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Abstract

Objective—This study tested the effect of early neglect on defensive and appetitive physiology 

during puberty.

Method—Emotion-modulated reflexes, eye-blink startle (defensive) and postauricular 

(appetitive), were measured in 12-to-13-year-old internationally adopted youth (from foster care or 

from institutional settings) and compared to non-adopted US born controls.

Results—Startle Reflex: adopted youth displayed lower overall startle amplitude across all 

valences and startle potentiation to negative images was negatively related to severity of pre-

adoption neglect. Postauricular reflex (PAR): adopted youth showed larger PAR magnitude across 

all valences. Puberty: adopted youth showed diminished PAR potentiation to positive images and 

startle potentiation during mid/late puberty versus the opposite pattern in not-adopted.

Conclusions—Early neglect was associated with blunted fast defensive reflexes and heightened 

fast appetitive reflexes. After puberty, early neglected youth showed physiological hyporeactivity 

to threatening and appetitive stimuli versus heightened reactivity in not adopted youth. Behavioral 

correlates in this sample and possible neurodevelopmental mechanisms of psychophysiological 

differences are discussed.
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Introduction

Early childhood adversity of a variety of forms (neglect, abuse, institutional deprivation) has 

a profound impact on the developing child with persistent effects reported for emotional 

functioning and neural and physiological development. Here we focus on deprivation and 

disruptions in care as experienced by children who were adopted as infants from 

international institutions and foster care. Emotional disturbances are frequently noted in 

neglected children raised in institutions (Hanson et al., 2013) or those removed from their 

families and placed in foster care (Giannopoulou, 2012; Perna et al., 2013). Institutional 

neglect is also associated with alterations in the stress neuraxis (Quevedo et al., 2009) and in 

neural systems underlying fear (Tottenham et al., 2010). It is unsurprising that lack of 

adequate parenting and/or disruptions in parenting results in altered physiology and 

psychopathology; the quality of the early caregiving relationship guides the development of 

the physiological basis of emotional experiences and their regulation (Heim et al., 2001; 

Sanchez et al., 2001). For example, a secure parent-child attachment relationship buffers 

against stressors (Hertsgaard et al., 1995; Zeanah et al., 1997) and supports acquisition of 

regulatory skills. These two motivational states -defensive and appetitive- evolved to ensure 

an organism's survival. Fast defensive physiological reactions evolved to respond 

automatically to threats with escape, hide, or defensive behaviors. Fast appetitive 

physiological responses are triggered by rewarding stimuli and promote behaviors toward 

sustenance and procreation (i.e. food and sex cues).

Deprivation or disruption of parental care affects the development of the physiological bases 

of these motivational systems separately (Gilmer et al., 2003; Joseph, 1999), yet research has 

not examined its enduring impact on the physiology of both appetitive and defensive reflexes 

in the same sample. The first goal of this study was to study the effect of early deprivation or 

disruption of adequate parenting on defensive and appetitive physiological responses 

measured respectively by the startle and the postauricular reflexes. Current emotional 

disturbances were screened out to examine fast physiological systems that process positive 

and negative stimuli, while minimizing confounds due to heterogeneous psychiatric 

symptoms that often result from early neglect.

The physiology of fast emotional reflexes, however, is also shaped by developmental 

processes. Puberty signals the restructuring and calibration of motivational systems due to 

increases in sexual hormones in reciprocal transaction with central nervous system 

reorganization (Spielberg et al., 2014; Urosevic et al., 2014). Puberty-linked changes are 

evident in increased emotional reactivity measured by the startle and the postauricular 

reflexes in typically developing adolescents. There are no studies in the human literature 

examining whether puberty interacts with early deprivation/disruption in care and neglect to 

shape the reactivity of appetitive and defensive systems. The second goal of this study was 

to examine whether early life neglect interacts with pubertal stage to predict startle and 

postauricular responses to negative and positive stimuli.

Twelve to 13 year old adolescents who were internationally adopted as young children from 

either institutional or foster care settings were compared to non-adopted U.S. born 

adolescents from families of similar socioeconomic status. Children adopted internationally 
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have experienced disruption of early care relationships and may have experienced varying 

degrees of neglect. Children adopted internationally from institutional and foster care 

settings share factors associated with being an abandoned infant (e.g., poverty, parental 

psychopathology) and/or being an adopted child (e.g., higher risk for emotional and 

behavioral problems; (B. C. Miller et al., 2000). They are also more likely to have 

experienced poor prenatal conditions and lower birth weights (Van Ijzendoorn et al., 2007) 

relative to their non-adopted peers. In addition, different early care experiences of extended 

institutional care relative to foster care overseas are associated with different trajectories. 

Children internationally adopted from institutions experienced varying levels of deprivation 

and profound neglect including low levels of responsive caregiving due to large child-to 

caregiver ratios and inflexible routines, as well as impoverished emotional, cognitive and 

linguistic stimulation. Importantly, the use of multiple, changing caregivers affects formation 

of attachment relationships. Institutionalized children are also typically adopted at an older 

age (Hellerstedt et al., 2008). These children lag behind academically, need more 

intervention services, and exhibit more emotional and behavior problems compared to those 

adopted from foster care (Loman et al., 2009; Nelson et al., 2007).

Deprivation and the Psychophysiology of Affect

Startle Reflex—This measure of fast processing of threat indexes defensive motivations is 

heightened following early deprivation in animal models (Finamore et al., 2000; Sanchez et 

al., 2005). In humans, however, studies of adults and children with a history of trauma, 

including exposure to war or childhood physical and sexual abuse (Pole, 2007), have yielded 

inconsistent results. Some report enhanced startle suggestive of a hypersensitive defensive 

motivational system due to early adversity (Jovanovic et al., 2009; Pole, 2007). Others have 

found blunting of the startle response and argue that early adversity or/and persistent 

dysphoria depletes defensive responding (Klorman et al., 2003; McTeague et al., 2010; 

Reichmann-Decker et al., 2009). These contradictory results appear to be due to 

heterogeneous psychiatric symptoms and varied modalities of adversity being more 

prevalent in some studies versus others. Heterogeneity of symptoms influences the startle 

potentiation and magnitude. Specifically, anxiety disorders characterized by focal fears (e.g. 

phobias) show reliable heightened startle to aversive contents; but anxiety disorders 

characterized by enduring apprehension, avoidance and depression comorbidity (PTSD, 

generalized anxiety disorder: GAD) show paradoxically diminished startle to all aversive 

contents. Furthermore within PTSD, single trauma is linked to heightened startle but 

chronic/multiple traumas are linked to blunted startle. Suggesting that “adaptive defensive 

engagement during imagery may be compromised by long-term dysphoria and stress” 

(McTeague et al., 2012). In other words pervasive versus circumscribed activation of 

defensive neural systems are linked to opposite profiles of startle response. Blunted versus 

augmented startle are linked respectively to multiple versus single trauma, and to type of 

symptoms (pervasive fears and depression versus focal fears). We do not know whether early 

traumatic experiences, such as pervasive deprivation and chronic neglect during periods of 

high neural plasticity (prenatal and post-natal years) result in blunted or enlarged startle. Our 

unpublished study of younger (age 8-9 years) internationally adopted versus healthy control 

children yielded blunted startle magnitude among adopted children (Wiik et al., 2009).

Quevedo et al. Page 3

Dev Psychobiol. Author manuscript; available in PMC 2016 December 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Postauricular Reflex (PAR)—With regards to appetitive motivations and behaviors, 

decreased food intake (i.e. cocaine and sucrose consumption) has been reported in early 

deprived animals (Leventopoulos et al., 2009; Martini et al., 2012) and early chronic stress 

has been associated with a reduced sensitivity to reward (Stamford et al., 1991). Further, 

children adopted from institutions show hyporesponsive basal ganglia activity during 

anticipation of rewards (Mehta et al., 2010). These results would suggest that the PAR, a 

measure of appetite motivation (Benning et al., 2004; Benning, 2009; Benning, 2011; Gable 

et al., 2009; Hess et al., 2007; Parks et al., 2009; Sandt et al., 2009), would be blunted in 

adolescents who had experienced deprivation and/or disruption in care as infants, but there is 

no actual research regarding how these putatively traumatic early experiences may impact 

the PAR magnitude and potentiation. In the current study, PAR was used to test the impact of 

early deprivation on fast appetitive reflexes. Study hypotheses regarding the impact of early 

deprivation on the physiology of defensive and appetitive motivations included: 1) 

internationally adopted adolescents would show dampened defensive physiology in the form 

of low startle potentiation and magnitude, particularly for those exposed to severe early 

neglect prior to adoption (i.e. adopted from institutional care), 2) internationally adopted 

adolescents would show dampened reward physiology in the form of low PAR potentiation 

and magnitude, especially those adopted following severe neglect (i.e., adopted from 

institutional care).

Puberty and the Psychophysiology of Affect after Early Deprivation

Puberty is a developmental window characterized by increased reactivity and sensitivity to 

emotionally laden stimuli in defensive and appetitive related brain functions (Ladouceur, 

2012; Spear, 2009). Research is limited with regard to the impact of early chronic neglect or 

trauma on appetitive and defensive physiology (e.g. startle and PAR potentiation or 

suppression) during key developmental transitions such as puberty.

Studies with humans and animal models show increases in social interaction, increased 

sensitivity to reward, and increased risk-taking behaviors (Cameron, 2004; Kuhn et al., 

2010). Similarly, stress and anxiety reactivity increases during adolescence resulting in 

enduring behavioral traits (Eiland et al., 2013; Romeo, 2010; van Duijvenvoorde et al., 

2014). These changes involve transformations in neural areas supporting the startle response. 

Typically developing youth at mid/late puberty, compared to early puberty, show less 

amygdala and medial prefrontal cortex (mPFC) reactivity to fearful and neutral faces 

(Forbes et al., 2011; Forbes et al., 2010). The amygdala is part of the circuit that underlies 

potentiation of the startle response (i.e. larger responses to aversive versus neutral stimuli) 

and acquisition of conditioned fear startle responses (Antoniadis et al., 2009; Fendt, 2001; 

Fendt et al., 2010). With regards to appetitive motivations, youth with more advanced 

pubertal maturation show less striatal and more mPFC reactivity to rewards than same aged 

youth with less advanced maturation (Forbes et al., 2011; Forbes et al., 2010), possibly 

indicating higher emotional reactivity to rewards and lower regulatory control supported by 

the mPFC. Our research shows larger startle overall magnitude (in startle circuitry: arousal 

and preparedness effect sub-served by the brain stem, not the amygdala), and PAR 

potentiation in youth at mid/late puberty versus those at early puberty (Quevedo, et al., 

2009). Overall, research indicates that the neurobiology of defensive and appetitive 
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motivations increases in overall reactivity with the onset of puberty in typically developing 

youth and that personality and affective physiology become aligned after puberty.

Early experience affects the process and timing of puberty. For those with adverse early life 

histories, puberty is marked by emotional problems increase (Colvert et al., 2008). Early 

hardships and family dysfunction have been shown to delay or accelerate puberty depending 

on gender, window and type of deprivation (Boynton-Jarrett et al., 2012; Sheppard et al., 

2012; Tither et al., 2008). This indicates interactions between quality of parenting 

experience, early stress systems, and pubertal maturation that may result in underlying 

physiology of defensive and appetitive motivations (Charmandari et al., 2003). On the other 

hand, puberty may also open a window of opportunity for reorganization of defensive and 

appetitive motivational systems within current new environments (Quevedo et al., 2011). We 

previously found that the HPA axis, measured via the cortisol awakening response, differed 

between non-adopted and internationally adopted youth at early stages of puberty, but not 

during mid/late stages of puberty. Our third and final hypothesis with regard to the effect of 

early neglect on pubertal process and timing was that: 3) Internationally adopted adolescents 

would show both reduced startle and PAR potentiation with advanced puberty, in 

comparison to their not-adopted peers, who would show higher physiological reactivity with 

advanced puberty.

Methods

Participants

Participants were adolescents (12.0 – 13.0 years; M = 12.9, SD = 0.7) divided into three 

groups based on early experience. Post-Institutionalized (PI, n=55, 29 females) youth were 

internationally adopted at 8 months or older (M = 25.3 months) after having spent most of 

their pre-adoptive life in institutional care overseas. Post-Foster Care (PFC, n=44, 25 

female) youth were internationally adopted between 2 and 8 months (M = 4.2 months) after 

spending most of their pre-adoptive lives in foster care overseas and/or no more than 2 

months in an institution. Non-Adopted (NA, n=58, 28 female) youth were reared in U.S. 

birth families of similar education and income as those who adopted internationally. Groups 

did not differ in parental education level, income, or symptoms in self or parent report 

measures.

Procedures

Recruitment—Participants were recruited from a registry of families willing to be 

contacted with information about research participation. Participants with a physical or 

psychiatric diagnosis were screened out. Participants completed the Behavior Assessment 

System for Children, Second Edition (BASC-2, Doyle et al., 1997), which confirmed that 

the groups did not differ on internalizing or externalizing problems, F(1, 108) = 0.08−3.6, p 
<0.7 −0.08. We purposely recruited psychologically healthy youth to examine the long term 

impact of early adversity on the physiology of emotion, independent of concurrent 

symptoms and their treatment which would be a confounding factor when comparing the 

psychophysiology of adoptees versus US born and reared youth. Parent report of puberty 

(Petersen et al., 1988) was used to balance sex and adoption groups by puberty and 
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confirmed through youth report at testing. Participants completed a measure of adolescent 

personality (MPQ, Patrick et al., 2002) scales. See Table 1 for sample composition and 

demographics.

Emotion modulation and sound probe—Participants sat 135 cm from a 21” computer 

monitor. ERP-W 32 software (New Boundaries Technologies Inc.) was used to collect 

responses and present stimulus. Seventy-five pictures from the International Affective 

Picture System (Lang et al., 1999) were presented for 6 sec each in 5 orders per gender, 

counterbalanced at the level of valence content so that no content was presented successively 

(14 min total). Bursts of white noise were delivered bilaterally via insert ear-buds with 

nearly instantaneous rise time (Duration: 40 ms, M intensity = 100.94 dB, SD = 1.11; M 
inter-probe interval=11019 ms, SD = 2601.8; M inter-trial interval (ITI) =5881 ms, SD = 

687). Pictures included 5 images per content: (1) Pleasant Valence Contents: Romantic, 

Food, Adventure, Nurturing/Attachment, Attractive People, (2) Neutral Valence Contents: 

Buildings, Landscape, Objects, Humans, and (3) Aversive Valence Contents: Threat, 

Disgust, Disgusting Animals, Victims, and Dangerous Animals. During picture exposure (6 

sec) mean probe delivery was at 3646.2 ms, SD = 1044.8 ms. Six probes were also delivered 

during ITI's and 9 pictures per valence (3 by content) for all orders were presented without 

probes. After electrode removal, participants viewed and rated the pictures on emotional 

valence and arousal (Lang, 1980) on a 1-6 scale using the Self-Assessment Manikin system 

(Bradley et al., 1994). As expected, aversive pictures were rated as most aversive, pleasant 

pictures were rated as most pleasant, and neutral pictures were intermediate, F(2, 286) = 

449.11, p < .001, η2
p = .758. All valence contrasts were significant, F(1, 143) = 760.71, p < .

001, η2
p = .842. Neutral pictures were rated as less exciting than both aversive and positive 

pictures, F(2, 288) = 210.91, p < .001, η2
p = .594. There was no significant group difference 

or group by valence interactions, p's > .10.

Psychophysiological data—Eye-blink startle and PAR reflexes were measured by 

recording electromyographic (EMG) activity with disk electrodes (Grass bioamplifier = 

20,000x, Sampling = 1000 Hz, Impedance < 10 kΩ). Startle EMG: Filtering band pass = 

30-300 Hz, peak EMG activity window = 20-175 ms after noise. Postauricular EMG: 

Filtering band pass = 10-1000 Hz, EMG activity window = 5-175 ms after noise. Sensor 

placement for the startle reflex was done as described by Blumenthal and colleagues (2005) 

and the PAR as described by Sollers and Hackley (1997). Rectification, integration, and (for 

PAR) averaging of trials were done employing ERP-W 32 software [initial trial excluded, 

startle time constant integration=20 ms, PAR time constant integration=1 ms, Baseline 

(Startle and PAR) = EMG 100 ms before noise]. Startle trials were inspected visually, whereas 

the PAR reflex was inspected after signal averaging of trials across valenced context due to 

restrictions on adapting ERP-W to sampling this fast occurring reflex. Average PAR 

waveforms per content were exported to a spread sheet and maximum EMG peak activity 

was selected within a window of 8-30 ms after noise onset. Peak EMG startle was coded as: 

response, non-response, or artifact for noisy background EMG activity (these were excluded 

from all analyses). The first response for all participants was not included in analysis to 

allow for adaptation. Responders were participants who showed elevated signal on at least 

30% of all combined trials, while those with less (non-responders) were removed from 
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analyses as recommended by Blumenthal et al. (2005). Coders had 90% reliability on 32% 

of the sample. The final sample of responders with artifact-free startle responses was: PI=39 

(23 females), PFC=33 (19 females), NA=52 (27 females). For this final sample, there were 

no significant difference in the number of not responders in adopted versus not-adopted 

youth; PI= 16, PFC=11, NA=8; χ2 (2) = 4.5, p =0.12. There were no differences in the 

frequency of artifact trials or non-responders between main variable groupings including 

when PI and PFC were grouped together and compared to not-adopted youth.

Measures

Startle amplitude was computed with EMG that included only trials with noticeable 

reflexive responses.

Postauricular magnitude was based on EMG for PARs that were noise/artifact free and 

included trials with both noticeable and non-noticeable average reflex responses within 

valence contents.

Potentiated Startle and Postaricular Reflexes—For startle, potentiation was 

calculated as EMG amplitude during aversive images minus amplitude during neutral 

images (i.e. potentiated startle). PAR potentiation was calculated as EMG magnitude during 

pleasant pictures minus magnitude during neutral images (i.e. potentiated PAR). These 

measures represent how much more the reflexes respond to emotionally arousing (negative 

or positive) versus not arousing images.

Pubertal status—Adolescents completed a semi-structured interview to establish Tanner 

Stage (Morris et al., 1980) and a pubertal development scale (Petersen, et al., 1988). 

Participants who endorsed Tanner stage 3 across both instruments were classified as mid/late 

puberty and those below Tanner stage 3 were classified as pre/early puberty. Females who 

had had menarche were also classified as mid/late puberty.

Pre-adoption neglect—Adoptive parents responded to questions about their child's 

experiences of care prior to being adopted as previously reported in samples of children 

adopted internationally (e.g., Loman et al., 2009; Hellerstedt et al., 2008). Specifically, 

parents provided a rating to a Likert-style question of their overall impression of the quality 

of their child's pre-adoptive care as an index of early neglect on a scale of low (1) to very 

high (5) (L. C. Miller et al.). Because there was little reporting at the highest level possible 

(i.e., no 5s and few 4s), the highest levels were collapsed to yield a 3-point scale of chronic 

early neglect (l = low, 2 = medium, 3 = high). Pre adoption neglect was unrelated to sex or 

puberty but PI youth had more frequent medium and high neglect than PFC youth, χ2 (2) = 

32.5, p < .001. PI youth received scores across the neglect range (Frequencies: 1= 16, 2=16, 

3=17), while PFC youth were mostly rated low neglect (Frequencies: 1= 39, 2=3, 3=1).

Data Analysis

Startle amplitude values were negatively skewed and thus log transformed; PAR values were 

normally distributed, thus raw values were used. Mixed analysis of variance (RM-ANOVA) 

on baseline corrected peak responses were used for the main analyses of startle and PAR. 
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Specifically: 3 (Image Valence) x 2 (Pubertal Status) x 2 (Gender) x 3 (Group). While there 

was an effect of 3 Groups, F(2,286) = 10.9, p <.01, η2p = 0.16, there was no difference 

between post-institutionalized and post-foster care groups in post hoc Bonferroni 

comparisons, yet they both significantly differed from the not-adopted group. Thus the 

adopted groups were combined and examined against non-adopted youth. Chi-square 

analyses were also conducted to test group differences in the frequency of high versus low 

overall raw startle reflex and PAR reflex amplitudes. Furthermore, in a previous sample, we 

noted significant effects of being SE Asian origin on eye-blink startle amplitude, but not on 

PAR magnitude or potentiation for either reflex (Johnson et al., in review). Similar effects 

were noted in this sample, yet when Not Asian adopted were compared with NA, the former 

still showed significantly lower startle magnitude than NA, F(1,84) = 4.9 p < .05. 

Nonetheless, all analyses of startle amplitude were computed covarying for ethnicity (Asian 

or Non-Asian as a dummy variable). Follow up analyses examined interaction effects among 

valence, puberty, and group for startle and PAR reflexes on the principal analyses. Splitting 

by pre-early or mid-late puberty groups, adopted vs. non-adopted adolescents were 

compared via a RM-ANOVA: 3 (Image Valence) x 2 (Gender) x 2 (Group). Additional tests 

examined the effect of pre adoption early chronic neglect (3 levels) on startle potentiation 

via a one way ANOVA on the combined (PI and PFC) group of internationally adopted 

adolescents. Chi-square analyses tested differences in startle responders versus non-

responders by group. RM-ANOVA: 5(Content) x 2 (Group) were conducted for PAR 

responses within Positive Valence to clarify results. Statistical significance and direction of 

all results were replicated for both startle amplitude and magnitude. Figures show raw 

amplitude for startle and raw magnitude for postauricular reflex to place both signals in a 

similar scale.

Results

Effectiveness of Emotion Manipulation on Reflex Responses

There were no effects of gender for PAR magnitude. However, females showed higher 

overall startle amplitude than males F(1,117) = 6.74, p < .05. There was a significant effect 

of picture's valence on startle size, F(2, 224) = 10.7, p < .01, η2p = 0.07. Repeated contrast 

showed that amplitude was larger during aversive than neutral and pleasant pictures, 

F(1,112) = 8.34, p < .01, η2p = .07, and larger during neutral than pleasant pictures, F(1,112) 

= 3.68, p = .06, η2p = .03. PAR magnitude was larger during positive than negative pictures 

F(2,286) = 3.37, p <.05, η2p = .02. Neutral slides tended to elicit smaller responses than 

positive ones.

Startle Reflex

Early experience—PI and PFC youth showed lower overall startle amplitude than NA 

youth, F(2,109) = 16.5, p < 0.01, η2p = 0.23 even after using Asian ethnicity as a covariate. 

However, PI and PFC youth did not differ in overall startle amplitude when examined with 

both Bonferroni and Tukey post-hoc tests (Raw values: MPI = 8.40, SD = 6.69; MFC= 6.83, 

SD = 6.30; MNA= 17, SD = 14). There was no group by valence interaction but there was an 

interaction between slides valence, group and puberty on startle amplitude, F(4, 218) = 2.56, 

p < 0.05, η2p = 0.50, indicating associations of puberty with startle amplitude potentiation 
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within early experience groups that were explored below. Because PFC and PI adolescents 

were no different in startle amplitude or number of responders they were subsequently 

analyzed as a group.

Similar results were obtained with the pooled adopted youth showing lower startle amplitude 

than NA, F(1,115) = 33.7, p < 0.01, η2p = 0.227 (Figure 1). Additionally, χ2 analyses, using 

a mean split (M=11.4) of startle overall raw amplitude, showed lower frequency of high 

startle responses among internationally adopted (Nhigh=13, Nlow =59) versus not-adopted 

youth (Nhigh=25 Nlow =27), χ2 (1,124) = 12.8 p<0.01.

Pre-adoption early chronic neglect.—Among adopted youth, higher levels of parent 

reported pre-adoption neglect were associated with lower startle amplitude potentiation, 

F(2,67) = 3.62, p < 0.05, η2p = 0.09. Bonferroni and Tukey post-hoc (p<0.05) tests showed 

that the most severe level of reported neglect (3) was linked to significantly lower startle 

potentiation relative to low levels (1),with moderate levels falling in between (2) (Figure 2).

Puberty, startle potentiation, and early experience—During pre/early puberty there 

were no significant differences in startle amplitude potentiation (startle to negative vs. to 

neutral images) between non-adopted and adopted adolescents but there were differences 

between the groups in potentiation during mid/late puberty: puberty by group by valence 

interaction: F(1, 119) = 5.53, p < .05, η2p = 0.44. Follow up analyses showed that during 

mid/late puberty startle potentiation increased for non-adopted F(1, 50) = 7.93, p < 0.05, η2p 

= 0.14 but decreased for adopted adolescents mostly because there were no significant 

differences between their startle amplitude during negatives versus neutral stimuli. Figure 3 

shows these results grouped by internationally adopted versus non-adopted youth. There was 

however no interaction between puberty and levels of chronic neglect on startle potentiation 

within adopted adolescents. The only significant physiology to personality traits results were 

correlations between startle potentiation and MPQ subscales and their resulting factor 

scores, (MPQ, Patrick, et al., 2002) of risk-avoidance (r = − 0.32, p<.05) and emotionality 

(positive: r = − 0.4 p<0.1, negative: r = − 0.33 p<0.5) only for the mid/late puberty adopted 

sub-group

Postauricular Reflex

Early experience—There was a trend for an effect of the three groups on PAR magnitude, 

F(2,143) = 2.62, p = .07. However, neither reflex magnitude or PAR potentiation differed 

between PI and PFC youth; thus, as with startle, the two groups were combined and 

compared with NA youth. The adopted group showed larger overall PAR magnitude 

compared to the NA group, F(1,145) = 4.62, p < .05, η2p = .03 (Figure 1). Additionally there 

was a valence by group by puberty interaction on PAR magnitude, F(1,125) = 3.8, p <.05, 

η2p =.26, suggesting effects of group and puberty on PAR potentiation to positive stimuli 

that were then further explored below. There were no significant associations between 

parent-reported pre-adoption neglect and PAR reflex magnitude or potentiation, p > .10. 

Additionally, χ2 analyses, using a mean split (M=22.0) of PAR overall raw amplitude, 

showed higher frequency of high PAR responses among internationally adopted (Nhigh=56, 

Nlow =39) versus not-adopted (Nhigh=14, Nlow =41) youth, χ2 (1,150) = 3.7 p<0.05.
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Post-hoc analyses of positive slide contents yielded a significant within positive contents (5) 

by group (2) interaction. When contents were sorted in ascending PAR magnitude for the 

not-adopted group, initial significant polynomial contrast resolved into a significant linear 

contrast, F(1,145) = 8.15, p <0.01, η2p =.05, confirmed by repeated within content contrasts. 

Table 2 shows that internationally adopted have less PAR magnitude to adventure images 

versus all other contents, while not-adopted youth have similar PAR magnitude (e.g. food 

and adventure).

Puberty, PAR potentiation, and early experience—A puberty by group interaction 

on PAR potentiation, F(1,146) = 4.28, p <0.05, η2p = 0.03 yielded in follow up analyses that 

adopted adolescents during pre/early puberty showed typical PAR positive emotional 

potentiation, while their mid/late pubertal peers showed significantly diminished 

potentiationF(1,93) = 3.99, p <0.05, η2p = 0.41. By contrast, pre/early puberty non-adopted 

adolescents showed less PAR potentiation and their mid/late pubertal peers showed 

enhanced PAR potentiation (Figure 4).

Discussion

Early Adversity and Defensive Physiological Responses

Our first finding was that startle amplitude was smaller among the adopted youth, which 

held for both youth who experienced long term institutionalization (PI), and those who spent 

less than 2 months in institutions (PFC). Physiological hyporesponsivity for adopted youth 

was present across all emotional experimental contexts. This suggests that chronic early 

neglect may have altered the development of the very early maturing neural bases of the 

startle response. Possibly brain stem structures that support the startle response and mature 

during pre- and very early postnatal development (Joseph, 1999). Specifically, the brain stem 

supports basic arousal and sensorimotor gating functions (the nucleus reticularis pontis 

caudalis) and it is sufficient for the startle response (Koch, 1999). It is important to 

underscore that youth adopted internationally may experience multiple and varying degrees 

of adversity early in life. During gestation they are at risk due to maternal poverty. Many 

children who end up in foster and institutional care are born small-for-gestational age. 

During the postnatal period, children in institutional care experience multiple caregivers and 

little cognitive and social stimulation. Children in foster care overseas may experience more 

typical family care, but quality likely varies across settings and countries and their 

experience still involves separation from the biological parent and adaptation to new early 

environments. Given this complex chain of early insults and disruptions, whether blunted 

startle magnitude and damage to brain stem structures is caused by maternal stress during 

gestation, early life malnutrition, dearth of sensory/social stimulation, or the accumulation of 

these risk in an institution, cannot be determined by this study.

It is notable; however, that the adoptive parent's report of degree of pre-adoption neglect 

experienced by their children was associated with the degree of blunted startle potentiation. 

The circuitry of startle potentiation requires amygdala input (Davis, 2006), which animal 

models show it develops prenatally and may reach full function soon after birth (Ehrlich et 

al., 2013; Jagalska-Majewska et al., 2003). Rodent models suggest that the 
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electrophysiological properties of neurons in the human amygdala may undergo the greatest 

maturation before 1 year of age (Ehrlich et al., 2012), and in non-human primates the most 

robust amygdala maturational changes occur before the age of 8 months and earlier than 

other areas supporting stress response i.e. the hippocampus (Payne et al., 2010). Dramatic 

volumetric and functional amygdala changes observed in the first two years of life in 

animals suggest that this is a sensitive neurodevelopmental period for the startle circuitry. 

This makes defensive motivations highly susceptible to perturbations that may have 

permanent effects on brain structure and function. So in addition to possible alterations to 

brain stem structures, our findings strongly suggest altered amygdala activity in response to 

threatening stimuli is a long standing effect of early deprivation. Our findings are also 

consistent with imaging research that shows impact of institutionalization on amygdala 

development, including decreased glucose metabolism (Chugani et al., 2001; Tottenham et 

al., 2011). Although, we lacked objective measures of pre-adoption care, and relied on 

parent report of pre-adoptive care adversity, these findings are consistent with the 

proposition that blunted startle potentiation results from adverse early life histories, 

particularly neglect.

With regards to the direction of startle anomalies, our unpublished data (Wiik, et al., 2009) 

and studies of startle in severely traumatized samples, would have predicted blunted startle 

responses subsequent to neglect and deprivation. There is in fact a growing body of research 

suggesting that adversity and trauma may cause blunted affect and discordant emotional 

experiences in a subset of affected individuals (Bremner et al., 1999; Kraus et al., 2009; 

Rauch et al., 1996). This cluster of anomalies includes restricted range of affect, 

dissociation, depression, and persistent avoidance symptoms. Our findings are consistent 

with blunted startle response found in physically abused children (Klorman, et al., 2003) and 

severely traumatized adults. For example, adults with PTSD due to multiple traumatic events 

exhibit blunted startle when compared with adults with only a single traumatic event 

experience. Furthermore, their blunted startle was associated with greater mood and anxiety 

comorbidiy (McTeague, et al., 2010). Physiological hyporeactivity and a presentation of 

discordance between high negative emotions yet blunted defensive physiology also 

characterizes peri-traumatic dissociation in adults (Pole et al., 2005). However, it is not only 

parental neglect during early infancy that may be linked to blunted defensive physiology. 

Hyporeactive defensive physiology in this sample is likely to reflect a continuum of stressful 

adversity that includes pre- and perinatal experience, structural insults, and caregiving and 

environmental disruption. Physiological defensive hyporeactivity probably aroused from 

sustained high stress and negative affectivity that compromised defensive responding 

and(via experience-dependent programming of the neural basis of emotion processing) 

resulted in blunted defensive reflexes as an adaptation to chronic environmental disruptions, 

transitions in caregiving and/or chronic neglect of emotional and physical needs.

Early Adversity and Appetitive Reflexive Responses

The actual neural circuit of the PAR is unknown, but it is likely similar to the auditory eye 

blink reflex circuit in afferent input (the cochlear nucleus) and efferent output (the facial-

motor nucleus). However, the PAR is heightened to anticipation of eating appetizing food 

(Hackley et al., 2009); and reward anticipation has been consistently linked to the activity of 
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the basal ganglia (Ernst et al., 2004), particularly the ventral striatum, which supports 

processing of food and sex's visual cues, that reliably elicit the PAR in adults (Sandt, et al., 

2009). Startle and PAR are uncorrelated here and in the available literature; suggesting that 

these are, to some extent, independent reflexes. The basal ganglia might play a role in PAR 

potentiation and overall magnitude in addition to-, or with stronger efferent output to muscle 

responses than the amygdala (Kensinger et al., 2006), though these limbic areas are 

structurally connected.

Previous research has found that adopted youth with early stress experience show deficient 

modulation of inhibitory control by reward processes (Mueller et al., 2012). Increased 

overall PAR magnitude, in this sample, means that lower thresholds of auditory and visually 

stimulation arise this appetitive reflexive response. This is not necessarily an aberrant sign in 

a psychiatrically healthy sample, as it may reflect compensatory alertness to cues that 

promote nutrition, social attachments and procreation while also eschewing risks. 

Deprivation of adequate parenting – among many insults- during a sensitive 

nerodevelopmental window may have spurred fast reflective processes to detect all 

potentially rewarding cues to increase chances of later survival, yet further interpretation of 

these results ought to wait until these results are replicated.

Puberty, Early Adversity and Reflexive Emotional Responses

Our third hypothesis pertained to physiological changes that typically emerge with puberty 

and their possible interaction with a history of early adversity. Startle and PAR potentiation 

became more blunted for adopted youth during mid/late puberty relative to non-adopted 

youth who showed heightened potentiation. It must be underscored that this puberty by early 

deprivation interactions are not explained by more advanced pubertal development among 

the more severely neglected youth as there are no significant early neglect by puberty 

interactions in this sample. This strengthens the notion of puberty as a sensitive window that 

moderates previous developmental history. It should be noted that in this same sample, the 

cortisol awakening response was blunted among post-institutionalized youth at pre/early 

stages of puberty but it was similar to non-adopted youth by mid/late puberty (Quevedo et 

al., 2011). Thus, puberty does not induce changes in stress or threat-reactivity across all 

systems for youth with adverse early life histories. Rather, in early adolescence, the impact 

of early adversity may vary by branches of the defensive system and there is a need to 

understand how the combination of effects on different systems affects mental and emotional 

functioning of high risk youth. In this sample, diminished emotional reactivity (measured by 

startle and PAR potentiation) appeared to onset with puberty for youth with a history of 

early adversity, contrary to increased emotional reactivity that characterizes typical pubertal 

development in this and in previous studies. More on the meaning of these findings follows.

Physiology and Behavior—PI and PFC groups showed similar physiology of affect 

despite reported differences in their behavioral trajectories. The common insults they 

suffered during pre- and perinatal development (some PFC spent at least 2 months in an 

institution) may have altered the neurobiology of defensive and appetitive motivations (e.g. 

amygdala, basal ganglia and brain stem), but in a healthy sample, such alterations are an 

endophenotype for risks not currently expressed in clinical disorders. It is plausible that 

Quevedo et al. Page 12

Dev Psychobiol. Author manuscript; available in PMC 2016 December 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



early shared insults superimposed to the rapid structural and functional changes of infants’ 

reflexive neurobiology, particularly for reflexes sub-served by amygdala and brain stem, 

resulted in modified physiology of emotions for both PI and PFC youth. Furthermore, 

parents rarely reported severe neglect for the PI youth (i.e. scores of 4 or 5), which made the 

groups more similar, but this in turn goes back to the decision to study adopted youth with 

insignificant clinical symptoms.

The literature shows that blunted startle magnitude and potentiation are linked to anxiety 

comorbid with depression pursuant to complex trauma and/or predominance of anxious 

avoidance. These behavioral and clinical profiles associated to the underlying phenotype of 

blunted startle may place PI, and to a lesser extent PFC youth, at risk for depression and 

GAD. We selected a sample free of clinically significant symptoms, but this would suggest 

that healthy individuals exposed to early neglect or continuous early disruptions of 

attachment and parenting may avoid slightly negatively arousing and mildly risky 

experiences. In this same sample, institutional care was associated with less risk-taking and 

sensation-seeking: PI youth had a preference for safe choices which was in turn linked to 

depressive signs (Loman et al., 2014). This is confirmed by lower PAR magnitude to 

adventure images in adopted versus not-adopted youth. The significant group by linear 

contrast interaction in positive valence contents also means that PAR magnitude is higher for 

nurturance/attachment images and drops for cues of adventure for adopted youth. Instead, 

nurture/attachment images elicit the lowest PAR for the not adopted youth. Given their 

different early attachment histories, internationally adopted youth might be expected to find 

nurturance/attachment cues pleasurable and less so undertaking pleasurable risks. US born 

and reared youth instead seem to respond to food and adventure, i.e. pleasure linked to 

exploratory behavior that accompanies separation from attachment figures during 

adolescence.

The significant correlations between startle potentiation and personality traits (MPQ, 

Patrick, et al., 2002) of risk-avoidance (r = − 0.32, p<.05) and emotionality (positive: r = 

− 0.4 p<0.1, negative: r = − 0.33 p<0.5) only for the mid/late puberty adopted sub-group 

suggest a different trajectory for personality development (and its underlying affective 

physiology) for individuals with a history of early adversity and neglect. Here, among the 

adopted youth, low potentiated startle is linked to higher emotionality and impulsivity, 

which is known to increase with puberty. We have found that puberty moderates the 

association between physiology and personality traits before. Yet the underlying physiology 

of affect is very different in maturing youth with a history of early neglect, as typically 

developing pubertal youth show heightened overall startle magnitude linked to their 

personality traits (Quevedo, et al., 2009). This also suggests that low startle potentiation in 

this sub-sample may be linked to discordant emotional experiences and/or emotion 

regulation difficulties in pubertal adopted youth, as blunted startle potentiation is linked to 

both high negative and positive emotionality.

Finally, overall enhanced reward-related vigilance to all cues could compensate for some of 

these risks, e.g. anhedonia symptoms. While, no different from each other, PI youth 

exhibited larger PAR magnitude to positive images than PFC youth and both less than not-

adopted, and PAR magnitude potentiation was unrelated to personality traits in this sample. 
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This configuration (high overall PAR paired with low startle amplitude and potentiation) 

might represent a broad measure of resilience in the population of internationally adopted 

youth given that this is a healthy sub-sample. Fast disposition to seize natural rewards may 

be protective against depression and added to low risk taking it may prevent adolescent 

morbidity linked to poor emotion regulation and impulsivity. These hypotheses though 

would have to be tested.

Limitations

First, we need to be cautious in interpreting any finding that includes parental ratings of pre-

adoption care. We knew the setting of early care prior to adoption (foster home versus 

institution) but actual international pre-adoption histories are difficult to reconstruct. Second, 

the representativeness of the sample of both adopted and non-adopted youth needs to be 

viewed cautiously. For the adopted youth, the family registry represents about 60% of the 

total available families formed through international adoption in our state. They are well-

educated and of high income, they are may not be representative of the general population. 

We controlled for the socioeconomic status of the post-adoption home; therefore in our 

study the non-adopted children were drawn from families of similar socioeconomic status as 

the families for the internationally adopted youth. However, in selecting high functioning 

youth, we eliminated youth with clinically significant symptoms thus the lack of significant 

differences between our adopted and non-adopted group. Whether the findings generalize to 

adopted youth with emotional problems will depend on the clinical outcome of interest. This 

study is pertinent to eventual development of internalizing disorders such as depression, 

anxiety and trauma related disorders. Finally, although we statistically controlled SE Asian 

origin, this may not have completely eliminated the effect of race on startle. Yet our analyses 

revealed no association of SE Asian origin on startle potentiation or PAR magnitude. It 

would be useful to conduct similar analyses in samples large enough to allow separate 

analyses by race/ethnicity, and clinical research must consider racial/ethnic differences in the 

biology of affect.
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Figure 1. 
Chronic early neglect in adopted adolescents is associated with blunted startle amplitude and 

enhanced PAR magnitude in comparison with non-adopted peers.
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Figure 2. 
Among adopted youth, higher chronic early neglect is associated with increasingly blunted 

startle amplitude potentiation.
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Figure 3. 
Blunted potentiated started in adopted youth, with increase potentiation emerging among 

mid/late pubertal nondopted youth.
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Figure 4. 
Within pleasant contents, PAR magnitude diminishes from nurture/attachment images to 

adventure images in adopted versus non-adopted youth, who show similar PAR magnitude 

to food and adventure and less to nurture/attachment images.
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Figure 5. 
Potentiated PAR is larger among pre/early pubertal adopted versus non-adopted youth, yet 

among mid/late pubertal youth the opposite pattern is observed.
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Table 1

Participant Demographic Characteristics by Group

Post-Institutionalized n = 54 M (SD) Post-Foster Care n = 44 M (SD) Non-Adopted n = 58 M (SD)

Age at session (yrs) 12.9 (0.6) 12.8 (0.7) 13.0 (0.8)

Age at adoption (mos) 25.3 (19.3) 4.2 (1.7) -

Time in institution (mos) 22.3 (15.9) 0.7 (1.0) -

Region of origin (n)

    Eastern Europe 28 0 -

    Asia 21 30 -

    Central & South America 4 14 -

    Africa 1 0 -
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Table 2

Positive Valence Contents by Group

Image Content Internationally Adopted M (SE) Not Adopted M (SE)

Nurture/Attachment 26.4 (2.4) 17.6 (3.1)

Attractive-Other Gender 26.5 (2.3) 18.0 (3.0)

Romantic Couples 25.2 (2.2) 18.6 (2.8)

Food 26.1 (2.3) 18.9 (3.0)

Adventure 22.5 (2.0) 18.6 (2.6)
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