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Introduction

In recent decades, a considerable amount of research has 
emerged on the association of behavioral difficulties and 
the negative impact on a child’s ability to fulfil their educa-
tional and developmental potential [1]. Evidence exists that 
there is a generally a strong link between behavioral prob-
lems and cognitive performance in early and middle child-
hood, [2, 3], notwithstanding that the relationship is likely 
to be bidirectional in nature [4]. Gremillion and Martel [5] 
examined associations between language variation and dis-
ruptive behavior disorders (DBD) in preschool children. 
The authors found that children with DBD showed poorer 
receptive, expressive, and pragmatic language skills com-
pared to children without DBD. Furthermore, preschool-
ers with increased parent-rated hyperactivity-impulsivity 
scores demonstrated poorer language skills [5]. Likewise, 
Sim et al. [6] found language difficulties in preschool chil-
dren who scored in the abnormal range of the Strengths and 
Difficulties Questionnaire (SDQ) total difficulties score. A 
further study compared 7-11-year-olds, who were identi-
fied as showing concerning behavior at school, to age- and 
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Abstract
We investigated the association between persistence and change in behavioral difficulties during early to middle childhood 
and several cognitive outcomes. We observed 3904 8-year-olds enrolled in the longitudinal study Growing Up in New 
Zealand (50% male/female; 23% Māori, 9% Pacific Peoples, 13% Asian, 2% Middle Eastern/Latin American/African, 
9% Other, 43% European). The NIH Toolbox Cognition Battery was used to assess cognitive functioning at 8 years and 
the Strengths and Difficulties Questionnaire for behavioral difficulties at 4.5 and 8 years. Multivariate logistic regression 
analyses were conducted, controlling for well-known sociodemographic confounders. Children with persistent or later 
onset of behavioral difficulties were at higher risk for poorer vocabulary, reading, inhibitory control/attention, episodic 
memory, working memory and processing speed at age 8 compared to children with no or improved difficulties. Our study 
supports the importance of addressing both cognitive and behavioral aspects when planning educational programmes and 
interventions in early and middle childhood.
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sex-matched controls. The authors found that children with 
behavioral concerns were more likely to show structural 
language, word decoding and pragmatic language difficul-
ties compared with the control group [7].

The link between behavioral difficulties and cogni-
tion extends to executive functioning in early and middle 
childhood. For instance, Raaijmakers and colleagues [72] 
observed that preschool children with aggressive behavior 
as indicated by scores at or above the 93rd percentile on 
the Aggressive Behavior Scale [8] showed inhibition defi-
cits based on six neuropsychological tests [9]. Moreover, 
Jahromi and Stifter [10] found that preschool children with 
lower executive functioning on tasks involving inhibition of 
a prepotent response showed poorer emotion regulation and 
were less able to control their impulsive behaviors. A further 
study compared children aged 8–11 years who were identi-
fied as hyperactive according to teacher-ratings on the SDQ 
to matched controls on a battery of cognitive tasks. The 
authors found that children with hyperactivity performed 
more poorly on tasks of inhibition and executive function, 
as well as literacy measures, compared to the control group 
[11]. Furthermore, hyperactivity and conduct problems 
measured by the SDQ, have been found to be negatively 
correlated to reading and arithmetic performance assessed 
with standardized tests in children aged 3–6 years [12].

A range of longitudinal research has investigated the 
link between children’s behavior and cognitive functions. 
For instance, in the Christchurch Health and Development 
Study, Fergusson, Horwood and Lynsky [13] showed that 
early behavioral tendencies are associated with later devel-
opmental outcomes, i.e. conduct problems at age 7–9 years 
increased the risk of later juvenile offending while atten-
tion deficits were related to academic under-achievement in 
middle childhood. Furthermore, Helland and colleagues [4] 
looked at language ability in a group of adolescents (12–15 
years) with externalising behavior problems compared to 
a typically developing comparison group. The group with 
behavioral problems showed poorer language ability and 
70% showed language impairments in the clinical range. 
The authors further found that language and emotional and 
peer problems assessed with the SDQ in childhood (age 7–9 
years), were strongly correlated with language impairments 
in adolescence (age 12–15 years). The authors concluded 
that the assessment of language, especially pragmatics, is 
crucial for follow-up and treatment of behavioral problems 
in children and adolescents (Helland, Lundervold, Hei-
mann, & Posserud, [4]). McGee et al. [14] investigated to 
what extent hyperactivity during both the preschool years 
and at age of school entry leads to later academic and behav-
ioral problems in adolescence by using data from two lon-
gitudinal studies, the Australian Temperament Project and 
the Dunedin Multidisciplinary Health and Development 

Study. They found a strong linear relationship between early 
hyperactivity and continuing school difficulties, attention 
problems as well as poor reading at age 15.

Existing longitudinal research has mainly focused on 
how early cognitive difficulties relate to later behavioral 
problems, rather than vice versa, although the association 
between cognitive difficulties and behavioral problems is 
likely to be bidirectional in nature [4, 15, 16]. While some 
research indicates that behavior problems predispose the 
child to under-achievement, there is also evidence that lan-
guage impairments can increase the occurrence of behav-
ioral difficulties [17–19].

In a recent longitudinal study in Aotearoa New Zealand, 
using data from the large birth cohort study Growing Up 
in New Zealand, D’Souza and colleagues [20] investigated 
whether persistence and change in serious behavioral prob-
lems from ages 2 to 4.5 years is linked to cognitive delay 
at preschool age in the areas of receptive language, early 
literacy and executive control. The total difficulties score of 
the SDQ was used at each time point and children were then 
categorised as showing no difficulties, improved behavior, 
concurrent difficulties, and persistent difficulties. The find-
ings indicated that children with concurrent and persistent 
behavioral difficulties were more likely to show cognitive 
delays compared to children with no difficulties, after con-
trolling for a range of sociodemographic covariates. They 
were also at greater risk of having comorbid delays across 
several cognitive domains. The authors noted that one limi-
tation of the study was that some of the cognitive measures 
used at 4.5 years were more of an indicator of early cog-
nitive ability and the lack of using a comprehensive neu-
rocognitive battery. Furthermore, it would be of interest to 
investigate how persistence and change in behavioral diffi-
culties from preschool to school age might have shaped the 
relationship between behavioral difficulties and cognitive 
abilities [20].

Transitioning from preschool to school age is an impor-
tant period for cognitive development. Not only do devel-
opmental spurts of key executive functioning take place 
during this time [21], the transition is also often accompa-
nied by major environmental changes in the children’s lives 
that may generate new cognitive demands, alongside poten-
tial socio-emotional and behavioral challenges [22]. Previ-
ous literature shows that while most behavioral difficulties 
in preschool children tend to be related to developmental 
phases of testing out boundaries and are no longer evident 
after transition to school, for some children behavioral diffi-
culties, especially emotional problems, persist during early 
childhood as well as after school entry, [23–26]. To what 
extend behavioral difficulties change from early to middle 
childhood, especially when transitioning into school and 
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the impact this has on cognitive abilities requires further 
investigation.

To address this and to extend the existing literature, the 
current study aimed to explore the association between per-
sistence and change in behavioral difficulties administered 
with the SDQ (when the Growing Up in New Zealand chil-
dren were 4.5 and 8 years of age) and cognitive performance 
in the comprehensive NIH Toolbox Cognition Battery at 8 
years. The cognitive outcomes of interest were comprised 
of language (reading and vocabulary), executive function-
ing (inhibitory control/attention and cognitive flexibility) 
episodic memory, working memory and processing speed.

Methods

Participants

Participants were members of the Growing Up in New Zea-
land study, a prospective cohort study with 6822 pregnant 
women recruited via three contiguous District Health Board 
regions in Aotearoa New Zealand, who had expected deliv-
ery dates between 25th April 2009 and 25th March 2010 
[27]. The study’s cohort is broadly generalizable to cur-
rent births statistics in Aotearoa New Zealand with respect 
to expected ethnicity, maternal age and parental socioeco-
nomic status at birth [28]. A detailed description of the 
study’s design and recruitment can be found elsewhere 
(Morton et al., 2013, 2014). In brief, major data collection 
waves (DCWs) have included conducting computer assisted 
telephone and personal interviews to gather information 
longitudinally relating to six inter-connected domains of 
child development: health and wellbeing; cognitive and 
psychosocial; education; family and whānau (extended fam-
ily); culture and identity; and neighbourhoods and societal 
context. Participants were included in the current study if 
complete information was obtained for the cognitive obser-
vations and child behavior data at the 4.5 and 8 year DCW 
(n = 3904).

Measures

Cognitive measures. To assess child cognitive functioning 
at 8 years, the NIH Toolbox® for Assessment of Neurologi-
cal and Behavioral Function Cognition Battery (NIH Tool-
box CB) was administered [29]. This instrument has been 
validated against existing gold-standard measures; normed 
in both English and Spanish languages with a sample of 
4,859 participants (age ranges 3–85) (Weintraub et al., 30) 
and has been validated within the Aotearoa New Zealand 
context [31]. The NIH Toolbox CB version 7–17 years was 
delivered to our cohort using the NIH Toolbox iPad app. It 

comprised seven subtests: Picture Vocabulary Test; Flanker 
Inhibitory Control and Attention Test; Pattern Compari-
son Processing Speed Test; List Sorting Working Memory 
Test; Dimensional Change Card Sort Test; Picture Sequence 
Memory Test; Oral Reading Recognition Test. Raw scores 
were used to measure task performance in the present study. 
Outcomes were dichotomized into children who scored one 
standard deviation below the mean and all other children.

Measures of Behavioral Difficulties. The mother-
reported Strengths and Difficulties Questionnaire (SDQ) 
[32] was used to measure behavioral difficulties when the 
cohort children were 4.5 and 8 years of age. This question-
naire measures four difficulties subscales (emotional symp-
toms, peer problems, hyperactivity-inattention and conduct 
problems) as well as a strengths-based prosocial behavior 
subscale. The standard parent-report SDQ was used at 4.5 
and 8 years. Previous research with the Growing Up in New 
Zealand cohort has shown that the SDQ has good psycho-
metric properties in preschool children [26, 33, 34].

In the current study, the total difficulties score was used, 
based on the emotional symptoms, peer problems, hyperac-
tivity-inattention and conduct problems subscales with their 
5 corresponding items accordingly. The total difficulties 
score (ranging from 0 to 40) was then converted into cat-
egorical variables by using the recommended four band cat-
egorisation based on population data, to divide the data into 
those who are close to average, slightly raised/slightly low-
ered scores, high/low and very high/very low scores [35]. It 
is important to note that the reference population data used 
to determine the categorisation is not based on an Aotearoa 
New Zealand population. However, the cut-offs used align 
with those used by the Ministry of Health when reporting on 
the New Zealand Health Survey [36]. In the current study, 
the SDQ total difficulties score was further dichotomized 
into ‘close to average and slightly raised difficulties’ and 
‘high and very high’ difficulties [20, 32, 33, 37]. The choice 
to combine the close to average and slightly raised bands 
in the current study was due to our interest in the clinically 
significant high or ‘abnormal’ range, respectively, as per the 
original 3 band categorization. The high cut-off is typically 
used to screen for children with significant social and emo-
tional challenges in the nationwide preschool health and 
development check in Aotearoa New Zealand, known as the 
B4 School Check [38].

Based on the dichotomized SDQ total difficulties score 
at 4.5 and 8 years, we derived a persistence/change vari-
able with 4 possible categories: no difficulties (at either time 
point); improved (behavioral difficulties at 4.5 years but not 
at 8 years); later onset (no behavioral difficulties at 4.5 years 
but at 8 years) and persistent (behavioral difficulties at both 
time points).
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VIF > 4, indicate a potential concern for multicollinearity 
[51].

Posthoc multiple comparisons between each level of 
the behavioral persistence/change variable were calculated 
using general linear hypothesis tests with a Tukey correc-
tion applied for multiple comparisons [52]. We also inter-
preted the effect sizes of significant odds ratios based on 
Cohen’s d effect sizes [53] and Chinn’s [54] method to 
convert odds ratios to effect size. Accordingly, effect size 
magnitudes as odds ratios are as follows: 1.47 = small effect; 
2.47 = medium effect; and 4.25 = large effect.

Results

Descriptive statistics. When compared to the Growing Up in 
New Zealand baseline sample (n = 6853), cases with missing 
data for the current analysis were less likely to be Euro-
pean, more likely to live in a rural, highly deprived area 
and to have mothers of lower education while the pregnancy 
was less likely to be planned (p < .001). No differences were 
found with respect to children’s sex . The distribution of 
children within the SDQ 4 band categorisation at 4.5 and 8 
years are presented in Table 1. The distribution of the total 
difficulties scores dichotomized into average/slightly raised 
vs. high/very high at 4.5 and 8 years can be found in Table 2. 
Table 3 presents the frequency distribution of behavioral 
difficulties (close to average/slightly raised and high/very 
high) and control variables across each cognitive measure 
(below average vs. typical) at age 8.

Over time, 3417 (87.5%) of children had no difficulties at 
any time point, 241 (6.2%) children improved, 167 (4.3%) 
had a later onset of behavioral difficulties at 8 years and 79 
(2.0%) showed persistent difficulties at both time points.

Associations Between Persistence and Change in Behav-
ioral Difficulties from 4.5 to 8 years and cognitive outcomes 
at 8 years. The results of the multivariate logistic regression 
analyses can be found in Table 4. Compared to children with 
no difficulties, children with a later onset of behavioral dif-
ficulties showed an increased likelihood of below average 
vocabulary (OR = 1.73, p < .05), inhibitory control/attention 
(OR = 2.36, p < 001), working memory (OR = 2.14, p < .001), 
processing speed (OR = 1.76, p < .05), episodic memory 
(OR = 1.79, p < .01) and reading (OR = 1.75, p < .05). Fur-
thermore, compared to children with no difficulties, chil-
dren who had persistent difficulties at 4.5 and 8 years had 
increased odds of below average inhibitory control/atten-
tion (OR = 2.44, p < .01), working memory (OR = 2.29, 
p < .05), episodic memory (OR = 1.91, p < .05) and reading 
(OR = 2.12, p < 05) at 8 years. Additionally, children who 
had a later onset of behavioral difficulties showed increased 
odds of below average working memory compared to 

Sociodemographic Covariates. We controlled for a range 
of variables that have been found to be related to both 
behavior and cognitive functioning in children [26, 39–41]. 
Control variables specific to the child included birthweight, 
sex, and age in months when assessed at the 8-year DCW. 
Maternal variables that we controlled for were collected by 
self-report at the antenatal DCW: mother’s education (no 
secondary school, secondary school/diploma/trade certifi-
cate, Bachelor’s degree or higher); age (< 20 years, 20–29 
years; ≥ 30 years); whether or not the pregnancy was 
planned. At the 4.5 year DCW, mothers reported on their 
children’s ethnicity by referring to a list of 32 possible 
answers as well as an open ended ‘Other, please specify’ 
category (multiple responses were collected). In the current 
study, Level 1 ethnicity categorisation was utilised, catego-
rised into six categories by external prioritisation according 
to the Statistics New Zealand priorisation guidelines: Māori; 
Pacific Peoples; Asian; Middle Eastern, Latin American and 
African (MELAA); Other; European [42, 43]. We acknowl-
edge that ethnicity is a complex multi-faceted construct 
which can be understood in different ways and may vary 
over time which takes careful considerations to capture in a 
longitudinal study [44–46]. Further, area-level deprivation 
and rurality at 8 years was also controlled for in the analyses 
as these have been found to be linked to cognitive function-
ing in children [47, 48]. To determine SES, the NZDep2013 
Index was used, which is an area-level measure using socio-
economic indicators from the 2013 NZ census [49]. Depri-
vation scores range from least deprived (decile 1) to most 
deprived (decile 10). In the current study, SES was catego-
rised into high (deciles 8–10), medium (deciles 4–7) and 
low (deciles 1–3) deprivation. Rurality was defined using 
Statistics New Zealand’s classification for urban and rural 
areas [50]. We further controlled for time of testing (finish 
hour) of the cognitive assessment which might have varied 
across participants as it was part of a longer face-to-face 
interview procedure.

Data Analysis

Analyses were carried out using RStudio version 3.6.1 and 
IBM SPSS Statistics version 25.0. Statistical significance 
was given at an α level of p < .05.

To investigate how change or persistence from 4.5 to 8 
years in behavioral difficulties total score is associated with 
cognitive performance at 8 years, a multivariate logistic 
regression analysis was conducted for each cognitive out-
come (below average cognitive abilities vs. typical) while 
controlling for the aforementioned covariates.

Multicollinearity was assessed by calculating the gen-
eralised variance inflation factors (GVIF). Variables with 
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children who had improved (OR = 2.05, p < 05). While the 
effects were generally small in magnitude, the effects were 
strongest for the association between persistent behavioral 
difficulties and cognitive outcomes. Multicollinearity was 
not of concern (GVIFs ≤ 1.41).

Discussion

In the current study, we investigated the association between 
persistence and change in behavioral difficulties and cog-
nitive performance in 8-year-old children, enrolled in the 
Growing Up in New Zealand study. Our findings are novel 
and important as we looked at behavior stability over time 
when transitioning from preschool age (4.5 years) to school 
age (8 years) and cognitive outcomes were assessed using 
a comprehensive standardized cognitive battery includ-
ing measures of language, executive functioning, episodic 
memory, working memory and processing speed.

Compared to children with no difficulties, children who 
had persistent difficulties (behavioral difficulties both at 4.5 
and 8 years) or who had a later onset (showing behavioral 
difficulties at 8 years only) performed more poorly across a 
range of cognitive outcomes at 8 years. Specifically, chil-
dren who had a later onset of behavioral difficulties com-
pared to children with no difficulties were more likely to 
perform below average in tests of inhibitory control/atten-
tion, working memory, processing speed, episodic memory, 
vocabulary and reading. Children who had persistent behav-
ioral difficulties were at higher risk for below average cog-
nitive abilities in the areas of inhibitory control/attention, 
working memory, reading and episodic memory. Addition-
ally, children who had a later onset of behavioral difficulties 
had greater odds of below average working memory perfor-
mance compared to children who had improved. The effect 
of these associations appeared to be strongest for inhibitory 
control/attention, followed by working memory which also 
showed the most associations with behavioural difficulties. 
No significant associations between behavioral difficulties 
and cognitive outcomes were found for cognitive flexibility. 
There was also no significant difference in children whose 
behavioral difficulties improved compared to children with 
no difficulties.

Our study is an extension of an earlier longitudinal study 
with the same cohort studied in early childhood. Consistent 
with our findings, the earlier work demonstrated that only 
those children with later onset or persistent behavioral dif-
ficulties had an increased likelihood of showing preschool 
cognitive delay (i.e. executive control, receptive language 
and early literacy; [20]). Here, when transitioning from pre-
school to age 8, we observed that later onset and persistent 
behavioral difficulties were associated with the likelihood of 
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It should be noted that we are not using clinical mark-
ers of cognitive impairment. We have simply identified the 
lowest end of the normal distribution of cognitive outcomes 
of the NIH Toolbox CB. This dichotomisation was chosen 
rather than the continuous cognitive outcomes as we were 
interested how behavioral difficulties relate to the likelihood 
of poorer cognitive functioning as in contrast to cognitive 
performance per se. The classification of neuropsychologi-
cal impairment is dependent on the normative comparison 
applied and there is no normative data available for the Aote-
aroa New Zealand population [31]. In a study to develop 
demographically corrected normative standards for the Eng-
lish Version of the NIH Toolbox CB within a U.S. sample, 
cut-points were calculated one standard deviation below the 
mean as an operational definition of “impairment” across 
the fully corrected composites to increase clinical interpre-
tation in a sample of children (3–17 years) [59]. Likewise, 
we used the one standard deviation below the mean thresh-
old to indicate poorer cognitive functioning in our sample.

Our results provide a deeper insight into the association 
between persistence and change in behavioral difficulties 
when transitioning from preschool into school with spe-
cific cognitive abilities at age 8. Specifically, we found that 
that persistent and later onset of behavioral difficulties was 
associated with a range of cognitive abilities. Our results, 
alongside the recent findings of D’Souza and colleagues 
[20], extend the existing literature by demonstrating that 
both persistent and later onset of behavioral problems are 
associated with below average cognitive performance in 
contrast to children who showed no or improved difficulties. 
However, we cannot account for causation as the relation-
ship between cognitive difficulties and behavioral problems 
is likely to be bidirectional in nature [4, 15, 16] and may 
be mediated by other underlying factors such as genetic 
or environmental factors which affect the manifestation of 
both cognitive and behavioral difficulties [60–62].

Our findings have practical implications, as the SDQ is 
used in the New Zealand Health Survey and the B4 School 
Check and has been widely administered to screen for psy-
chopathology in early childhood both internationally and in 
the Aotearoa New Zealand population [63, 64]. There has 
been increasing awareness regarding the social-emotional 
aspects of learning, indicating that young people must be 
socially and emotionally ready to learn in order to be able 
to benefit from the educational curriculum [65, 66]. Our 

underperformance in a broader range of cognitive abilities. 
No association was found for children whose behavioral 
problems improved from age 4.5 to age 8 years.

Interestingly, we found more statistically significant 
associations between cognitive outcomes and later onset 
of behavioral difficulties than between cognitive outcomes 
and persistent behavioral difficulties. One explanation 
might be that the incidence of later behavioral difficulties 
may have been experienced as unsettling and thus affecting 
performance in several cognitive areas. For instance, newly 
occurring behavioral problems might have been associated 
with major life events or disruptions in the children’s lives 
which may have affected a broader range of cognitive abili-
ties directly or indirectly [55, 56]. Likewise, it is possible 
that current difficulties in academic success might have 
impacted on current behavioral patterns as this relationship 
is likely to be bidirectional. In this regard, it appears also 
plausible that the concurrent nature of the behavioral prob-
lems is more relevant as it has a more direct impact on the 
NIH Toolbox CB performance. Another possibility is that 
the group of children with later-onset of behavioral difficul-
ties may be acting out because their cognitive difficulties, 
along with school becoming more demanding during mid-
dle childhood, manifesting behavioral problems in order to 
compensate for cognitive obstacles and poorer grades [57].

At the same time, we found that within the same cogni-
tive outcome effect sizes were slightly greater for children 
who had persistent behavioral difficulties compared with 
children who showed later onset of difficulties. An earlier 
study using the Growing Up in New Zealand data inves-
tigated the persistence and change in clinically relevant 
behavioral problems during early childhood and observed 
that those whose difficulties persist are also more likely to 
experience risk factors for vulnerability [26]. This is in line 
with a secondary analysis of data from the UK Millennium 
Cohort Study and the Longitudinal Study of Australian Chil-
dren with 2- to 3-year-olds, which showed that higher rates 
of behavioral difficulties among children with develop-
mental delay may be partially due to a greater likelihood of 
exposure to adverse socio-economic conditions [58]. Hence, 
persistent behavioral difficulties after transition to school 
are likely to be accompanied by additional challenges in the 
children’s lives. This supports D’Souza and colleague’s [20] 
assumption that ongoing behavioral problems may have a 
greater impact on children’s cognitive performance.

Table 2 SDQ Total difficulties dichotomized at 8 years and 4.5 years
Total cohort

Behavioral difficulties Close to average/
slightly raised

High/
Very high

n % n %
Total difficulties 8 years 3658 93.7 246 6.3
Total difficulties 4.5 years 3584 91.8 320 8.2
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In conclusion, this study accounts for the longitudinal 
perspective of behavioral problems during the important 
stage of transitioning from preschool to school age and 
how persistence and change are linked to different cogni-
tive areas at age 8 assessed with a comprehensive standard-
ized cognitive battery. We found that children who showed 
persistent or later onset of behavioral difficulties were more 
likely to show below average performance across language, 
executive functioning, episodic memory, working memory 
and processing speed compared with children who had no 
difficulties across time. As cognitive performance is closely 
related to academic achievement, our study supports the 
importance of identifying and addressing needs in both 
cognitive skills and behavioral aspects when planning inter-
ventions and educational programmes in early and middle 
childhood.

Summary The current study investigated the association 
between persistence and change in behavioral difficulties 
during early to middle childhood and a range of cognitive 
outcomes at age 8. Our sample comprised 3904 8-year-old 
children enrolled in the longitudinal GrowingUp in New 
Zealand study. The NIH Toolbox CB was used to assess 
cognitive outcomes at 8 years including vocabulary, lan-
guage, inhibitory control/attention, processing speed, cog-
nitive flexibility, working memory and episodic memory. 
The parent administered SDQ was used to assess behavioral 
difficulties at 4.5 and 8 years. Multivariate logistic regres-
sion analyses were conducted with cognitive measures as 
outcomes and persistence/change in the SDQ Total dif-
ficulties score as predictors while controlling for a range 
of sociodemographic confounders. Our findings show that 
children with persistent or later onset of behavioral diffi-
culties were at higher risk for poorer vocabulary, reading, 
inhibitory control/attention, episodic memory, working 
memory and processing speed at age 8 compared to children 
with no difficulties or improved difficulties. Even though we 
cannot account for causation and other factors that might 
have influenced cognitive performance, there is a likely co-
occurrence of behavioral and cognitive challenges. Thus, 
our study highlights the importance of identifying and 
addressing both behavioral problems as well as cognitive 
and educational difficulties to provide adequate support 
and resources when planning educational programmes and 
interventions in early and middle childhood.
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study demonstrates that children with persistent and later 
onset behavioral difficulties are more likely to perform 
more poorly in several cognitive key outcomes which may 
potentially impact their future academic success. Given, we 
cannot account for any causal direction, there is a likely co-
occurrence of challenges, with children who are struggling 
with the educational course also having to face behavioral 
difficulties. This highlights the importance of identifying 
and addressing behavioral problems alongside cognitive 
and educational difficulties to provide adequate support and 
resources for those requiring additional assistance [66].

Our study has several limitations. First, while one could 
infer that there may be some effect on behavioral difficulties 
when transitioning from pre-school to formal schooling, we 
did not directly measure this but captured this as a result 
of to the timing of measurement at preschool age and age 
8 years. Consequently, many other factors could also have 
influenced the cognitive outcomes. In this regard, a meth-
odological limitation is the lack of a baseline assessment 
of cognitive abilities due to the retrospective nature of this 
study. Thus, changes or stability in cognitive abilities over 
time as well as other factors not accounted for in this study 
such as the family environment and parenting factors may 
also partially accounted for associations between the chil-
dren’s cognitive and behavioral outcomes [67, 68]. As the 
Growing Up in New Zealand study is an observational pop-
ulation-based study, some children may have naturally been 
in treatment for behavioral or cognitive problems which 
may have influenced the findings over time. Third, literature 
generally acknowledges that cognitive tests may be cultur-
ally biased with respect to their content and administration 
procedure [69, 70]. Fluid constructs, like attention/inhibi-
tory control, might be less culturally biased than language 
tests but performance in these may also be dependent on 
the children’s ability to understand the instructions. In this 
regard, a proportion of the children in our sample are bilin-
gual, with some having another language as English as their 
primary language which might have affected the cognitive 
test results. Additionally, the NIH Toolbox CB may not have 
been feasible for all children or suitable for those with spe-
cial needs or requiring assistance. There may be some bias 
due to method effects, i.e. as the cognitive assessment was 
administered at the end of a longer interview after school, 
this may have caused an additional challenge for those 
with behavioral difficulties, especially for children with 
high hyperactivity. Furthermore, there may be bias when 
assessing behavior solely by mother-report as opposed to 
including father- and teacher-report or direct observation. 
[71] As cases with missing data showed a different socio-
demographic distribution compared to the baseline sample, 
the overall generalizability is limited.
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