
A r t ic le

Am  J Psychiatry 169 :5 , M ay 2012  ajp.psychiatryonline.o rg 5 1 5

heightened amygdala reactivity and greater volume (4–10). 
Circumstantial behavioral and physiological evidence is 
consistent with these novel neural findings: individuals 
who were abused or neglected during childhood have an 
attentional bias toward threatening stimuli (11), childhood 
abuse is associated with a potentiated fear startle response 
(12), and stress has been shown to facilitate memory for 
emotional content but to disrupt memory for neutral con-
tent (13). In other studies (14–16), these stress-sensitive 
startle, attentional, and mnemonic biases were linked with 
elevated amygdala reactivity. Because the amygdala un-
dergoes rapid development during childhood, researchers 
have postulated that childhood through early adolescence 
may be a critical period during which the amygdala is par-
ticularly sensitive to stress (3). Collectively, these results 
suggest that stress exposure, particularly during childhood, 
promotes heightened amygdala reactivity, which may pre-
cipitate the development of psychopathology.
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O b je c t iv e : 	The	amygdala	is	especially	re-
active	to	threatening	stimuli,	and	the	de-
gree	 of	 reactivity	 predicts	 individual	 dif-
ferences	 in	 the	 expression	 of	 depression	
and	 anxiety.	 Emerging	 research	 suggests	
that	 emotional	 neglect	 during	 childhood	
as	 well	 as	 hypercortisolem ia	 may	 lead	
to	 heightened	 threat-related	 amygdala	
reactivity.	 This	 raises	 the	 possibility	 that	
genetic	 variation	 affecting	 hypothalam -
ic-pituitary-adrenal	 (HPA)	 axis	 function	
contributes	 to	 individual	 differences	 in	
amygdala	 reactivity,	 both	 independently	
and	as	a	function	of	childhood	emotional	
neglect.

M e tho d : 	 This	 study	 assessed	 whether	
the	 m ineralocorticoid	 receptor	 iso/val	
polymorphism 	 (rs5522),	 a	 functional	 ge-
netic	 variant	 affecting	 HPA	 axis	 function,	
influenced	 threat-related	 amygdala	 reac-
tivity	 in	279	 individuals	 in	 late	childhood	
and	early	adolescence.	The	study	also	ex-
plored	 the	extent	 to	which	any	effects	of	
the	genotype	on	amygdala	reactivity	were	

contingent	 upon	 previous	 childhood	
emotional	neglect.

R e su lts : 	 Prior	 childhood	 emotional	 ne-
glect	 and	 the	 val	 allele	 were	 associated	
w ith	 greater	 amygdala	 reactivity.	 More-
over,	a	significant	genotype-by-emotional	
neglect	 interaction	 was	 observed	 where-
by	 greater	 amygdala	 reactivity	 in	 val	 al-
lele	carriers	was	independent	of	previous	
childhood	emotional	neglect,	while	great-
er	 reactivity	 in	 iso	 homozygotes	 was	 re-
vealed	only	 in	 the	context	of	a	history	of	
elevated	 emotional	 neglect.	 At	 relatively	
low 	levels	of	previous	emotional	neglect,	
val	carriers	had	heightened	amygdala	re-
activity	relative	to	iso	homozygotes.

Co n c lu s io n s : 	 These	 results	 suggest	 that	
relatively	 greater	 amygdala	 reactivity	
may	 represent	 a	 biological	 mechanism 	
through	 which	 childhood	 adversity	 and	
functional	 genetic	 variation	 in	 HPA	 axis	
responsiveness	to	stress	may	mediate	risk	
for	psychopathology.

The amygdala is critical for learning the emotional sig-
nificance of stimuli and effecting appropriate changes in 
behavioral vigilance and physiological arousal in response 
to environmental challenges (1). It is especially reactive 
to threatening stimuli, and the magnitude of reactivity is 
associated with individual differences in the behavioral 
expression of threat sensitivity as well as the pathophysi-
ology of mood and anxiety disorders (2). Identifying both 
biological and environmental factors that contribute to 
variability in threat-related amygdala reactivity is an im-
portant step in understanding the etiology of dysfunc-
tional emotional processing and related risk for psycho-
pathology.

Consistent with a wealth of animal research document-
ing the effects of stress on amygdala structure and function 
(3), emerging human research has linked acute stress dur-
ing adulthood, severe forms of childhood emotional neglect 
(e.g., institutional rearing), and hypercortisolemia with 
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reactivity. To this end, 279 individuals in late childhood or 
early adolescence completed a widely used and well-char-
acterized blood-oxygen-level-dependent (BOLD) function-
al magnetic resonance imaging (fMRI) challenge paradigm 
that reliably elicits amygdala reactivity in both children 
and adults in normative and clinical populations (27, 28). 
Additionally, participants completed a questionnaire as-
sessing childhood trauma exposure. From these data, we 
tested three primary hypotheses. First, based on evidence 
that emotional neglect and caregiver deprivation are as-
sociated with heightened amygdala reactivity to threat (6), 
we hypothesized that childhood emotional neglect would 
predict elevated threat-related amygdala reactivity. Sec-
ond, because the val allele has been associated with lower 
cortisol-related mineralocorticoid receptor function and 
heightened HPA axis activity (22), we hypothesized that the 
val allele would be associated with elevated amygdala re-
activity regardless of past emotional neglect history. Third, 
we predicted a genotype-by-emotional neglect interaction 
on threat-related amygdala reactivity wherein val carriers 
would have heightened amygdala reactivity to threat re-
gardless of emotional neglect history because of a constitu-
tional profile mirroring that of individuals who have been 
emotionally neglected, while iso homozygotes would have 
elevated amygdala reactivity only in the context of a history 
of heightened childhood emotional neglect. Alternatively, 
we hypothesized that the val allele and childhood emotion-
al neglect may compound one another such that val allele 
carriers would be characterized by extremely heightened 
amygdala reactivity in the context of previous childhood 
emotional neglect relative to iso homozygotes.

M ethod

Pa rtic ipan ts

Children and adolescents (N=279) from 11 to 15 years old were 
randomly selected from the general population as part of the 
ongoing Teen Alcohol Outcomes Study at the University of Texas 
Health Science Center at San Antonio. This study was designed 
to investigate how genes, the environment, and neural systems 
contribute to adolescent psychopathology, with an emphasis 
on alcohol use disorders. Emotional neglect and fMRI data were 
available for all 279 participants. Self-report and behavioral data 
are summarized in Table 1. The study was approved by the insti-
tutional review board at the University of Texas Health Science 
Center at San Antonio.

Se lf-R epo rt A sse ssm en ts

The Childhood Trauma Questionnaire was used to quantify 
lifetime exposure to maltreatment in five categories: emotional, 
physical, and sexual abuse and emotional and physical neglect 
(29). Each of the instrument’s subscales has robust internal con-
sistency and excellent convergent validity with a clinician-rated 
interview of childhood abuse and therapists’ ratings of abuse (30). 
We focused on the emotional neglect subscale because previous 
research has associated severe forms of emotional neglect with 
heightened amygdala reactivity (4, 6). Moreover, there was a sub-
stantial amount of variability on this subscale relative to the other 
subscales in the community sample studied here. The Tanner 
scale was used to assess pubertal status (31, 32).

Given the regulatory role of the amygdala in the biologi-
cal stress response system (17), as well as the associations 
between stress and amygdala function reviewed above, 
stress-related genetic variation may independently, and 
interactively with stress exposure, contribute to individual 
differences in amygdala reactivity. Alongside numerous 
regulatory mechanisms, the high-affinity mineralocor-
ticoid receptor and low-affinity glucocorticoid receptor 
regulate the onset and termination, respectively, of the hy-
pothalamic-pituitary-adrenal (HPA) axis stress response 
(18). One of the primary functions of the glucocorticoid 
receptor is to normalize brain activity to prestress levels 
through negative feedback inhibition of the HPA axis. In 
contrast, the mineralocorticoid receptor, because of its 
relatively high affinity and nearly constant occupancy by 
cortisol, mediates tonic inhibition of the HPA axis under 
basal and stressful conditions (18). The mineralocorticoid 
receptor also has a role in behavioral stress response func-
tions, including the appraisal of novel situations and the 
selection of appropriate responses to deal with challenges 
(18). Research on these functions, combined with rodent 
data indicating that mineralocorticoid receptor overex-
pression in the amygdala reduces corticosterone release 
and anxiety-like behavior (19), highlights the potentially 
powerful influence of variability in mineralocorticoid re-
ceptor signaling, including that resulting from genetic 
polymorphisms, on the expression of individual differ-
ences in threat-related amygdala reactivity. Moreover, 
such mineralocorticoid receptor-mediated effects on re-
activity may be contingent on the experience of stress.

There is a common missense polymorphism (rs5522) 
within exon 2 of the human mineralocorticoid receptor 
gene (NR3C2) that results in the substitution of isoleucine 
for valine [iso(A)/val(G)]. In vitro data show that the val al-
lele is characterized by reduced cortisol-related transacti-
vation (20, 21). Animal studies have shown that reductions 
in mineralocorticoid receptor function (i.e., knockout or 
antagonism) increase basal and stress-evoked HPA axis 
activity, while enhanced receptor expression reduces 
HPA axis activity under these circumstances (19, 22, 23). 
Because the val allele is associated with reduced cortisol-
mediated binding that inhibits HPA axis function (20, 21), 
it is not surprising that it has been associated with height-
ened stress reactivity as indexed by endocrine, autonomic, 
perceptual, and subjective self-report measures (20, 21, 
24; but see also 25). Moreover, the val allele has been asso-
ciated with depressive symptoms as well as stress-induced 
reward learning deficits, which further suggests the rele-
vance of the mineralocorticoid receptor iso/val polymor-
phism in the emergence of psychopathology (24, 26).

Our main goal in this study was to evaluate direct biolog-
ical effects of the mineralocorticoid receptor iso/val poly-
morphism at the level of threat-related amygdala reactivity 
and to explore potential interactions between the miner-
alocorticoid receptor iso/val polymorphism and childhood 
emotional neglect in mediating variability in amygdala 
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lumina Human 610-Quad BeadChip (see the online data supple-
ment); rs5522 data were extracted based on our a priori hypoth-
eses, and no other polymorphisms were tested. The average call 
rate was 94.7%. Mineralocorticoid receptor rs5522 did not differ 
significantly from Hardy-Weinberg equilibrium (p=0.83).

Sta tistica l A na ly se s

Multiple regression analyses using the Predictive Analytics 
Software statistical package (PASW or SPSS, version 18, Chi-
cago) examined how emotional neglect and the mineralocorti-
coid receptor genotype independently and interactively influ-
ence threat-related amygdala reactivity. We entered gender and 
pubertal status in the first step, followed by emotional neglect 
and mineralocorticoid receptor genotype in the second step, 
and the interaction of mineralocorticoid receptor genotype and 
emotional neglect in the last step. Post hoc tests were carried out 
in two ways (35). First, we used simple slope analyses to assess 
whether the association between amygdala reactivity and child-
hood emotional neglect was significant for each genotype group. 
Second, we used the Johnson-Neyman method to calculate the 
childhood emotional neglect values at which there were genotype 
differences in amygdala reactivity. In an attempt to account for 
background genetic differences associated with ancestral ori-
gin, we ran two additional sets of analyses. Ancestry-informative 
principal component variables, generated using the Eigenstrat 
program (36), were included in the first step of the regression. In 
the second, we restricted analyses to individuals reporting Cauca-
sian ancestry (see the online data supplement). All analyses were 
conducted on BOLD contrast estimates extracted from functional 
clusters exhibiting a significant main effect of task in the right and 
left amygdala. All predictor variables were mean centered before 
the analyses and computation of the interaction term.

re su lts

Consistent with previous findings (27, 28), the main ef-
fects of task analyses revealed robust left and right amyg-

Neuro im ag ing  P ro to co l

Cha lle n ge  p a rad igm . A widely used and validated challenge 
paradigm was employed to elicit robust amygdala reactivity (27, 
28). Task details are in the data supplement that accompanies the 
online edition of this article.

fM r i a cqu is itio n  p a ram e te r s . BOLD fMRI data were ac-
quired with a gradient-echo echo planar imaging (EPI) sequence 
(TR=2,000, TE=25 msec, field of view=20 cm, matrix=64×64) cov-
ering 34 interleaved 3 mm-thick axial slices on a Siemens 3-T Trio 
Scanner. Before collecting fMRI data for each participant, we per-
formed a reference EPI scan that was visually inspected for arti-
facts and good signal.

im age  p ro ce ss in g  and  ana ly s is . After preprocessing steps (see 
the online data supplement), linear contrasts using canonical he-
modynamic response functions estimated a faces (match faces 
task) > shapes (match shapes task) contrast image for each indi-
vidual. These contrast images were entered into a second-level 
random-effects model (one-sample t test) to determine mean 
task-related responses using a combined voxel-level threshold 
of p<0.05, family-wise error-corrected whole-brain, and cluster 
threshold of ≥10 contiguous voxels. BOLD contrast estimates 
were extracted from functional clusters meeting significance 
criteria in the right and left anatomical amygdala regions of in-
terest, which were defined using the Brodmann template in the 
Wake Forest University PickAtlas. By extracting amygdala BOLD 
parameter estimates from the functional clusters activated by our 
paradigm rather than clusters specifically correlated with our in-
dependent variables of interest, we precluded the possibility of 
any regression coefficient inflation that may have resulted from 
capitalizing on the same data twice (33). We have successfully 
used this conservative strategy in previous studies (27, 34).

DNA  A na ly se s

Genomic DNA from all participants was isolated from buccal 
cells drawn from Oragene DNA self-collection kits (DNA Genotek, 
Inc., Kanata, Ont., Canada). Samples were genotyped using the Il-

TA Ble  1 . D em og raph ic , B ehav io ra l, and  Se lf-repo rt Va riab le s in  a  S tudy  o f  the  A sso c ia tion  Be tw een  M ine ra lo co rtico id  
re cep to r G eno type , Ch ildhood  Ne g le c t, and  A m ygda la  reac tiv ity a

Iso/Iso	Homozy-
gotes	(N=193) Val	Carriers	(N=86) Analysis

Total	Sample	
(N=279)

Variable N % N % c2 df p N %
Sex	(female) 95 49.22 45 52.32 0.23 1 0.63 140 50.18
Race
	 Caucasian 114 59.07 44 51.16 1.51 1 0.22 158 56.63
	 Hispanic 65 33.68 38 44.19 2.82 1 0.09 103 36.92
	 Other 14 7.25 4 4.65 0.67 1 0.41 18 6.45

Mean SD Mean SD t df p Mean SD
Age	(years) 13.64 0.99 13.48 0.98 1.29 277 0.20 13.59 0.99
Pubertal	status	(Tanner	stage) 3.56 1.00 3.36 0.96 1.55 277 0.12 3.50 0.99
Childhood	Trauma	Questionnaire	scores
	 Emotional	neglect 8.40 3.67 7.77 2.76 1.44 277 0.15 8.21 3.43
	 Emotional	abuse 7.60 3.17 6.99 2.41 1.60 277 0.11 7.41 2.96
	 Physical	neglect 6.19 1.76 6.14 1.68 0.21 277 0.84 6.17 1.73
	 Physical	abuse 6.30 1.94 6.10 1.73 0.79 277 0.43 6.24 1.88
	 Sexual	abuse 5.13 0.63 5.20 0.73 0.79 277 0.43 5.15 0.66
Face	matching	accuracy	(%) 98.82 5.02 99.28 2.70 0.78 255 0.44 0.99 0.04
Face	matching	reaction	time	(ms) 1,369 313 1,387 263 0.44 255 0.66 1,374 298
Shape	matching	accuracy	(%) 97.01 7.54 98.19 4.47 1.31 255 0.19 0.97 0.07
Shape	matching	reaction	time	(ms) 1,223 249 1,239 216 0.49 255 0.63 1,228 239
a	Test	statistics	represent	results	 from	comparisons	between	iso	homozygotes	and	val	carriers.	Behavioral	data	were	available	only	 for	257	

participants	because	of	technical	difficulties	with	the	equipment	used	to	collect	behavioral	responses	during	fMRI.
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son-Neyman analyses revealed that iso homozygotes had 
reduced amygdala reactivity relative to val carriers at low 
emotional neglect scores (i.e., participants at or below the 
60.2 percentile; those scoring 8 or lower on the Childhood 
Trauma Questionnaire emotional neglect scale; t>1.97 and 
p<0.05 in all cases). When ancestry-informative principal 
components were added to the first step of the regression 
or when the same analyses were conducted for Caucasians 
only, the main findings were reproduced, except that the 
main effect of mineralocorticoid receptor genotype was 
reduced to a trend in analyses with principal components 
(see the online data supplement). Exploratory analyses 
using the other Childhood Trauma Questionnaire sub-
scales (emotional abuse, physical neglect, physical abuse, 
and sexual abuse) revealed no significant overall models 
(F<1.92 and p>0.09 in all cases).

D iscu ssion
We examined how a functional genetic polymorphism 

affecting HPA axis function and a history of childhood 

dala reactivity (Figure 1, panel A). Regression analyses 
predicting threat-related amygdala reactivity in the entire 
sample produced a significant overall model for reactiv-
ity of the right but not the left amygdala (right: F=4.13, 
df=5, 273, p=0.001, R2=0.07; left: F=0.95, df=5, 273, p=0.45, 
R2=0.02). In the right amygdala, greater childhood emo-
tional neglect (b=0.06, SE=0.02, t=3.02, p=0.003; Figure 
1B) and val carrier status (b=0.31, SE=0.15, t=2.06, p=0.04; 
Figure 1C) independently predicted heightened threat-re-
lated amygdala reactivity. The interaction of mineralocor-
ticoid receptor genotype and childhood emotional neglect 
contributed significantly to the model after accounting for 
these main effects (b=-0.10, SE=0.05, t=-2.06, DF=4.26, 
DR2=0.014, p=0.04, not controlling for main effects of 
genotype or emotional neglect; b=-0.14, SE=0.05, t=-2.92, 
DF=8.51, DR2=0.03, p=0.004). As shown in Figure 1D, simple 
slope analyses indicated a significant positive association 
between childhood emotional neglect and threat-related 
amygdala reactivity in iso homozygotes (b=0.08, SE=0.02, 
t=3.64, p=0.0003) but not in val carriers. Moreover, John-

FiGUre  1 . e ffe c ts  o f  Ch ildhood  em o tiona l Ne g le c t, M ine ra lo co rtico id  G eno type , and  in te rac tion  o f  M ine ra lo co rtico id  
G eno type  and  Ch ildhood  em o tiona l Ne g le c t on  Th rea t-re la ted  A m ygda la  reac tiv ity a
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a	Panel	A	shows	the	left	and	right	amygdala	reactivity	to	the	faces	>	shapes	contrast	(neurological	format):	right	Montreal	Neurological	Insti-
tute	(MNI)	coordinates:	x=18,	y=-6,	z=-18;	217	voxels;	t=14.74,	p<0.001,	family-wise	error-corrected;	left	MNI	coordinates:	x=-16,	y=-6,	
z=-14;	146	voxels,	t=10.62,	p<0.001,	family-wise	error-corrected.	Panel	B	shows	that	childhood	emotional	neglect	is	positively	associated	
with	amygdala	reactivity.	Panel	C	shows	that	val	carriers	have	elevated	threat-related	amygdala	reactivity	relative	to	iso	homozygotes.	Panel	D	
shows	that	childhood	emotional	neglect	is	positively	associated	with	amygdala	reactivity	only	in	iso	homozygotes.	The	model	is	plotted	with	
raw	data	values,	although	statistics	were	run	with	mean-centered	values.	Highlighted	areas	indicate	regions	where	the	difference	between	
the	groups	 reaches	 significance.	 Importantly,	 removal	of	 the	outlier	 (–7	amygdala	 reactivity)	does	not	 change	 the	 results	 (overall	model,	
F=3.40,	df=5,	272,	p=0.005;	main	effect	of	emotional	neglect,	p=0.004;	main	effect	of	val	carrier	status,	p=0.07;	interaction,	p=0.04).	More-
over,	restricting	analyses	to	individuals	with	a	childhood	emotional	neglect	score	≤15	(as	no	val	carriers	reported	emotional	neglect	above	
a	score	of	15)	produced	the	same	pattern	of	results	(overall	model,	F=3.48,	df=5,	263,	p=0.005;	main	effect	of	emotional	neglect,	p=0.02;	
main	effect	of	val	carrier	status,	p=0.03;	interaction,	p=0.02).
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ing calcium influx in basolateral amygdala neurons, thus 
increasing excitatory and reducing inhibitory neurotrans-
mission (39). Human studies show that pharmacologically 
induced elevations of cortisol and norepinephrine to-
gether potentiate amygdala reactivity to threatening faces 
(40). However, pharmacologically administered hydrocor-
tisone alone blunts amygdala reactivity, likely because of 
glucocorticoid-mediated negative feedback in the context 
of no other HPA axis activation (40, 41). We speculate that 
changes in HPA axis function as well as amygdala cytoar-
chitecture in people with a history of childhood emotional 
neglect may promote heightened amygdala reactivity 
to threat. This heightened reactivity may translate to in-
creased vigilance and lay the groundwork for the develop-
ment of stress-related psychopathologies such as mood 
and anxiety disorders. Consistent with this speculation, 
the association between stress and anxiety-related behav-
ior in animals is abolished with the antagonism of excit-
atory N-methyl-d-aspartic acid neurotransmission in the 
amygdala (42).

M ine ra lo co rtico id  Re cep to r G eno type  E ffe c ts  and  
M ode ra tio n  o f  Ch ildhood  Em o tiona l N eg le c t

Mineralocorticoid receptor val carriers had heightened 
amygdala reactivity relative to iso homozygotes. Previous 
studies have linked the val allele to the loss of cortisol-re-
lated mineralocorticoid receptor function and heightened 
stress reactivity (20, 21, 24; but also see 25). Endogenous 
cortisol is associated with elevated amygdala reactivity (9, 
10), and overexpression of the mineralocorticoid recep-
tor in the amygdala reduces corticosterone release in ro-
dents (19). The relatively potentiated amygdala reactivity 
in val carriers observed in our study may reflect reduced 
cortisol-related mineralocorticoid receptor function and 
heightened basal cortisol levels. The val allele may confer 
a constitutional profile similar to that observed in mal-
treated individuals (e.g., heightened basal HPA axis func-
tion, blunted cortisol upon awakening, and heightened 
stress-related endocrine and autonomic responses), and 
thus similar stress system mechanisms may underlie the 
relationship between the val allele and heightened amyg-
dala reactivity to threat.

Childhood emotional neglect was positively associ-
ated with amygdala reactivity only in iso homozygotes, 
and genotype groups differed from one another only at 
relatively low levels of emotional neglect, such that val 
carriers had elevated amygdala reactivity relative to iso 
homozygotes. We speculate that the nature of this gene-
by-environment interaction may reflect shifts in the neu-
roendocrine and autonomic profiles of val allele carriers. 
It is possible that relatively elevated activity of the HPA 
axis places val carriers closer to a physiological ceiling and 
thus makes them relatively insensitive to further modula-
tion of amygdala reactivity by previous emotional neglect. 
The finding of generally greater amygdala reactivity in val 
carriers relative to iso homozygotes is consistent with this 

emotional neglect independently and interactively influ-
ence amygdala reactivity to threatening stimuli. Three 
primary findings emerged. First, extending recent re-
search linking extreme forms of emotional neglect (e.g., 
institutional rearing) to heightened threat-related amyg-
dala reactivity (4, 6), we observed a similar pattern with 
self-reported emotional neglect in a community sample. 
Second, we found that the val allele was associated with 
heightened threat-related amygdala reactivity (however, 
this effect fell short of significance when we included an-
cestry-informative principal components but remained 
significant in the Caucasian-only subsample; see the on-
line data supplement). This effect is consistent with evi-
dence that the val allele of a common mineralocorticoid 
receptor iso/val polymorphism confers heightened neu-
roendocrine and autonomic responses to stressors (20, 22, 
24). Third, we observed an interaction between the min-
eralocorticoid receptor genotype and a history of child-
hood emotional neglect such that a positive association 
between emotional neglect and threat-related amygdala 
reactivity was observed only in iso homozygotes, and val 
carriers had heightened amygdala reactivity relative to 
iso homozygotes only at relatively low levels of previous 
childhood emotional neglect.

Ch ildhood  Em o tiona l N eg le c t

Early life stress is one of the strongest predictors of de-
veloping emotional, cognitive, and behavioral difficulties 
(37). However, the mechanisms by which early adversity 
is associated with such difficulties are poorly understood. 
This study extends recent findings that extreme forms 
of childhood emotional neglect are associated with in-
creased amygdala volume (7) and threat-related reactiv-
ity (4, 6). Here we show that self-reported history of emo-
tional neglect in children from a community sample is 
similarly associated with heightened amygdala reactivity, 
providing initial evidence that milder forms of neglect are 
also associated with biases in neural function related to an 
increased risk for psychopathology.

Animal research has shown that a host of early life 
stressors such as maternal separation are associated 
with disrupted diurnal HPA axis activity and increased 
HPA axis and autonomic excitability (3). This evidence is 
buttressed by limited human research showing that day 
care (a putative proxy for maternal separation) is associ-
ated with similar, albeit less pronounced, differences (38). 
Moreover, animal models have linked early stressors with 
increased dendritic branching, the expression of cortico-
tropin-releasing hormone, and neuronal excitability in 
the amygdala, which are correlated with HPA axis activity 
and anxiety (3). Consistent with these findings, elevated 
endogenous cortisol is associated with potentiated amyg-
dala reactivity to emotional facial expressions like those 
used in the present study (9, 10).

At the cellular level, animal research suggests that stress 
may potentiate amygdala reactivity to threat by increas-
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mated by emotional neglect as opposed to other forms of 
maltreatment assessed by the Childhood Trauma Ques-
tionnaire (3, 4, 6, 7). We speculate that because emotional 
neglect leaves individuals with fewer support resources to 
buffer the negative consequences of stress and threat, it 
may be particularly likely to result in greater and perhaps 
more generalized sensitivity to threat. This speculation is 
consistent with data indicating that emotional neglect pre-
dicts trauma exposure and contributes to depression and 
anxiety even when controlling for physical and sexual mal-
treatment (45). It is further reflected in recent findings that 
perceived social support may buffer against the expression 
of anxiety as a function of amygdala reactivity (34).

This is one of the first imaging gene-by-environment 
interaction studies. It provides an example of how in-
corporating the environment into imaging genetics re-
search can clarify the relationships between genes and 
brain function (46). Moreover, it has become increasingly 
evident in imaging genetics that common single genetic 
polymorphisms are likely to have small effects, if any, on 
brain function or behavior (2). By incorporating the envi-
ronment into such models, we may gain traction in dem-
onstrating relationships between these small effects and 
behaviorally relevant brain function (46). While our entire 
model accounted for 7% of the variance in threat-related 
amygdala reactivity, the genotype-by-emotional neglect 
interaction only accounted for 1.4% of the variance in 
amygdala reactivity after controlling for main effects of 
genotype and emotional neglect. This is a relatively small 
amount of independent variance; however, when viewed 
in the context of the overall model it still demonstrates 
significant predictive utility for questions of basic science 
and, potentially, even those related to clinical issues (e.g., 
novel molecular targets). For example, studies reporting 
associations between amygdala reactivity and 5-HTTLPR 
genotype have accounted for similar percentages of vari-
ance (47); given that those findings have been shown to 
have clinical relevance (48), the small effects reported here 
may as well. Moreover, it is possible that even small differ-
ences in how the amygdala processes information result in 
a cascade of neural, hormonal, and physiological changes 
that affect behavior and clinical risk; such small effects 
may be particularly pertinent in the context of cellular and 
nuclear receptors in the HPA axis, which can act as tran-
scription factors to widely influence gene expression (49).

However, the small amount of additional variance also 
demonstrates the need for other techniques, such as the 
use of biologically informed multilocus genetic profiles, 
to better represent underlying molecular differences (50). 
A genetic profile representing variability in multiple levels 
of the HPA axis might offer particular utility; for example, 
polymorphisms that are known to affect stress response 
(e.g., rs5522) as well as those that have been associated with 
impaired negative feedback of the HPA axis (e.g., FKBP5 
polymorphisms [51]) could be combined into a single ge-
netic profile score that better represents HPA axis function.

speculation. Additionally, threat-related amygdala reac-
tivity in iso homozygotes may be more sensitive to envi-
ronmental conditions, for better or worse (43).

The overall effect of task was associated with left and 
right amygdala reactivity, consistent with a recent meta-
analysis (44). However, the emotional neglect and miner-
alocorticoid receptor genotype findings were lateralized 
to the right. Evidence suggests that the right amygdala 
subserves quick and perhaps automatic stimulus detec-
tion while the left amygdala provides a more sustained 
evaluative response (44). This interpretation is consistent 
with the role of the mineralocorticoid receptor in the ini-
tiation of stress response as well as the heightened HPA 
axis activation conferred by the val allele and observed in 
individuals with a history of childhood emotional neglect. 
Accordingly, early emotional neglect and mineralocorti-
coid receptor genotype may influence the initial phase of 
threat detection, which may lead to exaggerated respon-
siveness to mildly threatening and even neutral or positive 
events.

The amygdala can be divided into anatomically de-
fined ventral (containing the basolateral complex) and 
dorsal (containing the central nucleus and sublenticular 
extended amygdala) subregions. A host of animal studies 
have evaluated the effects of stress and mineralocorticoid 
receptor expression specifically in the basolateral com-
plex of the amygdala (19, 39). Our exploratory analyses of 
ventral and dorsal amygdala subregions (see the online 
data supplement) showed no evidence that either struc-
ture was specifically involved in the effects we found in 
our study. Rather, we found a general effect on activation 
extending across both the ventral and dorsal subregions. 
This may reflect a glutamatergic drive of ventral neurons 
on dorsal neurons, resulting in the generally increased ac-
tivity seen in the BOLD fMRI signal from the entire amyg-
dala. Additionally, the trend-level effect in the right dorsal 
but not ventral amygdala may reflect the specific connec-
tions between the nuclei of the dorsal subregion (e.g., the 
central nucleus) and HPA axis targets (e.g., the paraven-
tricular nucleus), which would be particularly influenced 
by differences in mineralocorticoid receptor signaling.

Emotional neglect alone and in interaction with miner-
alocorticoid receptor genotype was associated with right 
amygdala reactivity. However, none of the other Childhood 
Trauma Questionnaire subscales (emotional abuse, physi-
cal neglect, physical abuse, and sexual abuse) were associ-
ated with significant effects. As shown in Table 1, emotion-
al neglect was the most endorsed subscale and contained 
the most variability. Virtually no sexual abuse, physical ne-
glect, or physical abuse was reported in this sample, which 
may account for the lack of associations with amygdala 
reactivity and these variables. Moreover, the specificity 
of this association is not entirely surprising. Previous re-
search on childhood adversity in both animals (e.g., mater-
nal separation) and extreme phenotypes in humans (e.g., 
institutional rearing) captures experiences best approxi-
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Our study is not without limitations. First, while we 
speculated on the relationship between HPA axis function 
and amygdala reactivity in the context of a history of child-
hood emotional neglect and mineralocorticoid receptor 
genotype, we did not collect neuroendocrine measures 
(e.g., cortisol) to directly test whether such differences 
might mediate this relationship. Second, the assessment 
of emotional neglect relied on retrospective self-report. 
Given that such retrospective memory may be influenced 
by other factors that are also associated with amygdala re-
activity (e.g., neuroticism), it will be important for future 
research to replicate these findings with more refined as-
sessments (e.g., public records and interviews). The Child-
hood Trauma Questionnaire nevertheless possesses excel-
lent reliability and validity relative to other measures (e.g., 
clinician-rated abuse from interview) (30). Moreover, our 
results nicely complement animal research and human 
research in extreme environments (e.g., institutional rear-
ing), lending credence to the findings reported here (4–9). 
It will be important for researchers to examine whether 
associations between mineralocorticoid receptor geno-
type, emotional neglect, and amygdala reactivity predict 
individual differences in behavior and psychopathology. 
Prospective research that follows individuals into peak pe-
riods of psychopathology development, as the Teen Alco-
hol Outcomes Study is designed to do, will be particularly 
valuable (52).

Limitations notwithstanding, this study provides im-
portant evidence demonstrating that a common func-
tional polymorphism associated with variability in the 
responsiveness of the HPA axis moderates the impact of 
childhood emotional neglect on threat-related amygdala 
reactivity. If replicated in additional samples, the neural 
effects described here may represent a biological mecha-
nism mediating stress responsivity and risk for psychopa-
thology associated with this polymorphism.
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