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Abstract
Purpose  Health-related quality of life (HRQoL) is an important patient-reported outcome in clinical and health research. 
The EQ-5D-Y assesses child and adolescent HRQoL by five items on mobility, self-care, usual activities, pain/discomfort, 
and anxiety/depression as well as a visual analogue scale (VAS) on the current health state. This study investigates predic-
tors of self-reported HRQoL according to the EQ-5D-Y in chronically ill children and adolescents using longitudinal data.
Methods  Data from the German Kids-CAT study on children and adolescents with asthma, diabetes, and juvenile arthritis 
gathered over a period of six months were analyzed (n = 310; 7–17 years old; 48% female). Self-, parent-, and pediatrician-
reported data were collected from June 2013 to October 2014. Generalized linear mixed models and linear mixed models 
served to examine effects of socio-demographic as well as disease- and health-specific predictors on the items as well as on 
the VAS of the EQ-5D-Y.
Results  Ceiling effects for the EQ-5D-Y indicated low burden of disease in the analyzed sample. Longitudinal analyses 
revealed associations between less health complaints and better HRQoL for all investigated HRQoL domains. Further, age- 
and gender-specific effects, and associations of better disease control, longer duration of the disease and less mental health 
problems with better HRQoL were found.
Conclusions  Subjective health complaints and mental health problems should be considered in the care of children and 
adolescents with asthma, diabetes, and juvenile arthritis. Future research should suggest administering the items of the EQ-
5D-Y with five instead of three response options, and investigate HRQoL over a longer period.
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Introduction

The EQ-5D is a standardized, brief, easy to administer and 
internationally well-established instrument developed by 
the EuroQol group [1–4]. The measure serves to assess 
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generic health-related quality of life (HRQoL) in adults in 
population-based and clinical samples, and is often used for 
health economic analyses [1–4]. For children and adoles-
cents, the youth version of the EQ-5D, i.e., the EQ-5D-Y, 
was developed (for respondents aged 8 years onwards [5]). 
The EQ-5D-Y is available as self- and proxy-report, is cur-
rently offered in more than 50 language versions [6] and it 
includes five items on mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression as well as a visual 
analogue scale (VAS) gathering a rating of the current over-
all health state.

Evidence for the feasibility, reliability, and validity of the 
EQ-5D-Y was found in a large multinational population-
based study [7], among South African high school children 
[8], in a Swedish general population sample [9], and among 
Spanish school children [10]. The EQ-5D-Y was used in 
different clinical populations (see Reviews including the 
EQ-5D-Y [11, 12]). Clinical studies reported evidence for 
the feasibility and validity of the EQ-5D-Y among Swed-
ish children and adolescents with functional disabilities [9], 
among Swedish children with asthma [13], as well as among 
German children and adolescents with cystic fibrosis [14]. 
Moreover, Jonsson and colleagues found a better health state 
according to the VAS in male than female adolescents with 
asthma [15]. Murillo and colleagues [16] investigated effects 
of socio-demographic and clinical factors on the health state 
according to the VAS among Spanish children and adoles-
cents with diabetes (n = 136; 8–19 years old). The authors 
found better health states and better HRQoL according to the 
KIDSCREEN-10 index [17] for younger (8–11 years old) 
compared to older children and adolescents (12–19 years 
old) in line with findings in general population samples [16]. 
Further, the authors detected a negative influence of mental 
health problems on the VAS in a multivariate model [16].

Longitudinal studies using the EQ-5D-Y are very rare. 
Findings based on data gathered at the beginning and at 
the end of an inpatient and outpatient treatment in German 
children and adolescents with musculoskeletal, respiratory, 
and metabolic diseases (n = 84; with an averaged inter-
val between the measurements of about 4 weeks) showed 
that the EQ-5D-Y is a responsive measure able to capture 
improvements in HRQoL [18]. Further, evidence for the 
convergent validity and sensitivity to change of the VAS 
were found in children with Hodgkin disease (n = 51; data 
gathered at four time points over one year [19]).

Further research used other well-established self-reported 
HRQoL-questionnaires such as the Pediatric Quality of Life 
Inventory™ [20], KINDL-R [21] and KIDSCREEN [17] in 
clinical samples. Corresponding studies found better overall 
HRQoL in younger compared to older children with asthma 
[22] and diabetes [23]. Some studies found no gender-
specific effect on overall HRQoL [22, 24], but most other 
studies reported better overall HRQoL for boys than girls 

with chronic conditions (e.g., [25, 26]). Further, a higher 
socio-economic status (SES) was related to better overall 
HRQoL in children and adolescents with diabetes [27, 28]. 
Among children with asthma, disease severity was nega-
tively associated with overall HRQoL [29]. In children and 
adolescents with diabetes, lower overall HRQoL was related 
to poor glycemic control (HbA1c) [28], earlier age of disease 
onset [25], and the presence of at least one comorbid disease 
[30]. To our knowledge, no study investigated the influence 
of health complaints on HRQoL in corresponding clinical 
samples so far, but among Swedish school children more 
health complaints were related to lower overall HRQoL [31].

The present study provides a secondary analysis of lon-
gitudinal data gathered in the German Kids-CAT study on 
health and HRQoL in children and adolescents with asthma, 
diabetes, and juvenile arthritis. Based on baseline data of 
the Kids-CAT study, a former study already reported good 
HRQoL according to the EQ-5D-Y and disease-group-spe-
cific differences, but no differences in HRQoL were found 
compared to a general population sample [32]. In the pre-
sent study, we explore effects of socio-demographic as well 
as disease- and health-specific predictors on self-reported 
HRQoL according to the items and the VAS of the EQ-5D-Y 
based on data gathered over a period of six months. We 
expected to find better HRQoL associated with male gender, 
younger age, higher SES, no migration background, a less 
severe disease, a shorter duration of the disease, no severe 
comorbid disease as well as with less health complaints and 
less mental health problems.

Methods

Study

The primary goals of the Kids-CAT study were to develop, 
implement, and validate the first German-speaking com-
puter-adaptive test for HRQoL in healthy and chronically ill 
children and adolescents (i.e., the Kids-CAT; see [33–35]). 
The observational Kids-CAT study investigated n = 312 chil-
dren and adolescents aged 7–17 years diagnosed with bron-
chial asthma (J45), diabetes mellitus (E10−11) or juvenile 
arthritis (M08) according to the International Classification 
of Diseases-10 (ICD-10). Study participants were consecu-
tively recruited at specialist outpatient departments of the 
University Medical Center Schleswig–Holstein in Kiel and 
Luebeck (northern Germany). Each participant was enrolled 
together with a parent; data were collected from June 2013 
to October 2014. Self-reported information was gathered 
using an online survey, parent-reports were collected by a 
paper–pencil questionnaire, and specialized pediatricians 
documented disease-specific clinical data on participants 
using a short paper–pencil questionnaire. Ethical approval 
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was received from the ethics committees of the Universities 
Kiel and Luebeck, and from the Chamber of Psychothera-
pists in Hamburg. More details on the Kids-CAT study are 
published [35].

Sample

We analyzed data from the first three major measurement 
points of the Kids-CAT study, i.e., baseline (t1), 3-month 
follow-up (t2) and 6-month follow-up (t3). Cases were 
included in subsequent analyses, if valid EQ-5D-Y data 
were given for at least one of the three measurement points 
(n = 310).

Measures

Generic health‑related quality of life

The EQ-5D-Y was administered in its self-reported German 
version at each measurement point. Its five items on mobil-
ity (“walking about”), self-care (“looking after myself”), 
usual activities (“doing usual activities”), pain/discomfort 
(“having pain or discomfort”), and anxiety/depression (“feel-
ing unhappy, sad or worried”) are administered with three 
response options representing different levels of problems 
(i.e., 0 = “no problems,” 1 = “some problems,” and 2 = 
“a lot of problems”). Further, the VAS gathers a self-rating 
of the current overall health state on a scale ranging from 
0 (representing the worst health state, the respondent can 
imagine) to 100 (the best health state). Value sets (represent-
ing country-specific preference scores of the general public) 
were not used in this study (those scores are not provided 
so far).

Socio‑demographic factors

The SES was assessed by parent-reports using an SES index 
[36, 37] including seven items on education, occupation, 
and income (index scores range from 3 to 21); higher index 
scores indicate better SES. For sample description, we used 
cutoffs determined based on data from a German general 
population sample to categorize participants into groups 
with low (first quintile of the reference population), medium 
(second to fourth quintile), and high SES (fifth quintile) 
[37]. Further, we determined a potential migration back-
ground based on Schenk and colleagues [38]. A participant 
was considered to have a migration background, if (i) both 
parents were born in a country other than Germany or if (ii) 
the participant and at least one parent were born in a country 
other than Germany, or if (iii) the native language of the 
participant was not German.

Disease‑ and health‑specific factors

For each participant, the center (0 = “Luebeck”, 1 = “Kiel”) 
was documented. Based on physician-reported information, 
we allocated participants to disease groups (i.e., asthma, dia-
betes, and juvenile arthritis), calculated the duration of the 
disease (in years, at baseline) and created a binary variable 
indicating, if participants had a severe comorbid disease (0 
= “none”, 1 = “at least one”).

Disease control was determined at each measurement 
point based on physician-reported data. Short sets of dis-
ease-specific items were developed by pediatric sub-spe-
cialists using clinical disease-specific guidelines to collect 
information on the current level of disease control (e.g., 
on symptoms at day and at night for asthma, hyper- and 
hypoglycaemic episodes including HbA1c measurements 
for diabetes, and ophthalmologic complications for juvenile 
arthritis). We created a binary variable for each measure-
ment point differentiating participants with partly or com-
pletely uncontrolled diseases (0) from those with good dis-
ease control (1).

Health complaints were measured at each measurement 
point using the self-reported German version of the Health 
Behavior in School-aged Children Symptom Checklist 
(HBSC-SCL) [39]. The HBSC-SCL includes eight items 
assessing the frequency of complaints (e.g., headache, 
sleeping difficulties) using a five-point response scale (from 
0=“most days” to 4=“seldom or never”). All items were 
recoded and gathered in a sum score with higher scores indi-
cating more frequent health complaints. For sample descrip-
tion, we identified those with recurrent health complaints 
(i.e., at least two complaints occurred at least once a week 
[40]).

Mental health problems in children and adolescents 
were measured at each measurement point using the par-
ent-reported German version of the Strengths and Difficul-
ties Questionnaire (SDQ) [41]. The SDQ covers emotional 
symptoms, peer-related problems, conduct problems, and 
hyperactivity/inattention with five items per domain. SDQ 
items refer to the past six months and are offered with three 
response options (0 = “not true” to 2 = “certainly true”). 
The total difficulties score over the four problem scales was 
calculated with higher scores indicating more problems. 
For sample description, we categorized participants into 
two groups (“normal” vs. “borderline/abnormal”) using the 
recommended cut-off [42].

Data analysis

First analyses served to describe the analyzed sample and 
examine distributions of EQ-5D-Y data.
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Predictors of self‑reported HRQoL according 
to the EQ‑5D‑Y

We investigated effects of socio-demographic as well as dis-
ease- and health-specific predictors on self-reported HRQoL 
using individual growth modeling. To analyze EQ-5D-Y 
items, generalized linear mixed models (GLMMs) were 
calculated using a binominal distribution and a logit link-
function for mobility (Model A1), usual activities (Model 
B1), pain/discomfort (Model C1), and anxiety/depression 
(Model D1). The item on self-care was excluded from the 
analyses due to very severe ceiling effects (see Results). Fur-
ther, a linear mixed model (LMM) was used for the VAS 
(Model E1). In each analyzed model, the same predictors 
were included. We examined effects of predictors measured 
over time (level-1-predictors) and influences of predictors 
measured only at baseline (level-2-predictors). Level-1-pre-
dictors included a time variable (representing individual 
information on the intervals between measurement points 
in months with a value of zero indicating baseline), as well 
as variables on disease control, health complaints and mental 
health problems. Level-2-predictors included age, gender, 
SES, migration background, the center, the disease, duration 
of the disease, and comorbidity.

Following a stepwise approach, we started calculating 
the null-model for each outcome to estimate the intracluster 
correlation (ICC) [43]. Subsequently, we added (i) level-
1-predictors, (ii) level-2-predictors, and (iii) interaction 
terms (time × gender, time × age, gender × age, and time 
× gender × age) to each model. To strengthen the power of 
estimations, we finally excluded those interaction terms from 
our models, which had not been significant in any model. 
Predictors were included as fixed effects; only the time vari-
able was additionally included as random effect (i.e., random 
slope). Moreover, we included intercepts as fixed and ran-
dom effects in each model. As a fixed effect, the intercept 
represents an average score for the outcome, if scores in all 
predictors are fixed to zero (in a GLMM the corresponding 
log odd for the outcome is calculated). The random inter-
cept was used to account for varying outcome scores across 
participants at baseline [43].

Prior to model calculations, we centered metric predictors 
(grand mean) and created dummy-coded variables indicating 
disease-groups asthma and diabetes using juvenile arthri-
tis as reference category. Moreover, we replaced missing 
data using the Expectation–Maximization (EM)-algorithm 
(missing data rates for level-1-predictors ranged from 5.6% 
for mental health problems to 18.1% for disease control; 
data were complete for gender, age, disease groups, and 
the center, in remaining level-2-predictors missing data 
rates ranged from 0.3% for comorbidity to 19.4% for SES). 
Mechanisms of handling missing data differed for GLMMs 
compared to LMMs in the used software IBM SPSS 22 (due 

to different levels of measurement of the outcomes and mod-
eling approaches [43, 44]). For running our Models A1 to 
D1 (GLMMs), we thus used our data set with replaced miss-
ing values in each variable; further, we conducted sensitivity 
analyses by rerunning each model over 15 data sets gener-
ated by multiple imputation (MI). For analyzing the metric 
VAS (Model E1), we used an LMM with full-information 
maximum-likelihood (FIML) estimation and a data set with 
replaced missing data only in level-2-predictors. Analyses 
were conducted using IBM SPSS 22. Prior to longitudinal 
analyses, we calculated corresponding logistic and linear 
regression analyses based only on baseline data.

Results

In the analyzed sample (n = 310), about half of the partici-
pants were female, and the majority of the participants had 
a medium SES (see Table 1).

Preliminary analyses

Distributions of EQ-5D-Y items (Table 2) indicated severe 
ceiling effects (compare [32]), which were most obvious 
for the item on self-care. Almost all participants reported 
no problems in self-care at baseline (98%). For remaining 
items, corresponding rates were lower (ranging from 69 to 
90%); however, hardly any of the investigated children and 
adolescents (2% or less) chose the response option “a lot of 
problems” for any item. Item distributions based on follow-
up data showed similar results. For subsequent analyses, we 
thus excluded the item on self-care and collapsed the highest 
response option for each remaining EQ-5D-Y item (0 = “no 
problems”; 1 = “some/a lot of problems”).

Item-inter correlations (at baseline) indicated small to 
moderate associations among EQ-5D-Y items ranging from 
r = .23 for mobility and anxiety/depression to r = .40 for 
mobility and pain/discomfort. For the current health state, 
moderate negative relationships were found with all inves-
tigated items ranging from r = − .35 for mobility to r = − .42 
for pain/discomfort.

Predictors of HRQoL according to the EQ‑5D‑Y

Findings of logistic and linear regression models based 
only on baseline data are presented in the Online Resource 
1 (Supplementary Tables 1–3). Focusing on longitudinal 
analyses, we started by calculating the null-models. Cor-
responding ICCs indicated that 30.9% of the variance in 
mobility, 30% of the variance in usual activities, 29.9% of 
the variance in pain/discomfort, and 28.4% of the variance 
in anxiety/depression could be explained by differences 
between individuals.
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Results for the final Model A1 (Table 3) revealed sig-
nificant effects of time, gender, and the interaction time by 
gender on mobility. The likelihood to experience mobility 
problems decreased over time only for boys; at the beginning 
of the study, boys were more likely, but with ongoing study 
duration girls became more likely to experience problems 
in mobility. Further, participants with good disease control 
were less likely to experience mobility problems than those 
with at least partly uncontrolled diseases. Additionally, 
health complaints were positively associated with mobil-
ity problems. Moreover, mobility problems were less likely 
for participants with diabetes than for those with juvenile 
arthritis, and a long duration of the disease (measured at 
baseline) was associated with no problems in mobility. Ran-
dom effects for Model A1 revealed an unexplained residual 
variance, differing probabilities for problems in mobility at 
baseline across individuals (see effect for random intercept) 
and higher probabilities for problems in mobility associated 

with shorter intervals between measurement points (interac-
tion effect for random intercept by random slope). Concern-
ing Model B1, results indicated a systematic decrease of 
problems in usual activities over time (Table 3). Further, 
problems in usual activities were positively associated with 
health complaints over time, less likely for participants with 
diabetes compared to those with juvenile arthritis, as well as 
negatively associated with the duration of the disease (meas-
ured at baseline). Concerning random effects, results for 
Model B1 were similar to findings for Model A1. Further, 
for some effects wide Confidence Intervals occurred due to 
small subgroups (e.g., for migration background in Model 
A1). Results of sensitivity analyses supported findings for 
Models A1 to B1.

Concerning pain/discomfort (Model C1; see Table 4), 
effects were found for time as well as for the interactions of 
time by gender and gender by age. That is, over the dura-
tion of the study, the likelihood of experiencing pain or 

Table 1   Sample characteristics

Valid percentages are presented; for measures, please see text concerning Methods

Baseline (t1) (n = 310) 3-months follow-up (t2) 
(n = 304)

6-months follow-up (t3) 
(n = 298)

n (%) M (SD) n (%) M (SD) n (%) M (SD)

Female 148 (47.7)
Age 12.51 (2.777)
 Children (7–11 years old) 118 (38.1)
 Adolescents (12–17 years old) 192 (61.9)

Socio-economic status (range: 3–21) 13.50 (3.015)
 Low 7 (2.3)
 Medium 175 (56.5)
 High 68 (21.9)

Migration background (given) 14 (4.7)
Center
 Kiel 181 (58.4)
 Luebeck 129 (41.6)

Disease
 Asthma 57 (18.4)
 Diabetes 205 (66.1)
 Juvenile arthritis 48 (15.5)

Duration of the disease (years) 5.42 (3.712)
Comorbid disease (at least one) 100 (32.4)
Disease control
  (Partly) uncontrolled 88 (29.4) 62 (25.8) 59 (26.8)
 Good /  controlled 211 (70.6) 178 (74.2) 161 (73.2)

Health complaints (range: 0–32) 6.31 (5.342) 6.11 (5.622) 6.05 (6.059)
 No recurrent complaints 238 (80.1) 234 (83.3) 220 (80.6)
 Recurrent complaints 59 (19.9) 47 (16.7) 53 (19.4)

Mental health problems (range: 0–40) 7.70 (5.133) 7.61 (5.300) 6.84 (4.866)
 Normal 248 (84.4) 248 (85.2) 250 (87.7)
 Borderline/abnormal 46 (15.6) 43 (14.8) 35 (12.3)
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discomfort decreased for boys, but increased for girls; fur-
ther, among younger participants, boys were more likely, 
whereas among older participants, girls were more likely 
to experience pain or discomfort. Additionally, problems in 
pain/discomfort were positively associated with health com-
plaints and mental health problems (measured over time). 
Moreover, problems in pain/discomfort were more likely for 
participants with low SES (at baseline), and problems in 
pain/discomfort were less likely for participants with dia-
betes compared to those with juvenile arthritis. Results of 
Model D1 (Table 4) showed no systematic change in anxi-
ety/depression over time. Positive associations were found 
for anxiety/depression with health complaints and mental 
health problems (measured over time). Random effects for 
Models C1 and D1 pointed in the same direction compared 
to random effects for Models A1 and B1. Sensitivity analy-
ses supported our findings for Models C1 to D1.

For the self-reported health state according to the VAS, 
a proportion of 48.6% of the variance could be explained 
by differences between individuals. Results for Model E1 
(Table 5) indicated no systematic change of the health state 
over time. Further, a good health state was positively associ-
ated with good disease control as well as negatively asso-
ciated with health complaints and mental health problems 

(all predictors measured over time). Moreover, younger 
compared to older participants had a better health state. 
Finally, random effects revealed a significant residual vari-
ance as well as significantly differing baseline scores across 
individuals.

Finally, we reran our models using a reduced sample 
excluding children aged 7 years (n = 9). Results did not dif-
fer substantially from the findings presented above. Graphs 
(based on raw data) demonstrating the associations of EQ-
5D-Y scores with health complaints and mental health prob-
lems are depicted in the Online Resource 2 (Supplementary 
Figs. 1–9).

Discussion

The aims of this study were to investigate effects of socio-
demographic as well as disease- and health-specific predic-
tors on HRQoL according to the EQ-5D-Y based on lon-
gitudinal data. Longitudinal analyses revealed associations 
between less health complaints and better HRQoL in all 
investigated domains. We further found age- and gender-
specific effects as well as associations of better disease 

Table 2   Health-related Quality of life according to the EQ-5D-Y in chronically ill children and adolescents

Valid percentages are presented; for measures, please see text concerning Methods

Baseline (t1) (n  =  310) 3-months follow-up (t2) (n  =  304) 6-months follow-up (t3) (n  
=  298)

n (%) M (SD) n (%) M (SD) n (%) M (SD)

Mobility
 No problems 264 (87.4) 249 (85.9) 260 (90.0)
 Some problems 35 (11.6) 39 (13.4) 27 (9.3)
 A lot of problems 3 (1.0) 2 (0.7) 2 (0.7)

Self-care
 No problems 298 (98.0) 288 (98.6) 286 (99.0)
 Some problems 5 (1.6) 3 (1.0) 3 (1.0)
 A lot of problems 1 (0.3) 1 (0.3) − (0)

Usual activities
 No problems 273 (90.1) 264 (90.4) 275 (95.5)
 Some problems 28 (9.2) 28 (9.6) 12 (4.2)
 A lot of problems 2 (0.7) − (0) 1 (0.3)

Pain/discomfort
 No pain/discomfort 208 (68.9) 190 (65.7) 213 (74.2)
 Some pain/discomfort 88 (28.9) 96 (33.2) 71 (24.7)
 A lot of pain/discomfort 6 (2.0) 3 (1.0) 3 (1.0)

Anxiety/depression
 Not unhappy, sad or worried 218 (72.2) 218 (75.2) 209 (72.6)
 A bit unhappy, sad or worried 79 (26.2) 64 (22.1) 75 (26.0)
 Very unhappy, sad or worried 5 (1.7) 8 (2.8) 4 (1.4)

Current health state (range: 0-100) 82.89 (16.318) 80.63 (17.128) 82.60 (16.143)
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control, a longer duration of the disease and less mental 
health problems with better HRQoL.

We detected high ceiling effects for the EQ-5D-Y in line 
with former studies analyzing school-based and general 

population samples [7–10]. To our knowledge, research find-
ings on the EQ-5D-Y so far were based on the three-level 
response format as also used in the present study. Future 
studies should use a five-level version of the EQ-5D-Y 

Table 3   Predictors of self-reported mobility and usual activities according to the EQ-5D-Y in chronically ill children and adolescents based on 
longitudinal data

Generalized linear mixed models (n = 302–303) using collapsed EQ-5D-Y items; for measures, please see text (Methods)
Exp(effect) = Odds Ratio; CI = confidence interval; ref. = reference category
* p ≤ .05; ** p ≤ .01;  *** p ≤ .001

Model A1: mobility Model B1: usual activities

Effect [95% CI of effect] Exp(effect) [95% CI of 
Exp(effect)]

Effect [95% CI of 
effect]

Exp(effect) [95% CI of 
Exp(effect)]

Fixed effects
 Intercept − 0.01 [− 2.32, 2.35] 1.01 [0.10, 10.50] − 1.15 [− 4.31, 2.07] 0.32 [0.01, 7.44]

Level-1-predictors
 Time (months 

with 2 deci-
mals)

− 0.34* [− 0.66, − 0.02] 0.71 [0.52, 0.98] − 0.47** [− 0.82, − 0.13] 0.62 [0.44, 0.88]

 Disease control 
(good)

− 2.48* [− 4.54, − 0.43] 0.08 [0.01, 0.65] − 3.21 [− 7.38, 0.95] 0.04 [0.01, 2.59]

 Health com-
plaints

0.28*** [0.13, 0.43] 1.32 [1.14, 1.53] 0.40** [0.14, 0.67] 1.50 [1.15, 1.95]

 Mental health 
problems

0.10 [− 0.11, 0.29] 1.10 [0.90, 1.34] − 0.31 [− 0.77, 0.15] 0.74 [0.46, 1.16]

Level-2-predictors
 Gender (female) − 1.87* [− 3.46, − 0.29] 0.15 [0.03, 0.75] − 1.57 [− 3.82, 0.68] 0.21 [0.02, 1.97]
 Age (years) 0.14 [− 0.17, 0.44] 1.14 [0.85, 1.55] 0.13 [− 0.27, 0.54] 1.14 [0.76, 1.72]
 Socio-economic 

status
− 0.23 [− 0.48, 0.03] 0.80 [0.62, 1.03] − 0.25 [− 0.56, 0.07] 0.78 [0.57, 1.07]

 Migration 
background 
(given)

0.63 [− 3.07, 4.33] 1.88 [0.05, 75.70] − 0.33 [− 3.14, 2.48] 0.72 [0.04, 11.99]

 Center (Lue-
beck)

− 0.21 [− 1.44, 1.03] 0.81 [0.24, 2.81] 0.90 [− 1.09, 2.89] 2.46 [0.34, 17.94]

 Asthma (ref. 
juvenile 
arthritis)

3.50 [− 1.67, 2.37] 1.42 [0.19, 10.69] 0.05 [− 2.65, 2.76] 1.06 [0.07, 15.79]

 Diabetes (ref. 
juvenile 
arthritis)

− 3.16*** [− 4.72, − 1.61] 0.04 [0.01, 0.20] − 3.91** [− 6.50, − 1.33] 0.02 [0.00, 0.27]

 Duration of dis-
ease (years)

− 0.18* [− 0.36, − 0.01] 0.83 [0.70, 0.99] − 0.37** [− 0.63, − 0.11] 0.69 [0.53, 0.90]

 Comorbid dis-
ease (at least 
one)

− 0.43 [− 1.83, 0.96] 0.65 [0.16, 2.61] 0.86 [− 1.04, 2.76] 2.37 [0.35, 15.87]

Interactions
 Time x gender 0.48* [0.08, 0.89] 1.62 [1.08, 2.42] − 0.03 [− 0.61, 0.55] 0.97 [0.54, 1.73]
 Gender x age − 0.22 [− 0.63, 0.19] 0.80 [0.53, 1.21] − 0.04 [− 0.65, 0.56] 0.96 [0.53, 1.76]

Random effects
 Residual 0.11*** [0.10, 0.13] 0.06*** [0.06, 0.07]
 Intercept 20.23*** [15.61, 26.20] 25.46*** [19.36, 33.48]
 Time 1.21*** [0.91, 1.62] 2.00*** [1.46, 2.74]
 Intercept*time − 3.41*** [− 4.57, − 2.25] − 4.59*** [− 6.32, − 2.85]
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(corresponding to the EQ-5D-5L version of the adult meas-
ure [4]), which is currently under development and may 
show more variability (compare [45]). The VAS on the other 
hand shows a rather high individual variability. Overall, 

future studies (especially studies on healthy or chronically ill 
children and adolescents; compare [46]) may wish to admin-
ister additional HRQoL measures besides the EQ-5D-Y as 
long as the five-level version is not available.

Table 4   Predictors of self-reported pain/discomfort and anxiety/depression according to the EQ-5D-Y in chronically ill children and adolescents 
based on longitudinal data

Generalized linear mixed models (n = 302–303) using collapsed EQ-5D-Y items; for measures, please see text (Methods)
Exp(effect) = Odds Ratio; CI = confidence interval; ref. = reference category
* p ≤ .05; ** p ≤ .01; *** p ≤ .001

Model C1: pain/discomfort Model D1: anxiety/depression

Effect [95% CI of effect] Exp(effect) [95% CI of 
Exp(effect)]

Effect [95% CI of 
effect]

Exp(effect) [95% CI of 
Exp(effect)]

Fixed effects
 Intercept − 0.15 [− 1.19, 0.88] 0.86 [0.31, 2.42] − 1.93 [− 3.90, 0.04] 0.14 [0.02, 1.04]

Level-1-predictors
 Time (months 

with 2 deci-
mals)

− 0.23*** [− 0.36, − 0.10] 0.79 [0.70, 0.90] 0.05 [− 0.21, 0.30] 1.05 [0.81, 1.35]

 Disease control 
(good)

− 0.05 [− 0.76, 0.66] 0.95 [0.47, 1.94] − 1.24 [− 2.66, 0.18] 0.29 [0.07, 1.20]

 Health com-
plaints

0.24*** [0.17, 0.31] 1.28 [1.19, 1.37] 0.37*** [0.25, 0.49] 1.45 [1.28, 1.63]

 Mental health 
problems

0.06* [0.00, 0.12] 1.06 [1.00, 1.13] 0.24*** [0.12, 0.36] 1.27 [1.13, 1.44]

Level-2-predictors
 Gender (female) − 0.81* [− 1.57, − 0.06] 0.44 [0.21, 0.94] 0.63 [− 0.75, 2.00] 1.87 [0.47, 7.42]
 Age (years) − 0.13 [− 0.29, 0.02] 0.88 [0.75, 1.02] 0.06 [− 0.21, 0.32] 1.06 [0.82, 1.38]
 Socio-economic 

status
− 0.19*** [− 0.29, − 0.08] 0.83 [0.75, 0.93] 0.01 [− 0.17, 0.18] 1.01 [0.84, 1.20]

 Migration 
background 
(given)

− 0.04 [− 1.50, 1.43] 0.96 [0.22, 4.17] 1.41 [− 1.27, 4.09] 4.09 [0.28, 59.68]

 Center (Lue-
beck)

− 0.17 [− 0.82, 0.47] 0.84 [0.44, 1.61] − 0.66 [− 1.68, 0.37] 0.52 [0.19, 1.44]

 Asthma (ref. 
juvenile 
arthritis)

0.25 [− 0.83, 1.34] 1.29 [0.44, 3.80] − 0.29 [− 2.05, 1.47] 0.75 [0.13, 4.35]

 Diabetes (ref. 
juvenile 
arthritis)

− 0.97* [− 1.79, − 0.16] 0.38 [0.17, 0.85] − 0.04 [− 1.36, 1.28] 0.96 [0.26, 3.61]

 Duration of dis-
ease (years)

− 0.06 [− 0.14, 0.02] 0.94 [0.87, 1.03] − 0.04 [− 0.16, 0.08] 0.96 [0.85, 1.09]

 Comorbid dis-
ease (at least 
one)

− 0.24 [− 0.94, 0.46] 0.79 [0.39, 1.59] 0.16 [− 1.05, 1.37] 1.17 [0.35, 3.93]

Interactions
 Time x gender 0.27** [0.08, 0.47] 1.31 [1.08, 1.60] − 0.03 [− 0.35, 0.30] 0.97 [0.70, 1.35]
 Gender x age 0.29** [0.08, 0.50] 1.33 [1.08, 1.64] − 0.15 [− 0.49, 0.20] 0.86 [0.61, 1.22]

Random effects
 Residual 0.37*** [0.32, 0.42] 0.19*** [0.17, 0.22]
 Intercept 5.55*** [4.17, 7.40] 20.05*** [15.67, 25.64]
 Time 0.33*** [0.23, 0.46] 1.10*** [0.85, 1.43]
 Intercept*time − 0.76*** [− 1.10, − 0.42] − 3.45*** [− 4.49, − 2.41]
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Based on longitudinal data, we found disease-group-spe-
cific differences between children and adolescents with juve-
nile arthritis compared to those with diabetes in mobility, 
usual activities, and pain/discomfort. These disease-group-
specific differences may reflect the specific symptoms of the 
investigated diseases. In juvenile arthritis, pain, functional 
limitations, and difficulties in symptom control as well as 
severe side-effects of the treatments may all contribute to a 
higher burden of the disease compared to diabetes.

Good disease control was associated with less problems 
in mobility and with a better overall health state correspond-
ing to former research [29]. Further, the duration of the 
disease was negatively associated with mobility and usual 
activities. The latter finding may reflect that children and 
adolescents with a longer duration of their disease adapted 
to the chronic diseases over time, and may have adapted their 
evaluation of HRQoL according to their chronic disease 

(known as the well-being paradox [47]). Likewise, studies 
in clinical samples found good self-reported HRQoL even in 
children and adolescents with very severe chronic diseases 
(e.g., [48, 49]).

Health complaints were associated with each investigated 
domain of HRQoL and with the current health state in line 
with a study in a Swedish school-based sample [31]. How-
ever, some complaints as measured with the HBSC-SCL 
(including items on headache, stomach ache, back pain, 
sleeping difficulties, feeling down, irritable, nervous, and 
dizzy) mingle with symptoms of the investigated diseases. 
Moreover, mental health problems were associated with 
pain/discomfort and anxiety/depression as well as with the 
current health state in line with results of former clinical [16] 
and non-clinical studies [7–10]. However, bivariate analyses 
in non-clinical samples additionally revealed associations of 
mobility and usual activities with mental health problems, 
which we could not detect in our multivariate models. Future 
research may analyze these associations more detailed, but 
our findings may already underline the necessity to consider 
health complaints and mental health problems in treatments 
for children and adolescents with chronic diseases.

We detected a higher probability for pain/discomfort 
among participants with lower SES. This finding may indi-
cate more resources and higher health literacy in more afflu-
ent compared to disadvantaged families (compare e.g., [50]). 
Further, we detected an interaction effect of age by gender 
on pain/discomfort. This result may reflect developmental 
changes over childhood and adolescence, which should be 
considered in the treatment of children and adolescents with 
chronic diseases.

For the VAS, our findings on age and mental health prob-
lems correspond to a study on Spanish children and adoles-
cents with diabetes [16]. Overall, these findings underline 
the importance of influences of developmental changes and 
mental health on the health state of children and adolescents 
with chronic diseases.

We detected decreasing problems in usual activities over 
time; further, problems in mobility as well as in pain/dis-
comfort decreased for boys, but increased for girls over time. 
These changes over time may partly be due to regular medi-
cal care study participants received in disease-specific con-
sultation hours at the centers over study duration. However, 
the Kids-CAT study was an observational study, no system-
atic intervention was conducted and we did not control for 
treatments of participants prior to the study. Moreover, for 
all investigated domains of HRQoL a higher probability 
of problems was associated with shorter intervals between 
measurement points indicating that participants who were 
more burdened re-visited consultation hours at the centers a 
few days earlier than those less burdened.

This study has the following limitations. Our data 
only covered a period of six months. Additionally, our 

Table 5   Predictors of the self-reported current health state according 
to the visual analogue scale of the EQ-5D-Y in chronically ill children 
and adolescents based on longitudinal data

n = 290; for measures, see text on Methods; CI = confidence interval; 
ref. = reference category
** p ≤ .01; *** p ≤ .001

Model E1: current health state

Effect [95% CI of effect]

Fixed effects
 Intercept 79.01*** [74.07, 83.95]

L1-predictors
 Time (months with 2 decimals) 0.07 [− 0.47, 0.61]
 Disease control (good) 5.55*** [2.91, 8.19]
 Health complaints − 0.98*** [− 1.22, − 0.74]
 Mental health problems − 0.44*** [− 0.69, − 0.19]

L2-predictors
 Gender (female) − 2.24 [− 5.67, 1.19]
 Age (years) − 0.93** [− 1.64, − 0.21]
 Socio-economic status − 0.32 [− 0.83, 0.19]
 Migration background (given) 3.49 [− 3.78, 10.75]
 Center (Luebeck) 0.62 [− 2.39, 3.63]
 Asthma (ref. juvenile arthritis) − 0.49 [− 6.00, 5.03]
 Diabetes (ref. juvenile arthritis) 1.58 [− 2.61, 5.76]
 Duration of disease (years) 0.25 [− 0.13, 0.62]
 Comorbid disease (at least one) − 2.06 [− 5.47, 1.36]

Interactions
 Time x gender − 0.51 [− 1.27, 0.26]
 Gender x age − 0.44 [− 1.42, 0.54]

Random effects
 Residual 137.55*** [119.04, 158.95]
 Intercept 64.93*** [39.60, 106.45]
 Time 0.01*** [0.00, 0.01]
 Intercept*time − 0.80 [− 5.06, 3.46]
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longitudinal data—especially parent-reports on mental 
health problems—may be affected by a recall bias, and we 
could not include further laboratory markers or control for 
the used medication. Future research may wish to investigate 
the EQ-5D-Y over a longer period, gather data consistently 
online, and include further (objective) medical data. Our 
analyses are only exploratory, we analyzed the same sample 
with five longitudinal models, and our data included some 
small subgroups and unbalanced disease groups. Future 
studies may confirm our findings.

To our knowledge, we present the first results on socio-
demographic, disease- and health-specific predictors of 
HRQoL according to the items and the VAS of the EQ-5D-Y 
over time. Our study underlines the necessity of disease-
specific treatments for children and adolescents with asthma, 
juvenile arthritis, and diabetes, which should consider devel-
opmental changes. Further, our results indicate that subjec-
tive health complaints and mental health problems should 
be considered in the care of the investigated children and 
adolescents. Future research should suggest administering 
the EQ-5D-Y with five instead of three response options, and 
investigating HRQoL over a longer period.
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