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ARTICLE INFO ABSTRACT
Keywords: The use of single-item assessments is increasingly important and popular, as these enable quick
Test-retest reliability real-time assessments in clinical practice or research. In this study we investigated the test-retest

Single-item assessments
Mood
Immune fitness

reliability of single-item assessments of mood (“stress”, “anxiety”, “depression”, “fatigue”,
“loneliness”, “being active”, “optimism”, and “happiness”), quality of life, and immune fitness in
Quality of life N = 108 participants. The analysis revealed high test-retest correlations between the single-item
Bland-altman assessments (r = 0.67 to 0.90), moderate to excellent intraclass correlations (r = 0.672 to 0.889),
Intraclass correlation and the Bland-Altman analysis revealed agreement between all test-retest assessments, except for
depression. Taken together, it can be concluded that the single-item assessments of mood, quality
and immune fitness have a good test-retest reliability. This strengthens the rationale for using

these single item assessments.

1. Introduction

The use of single-item assessments is increasingly important and popular, as these enable quick real-time assessments in clinical
practice or research. Single-item scales have several advantages compared to multiple item scales [1,2]. The outcome of single-item
assessments is directly available without counting of item scores or recoding. As a result, the use of single-item scale is associated with
a reduction in research costs. Since completion of single-item assessments is less time-consuming, their implementation will shorten
surveys and clinical assessments. This minimizes the burden for participants and is therefore likely to result in higher response rates.

It is important that such single-item measures have the same validity and reliability as the traditional multiple-item questionnaires.
Previously a series of single-item scales have been developed to assess mood and health correlates [2]. The single-item scales showed to
be equally effective as the original multiple item scales to assess the corresponding constructs such as quality of life, anxiety,
depression, and stress, and they have been used successfully in a series of studies evaluating health and disease [3-11]. The validity
and reliability of single item assessment was demonstrated in a large sample of 2489 participants, in which the outcomes of the
traditional multiple-item scales were compared to those of the single items [2]. Bland-Altman analysis of agreement revealed that the
outcomes of the single-item assessments did not differ from those of the corresponding multiple-item scales [2]. Studies from other

* Corresponding author. Division of Pharmacology, Utrecht Institute for Pharmaceutical Sciences, Utrecht University, Universiteitsweg 99,
3584CG, Utrecht, the Netherlands.
E-mail address: j.c.verster@uu.nl (J.C. Verster).

https://doi.org/10.1016/j.heliyon.2023.e15280

Received 19 July 2022; Received in revised form 22 March 2023; Accepted 31 March 2023

Available online 5 April 2023

2405-8440/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).


mailto:j.c.verster@uu.nl
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2023.e15280
https://doi.org/10.1016/j.heliyon.2023.e15280
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2023.e15280&domain=pdf
https://doi.org/10.1016/j.heliyon.2023.e15280
http://creativecommons.org/licenses/by/4.0/

J.C. Verster et al. Heliyon 9 (2023) 15280

research groups also found that single item ratings were equally sensitive and reliable as traditional multiple item scales that assessed
the same construct. This was for example shown for quality of life [12], depression [13], and fatigue [14]. Our group also further
investigated a single-item assessment of alcohol hangover severity [15]. For the single item assessing quality of life an intra-class
correlation analysis was conducted for two test occasions that revealed an excellent test-retest reliability of 0.87 [12].

It is important to establish that when a scale is completed more than once by the same individual, under the same circumstances, its
outcome is consistent/reproducible (and thus reliable). Examining this so-called test-retest reliability is the purpose of the current
investigation. To this extent, the single-item scales were completed twice by the same participants. It is essential that the conditions
under which the assessments are performed are identical for the specific individual. This is important as the outcomes for some
variables under investigation may vary from day to day. The test-retest interval for assessments that are not time-sensitive (e.g.,
personality traits) is usually one or two weeks. However, previous research examining test-retest reliability of time-sensitive assess-
ments such as mood outcomes advocated for a short interval between the assessments. The latter was deemed important to prevent
day-to-day fluctuations affecting the reliability evaluation [16,17]. In the current study the assessments are time-sensitive, i.e. the
outcomes can vary from day to day. Therefore, the two assessments (test and retest) were conducted on the same day. It was hy-
pothesized that the single-item scales have a high test-retest reliability.

2. Materials and methods

The study was conducted in December 2021. On one test day, N = 108 participants (71.3% female, mean (SD) age of 21.5 (2.6 years
old) completed two paper-pencil surveys. For test-retest assessments a sample size >100 is considered as excellent [18]. Participants
were students of the department of pharmaceutical sciences of Utrecht University, The Netherlands. They were recruited via e-mail
from a sample that previously participated in a study at Utrecht University [19], and via word of mouth. The study was reviewed and
approved by the Science-Geo Ethics Review Board of Utrecht University (protocol ID: S-21525, date of approval: November 21, 2021),
and all participants provided written informed consent. They received 20,- euro reimbursement for their participation. Participants
were included if they were male or female, student, and between the age of 18-30 years old. There were no exclusion criteria. Given the
considerable number of international students, participants could complete the survey in English or Dutch language. The same survey
was completed twice by the same participants. The time between completion of the surveys was approximately 30 min. Participants
were distracted by other tasks between the first and second survey. To further prevent participants from actively memorizing the
answers provided to the first survey, they were not aware of the purpose of the second survey.

The assessed demographic data of the sample was limited to age and sex. Mood was assessed via 1-item scales including “stress”,
“anxiety”, “depression”, “fatigue”, “loneliness”, “being active”, “optimism”, and “happiness”. All items were scored on a scale ranging
from O (absent) to 10 (extreme) [2]. In a similar way, “quality of life” [2], and “immune fitness” [20-22] were assessed on a scale
ranging from O (very poor) to 10 (excellent).

Statistical analyses were conducted with SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 28. Armonk,
NY, USA: IBM Corp.). Mean and standard deviation (SD) were computed for each variable. First, test and retest scores were compared
with the Related-Samples Wilcoxon Signed Rank Test. Differences were considered significant if p < 0.05. Second, Pearson’s corre-
lations were computed between the test and retest assessments. Correlations were considered statistically significant if p < 0.05. Third,
to further evaluate reliability, intraclass correlations (ICC’s) were computed, and their 95% Confidence Interval (CI). A single-
measurement, absolute-agreement, 2-way mixed-effects model was used to calculate the ICCs. To determine reliability, the 95% CI
of the ICCs were interpreted as follows: 95% CI values less than 0.5 were considered indicative of poor reliability, values between 0.5
and 0.75 were considered indicating moderate reliability, values between 0.75 and 0.9 were considered indicating good reliability, and
values greater than 0.90 were considered indicating excellent reliability [23]. Fourth, to confirm reliability, the Bland-Altman limits of
agreement method was applied [24,25]. For each variable, the difference score (DIFF) of the test and retest outcomes and the cor-
responding standard deviation (SDDIFF) were computed. According to the limits of agreement method, there is agreement between the

Table 1
Test-retest assessments.
Test Retest Correlation

Variable Mean (SD) Mean (SD) r p-value
Stress 4.0 (2.7) 3.5 (2.5) 0.86 <0.001*
Anxiety 1.8 (2.2) 1.5 (2.0) 0.84 <0.001*
Depression 1.6 (2.0) 1.6 (2.0) 0.90 <0.001*
Fatigue 4.6 (2.4) 4.0 (2.4) 0.78 <0.001*
Loneliness 1.7 (2.2) 1.3(1.9) 0.87 <0.001*
Optimism 6.3 (1.5) 6.2 (1.7) 0.70 <0.001*
Hostile 0.6 (1.4) 0.6 (1.4) 0.85 <0.001*
Happiness 6.6 (1.5) 6.6 (1.4) 0.80 <0.001*
Quality of life 7.5 (1.0) 7.4 (1.0) 0.67 <0.001*
Being active 6.2 (1.6) 6.0 (1.7) 0.73 <0.001*
Immune fitness 7.6 (1.2) 7.4 (1.3) 0.85 <0.001*

Notes: Pearson’s correlations were computed between the test and retest assessments. The correlations are considered statistically significant if p <
0.05, indicated by *.
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assessments if 95% of the DIFF score lies between (DIFF - 1.96 x SDDIFF) and (DIFF + 1.96 x SDDIFF). No agreement between the test
and retest assessment was concluded if 6% or more of the difference scores lie outside the limit of agreement interval.

3. Results

The mean (SD) of each variable, and the correlation between the test and retest session are summarized in Table 1. The Related-
Samples Wilcoxon Signed Rank Test revealed no significant differences between the test and retest assessments. Significant Pearson’s
correlations (p < 0.001) were found between all test-retest assessments.

Intraclass correlations are listed in Table 2. The analysis confirmed that there was moderate to excellent agreement between the test
and retest assessments.

Results of the Bland-Altman analysis are summarized in Table 3. It was predefined that no agreement would be concluded if 6% or
more of the difference scores were outside the limits of agreement (LA) interval [24,25]. The analysis revealed agreement for all the
assessments, except for depression which had a slightly higher percentage of participants that showed disagreement of the methods
(6.5%).

4. Discussion

The analyses revealed a high test-retest reliability for single-item assessments of mood, immune fitness, and quality of life. These
findings are important as they strengthen the rationale for using these single-item assessments.

In this study test-retest reliability was investigated using different approaches. However, it should be noted that the presented
correlational analyses describe linear relationships between the test and retest assessments, but not whether the two assessments are in
agreement [24,25]. A strong correlation between two assessments is no proof that they measure the same construct, i.e., that the
assessments are in agreement. Highly significant correlations have been shown between variables that measure completely different
constructs, such as bodyweight and height, or between alcohol consumption and smoking. Instead, to determine whether two as-
sessments measure the same construct, Bland and Altman’s the limits of agreement method is currently the gold standard [24,25].
Applying this method, agreement was found for all assessed single-items, except for depression. With respect to depression, it could be
argued that the percentage of outcomes that were outside the agreement interval for this item was relatively low (6.5%), and in
relation to the other assessments, its reliability could still be regarded as acceptable.

The use of single-item assessments is increasingly relevant in research and clinical practice. In clinical practice often real time
information is needed for which traditional multiple item questionnaires are less suitable. Completing these elaborate questionnaires
can be a burden for patients, whilst answering single-item questions is usually not considered effortful. For research purposes, the use
of single-item assessments will significantly shorten surveys. They are also easily implemented in mobile phone apps, that become an
increasingly important way of data collection [26,27]. Therefore, the current observation that single-item assessments are reliable is
important.

While the use of single-item mood assessments has several advantages, there are also disadvantages that should be mentioned. The
single item assessments provides a global measure, but no further details on the nature a construct or its impact on daily life. For
example, traditional scales may have subscales (e.g., there are more types of anxiety, but also related constructs such as fear and worry
may be measured within a multiple item scale). Also, considering individual items of a multiple item scale may provide more in-
formation on how a construct is affected or impacting daily life than using a single global measure. It therefore depends on the purpose
of the investigation whether global single item assessments or multiple item scales are preferred.

Strengths of the current study were a sufficient sample size, and the fact that participants were unaware of the purpose of the study.

Table 2
Intraclass correlations between the test and retest assessment.
95% CI

Variable ICC Lower Upper Agreement
Stress 0.843 0.759 0.896 Good
Anxiety 0.824 0.747 0.878 Moderate to Good
Depression 0.899 0.856 0.930 Good to Excellent
Fatigue 0.759 0.635 0.839 Moderate to Good
Loneliness 0.844 0.755 0.898 Good
Optimism 0.689 0.575 0.776 Moderate to Good
Hostile 0.811 0.729 0.870 Moderate to Good
Happiness 0.796 0.715 0.856 Moderate to Good
Quality of life 0.672 0.555 0.764 Moderate to Good
Being active 0.724 0.620 0.803 Moderate to Good
Immune fitness 0.836 0.764 0.886 Good

Notes: To determine reliability, the 95% CI of the ICCs were interpreted as follows: 95% CI values less than 0.5 were considered indicative of poor
reliability, values between 0.5 and 0.75 were considered indicating moderate reliability, values between 0.75 and 0.9 were considered indicating
good reliability, and values greater than 0.90 were considered indicating excellent reliability [23]. Abbreviations: ICC = intraclass correlation, CI =
confidence interval.
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Table 3

Bland-Altman limits of agreement analysis.
Variable Difference Mean (SD) LA interval lower, upper % outside the LA interval Agreement
Stress -0.49 (1.4 -3.23, 2.25 5.6% Agreement
Anxiety —0.31 (1.2) —2.66, 2.04 2.8% Agreement
Depression —0.06 (0.91) —1.84,1.72 6.5% No agreement
Fatigue —0.60 (1.6) —3.74, 2.54 5.6% Agreement
Loneliness -0.41 (1.1) -2.57,1.75 2.8% Agreement
Optimism —0.13 (1.3) —2.68, 2.42 5.6% Agreement
Hostile —0.14 (0.8) -1.71, 1.43 5.2% Agreement
Happiness —0.56 (0.9) —2.32,1.20 5.6% Agreement
Quality of life —0.11 (0.8) —1.68, 1.46 2.8% Agreement
Being active —0.21 (1.2) —2.56, 2.14 3.7% Agreement
Immune fitness —0.18 (0.7) —1.55,1.19 4.6% Agreement

Notes: No agreement is concluded if 6% or more of the difference scores are outside the limits of agreement (LA) interval [24,25].

That is, they were unaware that a retest session would take place and therefore it is very unlikely that they practiced and memorized
the answers given in the first (test) survey. Limitations of the study may include that the surveys were administered in two languages.
However, languages of the first and second survey were not mixed up within subjects. The use of single items also limited possible
methodological issues related to text translation. Another limitation comprises the fact that mood can quickly fluctuate. This was the
main reason to have the test and retest session on the same day, with only a short time interval of 30 min. However, also within 30 min
mood can change. As a result, the assessments of the mood items do not perfectly fit (i.e., they closely correspond, but are not 100% the
same for the test and retest session). In the current study, momentary assessments of mood were made. To overcome this issue in future
studies, mood assessments could be made for a retrospective time period (e.g., past week). Finally, instead of random sampling, the
study was conducted in a convenience sample of young adults (i.e., students). Therefore, future research should examine to what extent
the current findings can be generalized to other age groups.

Taken together, the single-item assessments are ideal for screening purposes in clinical practice (e.g., identifying individuals at
risk), or if one wishes a quick overall impression of a construct such as quality of life or stress. However, single-item assessments are
less informative compared to multiple-item scales or extensive clinical interviews. Thus, in clinical practice it is recommended that
poor scores on single-items are followed up with an interview with the patient.

5. Conclusion

The findings demonstrate the reliability of single-item assessments of mood, immune fitness, and quality of life.
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