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Intelligence quotient (IQ) facilitates knowledge acqui-
sition and is associated with greater academic achieve-
ment for most children (Borghans et al., 2016). However, 
some children show a discrepancy between their IQ and 
academic achievement (Borghans et al.,  2016; Reis & 
McCoach, 2000), that is, their school performance dif-
fers relative to what would be expected based on intel-
ligence. This IQ- achievement discrepancy could either 
manifest as higher or lower academic achievement than 
expected. The latter can be considered particularly detri-
mental, as it indicates that children are not meeting their 
full potential, sometimes referred to as academic un-
derachievement. Understanding what factors drive the 
IQ- achievement discrepancy is important, as lower aca-
demic achievement than expected based on IQ has been 

shown to hamper self- actualization; it is associated with 
a range of adverse long- term consequences, including 
delinquent behavior, social problems, lower quality of 
life, and poor employment prospects (Hoffmann, 2020; 
McCall et al., 1992). However, except for some evidence 
suggesting executive function might be particularly im-
portant in the IQ- achievement discrepancy (Alloway 
& Alloway,  2010; Ng & Hodges,  2020), little is known 
about what other factors underlie the IQ- achievement 
discrepancy.

Early life stress (ELS) describes an individual's ex-
posure to single or multiple adverse events in prenatal 
life and childhood, leading to prolonged phases of stress 
(Lupien et al., 2009; Pechtel & Pizzagalli, 2011). Robust 
evidence shows that exposure to prenatal (i.e., the fetal 
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Abstract

Early life stress (ELS) is associated with lower IQ and academic achievement; 

however, it remains unclear whether it additionally explains their discrepancy. 

In 2,401 children (54% girls, 30.2% migration background) from the population- 

based study Generation R Study, latent factors of prenatal and postnatal 

(age 0– 10) ELS were estimated, and IQ- achievement discrepancy (age 12) was 

quantified as variance in academic achievement not explained by IQ. ELS was 

prospectively associated with larger IQ- achievement discrepancy (βprenatal = −0.24; 

βpostnatal = −0.28), lower IQ (βprenatal = −0.20; βpostnatal = −0.22), and lower academic 

achievement (βprenatal  = −0.31; βpostnatal  = −0.36). Associations were stronger for 

latent ELS than for specific ELS domains. Results point to ELS as a potential 

prevention target to improve academic potential.
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period) and postnatal (i.e., from birth onwards) ELS is 
harmful and predicts poor developmental outcomes 
on a social, emotional, and behavioral level (de Maat 
et al., 2021; Kingston et al., 2012; Liming & Grube, 2018). 
A number of individual prenatal and postnatal stressors 
have been linked to academic achievement and IQ sep-
arately (e.g., poverty and childhood maltreatment; Kaya 
et al., 2016; Young- Southward et al., 2020). A few studies 
have, however, used more comprehensive measures of 
ELS. These have shown that cumulative stressors experi-
enced in the context of school, family, and neighborhood 
negatively relate to academic achievement at school age 
(Morales & Guerra,  2006), that deprivation is associ-
ated with executive functioning at school age (Vogel 
et al., 2021), and that prenatal early life stress is associ-
ated with lower IQ at age 6 (Cortes Hidalgo et al., 2020).

Despite growing evidence on the association of ELS 
with academic achievement and IQ, there are three 
important knowledge gaps. First, while ELS has been 
examined in relation to IQ and academic achievement 
separately, it remains unclear whether ELS further ex-
plains the discrepancy between these outcomes. Second, 
although both prenatal and postnatal ELS have been 
shown to be negatively associated with cognitive out-
comes and academic performance separately (Cortes 
Hidalgo et al.,  2020; Pechtel & Pizzagalli,  2011), these 
periods have not been examined together in one popula-
tion. It is of interest to address the role of timing, given 
the evidence of continuity in ELS over time (Dipietro 
et al., 2008; Najman et al., 2010). Third, despite robust 
evidence that risks co- occur (Ackerman et al.,  1999; 
Appleyard et al.,  2005; Evans,  2004), research to date 
has primarily focused on individual stressors in isola-
tion (Kaya et al., 2016; Morales & Guerra, 2006; Vogel 
et al.,  2021; Young- Southward et al.,  2020). As such, it 
remains unclear whether the reported associations with 
IQ and academic achievement are specific to individual 
ELS domains or shared between them. Overall, under-
standing the role of timing and specificity of ELS effects 
on IQ- achievement discrepancy could lead to improved 
risk assessment and more targeted prevention strategies.

To address these knowledge gaps, the present study 
examined whether exposure to co- occurring stressors in 
early life is related to the IQ- achievement discrepancy 
in a general population of children followed from preg-
nancy up to 13 years old. With this study, we shed light 
on (i) the association of ELS (i.e., prenatal and postna-
tal up to age 10) with the IQ- achievement discrepancy, 
(ii) whether associations vary depending on the timing 
of ELS, and (iii) the relative importance of specific ELS 
domains and the shared variance across them in driv-
ing associations with the IQ- achievement discrepancy. 
Our analyses of the association between ELS and IQ and 
academic achievement can be considered to be confir-
matory, given the expected negative association between 
ELS and these outcomes. Our analysis of the association 
between ELS and IQ- achievement discrepancy can be 

considered to be exploratory, as here we did not specify 
any initial hypotheses.

M ETHOD

Participants

Information from children and their caregivers was ob-
tained from The Generation R Study, a population- based 
prospective cohort from fetal life onwards (Kooijman 
et al., 2017). In short, pregnant mothers within Rotterdam, 
The Netherlands, were eligible to enroll in The Generation 
R Study if they had a delivery date between April 2002 
and January 2006. In total, 9,778 mothers were enrolled. 
The study sample is largely representative of the underly-
ing population, although included participants are more 
likely to have a higher educational level and income. These 
mothers, their partners, and their children took part in a 
diverse array of assessments, including behavioral, cogni-
tive, and sociodemographic measures.

A flowchart of the study population is provided in 
Supplemental Figure  S1. Children were included in 
this study if they participated in a research center visit 
around age 13 (n = 4,929). Participants were excluded if 
their prenatal (n = 859) or postnatal (n = 281) ELS scores 
could not be computed due to high frequencies of miss-
ing ELS items (more than 50% of the ELS items per pe-
riod), when not all four IQ tests were assessed around 
age 13 (n = 168), or when academic achievement around 
age 12 (n = 1,220) was not available. The final sample in-
cluded 2,401 children. The characteristics of the study 
sample are shown in Table 1

The general design, research aims, and specific mea-
surements of The Generation R Study have been ap-
proved by the Medical Ethical Committee of Erasmus 
MC, in accordance with the Declaration of Helsinki 
of the World Medical Association. Written informed 
consent was obtained from the parents on behalf of the 
child. For data collected when the child was 12 years or 
older, the child also provided written informed consent.

Early life stress

Two ELS scores were created, one for the prenatal period, 
including items measured during pregnancy, and one for 
the postnatal period, including items measured from birth 
up to 10 years of age. In line with previous work (Cecil 
et al., 2014, Cortes- Hidalgo et al., 2020), single ELS items 
(coded as yes or no) were combined into five individual 
ELS domains: (i) life events (e.g., death in the family), (ii) 
contextual stress (e.g., poor housing conditions, financial 
difficulties), (iii) parental stress (e.g., parental psychopa-
thology, early parenthood), (iv) interpersonal stress (e.g., 
family relationship difficulties), and (v) direct victimiza-
tion of the child (e.g., the child is bullied or physically 
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hurt by someone— only available postnatally). Items were 
derived from a broad range of self- report questionnaires 
filled in by primary caregivers, partners, and teachers (see 
Supplemental Tables S1 and S2 for details).

The missing value frequencies of variables within the 
individual ELS domains ranged between 0.2% and 32.2% 
(M = 7.3%; see Supplemental Tables S1 and S2). Only 54.1% 
of the participants had complete prenatal information 
and only 43.2% had complete postnatal information (see 
Supplemental Table  S3 for proportion complete and in-
complete cases per developmental period). Furthermore, 
fully complete cases had more favorable health and socio-
economic status (Supplemental Table S4). Therefore, miss-
ing ELS items were imputed by Multivariate Imputation 
by Chained Equations (mice) (Van Buuren & Groothuis- 
Oudshoorn,  2011) using 30 imputed datasets and 60 it-
erations. Our imputation strategy was based on Van 
Buuren (2018). Domains were passively imputed, meaning 
that for each completed imputed dataset, domain scores 
were computed by summing its ELS items and dividing 
this by the total number of items within that domain. The 
following information was used to impute the missing ELS 
items: (i) ELS items (specific to the domain), (ii) domain 
sum scores, (iii) the IQ- achievement discrepancy, and (iv) 
auxiliary variables (Van Buuren,  2018), including vari-
ables related to the mother (age, BMI, marital status, low 
education, smoking, parity), parent (depressive symptoms 
measured with Brief Symptom Inventory Derogatis & 
Melisaratos, 1983), and child (birth weight, ethnicity, sex). 
The algorithm converged well (see Supplemental Figure S2 

for trace plots for 6 example ELS items). Furthermore, the 
distribution of imputed versus observed values showed 
higher risk in those with missing data (see Supplemental 
Figure S3 for density plots for 6 example ELS items).

Based on the individual ELS domains, we estimated a 
latent prenatal and postnatal ELS score, using structural 
equation modeling performed with the Lavaan package 
version 0.6- 9 (Rosseel,  2012) in R version 3.6.3 (R Core 
Team, 2020). The ELS score for each developmental period 
was defined as a reflective latent variable, using the differ-
ent domains as indicators. The score reflects what is com-
mon to the different individual ELS domains (i.e., shared 
variance) with higher scores implying more ELS. Factor 
loadings for all ELS domains can be found in Figure 1. The 
latent variable model showed a good model fit for both the 
prenatal and postnatal period (Iacobucci, 2010): prenatal 
model: chi- square statistics (χ2) (2) = 7.42, p =  .024, stan-
dardized root mean square residual (SRMR) =  .013, and 
comparative fit index (CFI)  =  .995. Postnatal model: χ2 
(5) = 27.12, p < .001, SRMR = .027, and CFI = .978.

IQ- achievement discrepancy

Intelligence quotient

To determine the IQ- achievement discrepancy, we 
measured IQ and academic achievement. For IQ, we 
used the Wechsler Intelligence Scale for Children- Fifth 
Edition (WISC- V) (Wechsler, 2014). Similarly to what 
has been done with previous versions of the WISC in 
other cohorts (Horwood et al., 2008), we assessed only 
a subset of the WISC- V. We used Matrix reasoning to 
measure f luid reasoning, Digit Span for working mem-
ory, Coding for processing speed, and Vocabulary for 
verbal comprehension. The WISC- V was administered 
by a trained examiner during the research center visit 
when children had a mean age of 13.6 (SD = 0.3). Digit 
Span and Vocabulary were administered verbally. 
Coding and Matrix Reasoning were administered dig-
itally, but a small portion was acquired through the 
paper- pencil version. The scores on the subtests were 
scaled and summed, and this sum score was converted 
to IQ using a conversion table that was created by 
Pearson (Blok et al., 2022). Pearson has assessed the 
reliability of the abbreviated version of the WISC- V 
and found it to have a Pearson correlation of  .93 across 
age 6— 16 with the full- scale IQ in other samples that 
used the WISC- V (Blok et al., 2022).

Academic achievement

Academic achievement was examined using a national 
standardized school achievement test recorded by the 
Dutch Central Institute for Test Development (Cito) (Van 
Boxtel et al., 2010), which is administered in the final year 

TA B L E  1  Characteristics of The Generation R Study population

Mean SD n %

Child characteristics

Sex

Boy 1,105 46.0

Girl 1,296 54.0

Age child at academic 
assessment (years)

11.88 0.46

Age child at IQ 
assessment (years)

13.58 0.30

Mean age difference 
between assessments 
(years)

1.70 0.54

Ethnicity

Dutch 1,670 69.5

Non- Dutch Western 214 8.9

Non- Western 512 21.3

Missing 5 0.2

IQ 105.92 12.33

Academic achievementa 0.00 1.00

IQ- achievement 
discrepancya

0.00 1.00

aBoth academic achievement and the IQ- achievement discrepancy are 
standardized.
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of primary education in the Netherlands. The mean age 
during academic assessment was 11.9 (SD = 0.5). The test 
is used by 85% of the Dutch primary schools (Van der 
Lubbe, 2007) and consists of 160 multiple choice questions 
divided into two domains: 60 questions assessing arithme-
tic and 100 questions assessing language ability. Together, 
the questions result in a standardized score ranging be-
tween 501 and 550. Each school year, the questions are re-
vised and changed. Therefore, raw subscale scores are not 
comparable between different test years, while the stand-
ardized scores are. The reliability of the Cito test is high 
(Cronbach's alpha > .90; Van Boxtel et al.,  2010). Scores 
were collected through the teachers of participating chil-
dren (n = 1,820) or maternal self- report (n = 581). Previous 
work of our group has shown an adequate validity of 
mother- reported Cito test scores (Steenkamp et al., 2021).

IQ- achievement discrepancy computation

The IQ- achievement discrepancy was quantified using 
a regression method, based upon Lau and Chan (2001). 
A regression model was performed with IQ as a predic-
tor and academic achievement as an outcome. We saved 
the standardized residuals of the model, which indicate 
the variance in academic achievement not explained 
by IQ. These standardized residuals are then used as a 
continuous measure of the IQ- achievement discrepancy. 

Negative values indicate lower academic achievement 
than expected, whereas positive values indicate higher 
academic achievement than expected.

Other variables

Age of the child was obtained during academic assess-
ment. Sex of the child was obtained from midwives and 
hospital registries. Ethnicity of the child was obtained by 
self- report during pregnancy, being categorized according 
to the classification of Statistics Netherlands (2004), which 
distinguishes “Western” (European, North- American, 
and Oceanian) and “non- Western” (Turkish, Moroccan, 
Indonesian, Cape Verdean, Surinamese, and Antillean).

Statistical analyses

Statistical analyses were performed using R version 3.6.3 
(R Core Team, 2020). Before running analyses, assump-
tions for statistical tests were checked and results were 
only reported if the assumptions were met. As a first 
step, we performed a non- response analysis comparing 
the included participants with the follow- up dataset at 
age 13, and with the baseline sample.

For our main analyses, we examined associations 
between the latent ELS scores and IQ- achievement 

F I G U R E  1  Factor loadings of the prenatal and postnatal early life stress score. All factor loadings are standardized. Upper panel depicts 
prenatal ELS score. Lower panel depicts the postnatal ELS score.
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discrepancy using linear regression models. Separate mod-
els were run for prenatal and postnatal ELS as independent 
predictors. Due to the high correlation between prenatal 
and postnatal ELS, simultaneous examination of both pe-
riods as predictors was not possible. To further understand 
the differences between underachievers and overachievers, 
we stratified the IQ- achievement discrepancy into three 
categories: underachieving (> 1 SD below the mean), nor-
mal achieving (within 1 SD of the mean) and, overachiev-
ing children (> 1 SD above the mean). The association of 
ELS with the achievement categories was assessed with 
multinomial logistic regression, with normal achieving as 
the reference category. To maximize comparability with 
previous studies in the field, we also examined the separate 
associations of ELS with academic achievement and IQ.

Additionally, we analyzed the individual ELS do-
mains in relation to the IQ- achievement discrepancy. We 
assessed the association in individual models as well as 
in a simultaneous model to examine the unique contri-
bution of each ELS domain, over and above the others. 
The separate associations of the individual ELS domains 
with IQ and academic achievement were also examined.

Analyses were adjusted for number of tests performed 
(the number of individual regression models per outcome, 
being 13 tests), using the Benjamini– Hochberg false dis-
covery rate correction (Benjamini & Hochberg, 1995). All 
analyses were adjusted for sex and age of the child during 
academic assessment. Given the low but significant point- 
biserial correlation between sex and the IQ- achievement 
discrepancy, r = −0.08, p < .001, we investigated sex moder-
ation as a post hoc analysis. Furthermore, we performed 
three sensitivity analyses. First, the association between 
ELS and verbal IQ- measures might be confounded by 
ethnicity. Therefore, a sensitivity analysis was performed, 
which repeated all analyses in a subpopulation consisting 
only of Dutch participants. Second, to assess whether as-
sociations hold when more stringent exclusion criteria are 
used, we have repeated our analyses in a subpopulation 
that excluded participants with 25% or more missing data 
in the prenatal or postnatal ELS measure. Third, to assess 
sample selection effects, we have repeated our analyses 
by not excluding those participants with missing infor-
mation on either academic achievement or IQ (n = 4,126). 
In this sensitivity analyses, missing IQ and academic 
achievement were imputed using Multivariate Imputation 
by Chained Equations (mice) (Van Buuren & Groothuis- 
Oudshoorn, 2011). Further details on the imputation strat-
egy are provided in the legend of Supplemental Table S10.

RESU LTS

Descriptive statistics and correlations

The characteristics of the study sample are shown 
in Table  1. A non- response analysis can be found in 
Supplemental Table  S5. Individual ELS domains were 

weakly to moderately inter- correlated within and be-
tween developmental periods (Supplemental Table  S6). 
Within our structural equation model, latent prena-
tal ELS strongly correlated with latent postnatal ELS, 
r = .94, p < .001. Of the 44 individual risk factors assessed 
in the prenatal period, participants had on average 4.04 
risk factors (SD = 3.54). Of the 51 risk factors assessed 
in the postnatal period, participants had on average 5.78 
risk factors (SD = 3.44).

Prenatal and postnatal early life stress

Prenatal and postnatal ELS were individually associated 
with lower academic achievement than would be expected 
based on IQ (Table  2). When prenatal ELS increased 
with 1 SD (equaling 3.54 risk factors), expected academic 
achievement decreased with 0.24 SD. An increase of 1 
SD in postnatal ELS (equaling 3.44 risk factors) corre-
sponded with a decrease of 0.28 in expected academic 
achievement. The association between ELS and the IQ- 
achievement discrepancy was linear. As such, compared 
to normal achievement, higher ELS was associated with 
higher odds for underachieving, Bprenatal = 0.48, p < .001, 
OR = 1.61; Bpostnatal = 0.61, p < .001, OR = 1.85, as well as 
lower odds for overachieving, Bprenatal = −0.22, p = .009, 
OR = .81; Bpostnatal = −0.20, p = .015, OR = .82. Figure 2 
illustrates the relation between ELS and IQ- achievement 
discrepancy for underachievers, normal achievers and 
overachievers. Both prenatal and postnatal ELS were 
related to lower IQ and academic achievement in the in-
dividual models (Table 3).

Individual ELS domains

The vast majority of individual ELS domains were sig-
nificantly associated with a larger IQ- achievement dis-
crepancy, lower IQ, and lower academic achievement, 
as presented in Tables  2 and 3. When modeling all in-
dividual domains simultaneously as predictors, most 
domains were no longer significantly associated with 
outcomes. Only contextual and parental stress remained 
to be independently associated with all outcomes across 
developmental periods (see Table  4 for results on IQ- 
achievement discrepancy, see Supplemental Table S7 for 
results on IQ and academic achievement).

Sensitivity analyses

Findings were consistent when repeating the analyses in a 
subpopulation consisting of only Dutch participants (see 
Supplemental Table S8), in subpopulation with a maxi-
mum of 25% missing data (see Supplemental Table S9), 
and in a population in which missing information on out-
comes was imputed (see Supplemental Table S10). As for 
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potential sex moderation, while the association between 
prenatal ELS and the IQ- achievement discrepancy was 
not moderated by sex, Bprenatal*sex = 0.10, p = .056; the as-
sociation between postnatal ELS and the IQ- achievement 

discrepancy showed marginally stronger associations for 
boys, Bpostnatal*sex = 0.10, p = .040.

DISCUSSION

This study aimed to characterize the role of ELS in the 
IQ- achievement discrepancy, using prospective data 
from a population- based study spanning pregnancy 
to late childhood. We highlight three main findings. 
First, we found that ELS was associated with a larger 
IQ- achievement discrepancy, specifically lower achieve-
ment than expected based on IQ. Consistent with prior 
research, ELS was also individually associated with 
lower IQ and lower academic achievement in child-
hood. Second, we found that ELS from both develop-
mental periods emerged as significant predictors of 
IQ- achievement discrepancy (birth up to age 10). Third, 
overall ELS (modeled as a latent factor capturing shared 
variance between ELS domains) showed stronger as-
sociations with child outcomes than any individual 
ELS domains. Together, our findings point to prena-
tal and postnatal ELS as a significant predictor of IQ- 
achievement discrepancy, with effects largely driven by 
the shared variance between ELS types.

The present findings demonstrate that ELS is pro-
spectively associated with a larger IQ- achievement dis-
crepancy around age 12— a critical period of transition 
between middle and high school. Specifically, ELS is as-
sociated with lower academic achievement than expected 

TA B L E  2  The association between early life stress for both the 
prenatal and postnatal period and IQ- achievement discrepancy 
(individual regression models)

IQ- achievement discrepancy

Β 95% CI p- value Adjusted p

Prenatal early life 
stress

−0.24 −0.29, −0.18 <.001 <.001

Life events −0.06 −0.10, −0.01 .008 .104

Contextual stress −0.14 −0.18, −0.10 <.001 <.001

Parental stress −0.21 −0.25, −0.17 <.001 <.001

Interpersonal stress −0.06 −0.10, −0.03 .001 .013

Postnatal early life 
stress

−0.28 −0.34, −0.22 <.001 <.001

Life events −0.06 −0.10, −0.02 .007 .095

Contextual stress −0.17 −0.21, −0.13 <.001 <.001

Parental stress −0.12 −0.16, −0.08 <.001 <.001

Interpersonal stress −0.24 −0.28, −0.20 <.001 <.001

Direct 
victimization

−0.07 −0.12, −0.02 .003 .040

Note: Negative IQ- achievement discrepancy value represents lower actual 
achievement than would be expected based on IQ. Each row corresponds to one 
model output. Regression estimates are standardized. All models are adjusted 
for sex and age at academic assessment. We adjusted p- values for 13 tests 
performed, using the Benjamini– Hochberg false discovery rate correction.

F I G U R E  2  The relation between early life stress and IQ- achievement discrepancy within different achievement categories (i.e., 
overachievement, normal achievement and underachievement). The figure illustrates the relation between early life stress and the IQ- 
achievement discrepancy. Lines are stratified on the outcome variable, meaning different lines belong to different achievement categories. 
The blue (upper) line represents children who overachieve (academic achievement >1 SD higher than what would be expected based on IQ), 
the green (middle) line show those who achieve as would be expected based on their IQ, and the red (bottom) line represents children who 
underachieve (academic achievement >1 SD lower than what would be expected based on IQ). This figure shows that higher levels of ELS 
are associated with a greater IQ- achievement discrepancy, and that this association is linear (i.e., ELS is associated with lower, not higher, 
academic achievement than expected based on IQ; this is inferred from the direction of the slope, that does not have opposite directions for 
underachievement and overachievement). 
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based on IQ (i.e., underachievement), an important pre-
dictor of poor outcomes later in life (Hoffmann, 2020; 
McCall et al., 1992). Conversely, the odds of overachiev-
ing were lower when ELS was higher. According to the 
effect size guidelines for research in individual differ-
ences (Gignac & Szodorai,  2016), our effect sizes were 
typical to relatively large. This, and the finding that 
associations remained consistent across several sensi-
tivity analyses, added confidence to our findings. We 

further confirm previous work by showing that ELS is 
also associated with both outcomes separately (Cortes 
Hidalgo et al.,  2020; Pechtel & Pizzagalli,  2011). Of 
note, recent evidence suggests that the effects of ELS 
on cognitive outcomes can persist beyond childhood, 
associating, for example, with cognitive reserve later in 
life (Lesuis et al.,  2018). Cognitive reserve refers to the 
individual differences in cognition that help to explain 
differential susceptibility to brain aging, pathology, or 
insult (Stern et al., 2020), therefore being considered an 
important construct for health later in life. Interestingly, 
cognitive reserve in adults has often been measured as 
the discrepancy between actual and predicted cognitive 
achievement (Stern et al., 2020), which parallels how the 
IQ- achievement discrepancy is measured in children. 
Consequently, it could be possible that the association 
between ELS and cognitive reserve— indexed as the IQ- 
achievement discrepancy— might emerge as early as in 
childhood. However, future research employing life 
course models will be needed to clarify the links between 
ELS, the IQ- achievement discrepancy, and cognitive 
reserve across the lifespan. Overall, our results demon-
strate that ELS is associated with a discrepancy between 
actual and predicted achievement later in development, 
although it is not yet clear how this discrepancy unfolds 
after childhood.

In the current study, we show that both prenatal and 
postnatal ELS are negatively associated with the IQ- 
achievement discrepancy, and with IQ and academic 
achievement separately. Although the mechanisms be-
hind prenatal and postnatal associations might be het-
erogeneous (Lupien et al.,  2009), we found that ELS 
during both periods relates to a higher risk of poor cog-
nitive and academic outcomes. Interestingly, we found 
that the effect of postnatal ELS was somewhat stronger 
than the effect of prenatal ELS. Potentially, prenatal 
ELS is associated with academic achievement indirectly, 

TA B L E  3  The association between early life stress for both the prenatal and postnatal period and IQ and academic achievement (individual 
regression models)

Intelligence quotient Academic achievement

B 95% CI p- value Adjusted p B 95% CI p- value Adjusted p

Prenatal early life stress −0.20 −0.25, −0.16 <.001 <.001 −0.31 −0.37, −0.25 <.001 <.001

Life events −0.04 −0.08, −0.00 .031 .400 −0.07 −0.11, −0.03 <.001 .011

Contextual stress −0.11 −0.14, −0.07 <.001 <.001 −0.18 −0.22, −0.14 <.001 <.001

Parental stress −0.20 −0.24, −0.16 <.001 <.001 −0.29 −0.33, −0.25 <.001 <.001

Interpersonal stress −0.16 −0.20, −0.13 <.001 <.001 −0.13 −0.17, −0.09 <.001 <.001

Postnatal early life stress −0.22 −0.27, −0.17 <.001 <.001 −0.36 −0.42, −0.30 <.001 <.001

Life events −0.07 −0.11, −0.03 <.001 .006 −0.09 −0.13, −0.05 <.001 <.001

Contextual stress −0.13 −0.17, −0.09 <.001 <.001 −0.21 −0.25, −0.18 <.001 <.001

Parental stress −0.06 −0.10, −0.03 .001 .013 −0.14 −0.18, −0.10 <.001 <.001

Interpersonal stress −0.19 −0.23, −0.15 <.001 <.001 −0.31 −0.35, −0.27 <.001 <.001

Direct victimization −0.10 −0.14, −0.06 <.001 <.001 −0.11 −0.16, −0.07 <.001 <.001

Note: Each row corresponds to one model output. Regression estimates are standardized. All models adjusted for sex and age at academic assessment. We adjusted 
p- values for 13 tests performed, using the Benjamini– Hochberg false discovery rate correction.

TA B L E  4  The association between early life stress for both the 
prenatal and postnatal period and IQ- achievement discrepancy in 
simultaneous models

IQ- achievement discrepancy

Β 95% CI p- value Adjusted p

Prenatal early life stress

Life events 0.02 −0.03, 0.06 .462 1.000

Contextual stress −0.06 −0.11, −0.02 .009 .117

Parental stress −0.18 −0.22, −0.13 <.001 <.001

Interpersonal stress −0.05 −0.09, 0.00 .044 .572

Postnatal early life stress

Life events −0.02 −0.06, 0.02 .289 1.000

Contextual stress −0.07 −0.12, −0.03 .002 .004

Parental stress −0.20 −0.24, −0.15 <.001 <.001

Interpersonal stress −0.02 −0.07, 0.02 .347 1.000

Direct victimization −0.01 −0.05, 0.04 .783 1.000

Note: Estimates are standardized. All models adjusted for sex and age at 
academic assessment. The first four rows correspond to one model output; 
the second five rows also correspond to one model output. Hence, two models 
were constructed: one for the prenatal and one for the postnatal period. 
The prenatal model comprised one regression model using as predictors: 
life events, contextual stress, parental stress, and interpersonal stress The 
postnatal model comprised one regression model using as predictors: life 
events, contextual stress, parental stress, interpersonal stress, and direct 
victimization. We adjusted p- values for 13 tests performed, using the 
Benjamini– Hochberg false discovery rate correction.
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by predisposing the child to higher postnatal ELS. 
However, both periods comprise of items specific to the 
developmental timing of ELS, to which end prenatal and 
postnatal ELS are not fully comparable. Also, simulta-
neous examination of both prenatal and postnatal ELS 
as predictors within the same model is not possible, as 
a consequence of the high correlation between prenatal 
and postnatal ELS. The high correlation could poten-
tially cause multicollinearity between the two predic-
tors, which may lead to unstable coefficients (Vatcheva 
et al., 2016). Nonetheless, the finding that the correlation 
between prenatal and postnatal ELS was high indicates 
substantial continuity in ELS over time. This is in line 
with earlier work showing that exposure to adversity typ-
ically carries on from pregnancy to childhood (Dipietro 
et al., 2008; Najman et al., 2010). Of note, however, the 
association between ELS and the IQ- achievement dis-
crepancy may change over time, even within childhood. 
It will be important for future work to leverage repeated 
measure data to model ELS effects at different develop-
mental stages.

Concerning the type of ELS examined, we found that 
global prenatal and postnatal ELS (measured as a latent 
score capturing shared variance across stressors) is as-
sociated with child IQ, academic achievement, and the 
IQ- achievement discrepancy more strongly than any in-
dividual ELS domain. Indeed, although individual ELS 
domains were found to be associated with outcomes 
when examined separately, associations were substan-
tially attenuated when these domains were modeled 
simultaneously, suggesting that these associations are 
mainly driven by shared variance across stressors. This 
is in line with previous research, showing that early life 
stressors co- occur (Ackerman et al.,  1999; Appleyard 
et al.,  2005; Evans,  2004) and that the shared vari-
ance amongst these stressors is associated with poorer 
child functioning (Cortes Hidalgo et al., 2020; de Maat 
et al., 2021), following a dose- response gradient. In ad-
dition, we extend this work by showing that the shared 
variance also is associated more strongly with the IQ- 
achievement discrepancy. Together, these findings un-
derscore the importance of comprehensively assessing 
stress exposures and accounting for their co- occurence, 
as focusing on single risks may lead to overestimating 
the effects of any specific exposure. The interrelatedness 
of stress domains also illustrates how ELS may act as a 
cascade of events, in which stressors seem to follow up 
on each other, with potential cumulative effects. Future 
research is needed to delineate the mechanisms behind 
co- occurrent stress and how to target this in intervention 
and prevention.

Our findings have two main implications. First, they 
suggest that early screening of ELS may help identify 
those at highest risk for academic underachievement, 
an important marker of later life outcomes, including 
delinquency, social problems, lower quality of life, and 
poor employment prospects (Hoffmann,  2020; McCall 

et al., 1992). More specifically, in children known to be 
exposed to ELS, teachers can be more vigilant to aca-
demic underachievement, monitor the IQ- achievement 
discrepancy, and also offer support more quickly when 
adverse consequences present themselves. Second, our 
findings also indicate that academic underachievement 
is most strongly associated with the co- occurrence of 
stressors, rather than any individual type of stressor. As 
such, the implementation of more comprehensive screen-
ing tools for ELS is warranted, as assessment of individ-
ual stressors in isolation is likely to underestimate effects 
on IQ- achievement discrepancy. Besides early screening 
for risk detection, implications for prevention and inter-
vention will depend on whether the association between 
ELS and IQ- achievement discrepancy is causal, which 
we are not able to establish from the current study. If a 
causal role of ELS is supported by future research, this 
would suggest that primary prevention may help reduce 
underachievement. Furthermore, intervention strategies 
may help dampen the impact of ELS on IQ- achievement 
discrepancy. The specific choice of intervention will 
however depend on which mechanisms link stress to IQ 
and academic achievement. On the one hand, high IQ 
might buffer the negative effects of ELS on academic 
achievement (i.e., IQ as moderator). Consistent with this 
idea, for example, high IQ has been proposed to increase 
resilience against the negative effects of adversity on 
academic achievement in a small study of adolescents 
(Masten et al., 1999). Under such a mechanism, interven-
tion may be most effective when allocated primarily to 
children with lower levels of IQ, to help buffer the nega-
tive effects of ELS, as resources are then assigned to the 
most vulnerable group. Alternatively, ELS may increase 
risk for poor academic achievement by influencing IQ 
(i.e., IQ as mediator). Such a pathway is consistent with 
earlier literature showing that executive functioning me-
diates the negative effects of maternal psychopathology 
on academic achievement (Pearson et al., 2016). Under 
this scenario, intervention may focus more on enhancing 
coping skills and executive functioning in children ex-
posed to ELS (Takacs & Kassai, 2019). Going forward, 
it will be important to disentangle the potential relation 
between these variables using advanced causal models.

The present study should be interpreted considering 
the following strengths and limitations. School achieve-
ment was measured with the national Cito test around 
age 12— an objective and standardized test that is widely 
used in Dutch primary schools to advise secondary school 
level (Van Boxtel et al., 2010). Furthermore, we utilized 
data from a large population- based sample increasing 
the generalizability of our findings, and also included a 
wide range of stressors assessed prospectively from preg-
nancy to late childhood. As for limitations, a large num-
ber of children were excluded (i.e., 75.9% of our original 
sample) due to high frequencies of missing outcome data, 
which can bias results and limit generalizability of find-
ings (Nohr et al., 2006). Nonetheless, sensitivity analyses 
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using data additionally imputed for outcomes yielded 
largely consistent results. As for our outcome, we as-
sessed IQ with a selection of subtests only. Nevertheless, 
the association between the shortened and the full ver-
sion is high (Blok et al., 2022). Also, in our work, we fo-
cused on total IQ rather than verbal or performance IQ. 
As such, we cannot conclude if associations might differ 
for specific IQ types. In addition, a direct comparison 
between prenatal and postnatal ELS was not possible, as 
some of the risks assessed were only available or relevant 
at specific developmental periods (e.g., direct victimiza-
tion of the child was only assessed postnatally). Besides, 
we could also not examine prenatal and postnatal ELS 
simultaneously in the same model, given the high cor-
relation between them. Furthermore, when constructing 
the IQ- achievement discrepancy, academic achievement 
at age 11.9 is predicted using IQ at age 13.6, meaning we 
predict backward in time. In the future, it would be more 
optimal to have both measures at the same time point, 
although, IQ is known to be stable over time (Schneider 
et al., 2014), so that results would not be expected to dif-
fer substantially. Lastly, the pathways linking ELS to the 
IQ- achievement discrepancy remain unknown. It will be 
important to identify through which pathways ELS is as-
sociated with academic underachievement. For example, 
the IQ- achievement discrepancy has been found to be 
associated with other sequelae of ELS, such as child psy-
chiatric problems (Mayes et al., 2020) and problems with 
executive functioning (Alloway & Alloway, 2010; Ng & 
Hodges, 2020; Pechtel & Pizzagalli,  2011), which could 
pose as potential mechanisms linking ELS to academic 
underachievement.

In summary, in this prospective, population- based 
study we identify ELS, measured both prenatally and 
postnatally, as a developmental risk factor for the IQ- 
achievement discrepancy. Specifically, ELS beginning as 
early as in utero was found to be associated with lower 
academic achievement than would be expected based on 
IQ. Early life stressors often co- occurred and showed 
high continuity over time, with effects primarily driven 
by shared variance across stress domains. Together, 
these findings point to ELS as an important prevention 
target in order to help children reach their full academic 
potential.
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