influence the College Admission
Test scores. The College Admission Test is an ac-
ademic examination held annually in China. This
examination is a prerequisite for entrance into
almost all higher education institutions at the
undergraduate level. The overall mark received
by the student is generally a weighted sum of
their subject marks. Many factors may influence
the score of the examination: age, gender, eco-
nomic level of the family and educational level
of the parents. In this study, we are particularly
interested in whether anesthesia (either general
anesthesia or local anesthesia) received during
childhood may affect the child’s intelligence.
This relationship has never been evaluated be-
fore.

Material and methods

We sent out questionnaires to 1000 students.
The questionnaire contained the following items:
objective data on demographic factors (gender,
the age at which they attended the College Ad-
mission Test, the province in which they attend-
ed), their scores in the test, the year they attended
the test, whether they took a set of “art” subjects
or a set of “science” subjects, the monthly salary
of the whole family, the highest academic degree
obtained by father, the highest academic degree
obtained by mother, whether they had a history
of past operations and, if yes, the name and the
times of operations undergone, as well as the type
of anesthesia (local anesthesia or general anes-
thesia) received.

Statistical analysis

Means and standard deviations were used to
describe the distribution of continuous variables.
Percentages were used to describe the distribu-
tion of categorical variables. We used linear re-
gression to evaluate factors that may influence
the College Admission Test scores. We first used
a univariate analysis to assess the association of
each variable: age, gender, household income, fa-
ther’s education, mother’s education, an indicator
variable for surgery history, an indicator variable
for anesthesia history, local anesthesia and global
anesthesia. The variables that may be associated
with College Admission Test scores were entered
in the final linear regression model. SPS517.0 (Chi-
cago, IL, USA) was used for all statistical analyses.

Results

We received 568 responses out of the 1000
questionnaires sent out. Considering the fact that
the College Admission Test score distribution var-
ies across different provinces and different years,
we focused our analysis on the 344 subjects who
attended the College Admission Test in Liaoning
Province in 2013 (Figure 1). We further removed
2 subjects with scores being outliers, 3 subjects
with missing information on the College Admis-
sion Test score and 8 subjects with missing infor-
mation on surgery history. Of the 331 subjects in
the final analysis, 38 subjects had a history of sur-
gical anesthesia, 9 with general anesthesia history,
29 with local anesthesia history and 6 with miss-
ing information on anesthesia subtypes (Figure 1).

Characteristics of the samples are listed in Ta-
ble I. Of the 344 students, those who had no anes-
thesia history had a mean College Admission Test
score of 585.4 +20.7 (mean + SD), while the mean
scores for those with a history of general anes-
thesia or local anesthesia are 582.9 +11.5 and
574.4 £19.7, respectively. The score distribution
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We sent out 1000 questionnaire

Y
Received 568 sheets back

Considering that in different provinces college
_ | entrance examination papers are totally different,
| we collected data on those who took the College
Admission Test in Liaoning Province in 2013

344 students eligible

Excluded 2 students with scores being outliers
Excluded 3 students with missing information on
College Admission Test score
Excluded 8 students with missing information on
surgery history

Y

331 students eligible

Y v

44 (13.3%) students have 287 (87.7%) students have
undergone an operation never undergone an operation

Excluded 6 students with missing information

on anesthesia subtype

Y

38 students have undergone anesthesia

Y Y

Local anesthesia 29 students General anesthesia 9 students

Figure 1. Flowchart of sample collection

among the three groups is also shown in Figure 2.
As shown in both Table | and Figure 2, those with
a history of local anesthesia tend to have a slight-
ly lower score. The ages of the students in the
three groups are comparable: 18.8 +0.85, 19.2
+1.39 and 18.6 +0.69. We categorized household
income into 5 groups (< 2000 Yuan, 2000-5000
Yuan, 5000-10,000 Yuan, 10,000-20,000 Yuan and
> 20,000 Yuan) and the parents’ education into
5 groups (elementary, middle school, high school,
undergraduate and graduate school). The distribu-
tions of these variables are shown in Table I.
Univariate analyses showed that age, gender,
household income, parental education, and anes-
thesia history may influence College Admission
Test scores. These variables were subsequently en-
tered in the multivariate linear regression model.
Due to the high correlation between the parental
education statuses, the mother’s education has
no effects after adjusting for the father’s educa-
tion. Mother’s education was therefore removed
from the final model. The multivariate linear re-
gression results showed that age, gender, father’s

education and the use of local anesthetics were
associated with score. The score is predicted to
increase by 7.6 with a one-year increment in age.
Females tend to have a higher score than males.
Students from families in the higher household in-
come categories tend to have higher scores. Stu-
dents with a history of local anesthesia are pre-
dicted to have a score 8.1 points lower than the
average (8.1, 95% Cl: —15, -1), and this effect is
statistically significant (p = 0.025). Students with
a history of general anesthesia are also predicted
to have lower scores (2.8, 95% Cl: —16, 10.2) than
the average, but the difference is not statistical-
ly significant. We further evaluated the potential
effects of the frequency of anesthetic usage and
age at last anesthetic usage on the score among
individuals with a history of anesthetic usage. Nei-
ther the frequency of usage or age at last usage
impacted the score significantly.

Discussion

The present findings suggest that the scores
in the College Admission Test may be associated
with age, gender, father’s education and the use
of local anesthetics.

Taghon et al. [9] reported that early anesthetic
exposure and surgery did not affect accurate re-
sponse time or activation patterns in the primary
region of interest during performance of the task.
Our univariate analysis showed a non-significant
negative correlation between age and the score.
Our student’s ages were very close, ranging from
17 to 20 years when they took the College Admis-
sion Test, which probably explained the non-sig-
nificant difference in their scores.

We identified a negative association between
a history of local anesthesia and College Admis-
sion Test scores. Those who received local anes-
thesia had relatively low scores. This may be relat-
ed to the stress caused by local anesthetics in the
teenagers. The failure to observe an association
with general anesthesia may be due to the limited
sample size.

At present, there are vast studies about the
effect of the anesthetic on the immune neurons
or synaptic structure. For the developing brain, es-
pecially in the synapse formation period, the high
chloride ion concentration in the cell and the acti-
vation of GABA receptor can cause the outflow of
chloride ions, depolarization, and the increase of
Ca?* levels inside the cell, which can cause dam-
age to cells[10].

Backeljauw et al. [11] reported that gener-
al anesthesia for a surgical procedure in early
childhood may be associated with long-term
diminution of language abilities and cognition,
as well as regional volumetric alterations in
brain structure.
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Table I. Characteristics of the study participants

Factors that may influence the score in the College Admission Test in China

Parameter No anesthesia General anesthesia  Local anesthesia
history
N (%) 287 (88.3) 9(2.8) 29 (8.9)
College Admission Mean (SD) 585.4 (20.7) 582.9 (11.5) 574.4 (19.7)
Test Scores
N (%) 287 (88.3) 9(2.8) 29 (8.9)
Age [years] mean (SD) 18.8 (0.85) 19.2 (1.39) 18.6 (0.69)
Gender Male 176 8 24
Female 110 1 5
Missing 1 0 0
Household < 2000 Yuan 71 4 16
income per
month 2000-5000 Yuan 119 2 8
5000-10,000 Yuan 70 1 4
10,000-20,000 Yuan 7 1 1
> 20,000 Yuan 8 0 0
Missing 12 1 0
Father’s Elementary 38 2 8
education -
Middle school 86 1 13
High school 83 3 5
Bachelor’s degree 69 3 3
Master’s degree and above 7 0 0
Missing 4 0 0
Mother’s Elementary 39 3 8
education -
Middle school 87 2 11
High school 83 1 5
Bachelor’s degree 66 3 5
Master’s degree and above 9 0 0
Missing 3 0 0
Clinical research evidence on neurotoxicity pro-
duced by the general anesthetics in infants and ¢ 450 |
young children is insufficient. Two large-scale ret-  $ o
rospective clinical studies proved that exposure to z 600 P o)
the anesthetic experience is related to children’s s 8
later failing grades and abnormal behavior. One 3 >80 4%7 @
analyzed the questionnaire filled by parents [12]. 2 5604
Neurobehavioral development was assessed us- & o
ing the validated 120-item parental Child Behav- g 540 g
ior Check List /4-18 in 314 children who were
operated on for pediatric urological procedures T ! j
No anesthesia General Local
between the ages of 0 and 6 years old. The re- history anesthesia anesthesia

sults showed that having surgery under general
anesthesia before the age of 1 to 2 years old was
associated with the possibility of abnormal behav-
ior in children. These findings were, however, not
statistically significant, as indicated by the wide
confidence intervals.

Figure 2. Distribution of College Admission Test
scores among the three groups of anesthesia histo-
ry: no anesthesia history, history of local anesthe-
sia and history of general anesthesia. Each circle
represents a score from a participant. The red dots
show the mean and the red lines denote the upper
and lower limits of the 95% confidence interval
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A second study [13], which compared children
who had general anesthesia before the age of
4 with those did not receive general anesthesia,
found no significant difference in learning ability.
However, the children who received general anes-
thesia twice or more times had declined learning
abilities, and the longer the duration of anesthe-
sia was, the greater was the risk of learning dis-
abilities.

In conclusion, the scores in the College Admis-
sion Test may be associated with age, gender,
father’s education and the use of local anesthet-
ics. Further pharmacological studies are needed
to prove the speculation. Although causation re-
mains unresolved, these findings warrant addi-
tional research into the phenomenon’s mecha-
nism and mitigating strategies.

Our study has some limitations. The sample
size in this survey was relatively small and the
data collected by the questionnaires may not rep-
resent all the factors that influence the College
Admission Test scores. Our estimates have wide
confidence intervals due to the limited sample
size. We only included college students in our
study, and the College Admission Test scores col-
lected did not have a wide distribution. We do not
have scores in the lower score range in our study.
The maximum score of the College Admission Test
is 750. The scores in our study ranged from 525
to 700, with an average of 571.8, which is relative
high considering the score distribution of the en-
tire student group. The ages of our study partici-
pants were very close, ranging from 17 to 20 years
when they took the College Admission Test, which
probably explains the non-significant difference in
their scores. We used a retrospective study design
in this study, where recall bias is always a concern.
A prospective study may draw a more persuasive
conclusion.
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