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Abstract 

 

Objective: Naturalistic studies suggest that expectation of adverse experiences such as pain 

exerts particularly strong effects on anxious youth. In healthy adults, expectation influences the 

experience of pain. The current study uses experimental methods to compare the effects of 

expectation on pain among adults, healthy youth, and youth with an anxiety disorder. 

 

Methods: Twenty-three healthy adults, 20 healthy youth, and 20 youth with an anxiety disorder 

underwent procedures in which auditory cues were paired with noxious thermal stimulation. 

Through instructed conditioning, one cue predicted low pain stimulation and the other predicted 

high pain stimulation. At test, each cue was additionally followed by a single temperature 

calibrated to elicit medium pain ratings. We compared cue-based expectancy effects on pain 

across the three groups, based on cue effects on pain elicited on medium heat trials. 

 

Results: Across all groups, as expected, participants reported greater pain with increasing heat 

intensity ( = 2.29, t(41) = 29.94, p < .001). Across all groups, the critical medium temperature 

trials were rated as more painful in the high- relative to low-expectancy condition ( = 1.72, 

t(41) = 10.48, p < .001). However, no evidence of between-group differences or continuous 

associations with age or anxiety were observed.  

 

Conclusions: All participants showed strong effects of expectancy on pain. No influences of 

development or anxiety arose. Complex factors may influence associations among anxiety, 

development, and pain reports in naturalistic studies. Such factors may be identified using 
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experiments that employ more complex, yet controlled manipulations of expectancy or assess 

neural correlates of expectancy. 
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Introduction 

Expectations impact pain perception, and these effects may be particularly robust among 

youth with anxiety, who frequently present with symptoms of pain. For instance, needle anxiety 

can cause a relatively painless insertion to be psychologically incapacitating. Most research on 

pain expectation examines healthy adults, where neuroimaging studies suggest that prefrontal 

and subcortical pathways mediate effects of expectation on pain reports (1, 2, 3). However, 

studies in adolescence are important, since most anxiety disorders that afflict adults begin during 

childhood or adolescence (4, 5). To our knowledge, no studies test directly whether cue-based 

expectancy effects on pain vary across development or between anxious and non-anxious youth. 

To overcome this limitation and test the hypothesis that expectation effects on pain relate to age 

or anxiety, the current study experimentally manipulated effects of expectation on subjective 

measures of pain among healthy adults, healthy youth, and youth with an anxiety disorder. This 

extension of prior work can both help characterize potential neurocognitive mechanisms of 

expectancy and inform clinical targets for treatment of pain in pediatric anxious patients. 

 

Naturalistic studies suggest that expectation exerts particularly strong effects on youth. 

Evidence for such greater effects emerge in physicians’ reports concerning reactions to medical 

procedures (6). Adolescents may exhibit particularly large effects of expectancy. These effects 

are thought to explain uniquely powerful influences from media on diverse behaviors, including 

smoking (7), eating-related behaviors (8), sexual behaviors (9), suicide contagion (10), and other 

risk-taking behaviors (see 11 for a meta-analysis).  
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By directly manipulating expectancy, experimental manipulations more directly quantify 

effects of expectancy than this naturalistic research. Studies using placebo manipulations provide 

one well established experimental approach (12). Indeed, evidence suggests that placebo 

responses may be larger in children and adolescents than in adults (13, 14, 15, 16, 17, 18, 19, 20, 

21), although the data are equivocal (22). In studies that include both children and adolescents, 

some results point to a higher placebo response in children than adolescents (i.e. 13), and others 

show the opposite pattern (i.e. 15, 16, 17) or no group differences (14). Thus, substantial 

evidence indicates heightened response to placebo in youth compared to adults.  Interestingly, 

however, no studies use pain to compare age groups on the experimentally induced nocebo 

response.  

 

Taken together, then, some data suggest greater effects of expectancy in youth than 

adults. However, no empirical studies experimentally manipulate and directly compare cued 

expectancy effects on pain among youth and adults. In adults, a large body of work shows 

predictive cues to differ from placebo effects (23). In particular, pain-based nocebo 

manipulations isolate the effects of affective learning and expectations on pain while holding 

constant contextual and social factors. This study draws on this extensive work to address 

fundamental questions on nocebo response in youth.   

 

As an initial goal, the current study tests the feasibility of a thermal pain paradigm 

previously used with adults (24) in youth. This is an important goal. Ethical factors complicate 

attempts to administer pain to youth, and demonstrating the safe conduct of such research would 

lay the groundwork for many future studies. The second goal was to compare cue-based 
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expectancy effects on pain in youth and adults. As noted above, research demonstrates greater 

effects of expectancy in youth than adults, but no such research uses pain-based nocebo 

manipulations.     

 

Finally, beyond age, anxiety represents another factor that could influence expectancy 

effects on experienced pain. Anxiety is one of the most common psychiatric conditions affecting 

adolescents (5, 25). Moreover, because most anxiety disorders in adults begin during childhood 

or adolescence (4), a study of anxiety in youth is relevant to adults. Prior work shows strong 

associations between anxiety heightened pain experience (26, 27). Levels of anxiety symptoms 

correlate with ratings of pain intensity, and anxious individuals experience significantly more 

pain during medical procedures than non-anxious individuals (28, 29). Strong nocebo responses 

occur in pediatric anxiety disorders (14, 30, 31, 32). Anxious individuals, compared to non-

anxious individuals, also rate future negative events as more likely and expect to perform worse 

on social and cognitive tasks (33).     

 

While we know of no experimental studies of expectancy effects on pain in anxious 

youth, this line of reasoning suggests that anxiety may interact with expectancy to create 

heightened pain experience. Thus, the third goal of the current study was to compare the effects 

of experimentally manipulated expectancy on the experience of pain in anxious and healthy 

youth. Given prior clinical work, we hypothesized that pediatric patients with an anxiety disorder 

might be particularly vulnerable to the effects of expectancy on pain experience.  
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This study compared the effects of expectation on pain among healthy adults, healthy 

youth, and youth with an anxiety disorder, adapting a previously employed experimental 

paradigm (24). Conditioned auditory cues elicited expectations for low or high painful thermal 

stimulation, and cue effects on subjective pain report were assessed using a single level of 

noxious heat calibrated to elicit medium pain. The primary study aim was to test the feasibility of 

this aversive paradigm in pediatric populations. The second aim was to test the hypothesis that 

cue-based expectancies have differential effects on the experience of pain in youth and adults. 

Finally, the third aim was to examine whether the influence of expectancy effects is heightened 

in youth with an anxiety disorder relative to typically developing youth.  

 

Method 

Participants 

Participants were recruited from a database at the National Institute of Mental Health 

(NIMH) in Bethesda, Maryland. Adult participants who consented and underage participants 

who verbally assented and whose primary caregivers gave written consent were enrolled. 

Procedures were approved by the NIMH Institutional Review Board. Participants were 

compensated for their time. Exclusion criteria were current or recent use of psychoactive 

medications; current suicidal ideation; lifetime history of mania, psychosis, or pervasive 

developmental disorder; current diagnosis of Tourette’s Disorder, obsessive compulsive disorder, 

post-traumatic stress disorder, or conduct disorder; current diagnosis of attention deficit 

hyperactivity disorder of sufficient severity to require pharmacotherapy; pregnancy; serious 

medical problems; or IQ <70. All youth participants and their parents completed a structured 

psychiatric interview, the Schedule for Affective Disorders and Schizophrenia for School-Age 

ACCEPTED

Copyright © 2018 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.



Children-Present and Lifetime Version (K-SADS-PL; 34). HV youth were free of Axis I 

diagnoses. At a separate visit, participants completed the calibration procedure and heat pain 

task. Both healthy and anxious youth and their parents also reported on the child’s anxiety 

symptoms using the Screen for Child Anxiety Related Emotional Disorders (SCARED; 35).  

 

A total of 25 healthy adults, 21 healthy youth, and 27 youth with an anxiety disorder 

participated. Data were collected over 16 months, between August 2015-December 2016. One 

healthy youth (4.8%) and three anxious youth (11.1%) discontinued participation when they 

became anxious (compared with 14% HV and 49% anxious youth in an auditory-based 

conditioning study; 36). Youth who discontinued did not differ on SCARED parent and child 

summed total scores from children who completed the procedures (t(39) = 1.48, p = .15). One 

adult and three anxious youth were excluded for poor reliability during calibration (defined in 

Procedure section). Twenty-five healthy adults (18F, mean age = 27.87 ± 7.62 years), 20 healthy 

youth (10F, mean age = 13.35±2.63 years), and 21 youth with an anxiety disorder (12F, Age = 

13.58±2.71 years) completed the procedures. From these 66 participants, data from one healthy 

adult and one anxious youth were excluded, blind to dependent measures, from analyses for 

having relatives (and thus non-independent data) who completed the task and were included in 

the sample. Therefore, 23 healthy adults, 20 healthy youth, and 20 anxious youth were included 

in the final analyses. Of the 20 children who were diagnosed with an anxiety disorder, 15 (75%) 

were diagnosed with Generalized Anxiety Disorder, 5 (25%) were diagnosed with Social 

Anxiety Disorder, 17 (85%) were diagnosed with Social Phobia, and 9 (45%) were diagnosed 

with Specific Phobia (see Table 1 for demographic information).  
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Procedure 

Pain calibration. For each participant, we first performed an adaptive staircase pain calibration 

procedure adapted from Atlas et al. (24). We applied thermal stimulation (using a 16x16 ATS 

stimulator (Medoc LTD, Ramat Yishai, Israel) to eight sites on the volar surface of the 

nondominant forearm. Participants provided verbal ratings using the FACES pain scale (37) on 

each trial following heat offset. For all participants, two initial temperatures of 34°C and 36°C 

were applied on the dominant arm to acclimate them to the procedure. The next four 

temperatures applied on the non-dominant hand were 38°C, 41°C, 44°C, and 47°C, which 

provided a linear rating-by-temperature curve. This initial linear function allowed us to select 

temperatures predicted to elicit ratings of 2 (low pain), 5 (moderate pain), and 7 (one step below 

maximum tolerable pain on a scale from 0-10). After each trial, we used elicited ratings and 

linear regression to iteratively fit this linear function. Upon completion of 18 total pseudorandom 

trials, the overall rating-by-temperature curve allowed us to derive each participant’s dose-

response curve for the linear relationship between applied thermal stimulation and reported pain 

(reliability; slope, intercept, R
2
). In addition, average residuals were calculated for each skin site, 

and the four sites with the lowest average residuals were used during the heat expectancy task. 

For each participant, the linear function fit over the course of the calibration was used to 

determine appropriate temperatures for level 2 (low pain), level 5 (medium pain), and level 7 

(high pain) to be applied during the experimental protocol. Participants were required to have a 

reliable relationship between stimulus temperature and reported pain (minimum R
2
 = 0.40) to be 

eligible for the test phase (24). Participants who did not show a reliable relationship (i.e., R
2
 < 

0.40) were excluded from the study (n=1 healthy adult, n=1 healthy youth, n=3 anxious youth). 
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Training task. Participants first completed a training task of 20 trials in which they had to 

discriminate between two tones that they were told would predict low or high painful 

stimulation, respectively (low- and high-cues). Tones lasted 2s and were either 500 or 1000 Hz, 

counterbalanced across participants. They were presented in random order, and participants used 

the “L” key on a computer keyboard to identify low-pain cues and the “H” key to identify high-

pain cues. Participants were required to successfully identify at least 80% of trials to proceed to 

the heat expectancy task. If needed, participants (n = 6) repeated the training task until they 

reached 80% accuracy. 

 

Heat Expectancy Task. Full details are provided in Atlas et al. (24). In brief, participants 

underwent 8 blocks of thermal stimulation, with 8 trials per block. The thermode was moved to a 

new skin site once in the middle of each block, and also between blocks to avoid sensitization or 

habituation. At the start of each block of the task, participants heard low- and high-pain cues 

once and were asked, after each tone, “When you hear this tone, how much pain do you expect?” 

On each trial, participants were first presented with the low- or high-pain cue (2 seconds). Six 

seconds following cue offset, participants received stimulation calibrated to elicit low pain (VAS 

= 2), medium pain (VAS = 5), or high pain (VAS = 7). Thermal stimuli lasted 8s (1.5s ramp up 

from baseline (32°C), 5s at peak destination temperature, 1.5s return to baseline) and was 

followed by a fixation cross that was presented for an average of 6s (5s/6s/7s random jitter). The 

words “How painful?” then appeared on the screen for 5s above an eight-point visual analog 

scale (VAS), and participants then rated the intensity of the preceding stimulus using a computer 

mouse. Following the rating, an 5s average inter-trial interval (4s/5s/6s jitter) concluded the trial. 
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As in Atlas et al. (24), participants first underwent a conditioning phase (2 blocks), in 

which low-pain cues were followed by low-pain stimulation (LL) and high pain stimulation was 

preceded by high cues (HH). During the subsequent test phase (6 blocks), each cue was equally 

likely to be followed by the temperatures paired during conditioning, or a single temperature 

calibrated to elicit medium pain (level 5), thus leading to four conditions presented in a random 

order: LL, HH, LM (medium heat preceded by low cue), and HM (medium heat preceded by 

high cue). Comparisons between HM and LM trials measure cue-based expectancy effects, since 

in these trials the objective heat stimulus was identical but the preceding cues differed.  

 

Measures 

Screen for Child Anxiety Related Emotional Disorders (SCARED). We collected parent 

and child ratings of anxiety symptoms using the SCARED (35; see Table 1 for details). Items are 

rated on a 3-point Likert scale ranging from 0 (not true or hardly ever true) to 2 (true or often 

true). The SCARED produces a total score (41 items; Cronbach’s α = 0.92) and five symptom 

dimensions (generalized anxiety, social anxiety, panic, separation anxiety, and school anxiety). 

The SCARED has been shown to be a reliable and valid measure of child and adolescent anxiety 

symptomatology (38, 39, 40), and higher scores have been associated greater symptom severity 

and functional impairment (41). Parent and child versions are identical in content, and prior 

investigations have identified optimal cutoff scores of 25 (child) and 17 (parent) to best identify 

clinically significant anxiety (38). The instrument has good convergent and divergent validity 

when compared to formal psychiatric diagnoses (38). We used the sum of the parent total and the 

child total SCARED scores in our main analyses as we find that the two scores load on the same 

factor in latent variable approaches, suggesting that they are indicators of the same factor (42).  
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The State Trait Anxiety Inventory: State Subscale (STAI-State) and State Trait Anxiety 

Inventory for Children: State Subscale (STAI-C-State). The STAI-State and STAI-C-State are 

20-item questionnaires rated on 4-point intensity scales, developed to assess the dimension of 

state anxiety in adults and children (43). The STAI-State scale has high internal consistency, 

with Cronbach's alpha coefficient ranging between .86 and .95 (44, 45). 

 

Analyses 

Self-report measures were submitted to a repeated-measures ansalysis of variance 

(ANOVA), with Trial Type (LL, LM, HM, HH) as a within-subject factor and Group (Adults, 

Healthy Youth, Anxious Youth) as a between-subjects factor. Greenhouse-Geisser corrected p-

values are reported when the sphericity assumption was violated, while follow-up comparisons 

were examined with post-hoc paired t-tests. For all analyses, statistical significance was set to α 

= .05, and all tests were two-sided.  

 

We also used custom Matlab software (MathWorks; code available at 

https://github.com/canlab) to implement a linear mixed-effects model, as in Atlas et al. (24). At 

the first level of the multilevel model, regression coefficients for the effects of stimulation 

temperature, cue type (H vs L), and their interaction on pain reports were estimated for each 

individual. To get precise estimates of expectancy effects of pain, we then conducted additional 

analyses of cue effects restricted to trials with medium heat stimulation. The second level of each 

mixed-effects model assessed the significance of these coefficients across individuals, treating 

the participant as a random variable, and treating between-subjects factors (Group, Age) as fixed. 
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We conducted two types of across-subject comparisons: One measured effects of age / 

developmental group irrespective of patient status, and one measured effects of anxiety within 

the youth participants. We also modeled age and SCARED scores as continuous variables in a 

subsequent analysis.  

 

Results 

Calibration. We first examined the relationship between administered temperature and 

reported pain ratings for each group during calibration.  We compared the temperatures that 

elicited ratings of low pain (2 on the VAS), medium pain (5 on the VAS) and high pain (7 on the 

VAS), which were then used in the main task. The average temperatures corresponding to low 

pain for adults, healthy youth, and anxious youth were: M = 38.41°C (SD =.28), M = 37.85°C 

(SD = 1.94), and M = 38.48°C (SD = 2.59), respectively. Temperatures corresponding to 

medium pain for adults/healthy youth/anxious youth were: M = 42.26°C (SD = 2.07); M = 

42.00°C (SD = 1.75); M = 42.03°C (SD = 2.76). Temperatures corresponding to high pain for 

adults/healthy youth/anxious youth were: M = 44.44°C (SD = 2.30); M = 44.80°C (SD = 1.85); 

M = 44.50°C (SD = 2.76). No group differences in temperature emerged for the different pain 

levels, ps > .63.  

 

Cue-based expectations across groups. To measure explicit expectations at baseline, we 

conducted a 2 (cue: Low, High) x 3 (group: Adults, Healthy Youth, Anxious Youth) ANOVA 

examining self-reported expectancies collected after instructions but before conditioning. Results 

revealed that, across groups, all participants expected high pain in response to the high cue 

(adults/healthy youth/anxious youth: M = 7.87 (SD = .70); M = 7.21 (SD = .98); M = 7.12 (SD = 
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.89)) and low pain in response to the low cue (adults/healthy youth/anxious youth: M = 1.94 (SD 

= .46); M = 2.59 (SD = .94); M = 2.45 (SD = .87)). However, we also observed a significant 

Group x Cue interaction that reflected developmental differences, F(2,60) = 6.26, p < .010, ηp
2  

= 

.173. That is, follow-up contrasts revealed that for high pain cues, Adults expected to experience 

higher pain levels than both Healthy Youth t(41) = 2.57, p = .014 and Anxious Youth t(41) = 

3.08, p = .004. For low pain cues, adults expected to experience lower pain levels than Healthy 

Youth t(41) = 2.93, p = .006 and Anxious Youth t(41) = 2.43, p = .020. Healthy and anxious 

youth did not differ in their average ratings for either high- or low-pain cues. 

 

During the subsequent six test runs, there was no main effect of time on the difference 

between cue-related expectancies (high-low) (p = .80), indicating that expectancies remained 

stable throughout the experiment and participants were not aware that some trials featured 

medium temperature in later runs. No interactions with Group emerged (p = .49), indicating that 

expectancies did not change over time as a function of group. 

 

Cue-based expectancy effects on pain. We examined the effect of cue-based expectancy 

on reported pain for each trial type (LL, LM, HM, HH). A repeated measures ANOVA yielded a 

significant main effect of trial type, F(3,180) = 438.32, p < .001, ηp
2
 = .880. Follow-up contrasts 

revealed that across participants, the critical medium temperature was rated as more painful in 

the high (M = 4.85 (SD = 1.05)) relative to low-expectancy (M = 3.45 (SD = .77)) condition, 

t(62) = 10.88, p < .001. Moreover, follow-up comparisons between the LL (M = 2.47 (SD = .76)) 

and LM (M = 3.45 (SD = .77)), and between the HM (M = 4.85 (SD = 1.05)) and HH (M = 6.55 

(SD = .84) conditions were also significant (all ps ≤ .001) indicating that overall, participants 
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reported greater pain with increasing heat level. No trial type-by-group interaction emerged, p = 

.66. No sex differences were observed (t(57) = -0.092, p = .93). 

 

Expectancy effects across development. The second study goal was to test the hypothesis 

that adults and children differ in cue-induced expectancy effects on pain. When we examined 

effects across all trials, we found strong effects of temperature on reported pain across 

participants ( = 2.29, t(41) = 29.94, p < .001,  dz = 1.70 (adults); 1.51 (healthy youth); 1.51 

(anxious youth)), but effects did not vary between adults and healthy youth, both in terms of 

average pain rating (p = .98) and temperature effects on pain (p = .93). We then examined ratings 

and cue effects on medium heat trials and found strong expectancy-based modulation ( = 1.72, 

t(41) = 10.48, p < .001), but again no evidence of group mean differences between adults and 

healthy youth in average pain ratings (p = .92) or cue effects (p = .97), as shown in Figure 2. 

Similarly, we found no developmental differences on average pain, heat effects, or cue-based 

expectancy effects on pain when we modeled age as a continuous variable in our healthy 

volunteers (all ps > .51). 

 

Anxiety and expectancy-based pain modulation. The third goal was to test the hypothesis 

that anxiety symptoms would influence expectancy effects on pain. To test this hypothesis, we 

compared anxious and healthy youth. Results revealed significant differences on the STAI-C-

State between healthy (M = 27.75 (SD = 4.45)) and anxious (M = 32.11 (SD = 4.82)) youth, 

t(37) = 2.94, p < .010, indicating greater baseline state anxiety in patients than healthy youth. 

However, no group differences emerged in the change between STAI pre-and post-procedure (p 

= .14). As illustrated in Figure 2, we observed significant effects of heat level on reported pain 

ACCEPTED

Copyright © 2018 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.



within our youth participants ( = 2.27, t(38) = 29.35, p < .001), but we found no group 

differences in average pain rating (p = .19) or temperature effects on pain (p = .93). Next, we 

examined ratings and cue effects on medium heat trials.  Again, we found strong cue-based 

modulation ( = 1.50, t(38) = 9.38, p < .001), without any evidence of group differences in 

average pain ratings (p = .14) or cue effects on pain (p = .19). Finally, we examined the effect of 

SCARED sum (parent and child) total scores as a continuous predictor across all youth. There 

was no correlation between cue-induced expectation (i.e., the mean difference between pain 

ratings on HM and LM trials) and the SCARED total composite score (r =.07, p = .69). 

 

Discussion 

This study reports the first experimental evidence for substantial cue-induced effects on pain 

experience across development, i.e. in healthy and anxious youth aged 8 to 18 years, as well as 

healthy adults. The study had three objectives. The first was to test the feasibility of a heat pain 

conditioning task in youth. The second was to test the hypothesis that cue-based expectancies 

have differential effects on the experience of pain in youth than adults. The third was to examine 

whether youth with an anxiety disorder are more influenced by expectancies than typically 

developing youth.  

 

Three main findings emerged. First, the task was tolerated by most youth. Thus, the 

current task can be used successfully in pediatric non-anxious and anxious samples from the age 

of 8 years, adding to the limited repertoire of methods for eliciting conditioned fear in youth (46, 

47). Second, contrary to our predictions, all participants, regardless of age, showed strong effects 

of expectancy on pain, with no age-associated differences in the magnitude of these effects. 
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Third, also contrary to our predictions, associations between expectancy and pain experience 

were equivalent between anxious and non-anxious youth.  

 

Based on self-report data, our results demonstrated that overall, participants across age 

and anxiety symptoms showed robust expectancy effects on the experience of thermal pain. The 

magnitude of this effect (dz range = 1.51-1.70) was consistent with previous studies in healthy 

adults (dz = 2.03; 24). Importantly, our findings highlight the safety and potential utility of using 

this paradigm to extend the existing literature on the effects of informational cues on pain 

experience to youth with and without an anxiety diagnosis. Such future research might probe 

subtler differences in cognitive influences on pain experience that may be present in implicit 

measures.  

 

Naturalistic studies suggest that developmental factors modulate the effects of expectancy 

on subsequent pain experience (6, 9, 10). It has also been suggested that children and adolescents 

generally show larger placebo responses than adults (13, 14, 16, 19, 20). In our experimental 

approach, we manipulated cue-based expectancy effects on pain experimentally.  We failed to 

find age effects. Both youth and adults rated medium-temperature thermal heat as more painful 

when it was preceded by a low pain cue than a high pain cue, with no modulation by age. 

Possibly, procedural and task-specific differences might have contributed to this null finding. 

First, suggestibility appears to increase steadily from an early age, peak between 9 and 12 years, 

and decline thereafter (48). Because the mean age of our participants was 13 years, they may 

have been older than the peak age for susceptibility. Furthermore, our task design involves 

associative learning, which reduces the psychosocial components of expectancy which might be 
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required for suggestibility to influence outcomes. Second, inconsistencies with previous findings 

may have arisen due to different types of pain stimuli; our stimuli involved painful thermal heat, 

while clinical reports highlight anticipatory anxiety for painful medical procedures such as 

venipuncture, immunization or preoperative procedures (6). Third, based on recommendations 

from Human Subjects IRB to ensure that procedures were not unduly aversive, we took great 

care to make sure that children felt safe (i.e., by repeatedly checking in, speaking slowly, 

allowing breaks between runs, and applying lower maximal temperatures). This might have 

reduced anxiety and diminished its potential effect on the findings, accounting for some of the 

null expected effects.  

 

While we did not collect neural measures in this task, our behavioral data allow for 

speculation about the neural underpinnings that might explain why youth and adults both 

exhibited equally robust expectancy effects on pain experience. Previous studies of expectancy-

based pain modulation, cognitive control, and emotion regulation implicate the dorsolateral 

prefrontal cortex (DLPFC) as playing a critical role in downregulating affective responses. 

Consistent with this, studies of placebo analgesia suggest a causal role for the DLPFC, including 

work using transcranial magnetic stimulation (49) and studies linking expectancy-based 

processing to the integrity of frontal cortex in Alzheimer's Disease (50).  Contrary to these 

findings, our data suggest that cue-based pain modulation does not depend on the maturation of 

prefrontal cortex, as we found robust modulation throughout development. We suggest that this 

cue-based modulation might instead depend on subcortical processes linked with learning and 

endogenous pain modulation (3).  Future studies should directly measure whether expectation-
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related pain modulation in children relies on dissociable neural pathways and processing 

strategies relative to adults.  

 

Limitations 

While the present study contributes to the literature on cognitive effects on pain 

experience by extending prior work in adults to typically developing and anxious youth, several 

limitations should be noted. First, the sample sizes were modest, which may have limited our 

ability to observe age-related group differences in the magnitude of expectancy effects. 

However, despite modest sample sizes, the study acquired a considerable amount of data from 40 

heat pain sessions in children, as well as over 20 more in adults. Previous work using aversive 

exposures in pediatric anxiety in our lab shows large effects (i.e. 1.0 to 0.80) for robust 

psychological phenomena associated with anxiety (i.e. 51, 52, 53).  If the heat pain procedures in 

the current study were to generate comparable effects, the current study would have adequate 

statistical power (> 0.80) to detect them. We note that although the study is sufficiently powered 

to examine the different cue conditions, the study is underpowered to detect medium effect sizes 

for group differences (20/group enables detection of about Cohen’s d = 0.9, which is a large 

effect size). Second, our study design also did not include an adult group with anxiety disorders, 

thus precluding a more complete examination of both factors studied and their interaction. Third, 

data from this study are cross-sectional, thus limiting our ability to make any inferences about 

developmental trajectories of associative learning and potentially reflecting other confounding 

factors such as cohort effects. Future longitudinal studies on cue effects on pain-evoked 

responses are warranted. A further limitation relevant to sample selection is that informed-

consent screening may have biased the sample of participating children, such that those 
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consenting to experience pain may also have been those less anxious about this aversive 

prospect, thus potentially reducing our ability to detect some between-group differences. Future 

research might continue to try and include as many participants as possible so as to maximize the 

range of relevant demographic and child characteristics. Individual characteristics may 

additionally moderate expectancy effects (i.e. 54, 55, although see 56, 57). Future work might 

thus also examine effects of potentially relevant trait-level factors, such as fear of pain, negative 

outcome expectancies or optimism. Lastly, other limitations relate to methodological constraints 

of data acquisition. While we obtained trial-by-trial measurement of subjective pain experience, 

only self-report data were collected during this initial study. Future research would benefit from 

collecting continuous neural measures across both calibration and testing sessions to more 

comprehensively assess pain modulation.  

 

In conclusion, the present results suggest that the robust modulation of pain experience 

by anticipatory cues, previously described in adults (24), is also observed in healthy and anxious 

youth, with large effect sizes. Complex factors may influence associations among anxiety, 

development, and pain reports in naturalistic studies. Such factors may be identified using 

experiments that employ more complex manipulations of expectancy or that assess the neural 

correlates of pain expectancy. Future studies should investigate pain modulation paradigms that 

dissociate prefrontal and subcortical contributions where stronger age-related differences may be 

detected. ACCEPTED
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FIGURE CAPTIONS  

 

Figure 1. 

Experimental design. a.  Conditions of interest. During the first two blocks of the task, low-pain 

cues always preceded low-pain stimulation (LL) and high-pain cues preceded high-pain 

stimulation (HH). During the subsequent six test blocks, trials were evenly divided between 

these conditions and trials in which each predictive cue was followed by a stimulus calibrated to 

elicit medium pain [high cue plus medium pain (HM); low cue plus medium pain (LM)].  

 

b. Trial structure. Each trial consisted of an auditory predictive cue followed by an anticipatory 

delay and 5 s of noxious thermal stimulation. After a 5 s average interstimulus interval, 

participants reported trial-by-trial perceived pain using a visual analog scale.  

 

Figure 2. Mean pain ratings by group  
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Figure 2 
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Table 1. Demographic characteristics of the adults and children in the analyses. 

 

Variable Healthy Adults Healthy Children Anxious Children 

Total (N) 23 20 20 

Female (N, %) 17 (74%) 10 (50%) 11 (55%) 

Age in years (M, SD) 27.34 (7.33) 13.35 (2.63) 13.53 (2.77) 

Race and Ethnicity    

      Hispanic (N, %) 2 (8.7%) 2 (10.0%) 4 (20.0%) 

      White (N, %) 15 (65.2%) 10 (50.0%) 14 (70.0%) 

      African-American (N, %) 5 (21.7%) 5 (25.0%) 3 (15.0%) 

      Asian (N, %) 1 (4.3%) 2 (10.0%) 1 (5.0%) 

      Other (N, %) 2 (8.7%) 3 (15.0%) 2 (10.0%) 

IQ (M, SD) 120.52 (13.11) 112.65 (6.47) 107.90 (.10) 

SCARED Child (M, SD)  10.75 (9.20) 30.05 (12.85) 

SCARED Parent (M, SD)  4.50 (6.47) 29.53 (11.11) 

LSAS (M, SD) 11.11 (9.70)   
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