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Abstract

Background: Cognitive development after age three tends to be stable and can therefore predict cognitive skills in
later childhood. However, there is evidence that cognitive development is less stable before age three. In rural
China, research has found large shares of children under age three are developmentally delayed, yet little is known
about the trajectories of cognitive development between 0 and 3 years of age or how developmental trajectories
predict later cognitive skills. This study seeks to describe the trajectories of child cognitive development between
the ages of 0–3 years and examine how different trajectories predict cognitive development at preschool age.

Methods: We collected three waves of longitudinal panel data from 1245 children in rural Western China. Child
cognitive development was measured by the Bayley Scales of Infant Development when the child was 6–12
months and 22–30 months, and by the Wechsler Preschool and Primary Scale of Intelligence-Fourth Edition when
the child was 49–65 months. We used the two measures of cognitive development before age three to determine
the trajectories of child cognitive development.

Results: Of the children, 39% were never cognitively delayed; 13% were persistently delayed; 7% experienced
improving cognitive development; and 41% experienced deteriorating development before age 3. Compared to
children who had never experienced cognitive delay, children with persistent cognitive delay and those with
deteriorating development before age 3 had significantly lower cognitive scores at preschool age. Children with
improving development before age 3 showed similar levels of cognition at preschool age as children who had
never experienced cognitive delay.

Conclusions: Large shares of children under age 3 in rural Western China show deteriorating cognitive
development from infancy to toddlerhood, which predict lower levels of cognition at preschool age. Policymakers
should invest in improving cognitive development before age 3 to prevent long-term poor cognition among
China’s rural children.
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Background
Early childhood has been identified as an important win-
dow for cognitive development [1–5]. It is well known that
cognitive development during the first 3 years of life is pre-
dictive of cognitive development in later childhood [6–9].
Theoretical and empirical research has established that
basic cognitive skills developed in the earliest years of life
form the foundation for the development of more complex
skills later in childhood [4, 10, 11]. For this reason, infants
who have delayed development during the first 3 years of
childhood face impediments to developing more complex
cognitive skills and are likely to continue to have low levels
of cognitive skill into their preschool years [6, 7, 12–15].
Several studies have found that cognitive skills at age 3 were
predictive of cognitive skills at preschool age (4 to 5) with
coefficients of 0.36 to 0.64 [6, 8, 16].
Although the literature has consistently found that

levels of cognition are relatively constant after a child is
3 years old [17, 18], a number of studies, especially in de-
veloped countries, have found that fluctuations in cogni-
tive development before age 3 are relatively common [6,
19–24]. For example, a study by Feinberg et al. [21]
found that 28% of cognitively delayed children in the
United States were persistently delayed from 9 to 24
months old, while the remaining children who were de-
layed at 24 months (72%) were newly delayed (i.e., their
levels of measured cognition had deteriorated between 9
months and 24 months). In another study from the
United States, nearly 70% of sampled children with mea-
sured cognitive delay at 9 months had recovered to nor-
mal cognition by 24months [23], while the remaining
30% of children remained delayed at 24 months [23]. Al-
though the changes in cognitive development over time
may be due to measurement error, the measurements
used in these studies have high reliability, and most of
the changes are likely to represent true fluctuations in
cognitive development.
A small number of studies have provided evidence that

trajectories of cognitive development before 3 years of
age affect later development, such as behavioral out-
comes, at preschool age. To the best of our knowledge,
such studies have been conducted only in developed
countries [19, 23]. One study conducted in the United
States, for example, demonstrated that different cogni-
tive trajectories before 3 years were linked to differences
in preschool-aged developmental outcomes [19]. Com-
pared to children who never experienced cognitive delay
(at age 5), persistently delayed, improving, and deterior-
ating children were shown to have higher frequencies of
behavioral problems by 0.6 standard deviations (SD), 0.2
SD, and 0.4 SD, respectively. Unfortunately, however,
the study did not examine whether the trajectories of
cognitive development in early childhood were corre-
lated with cognitive outcomes at preschool age.

Understanding the trajectories of cognitive delay and
their relation to later cognitive skills should be especially
relevant for developing countries, where research has
shown that about 250 million children under the age of 5
(about 43%) are at risk of developmental delay [25]. Of
this global total, it is estimated that 45 million are in
China, which would make China rank second globally in
terms of total number of young children with cognitive
delay [25–27]. In China, recent studies suggest that cogni-
tive delay is most prevalent among children in rural areas.
Whereas research in urban areas has consistently shown
rates of cognitive delay among infants and toddlers of
under 15%, the average rate of delay for a healthy popula-
tion [28–30], studies of children aged 0 to 3 years in rural
China have found rates of cognitive delay between 39 and
49% [26, 31, 32]. Although fewer recent studies have ex-
amined the cognitive development of preschool-age chil-
dren in rural China, the existing studies have found that
the rates of cognitive delay of preschool-age children are
similarly high: a 2008 study of 505 low-income, rural chil-
dren aged 4 to 5 found a rate of cognitive delay around
57% [33], and a more recent study conducted in Guizhou
province in 2015 found that over half of rural children
aged 64–71months were cognitively delayed [34].
Although previous studies in rural China have not fo-

cused on the trajectories of cognitive skills, there is evi-
dence that suggests that cognitive development children
under age 3 in rural China may fluctuate over time. A lon-
gitudinal study of young rural children in China found the
rate of cognitive delay of sample children increased from
14% at 6months to 49% at 29months [35]. Another study,
which examined the impacts of a parental training inter-
vention to increase psychosocial stimulation, found that it
was possible to improve the cognitive development of the
sample children, especially those children who had low
levels of cognition at baseline [36]. Importantly, however,
no study in China to date has documented the trajectories
cognitive development among young children under age 3.
Additionally, little is known about how different trajector-
ies of cognitive development before age 3 may predict cog-
nitive development as children grow older (e.g., to
preschool age).
If the trajectories of cognitive development during 0 to

3 years of age are associated with development in later
childhood (both preschool age and beyond), there would
be great value for researchers and policymakers to deter-
mine the factors linked with the different trajectories. To
our knowledge, however, only one study has examined
factors associated with the different trajectories of cogni-
tive development among young children [19]. This
study, conducted by Cheng et al. (2014) among children
in the United States, found that trajectories of cognitive
development from infancy to preschool age were related
to the demographic characteristics of children and
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families: children with low birth weight and those from
families with low income were more likely to experience
persistent cognitive delay, whereas female children and
those with siblings were more likely to see their cognitive
development improve. Additionally, although no studies
in developing countries have examined cognitive trajector-
ies before age 3, many studies in developing counties have
identified risk factors that are correlated with early child-
hood cognitive delay, including low parental education
levels, low family income, and greater number of siblings
in a family [26, 35, 37, 38]. Given the consistency of these
findings across settings as diverse as Columbia, China, and
South Africa, it is possible these factors also may be re-
lated to trajectories of child cognitive development.
The aim of this paper is to describe the trajectories of

child cognitive development between the ages of 0–3 years
among in rural Western China and examine how different
trajectories predict cognitive development at preschool
age. To achieve this goal, we have four specific objectives.
First, we describe child cognitive development at three
points in time: infancy (6–12months), toddlerhood (22–
30months) and preschool age (49–65months). Second,
we describe the trajectories of child cognitive development
from infancy to toddlerhood and report the shares of sam-
ple children who are never delayed, persistently delayed,
show improving cognitive development and show deteri-
orating cognitive development before age 3. Third, we
examine how the different trajectories of cognitive devel-
opment before age 3 predict cognitive skills at preschool
age. Finally, we identify individual and household factors
that are associated with each developmental trajectory be-
fore age 3, including the child’s age, gender, whether the
child was born prematurely, whether the child had sib-
lings, maternal age, maternal education level, and the fam-
ily asset index of each household.
The remainder of this paper is structured as follows.

Section 2 presents our methods, including sample selec-
tion, data collection, and statistical methods. Section 3
describes the results. Section 4 discusses the findings,
and section 5 concludes.

Methods
Sample selection
The data presented in this paper come from a longitudinal
study of children and households conducted by the au-
thors in 11 nationally designated poverty counties1 in the
Qinba Mountain area of China. This region is nationally
recognized as a concentrated and contiguous poverty-

stricken area in China [39]. In 2013, the per capita GDP of
the region was US$1275 (RMB 7896), lower than the na-
tional per capita GDP of US$7057 (RMB 43,684) [40]. Of
the 75 counties in the region, nearly all are designated as
poverty counties by the central government of China [39].
The sample was selected in 2013 using a multistage

cluster sampling design. First, all townships in the 11
counties were included in the study, with two excep-
tions: We excluded the one township in each county
that housed the county seat and any townships that did
not have any villages with a population of 800 or more.
In total, according to these criteria, 174 townships were
included in the study. Next, we randomly selected two
villages from each of the sample townships. Finally, with
the help of the local family planning offices in the study
area, we obtained a list of all registered children born
between March 2012 and May 2013 in each sample vil-
lage. We excluded infants with known diseases or dis-
abilities and selected all remaining infants within the
target age range (6–12months) for inclusion in this
study. Overall, the baseline sample included 1802
children.
Following the initial survey wave in 2013, we con-

ducted two follow-up surveys: one in April 2015, when
the sample children were 22–30months old, and an-
other in 2017, when the sample children were 49–65
months old. We use child cognitive development mea-
sured in the first and second survey waves to determine
trajectories of development before age 3, while cognitive
skills assessed during the third survey wave serve as our
main outcome variable. In total, 1272 children were sur-
veyed in all three waves. It should also be noted that
there were missing data from children who did not
complete the Bayley Scales of Infant Development
(BSID) and the Wechsler Preschool and Primary Scale of
Intelligence-Fourth Edition (WPPSI-IV) (4 in the first
wave, 10 in the second wave, and 13 in the last wave).
We performed a series t-tests to compare those children
not having cognitive scores at any wave with those hav-
ing cognitive scores at all three waves (Additional file 1:
Appendix Table A1). No significant differences were de-
tected on any demographic variable. These data give evi-
dence that excluding the missing values probably did
not bias the results. For our analysis, we excluded the
sample not having cognitive scores at any wave. Our
final sample included 1245 children.

Data collection and measures
In each survey wave, we collected two main blocks of
data. The first block collected data on the cognitive de-
velopment of each sample child. The second block col-
lected data on the demographic characteristics of sample
children and households.

1In China, nationally designated poverty counties are areas that have
been recognized by the central government as low-income areas in
greater need of government support. The threshold for poverty county
status is an annual per capita income of less than 2300 RMB, or about
1 U.S. dollar per person per day (The State Council Leading Group Of-
fice of Poverty Alleviation and Development, 2012).
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Cognitive development
Because child cognitive assessments are typically de-
signed for specific age ranges, we use two different as-
sessments of cognition based on the ages of the sample.
During the first and second survey waves (when children
were 6–12 months and 22–30months, respectively), we
assessed cognitive development using the first version of
the Bayley Scales of Infant Development (BSID). The
BSID is an internationally-recognized scaled test for chil-
dren under 30 months [41–43]. This test was formally
adapted to the Chinese language and culture in 1993
and scaled according to an urban Chinese sample [44].
The BSID produces a mental development index (MDI)
that measures memory, habitation, problem solving,
early number concepts, generalization, classification, vo-
calizations, and language [45]. In the Chinese version of
the BSID, the MDI has an inter-rater reliability of 0.99, a
test-retest reliability rate of 0.82, and a parallel forms re-
liability of 0.85 [46]. The MDI has an expected mean of
100 and SD of 16. Children with an MDI score below 84
(1 SD) are considered developmentally delayed.
In the third survey wave (when sample children 49–

65months), we assessed cognitive development using
the Chinese version of the Wechsler Preschool and Pri-
mary Scale of Intelligence-Fourth Edition (WPPSI-IV).
The WPPSI-IV is an individually-administered, stan-
dardized test for assessing the cognitive functioning of
children aged 30–91months [47]. The Chinese version
of the WPPSI-IV was adapted in 2010 and scaled
according to a Chinese sample from urban and rural
areas [48], and has since been applied in research across
China [49, 50]. The WPPSI-IV produces a Full-Scale
Intelligence Quotient (FSIQ), which is a composite score
that summarizes cognitive ability across a diverse set of
domains. The Chinese version of the WPPSI-IV test has
a reliability coefficient of 0.96 for the FSIQ. Considering
the Flynn effect calculated based on Flynn, Trahan et al.
and Wang et al. [51–53], children with FSIQ scores
more than 1 SD lower than the mean of 101.3 are con-
sidered developmentally delayed.
The BSID and the WPPSI-IV were administered one-

on-one to each child by trained testers, using a standard-
ized set of toys and a detailed scoring sheet. The testers
underwent a formal week-long training course, including
2.5 days of field training, prior to each survey wave. All
of the BSID assessments were conducted in the home
for each child. All of the WPPSI-IV assessments were
conducted at either the child’s home or preschool. Nei-
ther caregivers nor teachers were allowed to assist the
child during the administration of the tests.

Demographic characteristics
Teams of trained enumerators collected child and
household characteristics from each sample child’s

primary caregiver (defined as the individual most re-
sponsible for the child’s daily care, typically the child’s
mother or paternal grandmother). Child characteristics
included the child’s age in months, gender, whether the
child was premature (born before 37 weeks of gestation),
and whether the child had siblings. Household charac-
teristics included maternal age, maternal education level,
and the family asset index of each household.2 Each
child’s age and premature birth status were obtained
from his or her birth certificate.

Statistical analysis
For our analysis, BSID and WPPSI-IV cognitive raw
scores are standardized separately for each survey wave.
Because raw scores increase with age, we computed age-
adjusted standardized cognitive scores by subtracting
age-specific means and dividing by age-specific SDs, esti-
mated using non-parametric regression methods. This
method is used mainly because the number of sample
observations in each age segment is relatively small, and
this procedure makes the data less sensitive to outliers
[54]. Using this approach yields normally distributed
standardized scores with a mean of zero across the age
range.
Following Cheng et al. and Witt et al. [19, 24], we sort

sample children into four groups based on their trajec-
tory of cognitive development from infancy (6–12
months) to toddlerhood (22–30 months). These four cat-
egories are: 1) “never” cognitively delayed, defined as
having no cognitive delay at either 6–12 months or 22–
30months; 2) “persistently” cognitively delayed, defined
as having cognitive delay at both 6–12 months and 22–
30months; 3). “improving,” defined as having cognitive
delay at 6–12months but no longer delayed by 22–30
months; or 4) “deteriorating,” defined as not having de-
layed at 6–12 months but developing cognitive delay at
22–30months.
To examine associations between trajectories of cogni-

tive development before age 3 and cognitive skills at pre-
school age (49–65 months), we employed ordinary least
squares (OLS) to construct a model as follows:

Cognition Outcomesi ¼ β0 þ β1Evolutionary Pathi þ Xi þ ui; ð1Þ

where Cognition Outcomesi represents the standardized
FSIQ score of child i at preschool age (49–65 months).
Evolutionary Pathi is a dummy variable for the trajectory
of cognitive development of child i that is equal to 1
when a child is in the trajectory of interest and 0

2The household assets index was constructed using polychoric
principal component analysis based on the following variables: tap
water, toilet, water heater, washing machine, computer, Internet,
refrigerator, air conditioning, motorcycle or electronic bicycle, and
automobile.
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otherwise. For example, when we examine the associ-
ation of never having cognitive delay category before age
3 to FSIQ at preschool age, Evolutionary Pathi is equal
to 1 for “never” and 0 otherwise. We compare all other
trajectories in this way, using the Evolutionary Pathi
variable in the same manner. The term Xi is a vector of
covariates that are included to capture the individual
and household characteristics of each child (age, gender,
whether the child was premature, whether the child has
siblings, MDI score at baseline, identity of primary care-
giver, maternal age, maternal educational level, and fam-
ily asset index). ui is an error term. We also control for
county fixed effects and time fixed effects.
We also used the same OLS regression approach with

an alternative specification to estimate the associations
between the four trajectories of cognitive development
before age 3 and cognitive skills at preschool age. The
model is constructed as follows:

Cognition Outcomesi ¼ β0 þ β1Evolutionary Pathi þ Xi þ ui; ð2Þ
where the dependent variable, Cognition Outcomesi rep-
resents the standardized FSIQ score of child i at pre-
school age (49–65 months). The variable, Evolutionary
Pathi, is a vector of three dummy variables that measure
whether the child was in one of three trajectories: per-
sistently delayed, improving, or deteriorating. The never
delayed group is used as a reference group against which
the other three groups are measured. As in Eq. (1), the
variable Xi is a vector of covariates capturing child and
household characteristics, and ui is an error term. We
also control for county fixed effects and time fixed
effects.
To identify which of the child or household character-

istics are most highly associated with each trajectory of
cognitive development, we followed Cheng et al. (2014)
and Witt et al. (2009) to construct a multivariate probit
regression model (using a limited dependent which takes
on a value of either 1 or 0) [19, 24]. The model is as
follows:

Evolutionary pathi ¼ β0 þ β1Childi þ β2Householdi þ ui; ð3Þ
When we compare the differences in characteristics

between children who never experienced cognitive
delay and children classified as deteriorating, the
dependent variable, Evolutionary pathi, equals 1 for
“deteriorating” and 0 for “never.” When we compare
the differences in characteristics between persistently
cognitively delayed children and children who were
improving, the dependent variable, Evolutionary pathi,
equals 1 for “improving” and 0 for “persistently.”
Childi represents individual child characteristics, in-
cluding age, gender, whether the child was premature,
and whether the child has siblings. Householdi

represents household characteristics, including identity
of the primary caregiver, maternal age, maternal edu-
cational level, and family asset index. ui is a mean-
zero error component, which captures unobserved
factors that determine the dependent variable. We
also control for county fixed effects and time fixed ef-
fects. To provide consistency with the models in Eqs.
(1), (2) and (3), we also used OLS to estimate the
model specified in Eq. (3) and have put the results in
Additional file 1: Appendix Table A2.
Finally, we employed the same ordinary least squares

(OLS) estimation approach as used to estimate Eqs. (1)
and (2) to estimate the associations between preschool-
age cognitive skills and child cognitive development out-
comes at different age ranges. We use the following
model:

Cognition Outcomesi preschoolð Þ ¼ β0 þ β1Cognition Outcomesi jð Þ

þXi þ ui;

ð4Þ

where Cognitive Scorei(preschool) represents the standard-
ized FSIQ score of child i at preschool age (49–65
months). When we evaluate the association between
cognition outcomes at preschool age and in infancy (6–
12months), the independent variable, Cognitive Scorei(j),
represents the standardized MDI score of child i in in-
fancy. When we examine the association between cogni-
tion outcomes at preschool age and in toddlerhood (22–
30months), the independent variable, Cognitive Scorei(j),
represents the standardized MDI score of child i in
toddlerhood. When we assess the association between
cognition outcomes at preschool age and changes in
cognition scores from infancy to toddlerhood, Cognitive
Scorei(j) represents the change in the standardized MDI
score of child i from infancy to toddlerhood. The term
Xi is a vector of covariates, as defined above in Eq. (1),
and ui is an error term. We control for county fixed ef-
fects and time fixed effects.

Results
Descriptive characteristics of participants
Table 1 presents the demographic characteristics of the
sample children and their caregivers. Among the chil-
dren in our sample, slightly more than half (51%) were
male, and 76% did not have siblings. Only a small per-
centage of children (5%) were premature. For 85% of the
sample children, the mother was the primary caregiver.
In the case of the remaining 15% of the caregivers, the
paternal grandmother was most often the primary care-
giver. Among the mothers in our sample, 62% were
more than 25 years old. Only 15% of the mothers had
completed more than 12 years of schooling.
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Child cognitive outcomes
For all survey waves (6–12months, 22–30months and
49–65months), the mean cognitive scores of the sample
children were lower than the mean of 100 found in
healthy populations (Table 2). Similarly, the data show
that a considerably large share of the sample children
were suffering from cognitive delay (developmental
scores 1SD or more below the healthy mean), with the
rate of delay increasing significantly from 20% during in-
fancy (6–12 months) to 55% by toddlerhood (22–30
months). When the sample children reached preschool
age (49–65 months), the rate of cognitive delay remained

high (45%). For all three survey waves, the rates of cog-
nitive delay were higher than the rate found in a healthy
population (15%) [53].

Trajectories of child cognitive development
Table 3 presents the shares of sample children in each
of the four trajectories of cognitive development. Of the
1245 children in the full sample, 481 (39%) were never
cognitively delayed; 165 children (13%) were persistently
cognitively delayed; 83 children (7%) showed improving
cognitive development; and 516 children (41%) experi-
enced deteriorating cognitive development.

Associations between trajectories of cognitive
development and cognitive outcomes
Table 4 compares the preschool-age FSIQ scores of sam-
ple children in each cognitive trajectory (never delayed,
persistently delayed, improving, deteriorating) to the
children in all of the other groups combined using Eq.
(1). The results show that children who were never cog-
nitively delayed before age 3 had significantly higher
preschool-age FSIQ scores relative to children in the
other three trajectories. Children with improving cogni-
tive development also scored higher than children in the
rest of the sample. In contrast, children with persistent
cognitive delay and those whose cognitive development
had deteriorated had significantly lower preschool FSIQ
scores as compared to the rest of the sample.
Table 5 presents the associations between develop-

mental trajectories and preschool-age cognitive skills
using Eq. (2), in which we regressed the persistently
delayed, improving, and deteriorating trajectories on
preschool-age FSIQ scores using the never delayed
group as the reference group for comparison. Compared
to children who never experienced cognitive delay, chil-
dren with persistent cognitive delay and children with
deteriorating cognitive development before age 3 had
significantly lower preschool-age FSIQ scores by 0.73 SD
and 0.52 SD, respectively. Children with improving cog-
nitive development before age 3, however, demonstrated
no significant differences in standardized FSIQ scores
compared to children who were never delayed.

Table 1 Characteristics of sample children (6–12months) (N= 1245)

Characteristic Frequency (n) Percentage (%)
or Mean ± SD

Child

Gender

Male 640 51.4

Female 605 48.6

Whether the child was premature

Yes 58 4.7

No 1187 95.3

Whether the child has siblings

Yes 298 23.9

No 947 76.1

Household

Mother is primary caregiver

Yes 1058 85.0

No 187 15.0

Maternal age

< 25 476 38.2

≥ 25 769 61.8

Maternal education level (years)

< 12 1057 84.9

≥ 12 188 15.1

Family asset index 1245 −0.1 ± 1.2

Asset index constructed using polychoric principal components of the
following variables: tap water, toilet, water heater, washing machine,
computer, Internet, refrigerator, air conditioning, motorcycle or electronic
bicycle, and automobile

Table 2 Cognitive outcomes of rural young children in different age ranges in Northwest China (N = 1245)

Outcome Infancy Toddlerhood Preschool Age Diff. (1)–(2) Diff. (1)–(3) Diff. (2)–(3)

Mean (SD) Mean (SD) Mean (SD) p-value p-value p-value

Cognitive score 96.3 (16.70) 81.0 (21.49) 88.7 (11.75) < 0.01 < 0.01 < 0.01

Rate of delay 20% (0.40) 55% (0.50) 45% (0.50) < 0.01 < 0.01 < 0.01

Data source is author’s survey. Cognitive scores are the Bayley Scale of Infant Development (BSID) scores on the Mental Development Index (MDI) for infants (6–
12 months) and toddlers (22–30 months), and the Wechsler Preschool and Primary Scale of Intelligence-Fourth Edition (WPPSI-IV) scores on the Full-Scale
Intelligence Quotient (FSIQ) for preschool-age children (49–65months). Delay is defined as having cognitive scores below − 1 standard deviation (SD) of the mean
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Associations between child and household characteristics
and trajectory of child cognitive development
Table 6 presents the results of our multivariate probit
analysis of the associations between child and household
characteristics and cognitive trajectories before age 3,
using Eq. (3). Columns 1 and 2 compare the characteris-
tics of children who were never delayed versus those
who had deteriorating cognitive development. The re-
sults show that children with older mothers, children
whose mothers had higher education levels, and children
from families with higher asset index scores were 9, 15
and 6% less likely to have deteriorating cognitive delay
(rather than never having cognitive delay), respectively.
Columns 3 and 4 of Table 6 compare the child and

household characteristics of children who were persist-
ently delayed and those who showed improving cogni-
tive development before age 3. The results find that the
same characteristics—maternal age, maternal education
level, and family asset index—were significantly posi-
tively correlated with improving cognitive development
relative to children in the persistently delayed group.

Children with older mothers, children more educated
mothers, and children from families with higher asset
index scores were 15, 23, and 10% more likely to have
improving cognitive development rather than experien-
cing persistent cognitive delay, respectively. We found
no statistically significant associations between child
characteristics and any cognitive trajectory (Rows 1–4).

Associations between cognitive scores at preschool age
and in infancy and toddlerhood
Table 7 compares the associations of cognitive skills in
infancy and toddlerhood, and cognitive trajectories be-
fore age 3, to preschool-age cognition using Eq. (4). The
data show that the standardized cognitive scores in in-
fancy and toddlerhood were significantly positively cor-
related with standardized FSIQ scores at preschool age.
More precisely, a 1-SD rise in the standardized MDI
score in infancy (6–12 months) was correlated with a
0.15-SD increase in standardized FSIQ scores at pre-
school age. When children were in toddlerhood (22–30
months), a 1-SD rise in the standardized MDI score was

Table 3 Trajectory of child cognitive development from infancy to toddlerhood (N = 1245)

Development Infancy Toddlerhood Frequency (n) Percentage (%)

Never delayed No No 481 38.6

Persistently delayed Yes Yes 165 13.3

Improving Yes No 83 6.7

Deteriorating No Yes 516 41.4

“Never delayed” includes all young children whose scores on the Bayley Scale of Infant Development (BSID) of the Mental Development (MDI) in infancy and
toddlerhood never fell below − 1 standard deviation (SD). “Persistently delayed” includes all young children whose scores on the MDI scales in infancy and
toddlerhood never rose above − 1 SD. “Improving” includes all young children whose scores on the MDI scales fell below − 1 SD in infancy and then rose above −
1 SD in toddlerhood. “Deteriorating” includes all young children whose scores on the MDI scales were above − 1 SD in infancy and then fell below − 1 SD in
toddlerhood. Data source is authors’ survey

Table 4 Ordinary Least Squares estimates of the association between cognitive score at preschool age and trajectory of child
cognitive development from infancy to toddlerhood (N = 1245)

Development Standardized FSIQ scores (at preschool age)

(1) (2) (3) (4)

Never delayed (1 = never, 0 = otherwise) 0.50*** (0.06)

Persistently delayed (1 = persistently, 0 = otherwise) −0.53*** (0.09)

Improving (1 = improving, 0 = otherwise) 0.55*** (0.11)

Deteriorating (1 = deteriorating, 0 = otherwise) −0.41*** (0.05)

Control variables Yes Yes Yes Yes

County fixed effects Yes Yes Yes Yes

Time fixed effects Yes Yes Yes Yes

R-squared 0.22 0.20 0.19 0.21

Models estimated in this table are defined in Eq. (1) in the manuscript. “Never delayed” includes all young children whose scores on the Bayley Scale of Infant
Development (BSID) of the Mental Development (MDI) in infancy and toddlerhood never fell below − 1 standard deviation (SD). “Persistently delayed” includes all
young children whose scores on the MDI scales in infancy and toddlerhood never rose above − 1 SD. “Improving” includes all young children whose scores on the
MDI scales fell below − 1 SD in infancy and then rose above − 1 SD in toddlerhood. “Deteriorating” includes all young children whose scores on the MDI scales
were above − 1 SD in infancy and then fell below − 1 SD in toddlerhood. Control variables include the child’s age and gender, whether the child has siblings,
whether the mother is the primary caregiver, whether the mother is more than 25 years old, whether the mother has attained 12 or more years of education, and
the family asset index. We also control for baseline Bayley MDI scores, time and county fixed effect. Each column is a separate regression. Data source is
authors’ survey
***p < .01
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correlated with a 0.39-SD increase in standardized FSIQ
scores at preschool age. A test of the difference between
the two coefficients finds that they are significantly dif-
ferent. Finally, a 1-SD rise in standardized MDI scores
from infancy to toddlerhood was correlated with a 0.13-
SD increase in the standardized FSIQ scores at pre-
school age, indicating that improving the cognitive status
from infancy to toddlerhood could lead to better cogni-
tive development at preschool age.
Comparing the R-squared coefficients of the models

that predict preschool-age cognition (Tables 4, 5, and
7) may provide insight into what measurement
approaches might be best identifying the children at
highest risk for long-term delayed development. The
R-squared values associated with the four regressions
in Table 4 are all between 0.19 and 0.22, whereas in
Table 5 (including all of the trajectories together), the
R-squared value is 0.25, suggesting that the full model
would provide a slightly higher-quality prediction. In
Table 7, the R-squared coefficient associated with the
regression of toddler cognitive scores on preschool
cognition (0.26; Column 2) is higher than the R-
squared values for infant cognitive scores (0.16;
Colum 1) and the change in cognitive scores (0.16;
Column 3), suggesting that the predictive power of a
3-year-old’s cognitive score is superior to the other
measures. There is little difference between the
predictive power of the best-fitting model using tra-
jectories (Table 5) and the best-fitting model using
cognitive scores (Table 7). The best-fitting model for

Table 5 Association between cognitive score at preschool age
and trajectory of child cognitive development from infancy to
toddlerhood (N = 1245)

Development Standardized FSIQ scores
(at preschool age)

Persistently delayed (1 = persistently,
0 = otherwise)

−0.73*** (0.11)

Improving (1 = improving, 0 = otherwise) 0.04 (0.13)

Deteriorating (1 = deteriorating,
0 = otherwise)

−0.52*** (0.06)

Control variables Yes

County fixed effects Yes

Time fixed effects Yes

R-squared 0.25

Models estimated in this table are defined in Eq. (2) in the manuscript. “Never
delayed” is the reference in the regression. “Never delayed” includes all young
children whose scores on the Bayley Scale of Infant Development (BSID) of the
Mental Development (MDI) in infancy and toddlerhood never fell below − 1
standard deviation (SD). “Persistently delayed” includes all young children
whose scores on the MDI scales in infancy and toddlerhood never rose above
− 1 SD. “Improving” includes all young children whose scores on the MDI
scales fell below − 1 SD in infancy and then rose above − 1 SD in toddlerhood.
“Deteriorating” includes all young children whose scores on the MDI scales
were above − 1 SD in infancy and then fell below − 1 SD in toddlerhood.
Control variables include the child’s age and gender, whether the child has
siblings, whether the mother is the primary caregiver, whether the mother is
more than 25 years old, whether the mother has attained 12 or more years of
education, and the family asset index. We also control for baseline Bayley MDI
scores, time, and county fixed effects. Data source is authors’ survey
***p < .01

Table 6 Multivariate analysis of the association between characteristics and trajectory of child cognitive development from infancy
to toddlerhood

Characteristic Deteriorating Improving

(1) β (2) ME (3) β (4) ME

Child characteristics

Age − 0.02 (0.02) −0.01 (0.01) − 0.03 (0.05) −0.01 (0.02)

Male (1 = yes) 0.08 (0.08) 0.03 (0.03) 0.01 (0.19) 0.00 (0.06)

Premature (1 = yes) −0.06 (0.21) −0.02 (0.08) 0.38 (0.35) 0.12 (0.11)

Have siblings (1 = yes) 0.02 (0.11) 0.01 (0.04) 0.35 (0.22) 0.11 (0.07)

Household characteristics

Primary caregiver (1 =mother) 0.07 (0.09) 0.02 (0.03) −0.34 (0.21) −0.10 (0.07)

Maternal age (1 = more than 25 years old) −0.25*** (0.09) −0.09*** (0.03) 0.48** (0.22) 0.15** (0.07)

Maternal education level (1 = 12 years or higher) −0.41*** (0.12) −0.15*** (0.04) 0.75*** (0.25) 0.23*** (0.07)

Family asset index −0.17*** (0.04) −0.06*** (0.01) 0.32*** (0.09) 0.10*** (0.03)

County fixed effects Yes Yes Yes Yes

Time fixed effects Yes Yes Yes Yes

Observations 997 997 248 248

Models estimated in this table are defined in Eq. (3) in the manuscript. Column 1 presents coefficients and standard errors (in parentheses) from the probit
regression. Column 2 presents marginal effects from the same probit regression, where 1 = “Deteriorating” and 0 = “Never” when child’s age is from 6 to 12
months (infancy) to 22 to 30 months (toddlerhood). The same multivariate analysis for “Improving” and “Persistent” are shown in Columns 3 and 4, where
1 = “Improving” and 0 = “Persistently delayed.” All regressions control for county fixed effects and time fixed effects. Data source is authors’ survey
**p < .05, ***p < .01
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the trajectory had an R-squared value of 0.25 (Table
5, Row 7). The R-squared value of the best-fitting
regression in Table 7 is 0.26 (Column 2, Row 7). Stat-
istical tests of goodness of fit do not find any
differences.

Discussion
We studied the trajectories of child cognitive develop-
ment before 3 years of age in rural Western China and
examined how these paths affect predict cognitive skills
at preschool age. We described the cognitive develop-
ment outcomes of children when they were in infancy
(6–12 months), toddlerhood (22–30 months), and pre-
school age (49–65months) and identified children who
were never delayed, persistently delayed, had improving
cognition and had deteriorating cognition before age 3.
The empirical analysis also examined the associations
between trajectories of cognitive development before age
3 and cognitive development skills at preschool age and
identified risk factors (child and household characteris-
tics) associated with each trajectory of cognitive develop-
ment before age 3.
The results demonstrate that the prevalence of cogni-

tive delay among rural infants (20%), toddlers (55%), and
preschoolers (45%) is significantly higher than what one
would expect for children in a healthy population (15%)
[47, 55]. These findings are consistent with a number of
recent empirical studies in rural China [26, 31–34, 56].
According to these studies, 39 to 49% of infants and
toddlers between 6 and 36months are cognitively de-
layed, and 37 to 57% of children at preschool age are
cognitively delayed. Hence, our results, using three ob-
servations for the same cohort, concur with the cross-
sectional studies in the literature, indicating that the
cognitive delay of children during the first 5 years of life
is a common problem across rural China.
The data also revealed that a large share of children

had deteriorating cognitive development before age 3.

Whereas only 13% of children had persistent cognitive
delay, 41% of the sample saw their cognitive skills deteri-
orate, meaning that they developed cognitive delay as
they aged from infancy (6–12 months) to toddlerhood
(22–30months). In contrast, only 7% of the sample chil-
dren saw their cognitive skills improve (recovered from
cognitive delay between infancy and toddlerhood). These
findings suggest that sample children in rural China who
were cognitively delayed in infancy (20% of the original
sample) were less likely to recover from cognitive delay
by the time they reached toddlerhood. Moreover, over
half of the children who were not cognitively delayed in
infancy became delayed by the time they reached
toddlerhood.
Perhaps most importantly, the analysis demonstrates

that different trajectories of child cognitive development
before age 3 predict different levels of cognitive skills at
preschool age. Children who were never cognitively de-
layed and children with improving cognitive trajectories
had significantly higher levels of cognitive skills when
they reached preschool age, whereas children who were
persistently delayed and those with deteriorating cogni-
tive trajectories during the first 3 years had relatively
lower levels of cognitive skills at preschool age. Although
there has not been a lot of work in this specific area, the
findings are in line with at least two previous inter-
national studies [19, 23], which found that children who
exhibit cognitive delay in early life (at 9–24months old)
have a higher likelihood of being cognitively delayed
later in life (at 4–5 years old). The finding that “never”
delayed and “improving” children in the sample show
similar levels of cognition at preschool age indicates that
identifying and addressing cognitive delays before age
three may reduce the overall prevalence of cognitive de-
lays and promote healthy long-term development among
children in rural China.
In addition, we were interested in which measure was

most predictive of cognitive development at preschool

Table 7 Associations between standardized cognitive scores at preschool age and in infancy and toddlerhood (N = 1245)

Variable Standardized cognitive scores (at preschool age)

(1) (2) (3)

Standardized cognitive scores (in infancy) 0.15*** (0.03)

Standardized cognitive scores (in toddlerhood) 0.39*** (0.03)

Changes in standardized cognitive scores from infancy to toddlerhood 0.13*** (0.02)

Controls Yes Yes Yes

County fixed effects Yes Yes Yes

Time fixed effects Yes Yes Yes

R-squared 0.16 0.26 0.16

Models estimated in this table are defined in Eq. (4) in the manuscript. Control variables include the child’s age and gender, whether the child has siblings,
whether the mother is the primary caregiver, whether the mother is more than 25 years old, whether the mother of the child had attained more than 12 years of
education, and family asset index. We also control for time and county fixed effects. All standard errors account for clustering at the village level. Data source is
authors’ survey
***p < .01
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age: a child’s cognitive trajectory before age 3, cognitive
development at infancy (6–12months), or cognitive de-
velopment at toddlerhood (22–30 months). The results
indicate that the cognitive trajectory before age 3 has
similar predictive power to a child’s level of cognitive de-
velopment at 3 years. Although no study has considered
this issue specifically, other studies have shown that a
child’s level of cognition at 3 years predicts cognitive
skills when a child is 5 years old. Specifically, research [6,
16, 57] has shown that the predictive power, measured
as R-squared (goodness of fit) of the equation, using 3-
year-old cognitive development to predict 5-year-old de-
velopment, ranged from 0.36 to 0.77. More importantly,
the finding that the prediction of the cognitive trajectory
before age 3 to cognitive development at preschool age
is the same as that of cognitive development at age 3
suggests that it may not be worth spending valuable re-
sources to monitor the trajectory of child cognitive de-
velopment unless the monitoring is helpful in inducing
investment in children that would arrest deterioration
and overcome the persistence of cognitive delay to en-
able young children to improve their trajectory. In the
case of rural China, however, where our study finds 41%
of children have deteriorating cognitive development be-
fore age 3, monitoring developmental trajectories in
early childhood may help to identify vulnerable children
and provide timely intervention.
Finally, we identified a relatively small number of indi-

vidual characteristics associated with the socioeconomic
status of the caregiver that predict improving or deteri-
orating cognitive trajectories before age 3. Children who
had older mothers, more educated mothers, and lived in
households with high family asset indices were less likely
to experience deteriorating trajectories of cognitive de-
velopment and were more likely to experience improving
trajectories. Such a finding is consistent with previous
international research that has investigated factors asso-
ciated with child cognitive development at a single point
in time [58–62]. The research found that older mothers,
more-educated mothers, and higher socioeconomic sta-
tus of the household were positively associated with bet-
ter child cognitive development. For example, a study
conducted in Ecuador in the early 2000s, using a sample
of 3000 children aged 36 to 72 months from poor fam-
ilies found that household wealth and maternal educa-
tion were associated with higher cognitive scores [62].
This study makes three contributions to the literature.

First, the strengths of this study include its population-
based sampling technique, large sample size, and rigor-
ous child development testing, all of which increase
confidence in the validity of our findings. Second, this is
the first study to investigate the trajectories of child cog-
nitive development and the association between these
trajectories and preschool-age development in rural

China; it is also one of only a few studies to do so inter-
nationally. Finally, this study examined factors associated
with the different trajectories of child cognitive develop-
ment in rural China, and these findings may provide
specific indicators to target the children who are more
vulnerable to delayed cognitive development. This infor-
mation also may help researchers and policymakers to
improve the interventions aimed at reducing the preva-
lence of child cognitive delay in the early years of life.
We also acknowledge two limitations of this study.

First, although we document changes in cognitive devel-
opment from infancy to preschool age, the data were
collected in three survey waves, separated by intervals of
nearly 2 years. As a result, this analysis may underesti-
mate the true share of children who were affected by
cognitive delay through early childhood. Second, al-
though the samples in this study were randomly selected
from the Qinba Mountain area of China, we do not con-
sider our results to be statistically representative of the
entire country or other rural regions. Future studies
should examine the changes in cognitive development of
early childhood over shorter intervals to better under-
stand the trajectories of cognitive development in both
the short and long terms. Moreover, future studies
should continue to expand on the current study by using
surveys of a wider scope and sampling populations from
other rural areas in China that this study did not
explore.

Conclusion
We studied the trajectories of child cognitive develop-
ment before 3 years of age in rural Western China and
examined how these paths predict cognitive skills at pre-
school age. Drawing on longitudinal data from 1245
children and their families in 11 rural counties in
Western China, the results found that 20% of children
were cognitively delayed in infancy (6–12 months), 55%
were delayed in toddlerhood (22–30 months), and 45%
were delayed at preschool age (49–65 months). About
41% of children had a deteriorating cognitive trajectory
from infancy to toddlerhood, whereas only 7% had an
improving trajectory. Compared to children who had
never experienced cognitive delay, children with persist-
ent cognitive delay and those with deteriorating develop-
ment before age 3 had significantly lower cognitive
scores at preschool age. Children with improving devel-
opment before 3 showed no similar levels of cognition at
preschool age as children who had never experienced
cognitive delay. Children with older mothers, children
whose mothers had higher education levels, and children
from families with higher asset index scores were less
likely to have deteriorating cognitive development and
more likely to having improving cognitive development
before age 3.
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Findings of this paper have clear implications for both
policymakers and researchers. Considering the high rates
of child cognitive delay in the first 5 years of life in rural
China and examining the evidence in this paper in re-
gard to the trajectories of child cognitive development
during 0 to 3 years of age in rural China, we recommend
that China’s government act to help families to improve
the cognitive development of their children at an early
age, especially for rural families and those families with
low SES. Programs should be established to help families
measure levels of child cognitive development when
children are young and provide immediate intervention
for children with delays, with special consideration for
vulnerable communities such as poor households in
rural China.

Abbreviations
SD: Standard deviations; GDP: Gross Domestic Product; RMB: Ren Min Bi;
BSID: Bayley Scales of Infant Development; MDI: Mental Development Index;
WPPSI-IV: Wechsler Preschool and Primary Scale of Intelligence-Fourth Edi-
tion; FSIQ: Full-Scale Intelligence Quotient; OLS: Ordinary Least Squares

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12887-021-02650-y.

Additional file 1: Appendix Table A1. Comparisons of children
completed the cognitive assessments and children not completed the
cognitive assessments. Appendix Table A2. Ordinary Least Squares
regression estimates of the association between demographic
characteristics and trajectories of cognitive development from infancy to
toddlerhood.

Acknowledgements
We would like to thank SuperCenter and its members: Siqi Zhang, Yonglei
Sun, Mengjie Li, Ruirui Dang, Lijuan Zheng, Buyao Liu, Ning Yang, and Chuyu
Song for their support in data collection and project management.

Authors’ contributions
S.R. and S.S. were responsible for study design. L.W. and Y.C. collected and
analysed the data. Y.C, L.W., and S.R. drafted the manuscript. S.D. edited the
manuscript. All authors reviewed the manuscript. The author(s) read and
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The data analysed in this study are available from the corresponding author
upon reasonable request.

Declarations

Ethics approval and consent to participate
Approval for all data collection activities was obtained from the Stanford
University Institutional Review Board (Protocol ID 25734) and from the
Sichuan University Ethical Review Board (Protocol ID 2013005–01). All
participating caregivers gave their informed consent for both their own and
their infant’s involvement in the study. Participants were made aware of the
risks involved and understood that their participation was purely voluntary.
All methods in this study were carried out in accordence with relevant
guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1International Business School, Shaanxi Normal University, No. 620, West
Chang’an Avenue, Chang’an District, Xi’an 710119, Shaanxi, China.
2Department of Health Policy and Management, Gillings School of Global
Health, Carolina Population Center, University of North Carolina at Chapel
Hill, Chapel Hill, North Carolina, USA. 3Freeman Spogli Institute for
International Studies, Stanford University, Stanford, California, USA.

Received: 4 November 2020 Accepted: 6 April 2021

References
1. Almond D, Currie J. Human capital development before age five. In:

Handbook of labor economics. Amsterdam: Elsevier B.V; 2011. p. 1315–486.
2. Bornstein MH, Britto PR, Nonoyama-Tarumi Y, Ota Y, Petrovic O, Putnick

DL. Child development in developing countries: introduction and
methods. Child Dev. 2012;83(1):16–31. https://doi.org/10.1111/j.1467-
8624.2011.01671.x.

3. Dong Q. “Developing children’s cognitive capital, promoting social
prosperity and progress” seminar, Beijing. 2017. http://www.unicef.cn/cn/
index.php?m=content&c=index%25a=show&catid=226&id=4336.

4. Shonkoff J, Phillips D. Setting the stage. In: From neurons to
neighborhoods: the science of early childhood development. Washington,
DC: National Academy Press; 2000. p. 17–92.

5. Young ME, Mustard F. Brain development and ECD: a case for investment.
In: Garcia M, Pence A, Evans JL, editors. Africa’s future, Africa’s challenge:
early childhood care and development in Sub-Saharan Africa. Washington,
DC: World Bank; 2008. p. 588.

6. Fagan JF, Holland CR, Wheeler K. The prediction, from infancy, of adult IQ
and achievement. Intelligence. 2007;35(3):225–31. https://doi.org/10.1016/j.
intell.2006.07.007.

7. McCall RB, Carriger MS. A meta-analysis of infant habituation and
recognition memory performance as predictors of later IQ. Child Dev. 1993;
64(1):57–79. https://doi.org/10.2307/1131437.

8. Rose SA, Feldman JF. Prediction of IQ and specific cognitive abilities at 11
years from infancy measures. Dev Psychol. 1995;31(4):685–96. https://doi.
org/10.1037/0012-1649.31.4.685.

9. Walker D, Greenwood C, Hart B, Carta J. Prediction of school outcomes
based on early language production and socioeconomic factors. Child Dev.
1994;65(2):606–21. https://doi.org/10.2307/1131404.

10. Knudsen EI, Heckman JJ, Cameron JL, Shonkoff JP. Economic,
neurobiological, and behavioral perspectives on building America’s future
workforce. Can J Behav Sci. 2006;103:10155–62.

11. Cunha F, Heckman J. The technology of skill formation. Am Econ Rev. 2007;
97(2):31–47. https://doi.org/10.1257/aer.97.2.31.

12. Heckman JJ. Lessons from the bell curve. J Polit Econ. 1995;103(5):
1091–120. https://www.journals.uchicago.edu/doi/10.1086/262014.
Accessed 5 Oct 2020.

13. Mortensen EL, Andresen J, Kruuse E, Sanders SA, Reinisch JM. IQ stability:
the relation between child and young adult intelligence test scores in low-
birthweight samples. Scand J Psychol. 2003;44(4):395–8. https://doi.org/1
0.1111/1467-9450.00359.

14. Schneider W, Wolke D, Schlagmüller M, Meyer R. Pathsways to school
achievement in very preterm and full term children. Eur J Psychol Educ.
2004;19(4):385–406. https://doi.org/10.1007/BF03173217.

15. Rubin RA, Balow B. Measures of infant development and socioeconomic
status as predictors of later intelligence and school achievement. Dev
Psychol. 1979;15(2):225–7. https://doi.org/10.1037/0012-1649.15.2.225.

16. Rose SA, Feldman JF, Wallace IF, McCarton C. Information processing at
1 year: relation to birth status and developmental outcome during the
first 5 years. Dev Psychol. 1991;27(5):723–37. https://doi.org/10.1037/
0012-1649.27.5.723.

17. McCall RB. Developmental changes in mental performance: the effect of
the birth of a sibling. Child Dev. 1984;55(4):1317. https://doi.org/10.23
07/1130001.

18. McCall RB, Appelbaum MI, Hogarty PS. Developmental changes in mental
performance. Monogr Soc Res Child Dev. 1973;38(3):1–84. https://doi.org/1
0.2307/1165768.

Wang et al. BMC Pediatrics          (2021) 21:199 Page 11 of 12

https://doi.org/10.1186/s12887-021-02650-y
https://doi.org/10.1186/s12887-021-02650-y
https://doi.org/10.1111/j.1467-8624.2011.01671.x
https://doi.org/10.1111/j.1467-8624.2011.01671.x
http://www.unicef.cn/cn/index.php?m=content&c=index%25a=show&catid=226&id=4336
http://www.unicef.cn/cn/index.php?m=content&c=index%25a=show&catid=226&id=4336
https://doi.org/10.1016/j.intell.2006.07.007
https://doi.org/10.1016/j.intell.2006.07.007
https://doi.org/10.2307/1131437
https://doi.org/10.1037/0012-1649.31.4.685
https://doi.org/10.1037/0012-1649.31.4.685
https://doi.org/10.2307/1131404
https://doi.org/10.1257/aer.97.2.31
http://dx.doi.org/10.1086/262014
https://doi.org/10.1111/1467-9450.00359
https://doi.org/10.1111/1467-9450.00359
https://doi.org/10.1007/BF03173217
https://doi.org/10.1037/0012-1649.15.2.225
https://doi.org/10.1037/0012-1649.27.5.723
https://doi.org/10.1037/0012-1649.27.5.723
https://doi.org/10.2307/1130001
https://doi.org/10.2307/1130001
https://doi.org/10.2307/1165768
https://doi.org/10.2307/1165768


19. Cheng ER, Palta M, Kotelchuck M, Poehlmann J, Witt WP. Cognitive delay
and behavior problems prior to school age. Pediatrics. 2014;134(3):e749–57.
https://doi.org/10.1542/peds.2014-0259.

20. Eisenhower AS, Baker BL, Blacher J. Children’s delayed development and
behavior problems: impact on mothers’ perceived physical health across
early childhood. Soc Sci Med. 2009;68(1):89–99. https://doi.org/10.1016/j.
socscimed.2008.09.033.

21. Feinberg E, Silverstein M, Donahue S, Bliss R. The impact of race on
participation in part C early intervention services. J Dev Behav Pediatr. 2011;
32(4):284–91. https://doi.org/10.1097/DBP.0b013e3182142fbd.

22. Halfon N, Houtrow A, Larson K, Newacheck PW. The changing landscape of
disability in childhood. Future Child. 2012;22(1):13–42. https://doi.org/10.13
53/foc.2012.0004.

23. McManus BM, Rosenberg SA. Does the persistence of development delay
predict receipt of early intervention services? Acad Pediatr. 2012;12(6):546–
50. https://doi.org/10.1016/j.acap.2012.07.003.

24. Witt WP, Gottlieb CA, Hampton J, Litzelman K. The impact of childhood
activity limitations on parental health, mental health, and workdays lost in
the United States. Acad Pediatr. 2009;9(4):263–9. https://doi.org/10.1016/j.aca
p.2009.02.008.

25. Lu C, Black MM, Richter LM. Risk of poor development in young children in
low-income and middle-income countries: an estimation and analysis at the
global, regional, and country level. Lancet Glob Health. 2016;4(12):e916–22.
https://doi.org/10.1016/S2214-109X(16)30266-2.

26. Wang L, Liang W, Zhang S, Jonsson L, Li M, Yu C, et al. Are infant/toddler
developmental delays a problem across rural China? J Comp Econ. 2019;
47(2):458–69. https://doi.org/10.1016/j.jce.2019.02.003.

27. Xie Y, Zhou X. Income inequality in today’s China. Proc Natl Acad Sci U S A.
2014;111(19):6928–33. https://doi.org/10.1073/pnas.1403158111.

28. Gu Q, Gao M, Li Y, Wei X. The survey search of the parenting behavior in
migration workers (in Chinese). J Child Health Care. 2009;3:365–6.

29. Xie S, Wang X, Yao Y. The application of Bayley scales of infant
development in infant nursing (in Chinese). J Nurs (China). 2006;13:76–7.

30. Xu S, Huang H, Zhang J, Bian X. Research on the applicability of Bayley
scales of infant and toddler development-to assess the development of
infants and toddlers in Shanghai (in Chinese). Chin J CHC. 2011;6579:30–2.

31. Wei QW, Zhang JX, Scherpbier RW, Zhao CX, Luo SS, Wang XL, et al. High
prevalence of developmental delay among children under three years of
age in poverty-stricken areas of China. Public Health. 2015;129(12):1610–7.
https://doi.org/10.1016/j.puhe.2015.07.036.

32. Yue A, Wang X, Yang S, Shi Y, Luo R, Zhang Q, et al. The relationship
between infant peer interactions and cognitive development: evidence
from rural China. Chin J Sociol. 2017;3(2):193–207. https://doi.org/10.1177/2
057150X17702091.

33. Luo R, Yue A, Zhou H, Shi Y, Zhang L, Martorell R, et al. The effect of a
micronutrient powder home fortification program on anemia and cognitive
outcomes among young children in rural China: a cluster randomized trial.
BMC Public Health. 2017;17(1):738. https://doi.org/10.1186/s12889-017-4755-0.

34. Gan Y, Meng L, Xie J. Comparison of school readiness between rural and
urban Chinese preschool children. Soc Behav Pers. 2016;44(9):1429–42.
https://doi.org/10.2224/sbp.2016.44.9.1429.

35. Luo R, Emmers D, Warrinnier N, Rozelle S, Sylvia S. Using community health
workers to deliver a scalable integrated parenting program in rural China: a
cluster-randomized controlled trial. Soc Sci Med. 2019;239:112545. https://
doi.org/10.1016/j.socscimed.2019.112545.

36. Luo R, Zhang L, Liu C, Zhao Q, Deng M, Shi Y. On the development of
young children in Chinese poor rural areas. Stud Preschool Educ. 2010;
184:17–22.

37. Attanasio O, Cattan S, Fitzsimons E, Meghir C, Rubio-Codina M. Estimating
the production function for human capital: results from a randomized
control trial in Colombia. SSRN Electron J. 2020;110:48–85.

38. Rademeyer V, Jacklin L. A study to evaluate the performance of black south
African urban infants on the Bayley scales of infant development III. South
Afr J Child Health. 2013;7(2):54–9. https://doi.org/10.7196/sajch.547.

39. The State Council Leading Group Office of Poverty Alleviation and
Development. List of counties in contiguous poverty-stricken areas in China.
2012. http://www.gov.cn/gzdt/2012-06/14/content_2161045.htm.

40. National Bureau of Statistics of the People’s Republic of China. National
statistic yearbook 2017. 2017. http://www.stats.gov.cn/tjsj/ndsj/2017/
indexeh.htm.

41. Bayley N. The Bayley scales of infant development: the manual scale. San
Antonio: Psychological Corporation; 1974.

42. Hamadani JD, Baker-Henningham H, Tofail F, Mehrin F, Huda SN, Grantham-
McGregor SM. Validity and reliability of mothers’ reports of language
development in 1-year-old children in a large-scale survey in Bangladesh.
Food Nutr Bull. 2010;31(2 Suppl):198–206.

43. Nahar B, Hamadani JD, Ahmed T, Tofail F, Mehrin F, Huda SN, et al. Effects
of psychosocial stimulation on growth and development of severely
malnourished children in a nutrition unit in Bangladesh. Eur J Clin Nutr.
2009;63(6):725–31. https://doi.org/10.1038/ejcn.2008.44.

44. Yi S, Luo X, Yang Z, Wan G. The revising of the Bayley scales of infant
development (BSID) in China. Chin J Clin Psychol. 1993;2:71–5.

45. Bayley N. Manual for the Bayley scales of infant development. San Antonio:
Psychological Corporation; 1969.

46. Yi S. Manual of Bayley scales of infant development, Chinese revision.
Changsha: Xiangya School of Medicine; 1995.

47. Wechsler D. Wechsler preschool and primary scale of intelligence-fourth
edition. San Antonio: Psychological Corporation; 2012.

48. Li Y, Zhu J, Wechsler D. Wechsler preschool and primary scale of
intelligence-fourth edition (WPPSI-IV) Chinese version. Hong Kong: King-May
Psychological Assessment; 2014.

49. Chen HY, Chen YH, Liao YK, Chen HP, Lynn R. Dysgenic fertility for
intelligence and education in Taiwan. Intelligence. 2017;63:29–32. https://
doi.org/10.1016/j.intell.2017.04.009.

50. Liu C, Lu L, Zhang L, Luo R, Sylvia S, Medina A, et al. Effect of deworming
on indices of health, cognition, and education among schoolchildren in
rural China: a cluster-randomized controlled trial. Am J Trop Med Hyg. 2017;
96(6):1478–89. https://doi.org/10.4269/ajtmh.16-0354.

51. Lynn R. What has caused the Flynn effect? Secular increases in the
development quotients of infants. Intelligence. 2009;37(1):16–24. https://doi.
org/10.1016/j.intell.2008.07.008.

52. Trahan LH, Stuebing KK, Fletcher JM, Hiscock M. The Flynn effect: a meta-
analysis. Psychol Bull. 2014;140(5):1332–60. https://doi.org/10.1037/a0037173.

53. Wang A, Zhou L, Zhang H. The Flynn effect on intelligence test for
children in China and its impacting factors. China Examinations (in
Chinese). 2016;5:3–10.

54. Rubio-Codina M, Araujo MC, Attanasio O, Muñoz P, Grantham-McGregor S.
Concurrent validity and feasibility of short tests currently used to measure
early childhood development in large scale studies. PLoS One. 2016;11(8):
e0160962. https://doi.org/10.1371/journal.pone.0160962.

55. Boyle CA, Decoufle P, Yeargin-Allsopp M. Prevalence and health impact of
developmental disabilities in US children. Pediatrics. 1994;93(3):399–403.

56. Zhou T. Analysis of intelligence test results of 207 preschoolers in
Zhangjiagang City (in Chinese): Chinese Community Doctor (Medical
Specialty). 2009;05:120.

57. Cohen SE, Parmelee AH. Prediction of five-year Stanford-Binet scores in preterm
infants. Child Dev. 1983;54(5):1242–53. https://doi.org/10.2307/1129679.

58. Ayoub C, O’Connor E, Rappolt-Schlictmann G, Vallotton C, Raikes H, Chazan-
Cohen R. Cognitive skill performance among young children living in
poverty: risk, change, and the promotive effects of early head start. Early
Child Res Q. 2009;24(3):289–305. https://doi.org/10.1016/j.ecresq.2009.04.001.

59. Conger RD, Donnellan MB. An interactionist perspective on the
socioeconomic context of human development. Annu Rev Psychol. 2007;
58(1):175–99. https://doi.org/10.1146/annurev.psych.58.110405.085551.

60. Eriksen HLF, Kesmodel US, Underbjerg M, Kilburn TR, Bertrand J,
Mortensen EL. Predictors of intelligence at the age of 5: family,
pregnancy and birth characteristics, postnatal influences, and postnatal
growth. PLoS One. 2013;8:1–8.

61. Fergusson DM, Lynskey MT, Horwood LJ. Conduct problems and attention
deficit behaviour in middle childhood and cannabis use by age 15. Aust N Z J
Psychiatry. 1993;27(4):673–82. https://doi.org/10.3109/00048679309075830.

62. Paxson C, Schady N. Cognitive development among young children in
Ecuador: the roles of wealth, health, and parenting. J Hum Resour. 2007;42:
49–84.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Wang et al. BMC Pediatrics          (2021) 21:199 Page 12 of 12

https://doi.org/10.1542/peds.2014-0259
https://doi.org/10.1016/j.socscimed.2008.09.033
https://doi.org/10.1016/j.socscimed.2008.09.033
https://doi.org/10.1097/DBP.0b013e3182142fbd
https://doi.org/10.1353/foc.2012.0004
https://doi.org/10.1353/foc.2012.0004
https://doi.org/10.1016/j.acap.2012.07.003
https://doi.org/10.1016/j.acap.2009.02.008
https://doi.org/10.1016/j.acap.2009.02.008
https://doi.org/10.1016/S2214-109X(16)30266-2
https://doi.org/10.1016/j.jce.2019.02.003
https://doi.org/10.1073/pnas.1403158111
https://doi.org/10.1016/j.puhe.2015.07.036
https://doi.org/10.1177/2057150X17702091
https://doi.org/10.1177/2057150X17702091
https://doi.org/10.1186/s12889-017-4755-0
https://doi.org/10.2224/sbp.2016.44.9.1429
https://doi.org/10.1016/j.socscimed.2019.112545
https://doi.org/10.1016/j.socscimed.2019.112545
https://doi.org/10.7196/sajch.547
http://www.gov.cn/gzdt/2012-06/14/content_2161045.htm
http://www.stats.gov.cn/tjsj/ndsj/2017/indexeh.htm
http://www.stats.gov.cn/tjsj/ndsj/2017/indexeh.htm
https://doi.org/10.1038/ejcn.2008.44
https://doi.org/10.1016/j.intell.2017.04.009
https://doi.org/10.1016/j.intell.2017.04.009
https://doi.org/10.4269/ajtmh.16-0354
https://doi.org/10.1016/j.intell.2008.07.008
https://doi.org/10.1016/j.intell.2008.07.008
https://doi.org/10.1037/a0037173
https://doi.org/10.1371/journal.pone.0160962
https://doi.org/10.2307/1129679
https://doi.org/10.1016/j.ecresq.2009.04.001
https://doi.org/10.1146/annurev.psych.58.110405.085551
https://doi.org/10.3109/00048679309075830

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Sample selection
	Data collection and measures
	Cognitive development
	Demographic characteristics

	Statistical analysis

	Results
	Descriptive characteristics of participants
	Child cognitive outcomes
	Trajectories of child cognitive development
	Associations between trajectories of cognitive development and cognitive outcomes
	Associations between child and household characteristics and trajectory of child cognitive development
	Associations between cognitive scores at preschool age and in infancy and toddlerhood

	Discussion
	Conclusion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

