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ABSTRACT

Background: Depression screening instruments are commonly used to assess the presence and severity of
depression symptoms. However, there is little information on variation in depression screening scores over time
within the same individual.

Methods: A systematic review and meta-analysis was performed of studies reporting the within-subject variability
of the Beck’s Depression Inventory (BDI), Hospital Anxiety and Depression Scale (HADS), Patient Health
Questionnaire-9 (PHQ-9) and Patient Health Questionnaire-2 (PHQ-2). Multiple databases were searched from
inception to 14th July 2023. Title and abstract screening was performed in duplicate, full text screening and data
extraction by one reviewer and verified by a second. Risk of bias was assessed with a modified COSMIN tool.
Results: Of 2798 titles and abstracts and 157 full text articles screened, 41 met the inclusion criteria. No studies
were on patients with depression, most had only two measurements, less than two weeks apart. The pooled
estimates of ICCs (Intraclass Correlations) and 95 % confidence intervals for BDI, HADS, PHQ-9 and PHQ-2 were
0.89 (0.84-0.93), 0.89 (0.85-0.93), 0.84 (0.81-0.88) and 0.75 (0.56-0.93), respectively.Studies in healthy
subgroups showed lower ICC than those with physical illness.

Limitations: Assessment of variability is not the main aim of most papers assessing depression measurement in-
struments, so it is possible that some relevant papers have been missed.

Conclusions: Within-subject scores for BDI, HADS and PHQ-9, show generally excellent agreement over periods of
up to two weeks. However published data on within-subject variability is lacking over longer time periods and
for patients with depression.

Abbreviations

HADS  Hospital Anxiety and Depression Scale

affect, low mood and behavioural, cognitive, emotional and physical
symptoms (Anonymous 2019). Since there is no objective diagnostic test
for depression the “gold standard” diagnosis is a structured clinical
interview (Lakkis and Mahmassani, 2015; Anonymous 2013; Osorio

BDI Beck’s Depression Inventory
PHQ-9 Patient Health Questionnaire-9
PHQ-2  Patient Health Questionnaire-2

CcvV Coefficient of variation

CV; Coefficient of variation within an individual

ICC Intraclass correlation

SD Standard Deviation

NICE National Institute for Health and Care Excellence
QOF Quality Outcomes Framework

1. Introduction

Depression is a mental disorder characterised by loss of positive
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et al., 2019). Unfortunately, this takes around ninety minutes to com-
plete and requires a large degree of clinician training (Brodey et al.,
2018).

However, measurement-based care is becoming standard practice
and involves ongoing collection of outcome measures including
depression measures. Depression measurement instruments have been
developed for use in non-psychiatric settings to screen for depression
symptoms, to assess severity and for monitoring (e.g. response to
treatment). These are less time-consuming and do not require clinician
training.

Validated depression measurement instruments, in particular the
PHQ-9, BDI and HADS were recommended by NICE. Their use was
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incentivised under the Quality Outcomes Framework (QOF) for both
initial management and monitoring of depression in the UK between
2006 and 2013 (Anonymous 2006). Current NICE guidelines still
recommend using a validated measure to inform and evaluate treat-
ment, but this is no longer incentivised under QOF (Anonymous 2009).

Problems with diagnosis, assessment of severity and monitoring of
depression symptoms arise due to factors such as the imperfect sensi-
tivity and specificity of depression measurement instruments, practi-
tioners’ concerns about the reliability and practicality of depression
measurement instruments, and problems with reliance on clinical
judgement. Another problem is biological variation, the natural varia-
tion within a subject of the severity of the condition over time. This is
due to ageing, season, diurnal variation and reproductive cycles, disease
progression or a response to treatment (Matheson et al., 2015). How-
ever, most within-subject biological variation is chance variation
(Fraser Callum, 2001). There is biological variation in mood and mea-
surement variation in its assessment, which lead to within-subject
variation of measured depression symptoms. Because mental health
measurement instruments produce categorical scores, within-subject
variation can impact the interpretation of measurement findings. This
has the potential to lead to inaccurate conclusions about symptom
progress and treatment outcomes (Sitch, 2019; Kendrick et al., 2009).

The depression measurement instruments most commonly used
when screening for depression in a non-psychiatric setting (Lakkis and
Mahmassani, 2015) are: Patient Health Questionnaire-9 (PHQ-9); Pa-
tient Health Questionnaire-2 (PHQ-2); Hospital Anxiety and Depression
Scale (HADS); Beck Depression Inventory first and second editions (BDI
and BDI-II). This review was therefore restricted to these measurement
instruments, and other measurement instruments were not included in
order that the scope of the review not be too broad. Details on these
instruments such as structure, scoring method and sensitivity/specificity
can be found in Appendix 1.

The problem of within-subject variation in measurement using these
instruments has received little consideration. An unpublished scoping
review identified only one paper on within-subject variation of mea-
surement scales for depression and no systematic review.

The purpose of this review therefore is to review the literature on
within-subject variation of commonly used depression measurement
instruments and estimate the extent of within-subject variation in
measured depression symptoms.

1.1. Aim

To describe and evaluate the current literature on the within-subject
variability of measured depression symptom scores in healthy subjects
and patients with physical and psychological disorders and to estimate
within-subject variability of these measures.

2. Methods

PRISMA and PRISMA-S guidelines were followed in the preparation
of this review.

Searches were devised to identify studies with multiple depression
scores measured within the same subject. These included cohort studies,
clinical trials or any studies in which a depression measurement was
repeated more than once in the same individual. Search strategies were
developed in collaboration with co-authors and colleagues.

Any study was included if it recorded primary research data on the
variability of at least two scores from the same depression measurement
instrument (PHQ-9, PHQ-2, BDI or HADS) within the same subject.
Variability could be reported as coefficient of variation (CV;), standard
deviation (SD), variability independent of the mean (VIM), index of
individuality (II), Reference Change Value (RCV), index of heterogene-
ity, validity coefficient (VC), ICC agreement, ICC consistency, Cron-
bach’s alpha or Cohen’s kappa. There was no restriction on time of
publication, population, setting or sample size.
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Studies were excluded if participants were not in a steady state
(measurements were before and after an intervention or had an acute or
rapidly changing illness) or data were secondary (systematic and
narrative reviews).

Medline, Embase, APA Psychinfo, Cochrane Central, Epistemonikos
and Open Grey were searched from inception to 9th October 2020 and
an updated search was performed up to 14th July 2023 (full details in
Appendix 2). Search terms were adapted for each database searched.
Subject experts were contacted for suggestions for further papers. The
references of included papers were checked by hand for further relevant
papers. PROSPERO was checked for ongoing reviews, and the protocol
was registered with PROSPERO (Ref CRD42020213398) . See Appendix
3 for sample search strategy used in searching Medline and Embase.

Titles and abstracts were screened independently by two reviewers
in Abstrackr systematic review software (Byron et al., 2012), and those
identified of interest underwent full text searches. Full texts were
screened by AG and exclusions confirmed by EF. Differences were
resolved by discussion. Foreign language papers were translated by
Google translate software. Data was extracted from full texts that met
the inclusion criteria.

Data were extracted into Excel from the full text of papers and from
abstracts where full texts were not available. All data extraction was by a
single reviewer (AG) but verified independently by a second reviewer
(EF). Where the same study was reported in multiple papers, the full text
paper was preferred over an abstract, English language preferred over
non-English, and the earliest English version over the later if there was
more than one. Table 1 lists the outcome and other main variables
extracted. All eligible outcomes (measures of variation for PHQ-9, PHQ-
2, BDI, HADS) were included.

If patient characteristic data was reported for a whole study popu-
lation, but variability data was only reported for a sub-population and
the details for the subpopulation were not reported, the patient char-
acteristics data of the whole population patient was used as an
approximation of the subgroup data.

Table 1
Variables extracted from papers.

Variable Definition and rules

Author name and year of Full author list extracted. Short title given as first

publication author and year of publication
Depression measurement Depression measurement instrument reported in
instrument paper: PHQ-9, PHQ-2, BDI, HADS (or multiple)
Study design Cohort, RCT etc
Number of subjects Number of subjects used to calculate variability
measure
Age Average age of subjects used to calculate variability

measure. If the subjects used to calculate variability
measure is a subset of the study population and only
the age is given for the whole population, the age of the
whole population is used.
Sex Percentage of subjects used to calculate variability
measure who were male. If the subjects used to
calculate variability measure is a subset of the study
population and only the sex is given for the whole
population, the sex of the whole population is used.
Ethnicity recorded in study.
Primary care/community or secondary/tertiary/
laboratory setting
Healthy/depressed/other mental health condition/
physical health condition/mixture
Number of repeated applications of depression
measurement instrument to the same subject
Length of time between measurements in days

Ethnicity
Setting

Health status
Number of measurements

Time interval between

measurements
CVI Coefficient of variation of repeated measures within a
subject
SD Standard deviation of repeated measures within a
subject
ICC Intraclass correlation of repeated measures within a
subject
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A risk of bias tool adapted from the COSMIN risk of bias tool for test
reliability (Mokkink et al., 2020) was used. (Appendix 4). Risk of bias
was assessed using seven questions regarding patient stability, time
between measurements, differences in measurement conditions,
administering the measurement and assigning scores without knowl-
edge of previous scores, any other design flaws, and whether the vari-
ability measure was adequately described. These were rated on a
four-point scale from very good to inadequate. Risk of bias was scored
by AG and the scores were reviewed by EF. Disagreements were resolved
by discussion.

The primary outcome measure was variability measure of repeated
measurements within the same subject. Studies were pooled to provide
combined results where possible (i.e. the same depression measurement
instrument and the same measure of variability).

Where multiple measures of variability were given in a single study,
the primary population only was analysed for the main meta-analysis.
The primary population was the full study population (as opposed to
subgroups), and if the full study population was not given, the primary
outcome was identified using the following hierarchy: 1. Healthy pop-
ulation; 2. Most stable population (i.e. subjectively judged to be in the
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most steady state such as disease course or treatment); 3. First outcome
listed in the paper. If multiple depression measurement instruments
were included, the data was extracted separately for each instrument.

A forest plot was generated in Stata using the metan command to
graphically display the ICC results. See Appendix 5 for code. Stata SE 17
was used to perform statistical calculations. ICCs were transformed
using Fisher’s Z transformation (Field, 2005), : Z = 0.5 * In((1 + ICC) /
(1 - ICC)). Standard error was calculated using the formula SE = sqrt
(1/(N - 3) Z scores were then back-transformed. The metan command
was used to generate a forest plot. 95 % confidence intervals of the ICC
were calculated. Other variability measures were described without
performing metanalysis as they were too few to pool.

Subgroup analysis was performed by health status of the study
population, setting (primary care or community versus secondary or
tertiary), length of time between measurements and number of subjects
(>100). A sensitivity analysis was performed excluding all studies with a
risk of bias of 3 or more (not including questions on blinding which were
all scored high). Subgroup analyses were only performed on the PHQ-9
depression measurement instrument since it had the largest number of
included studies.

Cochrane Central Psychinfo
Start to Jul 23 Start to Jul 23
35 studies 575 studies

Epistemonikos/Open Medline/Embase
Grey Start to Jul 23
Start to Jul 23 2163 studies

22 studies

Hand searches
Start to Jul 23
S studies

2798 non-duplicate studies
retrieved

Inclusion/Exclusion
criteria applied

2641 studies excluded
after title/abstract screen

157 studies included

Inclusion/Exclusion
criteria applied

100 studies excluded
after full text screen

16 studies excluded
during data extraction

41 articles included

Fig. 1. PRISMA flow diagram describing selection of studies.
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Where studies reported demographic data for the whole population
but not for the subgroup for which variability data was reported, the
demographic data for the whole study population was used and was
assumed to be close to the variability subgroup.

2.1. Deviations from protocol

A bespoke risk of bias tool was developed and included in the orig-
inal protocol recorded in Prospero, but it was ultimately decided pref-
erable to use a validated risk of bias tool, and the COSMIN tool was
selected.

3. Results

2798 non-duplicate citations were retrieved after database searches
of Embase, Medline, Psychinfo, Cochrane, Epistemonokis and hand
searching of reference lists of included studies. 2641 articles were
excluded after title and abstract screening leaving 157 articles included
see Fig. 1. After full text screening, 100 articles were excluded, and a
further 16 were excluded during data extraction, leaving 41 included
articles for analysis. Most full text exclusions were due to lack of
reporting of a recognised measure of variability.

Forty-one studies met the inclusion criteria, including between 15
and 458 subjects. Study populations were diverse in terms of age, gender
and health status. Only two studies reported more than two repeat
measures of the tests within the same subjects. The majority had time
intervals between tests of one to two weeks. Ten papers included healthy
populations or subpopulations. No studies looked at patients with
depression as the main population or subpopulation.

See Appendix 6 for details.

Risk of bias due to missing results was deemed to be low, since in
most cases the measure of variability was not the primary outcome of the
individual studies, and therefore systematically withholding publication
based on measurement variability is unlikely. Some papers with
repeated measures do not report variability data, but this is likely to be
because it is not of relevance to the study’s primary outcome, and
therefore is unlikely to introduce a systematic bias.

No study scored more than doubtful for question B4 knowledge of
previous scores when administering the test and B5, when assigning the scores
(questions B4 and B5). Appendix 6 presents the maximum risk of bias
score for each study with questions B4 and B5 excluded, since every
study would be rated at a high risk of bias with these scores included.
eight studies scored the lowest risk of bias, very good. 15 were ranked
adequate and 18 were ranked doubtful. No studies were ranked inade-
quate, since these should have been excluded at the screening stage, for
example due to an unstable population or lack of calculation of a rec-
ognised measure of variability. Appendix 7 lists the full risk of bias
scoring for each study.

3.1. Results of individual studies

The following summary statistics refer to the primary population as
defined in Synthesis Methods above, but include the papers by Kar-
misholt and Andersen (2019) and Shelton et al. (2015) which were
excluded from the pooled results. All 41 papers reported number of
subjects (range 15 to 458), age (range 15.9 to 71.4), number of mea-
surements (range 2 to 13); 38 reported gender (range 0 % to 100 %
male); and 39 reported time between measurements (range 1 to 84
days). 2 out of 41 papers were available only as abstract, the rest had full
texts available. 15 of the 41 papers explicitly recorded ethnicity. 40
studies reported an ICC, with results ranging from 0.232 to 0.980. One
paper (Karmisholt and Andersen, 2019) reported a CVI of 0.416 in pa-
tients with subclinical hypothyroidism. Table 2 shows the number of
specific depression measurement instruments which were studied (53
depression measurement instruments in 41 papers).. For the five papers
where an ICC was reported and the time interval between measurements
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Table 2
Depression measurement instruments analysed for variability in the included
studies (total 53 groups or subgroups in 41 papers).

Depression measurement instrument Number of studies

BDI-I

BDI-II

HADS

HADS - depression subscale only
PHQ-2

PHQ-9 25

N o N

was 28 days or more, the ICC of the primary measurement ranged from
0.66 to 0.98. The number of measurements ranged from 2 to 13 but only
three papers had more than two measurements.

All studies were cohort design except for two which used the patients
from one arm of a randomised controlled trial (Weobong et al., 2009 and
Lowe, 2004). 11/41 studies were conducted in primary care (26.8 %),
28/41 (68.3.1 %) studies were conducted in hospitals, laboratories and
other secondary or tertiary care settings and in 2/41 studies the setting
was unclear (4.9 %). In 30/40 (75 %) studies that reported ICCs, the
method of calculating the ICCs was not reported.

Table 3 shows the health status of the patients included in the 41
studies. Note that some of the papers included more than one health
condition, so the denominator for number of health conditions in the
included studies is 44. None of the studies identified expressly con-
cerned individuals with depression.

Two papers were excluded from the pooled estimates, Karmisholt
and Andersen (2019) because it reported a CV not an ICC and Shelton
et al. (2015) because it reported a negative confidence interval which is
mathematically impossible for an ICC.

The tau-squared result for the meta-analysis of the ICCs ranged from
to 0.006, suggesting a low between study heterogeneity. There were few
outliers, and the 95 % confidence intervals of the weighted average
results for the ICC are small. Appendix 8 shows the tau-squared results
and predictive intervals for subgroup analyses.

On analysis grouped by depression measurement instrument, pooled
estimates (95 % CI) of ICC were similar for BDI, HADS, PHQ-9: 0.89
(0.84-0.93), 0.89 (0.85-0.93), 0.84 (0.81-0.88) respectively. For PHQ-
2, ICC was 0.75 (0.56-0.93), see Fig. 2.

There was little difference between the pooled estimates for primary
care/community versus secondary care or other care with ICCs and 95 %
CIs of 0.86 (0.80-0.92) and 0.83 (0.79-0.87) respectively (Fig. 3).

The pooled estimate of ICC in the healthy subgroup was lower, 0.79
(95 % CI 0.73-0.85) than in the physical illness subgroup, ICC 0.88 (95
% CI 0.84-0.91) although the confidence intervals overlapped (Fig. 4).
When studies of 100 or less subjects were excluded (Fig. 5), the pooled
ICC estimate for PHQ-9 was 0.83 (95 % CI 0.80-0.86). Studies in which
measurements were taken more than 7 days apart (Fig. 6) had a pooled
estimate for PHQ-9 of 0.83 (95 %CI 0.80-0.86). When studies with a risk
of bias of 3 or more were excluded (Fig. 7), the pooled estimate for ICC
was 0.82 (95 %CI 0.78-0.86).When these results are compared to the
full dataset where the pooled ICC estimate for PHQ-9 was 0.84
(0.81-0.88) it can be seen that there is little effect of sample size, time
between measurements and risk of bias on the robustness of the result.

Table 3

Health status of patients included in studies.
Health status Number of results (/44) %
Healthy 12 27.3
Mental health condition 1 2.3
Physical health condition 28 63.6
Mix of mental and physical conditions 2 4.5
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Effect %  Number of

PROMCodename and Short title (853% CI) Weight subjects
PHQ-9
Summaka 2019 —_— 0.88 (0.72. 0.05)3.49 20
Omoro 2008 < T 0.71(0.43. 0.87)1.78 24
Woldetensay 2018 1 9  0.08(0.95.0.00580 20
Weobong 2000 —— 0.75 (0.57. 0.86)2.90 40
Gelaye 2014 | —- 0.92 (0.85. 0.68)5.28 3
Li 2015 == 0.88 (0.80. 0.93)4.84 50
Pinto-Meza 2005 | - 0.92 (0.88. 0.08)5.50 58
Degladillo 2011 —_— 0.78 (0.68. 0.88)3.85 80
Lowe 2004 —— 0.81(0.72. 0.87)4.55 82
Chen 2016 —_— 0.7 (0.60. 0.86)4.25 82
Kha 2020 —— 0.82 (0.76. 0.88)4.01 00
Beswick 2022 —- 0.80 (0.84. 0.82)5.42 102
Lamers 2008 L& 0.91 (0.87. 0.04)5.58 108
Hitchon 2019 —.@- 0.88 (0.80. 0.20)5.28 115
Tanveer Hasan 2017 -’ 0.92 (0.80. 0.845.67 130
Monchan 2000 —_—o— ! 0.50 (0.40. 0.68)3.00 187
Yu 2012 ——! 0.76 (0.70. 0.81)5.02 202
Ganguly 2013 e g 0.88 (0.84. 0.80)5.62 233
Mohamadian 2022 - 0.81(0.76. 0.85)5.27 248
Duan-Porter 2018 —— 1 0.71(0.65. 0.76)5.03 281
Silverberg 2021 - 0.87 (0.85. 0.80)5.73 458
Subgroup, DL (= 0.005) — D — 0,84 (0.81. 0.88)0.00
with estimated 95% predictive intgrval (0.69. 1.00)
HADS
Boyer 2011 —_ 0.92 (0.85. 0.98)8.20 35
Tiksnadi 2023 | @ 098(0.5.0001.18 41
Michopoulos 2008 -+ 0.94 (0.20. 0.970.39 50
Hansen 2020 + 0.90 (0.83. 0.04)3.80 50
Marinus 2002 —_—— 0.84 (0.74. 0.0)7.12 54
Yusoff 2011 <> 1 0.42 (0.20. 0.602.58 67
Rae 2020 == 0.1 (0.86. 0.940.10 85
Reda 2011 ——! 0.84 (0.78.0.88)0.29 144
Wang 2009 - 0.90 (0.87. 0.020.58 173
Lodhi 2020 " 3 0.92 (0.91. 0.05)1.03 200
Hyland 2019 - | 0.82 (0.77. 0.86)0.88 242
Subgroup. DL (= 0.003) — 0,59 (0.85. 0.600.00
with estimated 953 predictive intgrval (0.76. 1.02)
BDI
Visser 2008 —— 0.89 (0.81. 0.048.97 50
Chiu 2022 = 0.84 (0.74. 0.8015.41 50
Huang 2017 ——- 0.88 (0.78. 0.918.50 70
Bakalidou 2013 ] == 0.94 (0.90. 0.085.39 75
Quek 2001 i —- 0.85 (0.70. 0.6®0.72 108
Subgroup. DL (1 = 0.002) — S — (.53 (0.84. 0.600.00
with estimated 95% predictive intgrval (0.73.1.03)
PHQ-2
Jin 2020 _—— 0.74 (0.50. 0.840.79 53
Yu 2011 ——- 0.70 (0.62. 0.783.22 202

tohamadian 2022 —= 0.72 (0.67. 0.787.68 248
Silverberg 2021 | 0.79 (0.75. 0.838.32 458
Subgroup, DL (" = 0.001) < 0.75 (0.70. 0.78)0.00
with estimated 953 predictive intgrval (0.58. 0.93)

| | | | |
0 2 4 8 1

NOTE: Waights 200 from random-afacts modal

ICC

Fig. 2. Forest plot of ICCs with 95 % CI, grouped by depression measurement instrument.

4. Discussion

This review describes the current literature on variability of scores
derived from depression measurement instruments within an individual.
The intraclass correlation (ICC) has been used in all but one of the
included papers here to measure test-test reliability or variability. The
pooled estimate of ICCs ranged from 0.84 to 0.89 for three of the
depression measurement instruments (PHQ-9, BDI and HADS), sug-
gesting generally these depression measurement instruments have
excellent reliability, and the short-term variability is low. The healthy
subgroup had higher variability than those with a physical illness, and
the primary or community setting subgroup had lower variability than
subgroups in other settings, though it is not clear why this is the case.
Most papers used ICCs as the measure of reliability/variability, but one

paper (Karmisholt and Andersen, 2019) used coefficient of variation
(CV), and reported a markedly high variability (CV=0.416) which
contrasts with the high reliability/repeatability shown by the other
variability estimates.

The main aims of the included studies were to validate the selected
tests. They were therefore not designed to measure variability. Sample
sizes were small by general medical study standards, with the largest
study population numbering only 458. In only three studies identified
were more than two repeated measures performed. Two of these studies
showed higher variability than most of the studies with only two mea-
surements. Duan-Porter et al. (2018) had 12 measurements one month
apart, which resulted in an ICC for PHQ-9 of 0.71 which is lower than
the pooled average. Karmisholt and Andersen (2019) had 13 measure-
ments of HADS one month apart, which resulted in a high estimate of
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Effect %  Number of
Setting and Short title (95% Cl) Weight subjects
Secondary or other setting
Summaka 2019 — o — 0.88 (0.72, 0.95) 5.26 20
Omoro 2006 + : 0.71(0.43,0.87) 2.44 24
Gelaye 2014 | —— 0.92 (0.86,0.96) 8.73 46
Li2015 —:—0— 0.88 (0.80, 0.93) 7.83 50
Lowe 2004 —— 0.81(0.72,0.87) 7.23 82
Kha 2020 —_— 0.83(0.76, 0.88) 7.97 99
Beswick 2022 :—+ 0.89 (0.84,0.92) 9.03 103
Hitchon 2019 + 0.86 (0.80, 0.90) 8.69 115
Tanveer Hasan 2017 1 - 0.92(0.89, 0.94) 9.59 130
Monohan 2009 —_— : 0.59(0.49, 0.68) 6.35 187
Mohamadian 2022 —0—:— 0.81(0.76, 0.85) 8.94 246
Duan-Porter 2018 — ! 0.71(0.65, 0.76) 8.21 281
Silverberg 2021 :+ 0.87 (0.85,0.89) 9.73 458
Subgroup, DL (1 = 0.004) —_— 0.83 (0.79, 0.87)100.00
with estimated 95% predictive interval (0.69, 0.98)
Primary healthcare or community settig
Woldetensay 2018 ! - 0.98 (0.96, 0.99) 14.91 29
Weobong 2009 —+—: 0.75(0.57,0.86) 7.66 40
Pinto-Meza 2005 : — 0.93 (0.88, 0.96) 14.19 58
Degladillo 2011 —_— 0.78 (0.66, 0.86) 10.07 60
Chen 2016 —+—; 0.79 (0.69, 0.86) 11.36 82
Lamers 2008 — 0.91(0.87, 0.94) 14.34 106
Yu 2012 —_— ! 0.76 (0.70, 0.81) 13.00 203
Ganguly 2013 -;0- 0.88 (0.84, 0.90) 14.47 233
Subgroup, DL (* = 0.006) <> 0.86 (0.80, 0.92)100.00
with estimated 95% predictive interval (0.66, 1.06)

| | | | |
0 2 4 8 1

NOTE: Weights are from random-effects model
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Fig. 3. Forest plot of ICCs with 95 % CI grouped by setting, PHQ-9 only.

variability. By contrast, Beswick et al. (2022) had a lower variability, but
only had three measurements performed over four weeks. The studies
with more measurements over a longer time period had higher vari-
ability than most of the studies with only two measurements.

In only seven studies identified were ICCs calculated for measures
repeated 28 days or more apart (Delgadillo et al., 2011; Hyland et al.,
2019; Quek et al., 2001; Shelton et al., 2015; Yusoff et al., 2011; Sil-
verberg et al., 2020 and Tiksnadi et al., 2023). Six of these studies had
lower ICCs than the overall pooled estimates, suggesting that variability
of depression measurement instruments is higher than studies looking
only at short term test-retest reliability might suggest. The majority had
time intervals between tests of one to two weeks, making them poor
measures of long-term variability. For more accurate estimates of how
the results of these tests vary over time, more repeat measures, over
longer time scales, in more individuals is needed. It is also of note that
the variability of the measurement instruments appears to be greater in
patients with mental health diagnoses than with physical health di-
agnoses, although the number of included studies with mental health
diagnoses is too small to draw firm conclusions.

Even for the main aims of these individual studies, there are some
weaknesses. There are at least ten ways of calculating an ICC, all of
which can give different results (Koo and Li, 2016). Only ten of the
studies included in this review provide the method by which they
calculate ICC, which limits the ability to interpret their results. None of
the studies were blinded, (it was not ensured that the professionals

administered the tests and assigned the scores without knowledge of
previous patient scores). This may not have had a marked effect on the
test results since the questionnaires are standardised and there is no
possibility of interpretation by the investigator regarding the numerical
scores. However, it is possible that the subjects remembered their an-
swers from their prior tests which could influence their scores (Terwee
et al., 2007), especially where the interval between tests was short. In-
formation on ethnicity was often not recorded.

The patient populations of the included studies were diverse in terms
of age, ethnicity, sex and health status. Many of the studies provided
analysis of the variability of the outcome measures in subgroups. To
choose which group to include in the meta-analysis was problematic,
since it had to involve arbitrary choices. However, the rules to decide
which group to include were applied systematically, using the following
hierarchy: 1. Healthiest population; 2. Most stable population; 3. First
listed population. There were missing values in a number of studies for
age, sex and ethnicity, with ethnicity being particularly poorly recorded.

The limited number of measures and the short time periods between
measurements mean that the current literature provides very limited
information on how measures of depression symptoms vary over time
within a subject. This lack of knowledge of how depression measures
vary could make clinical decision making difficult. If a test of depression
symptoms with high within-subject variability is performed once by a
clinician, it will be unclear whether the result obtained will represent a
good estimate of the true mean state of that subject, or whether due to
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Effect %  Number of
Health status and Short title (95% CI) Weight subjects
Physical health condition
Summaka 2019 _—— 0.88 (0.72, 0.95) 4.97 20
Omoro 2006 <>~ : 0.71(0.43,0.87) 2.27 24
Woldetensay 2018 1 <  0.98(0.96,0.99) 9.56 29
Gelaye 2014 -{-4— 0.92 (0.86, 0.96) 8.40 46
Li 2015 —_—— 0.88 (0.80, 0.93) 7.49 50
Pinto-Meza 2005 —- 0.93 (0.88, 0.96) 8.89 58
Kha 2020 —*—Ir 0.83(0.76, 0.88) 7.63 99
Beswick 2022 —— 0.89 (0.84, 0.92) 8.70 103
Lamers 2008 :—0- 0.91(0.87, 0.94) 9.03 106
Hitchon 2019 —= 0.86 (0.80, 0.90) 8.36 115
Tanveer Hasan 2017 : S 0.92 (0.89, 0.94) 9.27 130
Monohan 2009 _—— | 0.59 (0.49, 0.68) 6.03 187
Silverberg 2021 - 0.87 (0.85, 0.89) 9.41 458
Subgroup, DL (r° = 0.004) + 0.88 (0.84, 0.91100.00
with estimated 95% predictive interyal (0.74,1.02)
Healthy
Weobong 2009 _— 0.75 (0.57, 0.86) 9.38 40
Chen 2016 —+— 0.79 (0.69, 0.86)15.01 82
Yu 2012 —-— 0.76 (0.70, 0.81)17.82 203
Ganguly 2013 : -~ 0.88 (0.84, 0.90)20.52 233
Mohamadian 2022 + 0.81(0.76, 0.85)19.41 246
Duan-Porter 2018 — | 0.71 (0.65, 0.76)17.86 281
Subgroup, DL (t° = 0.004) /\> 0.79 (0.73, 0.85100.00
with estimated 95% predictive interyal (0.59, 0.98)
Mental health condition
Degladillo 2011 _— 0.78 (0.66, 0.86400.00 60
Subgroup, DL (1° = 0.000) <> 0.78 (0.68, 0.88}00.00
Mix of physical and mental conditiofs
Lowe 2004 —— 0.81(0.72, 0.87100.00 82
Subgroup, DL (r* = 0.000) S 0.81 (0.73, 0.800.00

| | | | |
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NOTE: Weights are from random-effects model
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Fig. 4. Forest plot of ICCs with 95 % CI by health status, PHQ-9 only.

random changes in situational stressors or other temporary factors the
measurement obtained is in reality markedly lower or higher than the
true mean. This could lead to inappropriate influence on clinical man-
agement decisions, even when other clinical factors are taken into
account.

It is surprising that none of the studies identified specifically related
to patients with depression.

Studies are therefore needed that more accurately demonstrate the
within-subject variation of tests of depression over time. Studies on
depression measurement instruments such as those in this review with
multiple measures over longer periods of time would demonstrate the
total within-subject variation of these tests, encompassing the mea-
surement error and the biological variation. This total variation is the
most useful measure for clinicians since it provides guidance on the “real
world” variability of the selected tests, and hence the best idea of
whether a single measurement can be relied upon, and if not, now many

measurements are required to make meaningful clinical decisions.
Studies assessing the variability of measurements of depression in pa-
tients with depression are currently lacking and are needed.

4.1. Limitations

There are a few limitations with this review. One is the possibility of
relevant studies being missed by the search strategy. Since few of the
papers were interested in measuring variability as a primary objective,
but were focussed mainly on reliability of the tests, there may have been
papers that report variability as a secondary outcome that have not been
included. However, the search strategy was as broad as possible, and a
large number of abstracts and papers were screened. On the other hand,
this broad search strategy could have led to the inclusion of poor-quality
studies. There is no risk of bias tool currently in existence that is ideal for
this review, but it was decided to use a validated risk of bias tool instead
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Effect % Number of
Short title (95% CI) Weight subjects
Beswick 2022 :-0- 0.89 (0.84, 0.92) 10.32 103
Lamers 2008 i “+  0.91(0.87,0.94) 10.70 106
Hitchon 2019 -i*— 0.86 (0.80, 0.90) 9.92 115
Tanveer Hasan 2017 i - 0.92 (0.89, 0.94) 10.98 130
Monohan 2009 —_—— E 0.59 (0.49, 0.68) 719 187
Yu 2012 —o-i 0.76 (0.70, 0.81) 9.33 203
Ganguly 2013 E-o- 0.88 (0.84, 0.90) 10.84 233
Mohamadian 2022 -":- 0.81(0.76, 0.85) 10.22 246
Duan-Porter 2018 —— E 0.71 (0.65, 0.76) 9.36 281
Silverberg 2021 i-& 0.87 (0.85, 0.89) 11.15 458
Overall, DL (° = 0.004) —®— 0.83(0.79,0.87)  100.00
with estimated 95% predictive interval (0.68, 0.98)
T T T T T
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ICC

NOTE: Weights are from random-effects model

Fig. 5. Forest plot of ICCs with 95 % CI for those studies with more than 100 subjects, PHQ-9 only.

Effect % Number of
Short title (95% Cl) Weight subjects
Summaka 2019 —I—O— 0.88(0.72,0.95) 395 20
Omoro 2006 <- . 0.71(0.43, 0.87) 1.58 24
Weobong 2009 —4—-5-— 0.75(0.57,0.86)  3.02 40
Degladillo 2011 —*—f— 0.78 (0.66,0.86)  4.60 60
Lowe 2004 + 0.81(0.72,0.87) 6.1 82
Chen 2016 —*—:— 0.79 (0.69,0.86)  5.67 82
Kha 2020 —+— 0.83(0.76,0.88)  7.05 99
Beswick 2022 : —_— 0.89(0.84,0.92) 8560 103
Lamers 2008 : —== 0.91(0.87, 0.94) 9.10 106
Hitchon 2019 —1|—0— 0.86 (0.80,0.90) 8.07 115
Yu 2012 —_— : 0.76 (0.70,0.81)  7.36 203
Ganguly 2013 E L O 0.88 (0.84,0.90) 9.31 233
Mohamadian 2022 — 0.81(0.76,0.85)  8.46 246
Duan-Porter 2018 —_— : 0.71(0.65,0.76)  7.38 281
Silverberg 2021 : gl 0.87(0.85,0.89) 9.74 458
Overall, DL (1° = 0.002) —®— 0.83 (0.80, 0.86) 100.00
with estimated 95% predictive interval (0.72,0.94)

T T T T T
0 2 4 I C C 6 8 1

NOTE: Weights are from random-effects model

Fig. 6. Forest plot of ICCs with 95 % CI for those studies where measurements were performed more than 7 days apart, PHQ-9 only.

of a bespoke tool, and the COSMIN tool was selected. This enabled some provided numerical scores, this was unlikely to bias the findings
estimate of risk of bias of each paper, although the questions on blinding significantly. The risk of bias scores are therefore presented in this study
were problematic, given that none of the papers included stated that the with the two questions on blinding excluded.

investigators performed the measurements or assigned scores without
knowledge of previous scores by the individual. Nevertheless, since the
questionnaires were largely self-administered by the subjects, and
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Effect % Number of
Short title (95% Cl) Weight subjects
Omoro 2006 <> . 0.71(0.43,087) 251 24
Li2015 —— 0.88(0.80,093) 847 50
Degladillo 2011 —_— 078 (0.66,0.86) 627 60
Chen 2016 —+-E— 0.79(0.69,0.86)  7.36 82
Kha 2020 —d— 0.83(0.76,0.88) 863 99
Beswick 2022 | — 0.89(0.84,092)  9.89 103
Lamers 2008 - 0.91(0.87,094) 1027 106
Monohan 2009 _— | 059 (0.49,068)  6.77 187
Ganguly 2013 E - 0.88(0.84,0.90)  10.41 233
Mohamadian 2022 —— 0.81(0.76,0.85)  9.78 246
Duan-Porter 2018 — 0.71(0.65,0.76) 892 281
Silverberg 2021 | -~ 0.87 (0.85,0.89)  10.73 458
Overall, DL (r° = 0.004) —<>— 0.82(0.78,0.86)  100.00
with estimated 95% predictive interval (0.68, 0.96)

T T T T T

NOTE: Weights are from random-effects model

Fig. 7. Forest plot of ICCs with 95 % CI for those studies with a risk of bias of 2 or less, PHQ-9 only.
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