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Abstract
Purpose  Achondroplasia, as the most common form of disproportionate short stature, potentially impacts the health-related 
quality of life (HRQOL) and functioning of people with this condition. Because there are no psychometrically validated 
patient-reported outcome (PRO) condition-specific instruments for achondroplasia, this study selected and tested available 
generic, disease-specific and under development questionnaires for possible use in multinational clinical research.
Methods  A three-step approach was applied. First, a literature review and clinician/expert opinions were used to select 
relevant PRO questionnaires. Second, focus group discussions, including a group cognitive debriefing for piloting of the 
questionnaires with children/adolescents with achondroplasia and their parents, were performed in Spain and Germany. 
Third, a field-test study was conducted to test the psychometric properties of these instruments.
Results  Six questionnaires were identified as potentially relevant in children with achondroplasia. In each country, five focus 
groups including a cognitive debriefing were conducted, and the results narrowed the possibilities to three instruments as 
most appropriate to assess HRQOL (the generic PedsQL, the height-specific QoLISSY, and the achondroplasia-specific 
APLES). Results of the field study indicate the QoLISSY and the PedsQL questionnaires to be most appropriate for use in 
clinical research at this time.
Conclusion  This selection study is a step forward in assessing the impact of achondroplasia on HRQOL. Of the instruments 
examined, the QoLISSY and the PedsQL both capture items relevant to children with achondroplasia and have met the psy-
chometric validation criteria needed for use in research. The APLES instrument is a promising tool that should be revisited 
upon psychometric validation.
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Introduction

Achondroplasia, the most common type of skeletal dys-
plasia, is characterized by disproportionate short stature 
and systematic abnormalities in cartilage and bone that 
can be painful, require surgery, and be life-threatening 
[1, 2]. Because of musculoskeletal impairments that are 
associated with this condition, patients have a need for 
assistance in daily life, especially during childhood [3, 
4]. Skeletal abnormalities and biomechanical impairments 
such as shorter extremities or hypotonia contribute to 
developmental delays in motor skills and limit functional 
independence in children [5]. Moreover, achondroplasia is 
often related to obesity which might increase morbidity, 
particularly joint problems [3, 6].

In addition to physical impairments, children with 
achondroplasia face challenges in their social life, such 
as bullying and social stigmatization, which may result in 
lower self-esteem and an increased risk of depression in 
adulthood [7, 8].

These physical and psychosocial consequences have 
a negative effect on the health-related quality of life 
(HRQOL) of children with achondroplasia [7]. The con-
cept of HRQOL was coined to describe the impact of a 
defined health condition on well-being and functioning 
and reflects the patients’ own perception on physical, emo-
tional, mental, and social areas of health [9]. HRQOL is 
increasingly being assessed using patient-reported out-
come (PRO) instruments to quantify how patients feel 
and function without outside interpretation [10]. Differ-
ent types of PRO measures exist, including generic and 
condition-specific measures. Generic instruments can be 
applied independently of the health condition and allow a 
comparison of health status across populations or diseases 
[11, 12]. Condition-specific measures are used to identify 
the impact of a specific disease.

Treatment options for achondroplasia are few and com-
monly include surgical lower limb lengthening. Despite 
being painful and associated with serious complications, 
it can lead to improvement in HRQOL [13]. However, 
if lengthening is only performed in the lower limbs, the 
resulting disproportion between the upper and lower limbs 
remains a major issue and might negatively affect HRQOL 
[6, 14, 15]. Nonsurgical strategies, such as human growth 
hormone therapy, have been used to increase growth veloc-
ity; however, long-term benefits and the effect on body 
proportionality are still unclear. Therefore, this therapy is 
not yet recommended for use in achondroplasia [16, 17].

Study objectives

There is a lack of cross-cultural validated PRO instrument 
for young people with achondroplasia. Hence, appropriate 
instruments relevant to assess the described psychological 
and physical burden of young achondroplasia patients need 
to be identified or developed and tested to provide insight 
of the treatment benefits on HRQOL. When selecting PRO 
measures for research or clinical trials, quality criteria 
like reliability and validity must be considered, as recom-
mended in the COSMIN (Consensus-based Standards for 
the selection of health Measurement Instruments) check-
list [18]. This study selected and tested psychometrically 
validated PRO measures for potential use in multinational 
research studies of children with achondroplasia.

Method

This cross-sectional study, performed in three stages using 
a mixed method approach, was approved by the ethic com-
mittee of the University Medical Hospital Magdeburg and 
Otto-von-Guericke University, Magdeburg in Germany 
and by the Ethic Committee in Malaga.

First stage—literature and expert review

A process of appraisal and elimination was used to select 
relevant PRO measures to be used in children with achon-
droplasia. Therefore, a literature review was conducted in 
the medical databases PubMed and Web of Science at the 
end of 2014, to identify validated PRO instruments used 
in children and adolescents with achondroplasia or skeletal 
dysplasia. The search strategy included word combinations 
using the terms ‘HRQOL’, ‘wellbeing’, ‘QoL’, ‘skeletal 
dysplasia’, ‘achondroplasia’, ‘children’, ‘adolescents’, 
‘youth’, ‘instruments’, ‘measures’ in various combinations. 
The pre-selection of the literature search was reviewed by 
two clinical experts, experienced in managing and treating 
achondroplasia, who were consulted to determine which 
PRO questionnaires could be relevant for use in children 
with achondroplasia in a clinical research setting. Meas-
ures were selected based on the following criteria: (1) 
skeletal dysplasia or achondroplasia, (2) children and their 
parents aged 5–14 years, (3) HRQOL including different 
assessment perspectives (child and proxy report), and (4) 
language availability (German and Spanish).
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Second stage—focus group cognitive debriefing

Focus group discussions were conducted in Germany and 
Spain for piloting of the selected questionnaires, including 
a group cognitive debriefing approach to explore clarity, 
relevance, and appropriateness of the tools [19, 20]. The 
overall objective of the group cognitive debriefings was to 
explore how well the selected questionnaires capture expe-
riences important to children with achondroplasia. The 
focus groups were moderated by trained experts and organ-
ized in three phases: (1) the moderators explained the pur-
pose and organization of the meeting, (2) the participants 
completed the PRO questionnaires individually within the 
focus group setting, (3) using the think-aloud approach 
of cognitive debriefing interviews, the participants were 
invited to share their thoughts about each instrument after 
completion of the respective PRO measure with the group 
in an open discussion. Retrospective verbal probing ques-
tions were used to elicit additional information from the 
participants on the instruments’ interpretability, compre-
hensiveness, and appropriateness for achondroplasia (e.g., 
“How easy or difficult was it to answer the questions?”). 
Additional areas of interest and aspects that were not cov-
ered by the instruments’ but are relevant to the respond-
ents, were discussed in the group to gain more information 
about the experiences of living with the condition [19, 
21]. During the final session, the PRO instruments were 
reviewed overall and final ranking questions (e.g., “Over-
all, which questionnaire is the most appropriate for you/
which one do you prefer?”) were asked.

Patients aged 5–14 years and their parents were recruited 
through patient organizations in Germany and Spain. For 
young patients below the age of 8 years, only parents par-
ticipated. Inclusion criteria were a clinically confirmed diag-
nosis of achondroplasia by the clinician, understanding and 
speaking the local language, voluntary participation, and the 
provision of informed consent.

In each country, five focus group discussions with six par-
ticipants were planned to be conducted, including one dis-
cussion with parents of children aged 5–7 years, 8–11 years, 
and 12–14 years and one discussion each with children aged 
8–11 years and 12–14 years. Group discussions were audio 
taped and transcribed using the software f4 (Version v4.2—
www.audio​trans​kript​ion.de/engli​sh/f4). Sociodemographic 
and clinical data were collected in Germany in parallel by a 
clinician the same day. In Spain, parents reported anthropo-
metric measures as part of the enrollment process.

A mixed-methods sequential explanatory design, which 
implies analyzing quantitative and then qualitative data in 
two consecutive phases was used for data analysis. Prop-
erties of each questionnaire were investigated in terms of 
missing values and floor/ceiling effects, using the analysis 
program SPSS (Version 21) [22]. Floor/ceiling effects were 

defined as present if more than 15% of the respondents 
scored the highest/lowest score [23]. MAXQDA (Version 
11) was used to analyze qualitative data [24]. Statements 
from patients and parents were sorted in the original lan-
guage and documented. Content validation was analyzed in 
an open deductive process by screening the transcripts and 
abstracting important statements into categories regarding 
the instrument’s relation to achondroplasia, it’s reflection of 
everyday life experiences, it’s importance in relation to the 
disease, on the general opinion about each instrument and on 
aspects not covered by the respective instrument that would 
be relevant to achondroplasia. The answers of the final rank-
ing questions were quantified and recorded in a ranking list 
from the most preferred tool to the least preferred tool. In the 
final reconciliation process, the most relevant PRO instru-
ments were ranked using the ranking list from the most 
preferred tool to the least preferred tool as reported by the 
participants themselves. The tools performing best in terms 
of qualitative and quantitative results were selected to be 
further tested in the third stage of the study.

Third stage—field test and validation of PRO tools

A cross-sectional study was performed in both countries 
for psychometric testing. Per country, 25 children/ado-
lescents and their parents in each age group (8–12 years, 
13–14 years) and 25 parents of children aged 5–7 years were 
planned to be recruited. Data collection procedures differed 
between the countries. In Germany, the questionnaires were 
self-completed in the patients’ homes and anthropometric 
measures were self-reported by parents. Clinical data in 
Spain were collected from the centers, and questionnaires 
were completed under supervision of psychologists.

After description of sociodemographic and clinical data, 
descriptive statistics and other relevant distribution vari-
ables were reported. Psychometric properties were tested 
using Classical Test Theory (CTT) [25] including internal 
consistency measured with Cronbach’s Alpha and criterion 
validity using Spearman’s rank correlation coefficient. To 
determine if the measures captured variability that was 
expected based on anthropometric measures, correlations 
between the sub-dimensions of the PRO questionnaires and 
height standardized deviation score (SDS), the body pro-
portionality ratio and the BMI [weight (kg)/height2 (m)] 
were calculated separately for each country, to minimize the 
limitation concerning different data collection procedures 
between the countries. Height SDS scores were calculated 
using the general population of the children of same age and 
gender, on the basis of WHO Growth Reference Program 
[26]. The body proportionality ratio was calculated using 
the upper segment/lower segment ratio, which is a known 
ratio to determine body proportions. The ratio derived from 
standing and sitting heights of children computed as: sitting 

http://www.audiotranskription.de/english/f4
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height in cm/(standing height in cm − sitting height in cm) 
and is increased in achondroplasia, representing a higher 
disproportionality [27, 28]. Validity of the instruments was 
further assessed to compare HRQOL dimensions across 
groups with a different body proportionality index using 
multivariate analysis of covariance (MANCOVA), with 
country as a covariate to control for country differences. 
For total scores and when multivariate effects were signifi-
cant, univariate analysis was calculated, using country as a 
covariate as well. Since reference data and cutoff lines for 
proportionality ratio in achondroplasia are lacking [28, 29], 
body proportionality index (ranging from 0.91 to 2.34) data 
were used to form three groups based on the frequency dis-
tribution of the proportionality ratio including two smaller 
extreme groups each (N = 28) and one larger middle group 
(N = 72) (little disproportionate: body proportionality index 
< 1.57, very disproportionate: body proportionality index 
1.57–1.94, severely disproportionate: body proportionality 
index > 1.94). The significance level was set at p < 05.

Results

First stage—pre‑selection of PRO tools

A total of 15 questionnaires were identified in the literature 
search. This pre-selection of possible PRO instruments was 
reviewed by the project team based on the criteria mentioned 
in the method section, to determine which PRO question-
naires were most likely to capture the physical and psycho-
social burden of illness experienced by children with achon-
droplasia in clinical research. For instance, the WeeFIM [5, 
30] and the PEDI-CAT [31] capture physical burden but do 
not capture emotional and mood-related items and were thus 
excluded. Hence, six PRO tools were identified as potentially 
relevant for achondroplasia patients: three generic pediatric 
QoL questionnaires (KIDSCREEN-27, PedsQL and EQ-
5D-Y), one musculoskeletal-specific questionnaire (PODCI), 
one short-stature-specific-questionnaire (QoLISSY) and the 
recently developed, but at the time of the study not psycho-
metrically validated, achondroplasia-specific APLES.

In this study, the generic 27-item version of the KID-
SCREEN surveying HRQOL in children and adolescents 
aged 8-18 years was used, including the dimensions physical 
well-being, psychological well-being, autonomy & parents, 
peers & social support, and school environment [32].

The generic 23-item version of the ‘Pediatric Quality of 
Life Inventory’ (PedsQL) designed to assess HRQOL in 
patients with chronic or acute conditions from the patient’s 
and parents’ perspectives was used including the dimensions 
physical functioning, emotional functioning, social function-
ing, and school functioning [33].

The generic EQ-5D-Y, a modified version of the EQ-5D 
to appropriately measure HRQOL in children and adoles-
cents consists of five items that refer to the domains mobil-
ity, looking after oneself, usual activities, pain/discomfort, 
and feeling worried/sad/unhappy. A Visual Analog Scale 
rates the health status between 0 (worst) and 100 (best) [34].

Parents only filled out the musculoskeletal-specific 
‘Pediatric Outcomes Data Collection Instrument’ (PODCI) 
assessing functioning and HRQOL of children and adoles-
cents with 86 items [35, 36].

The short stature-specific Quality of Life in Short Stat-
ure Youth (QoLISSY) questionnaire assesses HRQOL of 
children and adolescents with short stature. It has been vali-
dated for children diagnosed with achondroplasia in Ger-
many [37]. It consists of core dimensions (physical, social, 
emotional) that are accompanied by predictors of HRQOL 
(coping, beliefs, and treatment). Domains included in the 
parent version only address aspects of the child’s future and 
the effects on parents of the child’s short stature. The child’s 
version consists of 36 items, the parents’ version of 52 items 
[38].

The recently developed ‘Achondroplasia Personal Life 
Experience Scale’ (APLES), a pediatric achondroplasia-spe-
cific instrument to assess HRQOL, includes the dimensions: 
self-perception, friends, recreation, kindergarten/school, and 
physical function [39, 40]. At the start of the current study, 
the APLES was still under development; thus, different ver-
sions were included in the pilot-test (15 items) and the field 
test (21 items).

Second stage—piloting and selection of PRO tools

The pilot-test sample included 27 participants in Germany 
and 28 individuals in Spain (Table 1).

Children aged 8–11 years and 12–14 years filled out the 
child version of the QoLISSY, the KIDSCREEN-27, the 
PedsQL, and EQ-5D-Y questionnaire, as well as a prelimi-
nary version of the APLES with 15 items, that was at the 
time being still under development. Parents of children aged 
5–14 years were asked to complete the parent/proxy version 
of these questionnaires. In order to lower the respondent 
burden for the children, parents only were asked to fill out 
the PODCI.

Focus group discussions provided feedback on the content 
validity and preliminary feasibility of the instruments. The 
QoLISSY and APLES were favored most by children and 
parents in both countries because they focus on short stature 
and topics relevant to achondroplasia. The PODCI was con-
sidered not to be adequate in content, length, and wording. 
Patients and parents felt none of the generic instruments 
captured the specific effects of achondroplasia. However, 
some favored the PedsQL because it reflects daily life situ-
ations and is easy and quick to complete. EQ-5D-Y and the 
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KIDSCREEN-27 were also rated as too general, although 
the distinction between family, friends, and social life in the 
KIDSCREEN-27 was appreciated, and the school domain 
was highly valued by the parents of the young children. An 
overview of the rank order preference of the final session of 
the cognitive debriefing is shown in Table 2.

In both countries, the completion rates across all instru-
ments were good. However, the missing data rate was high 
in the school domain of the KIDSCREEN (8.93%) and the 
PedsQL instrument (12.86%) in the German sample. Floor 
effects were not present, while ceiling effects (> 15%) were 
observed in the EQ-5D-Y and in some subdomains of the 
PODCI for both countries as well as in the friends scale of 
the KIDSCREEN instrument in the Spanish sample.

Based on the qualitative and quantitative results, the 
QoLISSY and APLES were considered as the tools that 
capture the main features of achondroplasia. One group 
(children 12–14 years) favored the PedsQL because it was 

easy to answer and required minimal clarification on the 
items, which present a good summary of their life. Hence, it 
was included in the study as a generic instrument. Overall, 
items of these three tools were rated as clear, understand-
able, and relevant for achondroplasia. Instruments’ measure-
ment properties in the pilot test were good, with no evidence 
of significant floor or ceiling effects in all three instruments. 
The instruments were included in the field-test to assess 
their psychometric properties and to validate these tools for 
achondroplasia.

Third stage—field test and validation of PRO tools

Sample description

A total of 133 children participated in the field test in both 
countries, 73 in Germany and 60 in Spain. There were no 
differences in sample composition between countries, except 

Table 1   Sample characteristics 
of the FG discussions and pilot 
test in Germany and Spain 
(stage 2)

Note  The gender distribution was not balanced across the age groups, especially in the age group 
13–14 years, in which no male patients were represented in the German sample and no females were repre-
sented in the Spanish sample
a Only parents were interviewed in the age group 5–7 years
b One additional parent participated in this group
c Two of the participants in this group were twin brothers, so only five families were represented

Age group Country N Child gender Age mean (SD)

Parents Children Male Female

5–7a Germany 12 – 5 7 5.6 (SD: 1.0)
Spain 5 – 1 4 6.3 (SD: 0.8)

8–11 Germany 5b 4 3 1 10.2 (SD: 1.1)
Spain 6 6 3 3 9.3 (SD: 1.1)

12–14 Germany 3 3 0 3 13.3 (SD: 0.72)
Spain 5 6c 6 0 13.6 (SD: 0.9)

Table 2   Overview of cognitive debriefing results in Germany and Spain

Parents

(5–7 years)

Children

(8–11 years)

Parents

(8–11 years)

Children

(12–14 years)

Parents

(12–14 years)

Most preferred 

tool

Least preferred 

tool

QoLISSY APLES APLES PedsQL QoLISSY

APLES QoLISSY PedsQL APLES APLES

KIDSCREEN27 EQ5D-Y PODCI QoLISSY PODCI

PedsQL QoLISSY PedsQL

PODCI KIDSCREEN27

EQ-5D-Y EQ-5D-Y
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a significant difference in the mean height between the Ger-
man (119.11 cm) and Spanish (130.20 cm) participants in 
the age group 13–14 years (p ≤ 0.05) (Table 3).

Psychometric properties of the PedsQL

Scale characteristics of the PedsQL in the child and parent’s 
version had a skewed mean score distribution to the right in 
both countries indicating a high HRQOL within the range 
of 0–100 (optimal HRQOL). Missing items were below 
1% indicating good feasibility and floor and ceiling effects 
were not present. Instrument reliabilities were excellent in 
the German sample (α > 0.7), while scores in the Spanish 
sample were slightly lower and unsatisfactory reliability was 
found in the social scale in child report (α = 0.48) (Table 4).

In both countries, very low and nonsignificant correla-
tions between the PedsQL subscales and the clinical vari-
ables BMI, height SDS and body proportionality ratio, 
suggested an unsatisfactory criterion validity. In addition, 
the MANCOVA for the child and parent report yielded no 
significant main effect of body proportionality groups on 
PedsQL dimensions.

Psychometric properties of the QoLISSY

In the children’s version, the scale means of the QoLISSY 
instrument were skewed to the right, indicating a high 
HRQOL for children with achondroplasia in both 

countries. Missing items were low (< 4%), suggesting sat-
isfactory feasibility. While a ceiling effect in the beliefs 
dimension was observed in the Spanish and German sam-
ple in children aged 8–12 years and in Spanish parents of 
children aged 13–15 years in the future scale, other floor or 
ceiling effects were not remarkable. Internal consistency 
was satisfactory in both countries (α > 0.7), except for the 
coping scale in Spanish children (α = 0.65) and the physi-
cal scale in German parents (α = 0.69) (Table 4).

Correlations between the QoLISSY subscales and the 
selected clinical variables height SDS, BMI, and body pro-
portionality ratio were significant in the Spanish sample 
between the believe scale (r = 0.32, p ≤ 0.05) and BMI and 
between the future scale and BMI (r = 0.26, p ≤ 0.05) in 
parent report. Correlations with data of Spanish children 
were significant between the physical scale and the pro-
portionality ratio (r = 0.33, p ≤ 0.05), the social scale and 
the proportionality ratio (r = 0.33, p ≤ 0.05) and between 
the total score and the proportionality ratio (r = 0.32, 
p ≤ 0.05). Using data of German children, correlations 
between the physical scale and the proportionality ratio 
were significant (r = − 0.36, p ≤ 0.05), as well as between 
the physical scale and height SDS (r = 0.31, p ≤ 0.05), 
the coping scale and height SDS (r = 0.35, p ≤ 0.05) 
and between the believe scale and height SDS (r = 0.32, 
p ≤ 0.05). No significant correlations were found for the 
German parent report. Results of the MANOVA yielded 
no significant main effect of body proportionality groups 
on QoLISSY dimensions.

Table 3   Sample characteristics field test (stage 3)

SD standard deviation
*T test revealed a significant difference between the German and the Spanish sample (p = 0.024)

5–7 years 8–12 years 13–14 years

GER
n = 25

SPAIN
n = 20

Total
n = 45

GER
n = 34

SPAIN
n = 30

Total
n = 64

GER
n = 14

SPAIN
n = 10

Total
n = 24

Age mean (SD) 6.36 (.86) 6.25 (1.04) 6.32 (.94) 10.46 (1.5) 10.94 (1.4) 10.68 (1.4) 14.04 (.70) 14.06 (.59) 14.05 (.64)
Sex male (%) 12 (48.0%) 10 (50.0%) 22 (48.9%) 19 (55.9%) 13 (43.3%) 32 (50.0%) 6 (42.9%) 7 (70.0%) 13 (54.2%)
Height mean 92.80 92.05 92.46 111.30 111.96 111.61 119.11* 130.20* 123.73
(SD) (7.52) (5.71) (6.71) (8.37) (10.12) (9.17) (4.15) (12.86) (10.28)
Missing – – – 1 – 1 – – –
Height SDS mean − 4.79 − 4.92 − 4.85 − 4.53 − 4.93 − 4.72 − 5.78 − 4.52 − 5.29
(SD) (1.18) (0.79) (1.02) (1.06) (1.12) (1.09) (0.60) (1.70) (1.28)
Missing – – – 2 – 2 – – 1
Prop.ratio mean 1.90 1.82 1.86 1.79 1.68 1.73 1.73 1.43 1.61
(SD) (.26) (.17) (.23) (.29) (.27) (.28) (.37) (.41) (.41)
Missing – – – 5 – 5 – – –
BMI mean (SD) 20.34 20.34 20.34 22.90 22.00 22.47 23.72 22.59 23.25
(SD) (4.35) (1.82) (3.43) (6.63) (3.48) (5.32) (3.43) (3.51) (3.44)
Missing – – – 2 – 2 – – 0
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Psychometric properties of the APLES

Mean values of the APLES instrument indicated that 
in both countries parents and children report a relatively 
high HRQOL, which was also seen in the PedsQL and the 
QoLISSY. Feasibility of the instrument was good with no 
observed floor or ceiling effects. Cronbach’s alpha scores 
were very satisfactory in the German sample (α > 0.7), while 
scores were lower in the Spanish sample and unsatisfactory 
in the recreation and self-perception scales among children 
and in the scale physical function in parent report (α < 0.50) 
(Table 4).

Except for a significant correlation between the scale 
friends with BMI in child report for Germany (r = 0.32, 
p ≤ 0.05), correlations between the APLES dimensions and 
clinical variables were not significant in both countries. 
Results of the MANCOVA yielded a significant main effect 
of body proportionality groups on APLES dimensions for 
child report, Pillai’s trace = 0.259, F(10, 148) = 2.204, p = 0.02, 
ŋp2 = 0.13. However, the subsequent univariate analy-
ses showed no significant effects and should therefore be 
interpreted with caution. Nevertheless, the mean values of 

children with a severely disproportionate body are tending to 
be higher than in children with a less disproportionate body 
in the friends and physical scale, which would surprisingly 
mean that children with a more disproportionate body have 
a higher HRQOL in these domains (Table 5). There were no 
significant main effects in parent report.

Discussion

Using a process of appraisal and elimination, the follow-
ing instruments were identified via literature review and 
interviews with clinical experts: KIDSCREEN, PedsQL, 
EQ-5D-Y were selected as generic tools, the PODCI as a 
musculoskeletal-specific instrument and the QoLISSY, 
APLES as condition-specific instruments.

Despite the small sample size in the pilot test, the 
results were similar among age groups and countries. The 
height-specific QoLISSY questionnaire and the condition-
specific APLES questionnaire were the tools most favored 
by children and their parents because of the clear focus on 
domains related to height (QoLISSY) and height as well 

Table 4   Reliability of PRO 
instruments (measured with 
Cronbach’s Alpha)

Note  Sample sizes can be lower than presented in Table  3 because of incompletion of the instruments. 
Mean scale scores were computed for each scale when 80% of the data were available
α = Cronbach’s Alpha
a Sum of all scales
b Only assessed in parent report
c Sum of the scales physical, social, emotional

PRO instrument Domain Germany Spain Both countries

Parents Children Parents Children Parents Children

α N α N α N α N α N α N

APLES Self-perception 0.72 71 0.76 47 0.63 60 0.39 40 0.69 131 0.61 87
Friends 0.83 71 0.76 43 0.88 58 0.80 38 0.82 129 0.77 81
Recreation 0.75 72 0.78 46 0.66 60 0.32 40 0.71 132 0.63 87
Kindergarten/School 0.72 72 0.61 46 0.82 59 0.80 40 0.77 131 0.72 86
Physical function 0.76 73 0.80 44 0.44 58 0.65 39 0.67 131 0.75 83
Total Scorea 0.84 69 0.87 39 0.78 55 0.69 37 0.81 124 0.80 76

QoLISSY Physical 0.69 55 0.86 46 0.78 58 0.83 40 0.79 113 0.85 86
Social 0.72 73 0.87 44 0.83 59 0.89 39 0.78 132 0.87 83
Emotional 0.84 70 0.89 46 0.85 60 0.84 39 0.84 130 0.87 85
Coping 0.81 64 0.78 43 0.81 58 0.65 39 0.78 122 0.71 82
Beliefs 0.89 70 0.85 47 0.90 60 0.88 40 0.89 130 0.86 87
Future* 0.84 71 – – 0.89 60 – – 0.85 131 –
Effects on parentsb 0.85 47 – – 0.76 60 – – 0.80 107 –
Total Scorec 0.88 54 0.94 43 0.91 57 0.94 38 0.90 111 0.94 81

PedsQL Physical 0.88 72 0.88 44 0.81 58 0.65 39 0.85 130 0.81 83
Emotional 0.80 71 0.84 47 0.72 59 0.63 39 0.76 130 0.77 86
Social 0.81 73 0.81 47 0.68 59 0.48 39 0.78 132 0.71 86
School 0.74 73 0.80 44 0.71 60 0.77 40 0.72 133 0.77 84
Total Scorea 0.91 70 0.94 41 0.86 57 0.83 39 0.89 127 0.90 80
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as proportionality (APLES) which are relevant domains 
of achondroplasia. The generic PedsQL questionnaire was 
favored by one group and showed satisfactory results in the 
pilot test and was therefore included in the subsequent field-
test, as well.

Results of the field-test demonstrated excellent reliability 
in the total scores of the instruments and adequate to satis-
factory on scale levels, with the exception of low internal 
consistency in the APLES sub-domains self-perception, 
recreation, and physical function in the Spanish sample. 
However, when interpreting the results for each country 
separately, the small sample size needs to be considered and 
additional work is needed on the newly developed APLES 
instrument. Furthermore, the field-test results indicate that 
the reliability in the physical domain tended to be strong-
est for PedsQL in the parent-report. This might suggest 
that a combination of psychometrically validated tools that 
complement each other may be needed to best quantify the 
impact of children with achondroplasia: a well performing 
generic instrument in combination with one that specifically 
addresses issues related to height.

Although expected, our results did not show that anthro-
pometric measures, such as degree of short stature, body 
disproportionality, and BMI, are clearly associated with 
impaired HRQOL in all the instrument sub-scales. The Ped-
sQL showed no association with clinical measures, while the 
QoLISSY is associated with all clinical variables included in 
the correlation analysis. However, results of the MANOVA 

yielded no significant main effect of body proportionality 
groups on QoLISSY dimensions. But since QoLISSY was 
originally designed for children and adolescents with pro-
portionate short stature who do not suffer from a dispropor-
tionate body, this result was not unexpected. Contrary to our 
assumption, the APLES as a condition-specific instrument 
showed no association with the proportionality index. Only a 
significant but weak association between the subscale friends 
and BMI in German children was detected. And, although 
a significant main effect of body proportionality groups on 
APLES dimensions was detected in child report, univariate 
analyses were not significant and should be interpreted care-
fully. This suggests that further refinement of the instrument 
is necessary to be included in further clinical trials.

Although we controlled for country in the analysis, the 
unexpected results regarding body proportionality might be 
due to differences in the recruitment procedures, data col-
lection (clinical measurement vs. self-report), samples com-
position and size, as well as the lack of comparable clinical 
documentation across countries. Specifically, body propor-
tionality was assessed with different methods in Germany 
and in Spain, and although measures were harmonized they 
only concerned sitting height, which is associated with the 
lower limb length, not including upper extremities. How-
ever, especially during infancy shortening of the limbs is 
present in the upper limbs, while the lower limbs are not 
statistically different in length compared to normal controls 
[41]. Hence, the upper limb length is an important indicator 

Table 5   Univariate analysis 
of variance of HRQOL for the 
APLES instrument between 
three different groups based on 
the body proportionality index

Note BPI body proportionality index, M mean (0–100 scale with 100 representing the highest HRQOL), 
SD standard deviation, F F-value, p p value, Ŋp

2 effect size eta square. Univariate effects were not signifi-
cant (p ≥ 0.05)
a Sum of all scales

APLES Group 1 
Little disproportionate 
BPI: < 1.57
M (SD)

Group 2 
Very disproportionate 
BPI: 1.57–1.94
M (SD)

Group 3 
Severely dis-
proportionate 
BPI: > 1.94
M (SD)

F p Ŋp
2

Patient-reports
 Self-perception 73.61 (18.98) 69.64 (25.55) 66.11 (30.61) .439 .64 .01
 Friends 79.93 (22.75) 84.72 (13.89) 82.77 (15.57) .590 .55 .01
 Recreation 77.34 (19.40) 64.88 (21.51) 70.41 (25.49) 2.531 .08 .06
 School 77.08 (26.72) 72.22 (22.88) 71.11 (22.01) .403 .66 .01
 Physical function 55.78 (30.10) 70.11 (21.14) 72.16 (22.45) 2.487 .08 .06
 Total scorea 72.75 (13.64) 72.31 (13.49) 72.36 (14.03) .0004 .99 .00

Parents-reports
 Self-perception 51.78 (21.19) 53.18 (24.93) 55.12 (26.14) .127 .88 .002
 Friends 73.36 (23.49) 67.46 (20.30) 61.63 (22.93) 1.992 .14 .03
 Recreation 56.99 (23.85) 48.69 (23.07) 52.88 (26.93) 1.258 .28 .02
 School 73.80 (24.29) 65.50 (23.95) 67.94 (21.04) 1.261 .28 .02
 Physical function 53.30 (22.13) 55.13 (20.22) 48.84 (23.12) 1.107 .33 .02
 Total scorea 61.85 (14.47) 57.99 (13.53) 57.58 (14.86) 1.048 .35 .02
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when describing body proportions in achondroplasia; how-
ever, this was not included in the body proportionality index 
used in this study. Furthermore, a relatively high proportion 
of achondroplasia patients had undergone limb-lengthening 
surgery in Spain, but the proportion was unknown in Ger-
many, which may have influenced the results and may reflect 
the significant body height difference between German and 
Spanish participants aged 13–14 years in the field-test.

Finally, cutoff lines and in-depth international reference 
data of body proportions are still lacking for disproportion-
ate growth disorders. Hence, the proportionality groups 
devised for this study might not reflect the possible clinical 
differences and thus negatively affects the sensitivity of the 
instruments.

Limitations

There are several limitations of the study. First, the meaning-
fulness of all analyses, including the proportionality ratio, 
is limited, because the data were collected using different 
methods. Furthermore, the sample composition and small 
sample limit the generalizability of study results, especially 
in parametric methods, such as ANOVA. Participants of the 
focus groups and pilot-test were recruited through patient 
organizations in both countries and may not be generalizable 
to either those countries or more broadly. In the field-test, 
German patients were recruited through a patient organi-
zation, while Spanish patients were recruited in a clinical 
center in Spain. Furthermore, in Germany, anthropomet-
ric measures were self-reported by parents, which likely 
increased variability in the measurements and may have 
compromised the accuracy and reliability of the anthropo-
metric measurements. In Spain, clinical data were collected 
from the centers but the questionnaires were completed 
under supervision of psychologists, which may have intro-
duced a social desirability bias. However, in light of the fact 
that achondroplasia is a rare disease, and finding a large 
population is difficult, the different recruitment procedures 
were a pragmatic way to conduct the research study.

Conclusion

PRO measures are increasingly used in clinical trials or 
medical practice to understand disease burden and effects 
of treatment. Valid and reliable instruments are required 
which should be tested in the target population, as well as 
in a cross-cultural context. This study identified three PRO 
instruments as most appropriate for use in children with 
achondroplasia. While the short stature-specific QoLISSY 
and the generic PedsQL questionnaire have both been psy-
chometrically validated and might be considered for use in 

research with children with achondroplasia, the condition-
specific APLES requires additional work to better under-
stand the performance of the sub-scales and to psychometri-
cally validate the measure in different countries and cultures.

Despite poor sensitivity to clinical differences, psycho-
metric characteristics of the instruments, especially relia-
bility, were satisfactory. However, Cronbach’s alpha values 
of the APLES were unacceptable in some scales. Future 
research with larger sample sizes and a more heterogonous 
cross-cultural sample is needed to have a robust understand-
ing of the performance of these instruments, to describe the 
impact of achondroplasia on HRQOL, and to unravel deter-
minants of HRQOL in order to improve the well-being and 
functioning of patients and their families.
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