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Abstract

Background: Parents play an important role in their children’s oral health behaviors, provide
oral health access, initiate prevention, and coping strategies for health care.

Aim: This paper develops a short form (SF) to assist parents to evaluate their children’s oral
health status using Patient-Reported Outcome Measurement Information System (PROMIS)
framework that conceptualized health as physical, mental, and social components.

Design: Surveys of parents were conducted at dental clinics in Los Angeles County, together
with an on-site clinical examination by dentists to determine clinical outcomes, Children’s Oral
Health Status Index (COHSI), and referral recommendations (RRs). Graded response models in
item response theory were used to create the SF. A toolkit including SF, demographic information,
and algorithms was developed to predict the COHSI and RRs.

Results: The final SF questionnaire consists of eight items. The square root mean squared error
for the prediction of COHSI is 7.6. The sensitivity and specificity of using SF to predict immediate
treatment needs (binary RRs) are 85% and 31%.

Conclusions: The parent SF is an additional component of the oral health evaluation toolkit that
can be used for oral health screening, surveillance program, policy planning, and research of
school-aged children and adolescents from guardian perspectives.
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BACKGROUND

Parents play an important role in the development of their children’s oral health, from using
fluoridated toothpaste, choosing between a manual or powered toothbrush, and arranging
dental appointments.12 A significant association has been identified between parental and
child dental fear and dental anxiety, especially among younger children.3 Proxy-reported
measures from parents provide information on the physical functioning and the mental and
social experiences of children with respect to their oral health status.*° Parental
responsiveness to children’s needs and the setting of clear expectations for their child’s
behavior are associated with positive health outcomes.®

Although Patient-Reported Outcomes (PROs) from children and adolescents directly are the
gold standard for the survey questions, Patient Proxy-Reported Outcome (PpRO) is useful
when the child is too young or cognitively impaired for PRO self-assessment. PRO measures
taken directly from children are limited by the children’s general cognition, self-awareness
of symptoms, and understanding of oral health concepts.” PpRO from parents provides
supporting information to the PRO from children. For example, parents are the only
appropriate source for questions such as ‘During the past 12 months, was there a time that
your child needed dental care but did not get it?” For children under seven, PpRO is the most
effective way to access oral health-related quality of life (OHRQoL).*® There is literature
that studied the validity and limitation for the efficacy of parent-proxy, especially for
teenagers (age greater than 12).8 Therefore, it is necessary to develop a short form with valid
psychometric properties.

The PpRO measures from parents or caregivers, however, are not simply designed to ask the
same questions as those posed to their child. We have developed an oral health item bank,
910 which is used to evaluate oral health status of children. The child version of the
pediatric-calibrated items and the short form was presented in an earlier paper.11 The
agreement of the answers between children and their parents is also discussed in another
paper. The results in that paper show that in reporting the child’s oral health status, parents
usually have worse scores than their children (S. Lee, M. Marcus, C. Maida, R.D. Hays, I.
Coulter, J. Shen, Y. Wang, V. Spolsky, F. Ramos-Gomez, H. Liu, unpublished data).12 In this
paper, we describe the development of a proxy-reported measure of oral health for 2-17
years old using the method of Patient-Reported Outcome Measurement Information System
(PROMIS®).

To the best of our knowledge, there is no available questionnaire that focuses on the current
oral health status of children and adolescents, with both PRO and PpRO independently
compared to a dental exam result. The short forms use a small number of selected questions
through a statistical approach to represent comparable information from the general,
physical, mental, and social component of health.

METHODS

The item bank for parents’ PpRO was developed using PROMIS® methodology.®10.12
These items were from the literature review of National Institute of Dental and Craniofacial
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Research (NIDCR) items, published questionnaires. In addition, the team used formative
research, including focus groups and cognitive interviews®10 to develop items. An expert
panel (including pediatric dentists, general dentists, social scientists, and PROMIS® experts)
reviewed the items before the cognitive interview, during which the items were reviewed on
a one-on-one session between parents and dentists. Then, the survey items were
administrated in a field test. Field test data were collected from twelve dental clinics in Los
Angeles County1%.11 from August of 2015 to September of 2017. The dental clinics were
selected to cover the range of Los Angeles County, from Torrance (south) to Valencia
(north), from Agoura Hills (west) to Whitter (east), and to represent children and adolescents
who have a dental home in the county. The dental clinics targeted needed to be large enough
to accommodate at least three dental chairs and have enough patients to enable recruiting at
least 50 families in the community. In addition, the clinics needed to be open on a Saturday
to conduct field testing. Parents answered the survey questions, whereas the children and
adolescents were examined on-site by dentists for their current oral health status. The details
of the study design and the development of children’s version short form are described
elsewhere in the literature.910 This paper focuses on developing a short form of the parents’
version.

The conceptual model for parents was developed in parallel to the children’s version,
except that it included some additional domains that can only be answered accurately by
parents, for example, coping, prevention, and access to dental care. The conceptualized
model included three components: physical, mental, and social health. Each component
(orange in Figure 1) was further extended to subcomponents (green), domains (purple), and
subdomains (blue). The colors of the block in Figure 1 indicate different levels of structure.
The gray colored domains were not included in the further analysis because they did not
directly measure oral health status.

The clinical outcomes of the visual dental examination included Children’s Oral Health
Status Index (COHSI) score and referral recommendation (RR). The COHSI was developed
from a linear regression model that includes missing teeth adjusted for age, the decay of
teeth, occlusion, and abnormal position3 to evaluate the overall oral health status. The RR
criteria were developed from the guidelines for dental examination protocol of National
Health and Nutrition Examination Survey Questionnaire (NHANES) to reflect the necessity
for a future dental appointment. The criteria for the four levels of RRs, for example,
emergency, urgent, earliest convenience, and routine dental conditions were described in
detail in the pediatric oral health short form development paper.11

Items that directly measured oral health with responses from all 531 parents were included
in the analysis. Each item was rescaled so that higher scores represented better oral health
status. If a response option was endorsed by fewer than three parents, we combined the
category with the adjacent worse scenario (lower score). Highly skewed items (defined as
skewness less than —7.25) were excluded because of unstable estimation of parameters.11:14
Each survey item was further screened by evidence of relatively strong correlation
(correlation coefficient greater than or equal to 0.2 or a significantly positive correlation)
with one of the both clinical outcomes of the dental examination. After the correlation
check, we included additional items so that each domain in Figure 1 is represented by at
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least one item. Exploratory factor analysis (EFA) and confirmatory factor analysis (CFA)
were performed to evaluate the structure of the conceptual model (Figure 1).11.15 [tems with
standardized loadings less than 0.3 in the EFA were excluded. In the CFA, we evaluated the
goodness of fit of the model comparative fit index (CFI) (>0.90), the root mean square error
(<0.06), and the standardized root mean square residual (SRMR) (<0.08).14

Samejima’s graded response model (GRM) in item response theory (IRT) was used to
estimate the discrimination and threshold parameters!! for COHSI and RR separately. Four
assumptions for GRM were checked. The monotonicity of items was checked by item
characteristics curves to ensure that the probability of choosing response options
representing more positive oral health increases with better latent oral health. The
unidimensionality that the items described the latent oral health was confirmed by the GOF
criteria in CFA.18:17 Differential item functioning (DIF) was evaluated using ordinal logistic
regression.18-20 DIF provided evidence that the items are not measuring the latent oral
health status in the same way across groups, for example, age, gender, and ethnicity. The
assumption of local independence (conditional independence among items given the latent
trait) was examined by to require its discrimination parameter did not exceeding 4. Another
method used the diagonally weighted least square (WLSMV) method (residual correlation
>0.3).14

The short form items were selected based on four criteriall: discrimination parameters,
threshold parameters, the broadness of domain structure, and expert panel suggestions. The
discrimination parameter (slope) should be at least greater than 1. The range of the threshold
parameters should include a wide range of the latent trait. The items in the short form should
represent a wide range of domains in the conceptual model. The agreement between long
and short forms was compared by plots (shape of the curve) and intraclass correlations. Stata
and M-plus?122 were used to calibrate the items. The raw score and 7-score conversion
tables were generated for easy implementation of short form in practice.

7-scores generated from the parent’s short form were used to predict both COHSI and RR.
We constructed the toolkit to mapping the short form results to the results from clinical
examination directly, adjust for the demographic information and using machine learning
techniques to train the algorithms. The demographic information was children’s age-group,
gender, race or ethnicity, number of kids in the household, dental insurance, access to dental
clinic, and parent-child relationship. We use naive Bayesian method?3 to validate the
prediction result of short form for binary treatments needs. The entire database is divided
into training sets and test sets. The training set was composed of randomly selected 70% of
parents, and the rest are testing sets (30%).24 Naive Bayesian methods are used on the
training set to develop this prediction algorithm, which is then used on test set to report
sensitivity, specificity, and area under the curve (AUC) for this prediction algorithm.

RESULTS

The sample included 531 parents of children 2-17 years old, recruited from general and
pediatric dental clinics between August 2015 and September 2017 in the Los Angeles
County. The characteristics of the sample (including both parents and children) are shown in
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Table 1. More than half of the children in the sample (58%) were recommended to follow
their routine care, and 7% of children were recommended to see their dentist immediately.
The overall COHSI score of the children was 90.6 (standard deviation 8.3). The sample was
distributed approximately evenly among three age-groups 2-7, 8-12, and 13-17, and between
boys and girls. The sample was 42% Latino, 20% White, 18% multiracial and others, 11%
Asian, and 8% African American. Most of the proxy responses are obtained from female
parents or guardians (71%), middle-aged (30-44) parents (56%), and Latinos (46%) as
shown in Table 1. Most of the parents or guardians (75%) were married or living with a
partner. The majority (72%) indicated that their primary language was English. Only 6% of
the parents had less than a high school education. The average household size of the sample
was about 4.8 persons per family. More than half of these families rented a place to live.
There were 42% of families with household income above $60 000. The majority (80%) of
the families had at least one parent with a full-time job.

The study questionnaire was completed by QDS™ (Questionnaire Development System).
Subjects who did not complete the survey (<4%) were excluded at the beginning of analysis.
We do not have missing data. The entire survey for parents included 256 items, including a
literature review of published instruments, legacy items, and demographic items. The long
form was developed from the 64 items, excluding 37 items that did not directly measure oral
health; 94 branched items that were answered depending on the responses to previous
questions; 17 items that are only answered by certain age-groups, 12 new items added in the
middle of the field test; and 32 were demographic-related questions. One more item was
excluded because of skewness. Thirty-six items were excluded because of small or negative
correlations with clinical outcomes. Twenty- eight items remained in the item pool. Finally,
seven items are added back after reviewing the completeness of the domain coverage in
Figure 1. Thus, there were 37 candidate items for developing the long form, with 27 items
associated with COHSI and 31 items for RRs. There were 21 items to both COHSI and RRs.
Separate but similar procedures were performed for two sets of items that measured COHSI
and RRs.

Seven items were excluded because of low EFA factor loadings (<0.3). The CFA confirmed
the structure of the conceptual model; for COHSI, the overall CFl, SRMR, and RMSEA
were 0.93, 0.04, and 0.06, respectively, and for RRs, these indices were 0.91, 0.05, and 0.06,
respectively. These 30 proxy items covered the majority of domains in the conceptualized
model, with five items only for COHSI, seven only for RRs, and 18 items in common. Two
more items were excluded because of violation of the monotonicity assumption. Therefore,
the calibrated long form included 28 items as shown in Table 2 for COHSI and RR. The
results of calibration, with slopes (discrimination) and threshold (difficulty) parameters, are
shown in Table 2A,B. In Table 2, the subcomponent of the items was indicated in the long
form. The long form consists of a total of 28, with 22 items for COHSI and 24 items for
RRs, including 18 items in common.

The items for the short form are shown in bold in Table 2. These items were selected based
on the slope (higher slope), threshold parameters (wider range), domain representation, and
expert panel opinions. There were seven items in short form for COHSI and seven items for
RRs. Six questions were commonly used to measure both clinical outcomes. The items
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represented the physical, mental, and social health components. The information curves for
the short form and long form are compared in Figure 2 for both COHSI and RRs. The curves
for short form preserved the shape of the curve for long form but with less comparable level
of information. The Pearson correlation coefficients between the latent traits of the long
form and short form were 0.90 for COHSI and 0.91 for RRs.

The short form with detailed item questions and responses is shown in Table 3, and the form
could be easily modified to be directly used in practice to evaluate both COHSI and RRs.
Tables 4 and 5 linked the short form response to the 7-score. The 7-score has a mean of 50
and a standard deviation of 10, with higher scores indicating better oral health status. For
example, if the 7-score is 45.0 (raw score in the survey is 30), then the subject is 0.5
standard deviation below the U.S. general population mean. The conversion table is used
when all the questions in the short form are answered. The 95% confidence interval is
calculated by the formula 7-score minus and plus the standard error in the table times 5.

The toolkit is developed based on the above short form items, demographic information, and
machine learning algorithms to predict clinical outcome, COHSI and RR (Figure 3). The
validation of the toolkit indicated a good potential in prediction with AUC equal to 0.64. The
potential cutoff with high sensitivity (ability to detect those who need treatment very soon)
can yield a sensitivity of 85% with specificity 31%, from the 30% test data.

DISCUSSION

We used PROMIS® methods to develop the proxy-version short form from general health,
and physical, mental, and social health perspectives. The proxy version was developed to
compensate for or augment the child’s self-reported version. Children and parents’
perspectives may differ, and children may have limited ability to report on certain oral
health-related issues. Certainly, when children are too young (less than 7 in our study) to
answer the survey questions, only the parent’s responses can be relied upon. Parents and
children were asked very similar questions for those concerns that have a small contextual
effect, for example, in parent version, “How often does your child have bad breath,” as
compared with the item in child version “How often do you have bad breath.” Certain items
are only available in the child version, for example, “Do other students make jokes about the
way your teeth look.” The accuracy of the response to these questions relies upon
respondents’ perception of oral health and the degree of relationship between the
respondents and their children. The parents’ perception of the factors that differentiate
COHSI and RRs is not as clear as those gained directly from the children. The short form
has a total of 15 items, with four items in common. As expected, the actual disease status
and perceived need are associated with the parents’ perceptions of their children’s oral
health status.225 The family relationship measure (“How often does your child feel that you
listen to his or her ideas?”) is used to adjust for the variability in parent-proxy items.26 The
validity and reliability of parent-proxy measurements can also be affected by the age of the
children, items used in the PROs assessment, the oral health status of the child, the quality of
parent-child relationship’; and the perception of oral health from parents’ perspective.2 The
toolkit has high sensitivity and tolerable specificity to predict the COHSI and RRs.
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It is estimated that by 2060, 34% of the US population under age of 18 will be Latino.2” The
prevalence of dental caries is disproportionately higher for Latino children. The parents’
short form developed in this paper and the children’s short form together may help to find
out the reasons for the disparities. The short form can be used to predict the COHSI score
and RRs. It could be used for screening in large population settings with limited resources.
The sample size in this study is more than 500, which is recommended?8 for most two-
parameter IRT models. To our knowledge, this is the first study that developed a proxy-
version short form using PROMIS® methods to predict their children’s COHSI score and
RRs. We evaluate the accuracy of the short form using outcomes from an on-site clinical
exam. Parents can easily use the short form as a snapshot of their children’s oral health
status, through RRs and the COHSI score. The short form could be used to evaluate the oral
health programs from the parents’ perspectives. Additionally, it could be used to stratify
samples for children’s oral health-related research using parental responses.

There are some limitations in this paper. Similar limitations are described in another paper,
such as the sampling frame and data collection methods.1? The sample was recruited
conveniently from dental clinics located in Los Angeles County. Given the complexity of
residential mobility of the county, we did not take into account the variation in different
areas, either demographic differences or oral health status from different clinics. We pooled
the samples together to obtain sufficient sample size.28 We included some DIF questions in
the short form. For example, for the reminder question, for example, “how often do you
remind your child to brush his or her teeth before he or she goes to sleep,” DIF was found
among and within age-groups. This item is age-specific as expected. Another item related to
social activities has DIF with respect to the primary language and education level. This
could potentially be the result of using the word “interfere” in the survey questions and
respondent’s understanding of the meaning of “social activities.”

Future work includes comparing the consistency and agreement among items reported by
both parent and child. The project is unique in the concurrent use of a clinical examination
for all children and parents surveyed. Further analysis could be undertaken to develop a
disease-specific parent-proxy version of the survey to address, for example, childhood active
caries or caries experiences. This paper provides the foundation for the further development
of children’s oral health toolkits that combine the short form responses from both children
(self-reported) and parents (proxy-reported) to predict oral health outcomes effectively and
accurately.
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Why this paper is important to paediatric dentists

. The survey is developed using Patient-Reported Outcome Measurement
Information System (PROMIS®) approach with validated psychometric
properties.

. To develop a short list of questions (short form) using item response theory

(IRT) to predict children’s oral health status based on the parents’ view.

. To provide a parent oral health toolkit that can evaluate and screen children’s
oral health status and treatment needs.
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TABLE 1

Characteristics of the sample (children, parents, and household) in the field test

Variables Mean (SD) or No. (%)

Children’s Oral Health Status Index (COHSI)  90.59 (8.3)

Clinical recommendation

Continue your regular routine care 306 (57.6%)
See a dentist at your earliest convenience 62 (11.7%)
See a dentist within the next 2 wk 126 (23.7%)
See a dentist immediately 37 (7.0%)
Children’s mean age 9.6 (4.2)

2-7 179 (33.7%)
8-12 206 (38.8%)
13-17 146 (27.5%)

Children’s gender

Male 273 (51.4%)
Female 257 (48.4%)
Female to male transgender 1 (0.20%)

Children’s race/ethnicity

Caucasian/White 109 (20.5%)
Black/African American 43 (8.1%)

Hispanic/Latino 224 (42.2%)
Asian 59 (11.1%)
Other 96 (18.1%)

Parent’s gender

Male 156 (29.4%)
Female 375 (70.6%)
Parent’s mean age 40.4 (9.0)
Less than 30 64 (12.1%)
30-44 295 (55.6%)
45-59 157 (29.6%)
Above or equal to 60 15 (2.8%)

Parent’s race/ethnicity

Caucasian/White 130 (24.5%)
Black/African American 45 (8.5%)
Hispanic/Latino 246 (46.3%)
Asian 67 (12.6%)
Other 43 (8.1%)

Parent’s marital status

Married/living w/partner 398 (75.0%)

Single 133 (25.1%)
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Variables

Mean (SD) or No. (%)

Parent’s education level

Did not finish high school 31 (5.8%)
High school or equivalent 153 (28.8%)
Some college 273 (51.4%)
Graduate or professional school 74 (13.9%)
Parent’s primary language
English 382 (71.9%)
Other 149 (28.1%)
Household size 4.8 (1.4)
Less than or equal to 3 89 (16.8%)
4 176 (33.2%)
5 121 (22.8%)
More than or equal to 6 145 (27.3%)
House status
own 204 (38.4%)
Rent 299 (56.3%)
Other arrangement 28 (5.3%)
Household annual income level
Less than $20 000 96 (18.1%)
$20 000-$39 999 141 (26.6%)
$40 000-$59 999 72 (13.6%)
$60 000-$89 999 83 (15.6%)
Over $100 000 139 (26.2%)
Family employment
Full-time Job 420 (79.1%)
Part-time Job 59 (11.1%)
Not working 52 (9.8%)
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7-score conversion table for Children’s Oral Health Status Index

Raw score  T-score SE N (%) Average Index
7 17.68 3.79 1(0.2) 96.54
14 24.37 309 2(04) 93.49
15 28.24 3.32 1(0.2) 84.69
18 29.02 307  2(04) 9343
20 31.29 3.22 1(0.2) 80.08
21 31.29 322  4(08) 85.78
22 33.23 2.96 5(0.9) 84.20
23 33.23 2.96 4(0.8) 83.21
24 34.53 3.28 6(1.1) 83.39
25 37.75 366 11(2.1) 83.21
26 38.88 370 11(2.1) 85.99
27 39.41 374 15(2.8) 90.40
28 41.83 422 17(3.2) 88.67
29 44.10 455 40(75) 8861
30 45.86 487 50(94) 86.76
31 48.22 536 56 (10.5) 90.61
32 50.29 574 78(14.7) 9145
33 53.66 6.39 95(17.9) 92.00
34 57.62 7.05 89(16.8 93.08
35 62.16 782 43(81) 93.73

SE: standard error on 7-score metric.
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