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Abstract Executive function (EF) is increasingly recognized as being responsible for adverse 
developmental outcomes in preterm-born infants. Several perinatal factors may lead to poor EF 
development in infancy, and the deficits in EF can be identified in infants as young as eight months. 
A prospective cohort study was designed to study the EF in Chinese preterm infants and examine 
the relationship between EF in preterm infants and maternal factors during perinatal period. A total 
of 88 preterm infants and 88 full-term infants were followed from birth to eight months (corrected 
age). Cup Task and Planning Test was applied to assess the EF of infants, and the Bayley Scale of 
Infant Development (BSID-III) was used to evaluate cognitive (MDI) and motor abilities (PDI) of 
infants. In comparison with full-term infants, the preterm infants performed more poorly on all 
measures of EF including working memory, inhibition to prepotent responses, inhibition to 
distraction, and planning, and the differences remained after controlling the MDI and PDI. Anemia 
and selenium deficiency in mothers during pregnancy contributed to the differences in EF 
performance. However, maternal depression, hypertension, and diabetes during pregnancy were not 
related to the EF deficits in preterm infants. Future research should focus on the prevention of 
anemia and selenium deficiency during pregnancy and whether supplementing selenium in mothers 
during pregnancy can prevent further deterioration and the development of adverse outcomes of 
their offspring. 
Keywords executive function (EF); preterm infant; working memory, inhibition to prepotent response, 
inhibition to distraction, planning 

Introduction 
A preterm birth is defined as any birth before the completion of 37 weeks of gestation, or fewer than 259 days 
since the first day of the last menstrual period (LMP) [1]. Preterm birth occurs in 11% of live births globally, is 
the second most common cause of child deaths in children under 5 years old, and accounts for 35% of the 3.1 
million annual neonatal fatalities worldwide [1]. Although medical advances have resulted in smaller and lighter 
preterm infants surviving [2,3] without disabilities and impairments, preterm births can have lifelong effects on 
the neurological development, attention, and learning of infants and may lead to behavioral problems when 
these infants reach their school age [4]. Executive function (EF) is increasingly recognized as critical, as 
preterm-born infants may display poor attention and learning and behavioral problems [4]. Evidence shows that 



2 
 

deficits in EF can be identified in infants as young as eight months [5]. The prefrontal cortex has an important 
role in governing the cognitive aspects of EF [6,7]. Brain damage at an early age may affect brain circulation 
and lead to poor EF. Thus, the early identification and assessment of EF risk factors are critical if detrimental 
effects in the development of preterm infants are to be reduced [8,9]. 

EFs are ‘associated with higher-order cognitive abilities, that require holding plans or programs in mind until 
executed (working memory), inhibiting irrelevant action (inhibition), and planning a sequence of actions 
(planning)’ [10]. A number of perinatal and postnatal factors may lead to poor EF development in infancy and 
persist in school-age children. Perinatal factors associated with maternal hypertension, preeclampsia, and 
diabetes during pregnancy have profound effects on the physical health of infants, may lead to preterm births, 
and can affect the cognitive functioning of infants. Hypertension and preeclampsia during pregnancy have been 
found to be associated with cognitive problems in children aged 4.5 [11], verbal abilities in children aged 10 
[12], and mental health problems in children aged 8–14 [13]. Such problems can continue to adulthood [14]. 
Notably, previous research on the effects of diabetes on neuropsychological outcomes has been inconsistent 
with only some studies finding significant effects [15]. Research on effects of maternal hypertension or 
preeclampsia in pregnancy on the neuropsychological development of infants and young children has also been 
insufficient [15]. 

Maternal nutritional factors such as anemia and selenium deficiency are commonly present in pregnant 
women and are associated with preterm birth and psychomotor status [16,17]. Few studies reported maternal 
nutrition in pregnancy as a significant risk factor affecting infant brain development. In Europe and the United 
States, medical practitioners recommend the intake of selenium at 2 µg/kg/day. Despite previous research [18] 
reporting that supplementing selenium is not a common practice among Chinese women, selenium intake may 
prevent or correct mineral deficiency. Selenium deficiencies have also affected the brain development of 
animals [19,20]. Direct assessments on the effects of anemia and selenium on the EFs of preterm infants are 
unreported. The present study sought to assess whether: (i) any difference exists between preterm and full-term 
infants in relation to EFs; and (ii) the difference between the EFs of preterm and full-term infants is significant. 
Perinatal factors relating to maternal hypertension and postnatal nutritional factors (e.g., selenium deficiency) 
have been shown to be significantly associated with poor EFs in preterm infants. 

Materials and methods 
A prospective cohort study was designed for this study. Infants were recruited when their mothers were admitted 
to the maternal units of Haidian Maternal and Child Health Hospital and Peking University Third Hospital. 

Sample 

This study defined preterm infants as infants born before the completion of 37 weeks of gestation who were 
physically healthy, free from medical complications, genetic diseases, and neurological, hearing, and physical 
impairments. Eighty-eight preterm infants who met the criteria were recruited. Conversely, full-term infants 
were defined as infants born between 37–42 weeks of gestation with a birth weight of 2500–4000 g. In this 
study, the full-term infants had to be physically healthy, and free from medical complications, genetic diseases, 
and physical and mental impairments. Eighty-eight full-term infants who met the criteria were recruited. Data 
were collected at Beijing Haidian Maternal and Child Health Hospital and Peking University Third Hospital 
from December 2012 to November 2014. The Human Research Ethics Committee at Peking University granted 
ethics approval for the study. 

Data collection 

The data of all infants including birth weight, gestation age, and sex were collected when the infants were born, 
and data on EF, motor and cognitive abilities measured by Bayley Scale of Infant Development were collected 
when full-term infants were eight months old and preterm infants were at the corrected eight months of age. 
Maternal information was collected during pregnancy, following the birth of each infant, and when the preterm 
infant reached the corrected eight months old. A self-reporting questionnaire was used to collect data from the 
mothers. Biological data were collected from pathological tests conducted by the pathology departments of the 
hospitals. 

1. The EF tasks were based on the working memory, inhibition task and planning task used by Sun et al. [5]. 

(1) Working Memory and Inhibition Task. This task was used to assess the working memory of infants, their 
inhibition to prepotent responses, and their inhibition responses to distractions. Infants were seated on the lap of 
their mother in a quiet test room and were instructed to ‘find the toy’. The level of task difficulty was varied by 
increasing the number of cups (one, two, and three cups) and delay time (0, 4, and 10 s in one-cup task and 0, 2, 
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4, and 10 s in two-cup and three-cup tasks) between hiding the object and its retrieval. Fig.1 showed the 
arrangement of the test room and some toys used in the experiment. 

 
Fig. 1 Arrangement of the test room and toys used in the EF task. 

One-Cup Task: A toy was hidden under an opaque cup as the infant watched. Delay time began at 0 s and was 
increased to 4 s and, finally, 10 s. Three trials were conducted for each time delay. If an infant failed to obtain 
the toy on all three trials at a given time delay or completed the total of nine trials, the one-cup task was 
terminated and the infant proceeded to the two-cup task. 

Two-Cup Task and Three-Cup Task: A toy was hidden under one of two (or three) opaque cups as the infant 
watched. In three-cup task, the middle cup was only used as a distraction. The toy was always hidden under the 
cup on the left (L) or right (R) side of the infant and was never hidden under the middle cup. Delay time has 
four levels (0, 2, 4, and 10 s) and nine trials were conducted for each time delay. The toy was first hidden at 
location A (e.g., under the left cup) with a 0 s delay. After the infant had attempted three consecutive trials at 
location A, the toy was transferred to a new location (e.g., under the right cup), designated as location B. 
Because the trials were organized and administered in fixed patterns (e.g., the hideout for the toy was, left, left, 
left, right, right, right, left, left, left at 0 s delay and right, right, right, left, left, left, right, right, right at 2 s delay, 
and so on. Table 1), the location A was actually referred to as the hiding position for the toy in the 1st, 2nd, 3rd, 
5th, 6th, 8th, and 9th trials at each delay level, and the location B, which represented a new hiding position in 
contrast to the previous trial, was referred to as the toy hideout in the 4th and 7th trials at each delay level. Once 
an infant has completed each delay level of the two-cup task trials or failed three consecutive trials at any delay 
level, he/she then moved on to the three-cup task with a 0 s delay until the same criteria for termination were 
met. In the present study, the pattern of changing the hiding pattern was different from the study by Sun et al. 
[5] because A and B locations were distinct locations and measured different aspects of EF. Location A 
represented a specific site in which an infant holds the toy information repetitively constant in his/her memory 
when the hideout for the toy was repeated. Location B was considered to be more difficult for an infant to 
remember than location A as changing the location would require both working memory to remember the new 
hiding location and to inhibit a prepotent response, which was established by the repeated action of reaching to 
location A. Therefore, this task was an innovative modification of the study by Sun et al. where changing the 
hiding pattern enhances the measurement of both working memory and inhibition to prepotent response as 
important aspects of EF. The task was therefore conducted within the attention span of the infants and with the 
tolerance of test time length to maintain the interests of the infants. 

Table 1 Infant Working Memory and Inhibition Task 

Number of 
Cups 

 
Delay time between hiding 
and reaching (s) 

 Sequence of the trails in each time delay 
  1 2 3 4 5 6 7 8 9 

1 cup 
 0  L L L       
 4  L L L       
 10  L L L       

2 cups 
 0  L L L R R R L L L 
 2  R R R L L L R R R 
 4  L L L R R R L L L 
 10  R R R L L L R R R 

3 cups 
 0  L L L R R R L L L 
 2  R R R L L L R R R 
 4  L L L R R R L L L 
 10  R R R L L L R R R 

R in the table referred to hiding the toy under the cup on the right side of the infant and L referred to the left. The 
bold type of R/L in the 4th and 7th trials in each time delay represented changing to a new hiding position that 
provided a measure of inhibition to a prepotent response. 
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Working memory was scored based on the memory of the participant for location A in 2- and 3-cup tasks. A 
score of “1” was awarded each time an infant remembered the location of the toy (i.e., retrieving the toy from 
the correct location) at location A for both 2-cup and 3-cup tasks. The total number of correct trials was then 
calculated. Thus, the possible total scores for working memory ranged from 0 to 56, with a higher score 
indicating a better performance and better working memory. 

The scoring for inhibition to prepotent response was based on the infant reaching toward the correct hiding 
place in 2- and 3-cup tasks and finding the toy when the location shifted from location A to location B. A 
previous study failed to consider the number of reaches toward location A when assessing inhibitions to 
prepotent response. The prepotent responses were strengthened when infants respond to a correct location. Thus, 
this study further modified and developed a new scoring system whereby weighting the inhibition to prepotent 
responses to comprehensively assess the responses of infants to both location A and location B. Each location 
had three trials and infants were required to correctly select at least one location, otherwise the trial was 
terminated. 

Scores for inhibition to prepotent response were calculated as follows: (i) if an infant reached toward location 
B, found the toy, and responded correctly to three consecutive location A trials, then the infant received a score 
of “3”; (ii) if an infant reached toward location B, found the toy, and responded correctly to two correct location 
A trials, then the infant received a score of “2”; (iii) if an infant reached toward location B, found the toy, and 
responded correctly to one location A trial, then the infant received a score of “1”. The total score was then 
divided by the total number of all B trials. Hence, the scores of inhibition to prepotent response ranged from 0 to 
3. A higher score indicated a better ability to inhibit prepotent responses. 

Inability to inhibit distractions from external stimuli was scored on the 1-cup, 2-cup, and 3-cup tasks at all 
locations and was based on the ability of an infant to inhibit his/her distraction to the cup covering the toy. To 
reduce the effect of working memory on inhibition to distraction, scores were only awarded on trials where an 
infant reached for the hidden location of the toy, but then continued to play with the cup for more than 2 s rather 
than retrieving the object. A score of “1” was given for each time this incident occurred, which was then 
transformed into a proportional score through division of the total distraction score by the total number of 
correct reaching trials, therefore the score of inability to inhibit distraction ranged from 0 to 1. A higher score 
denoted the poorer ability of the infant to inhibit his/her distraction by the cups. 

(2) Planning Test. Tests by Sun [5] and Willatts [21–23] were used to assess planning ability. The test 
comprised a progression of three steps with different difficulty levels. The test required the infant to remove an 
obstacle for the sake of retrieving a toy (i.e., the goal). In step one of the test, the infant was asked to retrieve the 
toy; however, to do so, the infant had to strategize (e.g., to pull a cloth to get the toy, Fig. 2). In step two of the 
test, the infant had to remove a transparent barrier and pull a cloth to retrieve the toy (Fig. 3). In step three of the 
test, the infant had to remove a transparent barrier, pull a cloth and then a string to retrieve the toy (Fig. 4). 

 
Fig. 2 Step one of the planning task (pull a cloth; retrieve the toy). 

 



5 
 

 
 

Fig. 3 Step two of the planning task (remove an obstacle; pull a cloth; retrieve the toy). 

        

 

Fig. 4 Step three of the planning task (remove an obstacle; pull a cloth; pull a string; retrieve the toy). 

 

Infants behaviors were assessed at each step in relation to whether their behaviors were goal-directed or not. 
A score of “0” was awarded, if an infant was unaware of the task existence and did not touch or pull the cloth; a 
score of “1” was awarded, if an infant pulled the cloth, but did not fixate his/her eyes on the toy and did not 
proceed to retrieve the toy; a score of “2” was awarded, if an infant pulled the cloth, fixated his/her eyes on the 
toy and retrieved the toy. The maximum scores that could be obtained for steps one, two, and three of the 
planning test task were 6, 12 and 18, respectively. A maximum score of 36 could be obtained for the entire test. 

Although most studies on older children and adults have suggested the independence of EF on the measures 
of intelligence; the Bayley Scales of Infant Development III (BSID-III) was also included in the design of this 
study, as abilities measured on the BSID test, such as cognitive and motor skills, might affect performance on 
EF measures (e.g., children with poor fine motor skill may have difficulty executing, reaching, and grasping in 
the EF task). The BSID-III was used to assess cognitive (MDI) and motor abilities (PDI) of infants [24]. The 
BSID-III was modified to suitably assess infants and toddlers aged 1–42 months. The present study used items 
suitable for infants aged from 7 months and 15 days to 8 months and 15 days. The BSID-III included 91 
cognitive items, 66 fine motor scale items, and 72 gross motor skills items. The items were arranged from easy 
to difficult and according to age. During the test, an infant was awarded a score of “1” for each item that he/she 
passed, and finally a total composite score for cognitive and motor abilities was calculated. 

2. The Edinburgh Postnatal Depression Scale (EPDS) [25,26] was used to measure maternal depression. 
Mothers completed the EPDS twice, when their infants were three days old and were at the corrected eight 
months of age. The EPDS consists of 10 items. Each item has four answers that are scored from 0 to 3. Items 1 
and 2 were reverse coded. Scores could range from 0 to 30. A score below or equal to 5 indicated no depression; 
6–9 denoted mild depression; and scores above or equal to 10 meant moderate to severe levels of postnatal 
depression. The EPDS has excellent reliability and validity in Chinese populations [26]. 
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3. Maternal information was obtained from medical records and self-report three days after delivery. The 
disease history during pregnancy, including any diagnoses of hypertension, preeclampsia, and diabetes, and 
demographic information such as age, education, and family income were all collected. 

4. Birth information (i.e., birth weights, gestational ages) was obtained from the medical record of mothers 
three days after birth. Gestation age was used to classify infants as being preterm or full-term. If an infant was 
born before the completion of 37 weeks of gestation, then the infant is preterm. If an infant was born between 37 
to 42 weeks of gestation, then the infant is full-term. 

5. Information on maternal nutrition: Serum was isolated from umbilical cord blood to determine selenium 
levels. All samples were immediately frozen at −80 °C and shipped in batches to the Central Laboratory of 
Peking University Health Science Center, School of Public Health. Selenium concentration in the serum was 
measured by Inductively Coupled Plasma Mass Spectrometry (ICP-MS) (DRC-II, Perkin Elmer, USA). 

6. Anemia test: A face-to-face interview with 36-week pregnant women was conducted by qualified nurses 
through a standardized procedure. Venous blood samples (2 ml) were drawn into ethylene diamine tetraacetic 
acid (EDTA)-treated evacuated tubes and hemoglobin (Hb) concentration was determined immediately. Quality 
Inspection and Detection was done by the National Center of Clinical Laboratories based on WHO Guidelines 
[27]. 

Statistical Analysis 

A bivariate analysis using a chi-square test for the categorical variables and a t-test for the continuous variables 
were used to compare the difference between preterm and full-term infants in relation to demographic variables 
(i.e., the age and education of mother, family income, and maternal depression) and motor and mental abilities 
of the infant. Any significant differences for any of these variables were subsequently considered in a 
Multivariate Variate Analysis of Variance (MANOVA) that compared the EFs of preterm and full-term infants. 
If any EF differences between preterm and full-term infants were found, then multiple linear regression analyses 
were conducted to identify any potential factors that could be associated with poor performances in preterm 
infant group. The following factors were identified: maternal factors (e.g., maternal hypertension, diabetes, 
anemia, selenium deficiency from pregnancy). 

Results 
Table 2 lists the characteristics of the 88 preterm and 88 full-term infants who were followed until they reached 
eight months of age. Overall, the proportion of male and female infants was similar across preterm and full-term 
infant groups. The average age of the mothers was 30 years old and the most mothers had more than 12 years of 
education in both preterm and full-term infant groups. In comparison with mothers of full-term infants, more 
mothers in the preterm infant group had an annual family income of less than 30 000 Chinese Yuan. No 
significant differences were found in relation to the gender of infants, maternal age, education, family income, 
and maternal psychological well-being as measured by the EPDS. However, significant differences were 
observed among the cognitive and motor scales of the BSID-III. Cognitive and motor scores were subsequently 
controlled to compare the EFs of preterm and full-term infants. 

Table 2 Characteristics of the preterm and full-term infant groups 

Variables  Preterm infants 
(n = 88)  Full-term infants 

(n = 88)  t or χ2  P 
Sex of child 

Male, n (%) 
  

44 (50.0) 
  

44 (50.0) 
 

﹤0.001  1.000 
Maternal age 

Mean (SD) 
  

30.47 (4.63) 
  

30.33 (3.45) 
 0.222  0.825 

Maternal education 
Grade ≤ 12, n (%) 
Grade > 12, n (%) 

  
10 (11.4) 
78 (88.6) 

  
5 (5.7) 

83 (94.3) 

 
1.822  0.177 

Family annual income per capita(￥) 
30 000 and less, n (%) 
30 000–59 999, n (%) 
60 000 and above, n (%) 

  
36 (40.9) 
31 (35.2) 
21 (23.9) 

  
25 (28.4) 
33 (37.5) 
30 (34.1) 

 

3.634  0.162 

Maternal psychological well-being 
(EPDS scores) 

Score < 9.5, n (%) 
Score ≥ 9.5, n (%) 

  
 

80 (90.9) 
8 (9.1) 

  
 

80 (90.9) 
8 (9.1) 

 

﹤0.001  1.000 

Bayley Cognitive 
Mean (SD) 

  
103.75 (8.17) 

  
106.25 (8.52) 

 −1.987  0.049 
Bayley Motor 

Mean (SD) 
  

98.23 (8.67) 
  

102.51 (8.04) 
 −3.398  0.001 
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Table 3 shows statistically significant differences across all four components of EF between preterm and full-
term infants. These differences were significant even when BSID-III cognitive and motor abilities were 
controlled in the MANOVA model. 

Table 3 Executive function scores for preterm and full-term infants at 8 months corrected age 

Variables Preterm infants 
(n = 88) 

Full-term infants 
(n = 88) 

Unadjusted model  Adjusted model 
F P  F P 

1.Working memory Mean (SD) 3.80 (4.57) 7.98 (5.38) 30.833 ﹤0.001  23.009 ﹤0.001 
2.Distraction Mean (SD) 0.39 (0.24) 0.29 (0.20) 8.978 0.003  6.173 0.014 
3. Inhibition Mean (SD) 0.35 (0.60) 0.80 (0.70) 20.527 ﹤0.001  15.165 ﹤0.001 
4.Planning Mean (SD) 11.44 (10.60) 17.56 (11.67) 13.231 ﹤0.001  9.512 0.002 

Bayley cognitive is associated with planning; F = 18.09, P < 0.001 

The differences in the EFs of preterm and full-term infants were significant; however, no EF differences 
existed between very preterm and preterm infant groups and between very low birth weight and low birth weight 
infant groups (See Table 4 and Table 5). Maternal hypertension, preeclampsia, and diabetes from pregnancy, 
insufficient selenium, and anemia were possibly related to poor EF performance rather than gestation age and 
birth weight. The selenium level, in pregnant mothers was 60 ng/ml, below the Chinese recommended selenium 
intake of 65–330 ng/ml [28]. The association of these risk factors in relation to EF was assessed under the 
regression models (See Table 6 for descriptive information on the maternal selenium and anemia and Table 7 for 
the results of the regression analyses). 

Table 4 Executive function scores at 8 months corrected age for preterm infants 28–31 weeks gestation and 32–36 weeks gestation 

Variables  28–31 weeks 
 (n = 9)  32–36 weeks 

(n = 79)  t  P 

1.Working memory Mean (SD)  3.78 (5.36)  3.80 (4.52)  −0.012  0.990 
2.Distraction Mean (SD)  0.40 (0.31)  0.39 (0.23)  0.202  0.840 
3. Inhibition Mean (SD)  0.45 (0.92)  0.34 (0.55)  0.352  0.733 
4.Planning Mean (SD)  11.67 (10.95)  11.42 (10.63)  0.066  0.947 

Table 5 Executive function scores at 8 months corrected age for low birth weight infants with birth weights of 1000–1499 g and 
1500–2499 g 

Variables  
1000–1499 g 
 birth weight 

(n = 11) 
 

1500–2499 g  
birth weight 

(n = 53) 
 t  P 

1.Working memory Mean (SD)  3.36 (4.06)  4.21 (5.02)  −0.523  0.603 
2.Distraction Mean (SD)  0.34 (0.27)  0.39 (0.26)  −0.567  0.573 
3. Inhibition Mean (SD)  0.50 (0.72)  0.36 (0.61)  0.665  0.509 
4.Planning Mean (SD)  10.73 (8.58)  10.62 (10.92)  0.030  0.976 

Table 6 Maternal factors of preterm infants 

Variables  Preterm infants 
(n = 88) 

Hypertension during pregnancy n (%) 
Yes 
No 

  
23 (26.4) 
64 (73.6) 

Diabetes n (%) 
Yes 
No 

  
20 (22.7) 
68 (77.3) 

Selenium (ng/ml) 
Mean (SD) 

  
60.20 (10.33) 

Anemia n (%) 
Yes 
No 

  
66 (75.9) 
21 (24.1) 

Table 7 Multiple Linear Regression (Preterm Infants) 

Variables 
 Working Memory  Distraction  Inhibition  Planning 

 B(95%CI) P  B(95%CI) P  B(95%CI) P  B(95%CI) P 

Hypertension  1.53(−0.66 to 
3.71) 

0.17  −0.005 (−0.12 
to 0.11) 

0.94  0.22(−0.07 to 
0.52) 

0.14  −1.84 (−7.25 to 
3.56) 

0.50 
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Diabetes  −1.99 (−4.34 to 
0.35) 

0.09  0.10 (−0.02 to 
0.22) 

0.11  −0.13 (−0.45 to 
0.19) 

0.42  −0.64 (−6.46 to 
5.78) 
−0.12 (−0.36 to 

 

0.83 

Selenium 
 

 0.12 (0.02 to 
0.22) 

0.02  −0.004 (−0.009 to 
0.001) 

0.11  0.01 (−0.001 to 
0.03) 

0.06  −0.12 (−0.36 to 
0.13) 

0.36 

Anemia  3.09 (0.86 to 
5.32) 

0.001  -0.19 (−0.31 to 
−0.07) 

0.002  0.46 (0.16 to 
0.76) 

0.003  3.99 (−1.53 to 
9.51) 

0.15 

R Square  15.5%   15.4%   14.3% 
9.5   5.9%  

Adjusted R Square  10.8%   10.7%   9.5% 
   0.7%  

ANOVA F  3.31   3.28   3.00   1.12  

ANOVA P  0.01   0.02   0.02   0.35  

The bold fonts show statistical significance. 

Table 7 shows that the infants of mothers who suffered from selenium deficiency and anemia had 
significantly lower working memory scores and inhibition to prepotent response compared with infants of 
mothers who did not suffer from selenium deficiency and anemia. Maternal hypertension, selenium deficiency, 
and anemia are not associated with planning task performance. 

Discussion 
The present study showed significant differences between working memories, inhibitions to prepotent response, 
inhibitions to distraction, and EF planning of preterm and full-term infants. These results confirmed the findings 
of previous studies conducted in other countries that preterm infants have poorer EF abilities than full-term 
infants [5]. Furthermore, the study showed that the performance of preterm infants was worse compared with 
full-term infants based on EF measures. Given that deficits in EF abilities are linked to later learning and 
attention problems, such approaches could be used for the early detection of learning and behavioral problems in 
Chinese preterm-born children. Further studies of school-age children are needed to confirm these findings. 

The scores of preterm infants on the cognitive and motor abilities scales of the BSID-III were significantly 
lower than full-term infants. These results are consistent with previous studies [5], [29]. The MDI and PDI 
scores on the BSID-III were significantly lower for very preterm infants than full-term infants. Thus, infants 
with poor cognitive and fine motor skills appear to have difficulties in spatial memory as demonstrated by their 
inability to find the location of hidden toys, engage in planed sequences of actions, and execute, reach and grasp 
for items in the EF tasks. However, the differences in EF measures between preterm and full-term infants 
remained even after controlling for MDI and PDI. 

The poorer performance of preterm infants compared with full-term infants led to an investigation of 
performance factors. Infants with gestational ages of 28–31 weeks did not differ from infants with gestational 
ages of 32–36 weeks in the EFs. In relation to the working memory, inhibition and planning tasks, differences 
were also absent between the performances of infants with birth weights of 1000–1499 g and infants with birth 
weights of 1500–2499 g. 

In the present study, most preterm infants did not suffer from medical complications such as asphyxia, 
hypoxic-ischemic encephalopathy, or intracranial hemorrhages. Such complications can significantly affect the 
performances of infants in EF tasks. Notably, a previous study examined high-risk preterm infants [5], however, 
the preterm infants in the present study were healthier and had later gestational ages and higher birth weights. 
Hence, gestational age, birth weight, and medical complications did not appear to negatively affect the EFs of 
preterm infants in the present study. 

Maternal factors such as hypertension, preeclampsia, and nutrition, including selenium deficiency and 
anemia, may decrease EF. The present study showed that hypertensive status of mothers did not have any effect 
on the EF of infants, but reduced working memory and inhibition to prepotent response were associated with 
insufficient maternal selenium and maternal anemia during pregnancy These findings are consistent with 
previous studies that identified poor neurocognitive abilities in infants with mothers whose pregnancies were 
complicated by maternal nutrition factors [30–32]. 

Tasks that require holding the information in the working memory involve the dorsolateral and ventro-lateral 
prefrontal cortices [33], while the orbitofrontal cortex regulates tasks that require an ability to inhibit prepotent 
response [34,35]. The prefrontal lobe is an area of the brain that develops at a late period. Any damage to this 
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region during early development could significantly reduce EF performance. The deficits observed in preterm 
infants across all EF measures (particularly, in infants whose mothers had higher risks of maternal anemia 
during pregnancy and insufficient selenium) could be associated with the adverse effects that premature births 
have on the prefrontal cortex, which is still immature and sensitive during this period of development. 

Considerable evidence shows that insufficient selenium and anemia during pregnancy significantly disrupts 
the womb environment and affects the brain development of infants. The present study supports the notion that 
an unfavorable intrauterine environment may affect healthy fetal brain development, and thus, compromise 
neuropsychological functioning in early postnatal life [36]. The mechanisms that underpin these relationships 
are still unknown. Mothers during pregnancy are at high risk of developing selenium deficiency [37]. Selenium 
is important in brain development and affects brain thyroid concentration, the expression of thyroid-responsive 
genes, myelinization, and neurotransmitter synthesis [38,39]. Studies have shown that selenium deficiency had 
adverse effects on neurobehavioral development [40], psychomotor [16], and child development [41]. As a 
result, a lack of selenium may disrupt the optimal brain development in preterm infants. 

Fetal exposure to increased oxidative stress and elevated angiogenic/vasculogenic signaling associated with 
anemia during pregnancy could affect metabolic substrate homeostasis in the developing iron-deficient brain, 
possibly contributing to the long-term neurological development of infants [36]. Maternal anemia may have 
profound and possibly permanent effect on myelinization in the brain, including the prefrontal lobe area because 
iron deficiency during one growth period (e.g., fetal life) may result in neuroanatomical and neurobehavioral 
deficits when the brain is rapidly developing [42]. Notably, prefrontal lobe appears to govern EFs [43–46]. 
Thus, prenatal insults such as anemia could disrupt the optimal development of neural structures that support 
neuropsychological growth and development. 

This study has a number of strengths. The prospective study design and assessment of selenium level in cord 
blood and anemia assessment during pregnancy constitute an important advantage of this study. Notably, the 
study is the first to investigate the effects of maternal factors during pregnancy such as anemia and selenium 
deficiency in the EF of Chinese preterm infants and the first to identify early prenatal risk factors that may lead 
to poor development outcomes in preterm infants. Consequently, this study is able to closely measure and assess 
the association between maternal factors and the neurobehavioral factors of infants. 

However, the study also has a number of limitations. First, the preterm infants sample only comprised very 
preterm and preterm infants. High-risk infants and extremely low birth weight infants were not included in the 
study. Hence, a comprehensive assessment of poor EF causes in preterm infants was not possible. Second, the 
direct link between EFs and the prefrontal lobe was not assessed, making the association between EFs and the 
frontal lobes of preterm infants only an inference. Finally, the preterm infants were only followed until they 
reached eight months in terms of maternal anemia and selenium factors. Therefore, the longer-term effects of 
maternal anemia and selenium factors on the EFs of preterm infants were not assessed. The present study 
suggested that maternal anemia in pregnancy and selenium deficiencies are significant factors that may affect 
the EF development of infants as early as eight months. Future studies need to follow preterm infants to school 
age to confirm these findings. Prenatal and postnatal health care practices should seek to prevent anemia and 
selenium deficiency during pregnancy and ensure sufficient provision of iron and selenium to mothers and 
preterm infants. 

This study showed that, preterm infants achieved lower scores in working memory, response inhibition, 
inhibition distraction, and planning tasks compared with full-term infants. Factors including maternal anemia 
and selenium deficiencies during pregnancy were significantly related to poor EF in preterm infants. Future 
research should be conducted on both prenatal and postnatal care, the prevention of anemia and selenium 
deficiency during pregnancy, and whether supplementing selenium in mothers during pregnancy can prevent 
further deterioration and the development of adverse outcomes of their offspring. 
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