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Keywords:
 HoNOS is one of the most widely used clinician rated outcome measures in mental health services. A commonly
encountered problem is that one or more of the 12 individual HoNOS items is left uncompleted (missing data
rates of up to 25% have been reported), which affects the degree to which organisations can rely on the accuracy
of historical HoNOS data. In this brief paper we outline a simple statistical method of predicting missing item
scores for HoNOS, both in general adult and 65+ populations. The method accounts for the average pattern of
responding being non-uniform across items: i.e., someHoNOS items consistently elicit higher scores than others.
By calculating individual item weights based on a very large sample of fully completed HoNOS assessments, we
were able to accurately predict the value of missing items in a new sample. We contrast the accuracy of this ap-
proach with two other simple statistical procedures, and show that the weighted means model returns a much
lower error rate. Although this is not the only method of predicting missing items, it carries the advantages of
being: (i) free of charge, (ii) easily applicable to large datasets using a spreadsheet and (iii) unreliant on the avail-
ability of previous assessment data for the same patients. We hope this method will be of use to other organisa-
tions that are processing large volumes of HoNOS data.

© 2019 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

HoNOS is one of the most routinely used measures in NHS mental
health services. It was developed by [1] during the early 1990s and
first published in 1996, with the aim of measuring improvements in
the health and social functioning of peoplewith enduringmental health
problems [2]. Since its launch, it has been a key outcome indicator for
mentalwellbeing and, since 2011, its use has increased considerably be-
cause of its inclusion in the clustering tool usedwithin the NHS England
mental health payment system. Developed by a group in the North East
of England [3], ‘care clusters’ used HoNOS as a foundation to describe
needs, with a conscious move away from using a ‘purely diagnostic’ de-
scription of people [4]. Care clusters remain a key part of the National
Payment Tariff System in England [5], sometime referred to as ‘Payment
by Results’ for mental health services.

HoNOS is also used in other countries, notably New Zealand and
Australia, and distinct versions have nowbeen created for over 65s, chil-
dren and adolescents, and for people with learning disabilities (see
https://www.rcpsych.ac.uk/events/in-house-training/health-of-nation-
outcome-scales). Since their inception, the glossaries for scoring the
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scale had not been revised. Subsequently, the Royal College of Psychia-
trists convened an international advisory board to identify ‘desirable
amendments’. The Royal College Council agreed the proposed changes
in 2017, and acknowledged that it was ‘desirable’ that these revisions
be subject to empirical testing for use in the field [6].

Developing outcome measurement as an indication of quality has
grown in importancewithin health services in recent years. HoNOS con-
tinues to be championed by the National Collaborating Centre for Men-
tal Health as an outcome measure for a number of care pathways,
including first episode psychosis [7] and Dementia [8]. To support care
delivery, NHS England and NHS Improvement recommends mental
health care providers develop an outcomes framework to monitor and
improve quality. HoNOS is proposed as a Clinician Rated OutcomeMea-
sure (CROM) to be used within the framework [5,9].

Structurally, HoNOS comprises 12 ratable items (see Table 1), each
of which is scored from 0 (no problem), through 1 (minor problem), 2
(mild problem), 3 (moderately severe problem) to 4 (severe to very se-
vere problem). A total score is obtained (ranging from 0 to 48) and sub-
scale scores can also be calculated by combining groups of items as
follows: (i) behavioural problems (items 1–3), (ii) impairment (items
4 and 5), (iii) symptomatic problems (items 6–8) and (iv) social prob-
lems (items 9–12).

A strength of HoNOS, as a clustering tool and outcome measure, is
that it spans a diverse set of constructs, examining not just clinical
-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
The 12 HoNOS items (each rated from 0 to 4, maximum total 48).

Individual HoNOS Items

1. Overactive aggressive, disruptive or agitated behavior
2. Non-accidental self-injury
3. Problem drinking or drug taking
4. Cognitive problems
5. Physical illness or disability problems
6. Problems with hallucinations and delusions
7. Problems with depressed mood
8. Other mental and behavioral problems (specify)
9. Problems with relationships
10. Problems with activities of daily living
11. Problems with living conditions
12. Problems with occupation and activities
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features of a patient, but also the impact that mental illness has on daily
life. However, the downside of this is that proper completion of the scale
necessitates a comprehensive assessment requiring access to informa-
tion thatmay not always be readily available. For this reason it is not un-
common for individual items to be left un-scored, with estimates of
missing scores for routinely collected HoNOS data being as high as
25% [10].

When aHoNOS item cannot be completed, the standardprocedure is
to enter the value ‘9’ as an indication for missing data. However this is
not helpful beyond a coding level, since it exceeds the maximum item
score and has no interpolative value. Missing items cause problems for
ongoing monitoring and analyses, making it more difficult to track
changes over time. Moreover, for those organisations that might want
to look at HoNOS scores as a measure of service quality, a high number
of missing items will create noise in the system.

Although complex algorithms exist for dealing with missing data
(e.g. [10]), these are not readily available and may require considerable
expertise to implement. There are, however, some simple statistical ap-
proaches to dealing with missing item data, whichmight be considered
here. For example, a previous study examining two routinely used de-
pression rating scales, The MÅDRS [11] and The BDI [12], compared
three simple statistical approaches to estimating missing item values:
(i) substitution of missing items with the modal score of all completed
items, (ii) substitution with the mean score of all completed items,
and (iii) substitution with a weighted mean score of all completed
items [13]. Neither the mode nor the mean turned out to be very good
predictors for missing item values on these depression scales, for the
simple reason that some items consistently elicit a higher score than
others. In other words, the pattern of responding for the average de-
pressed patient is not uniform across all items. Under the third ap-
proach, a set of weights was derived to capture this pattern, allowing
very accurate prediction of missing item values on these two scales.

In this paper, we describe a similar approach applied to HoNOS
scores. Given the currently strong emphasis on measuring patient out-
comes, we anticipate that an accurate model for estimating missing
item scores will be of value to healthcare organisations who routinely
collect this data and may wish to make better use of it. A quick and
easy means of imputing missing scores may also be of value to clinical
teams.

2. Method

2.1. Sample

Our data for this research comprised anonymous HoNOS scores for a
cohort of 24,473 adult mental health patients drawn from a secondary
care UKmental health trust, over a 5-year period. However, this dataset
was reduced down to 22,164 patients after excluding all those patients
who had one or more missing item scores (approximately 9% of all re-
cords). The fact that nearly one in ten patients from a consecutive clin-
ical sample had missing items, further illustrates the importance of
developing an approach to address this issue. We then randomly sam-
pled (without replacement) 500 patients from the dataset of fully intact
HoNOS scores to use as a test set for our three predictive models (see
later). Of the 21,664 patients remaining, 45% were male and 55% were
female. Mean age was 39 (range 18–69, SD 14.8). These patients had
been, or were being, treated for a range of mental health conditions
within general adult psychiatry and each of these patients contributed
two complete HoNOS ratings, a minimum of one month apart. Thus
the total number of complete HoNOS ratings (including all item scores
and a total score) in our database was 43,328. Mean (±SD) HoNOS
total was 11.13 (±6.31, min 0, max 43). This large database was used
to establish reliable item weights for Model 3 (see later).

2.2. Procedure for estimating missing item scores

To examine the accuracy of the threemodels,we used the aforemen-
tioned test set of 500 records, which comprised fully completed item
scores (1 through 12) and their total. The mean age of the test set sam-
ple was 39.1 (±14.7) years and the ratio of male: female was 223:277
(45% male), which clearly reflected key demographic characteristics of
the much larger sample. Minimum and maximum total HoNOS scores
in the test set were, respectively, 0 and 34 (mean 11.36).

Using this test set, we systematically removed each of the 12 HoNOS
items, one at a time by deleting all 500 item-scores in the respective
spreadsheet column, and then used three different approaches, all
outlined below, to estimate the missing item value for each patient.

2.3. Model 1: modal value of remaining items

In Model 1, the most frequently occurring score within the remain-
ing 11 items for each patient was used as an estimate for the missing
item value. So for example, if we had removed item 1, and the scores
for items 2–12 for Patient 1 were 2, 0, 2, 1, 2, 2, 3, 2, 1, 1, 2, then we
would estimate the value of Item 1 for Patient 1 to be 2, because this
value occurs more frequently than any other value for this patient. In
cases where there was a tie between two values (bi-modal distribu-
tion), we took the mean of these two scores.

2.4. Model 2: mean value of remaining items

In this model, we simply averaged the 11 remaining item scores and
used the result to predict themissing value. So returning to the previous
example for Patient 1 again, the mean of their 11 remaining items ap-
proximates to 1.64 and so this value would be our estimate for Item 1.
In the interests of precision, we did not round up to the nearest integer,
but did round to 2 decimal places where necessary.

2.5. Model 3: weighted mean value of remaining items

To calculate weighted means, we derived the average score for each
item across the much larger database (i.e., the 43,328 HoNOS records
described earlier, which excluded the 500 test set records), divided
this by the average total HoNOS score across the entire database and
thenmultiplied the result by 12. To give a worked example, the average
score for Item 1 across all 43,328 ratings was 0.746 while the average
total score across all ratings was 11.127. Thus, the weighting derived
for Item 1 would be approximately 0.80 (i.e., [0.746/11.127] × 12). To
then calculate the weighted mean, we would use the approach already
outlined in Model 2 but multiply the result by the respective weight,
so the missing item value in the previous example would be estimated
at 1.64×0.8=1.32. Again, in the interests of precisionwedid not round
up estimated scores to the nearest integer, but worked to 2 decimal
places. Table 2 below shows the weights derived for each of the 12
items using the abovemethod. It is immediately apparent that the aver-
age response profile is far from uniform across all items: indeed there is
considerable variation with some items tending to elicit scores that are



Table 2
Itemweights generated fromour large dataset of HoNOS scores. Theseweights are used to
estimate the score of a given missing item by multiplying the respective weight by the
mean of all those items for which a rated score does exist.

Item 1 2 3 4 5 6 7 8 9 10 11 12
Weight 0.8 0.61 0.62 0.51 1 0.51 1.93 2.16 1.32 0.97 0.5 1.05
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approximately 4 times greater than those on other items (for example,
compare the weights for items 8 and 11).

2.6. Procedure for testing models

For all 500 patient records in our test set, we systematically removed
one HoNOS item at a time and replaced it with the estimated value de-
rived from each of the threemodels described above. So there were 500
such calculations for each HoNOS item, under each of the 3models (500
× 3 × 12 in total). To examine model accuracy for each item, we com-
pared the new estimated total derived for each patient under each
model with the known (actual) total score. This is identical to the ap-
proach used in Gale and Hawley [13]. So for each of the 3 Models de-
tailed above, there were 12 different statistical comparisons, each
including 500 estimated vs. 500 actual total scores. We used pairwise
t-tests to make these comparisons, with the expectation that the most
accurate of the three models would yield the smallest number of statis-
tical differences between average actual and average estimated totals.

3. Results

The average known total HoNOS score for our 500 patient test set
was 11.36 points. Table 3 shows how each of the three models (Mode,
Mean, Weighted Mean) performed when each of the 12 HoNOS items
was systematically removed and then replaced with the estimates
from each model. The closer the estimated average is to the known
mean total of 11.36, the better the model is at predicting missing item
scores.

In 10/12 statistical comparisons (each using data from 500 patients),
Models 1 and 2 (Mode andMean) generated estimates that were signif-
icantly different from the known totals. There is a strong tendency for
Model 1 (Mode) to underestimate the value of missing items, and al-
though Model 2 (Mean) does not do this, it is similarly inaccurate (the
most inaccurate estimateswere 1.78 points and 1.22 points respectively
- and bear in mind that this is just the average discrepancy across 500
cases, not the maximum discrepancy). By contrast, Model 3 (Weighted
Mean) produced much closer estimates to the known total score, devi-
ating by a maximum of just 0.25 points (when item 8 was removed),
and with the rest all being within 0.1 point. Consequently, Model 3
Table 3
A comparison of the threemodels in predictingmissingHoNOS item scores. The degrees of
freedom value for all t values shown here is 499 (i.e. n-1). It is notable that the Weighed
Mean model produces estimated total scores that are generally indiscernible from the
known total score.

Item 1. Mode 2. Mean 3. Weighted mean

Est. t p Est. t p Est. t p

1 10.97 6.96 0.0001 11.62 5.9 0.0001 11.43 1.59 0.112
2 11.17 3.27 0.001 11.73 7.74 0.0001 11.35 0.21 0.838
3 11.13 3.81 0.0002 11.69 6.19 0.0001 11.32 0.77 0.443
4 11.29 1.21 0.23 11.86 11.55 0.0001 11.36 0.07 0.945
5 10.84 7.84 0.0001 11.42 1.09 0.28 11.42 1.09 0.28
6 11.18 2.98 0.003 11.77 8.19 0.0001 11.29 1.56 0.12
7 9.89 22.95 0.0001 10.46 17.14 0.0001 11.27 1.57 0.118
8 9.58 27.48 0.0001 10.14 22.37 0.0001 11.11 3.89 0.0001
9 10.41 16.22 0.0001 11.02 6.78 0.0001 11.31 0.867 0.387
10 10.74 11.29 0.0001 11.36 0.02 0.986 11.33 0.58 0.56
11 11.37 0.16 0.88 11.93 13.99 0.0001 11.43 1.88 0.06
12 10.66 12.83 0.0001 11.31 0.97 0.33 11.36 0.006 0.995
returned 11/12 non-significant comparisons and is by far themost accu-
rate model.

3.1. HoNOS for older people

Given the success of the Weighted Mean approach in predicting
missing item data, we generated some additional weights for over 65s
HoNOS data. In this age group, the HoNOS is also used regularly but
elicits a very different profile of responding. Since we also had access
to HoNOS data for a cohort of elderly patients from the same NHS
Trust (n HoNOS 65+ records = 32,542), we calculated a new set of
item weights for use with this age group. The weights are noticeably
very different to those reported earlier (in Table 2) for the general
adult cohort.

Given that the item weights in Table 4 show even greater diversity
than those in Table 2 (the largest weight here is 27 times greater than
the smallest, whereas for the general adult weights, this factor was
4.3), we can be very confident that the weighted mean approach
would be the most accurate of the three models for this dataset too.

4. Discussion

In this brief paper, we have contrasted three simple statistical ap-
proaches to estimating missing HoNOS item values. In our experience
it is quite common for HoNOS ratings to be incomplete and so we
hope these results will have practical value for healthcare organisations
who use this scale data routinely. The use of HONOS data for service im-
provement at a local level has already been demonstrated, although
challenges of using routinely collected data have been identified [10,14].

Of the three models we compared, the Weighted Mean approach
gave by far the most accurate results and this is because it successfully
captures the average item-to-item variation seen in a typical HoNOS as-
sessment. The same kind of model was also found to be a superior pre-
dictor for missing items in two commonly used depression scales [13].
Like these scales, the response profile for HoNOS tends to produce
higher scores on some items than others, rather than a uniform pattern.
Wehope that the itemweights and proposed calculationsherewill be of
use to organisations dealing with large volumes of HoNOS data. Clinical
teams may also find the weights useful if they need a rapid estimate for
an individual patient assessment, although we note that most digital
versions of the HoNOS require an integer score to be entered for each
item so, at an individual patient level, the accuracy of this approach
may be reduced by the requirement to round up or down to the nearest
integer.

Of course, the three approaches tested in this study are not the only
possible methods of estimating missing item scores. An alternative and
relatively simple approach would be for the assessor could look at pre-
vious HoNOS assessments for a patient and use item scores from the
most recent one to interpolate for any missing values in the current
one, effectively a last observation carried forward approach. Whether
this would generate more accurate results is untested but there are
two problems with it. Firstly, it would not work if a previous rating
did not exist and secondly, it may be rendered less accurate with the
passage of time, especially if there were items that had repeatedly
been left unrated. By contrast, themethod proposed here can be applied
using the data from just a single patient assessment, and can easily be
utilized for large volumes of data by setting up a formula within a
spreadsheet. We would reiterate here that the set of weights to be
used is determined by the age group of the patient(s). For general
adult caseloads, the weights in Table 2 should be used, while for over
65s, the weights in Table 4 will apply – and the respective weight
must then be multiplied by the mean of all remaining rated items.

Unfortunately we did not have sufficient data available to generate
missing item weights for HoNOS data within other patient groups (e.g.
children or people with learning disabilities). It would, in principle, be
possible to generate even more specific sets of weights, for example
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based on primary diagnosis. However themain aim of this study was to
provideweights that can be applied to large volumes of data, whichwill
inevitably include a broad case mix. As already noted, more complex al-
gorithms for predictingmissing datamay be available via specialist soft-
ware, but the advantage of the method proposed here is that it is free
and can be easily implemented by anyone. With this in mind, we ac-
knowledge that the case-mix and range of HoNOS scores may exhibit
regional variations, and that the geographical area our data were col-
lected fromwill have different patterns of deprivation to other counties
(24.5% of Hertfordshire is more deprived than the national average, ac-
cording to 2015 measures published by National Statistics). Although
we believe that the item weights provided in this paper will be stable
and widely applicable, there is no reason why other healthcare organi-
sations should not derive their own weightings using the method
outlined here and, indeed, it would be helpful to know how these
compare.

We have not tested this model's accuracy whenmore than one item
is missing but we know from the previous study with depression rating
scales [13], that the Weighted Mean approach held up better than the
two alternatives when more than one item was missing. And since the
level of item-to-item variation is greater within HoNOS (compared to
both the BDI andMÅDRS), aweightedmeansmodelwill be themost ac-
curate overall, irrespective of the number of missing items. Indeed, the
weighted means approach could be applied to almost any psychiatric
or medical rating scale, and is likely to be a more accurate approach
for any scale that has a non-uniform pattern of response, than simply
taking the mean or mode of residual items.

Item 8 (other mental and behavioural problems – to be specified)
was the least well-estimated HoNOS item, being the only one where a
significant difference emerged between actual and estimated scores
using the weighted means model. From our database of 43,328
HoNOS ratings, it is notable that Item 8 had by far the highest mean
score and standard deviation of all HoNOS items (2.01± 1.26), suggest-
ing that it is muchmore likely than any other item to have scores falling
across the full range of possible values, thereby rendering it less predict-
able. This may arise because of the special domain of item 8 that differs
in how it is defined compared to the other rated items. The item 8 con-
struct is in fact an overarching heading for a variety of possible other
problems that an individual may experience. To rate, the clinician
chooses a domain to be assessed (e.g., anxiety, sleep, obsessive-
compulsive, sexual, and a number of other health problems), and
these will vary considerably in both type and severity, from case to
case. In reality then, the population mean for item 8 is the mean score
across a range of differently rated, and in many ways unrelated, con-
structs. This is unlike the other 11HoNOS items,which rate a single con-
struct. Nonetheless, even for Item 8, the estimated mean differed from
the actual mean by just a quarter of one point, so the Weighted Means
model is still reasonably accurate for this item. Finally on this point,
the test set comprised 500 cases so power to detect small differences
(≥0.25 points per item) in our sample is relatively high (N0.85).

Of course there should be no substitute for collecting accurate rat-
ings in the first place. A scale completed via a thorough assessment,
and containing no missing data, should always be the gold standard.
However, in cases where this is not possible, the method of estimation
described here may be a useful second best, andmay also help some or-
ganisations to make better use of the historical data they have already
collected.

The HoNOS itself has come under some recent criticism, most nota-
bly for a lack of association between scores on 11/12 items and actual
Table 4
Item weights generated from a large dataset of HoNOS scores (65+ years). Again, these
weights are used to estimate the value of a missing item by multiplying the respective
weight value by the mean of all items that have been previously rated.

Item 1 2 3 4 5 6 7 8 9 10 11 12
Weight 0.73 0.08 0.09 2.78 2.18 0.45 0.99 1.12 0.40 2.03 0.24 0.90
service costs (regular vs. high), and this has led to speculation about
whether the HoNOS is an appropriate tool for implementing Payment
by Results in England [10]. However, it is notable that in Twomey
et al.'s study, missing item data in groups of more severely ill patients
was a limitation, so replication of the lack of association between
HoNOS items and service use is warranted. So, although there may be
concerns about the validity of the scale for Payment by Results, it re-
mains a ubiquitous current assessment and anymeans of improving rat-
ing accuracy ought to be of some value to healthcare organisations.

Finally, it is important to remember that HoNOS has utility other
than for Payment by Results, and was originally developed as a mental
health outcome tool. Defining a set of outcome measures for mental
health is notoriously difficult given the highly variable nature of symp-
toms and associated problems. HoNOS is one recognised method of un-
derstanding and reporting on outcomes and, because of the drive to use
it to inform Payment by Results in the English NHS, has been very
widely used across the country. However research making use of this
data set is sparse, and it is possible that more could be understood
about the nature of mental illness and mental health services in the
U.K. if this data was examined more closely. Aside from testing statisti-
calmodels formissing itemprediction, this study demonstrates that it is
possible to access large sets of HoNOS data from NHS organisations and
to ask questions of it.We encourage other researchers tomakemore use
of this relatively untapped resource for the benefit of people with men-
tal health problems.
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