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Abstract
Purpose  Children with bronchopulmonary dysplasia often develop complications that affect them well into adult life. Very 
little is known about how this affects their quality of life, since no sensitive instrument is available to measure health-related 
quality of life in this population. In this study, a Dutch parent-proxy instrument was developed for this purpose.
Methods  A list of items was generated after literature search and interviews with both parents of patients and clinical experts. 
Clinically relevant items were selected with the clinical impact method and item analysis. Results of clinical tests to measure 
complications in children with bronchopulmonary dysplasia were correlated with these items to select the items that show 
construct validity. Cronbach’s alpha was calculated to estimate internal consistency of the items in the final questionnaire.
Results  In total, 92 children and their parents and 7 clinicians participated. Of 130 identified items, 47 showed clinical 
relevance. Spirometry, the Child Behavior Checklist, mean arterial pressure, and body mass index were used to determine 
construct validity of 33 items. These items were structured within five domains: pulmonary complaints, school functioning, 
growth and nutrition, exercise and locomotion, emotional functioning and health care concerns. The questionnaire showed 
excellent internal consistency with Cronbach’s alpha of 0.919.
Conclusion  This study developed a disease-specific parent-proxy instrument to measure health-related quality of life in 
children with bronchopulmonary dysplasia aged 4–8 years old, the BPD-QoL. All included items show construct validity 
and internal consistency reliability. Future research should focus on further validation and analysis of responsiveness and 
reliability.

Keywords  Bronchopulmonary dysplasia · Health-related quality of life · Instrument development · Children

Introduction

Bronchopulmonary dysplasia (BPD) is a chronic lung dis-
ease that affects the mortality and morbidity of children 
born preterm [1, 2]. The pathology and definition of BPD 
is closely associated with low gestational age and low 
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birth weight [3–5]. According to the National Institutes of 
Health Consensus definition, children are diagnosed with 
BPD when they are treated with more than 21% of oxygen 
at 28 days after birth. The severity of BPD is simultaneously 
graded as mild, moderate, or severe based on the respiratory 
support needed at discharge or at 36 weeks post menstrual 
age for children born < 32 weeks or 56 days postnatal age for 
children born ≥ 32 weeks gestational age (whichever comes 
first) [5]. The incidence of BPD found in large studies ranges 
from 25 to 68% in preterm children with a birth weight of 
less than 1500 g [6, 7]. Because of changing definitions and 
the developments in care for premature infants, it is difficult 
to determine the exact prevalence of BPD. It is estimated 
that about 10,000 children in the United States and about 
500–2000 in The Netherlands fulfill the criteria for BPD [8, 
9]. Several studies have shown that children who develop 
BPD experience more problems during childhood, adoles-
cence, and adult age in comparison to children born preterm 
without BPD, as well as healthy controls [2, 10–12]. These 
problems emerge in different areas of functioning. Chest 
symptoms and pulmonary function abnormalities consist of 
airway obstruction, airway hyper reactivity, and hyperinfla-
tion as well as exercise restriction [1, 2, 11]. When compared 
to age-matched controls born at term, respiratory symptoms 
are more common and twice as many children with BPD 
have a diagnosis of asthma during childhood [8]. Because 
of increased vascular resistance in the lungs, children with 
BPD may develop pulmonary hypertension and right ven-
tricular hypertrophy. Left ventricular hypertrophy is also 
seen, possibly associated with systemic hypertension which 
is more commonly found in children with BPD [13–15]. It 
has not been conclusively demonstrated that BPD is inde-
pendently associated with neurodevelopmental problems, 
but it has been shown to be a significant risk factor. Children 
with BPD have a lower intelligence quotient (IQ) with 20% 
achieving full-scale IQ rates < 70. Of children 8 years old 
with BPD, 54% required special education [16]. Underde-
veloped motor skills, both gross and fine, occur more often 
in patients with BPD compared to children with low birth 
weight without BPD and children born at term. More atten-
tion deficit problems are seen: at age 8 years old 15% of chil-
dren with BPD was diagnosed with attention deficit hyperac-
tivity disorder (ADHD), which was significantly more than 
children born at low birth weight (7%) and children born at 
term (4%) [16]. The degree of neurodevelopmental problems 
seems to be associated with the severity of BPD [5, 17]. 
Problems with growth and nutrition are common directly 
after birth, but are also seen later in childhood. The results 
of studies examining delay in growth at older age, however, 
are still inconclusive [18, 19].

Little is known about how these problems affect quality of 
life in children with BPD. Studies in school age children and 
young adults on the follow-up of BPD patients evaluating 

quality of life compared to either children born preterm 
without BPD or healthy controls show inconsistent results. 
Some studies report no significant difference [20–22], while 
other studies found evidence of lower HRQL [23, 24]. How-
ever, quality of life in all these studies was measured with 
a generic questionnaire. For health care purposes, disease-
specific instruments to measure quality of life are known to 
be both more discriminative and responsive when compared 
to generic instruments and therefore are of greater clinical 
significance [25, 26]. For other respiratory conditions, such 
as asthma, cystic fibrosis, vocal cord dysfunction and sleep 
apnea, these instruments have been developed and found to 
be useful both in clinical practice and research [27]. There 
are specific challenges in measuring HRQL in children. 
When children are not able to complete self-report ques-
tionnaires or to understand the concept of quality of life, 
proxy-reports need to be used. There is no set age at which 
children are supposed to be able to self-report on quality of 
life. Of the self-report questionnaires on HRQL developed 
for children below 8 years of age only half of the instruments 
meet minimum standards for internal consistency [28–30]. 
Another important subject is that the perception of quality 
of life is related to age and development. This implies that 
an instrument must be developed and validated for a speci-
fied population. Currently, no disease-specific instrument 
to measure HRQL in children with BPD is available. Such 
an instrument would be very useful in long-term follow-
up of these children since it would better address clinically 
important problems in this age group and consequently help 
to determine therapeutic goals. The aim of this study was to 
develop and validate a disease-specific parent-proxy ques-
tionnaire to measure health-related quality of life in Dutch 
children age 4–8 years old with BPD for future use in both 
research and clinical practice.

Method

Participant selection

The population consisted of 179 children aged 4–8 years old, 
who had been treated in the neonatal intensive care unit of 
the University Medical Center Groningen (UMCG) and met 
the criteria of BPD. This age group was selected because 
HRQL problems associated with BPD are expected to be 
experienced from school age. A proxy report instrument 
was chosen because the target population was 8 years or 
younger and also at increased risk of developmental delay. 
Children with relevant comorbidity that is not described as 
being related to BPD in literature were excluded [31]. Par-
ticipants could only be included in the study if one of the 
parents gave informed consent and the other parent did not 
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object. The study protocol was approved by the medical eth-
ics committee of the UMCG (METc 2011/258).

Item generation

The instrument was developed using the established method 
of item generation, item reduction, and construct valida-
tion [32]. The purpose of item generation was to assemble 
all items that affect quality of life of children with BPD at 
school age. Three sources of information were used: liter-
ature, interviews with doctors with clinical experience in 
follow-up of BPD patients (i.e., neonatologists and pedi-
atric pulmonologists, since they perform the follow-up of 
the patients in The Netherlands) and interviews with a first 
cohort of parents of BPD patients. These interviews were 
semi-structured and completed by one researcher who was 
trained in interviewing patients. The search was considered 
to be complete when no new items emerged. This point 
of saturation was ascertained by the whole research team 
based on the list of items assembled during literature search, 
expert interviews and when two consecutive parent inter-
views elicited no additional items. Additional information 
on participant selection and the process of item generation 
is described in Online Resource 1.

Item reduction

For item reduction, the assembled items were presented to 
the parents of a second cohort of BPD patients. They indi-
cated on a questionnaire for each item if it was relevant to 
their child and to what extent on a 6-point numeric rating 
scale with “0” indicating no burden and “6” extreme burden. 
With the clinical impact method the overall importance (OI) 
of each item was determined as the product of the mean 
importance of an item and the frequency with which it was 
rated [33, 34]. Items with OI > 1 were selected. Items with 
high inter-item correlation (IIC > 0.9) were checked for con-
tent similarity. The item with the lowest OI was removed 
unless the research team decided otherwise. Items with low 
item-total correlation (ITC < 0.2) were discarded [35].

Construct validation and scale development

In a third cohort of BPD patients, parents were asked to rate 
the burden of the previously selected items for their child on 
a questionnaire with a 7-point numeric rating scale ranging 
from 0 (“no burden”) to 7 (“extreme burden”). Therefore, 
higher score reflects worse HRQL. To show construct valid-
ity, one should use an objective parameter that reflects the 
severity of the disease but that is not itself a measure of QoL 
[25]. Five hypotheses were developed to test the construct 
that children age 4–8 years, who fulfill the criteria for BPD 
and who experience complications of BPD at this age, have 

a lower HRQL. These hypotheses can be reviewed in the 
Online Resource 2. Parameters that are generally accepted 
to measure health problems of BPD patients and are eas-
ily obtained in clinical practice were chosen: FEV1, FEV1/
FVC, and FEF25–75 obtained by flow-volume measurement 
and expressed as z-scores [36], body mass index (BMI) in 
z-score [37], mean arterial blood pressure (MAP) in mmHg, 
the standardized T-score of the Dutch version of the age-
specific Child Behavior Checklist (CBCL) with addition of 
the teacher report form (TRF) in children over 6 years old 
[38, 39], and signs of ventricular hypertrophy by screen-
ing of an electrocardiogram (ECG). The outcomes of the 
tests and the items in the questionnaire were then correlated. 
Items that correlated at least moderately and also appropri-
ately with one of the hypotheses that define the construct 
were considered to show construct validity. Items that did 
not show construct validity were removed from the ques-
tionnaire. The remaining items were categorized based on 
an exploratory factor analysis and face validity [35, 40, 41]. 
Because of expected sample size, factor analysis was not 
used to validate the categories but rather to indicate possi-
ble categories. Cronbach’s alpha was calculated to estimate 
internal consistency of the items in the final questionnaire 
[42]. The instrument was developed in the Dutch language.

Data analysis

Differences between groups of participants were evaluated 
with the Student’s t Test, Pearson’s Chi-square Test or Fish-
er’s Exact Test. Differences were considered to be significant 
when P < .05. Correlations were calculated as Spearman’s 
rho (ρs). Correlations were considered high when ρs > 0.50, 
moderate when ρs = 0.35–0.50 and low when ρs < 0.35. Cor-
relations with P < .05 were labeled significant [32]. Statisti-
cal analysis was performed with Predictive Analytics Soft-
ware Statistics 18.0.3.

Results

Characteristics of participants

For item generation, 16 parents (94% mothers) of 19 children 
with BPD and 7 doctors were interviewed. For item reduc-
tion parents of 50 children were approached, of which 32 
responded. One declined participation because of a language 
barrier. For clinical evaluation parents of 110 children were 
approached, of whom 50 responded. Two parents refused 
participation because they did not want an extra hospital 
visit for their child, six parents refused for unknown reasons. 
The characteristics of the three cohorts are documented in 
Table 1; no significant differences were observed. When 
reviewing complications experienced during admission to 
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the neonatal intensive care unit, significantly more grade 
I–II intraventricular hemorrhage occurred in the cohort for 
validation. The incidence of nephrocalcinosis was very low 
in the cohort for item reduction, a difference reaching sig-
nificance when compared to the cohort for validation.

Results of item generation and item reduction

A list of 130 problems was assembled and presented to the 
second cohort of parents of BPD patients for item reduction. 
The clinical impact method identified 52 problems with an 
OI > 1. The correlation matrix revealed 6 pairs of problems 
that had high inter-item correlation. Of three pairs, the one 
with the lowest overall importance was removed. Two pairs 
were found to be clinically different and therefore neither 
item was eliminated. One pair was minimally rephrased to 

become a single item. There was one item with low item-
total correlation which was removed.

Construct validation

The test parameters that showed relevant correlation with the 
items in the questionnaire were spirometry (FEV1 and FVC), 
BMI, MAP, and the CBCL including TRF. The FEV1/FVC 
and FEV25–75 showed correlation with a few items but all 
were weak (ρs < 0.308) and none were statistically significant 
(P > .06). No ECG showed signs of ventricular hypertrophy. 
An overview of the outcome of the tests parameters in the 
cohort of children in the validation phase is summarized in 
Table 2. There were 33 items that showed construct valid-
ity. All listed items and the correlation coefficients with the 
tests parameters that support construct validity are shown 

Table 1   Population 
characteristics per study phase

*As defined by Jobe and Bancalari in Am J Respir Crit Care Med in 2001 [4]
† Significant compared to both identification and clinical impact group (P < 0.05)
‡ Significant compared to clinical impact group (P < 0.05)

Item generation Item reduction Validation

Characteristics
 Participants 19 31 42
 Sex (m/f) 12/7 14/17 27/15
 Age in years (mean ± SD) 6.2 ± 1.6 5.5 ± 1.5 5.7 ± 1.4
 Multiple births (n, %) 9 (47%) 14 (45%) 10 (24%)
 Birth weight in grams (mean ± SD) 950 ± 244 951 ± 308 1041 ± 221
 Days gestational age at birth (mean ± SD) 193.7 ± 11.0 192.5 ± 8.2 195.0 ± 11.9
 Type of BPD*
  Mild (n, %) 8 (42%) 9 (29%) 10 (24%)
  Moderate (n, %) 4 (21%) 13 (42%) 13 (31%)
  Severe (n, %) 7 (37%) 8 (26%) 17 (41%)
  Unknown (n, %) 0 (0%) 1 (3%) 2 (5%)

Neonatal complications
 Necrotizing enterocolitis
  Treated conservatively (n, %) 0 (0%) 2 (7%) 0 (0%)
  Needed surgery (n, %) 2 (11%) 0 (0%) 2 (5%)

 Persistent ductus arteriosus
  Treated with medication (n, %) 8 (42%) 11 (36%) 19 (45%)
  Needed surgery (n, %) 5 (26%) 7 (23%) 7 (17%)

 Intraventricular hemorrhage
  Grade I–II (n, %) 1 (5%) 1 (3%) 8 (19%)‡

  Grade III–IV (n, %) 1 (5%) 3 (10%) 0 (0%)
 Infection
  Sepsis (n, %) 14 (74%) 21 (68%) 27 (64%)
  Pneumonia (n, %) 3 (16%) 8 (26%) 6 (14%)
  Meningitis (n, %) 1 (5%) 2 (7%) 1 (2%)

 Retinopathy of prematurity
  Grade I–II (n, %) 5 (26%) 4 (13%) 7 (17%)
  Grade III–V (n, %) 1 (5%) 1 (3%) 0 (0%)
  Nephrocalcinosis (n, %) 6 (32%) 2 (7%)† 12 (29%)
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in Table 3. The correlation coefficients of all items enter-
ing validation phase have been added in Online Resource 3. 
Items in the domain of pulmonary symptoms did not show 
correlation with the pulmonary function tests but with the 
results of the TRF. All items concerning school function-
ing correlated with results of the TRF. The vast majority 
of items concerning growth and nutrition correlated with 
BMI, except the items ‘vomiting easily’ which correlated 
with MAP and ‘stomach ache’ which correlated with the 
CBCL. The items concerning exercise and locomotion cor-
related most strongly with pulmonary function results. In 
this category, the problems focusing on exercise instead of 
locomotion also correlated significantly with MAP. Items 
in ‘emotional functioning and health care concerns’ showed 
correlation with the CBCL and TRF sum scales. Analysis 
of the item responses show that most of the participants 
report a burden of 1–2 on the numeric rating scale (between 
‘barely’ or ‘a little bit’) and only few participants report 
the highest burden. Mean responses with floor and ceiling 
effects are presented in Table 4.

Scale development and internal consistency

Principal component analysis with varimax rotation cate-
gorized items into six domains [35, 41]. The sixth domain 
contained only one item (‘stomach ache due to constipa-
tion’); therefore, this item was replaced within the domain 
it fit next best in. Four other items were replaced in a 
more appropriate domain based on face validity and the 
pattern of correlation they showed with the test param-
eters. The five domains were named ‘pulmonary com-
plaints,’ ‘school functioning,’ ‘growth and nutrition,’ 
‘exercise and locomotion,’ and ‘emotional functioning 
and health care concerns.’ The questionnaire showed 
excellent internal consistency with Cronbach’s alpha of 

0.919 and all domains having Cronbach’s alpha exceeding 
0.70. Since items have been deleted during the validation 
process, we chose not to evaluate the internal consistency 
of the total score. An English translation of the Dutch 
questionnaire, named BPD-QoL, was added to function 
as an example in Online Resource 4.

Discussion

With this study, a Dutch parent-proxy disease-specific 
quality of life questionnaire for children with BPD aged 
4–8 years old (the BPD-QoL) was developed and evaluated 
for construct validation and internal consistency reliability. 
This is an important step in developing structured care for 
these patients since it allows clinicians to aim therapeutic 
interventions at perceived burdens instead of performing 
follow-up of the possible physical complications of BPD 
that might not be relevant to the child’s quality of life.

Item generation and item reduction

The process of item generation and item reduction was 
most essential to ensure the development of a complete and 
relevant questionnaire. Item generation relied not only on 
existing literature and the opinion of experts, but also on the 
input from parents of patients. In total, 16 interviews were 
conducted in a representative sample. This is an adequate 
amount for item generation [43]. For item reduction, the 
clinical impact method was used, rather than factor analy-
sis. Literature showed that either method can show different 
results in questionnaire development, but one is not superior 
to the other [33, 34]. Since this instrument was developed 
for clinical practice and clinical research, showing clinical 

Table 2   Outcome of the test 
parameters in validation phase

FEV1 forced expiratory volume in 1  s, FVC forced vital capacity, FEV25–75 forced expiratory volume at 
25–75% of FVC, CBCL child behavior checklist, CBCL-TOT total scale of CBCL, TRF teacher report 
form, TRF-TOT total scale of TRF, TRF-AF scale sum of academic functioning of TRF

Parameter Number of par-
ticipants

Value (mean ± SD) Z-score (mean ± SD)

Height (m) 42 1.17 ± 0.10 − 0.72 ± 0.96
Weight (kg) 42 20.91 ± 0.96 − 0.84 ± 1.06
Body Mass Index 42 15.01 ± 1.42 − 0.53 ± 0.88
Mean arterial pressure (mmHg) 42 73.36 ± 9.07
FEV1 (l) 40 1.15 ± 0.31 − 0.88 ± 0.97
FVC (l) 38 1.43 ± 0.39 − 0.11 ± 0.99
FEV1/FVC (%) 38 81.86 ± 7.61 − 1.47 ± 0.93
FEV25–75 (l) 38 1.18 ± 0.43 − 1.48 ± 1.01
CBCL-TOT (T-score) 36 51.33 ± 9.48
TRF-TOT (T-score) 19 48.47 ± 7.37
TRF-AF (T-score) 19 48.53 ± 0.43
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impact was of most importance for items in the question-
naire. Item reduction resulted in an acceptable number of 
items.

Process of construct validation

Subsequently, it was determined if the identified items were 
reliable and valid for the purpose of measuring HRQL 
[25, 26]. In the absence of a gold standard measurement, 

Table 3   Correlation coefficients supporting construct validity for the items in the BPD quality of life questionnaire (BPD-QoL) with the selected 
measurements and internal consistency of the domains

Significant correlations (P < 0.05) are marked in bold
BMI body mass index, MAP mean arterial pressure, FEV1 forced expiratory volume in 1 s, FVC forced vital capacity, CBCL-TOT total scale of 
child behavior checklist, TRF-TOT total scale of teacher report form, TRF-AF scale sum of academic functioning of teacher report form, α Cron-
bach’s alpha

Items of BPD-QoL BMI MAP FEV1 FVC CBCL-TOT TRF-TOT TRF-AF α

Number of participants 42 42 40 38 36 19 19
Pulmonary symptoms 0.925
 Wheezing 0.359
 Sputum in throat or airways 0.402
 Dyspnea when having a cold 0.391 0.359
 Having a cold more often 0.467
 Having a cold that lasts longer 0.588
 Bronchial hyperreactivity 0.446

School functioning 0.925
 Difficulty progressing in school 0.621 0.385
 Needing extra support at school 0.595 0.402
 Difficulty concentrating 0.659
 Being easily distracted 0.624
 Requiring a lot of structure daily 0.466
 Difficulty with arithmetic 0.407
 Difficulty with grammar 0.371

Growth and nutrition 0.845
 Stomach ache due to constipation 0.590
 Difficulty eating a serving of food 0.381
 Taking a long time when eating 0.395
 Often don’t want to eat
 Feeling cold easily 0.419
 Vomiting easily 0.422
 Being sensitive to loud noises 0.419

Exercise and locomotion 0.850
 Problems in physical education/sports 0.430 0.542
 Problems practicing swimming 0.481 0.437 0.404
 Easily tripping or falling 0.413 0.397
 Problems with cycling 0.468 0.424 0.388
 Problems with coordination or balance 0.427 0.438
 Exertional dyspnea 0.360 0.419
 Not keeping up in exercise/playing 0.385 0.367

Emotional functioning and health care concerns 0.778
 Consults with the general practitioner 0.361 0.454
 Feeling less self-confident 0.406
 Fear of being left alone by parent(s) 0.369
 Being shy 0.453
 Having scars of surgeries, punctures or intravenous lines 0.452
 Frequent need to use medication 0.511
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construct validity is the best type of validity that can be 
achieved [25]. Construct validity is based on the concept that 
items of disease-specific HRQL instruments should be at 
least moderately correlated to an independent measure of the 
same disease. This method is established and has success-
fully been used in the development of HRQL instruments 
[44]. There is no clinical consensus on how to measure the 
severity of BPD at school age independently. Therefore, we 
chose five measurements of functioning that are widely used 
in the follow-up and determination of complications of BPD 
[31]. The results of this analysis led to the deletion of 14 
items that did not show construct validity. Factor analysis 

was used to investigate the amount of domains and which 
items they should contain. The sample size in our study was 
not sufficient for a reliable exploratory factor analysis and 
the Kaiser–Meyer–Olkin measure of sampling adequacy was 
only 0.373 [35, 41]. Factor analysis was therefore used as an 
indication and the final decision on number of domains and 
items added to them was made by the research team.

For evaluation of internal consistency of the developed 
questionnaire and domains, Cronbach’s alpha was deter-
mined. This is a measure of scale reliability and the coef-
ficient indirectly estimates to which degree a set of items 
measures a single construct [42]. The value that Cronbach’s 

Table 4   Mean, standard 
deviation, and spread of 
responses of the 33 final items 
of BPD-QoL

N number of participants, SD standard deviation

Items of BPD-QoL N Mean (SD) Percentage of 
participants with 
no burden

Percentage of 
participants with 
highest burden

Coughing 42 2.12 (1.50) 19.0 0.0
Impaction of mucus in airways 41 1.78 (1.29) 19.5 0.0
Sputum in throat or airways 42 1.64 (1.50) 31.0 0.0
Dyspnea when having a cold 42 1.86 (1.69) 33.3 0.0
Having a cold more often 42 1.90 (1.82) 35.7 0.0
Having a cold that lasts longer 42 1.90 (1.82) 35.7 2.4
Bronchial hyperreactivity 41 1.93 (1.88) 36.6 2.4
Having earpain/otitis 42 1.14 (1.26) 42.9 0.0
Difficulty progressing in school 42 1.12 (1.69) 59.5 2.4
Needing extra support at school 42 1.21 (1.69) 57.1 2.4
Difficulty concentrating 42 2.21 (1.87) 28.6 2.4
Being easily distracted 42 2.31 (1.92) 28.6 2.4
Requiring a lot of structure daily 42 2.48 (1.76) 23.8 2.4
Difficulty with arithmetic 42 0.98 (1.66) 71.4 0.0
Difficulty with grammar 41 1.05 (1.70) 68.3 0.0
Difficulty eating a serving of food 42 1.74 (1.70) 35.7 2.4
Taking a long time when eating 42 1.55 (1.70) 42.9 0.0
Often don’t want to eat 42 1.26 (1.55) 47.6 0.0
Feeling cold easily 42 1.55 (1.69) 45.2 0.0
Being sensitive to loud noises 42 1.57 (1.92) 47.6 4.8
Problems in physical education/sports 42 0.81 (1.23) 61.9 0.0
Problems practicing swimming 40 1.20 (1.86) 67.5 0.0
Easily tripping or falling 42 1.52 (1.53) 35.7 2.4
Problems with cycling 42 0.67 (1.05) 66.7 0.0
Problems with coordination or balance 42 1.02 (1.14) 45.2 0.0
Exertional dyspnea 42 1.26 (1.56) 50.0 0.0
Not keeping up in exercise/playing 42 0.95 (1.32) 57.1 0.0
Trouble parting from parent(s) 42 1.12 (1.55) 52.4 0.0
Withdrawal from social situations 42 1.14 (1.35) 50.0 0.0
Consults with the general practitioner 42 0.86 (1.22) 54.8 0.0
Feeling less self-confident 42 1.55 (1.57) 38.1 0.0
Fear of being left alone by parent(s) 42 1.21 (1.62) 50.0 2.4
Being shy 42 1.76 (1.43) 26.2 0.0
Having scars of surgeries, punctures or 

intravenous lines
42 1.50 (1.57) 40.5 0.0
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alpha should reach to prove internal consistency of an HRQL 
instrument is not definite. In literature on scale development 
and psychometric properties an alpha value from 0.50 to 
greater than 0.90 can be recommended, depending on the 
purpose of the instrument [40, 45]. A value > 0.70 is gener-
ally accepted to prove good internal consistency in previ-
ously developed HRQL instruments [44, 46].

One difficulty in determining construct validity is that 
selected clinical parameters are not always able to reflect 
the severity of the problems as experienced by patients. As 
was also demonstrated in this study, there is lack of correla-
tion between burden of pulmonary symptoms and pulmo-
nary function parameters. This has been shown previously 
in asthma [47, 48] and chronic cough [49]. In our study, 
pulmonary function tests show moderate correlation with 
problems experienced in exercise and locomotion. An ECG 
can be used as a screening tool for right ventricular hypertro-
phy as a sign of pulmonary hypertension (PH), even though 
it is not a very sensitive tool [50]. It showed no value in 
determining construct validity for the questionnaire since 
the results showed no signs of PH in our population. In this 
study, we evaluated MAP as a parameter of cardiovascular 
functioning. The expectation was that it would be correlated 
to problems in exercise. Some correlation was found but this 
was quite modest. The item ‘vomiting easily’ correlated with 
MAP; however, this is not considered to be a problem in 
cardiovascular functioning. Otherwise there was not much 
value for measurement of MAP in determining construct 
validity. The choice to use the total score of the CBCL was 
made when we reviewed the correlations and determined 
that the total score included basically all relevant correla-
tions found in the subscales. Correlations in the total score 
are however weakened since it contains many subscales. 
For example, there is weak correlation with problems of 
withdrawal and lack of self-confidence. When looking at 
the CBCL subscale on ‘withdrawal,’ stronger correlations 
are found. The sample size that completed the TRF in our 
study was small but the correlation with items concerning 
school functioning suggests that it is a valuable test to evalu-
ate the burden of problems in school functioning in children 
with BPD. The TRF correlated with many different items in 
some way, suggesting that these tests explore a large area 
of functioning of the child. A footnote to the CBCL is that 
it is designed for children in general and is not specifically 
validated for the clinical setting.

Limitations

There were only a few exclusion criteria for the participants. 
This made it possible to include a considerable number of 
children and to apply the results of this study to a broad pop-
ulation of children with BPD. On the other hand, comorbid-
ity could have influenced both the test results and the results 

of the questionnaire. In order to minimize this problem, par-
ents were asked to answer questions with the relationship 
of the child’s problems to BPD in mind. All children in our 
study were of low gestational age and low birth weight. The 
results of the study could partly be caused by solely these 
conditions without an attributional effect of BPD itself. It is 
however not of clinical use to make a distinction between 
these conditions. One could expect some overlap of items 
when developing a HRQL instrument for children of low 
gestational age and/or low birth weight; this has not yet been 
investigated. We considered these conditions to be so much 
related to BPD that their influence on quality of life should 
be captured within our developed instrument. Overall, the 
number of participants in the item reduction and validation 
phase is small due to the fact that BPD does not have very 
high prevalence and it is difficult to select a population that 
does in fact fulfill the set criteria. Also there is not a 100% 
response rate in the follow-up population. Because item gen-
eration was limited by resources and number of participants, 
no focus groups and no recordings of interviews were col-
lected. Content validity could have been elaborated further 
by conducting cognitive interviews and collecting qualita-
tive data on item saturation, as is currently recommended in 
developing patient-reported outcome measures [51]. In the 
item reduction phase, a satisfactory response rate of 64% 
was reached. However within the selected population for the 
validation phase, there was a large group of parents that did 
not respond to our request to participate or refused to par-
ticipate (62%). The low response rate could be due to the fact 
that the research required responders to visit the hospital. 
Descriptive data from the non-responders were not available. 
When analyzing descriptive data of the items, we found a 
substantial portion of our participants reported no burden 
for the selected items. This can be expected since survivors 
of BPD are at increased risk of developing complications 
but not all patients are affected. We consider our included 
population as a representative sample of the target popu-
lation. However, from a psychometric point of view, such 
floor effects are high [52] and could limit the item validity 
and reliability. Adequate variation remains captured by the 
items in the BPD-QoL since Cronbach’s alpha is not too high 
for an HRQL instrument [44], as one would expect when 
items are too interrelated. Finally, the choice of creating a 
parent-proxy instrument can be considered to be a limita-
tion since this is not a substitute for an individual’s own 
information [28, 30]. Although self-report instruments have 
been developed for children under 8 years old, these show 
more frequently to be of lower reliability [29, 30]. We found 
this not to be a valid option in our population when taking 
into account the possible developmental delay in patients 
with BPD. Even though large differences can be found when 
comparing reports of children to their parents on HRQL, 
parent-proxy measurement of quality of life has shown to 
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be valid [53]. Proxy-reports are likely to be most accurate 
when items focus on observational content [30], as they do 
in the BPD-QoL. However, when developing an instrument 
to measure HRQL in children with BPD above 8 years old, 
a patient reported outcome measure is recommended [30].

For use in other languages, the Dutch instrument should 
be translated and validated in that language [54]. The instru-
ment should be evaluated further for convergent and diver-
gent validity, longitudinal validity, reliability, and respon-
siveness to determine its suitability for use in follow-up and 
research on HRQL in children with BPD.

Conclusion

This is the first reported disease-specific instrument to meas-
ure parent-proxy HRQL in children 4–8 years old with BPD. 
It provides a first step in meeting the need of acquiring more 
accurate measurements of HRQL in this population. Meas-
uring HRQL is useful in determining the long-term effects 
and evaluating treatment options. The instrument devel-
oped in this study showed construct validity and internal 
consistency but further analysis of reliability and validity 
is necessary.

Acknowledgements  We are indebted to the children, their parents, 
and the clinicians who agreed to take part in this study. The results of 
pulmonary function tests in this study could not have been assembled 
without the help and support of Ms. M. van Smaalen (respiratory func-
tion technologist at the Department of Paediactrics, Division of Paedi-
atric Pulmonology and Allergy, University of Groningen, University 
Medical Center Groningen, Groningen, Netherlands).

Funding  This study was supported by a grant from the ‘Stichting 
Astma Bestrijding’ (Amsterdam, The Netherlands).

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval  The study protocol was approved by the medical eth-
ics committee of the University Medical Center Groningen (METc 
2011/258).

Informed consent  Participants could only be included in the study if 
one of the parents gave informed consent and the other parent did not 
object.

Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat​iveco​
mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

	 1.	 Northway, W. H., Rosan, R. C., & Porter, D. Y. (1967). Pulmonary 
disease following respirator therapy of hyaline-membrane disease. 
The New England Journal of Medicine, 276(7), 357–368.

	 2.	 Northway, W. H., Moss, R. B., Carlisle, K. B., Parker, B. R., 
Popp, R. L., Pitlick, P. T., Eichler, I., Lamm, R. L., & Brown, 
B. W. (1990). Late pulmonary sequelae of bronchopulmonary 
dysplasia. The New England Journal of Medicine, 323(26), 
1793–1799.

	 3.	 Kramer, B. W., Lievense, S., Been, J. V., & Zimmermann, L. J. 
(2010). From classic to new bronchopulmonary dysplasia. Ned-
erlands Tijdschrift voor Geneeskunde, 154, A1024.

	 4.	 Jobe, A. H., & Bancalari, E. (2001). Bronchopulmonary dysplasia. 
American Journal of Respiratory and Critical Care Medicine, 
163(7), 1723–1729.

	 5.	 Ehrenkranz, R. A., Walsh, M. C., Vohr, B. R., Jobe, A. H., Wright, 
L. L., Fanaroff, A. A., Wrage, L. A., & Poole, K. (2005). Valida-
tion of the National Institutes of Health consensus definition of 
bronchopulmonary dysplasia. Pediatrics, 116(6), 1353–1360.

	 6.	 Stoll, B. J., Hansen, N. I., Bell, E. F., Shankaran, S., Laptook, A. 
R., Walsh, M. C., et al. (2010). Neonatal outcomes of extremely 
preterm infants from the NICHD Neonatal Research Network. 
Pediatrics, 126(3), 443–456.

	 7.	 Walsh, M. C., Yao, Q., Gettner, P., Hale, E., Collins, M., Hens-
man, A., et al. (2004). Impact of a physiologic definition on bron-
chopulmonary dysplasia rates. Pediatrics, 114(5), 1305–1311.

	 8.	 Islam, J. Y., Keller, R. L., Aschner, J. L., Hartert, T. V., & Moore, 
P. E. (2015). Understanding the short- and long-term respiratory 
outcomes of prematurtiy and bronchopulmonary dysplasia. Amer-
ican Journal of Respiratory and Critical Care Medicine, 192(2), 
134–156.

	 9.	 Kramer, B. W., Lievense, S., Been, J. V., & Zimmerman, L. J. 
(2010). From classic to new bronchopulmonary dysplasia. Ned-
erlands Tijdschrift voor Geneeskunde, 154, A1024.

	10.	 Doyle, L. W., Faber, B., Callanan, C., Freezer, N., Ford, G. W., 
& Davis, N. M. (2006). Bronchopulmonary dysplasia in very low 
birth weight subjects and lung function in late adolescence. Pedi-
atrics, 118(1), 108–113.

	11.	 Bader, D., Ramos, A. D., Lew, C. D., Platzker, A. C. G., Stabile, 
M. W., & Keens, T. G. (1987). Childhood sequelae of infant lung 
disease: Exercise and pulmonary function abnormalities after 
bronchopulmonary dysplasia. Journal of Pediatrics, 110(5), 
693–699.

	12.	 Vrijlandt, E. J., Gerritsen, J., Boezen, H. M., Grevink, R. G., & 
Duiverman, E. J. (2006). Lung function and exercise capacity in 
young adults born prematurely. American Journal of Respiratory 
and Critical Care Medicine, 173(8), 890–896.

	13.	 Kinsella, J. P., Greenough, A., & Abman, S. H. (2006). Bron-
chopulmonary dysplasia. The Lancet, 67(9520), 1421–1431.

	14.	 Lenfant, C. (2000). Lung biology in health and disease. New 
York: Marcel Dekker Inc.

	15.	 Khemani, E., McElhinney, D. B., Rhein, L., Andrade, O., Lacro, 
R. V., Thomas, K. C., & Mullen, M. P. (2007). Pulmonary artery 
hypertension in formerly premature infants with bronchopulmo-
nary dysplasia: Clinical features and outcomes in the surfactant 
era. Pediatrics, 120(6), 1260–1269.

	16.	 Short, E. J., Klein, N. K., Lewis, B. A., Fulton, S., Eisengart, S., 
Kercsmar, C., Baley, J., & Singer, L. T. (2003). Cognitive and 
academic consequences of bronchopulmonary dysplasia and very 
low birth weight: 8-year-old outcomes. Pediatrics. 112(5), e359.

	17.	 Short, E. J., Kirchner, H. L., Asaad, G. R., Fulton, S. E., Lewis, 
B. A., Klein, N., et al. (2007). Developmental sequelae in pre-
term infants having a diagnosis of bronchopulmonary dysplasia: 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


	 Quality of Life Research

1 3

Analysis using a severity-based classification system. Archives of 
Pediatrics & Adolescent Medicine, 161(11), 1082–1087.

	18.	 Vrlenich, L. A., Bozynski, M. E., Shyr, Y., Schork, M. A., Roloff, 
D. W., & McCormick, M. C. (1995). The effect of bronchopul-
monary dysplasia on growth at school age. Pediatrics, 95(6), 
855–859.

	19.	 Theile, A. R., Radmacher, P. G., Anschutz, T. W., Davis, D. W., 
& Adamkin, D. H. (2012). Nutritional strategies and growth 
in extremely low birth weight infants with bronchopulmonary 
dysplasia over the past 10 years. Journal of Perinatology, 32(2), 
117–122.

	20.	 Gray, P. H., O’Callaghan, M. J., & Poulsen, L. (2008). Behav-
iour and quality of life at school age of children who had bron-
chopulmonary dysplasia. Early Human Development, 84(1), 
1–8.

	21.	 Beaudoin, S., Tremblay, G. M., Croitoru, D., Benedetti, A., & 
Landry, J. S. (2013). Healthcare utilization and health-related 
quality of life of adult survivors of preterm birth complicated 
by bronchopulmonary dysplasia. Acta Paediatrica, 102(6), 
607–612.

	22.	 Bozzetto, S., Carraro, S., Tomasi, L., Berardi, M., Zanconato, 
S., & Baraldi, E. (2016). Health-related quality of life in ado-
lescent survivors of bronchopulmonary dysplasia. Respirology, 
21(6), 1113–1117.

	23.	 Gough, A., Linden, M., Spence, D., Patterson, C. C., Halliday, 
H. L., & McGarvey, L. P. A. (2013). Impaired lung function and 
health status in adult survivors of bronchopulmonary dysplasia. 
The European Respiratoiry Journal, 43(3), 808–816.

	24.	 Sriram, S., Schreiber, M. D., Msall, M. E., Kuban, K. C. K., 
Joseph, R. M., O’Shea, T. M., et al. (2018). Cognitive develop-
ment and quality of life associated with BPD in 10-year-olds 
born preterm. Pediatrics. 141(6), e20172719.

	25.	 Guyatt, G. H., Feeny, D. H., & Patrick, D. L. (1993). Measur-
ing health-related quality of life. Annals of Internal Medicine, 
118(8), 622–629.

	26.	 Loonen, H. J., Derkx, B. H., & Otley, A. R. (2001). Measuring 
health-related quality of life of pediatric patients. Journal of 
Pediatric Gastroenterology and Nutrition, 32(5), 523–526.

	27.	 Quittner, A. L., Modi, A., & Cruz, I. (2008). Systematic review 
of health-related quality of life measures for children with 
respiratory conditions. Paediatric Respiratory Reviews, 9(3), 
220–232.

	28.	 Eiser, C., Mohay, H., & Morse, R. (2000). The measurement 
of quality of life in young children. Child: Care, Health and 
Development, 26(5), 401–414.

	29.	 Eiser, C., & Morse, R. (2001). A review of measures of quality 
of life for children with chronic illness. Archives of Disease in 
Childhood, 84(3), 205–211.

	30.	 Matza, L. S., Patrick, D. L., Riley, A. W., Alexander, J. J., Ram-
jil, L., Pleil, A. M., & Bullinger, M. (2013). Pediatric patient-
reported outcome instruments for research to support medical 
product labeling: Report of the ISPOR PRO good research prac-
tices for the assessment of children and adolescents task force. 
Value in Health, 16(4), 461–479.

	31.	 Allen, J., Zwerdling, R., Ehrenkranz, R., Gaultier, C., Geggel, 
R., Greenough, A., et al. (2003). Statement on the care of the 
child with chronic lung disease of infancy and childhood. Amer-
ican Journal of Respiratory and Critical Care Medicine, 168(3), 
356–396.

	32.	 Juniper, E. F., Guyatt, G. H., & Jaeschke, R. (1996). How to 
develop and validate a new health-related quality of life instru-
ment. In B. Spilker (Ed.), Quality of life and pharmacoeco-
nomics in clinical trials (2nd ed., pp. 49–56). Philadelphia: 
Lippincott-Raven Publishers.

	33.	 Juniper, E. F., Guyatt, G. H., Streiner, D. L., & King, D. R. 
(1997). Clinical impact versus factor analysis for quality of life 

questionnaire construction. Journal of Clinical Epidemiology, 
50(3), 233–238.

	34.	 Newcombe, P. A., Sheffield, J. K., Juniper, E. F., Marchant, 
J. M., Halsted, R. A., Masters, I. B., & Chang, A. B. (2008). 
Development of a parent-proxy quality-of-life chronic cough-
specific questionnaire: Clinical impact vs psychometric evalu-
ations. Chest, 133(2), 386–395.

	35.	 Field, A. (2009). Exploratory factor analysis. In A. Field (Ed.), 
Discovering statistics using SPSS (3th ed., pp. 627–685). Lon-
don: SAGE.

	36.	 Stanojevic, S., Wade, A., Cole, T. J., Lum, S., Custovic, A., 
Silverman, M., et al. (2009). Spirometry centile charts for young 
Caucasian children: The Asthma UK Collaborative Initiative. 
American Journal of Respiratory and Critical Care Medicine, 
180(6), 547–552.

	37.	 Dutch Growth Research Foundation. Growth Analyser 1.2.1. 
(2004–2008). Rotterdam: Growth Analyser B.V. http://www.
growt​hanal​yser.org.

	38.	 Achenbach, T. M., & Rescorla, L. A. (2001). Manual for the 
ASEBA school-age forms & profiles. Burlington: University of 
Vermont, Research Center for Children, Youth, & Families.

	39.	 Achenbach, T. M., & Rescorla, L. A. (2000). Manual for the 
ASEBA Preschool Forms & Profiles. Burlington: University of 
Vermont, Research Center for Children, Youth, & Families.

	40.	 Clark, L. A., & Watson, D. (1995). Constructing validity: Basic 
issues in objective scale development. Psychological Assess-
ment, 7(3), 309–319.

	41.	 Floyd, F. J., & Widaman, K. F. (1995). Factor analysis in the 
development and refinement of clinical assessment instruments. 
Psychological Assessment, 7(3), 286–299.

	42.	 Cronbach, L. J. (1951). Coefficient alpha and the internal struc-
ture of tests. Psychometrika, 16, 297–334.

	43.	 Brod, M., Tesler, L. E., & Christensen, T. L. (2009). Qualitative 
research and content validity: Developing best practices based 
on science and experience. Quality of Life Research, 18(9), 
1263–1278.

	44.	 Flokstra-de Blok, B. M. J., DunnGalvin, A., Vlieg-Boerstra, 
B. J., Oude Elberink, J. N. G., Duiverman, E. J., Hourihane, J. 
O., & Dubois, A. E. J. (2009). Development and validation of a 
self-administered Food Allergy Quality of Life Questionnaire 
for children. Clinical & Expirimental Allergy, 39, 127–137.

	45.	 Landgraf, J. M., & Abetz, L. N. (1996). Measuring health out-
comes in pediatric populations: Issues in psychometrics and 
application. In B. Spilker (Ed.), Quality of life and pharmaco-
economics in clinical trials (2nd ed., pp. 793–802). Philadel-
phia: Lippincott-Raven Publishers.

	46.	 Henry, B., Aussage, P., Grosskopf, C., & Goehrs, J. M. (2003). 
Development of the Cystic Fibrosis Questionnaire (CFQ) for 
assessing quality of life in pediatric and adult patients. Quality 
of Life Research, 12, 63–76.

	47.	 Juniper, E. F., Wisniewski, M. E., Cox, F. M., Emmett, A. H.,. 
Nielsen, K. E., & O’Byrne, P. M. (2004). Relationship between 
quality of life and clinical status in asthma: A factor analysis. 
The European Respiratory Journal, 23(2), 287–291.

	48.	 Juniper, E. F., Guyatt, G. H., Feeny, D. H., Ferrie, P. J., Grif-
fith, L. E., & Townsend, M. (1996). Measuring quality of life 
in children with asthma. Quality of Life Research, 5(1), 35–46.

	49.	 Chang, A. B., Phelan, P. D., Robertson, C. F., Roberts, R. G., & 
Sawyer, S. M. (2003). Relation between measurements of cough 
severity. Archives of Disease in Childhood, 88(1), 57–60.

	50.	 Nicolarsen, J., & Dunbar Ivy, D. (2014). Progress in the diag-
nosis and management of pulmonary hypertension in children. 
Current Opinion in Pediatrics, 26(5), 527–535.

	51.	 Patrick, D. L., Burke, L. B., Gwaltney, C. J., Kline Leidy, N., 
Martin, M. L., Molsen, E., & Ring, L. (2011). Content valid-
ity—Establishing and reporting the evidence in newly developed 

http://www.growthanalyser.org
http://www.growthanalyser.org


Quality of Life Research	

1 3

patient-reported outcomes (PRO) instruments for medical prod-
uct evaluation: ISPOR PRO good research practices task force 
report: Part 1—Eliciting concepts for a New PRO Instrument. 
Value in Health, 14(8), 967–977.

	52.	 Terwee, C. B., Bot, S. D. M., de Boer, M. R., van der Windt, D. 
A. W. M., Knol, D. L., Dekker, J., Bouter, L. M., & de Vet, H. 
C. W. (2007). Quality criteria were proposed for measurement 
properties of health status questionnaires. Journal of Clinical 
Epidemiology, 60(1), 34–42.

	53.	 Theunissen, N. C., Vogels, T. G., Koopman, H. M., Verrips, G. 
H., Zwinderman, K. A., Verloove-Vanhorick, S. P., & Wit, J. M. 
(1998). The proxy problem: Child report versus parent report in 
health-related quality of life research. Quality of Life Research, 
7(5), 387–397.

	54.	 Bullinger, M., Anderson, R., Cella, D., & Aaronson, N. (1993). 
Developing and evaluating cross-cultural instruments from mini-
mum requirements to optimal models. Quality of Life Research, 
2(6), 451–459.


	Development and construct validation of a parent-proxy quality of life instrument in children with bronchopulmonary dysplasia aged 4–8 years old
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Method
	Participant selection
	Item generation
	Item reduction
	Construct validation and scale development
	Data analysis

	Results
	Characteristics of participants
	Results of item generation and item reduction
	Construct validation
	Scale development and internal consistency

	Discussion
	Item generation and item reduction
	Process of construct validation
	Limitations

	Conclusion
	Acknowledgements 
	References


