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Estimates suggest that, despite recent decreases in their prescribing and usage [11,28], 

several million opioid prescriptions are dispensed in the United States annually to manage 

pain in children and adolescents [9,13,14]. Even when used correctly, prescribed opioids 

pose significant risks for common and potentially serious adverse drug effects (ADEs). 

Children and adolescents are particularly vulnerable to ADEs and opioid misuse. For 

instance, a recent study found that approximately one in 2600 opioid prescriptions dispensed 

to children aged 2–17 years was associated with a subsequent opioid-related emergency 

room visit, hospital admission or death [4]. Further, 71% of these ADEs were related to 

therapeutic use of the prescribed opioid and 7%, unintentional overdose. Teens are at 

additional risk for misuse of prescription opioids, most often as they attempt to self-manage 

pain [10,27,29].

Incorrect usage and misuse, combined with parental uncertainty and lack of knowledge, 

increases the risks that prescription opioids pose for children. For instance, 1 in 10 parents 

has admitted to giving more than the prescribed analgesic doses when treating their 

children’s pain [15,43]. Experimental and claims data have revealed that many parents 

continue to give prescribed opioids during high risk situations, failing to recognize early 

signs of toxicity (i.e., excessive sedation) – in some cases, even as their children were dying 

[7,21,26,46]. On the other hand, parents who are uncertain about analgesic risks may 

undertreat their children’s pain [34]. We have found that risky prescription opioid decisions 

not only reflect lack of knowledge [48], but parents’ strong preferences to relieve their 

children’s pain [49]. Thus, strategies to reduce prescription opioid-related ADEs for children 

must address risk understanding while supporting parents’ abilities to effectively manage 

their children’s pain.
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Earlier strategies to educate parents on prescription opioid use emphasized the importance of 

achieving pain relief while minimizing the significance of opioid risks [17, 40]. Such 

strategies likely created an imbalanced approach to parental analgesic decision-making, 

leaving many children vulnerable to opioid-related ADEs. We developed our educational 

intervention, the Scenario-Tailored Opioid Messaging Program (STOMP), to rebalance 

parental analgesic decision-making with dual goals to enhance their safe use while 

acknowledging their potential benefit to relieve pain [47]. We previously tested the 

educational intervention in a non-clinical sample of community parents [47].(CITE) The 

purpose of this study was to determine, in a clinical sample, whether the STOMP 

educational intervention would improve parental risk knowledge and perceptions, ensure the 

safety of scenario-based opioid decisions, and improve parents’ analgesic self-efficacy and 

child outcomes.

Our primary aims were to determine whether, compared to a control group, parents who 

received the STOMP educational intervention would:

1. exhibit improved awareness and heightened risk perceptions of potentially 

serious opioid-related ADEs

2. gain improved analgesic self-efficacy toward managing their children’s pain and 

ADEs

Our secondary aims were to determine whether parents who received STOMP 

would

3. make safer scenario-based opioid use decisions

4. administer fewer opioid doses to their children after surgery, when controlled for 

important child and pain-related factors.

Methods

This randomized, controlled study addressed the second aims of our larger, longitudinal 

clinical trial (NCT03287622). We previously reported findings from our clinical trial aim 

that tested the effect of STOMP on parental left-over opioid disposal.(CITE) In contrast to 

our previous work, this paper addresses the effects of differing aspects of the STOMP 

educational intervention on parents’ perceived risks of opioid-related adverse effects and on 

the child’s pain outcomes.

Procedures:

With approval from the institutional review board (HUM00127009) and comprehensive 

written consent from parents (and assent from children) we recruited parent-child dyads 

from our tertiary care, dedicated pediatric hospital setting. We approached all families whose 

children, aged 5–17 years were scheduled to undergo ambulatory or short-stay surgery and 

expected to receive an opioid prescription to manage postoperative pain. We screened and 

excluded dyads when children were scheduled to undergo major surgery associated with a 

longer hospital stay (>48 hours), had a chronic pain condition (lasting > 3 months) or who 

were cognitively unable to reliably self-report pain (i.e., < 5 years of age or developmentally 
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delayed); or when parents could not read or comprehend English. We also excluded those 

who did not receive an opioid prescription for home use or who had a surgical complication 

that kept them in the hospital for longer than expected.

Dyads were recruited prior to surgery either by phone or in-person. Parents who self-

identified as the primary caregiver after surgery completed a baseline survey prior to surgery 

and before receiving routine discharge and medication instruction. After completing the 

baseline survey, parents were instructed on how to use a semi-structured diary to record all 

analgesic medications (prescribed or over-the-counter [OTC]) given to the child after 

discharge to home. Follow-up surveys were completed on days 1–3 (Time 1, early recovery), 

and days 7–14 (Time 2, late recovery) after discharge. Parents received follow-up emails or 

phone text messages with links to the electronic follow-up surveys and with reminders to 

complete diaries contemporaneously with analgesic administration. A final text message 

reminder was also sent to parents to return their diaries when children were no longer taking 

analgesics. Parent-child dyads received $50 for completing all surveys.

Parents were randomized based on an a priori computer-generated schema to either the 

control group (usual or routine instruction) or to routine instruction plus the STOMP 

educational intervention. Routine instruction included a standardized, computer-generated 

discharge instruction sheet that included prescription information. Common postoperative 

adverse effects were listed (e.g., your child may experience nausea, dizziness, sleepiness, 

pain). These were followed with instructions to call the clinic if unmanageable. This 

intervention was administered during one session via iPad immediately after completion of 

the baseline survey in the preoperative area. Technical assistance was provided by the study 

or healthcare personnel only if needed. The mean duration of time to complete the 

interactive scenarios with feedback was 7 minutes (range 4 to 17 mins).

STOMP Educational Intervention:

Our tailored messages are designed to provide scenario-specific opioid risk and benefit 

information meant to promote better decisions toward pain and ADE reduction [47]. The 

interactive educational program incorporates several descriptive, clinically relevant pain and 

risk scenarios wherein parents are asked to consider each scenario as if they were caring for 

their child after surgery. Following each hypothetical scenario description, parents make a 

decision to give the prescribed opioid analgesic versus other options (e.g., do nothing at this 

time, give an over-the-counter analgesic). Each decision prompts immediate but brief risk 

messages combined with advice about what to do to reduce risk and manage pain in that 

situation. Our messages were based on Fuzzy Trace Theory which supports that risk 

messages that emphasize gist (i.e., bottom-line or essential) meaning not only improve 

understanding but also promote risk avoidance behavior.18,19 Presenting risk messages 

together with actionable advice parsimoniously heightens risk perception while building a 

sense of behavioral control [25]. As such, combined approaches have been shown to have a 

synergistic effect on changing perception and behavior [36]. Furthermore, use of electronic 

platforms that incorporate interactive exercises promote active learning that can improve 

understanding, skill development and health behavior [2,12,31,33]. A simplified depiction of 
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the intervention that includes example excerpts from STOMP messaging is shown in Figure 

1.

Main Measures (assessed at baseline, Times 1 and 2):

Outcomes for Primary Aims:

Aim 1, Parent ADE knowledge (i.e., awareness) and perceptions:  Parents’ awareness of 

common (e.g., nausea, constipation) and critical ADEs (i.e., excessive sedation, slowed 

breathing, addiction/habit) was assessed using the ADE knowledge instrument, where 

parents used nominal responses to identify whether the ADE was possible during or 

following prescribed opioid use [46,48]. Thus, awareness variables were dichotomous, 

Yes/No.

Perceived seriousness of these ADEs was assessed using a 6 point Likert scale where 0=Not 

serious to 5 = Extremely serious [46,48,49]. These items were developed with established 

content and face validity and have been found to have predictive validity toward scenario-

based analgesic decision-making [46,48]. These variables were treated as continuous.

Aim 2, Parent analgesic self-efficacy:  This 7-item measure was derived from medication 

self-efficacy tools that have been shown to predict medication use and outcomes [35]. Self-

efficacy is a context driven concept meant to measure the perceived confidence that one can 

successfully perform behaviors to achieve a desired health outcome [1,6,20,23]. The context 

of analgesic use differs from that of chronic (i.e., regularly scheduled) medication use, in 

that analgesics are prescribed as needed for pain management. We therefore modified self-

efficacy items to reflect the desired outcomes of analgesic use, that is, effective pain 

management and minimization of their ADEs. Similar to previous tools, parents rated each 

item from 0 to 5, where 0= not at all sure and 5 = extremely sure; e.g., “I am sure that I can 
… keep my child safe while giving pain relievers”, “…manage my child’s pain effectively”, 
“…recognize and reduce the most important risks of pain relievers,”…”manage pain well 
enough so that my child can resume regular activity”. Scores on this instrument ranged from 

0–35 (treated as continuous), where 35 reflects high confidence in administering analgesics 

to achieve the dual outcomes for the child.

Outcomes for Secondary Aims:

Aim 3, Scenario-based opioid decisions:  For this aim, we used parents’ decisional 

responses to the hypothetical scenarios from the STOMP as a proxy measure of their 

decisions under a variety of situations (parents in the control group completed decisions, but 

received no risk messaging feedback). The first scenario depicts the child with high pain (7 

out of 10 on the faces pain scale - the commonest threshold parents use to treat pain) [8],[49] 

and no signs of ADEs since the last opioid dose. This exercise was used to measure parents’ 

willingness to give a prescribed opioid to the child with no evident risk (i.e., safe and 

effective use). Two additional scenarios depicted the child with the same degree of pain but 

also with signs of a potentially serious ADE (i.e., excessive sedation) or a common, but less 

serious ADE (i.e., nausea/vomiting). For each scenario, parents made the decision to give the 

prescribed dose of opioid, a lower dose, an OTC drug, or nothing. Opioid decisions were 
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coded as binary, i.e., give an opioid vs. withhold the dose. Scenario-based decisions were 

assessed at baseline, Times 1 and 2.

Aim 4, Total Opioid Doses Administered:  Parent contemporaneous diary recordings and 

survey data were used to summarize the analgesics administered to children after discharge 

home. Our main outcome was the number of opioid doses given. We also report total oral 

morphine equivalents ([meq]/kg), the total number of OTC doses given, and the number of 

days opioid and OTC analgesics were used (all treated as continuous variables). These 

outcomes were tallied after analgesics were discontinued at Time 2.

Co-variate measures:

Parent pain relief preference (PR Pref):  This instrument assesses the parents’ desire to 

provide pain relief relative to their desire to minimize ADE risks for their children [49]. The 

instrument includes 6 risk–benefit items similar to those used to assess the importance 

patients place on chronic medication benefits versus their concern for adverse effects 

[5,19,42]. Agreement with each statement is ranked on a 5 point Likert scale from strongly 

disagree (−2) to strongly agree (+2), to yield a total score ranging from −12 to +12 (treated 

as continuous data). Lower numbers indicate a preference for risk avoidance, higher 

numbers pain relief, and the middle range, ambivalence [5,42]. We previously demonstrated 

the instrument’s internal consistency, construct and predictive validity [45,49].

Subject characteristics:  Parent and child demographics and their history of pain and 

analgesic use were documented on their baseline surveys.

Parent health literacy:  The Health Literacy BRIEF was used to assess parent’s self-

assessed ability to understand medical advice or instruction at baseline [3]. The four-item 

instrument assesses the degree to which the individual needs assistance with reading, 

understanding, interpreting medical information. The measure yields scores from 0 to 16 

(treated as continuous) which we reversed so that higher scores indicate higher literacy.

Child postoperative pain:  The PROMIS pain interference 8-item short-form (parent 

version) was used to capture the degree to which postoperative pain interfered with the 

child’s daily functioning at their final survey (Time 2) [44]. Parents also documented the 

child’s self-reported 0–10 pain intensity ratings using the revised faces scale [18] at least 

once per day prior to administering prescribed opioids or OTC analgesics. Average pain 

scores were calculated from the early and later recovery periods (days 0–3, 4–7 and 8–14).

Surgical covariates:  Surgical service, perioperative duration (induction of anesthesia to 

discharge from the postoperative recovery unit) and opioid usage (meq/kg) were recorded 

from the electronic medical record. Prescription details were also documented from the 

records.

Analgesic-related adverse events:  Parents were asked to record all ADEs, including 

nausea/vomiting (rated as none-mild or needing treatment), constipation (rated as none-mild 

or requiring laxative), and excessive sedation (ranked as none-mild or moderate-severe). We 
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also report any opioid-related ADE that prompted a call or non-scheduled return visit to the 

clinic or emergency room, as documented on the medical record.

Statistical analyses

All data were analyzed with SPSS (v. 24). Frequency data are presented as n (%), and 

descriptive data, as mean ± standard deviations. Missing data were not imputed and were 

sparse due to survey prompts requesting completion. Percentages shown are calculated from 

complete responses for each variable.

Primary Outcomes Analyses: Chi-square tests were conducted to examine group 

differences in ADE awareness (Aim 1). Odds ratios (OR) with 95% confidence intervals 

[CI] are presented. Repeated measures analysis of variance (ANOVA) with post-hoc tests 

were used to examine group differences in perceived seriousness of opioid-related risks and 

in analgesic efficacy over time (Aims 1 & 2). Bonferroni’s corrections were applied.

Secondary Outcomes Analyses: Mixed effects logistic regression models were used to 

test our hypotheses that STOMP would affect scenario-based opioid use decisions over time 

(Aim 3). Each decision model (i.e., no ADE, excess sedation, and nausea/vomiting) was 

adjusted for the random effect of subject, repeated measures over time, and covariates. 

Adjusted odds ratios (adj.OR) with [95% CI] are shown for all variables included in the 

models.

We compared postoperative pain and adverse event data in univariate analyses, and then 

used a generalized linear regression model to examine the effect of STOMP, parent and child 

factors on the total number of opioid doses administered at home (Aim 4). We present data 

with adj.OR or mean difference (MD) with (95% CI) as appropriate. Estimated coefficients 

are adjusted for the effects of all covariates.

Power analysis

We based our sample size on the most conservative estimate needed to detect a small effect 

of the STOMP educational intervention on parents’ opioid administration. To obtain a small 

effect (Cohen’s d=.26) of our intervention on opioid use in a model with up to 15 covariates 

(α = 0.05; β = 0.20), we needed a minimum of 233 participants per group. This sample size 

was deemed more than sufficient, in a factorial design, to test for the expected larger effects 

(Cohen’s d=.5) of our interventions on parents’ decisions to safely withhold (i.e., sample 

needed = 147). We over-recruited in order to account for loss-to-follow-up.

Results

Six hundred fifty-five parent-child dyads met inclusion criteria for this study; 317 were 

randomized to STOMP, 338 to Controls. Of these, 21 (6.6%) and 30 (8.9%) received no 

opioid prescription after surgery and were therefore, excluded. This left 604 parents who 

completed the baseline and at least one follow-up survey. Ninety-three percent (n=563) of 

the sample reported follow-up pain outcome data (either by survey or diary). See Figure 2 

Consort Diagram for Details of the analytic sample.
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Characteristics of the Sample:

Table 1 presents the baseline characteristics of the groups. As shown, parents and children in 

the groups were similar in characteristics except that parents in the STOMP group were 

more likely to have taken an opioid previously. STOMP parents were also slightly more pain 

relief preferent only at baseline (i.e., higher PR Pref scores; see Table 2, row 2, column 2). 

Repeated measures ANOVA showed a significant effect of time and group*time on PR Pref 

scores, with post hoc tests showing how parents in both groups became more risk averse at 

each follow-up assessment (i.e., decreasing PR Pref Scores; F=74.15; df2; p<.001; Table 2).

Aim 1. Effect of STOMP on ADE Awareness and Perceptions:

A majority of parents in both groups were aware at baseline of the common and more 

serious ADEs associated with prescribed opioids (range 72% to 95%). Fewer were aware of 

the potential for slowed breathing (72.4% of Controls and 72.6% STOMP) while most were 

aware of the possibility of addiction (93.2% Controls & 95.3% STOMP). While parents in 

both groups became more aware of these at the follow-up assessments, by Time 1, slightly 

more STOMP parents knew about the possibility of the critical ADEs including excessive-

sedation (97% vs. 94%; OR 2.97 [95% CI 1.16, 7.59] and slowed breathing (89.2% vs. 

82.5%; OR 1.75 [95% CI 1.10, 2.81]).

Table 2 depicts parental perceptions of ADE seriousness over time. STOMP parents rated 

the seriousness of nausea/vomiting higher, but were otherwise similar at baseline. Repeated 

measures ANOVA demonstrated significant effects of time, and time*group on risk 

perceptions; Post hoc comparisons showed that parents in the STOMP group (but not 

controls) gained an increased perceived seriousness of the ADEs excessive-sedation, slowed 

breathing, addiction, and nausea vomiting, but not constipation. Between group differences 

were established only for the perceived risk of addiction, which was slightly higher for 

STOMP parents.

Aim 2. Effect of STOMP on parental analgesic self-efficacy:

As shown in the final row of Table 2, parents in both groups indicated a similar and fairly 

high degree of analgesic efficacy at baseline. On average, parents in the STOMP group 

exhibited marginally higher efficacy scores at the follow-up assessments (MD 0.58 [95% CI 

0.08, 1.09], p=.023). However, there was a significant effect of time and time*group on 

efficacy for both groups; with post hoc tests showing how parents became more confident in 

their use of analgesics at every follow-up assessment (F=84.02; df3; p<0.001).

Aim 3. Effect of STOMP on Parents’ Scenario-Based Opioid Decisions:

Decisions to give the prescribed opioid differed across the hypothetical scenarios and 

between groups at baseline and at the follow-up assessments. A small majority of both 

groups were willing to give an opioid for the no ADE scenario at baseline (63.9% STOMP 

vs. 60.4% Control; OR 1.16 [0.83, 1.61], p=.381). This willingness lessened by Time 2, with 

no difference between groups (56.3% STOMP vs. 49.1% Control, OR 1.34 [0.95, 1.87], 

p=.093). STOMP parents were more willing to give the opioid for the excessive sedation 

scenario at baseline (40.2% vs. 31.8%; OR 1.44 [1.03, 2.01, p=0.032], but became 37% and 

53% less likely to do so at the follow-up assessments (Time 1: 14.3% vs. 20.9%; OR 0.63 
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[0.41, 0.98], p=.040; Time 2: 9.6% vs. 18.5%; OR 0.47 [0.28, 0.78], p=.003). Interestingly, 

STOMP parents were less likely to give the opioid for the nausea and vomiting scenario at 

baseline (17.2% vs. 35.4%; OR 0.38 [0.26, 0.57], p<.001), but were similarly likely to do so 

at follow-up (Time 1: 22.4% vs. 26%; OR 0.82 [0.55, 1.20], p=.307; Time 2: 14.9% vs. 

19.6%; OR 0.72 [0.46, 1.13], p=.155).

Mixed effect logistic regression models supported our hypothesis that STOMP had a 

significant effect on parents’ follow-up decisions to give an opioid for the excessive-sedation 

scenario, but no effect on giving an opioid for the other scenario (See Table 3). Controlled 

for mean health literacy, PR Pref, perceived seriousness and efficacy scores and other factors 

shown, STOMP parents were 7% less likely to give an opioid for the scenario, excessive 

sedation (estimated marginal mean 14% of STOMP parents vs. 21% Controls; adj.β −0.07 

[95% CI −0.12, −0.02], p=.006.

Aim 4. Effect of STOMP on Opioid Usage after Surgery:

Table 4 depicts the analgesic and pain outcomes in the groups, showing no significant 

differences between STOMP and Control groups by univariate analyses. Linear regression 

demonstrated that the number of opioid doses administered was not influenced by the 

STOMP educational intervention. Rather, parent factors (including PR Pref and Efficacy) 

predicted 7% of the variance and child and surgical factors predicted an additional 20% of 

the variance in the number of doses administered (Table 5).

Discussion

Findings from our study demonstrated that providing scenario-tailored opioid risk 

information effectively enhanced parents’ ADE knowledge, perceptions and their scenario-

based opioid decision-making, but did not influence the total number of opioid doses they 

gave their children after surgery. Specifically, we showed that parents who received STOMP 

gained enhanced awareness and perceived seriousness of the critical opioid-related ADEs, 

excessive sedation and slowed breathing. They made safer scenario-based decisions to 

withhold opioids for the hypothetical child who exhibited excessive sedation, but were 

equally likely to give an opioid to the hypothetical child with no ADE or with nausea. 

STOMP parents showed a slightly higher gain in analgesic efficacy, even as parents in both 

groups became more risk averse and more confident. The total analgesic doses administered 

and pain outcomes for children were not influenced by the STOMP educational intervention. 

Instead, parents’ pain relief preferences (PR Pref) and efficacy contributed marginally, while 

child and surgical factors mattered most toward to the total number of opioid doses 

administered.

Knowledge and perceptions of ADEs are important determinants of adherent and safe 

medication use. Heightened perception of risks may lead to hesitancy or underutilization of 

medications, while low risk perceptions may lead to unsafe decisions that contribute to 

ADEs or potential harm. Parental decisions to give prescription opioids to their children may 

be particularly challenging, since most parents want to minimize harm for their children 

which can arise from pain or opioid-related ADEs. The risk messaging used in our 

educational intervention was intended to enhance parental recognition of situations when 
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opioids could be safely administered, and when they should be withheld. Our findings 

suggest that the program effectively heightened parents’ perceived seriousness of critical 

ADEs and decreased their administration of opioids for the scenario depicting an excessively 

sedated child. Our finding that parents were similarly likely to give the opioid for other 

scenarios suggest that our tailored messages effectively targeted the high risk situation. Our 

finding here, is similar to our findings when we tested an abbreviated form of STOMP in a 

non-clinical sample of parents [47]. Tailoring risk messages through content-matched 

feedback has been previously shown to have a significant effect on changing health 

behaviors and lower risk [16,22,24]. Our feedback combined important ADE riskiness 

information with advice on how to manage pain while reducing the risk. Thus, our STOMP 

educational intervention may have yielded a synergistic effect on parental decision-making.

We further demonstrated how parents’ preference for analgesic benefit (i.e., PR Pref scores) 

strongly persuaded their scenario-based opioid decision-making as well as their overall 

opioid administration to their children. This finding is similar to previous studies showing 

how parental motivation to relieve their child’s pain and their worry about unrelieved pain 

are highly associated with the number of prescribed opioid analgesic doses they give their 

children [32,49]. Similar to our previous studies CITE, we found that baseline PR Pref 

scores at baseline largely reflected ambivalence about the importance of pain relief versus 

risk avoidance (mean scores −0.48 to −1.19 for STOMP and control parents, respectively). 

Parents in the STOMP group leaned significantly more pain-relief preferent at baseline. Yet, 

parents in both groups became more risk averse (i.e., lower PR Pref scores) over time. This 

shift toward analgesic risk aversion may have been influenced not only by patient education, 

but by the child’s decreasing pain (and, thus less need to relieve it) or the presence of and/or 

increased worry about opioid-related ADEs. These findings suggest that medication 

preferences can be shaped by information and/or experience.

Notably, parents’ analgesic efficacy, which was relatively high at baseline, increased 

significantly for both groups over time. However, STOMP was associated with a slightly 

improved parental confidence, overall, which may be, in part, explained by the advice 

component of the intervention (i.e., “how to manage”). Perceived efficacy has been 

described as being “malleable” by a variety of influences, including persuasion and 

experience (both personal and vicarious) [30]. Although self-efficacy has been shown to 

influence health behavior and self-management, lack of skill or motivation can limit the 

contribution of self-efficacy [30]. In our study we found that higher parental self-efficacy 

scores were associated with a lower likelihood of giving opioids across scenarios and with 

lower total opioid doses given after surgery. Our efficacy instrument assessed parents’ 

perceived confidence in managing pain while recognizing and minimizing ADEs. The 

negative association between efficacy and opioid administration suggests that higher 

parental confidence in managing pain and ADEs may contribute to a more nuanced 

approach to pain management with less opioid dosing. On the other hand, parental 

confidence may also have evolved as children’s pain lessened over time with less need for 

opioids.

Findings from this study are strengthened by the prospective, randomized design that 

included a large sample of parent-child dyads. We had minimal loss-to-follow-up and used 
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two methods to examine the effect of STOMP on parental opioid decision-making. First, our 

use of hypothetical scenarios provided an efficient way to assess scenario-based decision-

making over time (particularly for low prevalence situations such as excessive sedation). 

Such scenario-based decisions are critical toward the safe use of opioids. We and others have 

previously demonstrated that hypothetical decisions are associated with real healthcare 

decisions and behaviors [41,50]. As a secondary aim, we used parental opioid dose 

administration to evaluate the effect of STOMP and other decisional factors on the child’s 

actual outcomes. Our STOMP messaging emphasizes the importance of using OTC 

analgesics to enhance pain relief, reduce the amount of opioids needed and promote rapid 

and effective opioid weaning shortly after surgery. Our inability to demonstrate an effect of 

STOMP on the child’s total opioid dosing after surgery may have been, in part, limited by 

our inclusion criteria. We included only children who had ambulatory and short-stay surgical 

procedures – perhaps with little variability in opioid use. Thus, we may have been 

underpowered to test the effect on opioid use. Instead, we showed that surgery, the number 

of opioid doses prescribed, and child factors were the primary drivers for total opioid use in 

this sample. Even though we found no independent effect of STOMP on this outcome, there 

may have been an indirect effect through parental efficacy which was associated with less 

opioid use. Given recent policy changes that have led to decreases in opioid prescribing, 

parental efficacy in managing pain via non-opioid methods may be even more important 

toward effective pain relief. Additionally, the lack of STOMP effect on short-term opioid use 

does not diminish the impact of the intervention on parental knowledge and perceptions. 

Indeed, our finding suggests that heightening risk perception did not diminish parental 

ability to manage pain, but may enhance their response to serious but rare ADEs (not 

measured in real-time in this research). Importantly, we administered the STOMP education 

prior to surgery in a preparatory fashion. Testing STOMP administered via a smartphone 

App may be important to determine the impact on real-time opioid administration decisions. 

Finally, the ability to generalize our findings to other settings may also be limited given our 

sample and setting that largely represented well-educated, white parents from a state that has 

been heavily impacted by the opioid crisis.

In summary, we have demonstrated that scenario-tailored messages can effectively enhance 

several of the knowledge, perception and skill factors that are important for safe 

administration of prescription opioids by parents. Compared to routine clinic education, our 

scenario-tailored educational intervention was more effective in heightening risk perceptions 

and promoting safe scenario-based decisions. Such skills are critical for parents whose 

children and teens are prescribed opioids for pain management. Finally, educating parents 

may have an indirect effect on teens whose analgesic usage is largely influenced by parental 

practices [37,38]. Parental education is critically important given that many adolescents who 

admit to misusing opioids do so while still under the supervision of a parent.
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Figure 1. 
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Figure 2. 
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Table 1.

Characteristics of the Groups

Control (n=308) STOMP (n=296) OR or MD [95% CI]

Female Sex 241 (78.2%) 250 (84.5) 1.51 [1.00, 2.29]

Race/Ethnicity

 White non-Hispanic 257 (83.4) 254 (85.8) 1.20 [0.77, 1.87]

 Black 22 (7.1) 21 (7.1)

 Hispanic 11 (3.6) 10 (3.4)

 Asian 7 (2.3) 7 (2.4)

 Other 11 (3.5) 4 (1.3)

Highest education

 ≤ High school diploma/GED 32 (10.4) 38 (12.8) 0.79 [0.48, 1.30]

 Some college/AD/Trade 112 (36.4) 119 (40.2)

 Bachelor degree or higher 164 (53.1) 139 (46.9)

Health Literacy 8.03 ± 1.26 8.09 ± 1.16 0.06 [−0.14, 0.25]

Parent past pain condition 290 (94.2) 275 (92.9) 0.81 [0.42, 1.56]

Parent past opioid use 137 (44.5) 160 (54.1) 1.47 [1.07, 2.02]

Parent past non-pharm use 280 (90.9) 260 (87.8) 0.72 [0.43, 1.22]

Child female 143 (46.4) 115 (38.9) 0.73 [0.53, 1.01]

Child age 12.81 ± 3.68 13.19 ± 3.59 −0.38 [−0.96, 0.20]

ASA status 1–2 296 (96.1) 285 (96.3) 1.05 [0.46, 2.42]

Child previous surgery 187 (60.7) 188 (63.5) 1.13 [0.81, 1.57]

Child past opioid use 119 (38.6) 113 (38.2) 0.98 [0.71, 1.36]

Child past OTC pain treatment 249 (80.8) 225 (76) 0.75 [0.51, 1.11]

Child co-morbidity 176 (49.4) 184 (52.3) 1.12 [0.83, 1.50]

 Respiratory (including OSA) 100 (32.5) 103 (34.8) 1.11 [0.79, 1.56]

 Depression/mood/anxiety 25 (8.1) 24 (8.1) 0.99 [0.56, 1.79]

Child Procedure Ortho/SM vs. others: 0.94 [0.68, 1.30]

 Orthopedic 105 (34.1) 107 (36.1)

 Sports medicine (SM) 84 (27.3) 70 (23.6)

 Otology 37 (12) 24 (8.1)

 Urology 48 (15.6) 45 (15.2)

 General surgery & other 34 (11) 49 (13.8)

Perioperative duration (mins) 288.2 ± 100.8 292.7 ± 95.3 4.55 [−11.12, 20.23]

Perioperative meq/kg 0.20 ± 0.12 0.19 ± 0.11 −0.01 [−0.03, 0.01]

Data presented as n (%) or mean ± standard deviation. Univariate comparisons made with Chi-square or unpaired t-tests as appropriate; odds ratios 
(OR) or mean differences (MD) and 95% confidence intervals [CI], where appropriate. OTC = over-the-counter; OSA=Obstructive sleep apnea; 
meq= morphine equivalents. Bolding indicates significant difference.
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Table 4.

Child Pain and Analgesic Outcomes in the Groups (tallied from daily diaries and surveys)

Control n=292 STOMP n=271 Odds Ratio or Mean Difference [95% CI]

Opioid given at home (yes vs. no) 240 (81.1%) 216 (79.1%) 0.88 [0.59, 1.34]

Opioid doses dispensed 21.5 ± 13.76 22.0 ± 16.48 0.50 [−1.95, 2.96]

Opioid doses given at home (total) 7.9 ± 8.6 8.6 ± 10.3 0.71 [−0.87, 2.28

Opioid meq/kg given 0.20 ± 0.23 0.21 ± 0.26 0.01, [−0.33, 0.05]

Days opioid given 3.31 ± 3.2 3.80 ± 4.2 0.49 [−0.13, 1.12]

OTC doses given 20.2 ± 16.0 19.7 ± 15.3 −0.45 [−3.06, 2.16]

Days OTC given 7.6 ± 4.6 7.8 ± 5.2 0.18 [−0.63, 1.00]

Child self-reported pain scores

 Days 1 to 3 4.9 ± 2.0 4.9 ± 2.0 [−0.36, 0.33]

 Days 4 to 7 3.8 ± 1.8 4.0 ± 2.1 0.16 [−0.23, 0.54]

 Days 8 to14 3.2 ± 1.9 3.5 ± 2.3 0.30 [−0.23, 0.83]

Parent-reported Pain Interference Score Day 14 8.06 ± 8.06 8.63 ± 8.39 0.57 [−0.68, 1.82]

Adverse events (yes vs. no)

 Nausea (requiring intervention) 34 (14.2%) 23 (9.9%) 0.66 [0.38, 1.17]

 Constipation (requiring intervention) 105 (46.3%) 106 (47.5%) 1.05 [0.73, 1.52]

 Moderate to severe sedation 45 (19.1%) 37 (15.9%) 0.80 [0.49, 1.29]

 Serious adverse events* 10 (3.4%) 9 (3.3%) 0.93 [0.37, 2.33]

Data shown as n (%) or mean ± standard deviation. Univariate comparisons were made using Chi-square or unpaired t-tests. Unadjusted odds ratios 
are shown.

Meq/kg=Morphine equivalents per kilogram; OTC=Over-the-counter;

*
serious adverse events include those that led to a call or unplanned return visit to the clinic or hospital setting as determined by medical record 

review. Other adverse effects were reported by parents on their daily diaries; percentages were calculated from those who reported events.
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Table 5.

Effect of STOMP on Total Opioid Doses Administered at Home

Factors Step 1-Parent Factors 
R2= .067 (df7), p<.001

Step 2-Child Factors R2=.329 (r2 change=.20; df9); 
p<.001

STOMP (v. controls) 0.88 [−0.91, 2.67], .333 0.79 [−0.75, 2.33], .313

Parent female (v. male) 1.47 [−0.89, 3.82], .221 0.62 [−1.41, 2.65], .549

Parent race (White v. minority) −1.85 [−4.61, 0.91], .189 0.12 [−2.26, 2.50], .921

Health literacy 0.43 [−0.33, 1.18], .270 0.03 [−0.62, 0.68], .937

Parent past opioid use (v. none) 0.29 [−1.52, 2.09], .756 0.95 [−0.62, 2.52], .234

Parent Pain Relief Preference 0.68 [0.42, 0.94], <.001 0.49 [0.26, 0.71], <.001

Parent Analgesic Efficacy −0.37 [−0.67, −0.08], .013 −0.40 [−0.65, −0.15], .002

Child female (v. male) 1.18 [−0.43, 2.79], .149

Child age 0.28 [0.05, 0.50], .017

Child past opioid use (v. none) −0.57 [−2.22, 1.07], .494

Child depression or mood disorder (v. none) 0.98 [−1.93, 3.90], .508

Orthopedic/Sports Medicine (v. other services) 3.24 [1.64, 4.84], <.001

Perioperative minutes 0.01 [0.002, 0.02], .020

Opioid doses dispensed 0.14 [0.09, 0.19], <.001

Average pain intensity (child self-reported) 1.45 [1.04, 1.86], <.001

Post-discharge ADE (v. none) 0.12 [−4.42, 4.66], 0.959

Results derived from linear regression. Data presented as adjusted β [95% confidence interval], p value; ADE=Adverse drug event (y/n). Bolded 
items are those that are significant.
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