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Abstract: Collecting real-world evidence via ‘at home’ assessments in ambulatory patients or 
healthy volunteers is becoming increasingly important, both for research purposes and in clinical 
practice. However, given the mobile technology that is frequently used for these assessments, con-
cise assessments are preferred. The current study compared single-item ratings with multiple-item 
subscale scores of the same construct, by calculating the corresponding Bland and Altman 95% lim-
its of agreement interval. The analysis showed that single-item ratings are usually in good agree-
ment with assessments of their corresponding subscale. In the case of more complex multimodal 
constructs, single-item assessments were much less often in agreement with multiple-item ques-
tionnaire outcomes. The use of single-item assessments is advocated as they more often incorporate 
assessments of all aspects of a certain construct (including the presence, severity, and impact of the 
construct under investigation) compared to composite symptom scores.  
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1. Introduction 
During the COVID-19 pandemic, collecting real-world evidence via ‘at home’ assess-

ments in ambulatory patients or healthy volunteers became increasingly important, both 
in research and in clinical practice. Often, mobile technology is applied to collect data in 
real-time, without requiring hospital visits which may be more demanding in pandemic 
times and a burden to patients and healthcare providers [1,2]. There are, however, limita-
tions to the design of mobile assessments [2], and the restrictions of small screens advocate 
for concise assessments.  

For many constructs such as sleep quality and hostility, there are no readily and eas-
ily applicable biomarkers available. Researchers, therefore, have to rely on patient-re-
ported outcome measures (PRO) via questionnaires. It can be questioned if traditional, 
often lengthy, questionnaires to assess mood, quality of life, and health correlates are ei-
ther necessary or practical. The use of these multiple-item questionnaires may be a burden 
to patients, and increase the risk of noncompletion of clinical and research assessments. 
Single-item assessments could be an alternative to prevent this.  

The development of a valid and reliable PRO is essential and should capture all im-
portant aspects of a condition under investigation (See Figure 1). As illustrated in Figure 
1, a good PRO should evaluate the presence, severity, and impact of a condition. As such, 
the development of a valid PRO may not always be a straightforward venture [3].  
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Figure 1. Development of a patient-reported outcome measure. 

Psychological constructs, psychological states, and diseases are often characterized 
by more than one aspect (in Figure 1 referred to as A, B, and C). For example, attention 
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deficit hyperactivity disorder (ADHD) is characterized by inattention, hyperactivity, im-
pulsivity; and insomnia is characterized by sleep initiation problems and/or sleep mainte-
nance problems that have a negative impact on daytime functioning. More complex con-
structs such as schizophrenia, alcohol hangover, or irritable bowel syndrome may require 
the assessment of more individual aspects to describe the full syndrome. When a ques-
tionnaire comprises the assessment of the presence and severity of the characteristic 
symptoms of a disease, this either results in a lengthy questionnaire to capture all of them 
or in a short questionnaire that omits several symptoms that may have been of importance 
to individual patients. Moreover, in such questionnaires the impact on daily activities is 
usually not assessed. 

Given this, the US Food and Drug Administration suggested that single-item assess-
ments may even be preferred, as they incorporate the subjects’ evaluation of the presence, 
severity, and impact of a condition, with greater subject-focused information value than 
the specific symptom-based sum score of multiple-item questionnaires can provide [4]. 
The question, however, arises as to whether single-item assessments are equally effective 
as their corresponding multiple-item questionnaires. If they are equally effective, then sin-
gle-item assessments would be a cost-effective and time-reducing strategy to examine 
mood, quality of life, and health correlates in clinical monitoring and experimental re-
search following patients over time. The single-item assessment provides a real-time, di-
rectly available outcome. Single-item assessments could, for example, be implemented in 
randomized clinical trials where assessment windows relative to treatment intake are of-
ten limited, with patients for which the completion of lengthy questionnaires may be a 
burden (e.g., elderly), or in clinical practice to determine if a more thorough evaluation of 
a patient is warranted. The purpose of the current analysis was to evaluate whether as-
sessments of single-item scales are in agreement with their corresponding multiple-item 
scales. 

2. Materials and Methods 
To compare single-items and multiple item scales, data from Balikji et al. [5] were re-

evaluated. In this study, N = 2489 participants (83.4% women) completed an online survey 
on ‘food and health’. The Dutch participants, aged 18 to 30 years old, were recruited via 
Facebook. Their mean (standard deviation, SD) age was 21.3 (2.1) years old. For the cur-
rent analysis, we re-evaluated assessments of mood, mental resilience, insomnia, and ir-
ritable bowel syndrome (IBS), which are described below.  

2.1. Profiles of Mood States—Short Form (POMS-SF) 
The short version of the Profiles of Mood States (POMS-SF) was completed to assess 

mood [6–8]. The Dutch version comprises 32 items that are scored on a 5-point Likert scale 
(0 = not at all, 4 = extremely) and has five subscales assessing tension (6 items), depression 
(8 items), anger (7 items), fatigue (6 items), and vigor (5 items). Higher scores on the scales 
imply more psychological distress. In addition to the subscales, a total psychological dis-
tress score was computed as the sum score of all 32 items. For the comparison between 
scale scores and single-items, the items “angry” (anger), “blue” (depression), “tense” (ten-
sion), “vigorous” (vigor), “fatigued” (fatigue) were selected. 

2.2. The Depression Anxiety Stress Scales (DASS-21) 
The Dutch version of the Depression Anxiety Stress Scales (DASS-21) was completed 

to assess stress, anxiety, and depression [9–11]. The scale consists of 21 items that can be 
scored on a 4-point Likert scale, (0 = not at all, 3 = very much or most of the time). The sum 
scores are computed for three scales assessing depression (7 items), anxiety (7 items), and 
stress (7 items). A higher scale score is associated with a greater level of depression, anxi-
ety, and/or stress. In addition to the subscales, a total psychological distress score was 
computed as the sum score of all 21 items. For the comparison between scale scores and 
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single-items, the items “I felt down-hearted and blue” (depression), “I felt scared without 
any good reason” (anxiety), and “I found it difficult to relax” (stress) were selected. 

2.3. Brief Resilience Scale (BRS) 
Mental resilience was evaluated utilizing the Brief Resilience Scale [12]. The BRS com-

prises 6 items that assess one’s ability to recover from stress, i.e. to bounce back. The 6 
items can be rated on a 5-point Likert scale ranging from ‘strongly disagree’ to ‘strongly 
agree’. Scores range from 1 to 5, and reversed scoring is applied to some of the items. The 
mean score of the six items was computed to represent the level of mental resilience. A 
higher score implies a higher level of mental resilience. Previous research revealed that 
mental resilience scores correlated significantly with personality characteristics, psycho-
logical coping strategies, and health correlates [12,13]. For the comparison between scale 
scores and single-items, the item “I tend to take a long time to get over set-backs in my 
life” was selected. 

2.4. SLEEP-50 Insomnia Subscale  
The 9-item insomnia subscale of the SLEEP-50 questionnaire [14] was completed. 

Each item can be scored on a 4-point scale ranging from 1 (not at all), 2 (somewhat), 3 
(rather much), and 4 (very much), and the total insomnia score is computed by adding up 
scores on the individual items. A total insomnia score was computed as the sum score of 
all 9 items. For the comparison between scale scores and single-items, the items “I have 
difficulty in falling asleep” (sleep initiation problems) and “After waking up during the 
night, I fall asleep slowly” (sleep maintenance problems) were selected.  

2.5. Birmingham IBS Symptom Questionnaire 
The presence and severity of IBS symptoms were assessed with the Dutch version of 

the Birmingham IBS Symptom Questionnaire [5,15,16]. The questionnaire consists of 11 
items, with 6-answer possibilities, ranging from 0 (‘none of the time) to 5 (‘all of the time’). 
Scores on three symptom specific scales representing the factors ‘diarrhea’ (5 items), ‘con-
stipation’ (3 items), and ‘pain’ (3 items) were calculated. Highly scores imply more com-
plaints. In addition to the subscales, a total IBS score was computed as the sum score of 
all 11 items. For the comparison between scale scores and single-items, the items “How 
often have you had discomfort or pain in your abdomen?” (pain), “How often have you 
been troubled with diarrhea?” (diarrhea), and “How often have you been troubled by 
constipation?” (constipation) were selected. 

2.6. Single-Item Selection 
The single-item was part of the respective subscale and was selected by the authors 

(J.C.V. and G.B.) based on the representativeness of an overall construct and if scores on 
the item had the highest correlation with the respective construct. For most subscales, this 
was a straightforward selection as the subscales comprised an item that was the same as 
the overall scale construct (e.g., the item “fatigued” of the POMS-SF fatigue scale). For 
other scales, based on the investigators’ judgment, an item was chosen that best repre-
sented the overall assessed construct (e.g., “I felt it difficult to relax” for the DASS21 stress 
subscale). The insomnia scale has no subscales. For this scale two items instead of one item 
were selected, to reflect that insomnia can be characterized by sleep initiation problems, 
sleep maintenance problems, or both. 

2.7. Statistical Analyses 
Statistical analyses were conducted with SPSS (IBM Corp. Released 2013. IBM SPSS 

Statistics for Windows, Version 25.0. Armonk, NY, USA: IBM Corp.). First, Spearman’s 
rank correlation coefficients (Rho) were computed between single-item and correspond-
ing full-scale scores. Correlations were considered statistically significant if p < 0.05 (in a 
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two-tailed test). Second, to demonstrate whether the outcomes of the single-item assess-
ment were not different from their corresponding subscales, the 95% limits of agreement 
method by Bland and Altman [17] was applied. In order to make the two assessments 
directly comparable, the single-item scores were multiplied by the number of items of the 
corresponding subscale. Difference scores (DIFF) of the two outcomes (full-scale score – 
single-item score) and the corresponding standard deviation (SDDIFF) were computed. The 
95% limits of agreement method states that agreement between methods (in this case sin-
gle-item versus full-scale assessment) can be concluded if 95% of the DIFF scores lie be-
tween (DIFF – 1.96 * SDDIFF) and (DIFF + 1.96 * SDDIFF). In other words, the outcomes of the 
two assessments are significantly different if more than 5% of the differences scores lie 
outside the 95% limits of agreement interval. Bland and Altman plots were produced 
which show the difference between the single-item assessments (multiplied by the num-
ber of subscale items) and subscale assessments for each subject against the mean score of 
the two assessments [17]. If the assessments are identical, datapoints are close to the line 
of equality (zero) and 95% of the data points is lies between the lower and upper limit of 
the 95% limits of agreement interval. The plots also illustrate the presence of possible ex-
treme or outlying observations. Third, applying the same Bland and Atman methodology 
[17] it was evaluated whether the outcomes of the single-item assessment are in agreement 
with the corresponding full-scale outcomes of the POMS-SF, DASS21, Birmingham IBS 
scale, and SLEEP-50 insomnia scale. For this comparison, the single-item scores were mul-
tiplied by the number of items of the corresponding full-scale. 

3. Results 
Table 1 summarizes the correlations between the single-item assessments and corre-

sponding subscale and full-scale scores. All correlations were highly significant. Correla-
tions between single-item scores and subscales were considerably higher than correlations 
between single-item scores and the full-scale scores. Results of the comparisons between 
single-item scores and subscale scores are summarized in Table 2, and the corresponding 
Bland and Altman plots in Figure 2.  

Table 1. Correlation between single-item assessments multiple-item assessments. 

  Correlation with subscale Correlation with full-scale 
Assessment N Correlation p-value Correlation p-value 
IBS – constipation 1950 0.728 p < 0.0001 0.614 p < 0.0001 
IBS – diarrhea 1950 0.699 p < 0.0001 0.529 p < 0.0001 
IBS – pain  1950 0.888 p <0.0001 0.694 p < 0.0001 
POMS-SF Anger 1838 0.477 p <0.0001 0.389 p < 0.0001 
POMS-SF Depression 1826 0.743 p <0.0001 0.625 p < 0.0001 
POMS-SF Tension 1828 0.828 p <0.0001 0.762 p < 0.0001 
POMS-SF Fatigue 1836 0.871 p <0.0001 0.719 p < 0.0001 
POMS-SF Vigor 1830 0.851 p < 0.0001 -0.048 0.042 
DASS-21 Anxiety 1706 0.623 p < 0.0001 0.586 p < 0.0001 
DASS-21 Depression 1709 0.800 p < 0.0001 0.705 p < 0.0001 
DASS-21 Stress 1698 0.762 p < 0.0001 0.681 p < 0.0001 
Mental resilience 2075 - - 0.793 p < 0.0001 
Sleep initiation problems 2041 - - 0.739 p < 0.0001 
Sleep maintenance problems 2041 - - 0.630 p < 0.0001 

Spearman’s rank correlations coefficients (Rho) are presented, which are considered significant if p < 0.05 (two-tailed). As 
not all of the subjects completed the full survey, the N is given for each correlation. Abbreviations: DASS-21 = depression 
anxiety stress scale 21 items, POMS-SF = profiles of mood states short form, IBS = irritable bowel syndrome. - = 
questionnaire has no subscales. 
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Figure 2. Bland and Altman plots are shown for the irritable bowel syndrome (IBS) subscales constipation, diarrhea, and 
pain; for mental resilience; for the profiles of mood scales – short form (POMS-SF) subscales anger, depression, tension, 
fatigue, and vigor; and for the DASS-21 subscales depression, anxiety, and stress. The mean difference (red color line) and 
95% limits of agreement (red box) are indicated. Values on the y-axis are the difference between the single-item assess-
ments (multiplied by the number of subscale items) and subscale assessments for each subject against the mean score of 
the two assessments. Values on the x-axis are the average score of the single-item rating and the subscale. 
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Table 2. Mean (SD) of single-item and subscale assessments. 
Assessment Single-item Subscale DIFF score 95% Limits % of DIFF Agreement 
IBS – constipation 1.9 (3.2) 3.3 (3.0) 1.5 (1.8) −2.1, 5.0 1.5 % Yes 
IBS – diarrhea 4.5 (5.0) 4.1 (3.1) −0.5 (3.3) −6.9, 6.0 4.9 % Yes 
IBS – pain  4.0 (3.8) 3.4 (2.8) −0.6 (1.9) −4.3, 3.3 3.1 % Yes 
POMS-SF Anger 0.9 (3.4) 2.4 (3.5) 1.4 (2.7) −3.9, 6.7 5.1 % No 
POMS-SF Depression 3.7 (6.9) 3.5 (5.3) −0.1 (3.5) −7.0, 6.7 4.8 % Yes 
POMS-SF Tension 6.1 (6.5) 4.2 (4.5) −1.9 (3.7) −9.1, 5.4 4.1 % Yes 
POMS-SF Fatigue 10.7 (7.3) 5.3 (5.0) −5.4 (4.4) −14.0, 3.2 3.9 % Yes 
POMS-SF Vigor 9.2 (5.6) 9.1 (4.4) −0.1 (3.0) −6.0, 5.8 3.3 % Yes 
DASS-21 Anxiety 4.5 (9.1) 7.5 (7.6) 3.1 (6.0) −9.9, 15.1 4.8 % Yes 
DASS-21 Depression 9.1 (11.1) 5.7 (6.9) −3.4 (6.7) −16.5, 9.7 4.4 % Yes 
DASS-21 Stress 12.3 (12.3) 9.8 (7.8) −2.5 (8.1) −18.7, 13.7 4.7 % Yes 
Mental resilience1 20.6 (5.7) 19.6 (4.4) −1.0 (3.4) −7.7, 5.6  4.9 % Yes 

Sum (SD) scores of the subscales and single-items are presented. 1 = a comparison was made with the full-scale score. The SLEEP-50 

insomnia scale was omitted from the table as the scale has no subscales for sleep initiation and sleep maintenance problems. 
 

It is evident from Table 2 that for most assessments, the single-item was equally ef-
fective as the corresponding subscale, as the percentage of difference scores outside the 
95% limits of agreement was below 5%. No agreement between single-item and subscale 
scores was found for POMS-SF anger (Table 2). 

Table 3 summarizes the results for the comparisons between single-item scores and 
full-scale scores. No agreement was found for IBS-constipation and diarrhea; for POMS-
SF-anger, depression, and tension; for DASS-21 for anxiety and depression and for sleep 
initiation and maintenance problems. 

Table 3. Mean (SD) of single-item and full-scale assessments. 

Assessment Single-item Full-scale DIFF score 95% Limits % of DIFF Agreement 
IBS – constipation 6.9 (11.6) 10.8 (7.1) 4.0 (8.6) −12.9, 20.9 6.0 % No 
IBS – diarrhea 9.9 (11.0) 10.8 (7.1) 0.9 (9.1) −16.9, 18.7 5.9 % No 
IBS – pain  14.8 (14.0) 10.8 (7.1) −3.9 (10.2) −23.9, 16.1 4.6 % Yes 
POMS-SF Anger 4.3 (15.4) 30.7 (16.3) 26.4 (15.8) −4.64, 57.4 5.4 % No 
POMS-SF Depression 14.7 (27.6) 30.7 (16.3) 16.0 (18.8) −20.8, 52.8 5.6 % No 
POMS-SF Tension 32.7 (34.5) 30.7 (16.3) −2.1 (24.2) −49.5, 45.3 5.1 % No 
POMS-SF Fatigue 47.0 (39.1) 30.7 (16.3) −26.3 (30.6) −86.3, 33.7 3.0 % Yes 
POMS-SF Vigor 59.1 (36.0) 30.7 (16.3) −28.3 (40.8) −108.3, 51.7 2.8 % Yes 
DASS-21 Anxiety 13.4 (27.4) 23.1 (19.7) 9.8 (19.5) −28.4, 48.0 5.0 % No 
DASS-21 Depression 27.2 (33.3) 23.1 (19.7) −4.3 (22.7) −48.8, 40.2 5.3 % No 
DASS-21 Stress 36.9 (37.0) 23.1 (19.7) −13.9 (27.3) −67.2, 39.6 4.7 % Yes 
Sleep initiation problems 17.5 (8.3) 16.4 (5.4) −1.0 (5.5) −11.8, 9.7 5.6 % No 
Sleep maintenance problems 13.6 (7.3) 16.4 (5.4) 2.9 (5.3) −7.5, 13.3 5.2 % No 

Sum (SD) scores of the full-scale and single-items are presented.  

4. Discussion 
To enable mobile, user-friendly assessments, it is desirable that these are short, relia-

ble, and valid. The comparisons between single-item assessments and their corresponding 
multiple-item subscales in the current study reveal that the vast majority of single-item 
assessments are in agreement with their lengthier multiple-item subscales. With one ex-
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ception (POMS-SF anger), it was consistently shown that single-item assessments of uni-
polar constructs yield similar results to their corresponding more elaborate multiple-item 
scale. 

Agreement between single-item ratings and the full-scales was usually not observed. 
This is understandable as these scales are composed of several subscales (e.g., POMS-SF 
and DASS-21) or the scale assesses different constructs that were not represented by a 
single-item (e.g., sleep initiation and sleep maintenance problems in the SLEEP-50 insom-
nia subscale). This observation reflects the importance of the fact that a single-item assess-
ment should fully describe all aspects of the construct under investigation. When selecting 
items from the original scales, the aim was to select the item that best described the con-
struct. For the subscales, this objective was usually achieved, and the single-item univo-
cally described the construct under investigation (e.g., depression and anxiety). However, 
when assessing constructs that have multiple components (e.g., insomnia or ADHD), as-
sessing only one of these characteristics is usually insufficient to achieve agreement be-
tween the single-item rating and multiple-item scale.   

Assessing a construct by composing a multiple-item scale may be problematic in it-
self. This has been observed in studies that aim to assess a construct by combining ratings 
of symptoms associated with the construct under investigation. For example, in alcohol 
hangover research, 47 different hangover symptoms have been identified [18], which have 
a differential impact on cognitive functioning, physical functioning, and mood [19]. There 
are currently three validated scales that are commonly used, which assess overall hango-
ver severity by calculating the sum of individual items that rate the frequency and/or se-
verity of specific hangover symptoms such as fatigue, nausea, and headache [20–22]. 
Given the large number of known hangover symptoms, it can be questioned whether the 
composite scale score adequately represents the overall hangover experience. Indeed, re-
cent research revealed that outcomes of single-item assessments of hangover severity are 
not in agreement with multiple-item assessments [23]. 

This observation underlines the fact that single-item ratings may be superior over 
multiple-item ratings, as these are thought to assess the complete experience of the con-
struct under investigation. That is, all aspects deemed relevant to the patient are included 
in this assessment, including the presence, severity, and impact of symptoms and experi-
ences, opposed to multiple-item scales which may be at risk of not consulting about cer-
tain issues that may be relevant to the subject’s evaluation. Therefore, especially in case of 
complex constructs, assessments are preferred to be made via direct single-item assess-
ments. Such single-item assessments are ideal for quick time assessments in real-time, 
which is a clear advantage when using mobile technology, but also in clinical practice 
when quick results are required, and in clinical trials with time constraints. If more in 
depth information about a construct is needed, multiple-item assessments or interviews 
can be conducted at a later stage. Alternatively, a single-item assessment can advise if a 
more detailed assessment is needed at this point of time. 

According to Cohen [24], most correlations between single-item assessments and 
full-scale outcomes listed in Table 1 can be considerate as moderate to high (r > 0.5). How-
ever, the fact that correlations are highly statistically significant is no proof that two as-
sessments are in agreement, i.e., measuring the same construct with an identical outcome. 
There are many examples of high and significant correlations between measures that ac-
tually assess a different construct. Eminent examples are the correlations between body-
weight and height, or between alcohol consumption and smoking [25]. Therefore, one 
should never rely on correlations to determine if two measures assess the same construct. 
Instead, the 95% limits of agreement method by Bland and Altman is considered as gold 
standard to determine if two assessments are in agreement or not [16].  

A limitation of the current single-item assessments is the fact that these were all con-
ducted with the Likert scales used in the corresponding full subscales, allowing limited 



Eur. J. Investig. Health Psychol. Educ. 2021, 11 196 
 

 

differentiation between the answering possibilities. To allow more differentiation in scor-
ing, for future use, it is proposed to apply an 11-point rating scale for the single-item as-
sessments, ranging from 0 (absent) to 10 (extreme severe). 

Bland and Altman [16] stated that “the decision about what an acceptable agreement 
is a clinical one; statistics alone cannot answer the question”. We concur with this view-
point. It should always be judged whether a single-item rating provides sufficient infor-
mation in a specific context. For example, it can be argued that complex constructs such 
as schizophrenia or ADHD can never be accurately represented by a single-item assess-
ment (or single biomarker), and therefore require more thorough and elaborate assess-
ments per se, including assessments with traditional multiple-item questionnaires. Simi-
larly, the single-item human immunodeficiency virus (HIV) risk stage-of-change measure 
has been shown to disagree with a conventional measure and thus was not reflective of 
the change of HIV risk [26]. In this study, the conventional measure and the single-item 
rating did not correspond. It was concluded that the measures do not assess the same 
construct, and that the single-item assessment needed to be revised or its use should be 
abandoned. Additionally, a survey from 21 countries compared single-item self-assess-
ment against a multi-item health measure, only the multi-item measure showed a signifi-
cant correlation with life expectancy [27]. However, the conclusions of this study were 
based on correlational analysis and the Bland and Alman 95% limits of agreement method 
was not applied. Nevertheless, clinical judgement based on the purpose of the study 
should guide the choice of single-item versus multi-item instrument.  

Finally, there is a likelihood that people would respond differently to a single item 
presented in isolation than to the same item presented in the context of a larger scale com-
posed of conceptually overlapping items. As stated in the introduction, single-item as-
sessments incorporate the subjects’ evaluation of the presence, severity, and impact of a 
condition, with greater subject-focused information value than the specific symptom-
based sum score of multiple-item questionnaires can provide [4]. On the other hand, other 
literature suggests that multipole-item assessments should be favored as they have a sig-
nificantly greater accuracy when screening or diagnosing patients [28]. In addition, psy-
chometric theory has suggested that multiple item scales should be preferred as possible 
measurement error averages out when multiple item scores are summed to obtain a total 
score [29]. However, this was not evident from the current analysis, as the Bland–Altman 
comparisons usually showed agreement between single- and multiple item assessments. 
Taken together, it depends on the purpose of the research study or clinical assessment 
made whether single-item or multipole item measurements should be preferred. 

5. Conclusions 
In conclusion, the current analysis shows that single-item ratings for irritable bowel 

syndrome, depression, mood, mental resilience, and insomnia adequately represent the 
outcomes of traditional multi-item assessments. 

 
Author Contributions: Conceptualization, J.C.V., E.S., J.G., and G.B.; methodology, J.C.V.; formal 
analysis, J.C.V.; investigation, J.C.V.; writing—original draft preparation, J.C.V. and G.B..; writing—
review and editing, J.C.V., E.S., J.G., and G.B. All authors have read and agreed to the published 
version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted according to the guidelines of the 
Declaration of Helsinki, and approved by The University of Groningen Psychology Ethics Commit-
tee (Approval code: 16072-O). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Data Availability Statement: The data presented in this study are available on request from the 
corresponding author. 



Eur. J. Investig. Health Psychol. Educ. 2021, 11 197 
 

 

Conflicts of Interest: E.S. is employee of Nutricia Danone Singapore. J.G. is part-time employee of 
Nutricia Research and received research grants from Nutricia research foundation, Top Institute 
Pharma, Top Institute Food and Nutrition, GSK, STW, NWO, Friesland Campina, CCC, Raak-Pro, 
and EU. Over the past 3 years, J.C.V. has received grants/research support from Janssen, Danone, 
and Sequential Medicine, and has acted as a consultant/advisor for More Labs, Red Bull, Sen-Jam 
Pharmaceutical, Toast!, Tomo, and ZBiotics. G.B. has nothing to declare. 

References 
1. Alanzi, T. A review of mobile applications available in the app and google play stores used during the COVID-19 outbreak. J. 

Multidiscip. Healthc. 2021, 14, 45–57. 
2. Verster, J.C.; van de Loo, A.J.A.E.; Adams, S.; Stock, A.-K.; Benson, S.; Alford, C.; Scholey, A.; Bruce, G. Advantages and limita-

tions of naturalistic study designs and their implementation in alcohol hangover research. J. Clin. Med. 2019, 8, 2160. 
3. Schwarz, N.; Oyserman, D. Asking questions about behavior: Cognition, communication, and questionnaire construction, Am. 

J. Eval. 2001, 22, 127–160. 
4. Food and Drug Administration. Guidance for Industry. Patient-Reported Outcome Measures: Use in Medical Product Development 

to Support Labeling Claims. Available online: https://www.fda.gov/downloads/drugs/guidances/ucm193282.pdf (accessed on 15 
January 2021). 

5. Balikji, S.; Mackus, M.; Brookhuis, K.; Garssen, J.; Kraneveld, A.D.; Roth, T.; Verster, J.C. The association of sleep, perceived 
immune functioning, and irritable bowel syndrome. J. Clin. Med. 2018, 7, 238. 

6. McNair, D.M.; Lorr, M.; Droppleman, L.F. Manual for the Profile of Mood States; Educational and Industrial Testing Services: San 
Diego, CA, USA, 1971. 

7. Wald, F.D.M.; Mellenbergh, G.J. De verkorte versie van de Nederlandse vertaling van de Profile of Mood States (POMS). Ned. 
Tijdschr. Psychol. 1990, 45, 86–90. 

8. Van der Ark, L.A.; Marburger, D.; Mellenbergh, G.J.; Vorst, H.C.; Wald, F.D. Verkorte Profile of Mood States (Verkorte POMS); 
Handleiding en Verantwoording; Swets Testing Services: Lisse, The Netherlands, 2003. 

9. Lovibond, P.F.; Lovibond, S.H. The structure of negative emotional states: Comparison of the Depression Anxiety Stress Scales 
(DASS) with the Beck Depression and Anxiety Inventories. Behav. Res. Ther. 1995, 33, 335–342. 

10. Nieuwenhuijsen, K.; De Boer, A.G.; Verbeek, J.H.; Blonk, R.W.; Van Dijk, F.J. The Depression Anxiety Stress Scales (DASS): 
Detecting anxiety disorder and depression in employees absent from work because of mental health problems. Occup. Environ. 
Med. 2003, 60, 77–82. 

11. Henry, J.D.; Crawford, J.R. The short-form version of the Depression Anxiety Stress Scales (DASS-21): Construct validity and 
normative data in a large non-clinical sample. Br. J. Clin. Psychol. 2005, 44, 227–239. 

12. Smith, B.W.; Wiggins, K.; Dalen, J.; Bernard, J. Brief Resilience Scale: Assessing the ability to bounce back. Int. J. Behav. Med. 
2008, 15, 194–200. 

13. Van Schrojenstein Lantman, M.; Otten, L.S.; Mackus, M.; de Kruijff, D.; van de Loo, A.J.A.E.; Kraneveld, A.D.; Garssen, J.; Ver-
ster, J.C. Mental resilience, perceived immune functioning, and health. J. Multidisc. Healthc. 2017, 10, 107–112. 

14. Spoormaker, V.I.; Verbeek, I.; van den Bout, J.; Klip, E.C. Initial validation of the SLEEP-50 questionnaire. Behav. Sleep Med. 2005, 
3, 227–246. 

15. Roalfe, A.K.; Roberts, L.M.; Wilson, S. Evaluation of the Birmingham IBS symptom questionnaire. BMC Gastroenterol. 2008, 8, 
3016. 

16. Abdulahad, S.; Huls, H.; Balikji, S.; van de Loo, A.J.A.E.; Roth, T.; Verster, J.C. Irritable bowel syndrome, immune fitness and 
insomnia: Results from an online survey among people with sleep complaints. Sleep Vigil. 2019, 3, 121–129. 

17. Bland, J.M.; Altman, D.G. Measuring agreement in method comparison studies. Stat. Methods Med. Res. 1999, 8, 135–160. 
18. Penning, R.; McKinney, A.; Verster, J.C. Alcohol hangover symptoms and their contribution to overall hangover severity. Alco-

hol Alcohol. 2012, 47, 248–252. 
19. Van Schrojenstein Lantman, M.; Mackus, M.; van de Loo, A.J.A.E.; Verster, J.C. The impact of alcohol hangover symptoms on 

cognitive and physical functioning, and mood. Hum. Psychopharmacol. 2017, 32, 2623. 
20. Slutske,W.S.; Piasecki, T.M.; Hunt-Carter, E.E. Development and initial validation of the Hangover Symptoms Scale: Prevalence 

and correlates of Hangover Symptoms in college students. Alcohol. Clin. Exp. Res. 2003, 27, 1442–1450. 
21. Rohsenow, D.J.; Howland, J.; Minsky, S.J.; Greece, J.; Almeida, A.; Roehrs, T.A. The acute hangover scale: A new measure of 

immediate hangover symptoms. Addict. Behav. 2007, 32, 1314–1320. 
22. Penning, R.; McKinney, A.; Bus, L.D.; Olivier, B.; Slot, K.; Verster, J.C. Measurement of alcohol hangover severity: Development 

of the Alcohol Hangover Severity Scale (AHSS). Psychopharmacology 2013, 225, 803–810. 
23. Verster, J.C.; van de Loo, A.J.A.E.; Benson, S.; Scholey, A.; Stock, A.-K. The assessment of overall hangover severity. J. Clin. Med. 

2020, 9, 786. 
24. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum Associates Publishers: New York, NY, 

USA, 1988. 
25. Moss, H.B.; Goldstein, R.B.; Chen, C.M.; Yi, H.-Y. Patterns of use of other drugs among those with alcohol dependence: Associ-

ations with drinking behavior and psychopathology. Addict. Behav. 2015, 50, 192–198. 



Eur. J. Investig. Health Psychol. Educ. 2021, 11 198 
 

 

26. Napper, L.E.; Branson, C.M.; Fisher, D.G.; Reynolds, G.L.; Wood, M.M. Assessing the validity of a single-item HIV risk stage-
of-change measure. J. Drug Educ. 2008, 38, 27–37. 

27. Van Ginneken, J.K.; Groenewold, G. A single- vs. multi-item self-rated health status measure: A 21-country study. Open Public 
Health J. 2012, 5, 1–9. 

28. Petras, H.; Buckley, J.A.; Leoutsakos, J.-M.S.; Stuart, E.A.; Ialongo, N.S. The use of multiple versus single assessment time points 
to improve screening accuracy in identifying children at risk for later serious antisocial behavior. Prev. Sci. 2013, 14, 423–436. 

29. Nunnally, J.C.; Bernstein, I.H. Psychometric Theory, 3rd ed.; McGraw-Hill: New Delhi, India, 2010. 

 


