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Abstract

Objective—To determine the association between health literacy, medication knowledge, and
pain treatment skills with ED use of parents of children with sickle cell disease (SCD).

Methods—~Parents of children 1 through 12-years-old with SCD were enrolled. Health literacy
was assessed using the Newest Vital Sign. Parents completed a structured interview assessing
knowledge of the dosage and frequency of home pain medications and an applied skills task
requiring them to dose a prescribed pain medication. Underdosage was defined by too small a dose
(dosage error) or too infrequent a dose (frequency error). The association between medication
knowledge and applied skills with ED visits for pain over the past year was evaluated using
Poisson regression adjusting for genotype.

Results—100 parent/child pairs were included; 50% of parents had low health literacy. Low
health literacy was associated with more underdose frequency errors (38% vs. 19%, p=0.02) on the
skills task. On medication knowledge, underdose dosage errors (adjusted Incidence Rate Ratio
(alRR) 2.0, 95% Confidence Interval (CI) 1.3-3.0) and underdose frequency errors (alRR, 1.7,
95% CI 1.2-2.6) were associated with higher ED visits for pain. On the skills task, underdose
dosage errors (alRR 1.6, 95% CI 1.1-2.4) and underdose frequency errors were associated with
higher ED visits (alRR 1.5 95% CI 1.1-2.1).
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Conclusions—For medication knowledge and skills tasks, children of parents who underdosed
pain medication had a higher rate of ED visits for pain. Health literate strategies to improve
parents” medication skills may improve pain treatment at home and decrease healthcare utilization.

Keywords
pain; pain medicine; sickle cell disease

Introduction

Sickle cell disease (SCD) is an inherited hemoglobinopathy affecting an estimated 35,000
children and adolescents in the United States.! Vaso-occlusive pain events, the hallmark of
SCD, occur unpredictably and vary in severity and frequency. Approximately 90% of pain
events in SCD require home pain management by patients and parents.? 2 General
recommendations for managing pain in SCD involve frequent pain assessment and the use of
non-opioid and opioid medications to manage pain all while assessing for potential side-
effects from pain medication use.* ® Collectively, home treatment of SCD pain is complex,
requiring parents to possess knowledge and skills in health literacy sufficient to effectively
manage pain in their children. Unsuccessful home treatment of pain may lead to an
emergency department (ED) visit for pain.

An estimated 90 million American adults have low health literacy.5: 7 Health literacy is
defined as “the degree to which individuals have the capacity to obtain, process, and
understand basic health information and services,” and encompasses the ability to use health
literacy skills “to make appropriate health decisions.””- 8 Low health literacy has been linked
to problems with understanding of one’s medical condition,®11 adherence to medication
instructions,12 13 and symptom management skills.14: 15 Within pain treatment, limited
health literacy has been associated with increased pain medication dosing errors in children.
16 previous studies have shown that low health literacy serves as a potential mediator of
health disparities, with low socioeconomic status, less than high school education, and black
race found to be risk factors.”- 17 Unfortunately, parents of children with SCD possess many
of the same sociodemographic risk factors associated with low health literacy, which may
lead to poor pain management skills.18: 19

In this study, we aimed to examine the association between parent health literacy and pain
medication knowledge and applied skills in parents of children with SCD. We hypothesized
that parents with low health literacy would demonstrate more errors in medication
knowledge and applied skills than parents with adequate health literacy. We hypothesized
that low health literacy and errors in medication knowledge and applied skills would be
associated with higher ED visits for pain.

Patients and Methods

Study Participants

Parents or legal guardians of children ages 1 through 12-years-old with SCD were recruited
during routine clinic visits and ED visits at a Midwest children’s hospital. A child was
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eligible if chart review revealed a genotype consistent with sickle cell disease (SS, SBY, SC,
SB*). Parents of children over 12 years old were excluded given the potential influence of an
older child’s health literacy on pain treatment. Parents were required to be at least 18 years
of age. Legal guardians other than the parent were eligible if they “(took) care of the child
most of the time when they have pain.” If multiple parents were present, the parent that
“brought the child to the doctor most often” was assessed. Participants were excluded if the
parent had already completed the study, was non-English speaking, or presenting for child
maltreatment or non-accidental trauma within the ED. The study was approved by the
hospital’s Institutional Review Board. Parents signed a 6" grade level written consent and
the children provided assent for age >7.

Study Design

Measures

This was a cross sectional study of parents of children with SCD to assess health literacy,
pain medication knowledge, and pain medication skills in relation to ED utilization.
Participant recruitment occurred in multiple settings to facilitate adequate enrollment from
December 2014-January 2016. Within the clinic setting, parents of children with SCD were
approached during their scheduled visit and the research procedures were completed after
the clinic visit. Within the ED, a trained research assistant approached eligible parents and
research procedures were completed within the ED. After consent, participants completed a
brief demographic survey; the Newest Vital Sign (NVS), a validated measure of health
literacy; a pain medication knowledge review; and an applied pain treatment skills
assessment. Chart review was conducted to determine patient characteristics (i.e., age, SCD
genotype and disease characteristics, coexisting conditions) and the participant’s current
prescribed pain medication regimen. Parents received a gift card for participation to offset
the time required to complete the study.

Health Literacy Assessment—The Newest Vital Sign (NVS) is a validated, orally
administered, six-question test to assess health literacy.20 The NVS was responsive in
previous studies of parents and has been associated with ED use.?! The NVS was scored
based on the published score categorization; low health literacy (0-3 correct) and adequate
health literacy (4—6 correct).20 The NVS is a common measure of health literacy and has
differentiated health outcomes in studies of adolescents, parents, and adults.22-24

Pain Medication Knowledge Review—To assess pain medication knowledge, parents
were asked to recall the names, doses, and dosing intervals for all current prescribed pain
medications used for treatment of pain for their child at home.2> This approach has been
used previously and shown that medication knowledge is related to medication adherence,
disease control, and hospitalizations in adult patients.2> We expanded the protocol by
including doses and dosing interval. This list was compared to the child’s medical record for
current pain medications including non-opioid and opioid pain medications (except
tramadol) updated in the last 13 months. All parents of children with SCD recruited within
the ED had had a routine clinic visit within the last 12 months. Data was quantified as: 1) the
percent of medications recalled; 2) the percent of names (generic or name brand) correct; 3)
the percent of doses correct by mg, mL, or pill count as well as under or overdose dosage
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error; and 4) the percent of dosing intervals (frequency) correct as well as under or overdose
frequency error.

Applied Pain Treatment Skills Assessment—To assess applied pain treatment skills,
parents were presented with a pain medication (liquid or pill) to mimic administration of
pain medications. This medication skills assessment has been used previously in health
literacy research utilizing as needed pain medication and modified to include liquid
medication.2® Parents of patients under 8 years of age were provided with instructions for a
liquid pain medication and parents of patients ages 8 years and older were provided
instructions for a pill pain medication (Supplemental Appendix S1). To assess medication
dosing, parents were presented with a dosing tray that contains 24 slots representing each
hour of a day. Parents were given the prescription bottle and instructed to place the liquid
solution or plastic pills into the slots to demonstrate how much and when they would provide
doses of the medication to their child throughout the day.2” Parents were provided with a
standardized script (Supplemental Appendix S1) to ensure that parents felt free to continue
to dose for the full 24 hours rather than stopping at one dose.

Incorrect dosing of the medication was measured in five ways: 1) underdose dosage error
[less than 2 pills or liquid medication weight less than 20% of standard)]; 2) underdose
frequency error [less frequently than every 4 hours]; 3) overdose dosage error [more than 2
pills or liquid medication weight greater than 20% of standard)]; 4) overdose frequency error
[more frequently than every 4 hours]; and 5) maximum dose error by exceeding more than
the recommended daily dose (>5 doses).28 Liquid medication standard was independently
measured by two investigators (A.M. and M.M.) to determine standard dose. Dose error
greater or less than 20% of standard was based on previous liquid medication studies.28

Primary Outcome: ED Use for Pain

The child’s medical chart was reviewed to determine ED use for pain over the previous 1
year. A physician diagnosis of sickle cell disease pain was required for documentation of a
sickle cell pain episode. Visits were not excluded if the child had additional diagnoses such
as fever. Chart reviews were conducted and then verified by a second research assistant, with
discrepancies recorded and reviewed with the principal investigator. Nearly all children with
SCD in our community are seen and hospitalized in our institution. ED visits included visits
ending in discharge or hospitalization.

Statistical Analyses

Demographic characteristics were compiled using descriptive statistics and compared with
location of recruitment with appropriate tests (t-tests, chi-square tests, and Wilcoxan rank
sum tests). The NVS was utilized to dichotomize parents into low (<3 correct) health literacy
or adequate (=4 correct) health literacy. The mean percent of errors in pain medication
knowledge (medication recall, name, dosage, and frequency) and the applied pain treatment
skills (dosage errors, frequency errors, and maximum dose errors) were calculated and
compared for parents with low health literacy versus adequate health literacy in parents
using chi-square analyses.
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The NVS, pain medication knowledge, and applied pain treatment skills task variables were
individually compared with ED visits for pain using a Poisson regression model adjusting
for child SCD genotype.

Prior research shows that 55% of parents had low health literacy and approximately 60% of
patients can identify the medication name.2% 29 In order to determine whether a difference
exists in naming pain medications, 97 parents were needed to find a difference of 30%
between adequate and low health literacy caregivers; 70% identifying medication name
(adequate health literacy) compared to 40% (low health literacy).

Study Sample

Out of 146 eligible participants, 100 parents/child pairs agreed to participate with 40%
recruited in the SCD clinic and 60% in the ED (Figure 1). The majority of parents were of
Black/African American descent (90%), median age was 31.5 years (range 18-80 years),
and 56% had education beyond high school (Table 1). The family’s household income was <
$30,000 in 68% of households. Children were a median of 6 years old (range 1-12 years).
The majority of children were SS/SB? (62%) genotype. Most children had been prescribed
hydroxyurea within the prior year (61%).

Health Literacy

Health literacy—Half of parents had low health literacy (50%). More parents recruited in
the ED had low health literacy than parents recruited in clinic (61% vs. 32.5%, p=0.005).

Health Literacy and Pain Medication Knowledge and Applied Treatment Skills
—pParents with low health literacy made more underdose frequency errors (38% vs. 19%,
p=0.02) on the pain treatment skills task. Health literacy was not associated with errors on
the medication knowledge review or other errors on the applied treatment skills.

Health literacy and ED use—Low health literacy was not associated with ED use.

Pain Medication Knowledge Review

Pain medication knowledge review—Comparing chart review to parent pain
medication recall, 37% of parents did not report medications identified by chart review. Of
those not reported, 25% were ibuprofen or acetaminophen and 12% were opioid pain
medications. When considering only opioid medications, a mean of 12.4% (SD 29.7%) of
the medications were not recalled and 16.5% (SD 34.2%) of the medication names were
incorrectly recalled (Table 2). Parents recalled an underdose of medication often; 17% of
parents recalled a lower dose than prescribed and 31% recalled a less frequent medication
dosage interval. Fewer parents recalled higher doses; 17% of parents recalled a higher dose
of medication and only1% of parents recalled a more frequent medication administration
interval.

Pediatr Blood Cancer. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morrison et al.

Page 6

Pain medication knowledge and ED use—Fewer pain medications recalled were
associated with increased ED visits for pain (adjusted Incidence Rate Ratio (alRR) 1.3, 95%
Confidence Interval (95% CI) 1.2-1.3) (Table 2). Underdose dosage errors were associated
with 200% higher ED visits for pain (alRR 2.0, 95% CI 1.3-3.0). Underdose frequency
errors were also associated with 70% higher ED visits for pain (alRR 1.7, 95% CI 1.2-2.6).
No relationship was found between recalled pain medication overdose errors or pain
medication name recall and ED use.

Applied Pain Treatment Skills

Applied pain treatment skills—Several parents made underdose errors on the applied
pain treatment skills task; 17% of parents made a dosage error and 28% a frequency error.
Parents also made overdose errors; 12% made a dosage error, 7% a frequency error, and
30% a maximum dose error.

Applied pain treatment skills and ED use—Parental underdose dosage errors were
associated with 60% more ED visits for pain (alRR 1.6, 95% CI 1.1-2.1). Parental
underdose frequency errors were also associated with 50% greater ED visits for pain (alRR
1.5, 95% CI 1.1-2.1). No relationship was found between overdose errors and ED visits.

Discussion

Our results show that parents of children with SCD demonstrated high rates of low health
literacy. Moreover, parents with low health literacy made more underdose frequency errors
on an applied pain medication skills task. In addition, when lower pain medication dose and
frequency occurred during the skills task by parents of children with SCD, significantly
higher ED utilization for pain by their child was identified. Using multiple methods
including a pain medication knowledge recall and pain medication skills task, we found a
50% to 200% higher rate of ED visits for pain in children with SCD whose parents
underdosed pain medication.

We found high rates of low health literacy- 50% of parents had low health literacy. Because
patients with SCD have a complex, chronic illness that requires parents to give their children
medication, the high rate of low health literacy for these parents is alarming. Other studies of
SCD have interestingly found lower rates of low health literacy, but such findings may be a
result of the instrument utilized to assess health literacy.?!: 30 To date, research has found
that the Newest Vital Sign is a more sensitive measure of health literacy, particularly within
parents.30: 31 In addition, parents of children with SCD that had low health literacy made a
greater number of underdose frequency errors on the applied pain medication skills task.
Such findings were consistent with previous research linking low health literacy and
increased pain medication dosing errors in children.16

Management of SCD pain is complex requiring parents to possess knowledge and skills to
effectively manage their child’s pain. Thus, the high rate of errors in pain medication
knowledge and on an applied pain management skills task is concerning and represents an
opportunity to improve how care is provided to these families. Our study found that parents
demonstrated a variety of errors in dose and frequency on the pain medication review and
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applied skills with a greater propensity for errors in underdosing pain medication. In
addition, underdosing dose and frequency errors were related to higher rates of ED visits for
pain in children with SCD. Such findings support what has been found in other conditions
showing that poor medication knowledge leads to poor disease outcomes and increased ED
visits.2® Collectively, medication knowledge and skill appear to be important in treating
SCD pain at home based on the association we found with higher ED utilization.

Interestingly, we found that inadequate pain treatment knowledge and skills were more
highly related to ED utilization than low health literacy, which was different from previous
research demonstrating that low health literacy results in poor performance on medication
skill tasks which resulted in higher ED utilization.13: 25 32, 33 From this we propose a model
of the relationship between health literacy, health literacy-related pain treatment skills, and
healthcare use for pain (Figure 2). We found that health literacy does not have a direct effect
on ED utilization for pain, but potentially works through pain medication knowledge and
skills. The health literacy measure used in this study was a general measure of health literacy
and may assess factors unrelated to tasks important to ED use in SCD. However, the pain
medication knowledge and skills are related to health literacy conceptually, were
significantly associated on one skill task, and were associated with increased ED use.

Importantly, we found that performance on the pain medication knowledge and skills task
was associated with higher ED utilization. As such, the pain medication dosing skills of
parents are important for children with SCD where pain medication is often needed to
manage disease prior to presenting to the ED.2 3 Though pain-related ED use is frequent in
children with SCD, 90% of pain management occurs at home.2 3 By affecting pain
medication skills at home with an intervention, there is potential to decrease pain-related ED
use. Future interventions could address effective pain management at home by addressing
reasons parents underdose medications and focus training regarding medication on
appropriate use of medication.

The skills assessment adapted for SCD in this study will aid future studies and clinical
teaching for pain medications. Using the skills assessment in a research setting may help
define the skills or serve as an outcome measure to evaluate a health literacy-related
intervention to improve pain medication dosing skills.26 The potential to use the skills
assessment in a healthcare setting such as the clinic or ED to teach a parent or patient until
they reach correct dosing on the task (teach-to-goal technique), may improve parents’ use of
pain medication.34 Improving a parent’s ability to dose pain medication may reduce their
child’s ED utilization for pain.

This study has several limitations. The applied pain skills assessment was a simulation of
home treatment during a pain episode. The relationship with ED use may not be significant
if studied in a prospective study. Despite the understanding this study adds, we did not
address why parents underdosed medication. Additional studies are needed to understand the
pathway leading from medication dosing to ED utilization. Other factors may have
contributed to the use of the ED other than medication knowledge, applied skills, or
genotype, which were included in the regression model. Because of the limited sample size
given our local population of SCD within the age range, we could not adjust for additional
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variables beyond genotype. Though attempts were made to recruit every patient within the
age range at our institution, this remains a convenience sample of patients and may not
represent the population or patients at other institutions.

Conclusions

Parents of children with SCD have high rates of low health literacy which is related to
underdosing pain medication. Consistent across pain medication knowledge and applied
skills, underdosing of pain medication either by giving a lower dose or giving medication
less frequently is associated with a higher rate of ED utilization for pain. Health literate
strategies to improve parents’ pain medication dosing skills in future interventions or clinical
care may improve at home care for pain and decrease ED utilization for pain.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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27 (18%) missed”

146 eligible for
study during pre-
defined periods
101 (69%) 18 (12%) refused
recruited and participation™®
completed study
I
100 completed study 1 withdrawn®

materials (60 in ED,
40 1in clinic)

Figure 1.
Study Participants

* Reasons for refusal: No reason given (10), did not want to prolong ED stay (3), child does
not need pain medication (2), did not want to provide social security number to receive

giftcard (2), crying child (1)

¥ Missed: No reason given (8), concurrent enrollment with same or another study (2),
sleeping and could not assent (1), could not approach due to ongoing ED care (1)
£ Withdrawn: Parent decided to not participate after signing consent but before starting the

procedure
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Figure 2.

Model for Health Literacy Skills and ED Use for Pain
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TABLE 1

Parent and Child Demographic Factors by Location of Recruitment

Location
Total Clinic ED
Variables N=100(%) N=40(%) N=60(%) P Value
Parent
Race/Ethnicity 02C+
American Indian or Alaska Native 1(1.0) 0(0.0) 1(1.7)
Asian 1(1.0) 0(0.0) 1(1.7)
Black / African American 90 (90) 38 (95.0) 52 (86.6)
White / Caucasian 1(1.0) 1(2.5) 0(0.0)
Hispanic or Latino 2 (2.0 1(2.5) 1(1.7)
Other 5 (5.0) 0(0.0) 5(8.3)
Parent Age 0957
Mean + SD 33.3+9.1 3318+10.2 3331%84
Foreign Born 12 (12.0) 4 (10.0) 8 (13.3) 1.000€ *
Educational Attainment 095+
8t grade or less 2(2.0) 1(2.5) 1(1.7)
Some high school 11 (11.0) 5(12.5) 6 (10.0)
Graduated High School / GED 31 (31.0) 13 (32.5) 18 (30.0)
Some college / Technical degree 44 (44.0) 15 (37.5) 29 (48.3)
College degree (BA, BS) 8(8.0) 4 (10.0) 4 (6.6)
Advanced degree (MA, PhD, MD, JD) 4 (4.0) 2 (5.0) 2 (3.4)
Work outside the home 50(60.2)"  24(632) 35 (58.3) 0.59C
What is your household income in a year? 0.75C*
Less than $20,000 58 (58.0) 21 (52.5) 37 (61.7)
$20,001-30,000 20 (20.0) 9 (22.5) 11 (18.3)
$30,001-40,000 13 (13.0) 5(12.5) 8(13.3)
Over $40,001 9(9.0) 5 (12.5) 4(6.7)
Health Literacy <0.01C
Low (0-3) 50 (50.0) 13 (32.5) 37 (61.7)
Adequate (4-6) 50 (50.0) 27 (67.5) 23(38.3)
Child
Age (Mean + SD) 6.4+37  71+35 5938 T
Hydroxyurea prescribed 61 (61.0) 31 (77.5) 30 (50.8) <0.01C
Genotype <0.01C *
SS/ISBO 62 (62.0) 32(80.0) 30 (50.0)
SC/SB+ 33(33.0) 8(20.0) 25 (41.6)
Other 5 (5.0) 0(0.0) 5(8.4)

Insurance type
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Location
Total Clinic ED

Variables N=100(%) N=40(%) N=60(%b) P Value

Private 14 (14.0) 7(17.5) 5(8.5) <0.05C

Public 86 (86.0) 33 (82.5) 54 (91.5) 0.25C*
Healthcare utilization

Treat and release ED visits (Mean * SD) 07+13

Hospitalizations 05+13

Total ED Visits 13+24

+
Exact test
T
t-test;
C. .
Chi-square test;
w. .
Wilcoxon rank-sum test

*
missing values
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TABLE 2

Opioid Pain Medication Review and ED Utilization

Mean (Standard  Adjusted Incidence
Deviation (SD)) of  Rate Ratio (alRR)
Percent Recall or (95% Confidence
Percent of Parents Interval-(ClI))

Variables Making Error  gp visits for Pain*
Medications Not Recalled 12.4 (29.7) 1.3 (1.2-1.3) *
Name Not Recalled 16.5 (34.2) 0.99 (0.99-1.01)
Underdose errors
Dosage 17% 2.0 (1.3-3.0) *
Frequency 31% 1.7 (1.2-2.6) *
Overdose errors
Dosage 17% 1.2 (0.7-1.9)
Frequency 1% n/a

+
ED visits include treat and release ED visits and ED visits resulting in hospitalization

*
P<0.05
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