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Abstract
Purpose This study aimed to validate the PROMIS Pediatric item bank v2.0 Peer Relationships and compare reliability of the 
full item bank to its short form, computerized adaptive test (CAT) and the social functioning (SF) subscale of the Pediatric 
Quality of Life Inventory (PedsQL™).
Methods Children aged 8–18 (n = 1327), representative of the Dutch population completed the Peer Relationships item bank. 
A graded response model (GRM) was fit to the data. Structural validity was assessed by checking item-fit statistics (S-X2, 
p < 0.001 = misfit). For construct validity, a moderately strong correlation (> 0.50) was expected between Peer Relationships 
and the PedsQL SF subscale. Cross-cultural DIF between U.S. and NL was assessed using logistic regression, where an item 
with McFadden’s pseudo R2 > 0.02 was considered to have DIF. Percentage of participants reliably measured was assessed 
using the standard error of measurement (SEM) < 0.32 as a criterion (reliability of 0.90). Relative efficiency ((1-SEM2)/nitems) 
was calculated to compare how well the instruments performed relative to the amount of items administered.
Results In total, 527 (response rate: 39.7%) children completed the PROMIS v2.0 Peer Relationships item bank (nitems = 15) 
and the PedsQL™ (nitems = 23). Structural validity of the Peer Relationships item bank was sufficient, but one item dis-
played misfit in the GRM model (S-X2 < 0.001); 5152R1r (“I played alone and kept to myself”). The item 733R1r (“I was a 
good friend”) was the only item that displayed cross-cultural DIF (R2 = 0.0253). The item bank correlated moderately high 
(r = 0.61) with the PedsQL SF subscale Reliable measurements were obtained at the population mean and > 2SD in the clini-
cally relevant direction. CAT outperformed all other measures in efficiency. Mean T-score of the Dutch general population 
was 46.9(SD 9.5).
Conclusion The pediatric PROMIS Peer Relationships item bank was successfully validated for use within the Dutch popu-
lation and reference data are now available.
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Introduction

Measuring patient-reported outcomes (PROs) has become 
increasingly important in healthcare for shared-decision 
making and value-based healthcare [1–4]. A more patient-
centered approach to healthcare is possible by assessing 
self-reported daily functioning or symptoms of patients 
[5]. Patient-reported outcome measures (PROMs) are 
instruments used to measure PROs. However, PROMs 
measuring the same domains of functioning often vary 
in content, psychometric properties, and scoring meth-
ods. Due to these differences, domain scores are often 
incomparable between instruments and the interpreta-
tion of scores is unstandardized. Additionally, traditional 
domain scores apply classical test theory and are additive, 
whereas certain items should, based on their content, carry 
a stronger weight in calculating the domain score (e.g., “I 
have thought about ending my life” should have a stronger 
weight than “I felt sad” in a depressive symptoms ques-
tionnaire). To overcome these issues, the Patient-Reported 
Outcomes Measurement Information System (PROMIS®) 
initiative developed item banks for children and adults for 
generic, relevant domains of physical, social, and mental 
health [6–8]. Item banks are large selections of items that 
measure the same domain (e.g., relationships with peers) 
across a wide range of functioning. PROMIS item banks 
were developed using item-response theory modeling 
(IRT) [9]. IRT is a psychometric method where differences 
in item content can be taken into account when calculat-
ing sum scores, by applying item-specific difficulty and 
discrimination parameters. IRT provides the opportunity 
to scale items and persons onto a single metric, improving 
the interpretability of scores. By applying IRT modeling, 
the items are ordered by their difficulty and discrimina-
tive ability and this information is used to develop short 
forms and to apply computerized adaptive testing (CATs) 
[9]. With CAT, items are selected from an item bank (i.e., 
a large set of items that all measure the same construct) 
based on responses to previous items.

In pediatrics, CATs can improve the response rate of 
children when measuring patient outcomes in clinical 
practice or research. Previous research has shown that chil-
dren have trouble with routinely completing PROMs due 
to the length and repetitive, irrelevant, or confrontational 
questions. CATs select questions that are more relevant to 
the level of functioning of the child and reduce the length 
of the questionnaire [7, 10, 11]. To implement pediatric 
PROMIS in the Netherlands, the pediatric Dutch-Flemish 
PROMIS group translated nine full PROMIS pediatric 
item banks (v1.0) [12] and validated them in a Dutch clini-
cal sample of children with juvenile idiopathic arthritis 
[10]. Recently, additional PROMIS pediatric item banks/

scales were developed in the U.S. (Sleep-Related Impair-
ment, Sleep Disturbance [13] & Global Health [14]) and 
several item banks were updated to version 2.0 with new 
items and scoring methods. The pediatric Dutch-Flemish 
PROMIS group translated the new items for the v2.0 item 
banks in 2017 using the standard PROMIS translation pro-
cedure (see Haverman et al. [12] for a detailed descrip-
tion of the translation procedure). However, before the 
PROMIS pediatric v2.0 item banks can be implemented 
as CATs, the validity and reliability of the updated items 
banks have to be investigated.

The current study is part of a larger cross-sectional study 
that aims to investigate the psychometric properties of mul-
tiple PROMIS pediatric v2.0 item banks in a representa-
tive sample of the Dutch general population and to obtain 
reference data. This paper presents a description of the data 
collection procedure and the validation of the PROMIS pedi-
atric v2.0 Peer Relationships item bank.

Methods

Procedure and participants

Data were collected of children (8–12 years old) and adoles-
cents (13–18 years old) between December 2017 and April 
2018 by marketing agency Kantar Public. The goal of the 
data collection was to obtain representative data of approxi-
mately 550 participants for nine PROMIS pediatric item 
banks. A two-step random stratified sampling method was 
used to ensure that the child and adolescent samples were 
representative (within 2.5% of the Dutch population) on key 
demographics; sex, age, ethnicity, social class, and educa-
tional level (the latter only for adolescents). The first step 
was to randomly draw participants from each demographic 
stratum (representing a subpopulation), with an expected 
response rate of 50% for all strata. Subsequently, actual 
response rates were calculated and used to adjust the amount 
of participants drawn from the same strata in the second 
step. To limit the burden of completing questionnaires, two 
item bank batteries (A and B) were assembled with equal 
administration times. Battery A contained the PROMIS 
pediatric Fatigue, Peer Relationships, Anger, Sleep-Related 
Impairment, Sleep Disturbance, and Sleep Practices item 
banks. Battery B contained the Pain Interference, Mobility, 
and Upper Extremity item banks. Both batteries contained a 
general sociodemographic questionnaire (parent-reported), 
the Pediatric Quality of Life Inventory (PedsQL 4.0), and 
PROMIS Global Health (v1.0, 7 + 2) scale. Participants were 
randomly assigned to one of the two batteries. Partial com-
pletion of a test battery was not possible, as online adminis-
tration through the panel did not log results until the entire 
test battery was administered.



2063Quality of Life Research (2021) 30:2061–2070 

1 3

E-mails were sent to the parents of 2654 children with 
a login code that granted access to the research website 
(onderzoek.hetklikt.nu/promis). Informed consent was 
provided by parents (children aged 8–15) and adolescents 
(aged ≥ 12 years). The data collection was approved by the 
Medical Ethics Committee of the Amsterdam UMC, loca-
tion AMC.

In total, a representative sample of 1098 children com-
pleted the item bank battery they were assigned to (response 
rate of 41.37%). The sociodemographic characteristics of 
the final samples were provided by Kantar and were subse-
quently compared to the general population, which can be 
seen in Online Appendix A.

Measures

Sociodemographic questionnaire

Parents completed a sociodemographic questionnaire about 
themselves (age, country of birth, and educational level) and 
their child (age, gender, educational level (only for adoles-
cents) and the presence of any chronic health conditions). 
For parents, the educational level was divided into low (pri-
mary, lower vocational, lower general, and middle general 
education), middle (middle vocational, higher secondary, 
and pre-university education), and high (higher vocational 
education, university).

PROMIS pediatric Peer Relationships item bank

The PROMIS pediatric v2.0 item bank Peer Relation-
ships [15] is a 15-item item bank for children aged 8–18 
assessing aspects of social participation and the quality of 
relationships with friends and acquaintances. Participants 
respond to items (e.g., “I spend time with my friends”) over 
the past 7 days. Item responses range from 1 (“Never”) to 
5 (“Always”). The standard Peer Relationships static short 
form 8a contains eight items. The responses to these items 
were extracted from the completed full item bank. Domain 
scores for the full item bank and short form were calculated 
by applying the item parameters from the U.S. IRT model 
to the responses and calculating an estimate for the level of 
peer relationships (theta; θ). This estimate was transformed 
into a T-score where 50 is the mean of the U.S. general 
population with a standard deviation of 10. A higher score 
represents better relationships with peers.

Pediatric quality of life inventory (4.0)

The PedsQL 4.0 is a generic 23-item questionnaire that 
assesses the self-reported Health-Related Quality Of Life 
(HRQOL) of children (aged 8–18 years) [16]. It contains 
items retaining to four domains of HRQOL; physical health 

(8 items), emotional functioning (5 items), social function-
ing (5 items), and school functioning (5 items). The Ped-
sQL utilizes a recall period of one week and the items (e.g., 
“Other kids/teens do not want to be my friend”) are scored 
from 1 (“Never a problem”) to 5 (”Almost always a prob-
lem”). The response options are transformed into values of 
0, 25, 50, 75, and 100, where a higher score represents better 
functioning on the item. Domain scores are calculated as the 
mean of all items in a specific domain (range 0–100, higher 
score represents better functioning). The total PedsQL score 
is calculated by the mean of all items of the entire question-
naire (range 0–100). The PedsQL has been validated for use 
in clinical practice in the Netherlands [17].

Statistical analyses

Structural validity

To assess the structural validity of the PROMIS Peer Rela-
tionships item bank, a graded response model (GRM) 
was fitted. A GRM is an IRT model for items with ordinal 
response categories and requires several assumptions to be 
met: unidimensionality, local independence, and monotonic-
ity. A confirmatory factor analysis (CFA) with weighted least 
square mean- and variance-adjusted (WLSMV) estimator 
was performed to assess unidimensionality using the R-pack-
age “lavaan (v0.6–3)” [18]. We used the following criteria 
for an acceptable CFA fit: Scaled Comparative Fit Index 
(CFI) and Tucker–Lewis Index (TLI) values > 0.95, a stand-
ardized root mean square residual (SRMR) value < 0.10, 
and a root mean square error of approximation (RMSEA) 
value < 0.08 [19]. If CFA fit did not meet these criteria, a 
bi-factor model was fit to assess if unidimensionality was 
sufficient to continue IRT analyses, by assessing if the hier-
archical omega (ωh) was > 0.80 and the explained common 
variance (ECV) > 0.60. Local independence was assessed 
by looking at the residual correlations in the CFA model. 
An item pair was considered to be locally independent if the 
residual correlation was < 0.20 [20]. Finally, monotonicity 
was assessed using Mokken scaling [21, 22]. The assump-
tion of monotonicity was considered met when the item H 
values of all items were ≥ 0.30 and the H value of the entire 
scale was ≥ 0.50.

Once the assumptions were met, a GRM was fitted to esti-
mate item discrimination and threshold (difficulty) param-
eters, using the Expectation–Maximization (EM) algorithm 
within the R-package “mirt (v1.29)” [23]. The discrimina-
tion parameter (α) represents the ability of an item to distin-
guish between patients with a different level of relationships 
with peers (θ). The threshold parameters (β) represent the 
required level of peer relationships of a person to choose a 
higher response category over a lower response category, 
hence there is always one less threshold than the amount 
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of response categories for each item. To assess item fit, the 
differences between observed and expected responses under 
the GRM were calculated using the S-X2 statistic [24]. A p 
value of the S-X2 statistic < 0.001 for an item is considered 
as item misfit [20]. When item misfit was present, item-fit 
plots were assessed. Item-fit plots rank participants from 
lowest to highest levels of functioning, divide the partici-
pants into ten blocks, and then average the responses on one 
item per block. This results in a smooth line graph, while 
accounting for a reasonable bias/variance trade-off [23]. If 
the item fits well, higher theta scores should lead to higher 
responses on the item (on average).

Construct validity

To assess construct validity, the Peer Relationships T-score 
was correlated with the four PedsQL subscales scores. 
A moderately high correlation (Pearson’s r > 0.50) was 
expected between the PROMIS Peer Relationships T-score 
and the PedsQL social functioning subscale score [10, 25, 
26]. Lower correlations (Δr > 0.10) were expected with the 
three other PedsQL subscale scores (emotional, physical, 
and school functioning). Construct validity was considered 
sufficient if 75% of the hypotheses were met.

Cross‑cultural validity

For assessing cross-cultural validity, our sample was com-
pared to the U.S. calibration sample (n = 5689) that was used 
for estimating the U.S. item parameters [15], obtained from 
the HealthMeasures Dataverse [27]. The U.S. calibration 
sample contained 5689 participants (1463–2518 responses 
on each item) and consisted of a combination of chronically 
ill children (22.7%) and children from the general popula-
tion. To evaluate differences in item parameters between 
the Dutch and U.S. samples, differential item functioning 
(DIF) was assessed with the R-package “lordif (v0.3–3)” 
[28]. Two types of DIF were considered: uniform, when the 
DIF is consistent across the scale (i.e., the item thresholds 
differ between the groups), and non-uniform DIF, when DIF 
varies across the scale (i.e., discrimination parameters differ 
between the groups) [29]. DIF was evaluated between the 
Dutch and the U.S. calibration sample, with the McFadden’s 
pseudo R2, where a R2 ≥ 0.02 indicated DIF.

Reliability

In IRT, each response pattern results in a different level of 
functioning (θ) and an associated reliability, expressed as 
the standard error of theta (SE(θ)). A SE(θ) of 0.32 or lower 
was considered a reliable measurement, which corresponds 
to a reliability of 0.90 or higher. To investigate the reliabil-
ity of the Peer Relationships item bank and short form, θ 

estimates and SE(θ) were calculated using the Expected A 
Posteriori (EAP) estimator. Post hoc CAT simulations were 
performed on the respondent data with the R-package “catR 
(v3.16)” [30] using maximum posterior weighted informa-
tion (MPWI) selection criterion and EAP estimator [31] to 
assess how a CAT would perform when applying the Dutch 
model parameters. The starting item was the item that 
offered most information at the mean of the study sample 
(θ = 0). The stopping rules for the CAT were a maximum of 
eight items administered (which is equal to the length of the 
short form) or a SE(θ) < 0.32 [32]. To compare the reliability 
of the full item bank, short form, and CAT with the PedsQL 
social functioning scale, a GRM model was also fit to the 
PedsQL data and θ estimates and SE(θ) were calculated and 
presented in a reliability plot. In a reliability plot, each line 
represents the standard errors of measurement across θ or 
T-score of one measure. A lower line is indicative of a higher 
reliability. Plotted dots are individual estimated thetas or 
T-scores and their associated standard errors of measure-
ment resulting from post hoc CAT simulations. The current 
PROMIS convention is to use the U.S. parameters model 
for calculating T-scores, unless significant differences are 
found between country-specific model parameters and the 
U.S. parameters. Therefore, the reliability of measurements 
were also calculated using the U.S. parameters (provided 
by HealthMeasures) and plotted in a reliability plot and 
included the T-score distribution of the Dutch population as 
histogram. In addition, efficiency of measures was calculated 
for each participant by dividing the total test information by 
the amount of items administered. To compare PROMIS 
measures (full item bank, short form, and CAT), the rela-
tive efficiency between measures was calculated by dividing 
the mean efficiency of one measure by the other. The mean 
(SD) T-score of the Dutch population was calculated based 
on the U.S. parameters. Using percentiles good (≥ 26th per-
centile), fair (6–25th percentiles), and poor (≤ 5th percentile) 
functioning cut-offs were determined, in accordance with 
recently defined U.S. cut-offs for this item bank (personal 
communication C. Forrest, data submitted).

Results

Based on parent reports, several respondents (n = 16) were 
removed as they were either too young (< 8) or too old 
(> 18) to be included in this study. In total 527 (response 
rate of 39.7%), participants completed the battery that 
included the Peer Relationships item bank and 483 partici-
pants (only children aged 8 to 17) completed the PedsQL 
4.0. Their sociodemographic characteristics are presented 
in Table 1. There was no missing data.
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Structural validity

The data satisfied all assumptions for fitting a GRM. Unidi-
mensionality (see Online Appendix B) was initially not sat-
isfied by the CFA (CFI = 0.95, TLI = 0.94, RMSEA = 0.14, 
SRMR = 0.06), but the bi-factor model indicated that the 
data were unidimensional enough for subsequent IRT analy-
ses (ωh = 0.87, ECV = 0.80). There were no items with local 
independence and the entire item bank displayed sufficient 
monotonicity (Hi > 0.30, H > 0.60). One item displayed item 
misfit, this was the item “I played alone and kept to myself” 

(S-X2 < 0.001). The item-fit plot, which displays the aver-
age response of participants across their theta estimates, is 
shown in Fig. 1.

Construct validity

The T-score of the Peer Relationships item bank had a mod-
erately high correlation (r = 0.61) with the PedsQL social 
functioning subscale sum score. Correlations with the physi-
cal, emotional, and school functioning subscales were 0.30, 
0.41, and 0.38, respectively. All hypotheses regarding con-
struct validity were met.

Cross‑cultural validity

One item, 733R1r (“I was a good friend”), displayed uni-
form DIF (R2 = 0.0253) between the Dutch and U.S. sam-
ples. Dutch participants score lower on this item compared 
to U.S. participants with the same levels of functioning.

Reliability

The model based on the Dutch parameters (see Online 
Appendix C; range a = 0.7–3.7, range B1-min – B4-max =  − 3.8 
to 2.0) provided reliable measurements at the mean of the 
sample (θ = 0) and more than two standard deviations in 
the clinically relevant direction. Compared to the PedsQL 
social functioning subscale, all PROMIS Peer Relationships 
measures were more reliable (see Fig. 2). The majority of 
respondents were reliably estimated by the full item bank 
(87.7%), short form (81.6%), and post hoc CATs (82.7%; 
see Table  2). The measurement efficiency of the CAT 

Table 1  Sociodemographics of the Peer Relationships item bank 
sample for the main analyses and the relative efficiency analysis

a Used for calculating relative efficiency between the PROMIS item 
bank, short form, CAT, and the PedsQL social functioning subscale. 
18-year olds did not complete the PedsQL

Sociodemographics Main analysis 
sample (n = 527)

Relative efficiency 
 analysisa (n = 483)

Age (years) 13.59 (3.08) 13.14 (2.81)
Gender
 Female 255 235
 Male 272 248

Ethnicity
 Dutch 436 402
 Non-western immigrants 27 23
 Western immigrants 64 58

Educational level (parent)
 Low 72 64
 Middle 255 229
 High 200 190

Fig. 1  Average item response 
across the range of theta for the 
item “I played alone and kept to 
myself”
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outperformed the PROMIS full item bank, short form, and 
the PedsQL social functioning subscale (see Table 3).

With the U.S. parameters, reliable scores were obtained 
at the sample mean and in more than two standard devia-
tions in the clinically relevant direction, however, fewer 
participants were measured reliably than with the Dutch 
parameters for the full item bank (75.1% vs. 87.7%), short 
form (41.9% vs. 81.6%), and post hoc CATs (51.4% vs. 
82.7%). More CAT items were required when applying the 

US parameters (mean number of items = 7.4) than when 
using the Dutch parameters (mean number of items = 5.1). 
The distribution of Dutch T-scores, based on the U.S. 
parameters, and the reliability of the full item bank, short 
form, and post hoc CATs based on the U.S. model are 
shown in Fig. 3. The mean T-score of the Dutch sample 
was 46.9 (SD 9.5). A T-score ≥ 41.1 indicates good func-
tioning, T-scores between 33.4 and 41.0 indicate fair func-
tioning and ≤ 33.3 is indicative of poor functioning.

Fig. 2  Standard error of 
measurement (SE(θ)) of the 
full item bank, short form, 
and CAT of the PROMIS Peer 
Relationships item bank and 
the PedsQL social functioning 
subscale, using the Dutch model 
parameters

Table 2  Reliability of measurements for the full item bank (FL), short forms (SF), and computerized adaptive test (CAT) of the PROMIS pediat-
ric Peer Relationships item bank in the general Dutch population (n = 527)

SE(θ) standard error of measurement, FL full item bank, SF short form, CAT  computerized adaptive testing, DF Dutch-Flemish, US United 
States
*Percentage of participants that were measured reliably (< 0.32 SE(θ))

Item Bank Mean FL 
SE(θ)

FL 
SE(θ) < 0.32* 
%

Mean SF 
SE(θ)

SF 
SE(θ) < 0.32* 
%

Mean CAT 
SE(θ)

CAT 
SE(θ) < 0.32* 
%

Mean CAT 
items admin-
istered

FL 
amount of 
items

SF 
amount 
of items

PROMIS 
Peer Rela-
tionships 
(DF)

0.227 87.7 0.290 81.6 0.322 82.7 5.1 15 8

PROMIS 
Peer Rela-
tionships 
(US)

0.300 75.1 0.360 49.3 0.362 51.4 7.4 15 8
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Discussion

This is the first study that assessed the psychometric prop-
erties of a PROMIS pediatric item bank in a representa-
tive general population sample outside of the U.S.. The 
Peer Relationships item bank performed sufficiently in the 
Dutch general population. Structural validity was sufficient 
as all but one item (5152R1r; “I played alone and kept to 
myself”) fit the IRT model well. One item (733R1r; “I was 
a good friend”) displayed cross-cultural DIF. Construct 
validity was also sufficient, as the item bank correlated 
moderately high with the PedsQL social functioning sub-
scale. The item bank measures reliably at the mean of the 
Dutch population and more than two standard deviations 
in the clinically relevant direction. This study also dis-
played that CAT administration of PROMIS item banks 

outperforms the full item bank and short form in terms 
of efficiency.

The results found in this study were similar to the results 
of the original development study of the Peer Relationships 
item bank in the U.S. [15]. Similar values were found for 
unidimensionality and item fit. Model parameters were simi-
lar, although higher discrimination parameters were found 
in the Dutch model. There was a single exception, the item 
5152R1r (“I played alone and kept to myself”) did not per-
form well in the Dutch model. It displayed poor item fit and 
a low discriminative ability (a = 0.78). Analyzing the cur-
rently available U.S. data [27] resulted in misfit for this item 
as well. The item plot displayed that mainly participants with 
high theta values had a low mean response to this specific 
item. This is possibly due to this item being the only item in 
the item bank that is negatively phrased, thus participants 

Table 3  Relative efficiency of 
the PROMIS Peer Relationships 
full item bank, short form, 
CAT compared to the social 
functioning subscale of the 
PedsQL (n = 527)

*Based on n = 483; A relative efficiency ratio < 1 indicates that the row has a lower efficiency than the col-
umn

PROMIS Peer Relationships 
full item bank

Peer Relationships 
short form

Peer Rela-
tionships 
CAT 

PedsQL social functioning .97* .87* .69*
Peer Relationships full item bank – .90 .70
Peer Relationships short form – – .78

Fig. 3  Standard error of meas-
urement (SE(θ)) of the full item 
bank, short form, and CAT of 
the PROMIS Peer Relationships 
item bank, using the U.S. model 
parameters and the distribution 
of the Dutch sample T-scores 
plotted as histogram
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who continuously marked the response category furthest to 
the right may have accidently selected the lowest response 
option on this item as item scores were reversed. In the study 
of DeWalt et al. [15], where the misfit was not reported, 
response categories (i.e., “Never” to “Almost Always”) were 
repeated in the header on the second page, just before the 
item with misfit. This was not the case in the current study. 
We recommend users of this item bank to pay attention 
to the lay-out of this item in future applications. The item 
733R1r (“I was a good friend”) displayed cross-cultural DIF. 
It is possible that the concept of a “good friend” is differ-
ent between cultures. Therefore, it may be adequate to use 
country-specific item parameters for this item.

An interesting finding is that the Dutch IRT model pro-
vided more reliable measurements and required fewer items 
with CATs than the U.S. model. The Dutch discrimination 
parameters were generally higher than the discrimination 
parameters of the U.S. model. Higher discrimination param-
eters result in more reliable measurements. Differences were 
found in the distribution of T-scores in the Dutch versus 
U.S. population, which may explain these differences in 
parameters. Although DIF was not found with the “lordif” 
package in R, we suspected that with the differences found 
in discrimination parameters there may have been more DIF 
than we initially discovered. Therefore, we ran additional 
DIF analyses using “IRTPRO” [33], which uses a two-step 
Wald approach for detecting DIF, instead of the logistic 
ordinal regression approach performed by “lordif.” This 
resulted in every item in the item bank displaying DIF (see 
Online Appendix D), however, previous simulation stud-
ies have indicated Type 1 errors while using two-step Wald 
approach for detecting DIF [34]. Subsequently, we anchored 
the three items with the lowest DIF to put the remaining 
items onto the same scale (partial purification [35]), but 
the differences in the discrimination parameters persisted. 
Possible causes of these differences could be the mode of 
administration (in-person versus online), differences in rep-
resentativeness of the sample, or the inclusion of patients 
with chronic illnesses, which was only done in the U.S. sam-
ple. Our conclusion is that, regardless of DIF, the differences 
in discrimination parameters resulted in more participants 
being reliably measured when using the set of parameters 
with higher discriminatory parameter values (in this case the 
Dutch parameters). As this could have further implications 
for model selection (U.S. or Dutch parameters) when admin-
istering CATs, it is advisable to investigate the differences of 
the two IRT models within a more comparable sample, for 
example, a bilingual sample. If item parameter differences 
persist in these comparisons, selecting the parameters with 
highest discriminatory parameters would be advised in the 
Netherlands, as to provide more reliable measurements in 
fewer items administered by CAT.

This study contained several limitations. Due to the 
sample being representative of the Dutch general popula-
tion, it contained mainly healthy participants. This lead to 
a subgroup of participants (6.3%) that responded “Almost 
Always” to all items in the item bank. While this has no 
substantial effect on item parameter estimates [36], as the 
subgroup is quite small, these participants could not be 
measured reliably as they had no variance in responses. 
This finding could indicate that the item bank requires 
more difficult items at the high-end of the scale to reliably 
measure these participants.

Another limitation is that the PROMIS Peer Relation-
ships item bank and the PedsQL social functioning sub-
scale do not entirely measure the same construct [33], 
which is preferable for assessing construct validity. Our 
finding of a moderately high correlation is consistent with 
the findings of DeWalt et al. [15], who could not develop 
a unidimensional model without separating relationships 
with peers from social functioning. The PedsQL social 
functioning subscale contains relatively more items about 
keeping up with other children/adolescents and being shut 
out from activities with others, whereas the Peer Relation-
ships item bank focuses more on the quality of relation-
ships with peers. No other legacy instrument was found 
that accurately represented the same domain as assessed 
by the Peer Relationships item bank, thus the PedsQL 
social functioning subscale was considered most suitable 
for evaluating construct validity.

The aim of the Dutch-Flemish PROMIS group is to 
implement PROMIS (CATs) into research and clinical prac-
tice, by translating and validating item banks and providing 
reference data for comparison. After previously validating 
the pediatric item banks in a clinical population [10], this 
study provides evidence that the PROMIS pediatric v2.0 
item bank Peer Relationships performs sufficiently in the 
general Dutch population and can now be used as full item 
bank, short form, or CAT in the Netherlands through the 
Dutch-Flemish Assessment Center (www.dutch flemi shpro 
mis.nl).

Supplementary Information The online version contains supplemen-
tary material available at https ://doi.org/10.1007/s1113 6-021-02781 -w.

Acknowledgements We would like to acknowledge Dr. Ben Schalet 
and Dr. Aaron Kaat, Northwestern University, for their help in further 
investigating the differences between the Dutch and U.S. IRT models 
using IRTPRO.

Funding Data collection in this study was supported by the National 
Health Care Institute.

Data availability Data may be made available upon a reasonable 
request.

Code availability Custom code will not be made available.

http://www.dutchflemishpromis.nl
http://www.dutchflemishpromis.nl
https://doi.org/10.1007/s11136-021-02781-w


2069Quality of Life Research (2021) 30:2061–2070 

1 3

Compliance with ethical standards 

Conflict of interest Authors C.B. Terwee, L. Haverman, and M. Lui-
jten are part of the Dutch-Flemish PROMIS group and C.B. Terwee is 
president of the PROMIS Health Organization (PHO). M.A. Grooten-
huis and R.R.L. van Litsenburg report no conflicts of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Black, N. (2013). Patient reported outcome measures could help 
transform healthcare. BMJ: British Medical Journal, 346, f167. 
https ://doi.org/10.1136/bmj.f167.

 2. Haverman, L., van Oers, H. A., Limperg, P. F., Hijmans, C. T., 
Schepers, S. A., Sint Nicolaas, S. M., et al. (2014). Implementa-
tion of electronic patient reported outcomes in pediatric daily clin-
ical practice: The KLIK experience. Clinical Practice in Pediatric 
Psychology, 2(1), 50–67. https ://doi.org/10.1037/cpp00 00043 .

 3. van Egdom, P., Kock, M., Apon, I., Mureau, M., Verhoef, C., 
Hazelzet, J., et al. (2019). Patient-reported outcome measures may 
optimize shared decision-making for cancer risk management in 
BRCA mutation carriers. Breast cancer (Tokyo, Japan). https ://
doi.org/10.1007/s1228 2-019-01033 -7.

 4. Jayakumar, P., & Bozic, K. J. (2020). Advanced decision-making 
using patient-reported outcome measures in total joint replace-
ment. Journal of Orthopaedic Research, 38(7), 1414–1422. https 
://doi.org/10.1002/jor.24614 .

 5. Øvretveit, J., Zubkoff, L., Nelson, E. C., Frampton, S., Knudsen, 
J. L., & Zimlichman, E. (2017). Using patient-reported outcome 
measurement to improve patient care. International Journal for 
Quality in Health Care, 29(6), 874–879. https ://doi.org/10.1093/
intqh c/mzx10 8.

 6. Cella, D., Yount, S., Rothrock, N., Gershon, R., Cook, K., Reeve, 
B., et al. (2007). The Patient-Reported Outcomes Measurement 
Information System (PROMIS): Progress of an NIH Roadmap 
cooperative group during its first two years. Medical Care, 45(5 
Suppl 1), S3-s11. https ://doi.org/10.1097/01.mlr.00002 58615 
.42478 .55.

 7. Cella, D., Gershon, R., Lai, J. S., & Choi, S. (2007). The 
future of outcomes measurement: Item banking, tailored short-
forms, and computerized adaptive assessment. Quality of Life 
Research, 16(Suppl 1), 133–141. https ://doi.org/10.1007/s1113 
6-007-9204-6.

 8. Cella, D., Riley, W., Stone, A., Rothrock, N., Reeve, B., Yount, 
S., et al. (2010). The Patient-Reported Outcomes Measurement 
Information System (PROMIS) developed and tested its first wave 
of adult self-reported health outcome item banks: 2005–2008. 
Journal of Clinical Epidemiology, 63(11), 1179–1194. https ://
doi.org/10.1016/j.jclin epi.2010.04.011.

 9. Fries, J. F., Witter, J., Rose, M., Cella, D., Khanna, D., & Morgan-
DeWitt, E. (2014). Item response theory, computerized adaptive 
testing, and PROMIS: Assessment of physical function. The Jour-
nal of Rheumatology, 41(1), 153. https ://doi.org/10.3899/jrheu 
m.13081 3.

 10. Luijten, M. A. J., Terwee, C. B., van Oers, H. A., Joosten, M. M. 
H., van den Berg, J. M., Schonenberg-Meinema, D., et al. (2019). 
Psychometric properties of the pediatric Patient-Reported Out-
comes Measurement Information System (PROMIS(R)) item 
banks in a Dutch clinical sample of children with Juvenile Idi-
opathic Arthritis. Arthritis Care & Research (Hoboken). https ://
doi.org/10.1002/acr.24094 .

 11. Choi, S. W., Reise, S. P., Pilkonis, P. A., Hays, R. D., & Cella, 
D. (2010). Efficiency of static and computer adaptive short 
forms compared to full-length measures of depressive symp-
toms. Quality of Life Research, 19(1), 125–136. https ://doi.
org/10.1007/s1113 6-009-9560-5.

 12. Haverman, L., Grootenhuis, M. A., Raat, H., van Rossum, M. 
A., van Dulmen-den Broeder, E., Hoppenbrouwers, K., et al. 
(2016). Dutch-Flemish translation of nine pediatric item banks 
from the Patient-Reported Outcomes Measurement Informa-
tion System (PROMIS)(R). Quality of Life Research, 25(3), 
761–765. https ://doi.org/10.1007/s1113 6-015-0966-y.

 13. Buysse, D. J., Yu, L., Moul, D. E., Germain, A., Stover, A., 
Dodds, N. E., et al. (2010). Development and validation of 
patient-reported outcome measures for sleep disturbance and 
sleep-related impairments. Sleep, 33(6), 781–792. https ://doi.
org/10.1093/sleep /33.6.781.

 14. Forrest, C. B., Bevans, K. B., Pratiwadi, R., Moon, J., Teneralli, 
R. E., Minton, J. M., et al. (2014). Development of the PROMIS 
(R) pediatric global health (PGH-7) measure. Quality of Life 
Research, 23(4), 1221–1231. https ://doi.org/10.1007/s1113 
6-013-0581-8.

 15. Dewalt, D. A., Thissen, D., Stucky, B. D., Langer, M. M., Mor-
gan Dewitt, E., Irwin, D. E., et al. (2013). PROMIS pediatric 
peer relationships scale: Development of a peer relationships 
item bank as part of social health measurement. Health Psychol-
ogy, 32(10), 1093–1103. https ://doi.org/10.1037/a0032 670.

 16. Varni, J. W., Seid, M., & Kurtin, P. S. (2001). PedsQL 4.0: Reli-
ability and validity of the Pediatric Quality of Life Inventory 
version 4.0 generic core scales in healthy and patient popula-
tions. Medical Care, 39(8), 800–812.

 17. Engelen, V., Haentjens, M. M., Detmar, S. B., Koopman, H. 
M., & Grootenhuis, M. A. (2009). Health related quality of 
life of Dutch children: Psychometric properties of the Ped-
sQL in the Netherlands. BMC Pediatrics, 9, 68. https ://doi.
org/10.1186/1471-2431-9-68.

 18. Rosseel, Y. (2012). lavaan: An R package for structural equation 
modeling. Journal of Statistical Software, 48(2), 36. https ://doi.
org/10.18637 /jss.v048.i02.

 19. Schermelleh-Engel, K., Moosbrugger, H., & Müller, H. (2003). 
Evaluating the fit of structural equation models: Tests of sig-
nificance and descriptive goodness-of-fit measures. Methods of 
Psychological Research Online, 8(2), 23–74.

 20. Reeve, B. B., Hays, R. D., Bjorner, J. B., Cook, K. F., Crane, 
P. K., Teresi, J. A., et al. (2007). Psychometric evaluation and 
calibration of health-related quality of life item banks: Plans 
for the Patient-Reported Outcomes Measurement Information 
System (PROMIS). Medical Care, 45(5 Suppl 1), S22-31. https 
://doi.org/10.1097/01.mlr.00002 50483 .85507 .04.

 21. Mokken, R. J. (1971). A theory and procedure of scale analysis. 
The Hague: Mouton.

 22. van der Ark, L. A. (2007). Mokken scale analysis in R. Journal 
of Statistical Software, 20(11), 19. https ://doi.org/10.18637 /jss.
v020.i11.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/bmj.f167
https://doi.org/10.1037/cpp0000043
https://doi.org/10.1007/s12282-019-01033-7
https://doi.org/10.1007/s12282-019-01033-7
https://doi.org/10.1002/jor.24614
https://doi.org/10.1002/jor.24614
https://doi.org/10.1093/intqhc/mzx108
https://doi.org/10.1093/intqhc/mzx108
https://doi.org/10.1097/01.mlr.0000258615.42478.55
https://doi.org/10.1097/01.mlr.0000258615.42478.55
https://doi.org/10.1007/s11136-007-9204-6
https://doi.org/10.1007/s11136-007-9204-6
https://doi.org/10.1016/j.jclinepi.2010.04.011
https://doi.org/10.1016/j.jclinepi.2010.04.011
https://doi.org/10.3899/jrheum.130813
https://doi.org/10.3899/jrheum.130813
https://doi.org/10.1002/acr.24094
https://doi.org/10.1002/acr.24094
https://doi.org/10.1007/s11136-009-9560-5
https://doi.org/10.1007/s11136-009-9560-5
https://doi.org/10.1007/s11136-015-0966-y
https://doi.org/10.1093/sleep/33.6.781
https://doi.org/10.1093/sleep/33.6.781
https://doi.org/10.1007/s11136-013-0581-8
https://doi.org/10.1007/s11136-013-0581-8
https://doi.org/10.1037/a0032670
https://doi.org/10.1186/1471-2431-9-68
https://doi.org/10.1186/1471-2431-9-68
https://doi.org/10.18637/jss.v048.i02
https://doi.org/10.18637/jss.v048.i02
https://doi.org/10.1097/01.mlr.0000250483.85507.04
https://doi.org/10.1097/01.mlr.0000250483.85507.04
https://doi.org/10.18637/jss.v020.i11
https://doi.org/10.18637/jss.v020.i11


2070 Quality of Life Research (2021) 30:2061–2070

1 3

 23. Chalmers, R. P. (2012). mirt: A Multidimensional item response 
theory package for the R environment. Journal of Statistical 
Software, 48(6), 29. https ://doi.org/10.18637 /jss.v048.i06.

 24. Kang, T., & Chen, T. T. (2008). Performance of the generalized 
S-X2 item fit index for polytomous IRT models. Journal of 
Educational Measurement, 45(4), 391–406. https ://doi.org/10.
1111/j.1745-3984.2008.00071 .x.

 25. Forrest, C. B., Tucker, C. A., Ravens-Sieberer, U., Pratiwadi, 
R., Moon, J., Teneralli, R. E., et al. (2016). Concurrent validity 
of the PROMIS® pediatric global health measure. Quality of 
Life Research, 25(3), 739–751. https ://doi.org/10.1007/s1113 
6-015-1111-7.

 26. Toomey, M., Schwartz, J., Laverdiere, M., Tucker, C. A., Bev-
ans, K., Forrest, C. B., et al. (2016). Preliminary validation of 
the PROMIS parent-proxy peer relationships measure in chil-
dren with autism spectrum disorder: A DBPNet study. Journal 
of Developmental & Behavioral Pediatrics, 37(9), 724.

 27. DeWalt, D. (2016). PROMIS 1 pediatric supplement (6th ed.). 
Cambridge: Harvard Dataverse.

 28. Choi, S. W., Gibbons, L. E., & Crane, P. K. (2011). lordif: An R 
package for detecting differential item functioning using iterative 
hybrid ordinal logistic regression/item response theory and monte 
carlo simulations. Journal of Statistical Software, 39(8), 1–30. 
https ://doi.org/10.18637 /jss.v039.i08.

 29. Swaminathan, H., & Rogers, H. J. (1990). Detecting differential 
item functioning using logistic regression procedures. Journal of 
Educational Measurement, 27(4), 361–370.

 30. Magis, D., & Raîche, G. (2011). catR: An R package for com-
puterized adaptive testing. Applied Psychological Measurement, 
35(7), 576–577. https ://doi.org/10.1177/01466 21611 40748 2.

 31. Choi, S. W., & Swartz, R. J. (2009). Comparison of CAT item 
selection criteria for polytomous items. Applied Psychological 
Measurement, 33(6), 419–440. https ://doi.org/10.1177/01466 
21608 32780 1.

 32. Wainer, H., & Dorans, N. J. (2000). Computerized adaptive test-
ing : A primer (2nd ed.). Mahwah, NJ: Erlbaum.

 33. Cai, L., Thissen, D., & du Toit, S. H. C. (2015). IRTPRO 3.0 for 
windows. Lincolnwood, IL: Scientific Software International.

 34. Woods, C. M., Cai, L., & Wang, M. (2012). The Langer-improved 
wald test for DIF testing with multiple groups: Evaluation and 
comparison to two-group IRT. Educational and Psychological 
Measurement, 73(3), 532–547. https ://doi.org/10.1177/00131 
64412 46487 5.

 35. Fikis, D. R. J., & Oshima, T. C. (2017). Effect of purification pro-
cedures on DIF analysis in IRTPRO. Educational and Psychologi-
cal Measurement, 77(3), 415–428. https ://doi.org/10.1177/00131 
64416 64584 4.

 36. Smits, N., Öğreden, O., Garnier-Villarreal, M., Terwee, C. B., 
& Chalmers, R. P. (2020). A study of alternative approaches 
to non-normal latent trait distributions in item response the-
ory models used for health outcome measurement. Statistical 
Methods in Medical Research, 29(4), 1030–1048. https ://doi.
org/10.1177/09622 80220 90762 5.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.18637/jss.v048.i06
https://doi.org/10.1111/j.1745-3984.2008.00071.x
https://doi.org/10.1111/j.1745-3984.2008.00071.x
https://doi.org/10.1007/s11136-015-1111-7
https://doi.org/10.1007/s11136-015-1111-7
https://doi.org/10.18637/jss.v039.i08
https://doi.org/10.1177/0146621611407482
https://doi.org/10.1177/0146621608327801
https://doi.org/10.1177/0146621608327801
https://doi.org/10.1177/0013164412464875
https://doi.org/10.1177/0013164412464875
https://doi.org/10.1177/0013164416645844
https://doi.org/10.1177/0013164416645844
https://doi.org/10.1177/0962280220907625
https://doi.org/10.1177/0962280220907625

	Psychometric properties of the Patient-Reported Outcomes Measurement Information System (PROMIS®) pediatric item bank peer relationships in the Dutch general population
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Procedure and participants
	Measures
	Sociodemographic questionnaire
	PROMIS pediatric Peer Relationships item bank
	Pediatric quality of life inventory (4.0)

	Statistical analyses
	Structural validity
	Construct validity
	Cross-cultural validity
	Reliability


	Results
	Structural validity
	Construct validity
	Cross-cultural validity
	Reliability

	Discussion
	Acknowledgements 
	References




