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Objectives: The Retrospective Assessment of the Lithium Response Phenotype Scale (Alda scale) is
the most widely used clinical measure of lithium response phenotypes. We assess its performance

against recommended psychometric and clinimetric standards.

Methods: We used data from the Consortium for Lithium Genetics and a French study of lithium
response phenotypes (combined sample >2500) to assess reproducibility, responsiveness, validity and
interpretability of the A scale (assessing change in illness activity), the B scale and its items (assessing
confounders;efresponse) and the previously established response categories derived from the Total

Score for the 'Alda scale.

Results: The'key.findings are that the B scale is vulnerable to error measurement. For example, some
items contributelittle to overall performance of the Alda scale (e.g. B2) and that the B scale does not
reliably assess a single construct (uncertainty in response). Machine learning models indicate that it
may be more usefulito employ and algorithm for combining the ratings of individual B items in a

sequence that clarifies the noise to signal ratio instead of using a composite score.

Conclusions: This study highlights three important topics. First, empirical approaches can help
determine which aspects of the performance of any scale can be improved. Second, the B scale of the
Alda is best applied as a multidimensional index (identifying several independent confounders of the
assessment ofresponse). Third, an integrated science approach to precision psychiatry is vital,
otherwise phenotypic misclassifications will undermine the reliability and validity of findings from

genetics and biomarker studies.

Introduction

Clinical practice guidelines identify lithium (Li) as a first line treatment for mood stabilization in
bipolar disorders (BD); however, only about 30% of patients show an optimal response in day-to-day
settings!. Variability in response is poorly understood, making it difficult for clinicians to reliably
predict which patients will benefit from Li without a lengthy treatment trial>. Many genetics studies
aim to identify biomarkers for Li response in the hope that this will enable stratification of BD cases
into treatment-relevant subgroups. As such, the method for classifying clinical phenotypes of Li

response is a critical element of each study?.
In research, the ideal assessment of Li response would involve systematic follow-up of Li naive cases
to allow prospective evaluation of changes in illness activity after initiation of Li alongside

monitoring of treatment exposure*¢. This gold standard is difficult to achieve, so most publications
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regarding putative markers of Li response have relied on retrospective evaluation. For example, a
recent genetics study measured Li response according to case note recordings, although the reliability
and validity of these clinical judgements was unreported’. Others have employed brief retrospective
ratings of the course of illness in those prescribed Li (e.g. Affective Morbidity Index?; Illness Severity
Index?). These methods offer a simple way of evaluating change in illness activity after Li initiation,
but their utilitysissundermined by the failure to address differences between the natural course of
illness and treatment effects or to assess potential confounders of treatment (e.g. co-prescription of
other moed stabilizers, level of Li adherence, etc.). In recent decades, these approaches have mostly
been replaced by the Retrospective Assessment of Response to Lithium Scale (which we will refer to
as the Alda scale)te the extent that this is now the most widely used measure of the Li response

phenotype!'°.

The Alda scale comprises of two subscales; the A scale (which measures response on a 0-10
continuum) and the'B scale (which describes five potential confounders of response). The A scale
requires assessors to determine change in illness activity whilst receiving Li, with response rated on a
0-10 continuum. The anchor points are: ‘no change or worsening’ (score=0) and ‘complete response,
no recurrences in the course of adequate treatment, no residual symptoms and full functional
recovery’ (score=10). The B scale describes five items that may confound the response and/or the
interpretation of the magnitude of any response to Li, namely: number (B1) and frequency of episodes
before Li (B2)nduration of (B3) and adherence with Li treatment (B4) and use of additional
medications«(BS5). Each item is rated 0-2 and a higher B score indicates a lower level of confidence
that any observed clinical improvement is a consequence of the introduction of Li. The overall rating
of Li response (referred to as the Total Score or TS) is calculated by subtracting the B scale score
from the A scale score, with the convention that a negative TS (i.e. B scale > A scale score) is
recalibrated/as TS=0. Traditionally, the TS is employed to classify response phenotypes categorically
with a cut-off score of TS>=7 identifying the good response (GR) group (and some earlier studies

further subdivided the group with TS<7 into partial (PR) and non-response (NR) categories (10)).

Increased reliance on the use of the Alda scale to assess Li response has brought to light variations in
the interpretation or procedure for combining scale scores (see Scott et al'!'). As no consensus exists
on how the A, B oIS ratings may be modified beyond the original proposals (10), decisions to
change how the scale is employed lack uniformity or empiricism. For instance, genetics studies that
have employed the'Alda scale have operationalized Li response according to categorical divisions of
the TS score!?, using continuous scores on the A scale either alone!? or using continuous A scale
scores in those individuals with a low B scale score'?. Other investigators have reported Li response in
selected subgroups, such as those demonstrating ‘good’ adherence (which can be identified by a low

score on item B4)!'4. These variations in the use of the B scale score!%-'* suggest that some
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investigators are unclear as to whether this subscale is best viewed as a measure of a unidimensional
concept (overall uncertainty about Li response) or if it represents a multi-dimensional index (i.e. a

method for assessing several independent modifiers of the noise to signal ratio).

Widespreaduse of the Alda scale has also drawn attention to the limited data on its basic
psychometricproperties (only two studies exist). A large-scale study highlighted that the inter-rater
reliability ofithe TS was sub-optimal and that it decreased rather than increased after the assessors had
participated insa;training course'>. Also, the researchers reported the reliability of the A scale score
was especially.impaired in cases with high B scale scores!s. This led Manchia et al'> to suggest that an
additional method'ef assessing Li response is to report the A scale score (as a continuous rating) in
individuals with,a®B scale score =<3. In a small-scale study, Tighe et al'® demonstrated that the test-
retest reliability/of the Alda scale is moderately good if the rating is undertaken in conjunction with a
detailed one-hour'assessment aimed at standardizing the evaluation of the scales and items. These
proposals were based on the (unproven) assumption that all the problems encounter when employing
the Alda scale were associated with the accuracy of the ratings and in the absence of any knowledge
about other aspects of the quality of the performance of the scale!®. However, as illustrated by Scott et
al'l, the sub-optimal reliability of the Alda scale means that employing any of these different
approaches for scoring the Alda scale currently leads to the identification of different patterns of
clinical predictors of Li response. As such, a major implication of all of the above issues (i.e.
variations in methods of rating the Alda scale and the sub-optimal reliability of the scale) is that they

undermine.ouf ability to compare findings across studies.

An expressed goal of the Consortium of Lithium Genetics (ConLiGen) is to optimize the
measurement of L1 response phenotypes, including examination of the accuracy of the Alda scale!”.
Since the scale was introduced, the assessment of the performance of measurement tools has extended
beyond psychometrics (often described as classical test theory (CTT)), to include item response
theory (IRT) and clinimetrics (a scientific method focused on the quality and performance of
measurements in medical research and clinical practice). Adoption of these newer approaches has
been accompanied by several publications on how to undertake a systematic assessment of the quality
of performance of rating scales and clinical instruments'®-23. We decided to evaluate the performance
of the Alda scale using a database containing >2500 cases where the A and B scale scores had been
used to classify[Li response phenotypes in genetics research projects. We primarily followed the
approaches describéd in these key recommendations in the COSMIN (Consensus-based standards for
the selection of health measurement instruments?®) and according to template used to report criteria
and findings for the core COSMIN components (for an example see Terwee et al>3). The specific aims

of this study were:
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(a) to assess the performance of the Alda scale and its components according to four core
clinimetric and psychometric parameters: namely the reproducibility, responsiveness, validity
and interpretability;

(b) to identify if any B-scale items consistently fail to meet quality criteria for moderate or good
performance;

(c) to usestheyfindings to inform discussions about empirically-based modifications (if
appropriate) of either the content of the Alda scale (including sub-scales and items) or clinical

application-of the scale that could benefit future research on Li response.

A secondaryggoalfof this paper is to provide clinicians and researchers with a template that could be
employed to review the performance of other existing rating scales or a procedure that could be
followed in firture projects that are designed to assess the clinimetric and psychometric properties of

any scale.

Methods

The Consortium of Lithium Genetics (ConLiGen) research subcommittee approved a written
application (from JS and FB) requesting access to the existing database to allow an examination of the
performance ofithe'Alda scale. Ethical approval exists for ConLiGen to undertake a range of studies
of Li response (including projects regarding response measures)!’. The dataset contained de-identified
ratings for thevAlda scale (A and B subscale scores, individual B item ratings and TS (10)) for 2321

individuals.agéd >=18 years.

For some sub-studies we used data on the Alda scale and/or symptom rating scales (e.g. Inventory for
Depressive Symptoms and Altman Mania Rating Scale) that was extracted from the French ConLiGen
dataset!'!?’. The French studies were approved by the French Ethics and Data Protection and Freedom

of Information Commissions (CPPRB, RCB:2008-A014-65-50).

Strategy for Assessing Performance of the Alda Scale

A priori, we 1dentified the core parameters for measuring the quality of performance of the Alda scale.
To assist readers, Table 1 provides information on the definition of each component (metric) and the
quality criteria employed. The strategy for the assessment and the analyses chosen primarily reflect
the COSMIN recommendations (Consensus-based standards for the selection of health measurement
instruments?°), withladditional standards derived from GRRAS (Guidelines for reporting reliability
and agreement studies?®) or from similar guidance (e.g. protocols describing approaches to signal

detection, such as machine learning or decision tree analysis?$2°).

Table 1 about here
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As shown in table 1, we defined each clinimetric and psychometric property, and then selected a
maximum of two criteria to ‘bench mark’ good or moderate performance according to the published
recommendations and standards. For reliability, responsiveness and validity, we identified two key
aspects that could be examined using the available data (the exceptions were inter-rater reliability and
face validity, where only one criterion was chosen). For interpretability, we examined sample size
mean A and'B scale scores and proportion of GR from the current ConLiGen database and other

studies that recruited samples with similar demographic and clinical characteristics!'-'2.

Statistical Analyses

Below, we givean‘overview of the analyses used to assess the criteria (described in Table 1).
Additional details are provided for those approaches that may be less familiar to readers or that
require further explanation (further details are available from the authors upon request). It should be
noted that, by necessity, some steps in the statistical analytic plan were iterative. For instance, we
could not determine in advance whether to use item response theory (IRT) or multi-nomial logistic
regression (MNLR) to assess incremental validity (#3.4) as until findings from the factor analysis
(#1.2) were available (if this indicated that the B scale was unidimensional, we could proceed with
IRT; if multi-dimensional, MNLR is the approach recommended in the literature, etc.) (20). As such,
Table 1 identifies the analyses that could be used to explore each criterion. Variables used in the
analyses are extracted from the ConLiGen database unless otherwise stated. We used SPSS version 24
for most analyses, but some were undertaken using R software (e.g. the network analysis). The

assessment proceeded as follows:

1. REPRODUCIBILITY

1.1 Reliability: Wejassessed inter-rater reliability by measuring the extent to which three independent
raters assigned the same score to the same item, scale or category for the A, B and TS components of
the Alda scale for 30 sets of clinical case records from the French site. The three raters (BE, CB, PG)
were all psychiatrists with established clinical expertise in BD who had worked in a specialist mood
disorders clinic and who had used the Alda scale in research; one is a member of ConLiGen and
another participated in the previous study of reliability of the Alda scale (15). We estimated inter-rater
reliability using thesweighted kappa as this is recommended for analyses that include assessments of

ratings of single items’’, and a weighted kappa >= 0.7 as the criterion for good reliability.

1.2 Internal consistency: This was examined by estimating the Cronbach alpha for the B scale. As the
B scale has a limited number of items and may measure several constructs, we followed published
recommendations and report the standardized Cronbach alphas®!. For the same reason, we also

examined the values of the corrected item-total correlations to determine if any items might warrant
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removal (a low value means the item is poorly correlated with the overall scale)®?. The poorest
performing item was removed, and the reliability was re-estimated. The criterion values were 0.7 for

the standardised Cronbach alpha and 0.15-0.5 for the mean item-total correlation respectively?.

We undertook a factor analysis to assess the dimensionality of the B scale. We used the maximum
likelihood proeedure as it is argued that it does not require the items to have a normal distribution’?.
Eigen values.and scree plots were examined, and we used an Eigen value >1 and the point of
inflectionsto,detesmine the number of factors. The minimum factor loading for any item was set at 0.3

(according tosrecommendations)®3.

1.3. Agreement:;We used data from a subsample of 30 cases (the same group used in 1.1) to explore a
key aspect of agreement, namely error measurement. First, we calculated the standardised error
measurement (SEM) for the A and B scales. The SEM is a useful additional measure of
reproducibility as itireflects both the reliability of the scale and its range of scores. Second, we
estimated the smallest detectable change (SDC) using an established formula (see Table 1). Then we
compared the SDC to the minimal important change (MIC) that is regarded as clinically relevant for
each Alda subscale. We defined the MIC according to published recommendations, using a score of
seven for the A scale and TS, and three for the B scale'>. For evaluative purposes, agreement is rated

as positive if the SDC is smaller than the MIC'".

2. RESPONSIVENESS

2.1 Treatment effects: The data available are not ideally suited to this analysis (as the Alda scale relies
on a single retrospective assessment of change), but we report the effect sizes (ES) of the A and B
scales (compared to the TS) to give an indication of the ES for response or confounding respectively.

Also, we examinedthe area under the curve (AUC) for classifying cases as GR.

2.2 Longitudinal construct validity: A subsample of 50 individuals had symptom severity ratings and
Alda scores available. We explored the proportion of individuals whose scores on the 16-item self-
rated version of the Inventory for Depressive Symptoms (QIDS-SR) and the 5-item self-rated Altman
Mania Rating Scale (ASRM) indicated that they had minimal or no BD symptoms (QIDS-SR <6;
ASRM <5) by 18 months follow-up. We used ROC (receiver operating curve) analysis to estimate the
AUC forsymptomatic improvement compared to Li response as measured by the TS and then for the
A score. We then examined the correlation between change in the symptom ratings and Alda scores

(criterion value: r >=.5)

3. VALIDITY
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3.1 Content validity: Two senior researchers who are ConLiGen investigators (BE, FB) independently
rated the content validity (CV) of the A scale and B scale items using the Content Validity Index
(CVI)**. Each CVI component (relevance, clarity, simplicity, ambiguity) is rated on a 1-4 scale (with
a low score indicating inferior CV) and we compared scores with the criteria listed in Table 1. Inter-
rater differences in scores were resolved by consensus, and the assessors then completed a qualitative
review, providingywritten feedback on the nature of any perceived problems regarding those

components with sub-optimal CV scores.

3.2 Constructivalidity: The data available allowed an examination of structural validity only.
Guidelines vary initecommendations for assessing structural validity, so we selected two options that
offered additienaldnsights into the performance of the Alda scale and extended the analyses of
reproducibility. We explored associations between items measured by the B scale and their
relationship to thé"A scale using correlational and regression analyses. Also, we used network analysis
to explore the connections between each B item and the A scale®. We used the partial correlation
procedure as this produced the most robust model for the ConLiGen data®® and provide the network
diagram as this summarizes the findings of the other analyses of construct validity (we have not

included the centrality plots or tables).

3.3 Face validity: Floor or ceiling effects are said to be present if >=15% of the ratings fall into the
lowest or highest scoring band®*. To assess this, we estimated the proportion of ratings on the A and B

scales and_the TS that scored zero or 10.

3.4 Incremental validity: As well as reviewing correlational and regression analyses, we undertook
MNLR to model how each item on the B scale contributes to the separation of the sample into GR
versus the other (PR/NR) categories. Next, we used a machine learning approach, namely
classification and regression tree (CART) modelling to produce a decision tree to demonstrate the
incremental validity of each B scale item to the correct categorization of Li response phenotypes®’. It
is emphasised that the focus is on determining the contribution of each B items to the overall
classification and to generate algorithms that provide insights into which B items were critical to
classification (versus those that played a non-significant role). With this goal in mind, we employed
the CHAID (chi-squared automatic interaction detection) procedure which predicts categorical
classifications from several predictor variables. We cross-validated the models by undertaking

training and test analyses (each using 50% of the data)3®.
The classification tree provides a graphical representation of a series of decision rules, with the best
predictor appearing at the first step; the tree stops growing when no improvement on the classification

is possible. We provide the model derived from the analysis of a two-group classification of GR
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versus other response categories, but (following our iterative procedure), we explored other
classifications (e.g. NR, PR and GR) to determine if the same items contributed to different models

and/or improved the optimal classification.

4. INTERPRETABILITY

We comparedsmean scores for the A and B scale scores and the number of cases classified as GR
(according to,a TS.score >=7) using the current dataset (N=2321) and data from three published
studies'"[%¥ The.studies were selected as they report Alda ratings for Li treated subgroups (i.e.
subsamples receiving Li monotherapy and/or other mood stabilizers), the samples had similar
sociodemographiciand illness characteristics and all centres had experience of using the Alda scale.
We comparedrAlda scale information using standardized mean differences (for A and B scale scores)

or differences in the proportion of cases classified as GR (for TS categories).

Table 2 about here

Results

In this section, we provide an overview of the outcomes of each analysis in the text and highlight the
key findings in Table 2 and Figures 1 and 2. Further information, including comments on the
interpretation of each analysis are provided in Table 1S in the supplementary materials and additional

statistical outputs are detailed in Supplementary Tables 2S-9S. To briefly summarise the results:

1. REPRODUCIBILITY- clinical assessors most reliably identify individuals categorised as GR
according togtheir TS classification. Reliability is poor for the B scale (both categorical or continuous

approaches).

As the B scale has a limited number of items and scoring ranges, it is unsurprising that the Cronbach
alpha for the scale is sub-optimal (see Table 1S). The alpha can be improved if the item measuring
duration of Li treatment (B3) is removed. Findings for internal consistency suggest that the B scale is
not measuring a single underlying construct, which is confirmed by the factor analysis. The B scale
comprises of two interpretable factors: illness activity (number and frequency of episodes) and
treatment complexity (polypharmacy and adherence). Item B3 fails to load onto a factor (it shows a

sub-threshold loading on the treatment dimension).
It is important to note that the agreement for the B scale is suboptimal (SDC>MIC); the measurement

error in the B scale score could lead to phenotypic misclassifications (e.g. sampling frames using a

cut-off of B scale score=<3 may be subject to error).
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Table 2 about here

2. RESPONSIVENESS- the small sample available for the analysis of the longitudinal construct
validity should be noted. Overall, the A scale shows the best performance, with sub-optimal

performancesfor theiB scale and TS.

3. VALIDITY- the/CVI ratings of the Alda subscales indicate that the core themes identified by each
individual, Britemsare clinically relevant and important, but the CV of item B2 was sub-optimal
(score=11/16).and items B4 and BS5 just met the a priori criterion (score=12/16). The qualitative
assessment idéntified potential benefits from clarifying descriptions of each item (the introductory
text) and/or medifying text regarding the anchor points (for scoring each component). Feedback
highlighted that/(i) the content of B items related to illness activity (B1 and B2) were not consistent
with the parameters of illness activity assessed by the A scale (e.g. severity is included in the A rating
but not the B scale); (ii) the content of item BS5 varies between different published versions of the
scale (10, 17); and (iii) it may be helpful to simplify and clarify ratings of the treatment-related items

(e.g. B4 could be split into two items: plasma Li level and adherence level, etc).

Figure 1 about here

Statistical analyses demonstrate the lower utility of item B2 (e.g. the MNLR identifies that B2 does
not contribute®to the differentiation of response subgroups; the network analysis highlights that B2 is
positively correlated with the A scale score as well as with B1). Also, the network map (see Figure 1),

shows that Bil and B3 are negatively correlated with each other.

Figure 2 provides a diagram of the classification tree generated by one of the CART analyses. This
tree shows that items B4, B5, B3 and B1 could be used in an algorithm to classify about 90% of
individuals into the correct response category (GR versus PR/NR). Item B2 does not contribute to the
classification tree for any CART model and the classification rate does not increase even when item

B2 is forced into the model.

Figure 2 about here

4. INTERPRETABILITY- The mean scores for the A scale were similar across the four studies (range
5.6-6.35), but the mean score for the B scale differed significantly (range 2.1-3.2; standardized mean

difference: 0.32, 95% confidence intervals: 0.21-0.45, p<0.001). These differences were not

significantly associated with variations in demographic or illness characteristics across samples. The
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difference in B scale scores largely explained the difference in the proportion of cases classified as

GR across studies (range 17-31%).

Discussion

This paper demonstrates that clinimetrics offer an important extension to traditional, psychometric
methods for assessing the quality and performance of clinical measurement tools. Further, it
highlights that findings from precision approaches to Li response (e.g. genetic and biomarker studies)
will disappoint.unless we pay equal attention to precision measurement of clinical phenotypes.
Additionally,:the study raises many topics for discussion, although various constraints mean that we
have focusedsthe discussion on an overview of the study strengths, examination of a selection of key
findings, and'summarizing the main implications of the findings and offering recommendations for

research reporting.

The current study has several strengths, some of the most notable are briefly highlighted. For instance,
several aspects of the methodology are innovative. The study uses guidelines (such as COSMIN?°)
that are frequently employed to determine quality and performance of general health outcome
measures and applied this assessment template to a rating scale employed for in BD for the first time.
The study combined contemporary guidance on how to optimally evaluate the Alda scale with the use
of state-of-the-art statistical approaches such as network and CART analyses to gain a full
understandingof the data. The sample size and multi-centre, multi-national recruitment of >2500
individualsis*a significant strength of the current project. Furthermore, a consistent package of
assessments was employed across the consortium and assessors were trained in the use of the rating
scales. The study sampling and basic methodology contrasts markedly with evidence from the most
recent meta-analysis of Li response which commented on the small, often biased samples recruited to
studies and low-quality ratings applied to much of the data pooled for the estimation of Li effects*.
Importantly, this study demonstrates the benefits of an integrated science approach (i.e. the
collaboration between those specialising in clinical phenotypes and psychopathology, genetics,
biomarkers and psychopharmacology) to determine empirically which aspects of the performance of
the Alda scale could be improved and offers a template that can be applied to the examination of other

clinical measurement tools.

An example of the strength of the study is that specific findings were revealed by combining
psychometrics and ¢linimetrics. Traditional psychometric approaches assume that clinical scales are
measuring an underlying latent variable. Whilst this assumption is largely true for the A scale of the
Alda, it is less applicable to the B scale. In this study, classical psychometric tests confirmed that the
B scale has modest reliability and lacks internal consistency'>', but also demonstrated for the first

time that it is vulnerable to error measurement (the SDC > MIC) and that it is multidimensional.
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Further, correlational, regression and network analyses show that the B items and A scale have
significant associations in the expected directions, but also some in the opposite direction. Taken
together, the findings suggest that the B scale is not reliably measuring a single construct (uncertainty
in Li response), but that it appears to perform as an index or inventory (identifying several
independentifactorsithat undermine confidence that observed changes in illness activity are
attributable to.exposure to Li). As such, this study has two key implications. First, it suggests that
simply summing together the scores for the individual items on the B scale (and then subtracting this
composite;secore-fiom the A scale score) may not represent the optimal approach to phenotypic
classification, Second, current methods for minimising the previously recognized problems associated
with the rating of'the B scale!>'%, may have less influence than desired because they were focused on
improving its'basic psychometrics whilst failing to address the weaknesses exposed by clinimetric

assessment.

Clinimetrics is a methodological discipline that evaluates consistency, validity and responsiveness and
promotes a set of rules to govern the structure of indexes and the choice of component variables?®4!,
This approach generally brings greater flexibility and provides more sophisticated information about
the actual performance of measures employed in making clinical judgements than reliance on
psychometrics alone?. For example, in the current study, the network, MNLR and CART analyses
highlight that the weaknesses of the Alda scale are mainly due to the quality of performance of the B
scale, but alsomsuggest that some individual items make a minimal, non-significant or unreliable
contributionsto'the differentiation of responders and non-responders (e.g. B2). Critically, the CART
model of incremental validity shows that an advantageous approach to utilizing the information
gathered by the B scale may be to consider the items in sequence, as part of an algorithm (with ‘if-
then’ rules). For instance, the first step in such an algorithm might be to assess ‘noise’ by examining
the scores for items B4 (Li adherence) and B5 (additional medications prescribed during Li
treatment). If the ‘noise’ level is low, the A scale can be used to rate change in illness activity during
Li treatment, followed by an assessment of confounders associated with the strength of the response
‘signal’ (e.g. prior illness activity as measured by item B1), etc. This strategy has clinical validity as,
for instance, it would be counter-intuitive to assess Li response in an individual who is persistently
non-adherent (3); and a recent international consensus statement has emphasized the importance of

differentiating non-response from non-adherence*?.

The above findingstalongside the qualitative and quantitative assessment of content validity highlight
some weakness in the B scale, but also indicate that opportunities exist to enhance its performance.
This work is now underway, with ConLiGen collaborators examining simple solutions such as
ensuring consistency in the wording of B scale items in the different published versions of the Alda

scale (e.g. item B5)!%17 as well as discussing more radical options (such as extending the scoring
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range of existing items; modifying the list of B subscale items; proposing revisions based on the
dimensions identified by factor analysis, etc). However, future revisions of the Alda scale need careful
consideration and any proposed changes would need to be tested against the same standards and
criteria described in this paper. In the interim, it is important to emphasize three issues. First, any
assessment tool subjected to intense scrutiny is likely to show some deficits and so, whilst noting
possible weaknesses in the Alda scale, it is noteworthy that it remains the only measure of Li response
that considers change in illness activity in the context of confounders. This speaks to its significance
to the researgh.field;and its clinical applicability. As such, whilst we are advocating for some
modifications,to the scale and its modus operandi, we are not recommending its withdrawal. Second,
the items in the B'scale are highly relevant (e.g. level of adherence; polypharmacy; illness activity
prior to Li initiation) and any alterations must not undermine their established utility. Third, whilst
this study highlights empirical approaches to assessing the performance of the Alda scale, our
analyses do not guarantee that any proposed modifications will enhance the correct classification of Li
responders, minimise false positives, etc. This critical step can only be achieved through further study,
such as comparing genetic or biomarker findings when using the different approaches to assessing Li

response, such as using the Alda scale in an algorithm (as reported by Scott*?).

There are several limitations to this project. For example, it is known that classical test theory is less
useful when examining scales with fewer items and, despite using approaches to minimise the impact
on the analysesythe brevity of the B scale may limit the interpretability of some of our findings. Also,
assessmentsssuch as the analysis of treatment effects (#2.1) and longitudinal construct validity (#2.2)
relied on data from smaller subsamples whilst other findings were cross-validated by creating
subgroups from within the ConLiGen sample (e.g. CART analyses) rather than testing the new
models in independent samples. Importantly, there was no gold standard measure of Li response
against which the Alda scale can be compared. These and other shortcomings should be considered
when reviewing the findings, and it can be argued that our findings are applicable to the current study

populations but need further replication in new samples.

In conclusion, genetics and biomarker studies are resource intensive, and phenotypic
misclassifications can be costly, increase sample size requirements and ultimately produce unreliable
findings3#+%, The.Alda scale is important in helping to characterise the Li response phenotype but, to
date, we lacked a complete understanding of its strengths and weaknesses. This innovative study
attempts to start thelprocess of enhancing our ability to assess Li response in a reliable and valid way.
In the short term, we have three recommendations regarding the use of the Alda scale: researchers
should report which version of the Alda scale was employed!®!’; publications should provide a
detailed breakdown of the item by item scores for the B scale; and the methodology should describe

which scoring system was used to classify Li response or non-response (e.g. excluding high B scale
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scores, only rating the A scale, excluding non-adherers, or using the syntax for the algorithm
presented in this manuscript, etc). This will aid researchers when making comparisons of findings
across genetics or biomarker studies. Ideally, a flowchart (like a ‘CONSORT’ diagram for
randomized trials) could be provided to denote the proportion of individuals excluded from the study
at each step in the selection procedure or to give further insights into how cases were classified into Li
responder categories. In the longer term, revisions of the Alda scale may be instituted by ConLiGen as

part of its commitment to an integrated science approach to precision psychiatry.
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Table 1: Key metrics selected to assess the performance of the Alda scale, operationalization of definitions and quality criteria employed.

Metric

Definition?

Quiality criteria (derived from consensus recommendations &

standards reported in guidelines)

REPRQDUCIBILITY

1.1 Reliability

The extent to which patients can b
distinguished from each other,

despite measurement errors

Weighted Kappa > 0.70.

1.2 Internal/consistency

Extent to which items in a
(sub)scale are intercorrelated, thus

measuring the same construct

Factor analyses performed on adequate sample size to assess if scal

unidimensional or multidimensional.

Cronbach's alpha(s) calculated, with the aim of achieving an alpha of
Also, as the B scale has a small number of items (defined as <10 iten
&/or a scale using ordinal ratings), scale composition was determined

examining item-total correlations.

1"37"Agreement

The extent to which the scores on
repeated measures are close to ed

other (absolute measurement erro

Several options are suggested, we note the most commonly reported
Measurement error estimated as the Standardised error of measuren
(SEM) using the formula SEM= Standard Deviatiovixreliability.

Minimal important change (MIC) > Smallest detectable change (SDC
The SDC was calculated using the formula: SDC=1.98 x SEM.

RESPONSIVENESS

2.1 Pre- to post-test or

‘Treatment’ effects

The ability of a questionnaire to

detect clinically important changes

Effect Size (ES) >0.3 for moderate effect, or >0.8 for large effect.
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Atea under the curve (AUC) = 0.70.
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indicates greatest response

Criteria for content validity (CV) highlight that a clear description is

provided of the measurement aim, target population, concepts that ar
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key aspects of the construct. The CVI score for each item or scale as
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can range from 4-16. We set two criteria for acceptable CV for the A 9

and each B item: CVI >= 12 & no individual component score <3.

3.2 Caonstruct Validity

Construct validity includes three
core components (substantive,

structural & external) that reflect
whether the scale consists of effeq

indicators

We explored the structural validity by assessing correlational, regresg

network analyses.

3.3 Face validity

Closely related to content validity.
Judgement regarding the extent tg
which the instrument adequately

reflects clinical observation

Can be assessed using Floor and Ceiling effects.

We employed a typically reported criterion for excluding these effects

that <15% of the respondents achieve the highest or lowest possible scores.

3.44ncremental

validity

Extent to which each questionnairg
item can increase knowledge or
prediction of response beyond whi
is already known or based on the

total score of an existing measure

Several analyses can be used to examine this construct-
Individual item or subscale contributions can be assessed using regre

models.

Item response theory (IRT) if the scale is unidimensional otherwise

Multinomial logistic regression (MNLR} recommended.

Other approaches include signal detection or machine learning e.g.

Classification and Regression Tree (CART) analysis

INTERRRETABILITY

4. Interpretability

Degree to which one can assign

A recommended approach to assessing this item is to examine mean
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gualitative meaning to quantitative

scores

and standard deviations (SD) for at least four relevant subgroups of

patients.
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®Several definitions of each term are available, but for consistency we employed those given in the guidelines & recommendations listed in
thesintroduction & methods (i.e. the same publications from which we derived the quality criteria);

PIt'should be noted that findings from the same analyses can be used to explore more than one quality criterion;

“We could not assess criterion validity as no appropriate data exist to permit this analysis; so, the concept is excluded from the table.

Table 2::Summary of findings regarding performance of the Alda scale and its components

ALDA SCALE COMPONENTS
Continuous scores Categorie$ ltems
TS A B TS B Bl B2 B3 B4 B5
PERFORMANCE MEASURE:
1. REPRODUCIBILITY
1.1 Reliability + -- + -- + +/- + + +/-
1.2 Internal consistency + + +/- + +
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1.3. Agreement + +/- +

2. RESPONSIVENESS

2.1 Teatment effects ++ + +/-
2.2"Longitudinal construct validity + +/-

3¢ VALIDITY
3.1 Content validity + + - + + +
3.2 Construct validity ++ +/- - +/- + +
3.3 Faeewvalidity + ++ +
3.4 Incremental validity ++ + +/- + -- +/- ++ ++

4. INTERPRETABILITY

4.1 Comparison of four populations +4 - +

Shaded boxes indicate that analyses were not undertaken (because it was inappropriate or did not offer additional insights into the
performance of the Alda scale)

& Categories defined as: TS (>=7 vs <7); B (>=4 vs B<3)

++ Good performance; + Performance>=criterion; +/- Performance moderate or borderline acceptable;

- Suboptimal performance; Poor performance
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Table 1: Keymetrics selected to assess the performance of the Alda epalationalization odiefinitions andjuality criteria employed

Metric

Definition?

Quality criteria (derived from consensus recommendations &
standards reported in guidelines)

REPRODUCIBILITY

1,1 Reliability

The extent to which patients can b
distinguished from each other,
despite measurement errors

Weighted Kapp& 0.70.

1.2"Internal consistency

Extent to which items in a
(sub)scale are intercorrelated, thus
measuring theame construct

Factor analyses performed on adequate sample size to assess if scal
unidimensional or multidimensional.

5 Cronbach's alpha(s) calculatedth the aim of achieving an alpha of 0.7}
Also, as the B scale hassmall number of items (defined<sk0items
&/or a scale using ordinal ratings), scale composittasdetermined by
examining iteritotal correlations.

1.3. Agreement

The extent to which the scores on
repeated measures are close to eg
other (absolute measurement erro

Severabptiors are suggestede note thenost commonlyeported are
Measurement error estimated as 8endardised errasf measurement
unglEM) using theformulaSEM= SandardDeviationx V1-reliability.
r)Minimal important changéMIC) > Smallest detectable chan¢®DC).
The SDC was calculated using the formula: SDO8 x\2 x SEM.

RESPONSIVENESS

2.17Pre- to posttest or
“Treatment’ effects

The ability of a questionnaire to
detect clinically important changeg
over time. Distributiorbased
concept, where largest change
indicates greatest response

Effect Size ES) >0.3 for moderate effect, or >0.8 for large effect

Area under the curve (AUCG 0.70.

2.2 Longitudinal
construct validity

Anchorbased measurement that
examines the extent to which scor
on a questionnaire and change
scores relate to other, external

Area under the curve (AUG 0.70.

es

Correlation of responsiveness rating ahdnge scoresn another
appropriaténstrumentis >0.5.

measures or standards
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VALIDITY °©

3vl=Content validity

Extent to which theonstructof
interestis comprehensively sample
by the items in the questionnaire

Criteria for content validity (CVhighlight that aclear description is
provided of the measurement aim, target population, concepts that ar
being measured, and item selection

dWe employed th€ontent Validity IndeXCVI) to assess whether all
key aspects of the constru€he CVI score for each item or scale asses|

can range from-46. We set two criteria for acceptable CV for the A sc
and each B item: CVI >= 12 & no individual component score <3.

1%

components of the Alda scale are relevant, clearly described & measure all

sed
hle

372"Construct Validity

Construct validity includes three
core components (substantive,
structural & externalhat reflect
whether the scale consists of effec
indicators

We explored the structural validiby assessg correlational, regression 4
network analyses.

3.3 Face validity

Closely related to content validity.
Judgement regarding the extent tg
which the instrument adequately
reflects clinical observation

Can be assessed using Floor and Ceiling effects

We employed a typically reported criterion for excluding these effects
that<15% of the respondents achieve the highest or lowest possible scores.

.e.

3.4 Incremental
validity

Extent to which each questionnairg
item can increase knowledge or

predictionof response beyond what Item response theoyRT) if the scale is unidimensionatherwise

is already known or based on the
total score of an existing measure

Several analyses can be used to examine this construct
Individual item or subscale contributions can be assessed using regre
2 models

Multinomial logistic regressio(MNLR) is recommended

Otherapproaches includggnal detection or machine learning e.g.
Classification and Regression Tree (CARIDalysis

ssion

INFERPRETABILITY

4. Interpretability

Degree to which one can assign
gualitative meaning to quantitative

A recommended approach to assessing this item is to exaraaresooreq
andstandard deviation$D) for at least four relevant subgroups of

scores

patients.
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®Several definitions of each term are available, but for consistency we employediteose the guidelines & recommendatlisted in the
introduction & methods (i.e. the same publications from which we derived the quréktya);

’It should be noted that findings from the same analyses can be used to explore more thdityoogteyian;

“We could notassess criterion validigs no appropriate data exist to permit this analgsighe concepts excludedfrom thetable.
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Table2: Summary of findings regardingerformance of the Alda scadad its components

ALDA SCALE COMPONENT S
Continuous scores Categorie$ ltems

PERFORMANCE MEASURE: TS A B TS B B1 B2 B3 B4 B5

1. REPRODUCIBILITY
1.1 Reliability + -- + -- + +/- + + +/-
1.2 Internal consistency + + +/- + +
1.3<Agreement + +/- +

2. RESPONSIVENESS
2.1 Jreatment effects ++ + +/-
2.2-Longitudinal construct validity + +/-

3. VALIDITY
3.1.Content validity + + - + + +
3.2 Construct validity ++ +/- - +/- + +
3.3 Face validity + ++ +
3.4 Incremental validity ++ + +/- + -- +/- ++ ++

4. INTERPRETABILITY
471"Comparison of four populations ++ - +

Shaded boxes indicate that analysese not undertaken (because it was inappropriate or did not offer additional iirgig e
performance of the Alda scale)

& Categories defined as: TS (>=7 vs <7); B (>=4 vs B<3)

++ Good performance; + Performaneeriterion; +£ Performance moderate borderline acceptable;

- Suboptimalperformance:- Poorperformance
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Figure 1: Network analysisismmarizing thesignificantpartial correlations between A scale & B items8y significant interelationships between
B items (further details are given in thaintext andsupplementary tables)

Legend

The thickness of the line indicates the strength of the association;

Green,lines indicate positive correlations; Red lindgcate negative correlations;
As shown B1,B3,B4 & B5 are negatively correlated with the A scale score; B2 is positivelyatedatith the A scale score; B1 & B&astrongly

positively correlated; B3 is positively correlated with B2, but negativelsetated with B1.
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Figure 2: Example of a decision tree showing the contribution of each B scale iteml&s#ifecation of Lithium Respondefsee main text and

supplementary tables for details)
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Legend.The,classification treeffersa graphical representation thie series of decision rulggoduced via the CART (classification and regression
tree) machine learning model. The analysis shown is themaertaken for a twgroup classification o6ood Repondersversus othecategoriesusing

B scale litems only (other classification trees are available on request). The modetdsaxsadine incremental validitynd the contribution of each B
item to the final classification.lie best predictor appeaat thefirst step (B4= adherence}jen, depending on the score for this item, the sequence may
move togitem B5 as the next step (decision), followed by B3 or B5 followed byH&ltrde stoppegrowing when no improvement on the classification
was possible It is notable that item B2 is not included in this (or any other) tree generBttedclassification table is provided in the appendix.
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