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Abstract

In this study, we review the implementation, reliability, and validity of the Pediatric Quality of Life Inventory
(PedsQL), a measure of health-related quality of life, in young children in rural Guatemala. Mothers of 842 children
(age range = [-60 months) completed the PedsQL Generic Core Scales 4.0 serially for | year. Low (Pearson’s r=0.28,
P<.0001) to moderate (Pearson’s r=0.65, P<<.0001) consistency in responding over time was shown. The PedsQL
did not discriminate reliably between healthy children and those with stunting or wasting. PedsQL scores were
not lower during the time of an acute illness. While we found low to moderate evidence for the reliability of the
PedsQL in healthy children, it did not discriminate between healthy children and those with stunting, wasting or
other acute illness.
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What Do We Already Know About
This Topic?
Children living in low resource settings are exposed to

many risks to their physical health and therefore to their
overall health-related quality of life.
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of healthy children and those with chronic or acute
illness.

What Are Your Research’s
Implications Toward Theory,
Practice, or Policy?

Future studies in low resource settings, particulary those
involving the youngest children, should describe imple-
mentation of the health-related quality of life measure
and analysis of reliability and validity to ensure that data
accurately reflect what is occuring in that population.

Background

The World Health Organization defines health-related
quality of life (HRQOL) as not simply an indicator of
the presence or absence of disease, but as a more com-
prehensive metric of physical, mental and social well-
being.! There is a growing recognition of the importance
of measuring quality of life in health outcomes, because
children who suffer from health-related conditions are
not only impacted physically. Emotional, social and
school functioning are also affected, placing these chil-
dren at a disadvantage across all areas of daily living
compared to their healthy peers.?

Measuring HRQOL is particularly important in low
resource settings (LRSs) where children are exposed to
many risks to their physical health.>* The most common
health problems, unique to children living in LRSs, are
stunting and wasting, with incidence rates as high as 1/3
to 1/2 in the most impacted parts of the world.>® Stunting
and wasting are reported to be responsible for 2.2 mil-
lion deaths a year and 35% of the disease burden in chil-
dren under 5.% Stunting is understood to be a proxy for
chronic undernutrition and related to compromised
immunity and repeated illness.”!! Wasting is thought to
be a reversible condition related to acute undernutrition
and can be seen in cases of food shortages or during out-
breaks of disease, for example.'? Not surprisingly then,
several studies have shown stunting and wasting to be
related to lower HRQOL'>!S and consequently, poor
long-term outcome. 42!

While there is no agreed upon gold standard for the
measurement of HRQOL, the PedsQL has emerged as
one of the most commonly used tools in clinical practice
and healthcare research. Many studies have shown it to
be a valid instrument with good ability to discriminate
between groups of healthy and ill children, differing lev-
els of disease severity, and chronic and acute illness.?> >
While it was developed in the United States, the PedsQL
is widely used throughout the world including in
LRSs.?>2028 However, the majority of studies outside of

the US report PedsQL results without presenting data on
whether it has been shown to be a reliable metric of
HRQOL with good discriminability both cross-cultur-
ally and in that particular study setting.?3? Of the stud-
ies that do report on the psychometric properties of the
PedsQL in LRSs, some have shown that it can be used
successfully'***3* while others have found that it did not
discriminate as well as expected between groups of
healthy and ill children and have called for more research
when utilized in these settings.?’-3>3¢

Additionally, most studies of the PedsQL in LRSs
have been conducted on school-aged children, and
there is less evidence for its use in the very young, par-
ticularly infants and toddlers.'>?7343738 In Argentina,
the PedsQL, adapted for use at the study site, worked
well for children ages 5years and older, but was less
reliable for children 2 to 4 years of age.’® Even in the
US, the research has been equivocal, with some studies
showing that the PedsQL can be used successfully in
infancy?*?%40 and through the preschool years,?>*! and
another study showing that it may not perform as well
with the youngest children.*? Few studies have focused
on the reliability and discriminatory ability of the
PedsQL to measure HRQOL in an infant/young child
population in an LRS. 444

The objective of the current study was to report on
implementation, reliability and discriminant validity of
the caregiver report PedsQL in order to advance the
understanding of HRQOL of young children living in
poverty in rural Guatemala. We hypothesized that
PedsQL scores would remain stable over time in healthy
children and would discriminate between healthy chil-
dren (i.e., children without a known, active health prob-
lem) and those meeting criteria for stunting or wasting. A
secondary objective was to examine the sensitivity of the
PedsQL to acute illness. We hypothesized that PedsQL
scores would be lower for children during the time of
acute illness compared to when they were healthy.

Methods

Study and Setting: In June 2017, we launched a pro-
spective, natural history study (“the Parent Study”) of
postnatally acquired Zika virus (ZIKV) infection in
infants and young children at the University of Colorado
Center for Human Development research and clinic site
in Guatemala. The site is located at the intersections of
the departments of San Marcos, Quetzaltenango and
Retalhuleu, encompassing 22 rural communities with
approximately 30 000 residents. These communities are
monolingual Spanish-speaking. The population suffers
from high rates of food insecurity and child under-
nutrition, diarrheal disease, maternal depression, and
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maternal and child morbidity and mortality.***® The
Parent Study was funded by the National Institutes of
Health through the Baylor College of Medicine Vaccine
and Treatments Evaluation Unit (VTEU). The Parent
Study protocol was reviewed and approved by the
Institutional Review Board at Baylor College of
Medicine, the Colorado Multiple Institutional Review
Board, and the Ethics Review Committee of the
Ministry of Health in Guatemala.

The Parent Study enrolled children from birth to
Syears of age who were prospectively followed for 1 year
to determine the incidence of postnatally acquired symp-
tomatic and asymptomatic ZIKV infection. Infant-mother
pairs were eligible if the child was 0 to 2.9 months of age
and the mother was =16 years of age at enrollment. They
were screened and enrolled from the Center maternal and
child health program, from referrals of pregnant women
who were close to delivery or had delivered an infant in
the previous 2months by community health workers.
Older children (<Syears of age) were eligible if they
either participated in a prior 2015 to 2016 dengue acute
febrile illness surveillance study or were a sibling of an
enrolled infant. Informed consent was obtained by
research nurses. The research nurses were available to
discuss the details of the study. Informed consent forms
were signed according to the National Regulations in
Guatemala, who were supplied with a copy of the form. If
the parent was illiterate, they were provided a thumbprint
on the consent document, and a witness who was not a
member of the research team was present to countersign
to attest that the study information was provided and the
parent(s) understood the study procedures, risk, benefits
and alternatives. There were no cases of acute ZIKV dur-
ing the time of the study.

In addition to serial neurodevelopmental assess-
ments, the PedsQL was administered to mothers at the
following time points for each participating child: base-
line (enrollment within the first 3 months of life), 3, 6, 9,
and 12months after enrollment for infants; baseline, 6
and 12 months for children under 36 months of age; and
baseline and 12months for children 36 months of age
and older. For the purposes of consistency in comparing
children for the current analyses, baseline, 6 months and
12 months PedsQL scores were used. Height and weight
measurements were taken at each visit by study nurses.
Salter and hanging scales were used to weigh infants
and floor scales were used to weigh children. Seca
infantometers were used to measure infants’ length and
stadiometers were used to record children’s height.

Weekly illness surveillance was conducted, in which
mothers were contacted by phone and asked about
whether or not their child had suffered from fever
>38.0°C, rash, conjunctivitis (non-purulent/hyperemic),

arthralgia, myalgia, or peri-articular edema for more than
1 day. Any child with at least 2 of these symptoms met
the case definition for a flavivirus-like illness (FLI),
which prompted a case investigation and diagnostic test-
ing for ZIKV, dengue, and chikungunya. Mothers were
administered the PedsQL for the child within 4 weeks
after every FLI episode in order to capture any effects of
the recent illness.

PedsQL: Mothers were administered the PedsQL
module appropriate for the age of the child (1-12 months,
13-24 months, 2-4 years, 5 years and up). There was very
high completion rate of PedsQLs in this study. In infants,
mothers completed 94% of PedsQLs at enrollment,
and 99% for both the 6 months and 12months visits.
Likewise, in older children, 96% of enrollment visit
PedsQLs were completed and 99% were completed
from both the 6 months and 12 months visits.

The PedsQL Generic Core Scales 4.0 designed for
use in both healthy and patient populations was admin-
istered.?**” Mothers were asked how much of a problem
each item has been during the past month and are asked
to respond on a 5-point Likert scale (O=never, ] =almost
never, 3=sometimes, 4=often, and 5=almost always).
Items are reverse scored and tranformed to a scale of 0
to 100 points with higher scores indicating a better
HRQOL. Three summary scores are derived from the
PedsQL: Psychosocial Health (comprised of Emo-
tional, Social and Cognitive Functioning for children
<24months and Emotional, Social, and School
Functioning for children age 2 and older), Physical
Health (comprised of Physical Functioning and Physical
Symptoms for children <24 months and Physical
Functioning for children 2 years and older) and Overall
Health Related Quality of Life (all scales combined).
Scores are raw scores and are not standardized.
Composite data from 9430 school-aged children in the
US showed a mean total score of 82.70 (SD=15.40) on
caregiver report with >1 standard deviation below the
mean indicating at-risk status for impaired HRQOL.?® A
US sample of 246 healthy infants showed a similar mean
total score of 82.47 (SD=9.95) for healthy children.?®

Process of implementation of the PedsQL: While
the PedsQL has been used widely throughout the
world and in a variety of LRSs, many studies do not
report on any specific challenges to implementa-
tion.?? 32 However, in pretesting the PedsQL in our
setting, a few problems with standard administration
were quickly identified and readily apparent. First,
while we obtained a version of the PedsQL in Spanish,
the version was from Mexico, which necessitated
some minimal regional language changes.??3748
Second, many mothers asked for clarification on
every item. Follow-up questioning by examiners
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Figure |. Visual of PedsQL Likert scale.

revealed problems related to literacy, confusion
around the question stem and difficulty with the
Likert scale. These issues were addressed and modifi-
cations from standard administration were made
according to internationally accepted guidelines.**>3

Literacy: A 2011 community needs survey found
21% of mothers reported having no formal education.*®
Overall, 52% of mothers completed school beyond sec-
ond grade and only 7.5% of mothers attended school
beyond the 6th grade. Therefore, given that it was likely
that a sizable proportion of mothers may have struggled
with the literacy demands of the PedsQL and were dem-
onstrating difficulty during pretesting, we administered
it orally to all mothers to ensure equal access to the test
and consistency in test administration across the Parent
Study.

Question stem: The question stem on the PedsQL
refers to problem severity (i.e., “How much of a prob-
lem has your child had with..?””), but requires a response
regarding frequency (e.g., never, almost always). While
this seems to work in English, it appeared to create sub-
stantial confusion in our study. To address this, we mod-
ified the stem to “;Qué tan seguido ha tenido problemas
con. . .?,” which directly translates to “How often has
he/she had problem with. . .?”” This improved the ability
to connect the stem to item responses and reduced the
need for clarification from mothers.

Likert scale: During the pretesting, mothers also
frequently expressed confusion about the 5 point Likert
scale, its meaning and the variety of response options
available. To address this, we worked to develop a
visual prompt to represent each of the 5 options.
Several visuals were attempted and failed during pilot

testing. In the end, we adapted an unpublished illustra-
tion by Perez-Condor and Kohrt** of a Guatemalan
woman burdened by a heavy sack, which illustrates
that having “more” of something was negative. We cre-
ated a visual of a child with an increasing number of
mosquitos on his body (Figure 1). The artist, who is a
nurse coordinator at the site (EEB), added the written
answers above each drawing for those mothers who
could rely on those as well. In introducing the ques-
tionnaire, we provided a verbal explanation about the
frequency and not the burden/severity of the mosqui-
tos. So, for example, we described that he “never” or
“always” has mosquito bites. This resulted in improved
ability to answer questions and in better variability in
responding qualitatively.

Analysis: The PedsQLs of all subjects who completed
the Parent Study (n==842) were included in the analysis.
Children were categorized as “healthy” if they did not
meet criteria for stunting or wasting at any time point
and did not have a FLI episode. Stunting was defined as
equal or greater than 2SD below the mean in height- or
length-for-age z-scores using the WHO growth stan-
dards.>® Wasting was defined as equal or greater than
2SD below the mean in weight-for-height/length z-score
using the WHO growth standards.>® Finally, because
communities of young children with high rates of stunt-
ing and wasting are also believed to experience more
frequent acute illess,'>**>% PedsQLs from children
experiencing a FLI event were also analyzed.

A Pearson’s product moment correlation was com-
puted to examine the correlation between PedsQL
scores among children categorized as healthy at all time
points. We expected to see consistent scores over time
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Table |. Pearson Correlation Coefficients of PedsQL Scores Across Visits in Healthy Infants and Older Children.

Enroliment to 6 months 6 months to 12 months
Infants (n = 309)* Pearson’s R p-value Pearson’s R p-value
Psychosocial health 0.45 <0.0001 0.47 <0.0001
Physical health 0.41 <0.0001 0.47 <0.0001
Total score 0.50 <0.0001 0.51 <0.0001
Older children (n = 182)** Enrollment to 6 months 6 months to 12months
Psychosocial health 0.56 <0.0001 0.62 <0.0001
Physical health 0.53 <0.0001 0.28 0.025
Total score 0.65 <0.0001 0.54 <0.0001

*Infants: children 0-3 months at the time of enrollment.

**Qlder children: siblings and community controls ages | to 5years at the time of enroliment.

due to normal growth indicators for height and weight
and lack of presence of acute illness. Next, multivari-
able mixed models were used to compare PedsQL
scores over time between healthy children and children
meeting criteria for stunting and between healthy chil-
dren and children meeting criteria for wasting. PedsQL
data was tested for normality using the Shapiro-Wilk
test at each time point for infants and young children
separately. T tests (for normally distrbuted data) and
Mann-Whitney U tests (for non-normally distributed
data) were done to examine differences between PedQL
scores at specific study time points between healthy
children and children meeting criteria for stunting or
wasting. We hypothesized that PedsQL scores would be
lower for children meeting criteria for stunting and
wasting in all analyses.

The “minimal clinically important difference” for the
PedsQL was described in Varni et. al. (2003) as the
smallest difference in a score that would trigger different
patient management or would be perceived by parents to
be beneficial.>* Therefore, we also examined mean
scores for healthy children and children meeting criteria
for stunting or wasting to assess whether these differ-
ences met criteria for a minimal clinically important dif-
ference. Lastly, effect sizes were computed to analyze
PedsQL scores at baseline, immediately after a FLI
event, and then in the months following. We hypothe-
sized that scores during a FLI event would be lower than
before or several months later for a given child.

Results

Analysis of infants consisted of 486 subjects for whom
anthropometric measurements and linked PedsQL data
were available for at least 1 time point (enrollment,
6months visit, or 12months visit). Of these 486 sub-
jects, 309 were healthy (no stunting or wasting and no

FLI events) at all visits, 13 met criteria for stunting or
wasting at all visits, and 159 met criteria for stunting or
wasting at some but not all timepoints. Infant subjects
were 47% female, and an average of 1.1 (SD 1.0) months
old at first anthropometric measurement and PedsQL
administration. Analysis of older children consisted of
357 subjects for whom anthropometric measurements
and linked PedsQL data were available for at least 1time
point (enrollment, 6 months visit, or 12 months visit). Of
these 357 subjects, 182 were healthy at all visits, 114
met criteria for stunting or wasting at all visits, and 61
met criteria for stunting or wasting at some but not all
timepoints. Older children were 48% female, and an
average of 35.9 (SD 10.3) months old at first anthropo-
metric measurement and PedsQL administration.

Test-retest reliability of the PedsQL for infants and
children categorized as healthy (never meeting criteria
for stunting or wasting or a FLI during the time of the
study, n=491) ranged from low (Pearson’s r=0.28,
P <.0001) to moderate (Pearson’s »=0.65, P<<.0001)
with most time points showing moderate correlations
(Table 1).

T-tests were utilized to analyze differences between
PedsQL scores of healthy infants and children and those
meeting criteria for wasting or stunting at each of the
time points separately. These differences were statisti-
cally significant at enrollment and 6 months for older
children, but not at 12months. No significant differ-
ences were found at any time point for infants. The mini-
mal clinically important difference was compared to the
observed difference in study children at all time points.>*
Only scores at 12 months for infants and at 6 months for
older children met the threshold for a minimal clinically
important difference (Table 2).

Multivariable mixed models compared PedsQL
scores at visits in which an infant or child met criteria
for stunting with visits of those that were healthy, as well
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Table 3a. Association Between PedsQL Scores Collected at Visits During Which the Infant or Child Met Criteria for
Stunting Versus Visits at Which the Infant or Child Did Not Meet stunting Criteria*, Adjusted for Relevant Confounders.

Psychosocial health Physical health Total score
Estimate (SE) P-value Estimate (SE) P-value Estimate (SE) P-value
Infants
Stunting (n = 308) =591 (1.25) <0.0001%** -0.64 (1.13) 0.57 -3.68 (1.04) 0.0004**
Older children
Stunting (n = 299) -1.91 (1.39) 0.17 -3.67 (1.26) 0.004** -2.68 (1.20) 0.03**

*Adjusted for gender; those with FLI events not included. Visits at which the infant or child also met criteria for wasting are not included.

**Statistically significant (p < .05).

Table 3b. Association Between PedsQL Scores Collected at Visits During Which the Infant or Child Met Criteria for
Wasting Versus Visits at Which the Infant or Child Did Not Meet Wasting Criteria*, Adjusted for Relevant Confounders.

Psychosocial health Physical health Total score
Estimate (SE) P-value Estimate (SE) P-value Estimate (SE) P-value
Infants
Wasting (n = 295) -0.68 (2.07) 0.74 -0.52 (1.89) 0.78 -0.64 (1.71) 0.71
Older children
Wasting (n = 204) -2.37 (3.59) 0.51 -0.81 (3.43) 0.81 -1.59 (3.18) 0.62

*Adjusted for gender; those with FLI events not included. Visits at which the infant or child also met criteria for stunting are not included.

**Statistically significant (p < .05).

Table 4. Effect Sizes of the Means of PedsQL Scores for Children with a FLI Event.

Enrollment to 12months

Enrollment to FLI FLI to 12months

Infants
Psychosocial health -0.53
Physical health -0.14
Overall HRQOL -0.41
Older children
Psychosocial health 0.29
Physical health 0.11
Overall HRQOL 0.25

-0.06 —-0.44
-0.16 0.01
-0.11 -0.29
0.30 -0.01
0.09 0.02
0.23 0.02

as visits in which an infant or child met criteria for wast-
ing with healthy infants and children. Those who met
criteria for a FLI at any point in the study were not
included in this analysis. The models were adjusted for
gender. At clinic visits in which an infant met criteria for
stunting, the infant had significantly lower scores on
Psychosocial Health (P=<.0001) and the Total Score
of the PedsQL (P=.0003). In visits in which an older
child met criteria for stunting, the child had significantly
lower scores on Physical Health (P=.002) and the Total
Score (P=.02). No statistically significant differences
were evidenced between infants or children meeting cri-
teria for wasting and healthy infants and children in any
cohort (Table 3a and 3b).

Effect sizes were small to medium and frequently not
in the expected direction for infants and children before,
during and after a FLI event (Table 4).

Discussion

Low to moderate test-retest reliability was found dem-
onstrating modest support for the PedsQL as a reliable
measure of HRQOL in infants and children without
known chronic or acute health problems. While the dif-
ference in scores between those meeting criteria for
stunting and healthy infants and children was statisti-
cally significant when multiple test administrations were
analyzed over time, this difference was not evident for
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wasting. Differences were also not consistently evident
when stunting and wasting were combined and analyzed
at specific time points for older children and was not
evidenced at any time point in infants, although this lat-
ter analysis was limited by small sample size for the
stunting/wasting group. For the time points that met sta-
tistical significance, the difference in means did not con-
sistently meet the threshold for a minimal clinically
important difference’® potentially limiting any real
world implications. Lastly, mothers did not report statis-
tically significant lower scores in the weeks following
an acute illness episode when compared to time points
in which the same child was healthy. Therefore, like for
wasting, the PedsQL did not appear to capture the impact
of acute illness in this population.

While we found modest support for the PedsQL as a
reliable measure of HRQOL in young children without
known, active health problems, it did not function reli-
ably as a discriminatory tool between healthy children
and children meeting criteria for wasting, nor did it dis-
criminate reliably when an individual child was experi-
encing acute illness. PedsQL scores were lower in
certain indices for infants and children with stunting,
but only when multiple assessments over time were
included, which is likely not feasible for many smaller
studies or for those planned to assess children at a
single time point. While there is a growing body of lit-
erature supporting the use of measures developed in
high-income countries to assess children in LRSs when
carefully translated, adapted, and applied***! and we
have successfully shown other U.S.-developed mea-
sures to work reliably in our population,®>® our data
suggest that the PedsQL did not function sufficiently as
a reliable indicator of HRQOL in these groups of young
children in rural Guatemala.

There were limitations of our study that may partially
explain these results. In pretesting, there were signifi-
cant problems with literacy and comprehension of test
items, the question stem and the Likert scale of the
PedsQL. Therefore, modifications to administration
were necessary to address these problems. While some
studies have shown that mode of adminstration (paper,
computer, telephone interview) did not impact PedsQL
results,®*% while minor, our additional modifications to
administration potentially changed the measure in ways
such that it performed differently than the original ver-
sion. However, again, given the extent of problems evi-
denced during pretesting, we believe we would not have
been able to use the PedsQL at all without modifiying
how it was administered.

Additionally, there were limitations to how we cate-
gorized children into the healthy group. Due to the lack
of available health care specialists in the area, there were
likely children who would have met criteria for a chronic

medical condition yet were undiagnosed and so were
included in the healthy sample. There are also high
background rates of infectious disease and other acute
illnesses in the community*>*%%® which may mean that
even infants and children not meeting criteria for stunt-
ing or wasting or with an active FLI event were not truly
“healthy,” also complicating any comparisons between
groups and potentially attenuating our results.

It should be noted that in other analyses, our trans-
lated and adapted performance-based neurodevelop-
mental measure, the Mullen Scales of Early Learning,®’
did discriminate between children meeting criteria for
stunting or wasting and children we categorized as
“healthy” with the former performing more poorly
across domains.®® It is possible that a meaure focused on
HRQOL, like the PedsQL, picks up on the elevated
background rates of health problems in all children in a
high risk community such as this and so fine distinctions
between groups of children are more difficult to capture
than differences between children on measures focused
on developmental skill domains.

Presumably, this problem with high background rates
of disease and unknown rates of other chronic and acute
medical problems would be common in other LRSs
around the world, as well. It is possible then that these
factors would make it difficult for the PedsQL or any
other health-focused measure to isolate the impact of
any 1 disease or factor in these higher risk communities.
It may also be challenging for caregivers to recognize
and report a symptom as problematic that is normative
in that particular high-risk community. For example, if
there are high rates of stunting in a community, then low
energy and lethargy may be commonly observed in chil-
dren and so the mother of a child with stunting may not
view her child as different in this way.

The PedsQL may also have functioned differently
than the Mullen Scales of Early Learning in our study
because the latter is a performance-based assessment
and the PedsQL is caregiver report. In the field during
administration of the PedsQL, we repeatedly observed
incongruencies between what mothers reported during
adminstration of the PedsQL and what was reported to
clinic nurses in informal interview or observed by the
team. For example, on 1 FLI visit, the mother reported a
very recent hospitalization of the infant for bronchitis.
The baby continued to have loud and labored breathing.
Yet, on the PedsQL, the caregiver responded that the
baby had not been struggling to breathe and was not
making any sounds while breathing over the past
2weeks. Therefore, while the PedsQL has been shown
to be reliable in other settings and despite our efforts to
modify administration to improve comprehension of the
measure (described in detail above), we often struggled
to obtain answers consistent with what mothers reported
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on more informal interview. Again, this may suggest
some specific challenges, cultural and otherwise, to
caregiver report in our study community that we have
yet to fully understand and not a problem with the
PedsQL in particular.

Conclusion

Understanding the impact of HRQOL in populations of
children exposed to elevated and cumulative risk factors
to their health and well-being is of utmost importance.*?
However, ensuring that these data accurately reflect
what is occuring so that targeted and effective interven-
tions can be developed is critical. Any future studies in
LRSs, particulary those involving the youngest children,
should describe implementation of the measure and
analysis of reliability and validity in that population.
Sharing this information will help other research and
clinical teams apply lessons learned and more accurately
assess the health of the pediatric populations they are
supporting.
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