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Abstract 

There is accumulating evidence of a prospective relation between early language problems and ADHD, a 

disorder associated with deficits in executive functioning. However, little is known regarding this link among 

bilingual children. Here, we investigate whether (i) the prediction from language to ADHD may be lower 

among bilinguals, and (ii) explore if this moderation can be explained by differential executive functioning 

ability. Utilising a prospective sample of 408 South-East Asian toddlers, bilingual exposure as a moderator of 

the link between language delay at 24 months to ADHD intermediate diagnosis at 54 months was first 

examined with an interaction model. Next, structural equation mediated moderation models examined if the 

proposed moderation could be explained by executive function measures of Snack Delay and Dimensional 

Change Card Sort (DCCS) task, when children were 41 months. Results indicate that higher levels of bilingual 

exposure moderated the prospective risk of language delay to ADHD diagnosis (Predominantly single-

language exposed OR = 6.37; p = .011; Predominantly dual-language exposed OR = 0.30, p = .156). Thus, 

language delay associated with ADHD among toddlers predominantly exposed to one but not two languages. 

However, this could not be explained by differential executive functioning, as this moderation was not 

mediated by performance on Snack Delay or DCCS. Unexpectedly, bilingual exposure associated with ADHD 

among toddlers of typical language development. Possible explanations, including variation in the degree of 

social stigma and persistence of language delay between bilingual and monolingual children, and bilingualism 

as an additional cognitive load for ADHD, are discussed. 
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There is accumulating evidence that a marked difficulty in expressive and/or receptive language ability in the 

absence of an obvious cause such as a sensory, intellectual or cognitive impairment increases the risk and 

severity of later ADHD. For example, a recent meta-analysis (Yew and O’Kearney 2013) reported that the 

presence of a language impairment was prospectively associated with increased risk and severity of ADHD 

problems in childhood and early adolescence. Indeed, a recent longitudinal study (Yew and O’Kearney 2017) 

reported that 439 children from the age of four identified with early language difficulties, in the absence of 

hearing impairment, intellectual disability and autism spectrum disorder, showed persistently elevated 

trajectories of inattention and hyperactivity till the age of twelve. Similar, but less specific associations, have 

also been observed in children of younger ages. For example, language-based interventions, administered with 

children between 24 and 42 months, have been found effective in reducing externalizing behaviors (e.g. Curtis 

et al. 2019). Such work, then, further suggests that language problems may be a risk for attentional 

difficulties, in young children, however as externalizing behaviors encompass both attentional and aggressive 

problems, additional work focusing on young children is needed. 

 

Moreover, little is known regarding the nature of the link between language and ADHD among bilinguals, 

despite estimates of a greater number of bilinguals than monolinguals across the world’s populations 

(Grosjean 2015). Bilinguals, like their monolingual counterparts, are afflicted with language problems, 

inattention and hyperactivity (Toppelberg et al. 2002). We aim to address these gaps by examining the relation 

between language delay and attentional problems across both bilingual and monolingual toddlers. We also 

explore whether any differences are due to variation in executive functioning performance as past research 

indicates links between executive functioning and bilingualism (Bialystok 2015; Green and Abutalebi 2013; 

but also see Paap et al. 2015) as well as between executive functioning and ADHD (Pauli-Pott and Becker 

2011; Willcutt et al. 2005). In fact, conceptual models (e.g. Adaptive Control Hypothesis; Green and 

Abutalebi 2013) posit that bilingual environments foster executive functioning. Because comparatively low 

executive functioning may play a role in ADHD (Barkley 1997), any such enhancement of executive 

functioning may be likely to improve attentional outcomes. 

 

We are aware of only one group (Toppelberg et al. 2002, 2006) that has published work investigating the 

relation of language and attentional problems among bilinguals. Latino children and adolescents from an 

outpatient clinic, exposed to both English and Spanish, were administered a comprehensive battery of 

expressive and receptive language abilities in both the English and Spanish languages. Higher language 

proficiency was moderately correlated with lower severity of attentional problems. These relations are 

unlikely to have been due to ASD, hearing impairment, or non-verbal IQ, as these potential confounds were 

taken into account either within the exclusion criteria or via the selection of covariates. Despite the importance 

of this research, more studies are needed to understand the developmental process which underlying the link 

during early childhood. 

 

Links Between Language Proficiency, Executive Function and ADHD 

Influential proposals have conceptualized executive function (EF) as a unitary top-down system which 

regulates visual and phonological components of memory (central executive system; Baddeley 2003), a 

fractionable system with behavioural inhibition as a ‘core’ component (Barkley 1997), or as involving 

multiple processes of inhibition, interference control, working memory and cognitive flexibility (Diamond 

2014). Still, there is consensus that EF involves components of shifting, updating and inhibition (Miyake et al. 

2000). 

 

Language plays an important role in directing behavior and goals, as well as in the understanding and 

expression of emotions necessary for regulation. For example, oral language in the form of self-directed 

utterances is proposed (Barkley 1997; Petersen et al. 2013) to allow for the description and analysis of 

external stimuli, which ultimately leads to the eventual formulation of goals and plans in-order to guide 

behavior. Not surprisingly then, a recent meta-analysis (Pauls and Archibald 2016) conducted across 34 
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studies found that children with language impairment scored lower than typical language controls on multiple 

EF measures. Compared to typical language controls, language impaired children were reported to have lower 

scores of −0.27 SD for set shifting tasks and −0.54 SD for inhibitory tasks. Findings did not differ between 

verbally and non-verbally based inhibitory tasks, arguing against the possibility that the association between 

language impairment and executive functioning was a spurious correlation merely due to the language 

demands of the tasks. 

 

Language has also been found to contribute to executive functioning among very young children. Kuhn et al. 

(2016) in a large multi-site prospective study reported that a composite of expressive language and social 

communication at either age two or three significantly predicted a latent factor of EF tasks of shifting, 

updating and inhibition at age four. Also reported are findings of the contribution of language even in 

preverbal stages, as shown by a significant path of parental report of toddler use of communicative gestures, to 

language and, finally to EF at ages 2, 3 and 4 respectively. Together, these studies highlight the close link 

between language ability and EF during infancy and early childhood. 

 

Likewise, much work suggests that those with ADHD face deficits across multiple domains of executive 

function. Although behavioural inhibition, or the ability to suppress a behavioral response, is classically 

thought to be the ‘core’ ADHD deficit (Barkley 1997), a large meta-analysis (Willcutt et al. 2005; d = .51 to 

.69) of 83 studies among 6700 adults found medium-sized effects of ADHD across 12 tasks of executive 

functioning beyond just inhibition, such as shifting and updating. 

 

Similar to what is observed in adults, difficulties in multiple aspects of executive functioning have been found 

related to attentional problems in children. Pauli-Pott and Becker (2011) conducted a meta-analysis of studies 

which related various aspects of executive function to ADHD among preschoolers aged three to six. Small to 

medium sized effects of r = .22 to .38 were found across domains of shifting and inhibition to ADHD. For 

instance, in one of the larger studies considered by the aforementioned meta-analysis, Sonuga-Barke et al. 

(2003) reported that ADHD symptoms were predicted by two factors of executive function. Unsurprisingly, 

the first was comprised of ‘standard’ measures of EF such as shifting and updating (e.g. Miyake et al. 2000). 

Still, a second factor that also predicted ADHD was comprised of two measures of inhibition in emotionally 

salient contexts, one of which was a ‘snack delay’ measure of the extent to which children were able to wait 

for a signal to retrieve a cookie placed in a transparent cup. Similarly, in a study of 926 preschoolers 

(Willoughby et al. 2011), Snack Delay performance was not only correlated with ADHD symptoms, but 

predicted ADHD symptoms over and above a latent factor of other measures of EF. Recent empirical work 

among older children is consistent with the few preschool studies (n = 3; Pauli-Pott and Becker 2011) linking 

shifting with ADHD. Kofler et al. (2018) found that children aged 8 to 13 who met diagnostic criteria for 

ADHD showed moderately poorer performance on set shifting tasks such as number-colour. Children were 

presented pairs of numbers and clicked on the larger or smaller number depending on the colour of the 

numbers. Overall, 38% of this sample performed at the level of impairment on executive functioning tasks 

involving rule/set shifting while 89% did so on at least one domain of executive functioning. 

 

Despite these documented associations between language ability and EF, and EF and attentional problems, to 

our knowledge only one study has simultaneously investigated a pathway between these links. Petersen et al. 

(2015) reported that the expressive and receptive language abilities of 159 2 ½ year olds predicted attention 

problems one year later. Crucially, this relationship was significantly mediated by performance on tasks 

requiring set shifting or the inhibition of a highly-learned rule (e.g., green is the color of grass; white is the 

color of snow) in- order to respond using a conflicting rule (e.g., select white when you see grass; select 

green). 

 

These findings report linkages between low language proficiency, executive function, and attentional 

problems. Low executive function is a known risk factor for ADHD, and studies of children with language 
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impairment indicate that low language ability also associates with both executive function and ADHD. These 

findings are consistent with the idea that there are multiple risk factors (e.g., low cognition, male sex, and 

complications in labour (Russell et al. 2014; Silva et al. 2014)) for ADHD in toddlerhood. However, little is 

known about potentially protective factors. Below, we consider whether bilingualism may serve as one such 

protective factor. 

 

Low Language Proficiency and the ‘Bilingual Advantage’ 

Executive function abilities may also be influenced by bilingualism. Bilinguals are proposed to inhibit 

distracting mental information from one language while selecting information from the other language 

(Bialystok 2015; Bialystok et al. 2012), allowing for extensive practice of executive functions of cognitive 

inhibition, set shifting, and/or the management of “conflict”. In support of this argument are reports of 

bilingual children outperforming monolingual children on switch tasks. For example, Carlson and Meltzoff 

(2008) reported better performance among children exposed to two languages from birth on a composite of 

executive functioning measures which included the Dimensional Change Card Sort Task (DCCS; Zelazo 

2006) in a sample of 50 Spanish-English monolingual and bilingual 6 year old children. In the DCCS, children 

are sequentially shown bivalent cards. The cards differ along two dimensions (i.e. colour and shape). Children 

may be shown cards with a picture of either “Red-Boat” or “Blue-Car.” Initially, children are asked to match 

cards to one of two different target cards (e.g., “Red-Car” or “Blue-Boat”), according to one dimension. They 

are then asked to match test to target cards according to the other dimension. Children presumably suppress 

the first sorting rule, as it is impossible to sort by both rules at the same time without making mistakes (e.g. 

when sorting by color, a “red-boat” should be matched to a “Red-Car”; when sorting by shape, the “red-boat” 

should be matched to the “Blue-Boat”). Authors therefore similarly attribute the “bilingual advantage” in 

studies of rule suppression and selection to the increased experience bilinguals have in switching between 

languages in every-day life (e.g. (Bialystok and Martin 2004; Carlson and Meltzoff 2008). 

 

It follows, then, that bilingual children with low language proficiency could be expected to have fewer 

opportunities than do bilingual children with high language proficiency, to practice rule suppression and 

selection in every-day language usage. As such, bilingually exposed children with language delay might be 

expected to have less of an “bilingual advantage in executive function” compared to bilingual children of 

average or higher language proficiency. Indeed, bilingual children with language impairment, who scored 

lower than the 10th percentile on standardized tests in both languages (n = 15), performed poorer on an 

executive functioning task assessing the ability to attend to central rather than peripheral and conflicting 

stimuli (i.e., the Flanker), as compared to bilingual children with typical language development matched for 

socio-economic status and age (Engel de Abreu et al. 2014). Likewise, Iluz-Cohen and Walters (2012) 

reported poorer performance on measures of cognitive inhibition and shifting (i.e. embedded figures, card 

sort) for English-Hebrew bilingual preschoolers who scored within cut-offs in clinical ranges on language 

assessments in both languages. 

 

Nonetheless, bilingual children with low language proficiency will still have, by definition, greater exposure 

to a second language relative to monolingual low language proficiency counterparts. Thus, they may still be 

expected to possess some advantage in executive functioning as compared to their monolingual peers. Recent 

work finds that ‘exposure’ alone may influence executive functioning, among toddlers with little or no 

practice in the usage of language. Poulin-Dubois et al. (2011) classified 63 two-year old English-French 

infants as either bilingual or monolingual based on the percentage of exposure to language(s). Similar to 

findings among older children, bilingual infants were more accurate on the shape-stroop task, which requires 

the suppression of highly-learned information, though significant differences were not observed on all 

measures testing cognitive inhibition or other aspects of executive functioning. Moreover, seven month old 

infants (Kovács and Mehler 2009) who were exposed to two languages on a daily basis were found to be more 

accurate on a switch task. Specifically, during preswitch, infants were repeatedly exposed to audio cues 

followed by a visual stimuli that always appeared on the same side of the screen. During post-switch, the 

visual stimuli appeared on the opposite side of the screen as compared to pre-switch. Bilingual toddlers were 
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more accurate in the direction of their anticipatory looks during post-switch then monolingual toddlers (n = 20 

respectively). This finding was replicated across two new samples of seven month old infants with variations 

to the paradigm such as the use of visual as opposed to auditory cues. 

 

Current Study 

In sum, the current work addresses gaps in the understanding of ADHD, namely the association of low 

language proficiency during toddlerhood and ADHD during preschool, and the role that monolingual/bilingual 

language exposure plays. This study leverages on the wide variation present in bilingualism in Singapore, a 

city-state in South East Asia where the majority of its residents identify as bilingual (Singapore Department of 

Statistics 2011). English is the language of instruction in schools and the language used by large bodies such 

as the Government. Three languages, i.e., Mandarin, Melayu Bahasa, and Tamil, are recognized as official 

languages. At school age, as primarily determined by their ethnicity, children are required to take one of these 

three mother-tongue languages. 

 

As it is possible that bilingual advantages in executive functioning are present from a preverbal age, we 

hypothesise that the prospective risk of low language proficiency to ADHD is lower among bilinguals. As the 

exact mechanisms remain unclear, we examine if bilingual exposure (i) exerts protection equally across 

varying levels of a toddler’s proficiency in language (i.e. as a main effect) as suggested by findings among 

toddlers; or (ii) unequally, where protection is reduced for toddlers with low language proficiency (i.e. a 

moderation effect of language delay x bilingual exposure) who may not switch between languages as 

frequently as do their higher proficient bilingual peers. At this age, low proficiency is more commonly 

referred to as language delay. We also explore whether this pattern of moderation can be explained by 

differential performance on multiple facets of executive functioning. To further increase the robustness of this 

study, we utilised direct laboratory based assessments such as the DCCS and Snack Delay tasks for executive 

functioning, and applied stringent cut-offs. For example, children were required to meet both symptom criteria 

and functional impairment to meet a positive diagnosis indicative of ADHD. Moreover, given associations 

between ADHD, behavioural and language problems, oppositional defiance disorder diagnosis was included 

as an additional covariate. 

 

Methods 

Participants 

Mother-toddler dyads were part of the longitudinal study ‘Growing up in Singapore Towards Healthy 

Outcomes’ (GUSTO; Soh et al. 2014) designed to investigate multiple aspects of Southeast Asian children’s 

physical, emotional, and cognitive well-being. Our analyses utilise data collected from children at the 24, 42 

and 54 month time points and parental reports collected throughout the ongoing study. To ensure adequate 

statistical power across ethnicities, the GUSTO study from which this sub-sample is derived from 

oversampled for ethnic minorities. Census data from Singapore, where this study was conducted suggests 

similar rates of bilingualism across ethnicities (Singapore Department of Statistics 2011). Nonetheless, there 

may be variation in study variables by ethnicity, and is thus included as a covariate in all models. 

 

Of the 514 toddlers administered the Bayley Scales of Infant and Toddler Development (BSID-III; Bayley 

2006), 21 did not complete (e.g. due to fussiness). See the online supplement for a flowchart regarding the 

application of exclusion criteria. In brief, toddlers (n = 52) with conditions that may impinge upon 

classification of language delay were excluded. This included non-mutually exclusive criteria of (i) low 

cognitive raw scores of >2SD below sample means on either BSID-III cognitive scale or on Kaufman Brief 

Intelligence Test (Kaufman and Kaufman 2004) non-verbal matrices administered at 2 and 4.5 years 

respectively (n = 29); (ii) children reported to have engaged health professionals over Autism Spectrum 

Disorder (ASD; n = 3) and a further subset who scored above cut-off on a screen of ASD (n = 12; Quantitative 

Checklist for Autism in Toddlers; Allison et al. 2008) (iii) children reported by parents to have relevant 
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medical concerns (Epilepsy = 7; Traumatic Brain Injury = 1; Hearing Difficulties = 2). Further exclusions due 

to borderline language status and trilingualism, explained in ‘measures’, resulted in 408 toddlers for inclusion 

in the current work. Approval from National Health Care Group Domain Specific Review Board (D/09/021 

and 2014/00414) and SingHealth Centralized Institutional Review Board (2009/280/D) was obtained, with 

informed written consent from each participant. 

 

Measures 

Language Delay 

Toddlers were classified with regard to language delay based on their expressive and receptive BSID-III 

language subscale factor scores. The administration, adaptations for use across this multilingual sample, and 

factor score model free of possibly biased items are reported elsewhere (Goh et al. 2017). In brief, the BSID-

III was administered at a 24-month-old toddler home visit. Six examiners who spoke two or more study 

relevant languages were trained by the head psychologist from Singapore’s KK Hospital’s pediatric unit on 

the administrating and scoring of the BSID-III. Items were adapted to Chinese, Bahasa Melayu, and Tamil 

equivalents. In accordance with the administrative procedure at KK Hospital, examiners first determined the 

child’s dominant language by (i) observing the child’s language use via period of unstructured interaction and 

(ii) asking parents. Examiners had the option to readminister items in the child’s non-dominant language if 

they judged the child might not have understood the item in his/her dominant language. Examiners also 

accepted equivalent responses in a dominant language, a mix, or entirely in a nondominant language (e.g. give 

ball, bagi ball and bagi bola). Examiners estimated the % of language each BSID-III was administered in. 

Overall, they estimated that 48.5% of the BSID-IIIs were administered fully in one language (66.2% English, 

24.7% Mandarin, 6.1% Malay, 3.0% Tamil). In contrast, 51.5% of the BSID-III’s were substantially 

administered in more than one language. In 58.1% of these 51.5% cases, the primary language (>50% of test) 

was in English, in 13.8% cases it was Mandarin, in 21.0% it was Bahasa Melayu, and in 6.7% cases it was 

Tamil. 

 

BSID-III language items were subjected to a further psychometric evaluation (Differential Item Functioning; 

Goh et al. 2017) with those found to show bias removed. Bias was shown by 5 items where over and above 

latent language ability, the extent of exposure to either English or Bilingual backgrounds predicted 

performance on receptive items 18, 19 and 22 and expressive items 24 and 26. After removal of these items, 

language subscales now uniformly passed fit indices and good reliability in the range to detect language delay 

(alpha >0.8 when standardized language scores = −2.6 to −0.8 SD). Crucially, language scores were not 

associated with bilingual or non-English exposure. Similar to previous classifications of bilingual language 

proficiencies (Collins et al. 2014), toddlers who scored <−1.25 SD on expressive or receptive subscales were 

classified as language delayed while those who scored >−1 SD on expressive and receptive subscales were 

classified as having typical language development. Toddlers (n = 24) who fell were below −1 SD but were still 

above −1.25 SD could not be clearly classified as showing low language proficiency. As they were 

insufficient to provide statistical power as a subgroup on their own, these children were excluded from 

subsequent analysis. 

 

Bilingual exposure 

This is scored as the exposure in the language heard less frequently by the child (i) Caregivers were asked 

“Consider your baby’s whole life, up till the time that he/she was 24 months. When you, your spouse and 

everybody else in your baby’s life talked to him/her, what percentage of each language was spoken to 

him/her?” (ii) The input of caregivers in each language was thus reported (e.g. 51% English, 49% Mandarin, 

all scores sum to 100%). (iii) The less frequently heard language was utilised as a score of bilingual exposure. 

For example, a monolingual with 100% Language 1 and 0% Language 2 would receive the minimum score of 

0. A balanced bilingual with 50% Language 1 and 50% Language 2 would receive the maximum score of 50. 

(iv) Toddlers (n = 10) with >10% exposure on three or more languages were considered as trilinguals and 

excluded. As multi-lingualism may not show the same relations to executive functioning as does bilingualism 
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(Brito et al. 2014), such toddlers present a possible source of unwanted variability in this study on possible 

effects of bilingualism. 

 

Executive Functioning 

The DCCS (Zelazo 2006) and Snack delay (Kochanska et al. 1996) tasks were administered in the children’s 

preferred language as part of a battery of laboratory tasks by bilingual examiners when the GUSTO toddlers 

were 42 months of age. For the DCCS, examiners first explained and demonstrated how to sort two bivalent 

colour-food cards into two trays according to the color rule. Next, six pre-switch trials were conducted, where 

toddlers were verbally reminded of the colour rule and card label before each trial (e.g. This is the colour 

game. This is a red one. Where does it go?). Similarly, post-switch consisted of six trials. Toddlers were told 

the new ‘food’ rule and how to sort according to it, at the start of the block of trials (i.e. not the ‘colour’ game 

but now we play the ‘food game’, the cake ones go here). Children (n = 21) with <75% accuracy on pre-switch 

trials were dropped due to comprehension concerns. Consistent with the protocol (Zelazo 2006) of this task, 

those who scored >75% correct on post-switch trials were grouped as ‘Pass’, while all other toddlers were 

grouped as ‘Fail’. 

 

In Snack delay, the child was instructed to place both hands flat on a mat and wait for the experimenter to ring 

a bell before retrieving a snack (colorful chocolates, or small snack foods in case of allergy or if mother 

objected to sugar) placed under a transparent plastic cup positioned 5 cm away. Two practice trials were 

conducted followed by four test trials with delay intervals of 10s, 20s, 30, and 15 s. The bell was only pressed 

when the delay interval for that trial had passed. This task was video-recorded and scored by one of three 

independent raters according to the task author’s protocol (Kochanska et al. 1996). The ability of the child to 

resist reaching out for the bell or the stimulus was scored from 1 to 7 and up to 2 additional points could be 

given if the child had maintained both hands on the mat throughout the task. The final score was averaged 

across all four trials with intra-class correlations of .96 across 14% of the video tapes. 

 

ADHD 

The Diagnostic Interview Schedule for Young Children (DISC-YC; Fisher and Lucas 2006), a computer-

assisted interview, was administered during a 54-month old centre visit. The DISC-YC is a highly structured 

clinical interview keyed to DSM-IV and ICD-10 and is meant for use among caregivers of children aged 3 to 

8. Though verified official translations of the DISC-YC in Mandarin, Bahasa Melayu and Tamil would have 

been ideal, they do not exist, and were instead forward and backward translated locally for the GUSTO 

cohort. The DISC-YC was administered predominantly in English (82.7%) or Mandarin (14.2%), by bilingual 

university graduates trained to do so in the caregiver’s preferred language. A test-retest correlation of .67 has 

been previously reported (Lavigne et al. 2009) for this ADHD subscale. On a similar DISC-IV ADHD 

subscale administered to older Chinese children, a good inter-rater kappa reliability of .81 was reported (Ho et 

al. 2005). ‘ADHD diagnosis’ was coded for children who met diagnostic criteria and were positively endorsed 

on at least one of six impairment questions. ‘No ADHD diagnosis’ was coded for children who did not meet 

ADHD symptom criteria, or met ADHD symptom criteria but showed no impairment. These computer-

generated classifications which are indicative of ADHD were further verified by a Psychiatrist, who, in 

keeping with DSM diagnostic procedures and criteria, reviewed each case considering the number, duration, 

and severity of symptoms present across situations before assigning the ADHD category. 

 

Socio-economic Status 

Mother’s highest level of education (“1″ = Primary, “2″ = Secondary, “3″ = Tertiary, “4″ = University, 

“5″ = Post-graduate) was recorded at 26 weeks pregnancy and utilised as a continuous measure of socio-

economic status (SES). Maternal education is a known predictor of language and commonly utilised as an 

indicator of socio-economic status in studies of ADHD. Russell et al. (2016) in a recent meta-analysis 

between the association of ADHD and measures of SES reported overlapping 95% Cis of the estimates of 
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maternal education, versus other single and other multi-variable measures of SES. Maternal education is thus 

utilised here to index SES. 

 

Statistical Analysis 

Missing data was handled through multiple imputation, a method which is more robust then complete case 

analysis, which requires additional assumptions beyond data to be missing at random to be unbiased (MAR; 

Graham 2009). Auxiliary variables which either were related to the outcome or possible mechanisms of 

missingness were included, to better meet MAR assumptions. Twenty multiply imputed datasets were 

generated in SPSS v25 utilised fully conditional specification, which allows for linear regression to be used 

for continuous variables and logistic regression for categorical variables. See online supplement S2 for further 

details. 

 

First, a two-way moderation model with mean-centered language delay and bilingual exposure as predictors 

was specified in SPSS v25. Logistic regression was utilised to simultaneously investigate main and interactive 

effects of bilingualism and language delay on the categorical outcome of ADHD diagnosis. This model was 

then adjusted to include possible confounds of gender, DISC-YC diagnosis of oppositional defiance disorder, 

socio-economic status, cognitive ability, age and ethnicity as covariates. The least biased ‘just another 

variable’ approach was utilised (Seaman et al. 2012) where the interaction term was calculated prior to 

multiple imputation in the moderation model. Significant interactions which survived adjustment were 

subsequently decomposed utilising syntax developed for simple slope decompositions with multiply imputed 

data (Enders et al. 2014). 

 

A mediated moderation model (Preacher et al. 2007) builds on the aforementioned moderation model by 

including measures of executive functioning in additional mediation paths (Fig. 2). DCCS and Snack delay 

were included as mediators in paths leading from the main and interaction terms of language delay X bilingual 

exposure to ADHD. This model was run with Mplus version 7.4. As the mediated effect was anticipated to be 

non-normal, bootstrap with 1000 redraws via the maximum likelihood estimator was utilised. Paths with 

categorical variables of the DCCS and ADHD diagnosis were estimated through logit link functions. No fit 

indices are available as numerical integration is required to estimate this model (Muthén and Muthén 2017). 

The ‘just another variable’ approach was not possible for the statistical test of mediated moderation model as 

the model indirect MOD command requires the interaction to be equivalent to the product term. Thus, an 

‘impute then transform’ approach was utilised (Seaman et al. 2012). 

 

Results 

Table 1 multiply imputed results indicate that language delayed toddlers were on average slightly younger, 

had a larger percentage of boys, from lower SES families, had lower cognitive scores, and poorer performance 

on snack delay. These differences are consistent with demographic and cognitive findings of children with 

language difficulties (St Clair et al. 2019; Yew and O’Kearney 2017). With the exception of Snack Delay 

which we test as a mediator, significant variables are included as covariates to adjust for their possible 

confounding influence. Zero-order correlations are reported in online supplement S1. 
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Table 1 Descriptives for language delayed and typical language toddlers based on multiply imputed data 

 

 

Moderation Models: Do Higher Levels of Exposure to Bilingual Language Environment Mitigate the 

Association of Language Delay to ADHD 

Table 2 presents the main and two-way interactions of language delay and bilingual exposure to ADHD status 

2 ½ years later. Language delay x bilingual exposure predicted ADHD in the unadjusted model [OR = 0.92 

(0.85, 0.99), p = .027]. This continued to hold when adjusted for multiple covariates of gender, SES, ODD 

diagnosis, ethnicity, age and cognitive scores [OR = 2.24 (1.13, 4.45), p = .022]. As there are no agreed upon 

cut-offs for defining a bilingual or monolingual across studies, we decompose this interaction by utilising 

conventional −1 SD (10.2%), 0 SD (25.6%) and + 1 SD (40.4%) simple slope values of bilingual exposure. 

These correspond to toddlers predominantly exposed to a single language (90–10); a moderate exposure to 

two language (74–26), and predominantly to two language (60–40). 

 

Table 2 Moderation and mediated moderation models of language delay and bilingual exposure on ADHD 

diagnosis 
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As shown in Fig. 1, language delay predicted an increased probability of receiving a diagnosis of ADHD only 

for toddlers predominantly exposed to a single language [OR = 6.37 (1.55, 26.10), p = .011]. To further 

confirm this pattern of results where an association appears to be only found among relatively monolingual 

but not relatively bilingual toddlers, we further examined the association at scores which correspond to the 

minimum and maximum of 0% and 50% level of bilingual exposure, where toddlers can be considered ‘de 

facto monolinguals (0-100)’ and ‘balanced bilinguals (50-50)’. The same pattern of results held, where 

language delay predicted an increased probability of ADHD only among de facto monolinguals (0–100) 

[OR = 17.52 (2.12, 144.51), p = .008] but not among balanced bilinguals (50–50) [OR = 0.12 (0.01, 1.25), 

p = .076]. See online supplement for plots. Finally, among the typical language group, increasing levels of 

bilingual exposure associated with a higher probability of ADHD [OR = 1.03 (1.00, 1.06), p = .047]; whereas 

among the language delay group, this relation may be present in the opposite direction as increasing levels of 

bilingual exposure were marginally associated with lower probabilities of ADHD [OR = 0.93 (0.87, 1.01), 

p = .072] . 
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Fig. 1: Plot of significant language delay x bilingual exposure interaction to probability of ADHD diagnosis 

adjusted by gender, SES, ethnicity, cognitive scores, age and ODD diagnosis with annotations for p-values of 

tests of simple slopes. Note : PSL = Predominantly single language exposure; MTL = Moderate two language 

exposure; PTL = Predominantly two language exposure. a p = .476, OR = 1.39 [0.56, 3.45]; b p = .156, OR = 

0.30 [0.06, 1.59]; c p = .072, OR = 0.93 [0.87,1.01]. 

 

 

 

Mediated Moderation Models: Is Executive Functioning the Mediating Link between Language Delay in 

Interaction with Bilingualism on ADHD Diagnosis 

Figure 2 presents the path diagram of the mediated moderation model. Results indicate that the indirect effect 

of language delay X bilingual exposure to ADHD, via the DCCS or Snack-Delay, were not significant. 

Indeed, the indirect effect of language delay to ADHD diagnosis via either of the executive functioning 

measures of DCCS or Snack Delay, when probed at the levels of bilingual exposure previously used to probe 

the significant interaction, continued to not show significance (i.e. -1, 0, +1 SD, see Table 2). It is possible 

that this lack of indirect effect may be due to a relatively higher degree of measurement error present in 

multiply imputed DCCS values. Multiple imputation assigns values to all individuals with missing data, even 

children who would potentially have had valid missing values due to poor performance on DCCS pre-switch. 

Still, indirect effects remained null in analysis restricted to only children who attempted and passed pre-switch 

(see supplement S3). Finally, the direct effect of language delay X bilingual exposure to ADHD diagnosis 

continued to remain significant (b = −0.10, OR = 0.90, p = .026). 

 

Fig. 2: Path diagram of adjusted moderated mediation SEM models (n = 408) with unstandardised beta and 

odds ratio coefficents for continuous and categorical outcomes except for paths pertaining to covariate 

adjustments for clarity. Note: LD = Language Delay Status, Bil = Bilingual Exposure Score, DCCS = 

Dimensional Change Card Sort, SD = Snack Delay, ADHD = ADHD diagnosis, Covariates = Gender, SES, 

ODD diagnosis, Ethnicity, Age, Cognitive Scores 
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Discussion 

This study is the first to investigate low language proficiency and its prospective relations to ADHD across 

toddlers varying in levels of bilingual exposure. In this community sample (n = 408), the relation of language 

delay to ADHD was dependent on bilingualism. Only among toddlers exposed to a single language, did 

language delayed toddlers show a higher odds of ADHD compared to typical language counterparts 2 ½ years 

later. These results continued to hold after adjustment for multiple covariates including SES, gender, cognitive 

ability, ethnicity, age and ODD diagnosis. 

 

We observed language delay to be prospectively associated with an increased odds of ADHD, though only 

among toddlers who were exposed to a single language. Thus, we cautiously suggest that early language delay 

may be a risk factor for ADHD among monolingual toddlers, consistent with some (Petersen et al. 2015), but 

not all (Rescorla et al. 2007), work concerning prospective relations between language delay and attention 

problems. Differences with some past findings (e.g. Rescorla et al. 2007) may have arisen for one of two 

reasons. First, in contrast to past research, our use of a fully structured diagnostic schedule affords greater 

specificity to symptoms of ADHD. In addition, some of the inconsistency in past research may have been due 

to the unwitting inclusion of children from bilingual backgrounds. Here, we actively assessed bilingualism, 

and so our results may better capture the “true” relation between language delay and ADHD in monolingual 

(and, separately, bilingual) children. Still, these single language exposed toddlers, living in a predominately 

bilingual country, may differ from their monolingual counterparts in monolingual societies. Moreover, 

analyses did not adjust for initial levels of inattention or hyperactivity, warranting caution and the need for 

replication. 

 

Higher bilingual exposure afforded protection with regard to ADHD where the pattern of moderation 

indicated a ‘blunting’ of the elevated association of language delay to ADHD diagnosis. Existing 

recommendations, originating from studies investigating bilingualism and language impairment (Kay-Raining 

Bird et al. 2016), state that bilingual toddlers should not, defacto, be advised to ‘drop’ one language, as 

bilingualism does not necessarily lead to greater impairment. Our findings, if replicated, extend the evidence 

base for these recommendations to ADHD, as well as their applicability to clinicians such as psychologists 

and/or pediatricians working with young children with language delay suspected of ADHD from bilingual 

backgrounds. 

 

Still, it would be premature to recommend exposure to or the teaching of a second language to monolingual 

language-delayed children in the hopes that it would reduce ADHD. Learning a second language is not an 

effortless process for children with typical language development, let alone children with language delay/of 
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low language proficiency. Another alternative that may be considered is executive functioning training. 

Indeed, a recent study (Vugs et al. 2017) reported language impaired children had improvements in attentional 

control following such training. Yet, our results do not suggest that executive functioning at 3.5 predicts 

ADHD at 4.5. As expanded upon below, the mechanism through which bilingualism moderates ADHD 

diagnosis and symptoms remains unclear. 

 

In keeping with our hypothesis, language delay in toddlers even at maximal levels of ‘balanced bilinguals’ did 

not associate with ADHD. Unexpectedly, the protective/moderating effect of bilingual exposure could not be 

accounted for by executive functioning. This is clearly shown by the null results of the indirect effects of 

language delay to either Snack Delay performance or DCCS accuracy to ADHD outcomes, at −1, 0 and + 1 

SD levels of bilingual exposure. This is unlike a previous study (Petersen et al. 2015), which found the 

relation between language ability and symptoms of inattention/ hyperactivity among toddlers, to be 

significantly mediated by a task requiring the inhibition of highly learned rules. 

 

Also unexpected was that higher levels of bilingual exposure were found to associate with the presence of 

ADHD among typical language toddlers. This finding is not entirely unprecedented as emerging evidence on 

bilingualism suggests it is a possible additional cognitive load for ADHD. Among adults, Bialystok et al. 

(2017) reported that monolingual undergraduates with a clinical diagnosis of ADHD outperformed their 

bilingual counterparts on a task of response inhibition, a stop signal task. This task requires the participant to 

inhibit their previous response pattern to press a button on the keyboard upon hearing ‘stop’, and like other 

tasks here is a task of executive function which associates with ADHD (Willcutt et al. 2005). This possibility 

of bilingual exposure as a cognitive load is also consistent with the small, but significant effect of bilingual 

exposure associating with the DCCS in the overall sample (r = −0.21). We thus explored this possibility 

further by conducting a post-hoc analysis of the indirect effect of bilingual exposure➔executive function➔ 

ADHD (Online Supplement S4). However, the aforementioned indirect effect was not significant in a sample 

restricted to only typical language toddlers. 

 

Both these findings, of bilingual exposure mitigating the risk of language delay to ADHD, and its association 

with ADHD among typical language children, could not be explained by executive functions in the current 

study. These discrepant findings may have to do with possible specificity in effects of executive functions. 

Bialystok et al. (2017) reported findings with the Stop Signal Task, which specifically measures response 

inhibition. Although this overlaps with the DCCS and Snack Delay, the former is typically considered a 

measure of shifting (Miyake et al. 2000) and the latter requires the inhibition of reward seeking behavior. 

Moreover, in the previous study which reported mediation of language ➔executive function➔ADHD 

(Petersen et al. 2015), cognitive measures in addition to executive function, such as working memory or self-

directed speech, may have been measured. This is especially so for one of their three measures, the 

‘Grass/Snow’ task. Children touch a green square when told ‘snow’ and a white square when told ‘grass’. In 

contrast, in our research, experimenters labeled the relevant card dimension (e.g. this is a cake one, where 

does it go?) in the DCCS and repeated task instructions in Snack Delay (e.g. ‘wait until I ring the bell… 

before you reach for the snack”) before each trial. Thus, within our study, participants may have used 

comparatively less self-directed speech to resolve conflicting information. Finally, the expected pass rates on 

the DCCS of 29.2 to 34.9% (see Table 1) appear slightly lower than the average pass rate of 36% estimated 

across 37 studies of similarly aged children (Landry et al. 2017). Taken together, then, an association may 

have arisen had we utilized the exact same executive functioning tasks and/or assessed the mediational path in 

older Singaporean children. Future research should examine whether factors of age and task specificity can 

account for differential associations between bilingualism, executive function, and ADHD among typical and 

language delayed children. 

 

In the current research, only the children with language delay, but not children with typical language 

development, were buffered from ADHD outcomes by increased bilingual exposure. This is contrary to prior 

work (Engel de Abreu et al. 2014) which suggests a bilingual advantage in executive functioning among 
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typical language children as they are also expected to have practice in thinking in and using two languages. 

This pattern of moderation, coupled with null indirect effects through measures of executive functioning, 

leads us to consider the possibility of non-cognitive mechanisms in post-hoc hypotheses of ‘accommodation’ 

and ‘transience’. 

 

This sample is from a society where bilingualism is the norm (Singapore Department of Statistics 2011), and 

is encouraged by governmental policy. Parents may be exposed to beliefs that bilingual exposed children take 

longer to develop language skills, despite ultimately catching-up with monolingual peers. Therefore, parents 

may be more accommodating of language delay among bilinguals (Gupta and Chandler 1993) than their 

monolingual counterparts. As adults have been shown to have negative perceptions of language impaired 

children (Shimko et al. 2019), a more accommodating parental perception among bilingual children with 

language delay may allow them to interact and socialise with peers and adults free from the negative label of a 

language delay. Such normative interaction may in turn assist in the development of self-regulatory and 

attentional abilities (Moriguchi 2014), reducing risk of ADHD as compared to monolingual children with 

language delay. Future work, then, should directly collect information on children’s exposure to social stigma 

as a potential mediator of the association between language delay and ADHD. 

 

It may also be that language delays among bilinguals are more transient, such that any detrimental effects of 

language delay on ADHD are minimised for bilinguals. For example, a recent study (Collins et al. 2014) 

reports that only 28.3% of sequential bilinguals with low proficiency at school entry continued in this category 

two years later. Still, language delay may not be as transient among simultaneous bilinguals exposed to both 

languages from a young age (Kay-Raining Bird et al. 2016) such as in this sample. No study to date has 

compared the persistence of language delay across differing bilingual backgrounds and future studies may do 

so in relation to symptoms of ADHD. 

 

Although bilingualism is a multi-faceted construct, at this age of two, commonly measured aspects of 

bilingualism such as reading and writing bilingual proficiency have yet to develop. Thus, consistent with 

studies of bilingual toddlers, this study defines bilingualism through a single measure of bilingual language 

exposure (e.g. Brito et al. 2014; Byers-Heinlein et al. 2017; DeAnda et al. 2016; Hoff et al. 2012). Still, verbal 

language at this age is developing and its proficiency could be further incorporated into future research. Such 

future work may also shed light upon why, in our current investigation of exposure (and not ability), we did 

not observe expectable relations between bilingualism and executive functioning. 

 

Measures used in the study were comprehensive as they spanned both parent and child report and involved 

direct laboratory based assessments. Still, these involved categorical measures of continuous constructs such 

as language proficiency, executive function, and problems of inattention and hyperactivity. Yet, our sample is 

larger than existing studies and guards against low power. Also, the fidelity of assessment measures may be 

impinged upon due to their use among a multilingual Southeast Asian population. Still, measures were 

forward and backward translated, and administered by bilingual speakers of Southeast Asian nationality. In 

the case of language delay, its measure was subjected to psychometric validity testing which further reduced 

bias (Goh et al. 2017). Thus, this study represents a strong first estimate of the relation and mechanisms 

between language delay and ADHD among a predominately bilingual population. 

 

In conclusion, bilingual exposure was observed to moderate the prospective association between language 

delay and ADHD, as this was only present for toddlers exposed to one language. However, this finding could 

not be explained by an expectable ‘bilingual advantage’ as differential performance on measures of executive 

functioning including DCCS and Snack Delay was not observed. Moreover, only among children with typical 

language development did bilingual exposure associate with an increased odds of ADHD diagnosis. Future 

studies investigating post hoc hypotheses on the role of bilingualism as an additional cognitive load for 
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ADHD among children with typically developing language, and as masking social stigma or increasing the 

transience of language delay, are needed. 
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