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Elevated levels of stress/anxiety 
in children with low-SES 

that could confound measures of brain activity and behavior with
different levels of SES. Indeed, the influential research program
of Mullainathan and Shafir (2013) has shown that low SES can
engender a ‘‘scarcity mindset,’’ whereby preoccupation with
pressing needs diverts attentional resources from other cognitive
processes. SES differences in brain structure indicate more trait-
like differences alongside possible state differences.
Another virtue of structural compared with functional imaging

is the comparability of findings across studies. The results of
fMRI and ERP studies depend on the tasks and control condi-
tions used, making it difficult to assess patterns of findings
across differently designed studies. Although structural mea-
sures are not independent of methodological differences be-
tween studies, they are generally far more comparable.
Structural correlates of SES have been discussed in recent

years by several authors (e.g., Blair and Raver, 2016; Brito and
Noble, 2014; Gabrieli and Bunge, 2017; Holz et al., 2015; John-
son et al., 2016; Katsnelson, 2015; Lipina and Segretin, 2015).
The growth of knowledge in this area is apparent from the near
absence of findings on brain structure in early reviews of SES
and brain development (Hackman and Farah, 2009; Raizada
and Kishiyama, 2010) compared with dozens of relevant studies
at the time of writing.
SES has been found to correlate with many aspects of brain

structure. Cortical volume, surface area, and thickness have all
been studied and have been found to correlate with SES in
many but not all studies (e.g., Gianaros et al., 2017; Mackey
et al., 2015; Noble et al., 2015a; Figure 2). The volumes of
subcortical structures, especially the hippocampus and amyg-
dala, have been studied in relation to SES, yielding a mix of pos-
itive and null results (e.g., Butterworth et al., 2012; Hanson et al.,
2011; Yang et al., 2016). White matter volume and integrity, as
assessed by diffusion tensor imaging, have also been examined
and found to relate to SES in some cases (e.g., Gianaros et al.,
2013; Johnson et al., 2013; Ursache and Noble, 2016) and, in
another example of SES moderation of brain-ability relations,
to interact with SES in predicting reading ability (Gullick et al.,
2016). Brain regions showing structural differences include parts
of the limbic system and the cerebral cortex, encompassing the
frontal, parietal, temporal, and occipital lobes.
Two regions that are frequently reported to correlate with

SES are the hippocampus and frontal cortex. This accords

with the behavioral differences in memory and executive func-
tion summarized earlier. The positive relation of children’s hip-
pocampal volume to SES was first reported by Hanson et al.
(2011), and since then, a number of other findings have ap-
peared that are consistent with this in children (e.g., most
recently, Noble et al., 2015a; Yu et al., 2017; Leonard et al.,
2015). The literature on adults is more variable; a number of
studies do replicate the hippocampal volume finding in adults
(e.g., Butterworth et al., 2012; Janowitz et al., 2014; Staff
et al., 2012) but some do not (e.g., Liu et al., 2012; Wang
et al., 2016; Yang et al., 2016). Most recently, for example,
Yu et al. (2017) found that SES predicted hippocampal volume
in 8- to 12-year-olds but not in 18- to 25-year-olds. Studies of
adults have the added dimension of complexity concerning
whether adult SES or childhood SES are used in analyses,
although that factor alone does not account for the variable
findings.
Assessing SES differences in frontal regions is more difficult

because studies may measure surface area, cortical thickness,
or their product, volume. These different dimensions index
different developmental processes, with surface area assumed
to reflect the development of cortical columns and cortical thick-
ness reflecting the development of cells within a column as well
as synapse formation and pruning andmyelination (Johnson and
de Haan, 2015). We should not, therefore, expect SES differ-
ences in the cortical thickness of a certain area to be ‘‘replicated’’
in surface area or vice versa. Further thwarting the effort to
combine results on frontal structure across studies is the multi-
tude of ways that subregions have been defined, including gyral
and sulcal divisions, Brodman areas, other designations such as
simply ‘‘dorsolateral’’ or ‘‘medial,’’ or even the whole frontal lobe
as an ROI. Only a minority of studies use whole-brain analyses,
and the studies that test a priori ROIs rarely report findings con-
cerning other frontal regions. It should not be surprising that, with
this heterogeneity of measures and analytic approaches in a
nascent literature, firm generalizations are not yet possible.
Indeed, although most of the studies that have looked have
found anatomical correlates of SES within the frontal lobes, no
specific area reliably varies with SES. For example, for studies
that tested orbitofrontal cortex volume as an ROI, a positive ef-
fect of SES was reported by Holz et al. (2015), but null results
were reported by Hanson et al. (2010) and Kong et al. (2015).

Figure 2. Visualizations of Findings Relating Different Aspects of SES to Different Aspects of Brain Structure
(A) Volumes, labeled and in color, varying with neighborhood SES in adults (left and right collapsed).
(B) Cortical thickness varying with income in children.
(C) Surface area varying with parental education in children.

Neuron 96, September 27, 2017 61

Neuron

Review
Elevated cortisol levels 

in children with low-SES 
Brain structures  
varying with SES 

that could confound measures of brain activity and behavior with
different levels of SES. Indeed, the influential research program
of Mullainathan and Shafir (2013) has shown that low SES can
engender a ‘‘scarcity mindset,’’ whereby preoccupation with
pressing needs diverts attentional resources from other cognitive
processes. SES differences in brain structure indicate more trait-
like differences alongside possible state differences.
Another virtue of structural compared with functional imaging

is the comparability of findings across studies. The results of
fMRI and ERP studies depend on the tasks and control condi-
tions used, making it difficult to assess patterns of findings
across differently designed studies. Although structural mea-
sures are not independent of methodological differences be-
tween studies, they are generally far more comparable.
Structural correlates of SES have been discussed in recent

years by several authors (e.g., Blair and Raver, 2016; Brito and
Noble, 2014; Gabrieli and Bunge, 2017; Holz et al., 2015; John-
son et al., 2016; Katsnelson, 2015; Lipina and Segretin, 2015).
The growth of knowledge in this area is apparent from the near
absence of findings on brain structure in early reviews of SES
and brain development (Hackman and Farah, 2009; Raizada
and Kishiyama, 2010) compared with dozens of relevant studies
at the time of writing.
SES has been found to correlate with many aspects of brain

structure. Cortical volume, surface area, and thickness have all
been studied and have been found to correlate with SES in
many but not all studies (e.g., Gianaros et al., 2017; Mackey
et al., 2015; Noble et al., 2015a; Figure 2). The volumes of
subcortical structures, especially the hippocampus and amyg-
dala, have been studied in relation to SES, yielding a mix of pos-
itive and null results (e.g., Butterworth et al., 2012; Hanson et al.,
2011; Yang et al., 2016). White matter volume and integrity, as
assessed by diffusion tensor imaging, have also been examined
and found to relate to SES in some cases (e.g., Gianaros et al.,
2013; Johnson et al., 2013; Ursache and Noble, 2016) and, in
another example of SES moderation of brain-ability relations,
to interact with SES in predicting reading ability (Gullick et al.,
2016). Brain regions showing structural differences include parts
of the limbic system and the cerebral cortex, encompassing the
frontal, parietal, temporal, and occipital lobes.
Two regions that are frequently reported to correlate with

SES are the hippocampus and frontal cortex. This accords

with the behavioral differences in memory and executive func-
tion summarized earlier. The positive relation of children’s hip-
pocampal volume to SES was first reported by Hanson et al.
(2011), and since then, a number of other findings have ap-
peared that are consistent with this in children (e.g., most
recently, Noble et al., 2015a; Yu et al., 2017; Leonard et al.,
2015). The literature on adults is more variable; a number of
studies do replicate the hippocampal volume finding in adults
(e.g., Butterworth et al., 2012; Janowitz et al., 2014; Staff
et al., 2012) but some do not (e.g., Liu et al., 2012; Wang
et al., 2016; Yang et al., 2016). Most recently, for example,
Yu et al. (2017) found that SES predicted hippocampal volume
in 8- to 12-year-olds but not in 18- to 25-year-olds. Studies of
adults have the added dimension of complexity concerning
whether adult SES or childhood SES are used in analyses,
although that factor alone does not account for the variable
findings.
Assessing SES differences in frontal regions is more difficult

because studies may measure surface area, cortical thickness,
or their product, volume. These different dimensions index
different developmental processes, with surface area assumed
to reflect the development of cortical columns and cortical thick-
ness reflecting the development of cells within a column as well
as synapse formation and pruning andmyelination (Johnson and
de Haan, 2015). We should not, therefore, expect SES differ-
ences in the cortical thickness of a certain area to be ‘‘replicated’’
in surface area or vice versa. Further thwarting the effort to
combine results on frontal structure across studies is the multi-
tude of ways that subregions have been defined, including gyral
and sulcal divisions, Brodman areas, other designations such as
simply ‘‘dorsolateral’’ or ‘‘medial,’’ or even the whole frontal lobe
as an ROI. Only a minority of studies use whole-brain analyses,
and the studies that test a priori ROIs rarely report findings con-
cerning other frontal regions. It should not be surprising that, with
this heterogeneity of measures and analytic approaches in a
nascent literature, firm generalizations are not yet possible.
Indeed, although most of the studies that have looked have
found anatomical correlates of SES within the frontal lobes, no
specific area reliably varies with SES. For example, for studies
that tested orbitofrontal cortex volume as an ROI, a positive ef-
fect of SES was reported by Holz et al. (2015), but null results
were reported by Hanson et al. (2010) and Kong et al. (2015).

Figure 2. Visualizations of Findings Relating Different Aspects of SES to Different Aspects of Brain Structure
(A) Volumes, labeled and in color, varying with neighborhood SES in adults (left and right collapsed).
(B) Cortical thickness varying with income in children.
(C) Surface area varying with parental education in children.

Neuron 96, September 27, 2017 61

Neuron

Review

Farah, 2017, Neuron Iuculano, Preliminary data 

Low income Low parental education 

Cortical thickness Surface area 

differences at each age. At both ages 6 and 8, children with
high SES presented significantly lower cortisol levels than
did children with low and medium SES. At age 10,
medium-SES children presented cortisol levels between
that of low- and high-SES children (all p ! .01), suggest-
ing that the socioeconomic gradient of SES as a function
of stress hormone levels appears between the age of 8 and
10.
Mothers did not differ on the 11 subscales of the DSP as

a function of SES. Partial correlations between the scores
obtained by the mothers on the 11 subscales and their
child’s cortisol levels were performed using child’s age as
a covariate (to control for a possible effect of child’s age
on mother’s DSP scores) and a Bonferonni correction
leading to an a priori significance level of p ! .005. The
only correlation coefficient that reached significance was
that between the depressive score of the mother on the
DSP and her child’s cortisol levels (r " .22, p " .004),
showing that the higher the score of the mother on the DSP
depression subscale, the higher the cortisol levels of her
child (Figure 2). To assess whether family income (as a
marker of SES) had any impact on the significant associ-
ation between the mother’s depressive score and her
child’s cortisol levels, we performed bivariate as well as
partial correlations using family income in the model.
First, we showed that family income correlated negatively
with both mother’s depressive score (r " #.25, p ".001)
and child’s cortisol levels (r " #.31, p " .001), suggest-
ing that family income is also a significant predictor for
both mother’s depressive score and child’s cortisol levels.
Second, we showed that when income was partialled out
of the association between mother’s depression and child’s
cortisol levels, the correlation decreased from .22 to .148
(p " .08). This later result suggests that although family

income has an impact on the association between mother’s
depressive score and her child’s cortisol levels, it is not the
only factor explaining this relationship.

Discussion
In our study, we report for the first time significant
differences in stress hormones as a function of SES in
children from an urban area, and we show that these
differences gradually develop over time, with the largest
SES differences appearing around the age of 10. Another
study measured salivary cortisol levels in children from
different social environments (Flinn and England 1997),
and this study was undertaken in a rural Dominican
village. Flinn and England (1997) and Flinn (1999) re-
ported that children living in stable family environments
had significantly lower cortisol levels than children living
in unstable environments. Our results extend Flinn’s data
and show that SES differences occur in children from
urban areas and that these differences develop over time.
Given that our study was cross-sectional rather than
longitudinal, one cannot predict whether duration of pov-
erty is significantly related to hypersecretion of glucocor-
ticoids in children or to risk for psychopathology later in
life. Clearly, only a longitudinal follow-up of these chil-
dren could serve to answer this question.
The observed SES differences in children’s cortisol

levels could be due to the school environments. A study
performed by Tennes and Kreye (1985) on children’s
adrenocortical responses to classroom activities reported
that in second graders, cortisol levels are influenced by
social interactions with peers and teachers at school. In our
study, however, children from all ages were tested in the
same school; significant SES differences still emerged as
a function of age in medium-SES children. This would
suggest that if school environment plays a significant role
in cortisol differences as a function of SES, its impact is
concomitant with other environmental variables associated

Figure 1. Morning basal cortisol levels ($g/dL % SEM) in
children aged 6, 8, and 10 years and with low, medium, and high
socioeconomic status (SES). **Significantly different from high
SES. #All between-group differences significant.

Figure 2. Correlation between mother’s score on the depressive
subscale of the Derogatis Stress Profile and child’s cortisol level.

978 S.J. Lupien et alBIOL PSYCHIATRY
2000;48:976–980

Lupien et al, 2000, Biological Psychiatry 
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p < .05 height, p < .05 extent  
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•  Etape	1	:	Visioconférence	interactive	sur	le	cerveau	(160	classes	de	cycle	
1,	2	et	3,	4000	élèves	et	plus	de	800	questions	posées	en	direct)	
https://www.equalx.eu/experience-pedagogique/le-cerveau-comment-
ca-marche-ij	

•  Etape	2	:	Cartographie	des	erreurs	récurrentes	observées	dans	les	
classes	par	les	professeurs	(74	erreurs	identifiées)	

Recherche collaborative en ligne 
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•  Etape	3	:	Entraînement	en	classe	au	contrôle	inhibiteur	(115	
classes	inscrites,	2800	élèves	de	cycle	1	et	2)	
http://lea.nathan.fr/travail-collaboratif/lab-pedagogique/
pre-test-cycles-2-et-3	

POST-TEST 
1 semaine 
 

PRE-TEST 
1 semaine 

CI (4 – 6 semaines) 
CA (4 – 6 semaines) 

1.2.3	Soleil,	Stroop	Jour/Nuit,	
Main/Bougie,	Stroop	Animal,	
Go/No-Go,	Blanc/Noir,	
Jacques	a	dit,	Tri	de	cartes,	
Bata-Clown	

Stroop	Animal,	
Empan	numérique		

Stroop	Animal,	
Empan	numérique		
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•  Etape	4	:	Effet	d’intervention	pédagogique	métacognitif	
sur	les	erreurs	récurrentes	observées	en	classe.	

POST-TEST 
1 semaine 
 •  3,1 x 10 = 3,10 

•  73 - 45 = 75 - 43 
•  1h15 = 115 minutes 
•  7/4 > 7/3 
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•  1h15 = 115 minutes 
•  7/4 > 7/3 
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N = 520 enfants de 6 à 10 ans 
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Tous les éléphants mangent du foin 
Tous les mangeurs de foin sont légers 

Tous les éléphants sont légers 
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•  Le	cerveau	continue	à	se	développer	jusqu’à	25	
ans	
• A	tous	les	âges	le	cerveau	est	plastique	et	peut	
se	reconfigurer	après	des	apprentissages	
•  Il	existe	deux	grandes	façons	d’apprendre	:	
automatiser	et	résister	à	(inhiber)	des	
automatismes		
• A	l’école	comme	à	l’université,	apprendre	à	
raisonner	et	à	être	créatif	c’est	aussi	apprendre	
à	résister	à	ses	automatismes.	

Ce qu’il faut retenir 
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Pour en savoir plus 
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