==

ScienceDirect

p— Contents lists available at sciencedirect.com

o - SRS
ELSEVIER Journal homepage: www.elsevier.com/locate/vhri

Patient-Reported Outcomes

Cerebral Malaria in Childhood Is Associated With Decreased Long-Term )
Health-Related Quality of Life Sponter

Perez N. Ochanda, MA, Paul Bangirana, PhD, Carol Kamya, MPH, Arild Aakvik, PhD, Dibyadyuti Datta, MS, PhD,
Chandy C. John, MD, MS, Bjarne Robberstad, PhD, Kagan A. Mellencamp, PhD

ABSTRACT

Objectives: Severe malaria in childhood causes long-term cognitive and behavioral problems; however, its impact on health-
related quality of life (HRQoL) remains understudied. We assessed HRQoL 4 to 20 years after cerebral malaria (CM), severe
malarial anemia (SMA), or other severe malaria (OSM) in Uganda.

Methods: Participants from 3 longitudinal cohorts with CM, SMA, or OSM were included. Asymptomatic community children
(CC) served as the reference group. HRQoL was assessed with a mean (SD) duration of 10.0 (3.3) years after enrollment using
the EuroQol 5-Dimension 3-Level instrument (EQ-5D-3L) (age =12 years) and EQ-5D-Y-3L (age 8 to 11 years). Model-
predicted EQ-5D-3L index and visual analog scale (VAS) scores (children =12 years) and EQ-5D-Y-3L VAS scores (children
8 to 11 years) were compared across groups using adjusted 2-part models with log transformation.

Results: Among the 479 study participants aged =12 years (187 CM, 133 SMA, and 159 CC), model-predicted EQ-5D-3L index
and VAS scores were significantly lower in children with CM than SMA or CC, and VAS scores were higher in children with
SMA than CC. Among the 313 children aged 8 to 11 years (39 CM, 76 SMA, 130 OSM, and 68 CC), model-predicted EQ-5D-Y-3L
VAS scores were significantly lower in children with CM than in those with SMA, OSM, or CC and also lower in children with
SMA than OSM or CC.

Conclusions: CM and, to a lesser extent, SMA in childhood are associated with long-term reduction in HRQoL. The chronic
effects extend beyond cognition and behavior to affect overall HRQoL.
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Introduction

The global technical strategy to eradicate malaria by 2030 calls
for improving the quality of life for the approximately 200 million
individuals infected with malaria each year, the majority of whom
live in Africa.' Malaria remains a leading cause of mortality in high-
burden countries such as Uganda.? Without timely and effective
treatment, uncomplicated malaria can progress to severe malaria,
which presents in several clinical forms. Among these, cerebral
malaria (CM) represents the most severe manifestation, often
resulting in coma and neurologic complications, whereas severe
malarial anemia (SMA) is the most common severe form, partic-
ularly among young children.® Previous studies in Africa have
established associations between CM and SMA and long-term
impairments in cognition, behavior, and academic achievement
in children.*'° In addition, survivors of CM can develop persistent
neurologic deficits, such as vision and hearing impairments, loss of
speech, and movement disorders.'' "'

Given these long-term consequences, understanding the
broader impact of severe malaria requires measures beyond
traditional clinical outcomes. Health-related quality of life
(HRQoL) is a valuable outcome for assessing the lasting effects
of illness and the effectiveness of health interventions, partic-
ularly in chronic and postacute conditions.'” HRQoL focuses on
nonclinical aspects of well-being, including physical, psycho-
logical, and social functioning, which are often affected in sur-
vivors of severe illness.'®"'® Self-reported outcomes such as
HRQoL provide insights that complement clinical data and are
critical for informing policy decisions and designing in-
terventions that address the lived experiences of affected in-
dividuals. Additionally, HRQoL offers a broader perspective on
health impacts, offering policy makers, especially in
resource-limited settings, valuable evidence to guide efficient
resource allocation and targeted support strategies.
Furthermore, HRQoL is a valuable measure of healthcare
interventions."”
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Research on the impact of severe malaria in childhood on long-
term HRQoL is limited. Some short-term studies have found that
uncomplicated malaria reduces HRQoL,?-*? whereas other patient-
reported outcome studies have focused on perceptions of malaria
disease and its causes.”>>> However, uncomplicated and severe
malaria differ in clinical severity and long-term consequences,
limiting the relevance of these findings for survivors of severe ma-
laria. Moreover, existing studies primarily examine quality of life
cross-sectionally among small samples, often without a comparison
group. Given the well-established long-term cognitive, behavioral,
and mental health sequelae of severe malaria, long-term HRQoL
data with a clear comparator are essential for understanding its
broader effects on well-being. This study aimed to assess HRQoL in
survivors of CM or SMA relative to asymptomatic community peers
4 to 20 years after severe acute illness.

Methods

Study Design and Participants

This study used data from a follow-up study conducted be-
tween 2020 and 2023 in Kampala and Jinja, Uganda, assessing
long-term neurobehavioral, functional, and socioeconomic
outcomes following childhood severe malaria. Kampala is a peri-
urban site with low malaria transmission, whereas Jinja is a rural
site with moderate malaria transmission. Participants were
children previously enrolled in 3 prospective cohort studies
investigating neurocognitive impairments after severe
P. falciparum malaria.**'>?® In the parent studies, participants
were recruited from Mulago National Referral and Teaching
Hospital (Kampala) or the Pediatric Emergency Ward at Jinja
Regional Referral Hospital. The first study (2003-2006) enrolled
children aged 4 to 12 years with CM or uncomplicated malaria
and followed them for 24 months.*'° The second study (2008-
2015) enrolled children aged 18 months to 12 years with CM or
SMA, with 24 months of follow-up.® The third study (2014-2018)
enrolled children aged 6 months to 4 years with at least 1 of 5
common manifestations of severe malaria: CM, SMA, respiratory
distress syndrome, malaria with complicated seizures, and
prostration, with 12 months of follow-up.?® In each parent study,
asymptomatic community children (CC) of similar ages and from
the extended families or neighborhoods of the children with se-
vere malaria were enrolled as a comparison group. Full details of
the parent studies have been published previously.*%'%26 Be-
tween 2020 and 2023, 4 to 20 years after initial enrollment with
severe malaria, eligible participants were traced and recruited for
a single follow-up study visit, during which HRQoL data were
collected. A flowchart according to the 3 parent studies is pre-
sented in Figure 1.

Ethical Considerations

The study received ethical approval from the institutional
review boards for human studies at Makerere University School
of Medicine and Indiana University School of Medicine. The study
was also approved by the Uganda National Council of Science and
Technology and the Regional Ethics Committee of Western
Norway.

Health-Related Quality-of-Life Measurement

For participants =12 years of age, HRQoL was assessed using
the 5-dimension, 3-level instrument (EQ-5D-3L).2”2° Although
the adult version is generally recommended for individuals aged
=16 years, EuroQol permits its use from age 12 in mixed
adolescent-adult samples. At follow-up, cohort 1 consisted

entirely of adults and cohort 2 primarily included adolescents
aged 12 to 15 years and young adults. Therefore, to maintain
overall consistency in testing within cohorts 1 and 2, we used the
adult instrument beginning at age 12. In addition, no African
value sets were available for child version of the EQ-5D, which
further limited its use in this age range. The EQ-5D-3L is a
standardized, generic, preference-based measure of self-reported
health widely used in clinical and economic evaluations.®® It
captures health status across 5 dimensions: mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression, each
with 3 response levels: (1) no problems, (2) some problems, and
(3) extreme problems. For each dimension, respondents selected
the level that best described their current health, resulting in a 5-
digit health profile (eg, 12132). Profiles were converted to a single
summary EQ-5D-3L index using a Zimbabwean value set, chosen
as the closest available for this population.®' Index scores have an
ideal range from O (equivalent to death) to 1 (perfect health), but
can in empirical situations be negative depending on the value
set applied.>®>? Although a score of 1 is officially referred to as
“perfect health,” we use the term “full health” hereafter to
acknowledge that this reflects the absence of reported problems
in the 5 EQ-5D dimensions rather than a literal state of perfect
health. Additionally, participants completed the EQ-5D visual
analog scale (VAS), rating their overall health from 0 (worst
imaginable health) to 100 (best imaginable health).?>*° The pri-
mary outcome was the EQ-5D-3L index score, with the EQ-VAS
analyzed as a secondary outcome.

For participants aged <12 years, we used the child-friendly
EQ-5D-Y-3L instrument.?’ It retains the same 5 dimensions and
3-level response structure as the adult version but uses simplified
wording appropriate for younger respondents. The application of
the EQ-5D-Y-3L in this study setting has limitations because
available value sets for this tool are mostly restricted to high-
income countries, with no African country represented.>=° In
addition, a South African study found that the EQ-5D-Y-3L
demonstrated weaker psychometric properties in children
without health conditions or with chronic illnesses, compared
with acutely ill children.® We did not calculate EQ-5D-Y-3L index
scores and instead summarized dimension responses descrip-
tively. In contrast, VAS scores, which are self-reported and do not
rely on value sets, were also analyzed. Analyses in this age range
were limited to children aged 8 to 11 years, consistent with
EuroQol guidance recommending self-completion of the EQ-5D-
Y-3L starting at age 8 due to concerns about younger children’s
capacity to reliably self-report health status.>® Children younger
than 8 years were excluded from analyses. Paper versions of
study instruments were administered in Luganda, the predomi-
nant local language of Uganda, using an official, validated trans-
lation provided by the EuroQol Group, as in previous research in
Uganda.?” Pilot testing was completed in an earlier phase of the
study, confirming that the instrument was appropriate.

Sociodemographic Data

Sociodemographic data collected at follow-up included
participant age, sex, and individual and socioeconomic indicators.
Individual measures covered paid and unpaid work in the past 12
months and current school attendance. Household data included
asset ownership, living conditions, and dwelling characteristics.
Economic data were gathered using a questionnaire adapted from
the Demographic and Health Surveys and the Living Standards
Measurement Study, internationally recognized tools designed to
improve socioeconomic data collection for policy making at the
national and global level.*®>° A household socioeconomic index
(SEI) score was calculated using multiple correspondence
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Figure 1. Flowchart of study enrollment and description of analysis. *Per EuroQol guidelines, EQ-5D-Y-3L testing has not been
verified as accurate for children younger than 8 years.

Parent studies

Died during study (n=46)
----% Lost to follow-up (n=20)
Withdrew (n=14)

Follow-up
study

Cohort # 1
2003-2006

Died during study (n=4)
----% Lost to follow-up (n=64)
Withdrew (n=0)

Died after study

....» completion (n=4)
Lost contact after study
completion (n=134)

Declined to
participate (n=7)

-==%» UM (n=17)

VAS indicates visual analog scale.

Cohort # 2
2008-2015

Died after study

-..» completion (n=11)
Lost contact after study
completion (n=144)

.. Declined to
participate (n=12)

---%» Missing EuroQoL data (n=3)

Cohort # 3
2014-2018

Died during study (n=68)
F---% Lost to follow-up (n=34)
Wtihdrew (n=9)

Died after study

... completion (n=29)

Lost contact after study
completion (n=105)

..» Declined to
participate (n=7)

--» Missing EuroQol data (n=3)
Age < 8 years (n=203) *
CM: 9, SMA: 49,
OSM: 106, CC: 39
OSM 212 years (n=2)

analysis.*® The multiple correspondence analysis dimension that
accounted for the largest variation in the household-level data
was used to estimate a continuous household SEI score for each
participant, wherein higher scores reflected better socioeconomic

conditions.*!

Analytic Approach

We hypothesized that children exposed to severe malaria
would report lower HRQoL during follow-up compared with
asymptomatic CC. The analysis was 2-fold: first, in individuals
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aged =12 years from cohorts 1 and 2, we compared the EQ-5D-3L
between those with a history of CM or SMA and CC; second, for
children aged 8 to 11 years from cohorts 2 and 3, we compared
the EQ-5D-Y-3L between those with a history of CM or SMA and
CC. Children with other forms of severe malaria, including res-
piratory distress syndrome, malaria with complicated seizures, or
prostration, were only present in a single cohort (cohort 3) and
were exclusively aged <12 years. Therefore, they were grouped as
“other severe malaria” and compared with the other groups in
cohort 3 only for secondary analysis. Additionally, children aged 8
to 11 years were enrolled in both Kampala and Jinja, whereas
those aged =12 years were enrolled in Kampala exclusively.

Statistical Analysis

Continuous descriptive data were presented as mean (SD) or
median (IQR), where appropriate, and analyzed across groups
using Kruskal-Wallis tests with Dunn’s post hoc tests for pairwise
comparisons. Categorical data were presented with frequencies
and percentages and analyzed across groups using Pearson’s chi-
squared tests or Fisher’s exact tests, where appropriate.

Given the bounded nature and skew characteristic of EQ-5D-
3L and EQ-5D-Y-3L outcomes,?**>%243 we used 2-part models
with log transformation (TPM-L) to assess HRQoL across severe
malaria groups. TPM-L allows separate estimation of the proba-
bility of reporting full health (part 1) and the extent of health
deficits among those with less than full health (part 2), providing
a more appropriate and interpretable analysis of EQ-5D data.***°
Part 1 uses logistic regression to model the odds of full health
(index = 1 or VAS = 100), adjusting for covariates. Part 2 uses a
proportional deficit model, regressing the log-transformed com-
plement of full health [(1 — index) or (100 — VAS)] on severe
malaria group and covariates. Coefficients from part 2 reflect the
severity of health deficits, with positive values indicating greater
deficits. Model-predicted index and VAS scores were derived by
combining part 1 and part 2 estimates following the approach by
Huang et al.** The predicted scores for each participant were
calculated using the following formula:

3 2
Predicted score =1 ,w
1+exp(xa)

where xﬁ is the predicted value and 3 is the residual variance
from the linear model with log transformation among sub-
maximal values (part 2), and xa is the predicted log-odds from
the logistic regression of full health (part 1). Model-predicted
scores were approximately normally distributed, and the result-
ing predicted mean scores were compared across severe malaria
groups using linear regression.

Covariates included parent study cohort, severe malaria
group, age at enrollment, current age, sex, household SEI, school
attendance, and recent paid or unpaid work. In analysis of chil-
dren aged 8 to 11 years, parent study site was included as a co-
variate, but paid and unpaid work were excluded as covariates
because of low reporting, and school attendance was omitted
given its near-universal participation. Marginal mean differences
in predicted EQ-5D scores across sociodemographic covariates
were derived from the TPM-L models following the same
approach as the primary analysis. To assess differences by study
site in children aged 8 to 11 years, predicted EQ-VAS scores were
estimated using TPM-L, incorporating an interaction between
severe malaria group and site. Model diagnostics were performed
for both parts of the TPM-L; the logistic models demonstrated
adequate fit, and residual plots for part 2 did not indicate sub-
stantial violations of homoscedasticity or normality on the log

scale. Bonferroni correction addressed multiple testing, as noted
in figure and table legends. All analyses were conducted using
Stata v18.0 (StataCorp LLC, College Station, TX).

Results

Participant Characteristics

A total of 792 participants with complete EQ-5D data were
included in this study. Among the 479 participants aged =12
years from cohorts 1 and 2 (187 CM, 133 SMA, and 159 CC), the
mean (SD) time from enrollment in the parent study with severe
malaria (CM, SMA) or as a CC to follow-up study enrollment was
12.2 (2.5) years. Group differences were observed in age at parent
study enrollment, age at follow-up, cohort membership, house-
hold SEI, and participation in paid or unpaid work within the past
12 months (Table 1).

In pairwise comparisons with Bonferroni correction (adjusted
o= 0.0167), participants with SMA were younger at parent study
enrollment (mean [SD] years: 3.6 [1.8]) than those with CM (4.4
[2.1]) and CC (4.9 [2.5]). This difference persisted at follow-up,
with participants with SMA younger (15.1 [2.0]) than those
with CM (16.8 [3.8]) and CC (17.3 [4.5]). Household SEI scores
were lower among participants with SMA (mean [SD]: 0.06 [1.0])
compared with those with CC (0.39 [0.95]). Participation in paid
work was less common among those with SMA (16.7%) compared
with CM (36.6%), and unpaid work participation was also lower in
participants with SMA (12.9%) compared with both CM (26.9%)
and CC (28.0%).

Among the 183 children aged 8 to 11 years from cohorts 2 and
3 (39 CM, 76 SMA, and 68 CC), the mean (SD) time from parent
study to follow-up study enrollment was 7.0 (1.1) years. Among
the 260 children from cohort 3 included in the analysis of chil-
dren with OSM (26 CM, 58 SMA, 130 OSM, and 46 CC), the average
time to follow-up was 6.6 (1.0) years. In children aged 8 to 11
years, most of the characteristics assessed were similar across
study groups, except children from cohort 3 with OSM who were
younger than CC and had higher household SEI scores than
children with SMA (Appendix Table 1).

Adjusted EQ-5D Health Profiles

Histograms of the EQ-5D-3L index score (individuals aged
=12 years) and EQ-5D-3L and EQ-5D-Y-3L VAS scores (in-
dividuals aged =12 years and 8-11 years, respectively) demon-
strated a large proportion of participants reporting the
maximum possible score (index = 1 or EQ-VAS = 100) and
substantial negative skew (Appendix Figs. 1 and 2). These
qualities violate the assumptions of standard linear regression
and undermine the interpretation of unadjusted differ-
ences.*>*> To address these issues, TPM-L were used and
model-predicted index (individuals aged =12 years) and EQ-
VAS (individuals aged 8-11 and =12 years) scores were calcu-
lated by pooling the estimates from both parts into an overall
predicted mean score for each group.**

Individuals =12 years old: Adjusted EQ-5D-3L index
and EQ-VAS scores

Model-predicted mean EQ-5D-3L index scores, adjusted for
sociodemographic factors, were significantly lower among par-
ticipants with CM (mean [95% CI] 0.852 [0.847, 0.858]) compared
with SMA (0.881 [0.874, 0.887]) and CC (0.877 [0.871, 0.883];
Bonferroni-corrected P <.001) (Fig. 2). Two individuals with CM
aged =12 years had a negative EQ-5D-3L index score (—0.145 for
both) before estimating the TPM-L, indicating health states
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Table 1. Characteristics of participants aged =12 years by severe malaria group.

Characteristic

CM (n = 187)

Age at parent study, years 4.4 (2.1)
Age at follow-up study, years 16.8 (3.8)
Sex, n (%)
Female 79 (42.3)
Male 108 (57.8)
Parent study, n (%)
Cohort 1 34 (18.2)
Cohort 2 153 (81.8)

Current household socioeconomic index

Currently attending school, n (%) 136 (73.1)
Paid work in past 12 months, n (%) 68 (36.6)
Unpaid work in past 12 months, n (%) 50 (26.9)

0.21 (0.92) (186)

SMA (n =133) CC (n = 159)
3.6 (1.8) 4.9 (2.5) <.001*"
15.1 (2.0) 17.3 (4.5) <.007*"
15
56 (42.1) 82 (51.6)
77 (57.9) 77 (48.4)
<.007*"
0 (0) 30 (18.9)
133 (100) 129 (81.1)
0.06 (1.0) (132) 0.39 (0.95) (157) .006*
110 (83.3) 114 (72.6) .06
22 (16.7) 44 (28.0) 001"
17 (12.9) 44 (28.0) .004+"

Note. Data are presented as mean (SD) or n (%) among participants included in primary analysis. P values reflect comparisons across groups using Kruskal-Wallis tests
with post hoc Dunn'’s tests for pairwise comparisons for continuous outcomes, and Pearson’s chi-squared tests or Fisher's exact tests for categorical outcomes.
Nonmissing N are listed in final parentheses. Among characteristics significantly different across groups, the following groups differed after Bonferroni correction

for 3 comparisons (P < .01667):

CC indicates community children; CM, cerebral malaria; SMA, severe malarial anemia.

*SMA vs CC.
fCM vs SMA.

valued as worse than death (Appendix Fig. 1), and results were
robust to their exclusion. Model-predicted mean VAS scores were
significantly lower in individuals with CM (mean [95% CI] 85.9
[85.5, 86.4]) compared with SMA (88.3 [87.8, 88.9]) and CC (87.2
[86.7, 87.8]; corrected P < .001 and P = .001, respectively),
whereas participants with prior SMA showed slightly higher
adjusted scores than CC (corrected P =.02) (Fig. 3). As a sensitivity
for this primary analysis, we used a lower cutoff as for “best
imaginable health” of VAS = 95; results were unchanged
(Appendix Table 2).

Individuals 8 to 11 years old: Adjusted EQ-5D-Y-3L VAS
scores

The overall pattern of model-predicted mean VAS scores for
children with CM mirrored that of the older age group, with
lower adjusted scores (mean [95% CI]: 76.6 [74.2, 79.0]) than SMA
(84.3[82.6, 86.0]) and CC (88.3 [86.5, 90.2]; corrected P <.001 for
both). In contrast to older participants, children with SMA also
reported lower adjusted VAS scores than CC (corrected P = .03)
(Appendix Fig. 3).

When including children with OSM and limiting the analysis
to cohort 3, mean VAS scores were lower in children with CM
(mean [95% CI]: 71.7 [68.2, 75.1]) than in those with SMA (80.9
[78.6, 83.2]) or OSM (87.7 [86.1, 89.2]) and CC (86.9 [84.3, 89.5];
corrected P < .001 for all comparisons). Children with SMA also
reported lower mean VAS scores than those with OSM and CC
(corrected P <.001 and P = .005, respectively), who did not differ
(Appendix Fig. 3).

EQ-5D-3L (=12 years old) and EQ-5D-Y-3L (8 to 11
years old) dimensions

Among participants aged =12 years, the distribution of re-
ported problems across the 5 EQ-5D-3L dimensions did not differ
significantly by severe malaria group (Appendix Table 3). Prob-
lems with “pain/discomfort” were the most common, followed by
“anxiety/depression” and “usual activities,” although most par-
ticipants reported no problems in all dimensions.

Among participants aged 8 to 11 years, problems with “pain/
discomfort,” “anxiety/depression,” and “mobility” were most
common, but again, most participants reported fewer problems
across all dimensions. The distribution of reported problems
across the 5 EQ-5D-Y-3L dimensions did not differ significantly by
severe malaria group (Appendix Table 4), except when including
children with OSM and limiting the analysis to cohort 3, in which
children with OSM reported fewer severe problems with self-care
compared with children with CM and CC (Appendix Table 4).
When examining health dimensions by severe malaria group and
parent study sites, children in Jinja more often reported some or
extreme problems across most health dimensions compared with
children in Kampala (Appendix Table 5).

EQ-5D-Y-3L VAS scores (8 to 11 years old) by parent
study site

Site-specific model-predicted means for EQ-VAS scores
among children aged 8 to 11 years showed significant differences
between severe malaria groups in each study site. In Kampala
(cohort 2 and 3), adjusted EQ-VAS scores were significantly lower
for children with CM (mean [95% CI]: 84.3 [82.0, 86.7]) or SMA
(mean [95% CI]: 87.1 [85.5, 88.7]) compared with those with CC
(mean [95% CI]: 91.4 [89.5, 93.3]; corrected P < .001 for all
comparisons). Similarly, in Jinja, children with CM had signifi-
cantly lower scores than those with SMA and CC. After including
OSM individuals in cohort 3 only, EQ-VAS scores for CM remained
significantly lower than all other severe malaria groups in both
Kampala and Jinja (Appendix Table 6).

When comparing model-predicted EQ-VAS scores within se-
vere malaria group by study site, children aged 8 to 11 years
(cohort 2 and 3) with CM in Kampala had higher scores (mean
[95% CI]: 84.3 [82.0, 86.7]) compared with those in Jinja (mean
[95% ClI]: 50.5 [46.5, 54.4]; corrected P < .001). The pattern of
predicted EQ-VAS scores in cohort 3 was similar to that observed
in cohort 2 and 3 after including OSM group, with scores
consistently higher in Kampala than in Jinja across all severe
malaria categories (Appendix Table 7).
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Figure 2. Model-predicted EQ-5D-3L index scores by severe
malaria group among participants aged =12 years. Estimates
reflect model-predicted index scores derived from a 2-part
model with log transformation (TPM-L), adjusted for age at
parent study enrollment, current age, sex, parent study cohort,
household socioeconomic index, school attendance, and
participation in paid and/or unpaid work over the past 12
months. Estimates were computed using the equation described
by Huang et al** and reflect the expected score for each
participant after adjustment for covariates. Group mean and
95% Cls are shown with error bars, and Bonferroni-corrected P
values are presented.

Figure 3. Model-predicted EQ-5D-3L visual analog scale (VAS)
scores by severe malaria group among participants aged =12
years. Estimates reflect model-predicted VAS scores derived
from a 2-part model with log transformation (TPM-L), adjusted
for age at parent study enrollment, current age, sex, parent
study cohort, household socioeconomic index, school
attendance, and participation in paid and/or unpaid work over
the past 12 months. Estimates were computed using the
equation described by Huang et al™ and reflect the expected
score for each participant after adjustment for covariates. Group
mean and 95% Cls are shown with error bars, and Bonferroni-
corrected P values are presented.
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Sociodemographic associations with EQ-5D outcomes

In addition to severe malaria status, several sociodemo-
graphic factors were associated with HRQoL outcomes. Among
participants aged =12 years, older age at follow-up and prior
enrollment in cohort 1 were associated with lower mean EQ-
5D-3L index scores, whereas school attendance and recent
participation in paid work were associated with higher scores
(Appendix Table 8). In addition, in this age group, older age at
the parent study and follow-up, being female, prior enrollment
in cohort 1, and recently participating in unpaid work were all
significantly associated with lower mean EQ-5D-3L VAS scores,
whereas school attendance and higher household SEI were
associated with higher scores (Appendix Table 9). Among chil-
dren aged 8 to 11 years who participated in cohorts 2 and 3,
being female, prior enrollment in cohort 2, and higher
household SEI were associated with better EQ-5D-Y-3L
VAS scores (Appendix Table 10). In cohort 3, older age at
follow-up was also associated with higher scores (Appendix
Table 10).
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Discussion

To our knowledge, this study is the first to assess long-term
HRQoL among survivors of childhood CM or SMA. In both 8-11
and =12 years age groups, children with prior CM had consis-
tently lower adjusted EQ-5D index and VAS score than those with
SMA or CC. For those aged =12 years, SMA was associated with
slightly higher VAS scores than CC. In the 8-11 age group,
adjusted EQ-5D-Y VAS scores were lowest in CM, with children
with SMA reporting lower scores than those with other severe
malaria (OSM) and CC. Overall, children with CM experienced
significantly worse long-term HRQoL than those with SMA or CC,
underscoring the lasting impact of CM and the need for targeted
interventions to improve outcomes.

Although no prior studies have examined long-term HRQoL in
children after CM or SMA, our findings align with previous
research on severe malaria and short-term retrospective studies
of malaria-exposed individuals. An Indonesian study found that
the EQ-5D index was lower in severe malaria cases compared
with mild cases.’® Another study of Brazilians aged =12 years
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exposed to malaria (primarily Plasmodium vivax) reported
significantly lower EQ-5D-3L scores.’” In this study, CM was
notably associated with long-term HRQoL reductions across all
age groups, with SMA also affecting younger children to a lesser
extent. Other forms of severe malaria did not show HRQoL defi-
cits compared with CC. The larger differences between HRQoL
outcomes in children with CM compared with other forms of
severe malaria highlight the long-term harm associated with CM
particularly. Our results indicate a need for further research to
identify factors specific to these forms of severe malaria that
contribute to worse long-term HRQoL, enabling targeted pre-
vention efforts.

The greater burden of sequelae after CM than other forms of
severe malaria likely contribute to the consistently lower HRQoL
scores observed in participants with prior CM. Although both CM
and SMA can lead to long-term neurocognitive, behavioral, and
academic challenges in childhood survivors,*'%® CM more
commonly results in a direct neurological insult because of brain
swelling, seizures, and coma during the acute illness, which can
result in persistent impairments in physical and psychological
functioning. Compared with those with other forms of severe
malaria, children with CM take on a higher burden of neurolog-
ical sequelae, such as ataxia, loss of speech, blindness, deafness,
and epilepsy,’" "™ and mental health disorders.*® These chal-
lenges in CM survivors closely align with EQ-5D domains,
particularly mobility, pain/discomfort, and anxiety/depression,
for which our study participants with CM more frequently re-
ported problems than their peers. Although SMA can affect
neurodevelopment, direct evidence of neurologic and mental
health consequences remains limited. However, younger children
with prior SMA reported lower VAS scores than those with OSM
and CC, indicating that the impact of SMA on perceived health
and well-being may be more pronounced early in recovery and
diminish over time. Further research is needed to investigate how
severe malaria sequelae influence long-term HRQoL outcomes
across the spectrum of severe malaria.

Our findings revealed significant regional differences in
HRQoL among children aged 8 to 11 years previously exposed to
severe malaria, with those in Jinja consistently reporting lower
EQ-VAS scores. Children in Jinja also showed worse health states
compared with those in Kampala, likely due to poorer clinical
health evidenced by more malaria-related hospital visits and
admissions and lower household socioeconomic status. These
disparities suggest unequal healthcare access and socioeconomic
inequalities between the sites. Supporting this, a Kenyan study
found higher malaria prevalence among the poorest, with no
decline over time, and that the poorest were less likely to use
effective antimalarials and insecticide-treated bednets.”” A sys-
tematic review of studies examining socioeconomic status and
malaria burden, identified poor housing, low education, low in-
come, and farming occupations as key risk factors for malaria in
sub-Saharan Africa.”® Furthermore, these regional differences
may stem from disparities in malaria transmission or interven-
tion coverage, which is mostly higher in periurban areas
compared with rural regions, as shown in Malawi,* highlighting
how socioeconomic and regional factors influence malaria
burden and subsequent quality of life.

Our data also provide insights into various sociodemographic
and economic factors associated with long-term HRQoL,
including age, sex, household SEI, school attendance, and
participation in paid and/or unpaid work. Notably, among par-
ticipants aged =12 years, engagement in paid work and school

attendance were associated with better HRQoL. This finding
could be indicative of the mental, psychosocial, and financial
benefits that gainful activity confers®® or alternatively could
simply be that those with better self-perceived health are more
likely to seek or maintain employment or school attendance.”!
Among children 8 to 11 years of age, higher household SEI was
associated with better VAS scores, emphasizing the importance
of household-level resources in shaping perceived health.
Together, these findings underscore that long-term quality of life
after severe malaria is shaped not only by illness but also by
broader socioeconomic contexts.

Our study has limitations. First, the skewed and upper-
bounded nature of the EQ-5D-3L and EQ-5D-Y-3L instruments,
often called a ceiling effect, may reduce their sensitivity to more
subtle impairments.*® We addressed these distributional features
by applying TPM-L to generate adjusted HRQoL estimates that
appropriately accounted for the nature of the data.*>*** This
study was not designed as a validation study, and future research
should consider using the 5-level EQ-5D instruments, which may
provide greater granularity and may improve discrimination at
higher levels of HRQoL. These versions were not available in the
appropriate validated languages when this research was initiated.
Second, the absence of a Ugandan value set for EQ-5D-3L scores
meant we relied on a Zimbabwean value set, which provided the
closest available preference weights for our setting,”® and the
absence of any African EQ-5D-Y values sets for children aged 8 to
11 years led us to omit index score calculations for this group.
Third, only the Luganda version of the EQ-5D instruments was
used for data collection. Although this version had been previ-
ously used in Uganda,?” reliance on a single language may limit
generalizability and could have affected comprehension among
participants more fluent in other local languages, such as Lusoga.
Fourth, differences in enrollment characteristics across the 3
parent cohorts may have introduced heterogeneity in long-term
HRQoL, most notably in the analysis of participants aged =12
years (Appendix Tables 11 and 12). We addressed this by incor-
porating parent study, study site, and severe malaria group as
covariates in all models, allowing the estimation of adjusted
HRQoL scores while accounting for cohort- and site-level differ-
ences. Nevertheless, residual heterogeneity could still have
affected results. Although we adjusted for various sociodemo-
graphic factors, unmeasured confounders, such as current health
status or family functioning, may also influence HRQoL.>? Fifth,
participants from Jinja and those with CM were underrepre-
sented in the final sample (Appendix Table 13). Attrition and
mortality over prolonged follow-up may have led to underrep-
resentation of individuals with more severe long-term impair-
ments or socioeconomic disadvantage, potentially biasing results
toward higher observed HRQoL. Finally, assessing HRQoL at a
single follow-up time point precluded evaluation of individual
health changes over time, and reliance on self-reported data may
have introduced reporting bias, especially among younger chil-
dren. Study strengths include a large prospective cohort with
community controls, rigorous outcome evaluation using vali-
dated HRQoL instruments across 5 severe malaria forms,
extended follow-up, and adjustment for multiple potential
confounders.

The study provides new evidence that long-term impacts of
childhood severe malaria, especially CM, may extend beyond
neurocognitive and academic effects to include broader impair-
ments in physical, emotional, and functional well-being. Survi-
vors of CM across all ages reported lower HRQoL compared with
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peers, whereas younger SMA survivors also experienced worse
health than CC, suggesting an early but potentially reversible
effect. These findings can guide policy makers and researchers in
malaria-endemic countries to develop targeted rehabilitative
interventions aimed at improving long-term HRQoL.
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