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Abstract
Previous research into the accuracy of referrals for glaucoma has shown that a large
number of referrals to the Hospital Eye Service are false positive. Research in areas
of healthcare other than ophthalmology has shown that psychological distress can
be caused by false positive referrals. The present study aimed to evaluate the
quality of referrals to the HES for all ocular pathologies, and also to quantify the
proportion of these referrals that were false positive. Any commonality between
false positive referrals was investigated. The psychological effect of being referred
to the HES was also evaluated using the Hospital Anxiety and Depression Scale
(HADS) and State-Trait Anxiety Inventory (STAI). Both scales were validated in this
population with Rasch analysis before use. A final aim was to develop an
improvement to the present referral pathway in order to reduce numbers of false
positive referrals.
The accuracy of referrals to the HES appears to improve as clinicians become more
experienced, and greater numbers of false positive referrals are generated by
female clinicians. Optometrists refer patients with a wide range of ocular diseases
and in most cases include both fundus observations and visual acuity
measurements in their referrals. GPs mainly refer patients with anterior segment
disorders, particularly lid lesions, based on direct observation and symptoms.
Illegibility and missing clinical information reduce the quality of many optometric
referrals. Patients referred to the HES experience raised levels of anxiety as
measured by the STAI and raised levels of depression as measured by the HADSDepression subscale. As a method of assessing psychological distress, the
questionnaires HADS-T (all items), STAI-S (State subscale) and STAI-T (Trait subscale)
2

show good discrimination between patients when administered to a population of
new ophthalmic outpatients, despite all having a floor effect. Subsequently a
referral refinement service was developed which reduced numbers of unnecessary
referrals and reduced costs for the NHS.
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Chapter 1: Introduction
Referrals to Ophthalmology Departments in the United Kingdom

As there are no national screening programs in the UK for ophthalmic pathologies,
apart from the diabetic retinopathy screening service, most eye problems are
detected by optometrists performing routine eye examinations in a primary eye
care setting. Only optometrists, medical practitioners and ophthalmic medical
practitioners (OMPs) are permitted to perform eye examinations in the UK. The
Opticians Act 1989 (SI 1999 No. 3267) states that optometrists have a duty of care
to refer patients with ocular injury or disease to a medical practitioner if, in their
professional opinion, they think it is justified. Prior to Statutory Instrument (SI) 3267
in 1999, optometrists were required to refer every ocular abnormality regardless of
their professional opinion, although very few closely followed this requirement.
The normal referral pathway (illustrated by Figure 1.1) from primary to secondary
eye care in England and Wales at the present time involves the optometrist writing
a referral letter, or completing a specialised referral form (General Ophthalmic
Services, GOS 18 form), to the patients’ General Medical Practitioner (GP), and
advising the patient to book an appointment with them. The letter should include
all relevant detail from the eye examination, and a tentative diagnosis with
suggested urgency if possible. After the patient has seen the GP, the GP generates a
referral to the Hospital Eye Service (HES) including a copy of the optometrist’s letter
and any additional relevant information. At the hospital a senior clinician in the
ophthalmology department reads all referrals and prioritises them before
7

appointments are allocated. This prioritising of cases at the eye department
currently differs from most other specialities within the hospital. Particularly since
the Department of Health introduced the ‘Choose and Book Policy Framework’ in
2004, GPs can prioritise most cases themselves and book appointments directly
from their practice after offering patients a choice of providers. Consultant led
prioritisation is necessary in Ophthalmology due to the complex nature of referrals,
although a recent study suggests that, with guidelines and protocols, specially
trained non-medical practitioners could safely prioritise most referrals (Hodi, 2007).
If the optometrist believes the patient needs immediate ophthalmic opinion, then
the GP can be bypassed by sending the patient directly to an Accident and
Emergency clinic with a referral letter. A copy of the letter is also sent to the GP.
Some Primary Care Trusts (PCT’s) have initiated ‘Direct Referral’ schemes for certain
pathologies in order to reduce waiting times by removing the initial appointment
with the GP. These services involve the optometrist taking on more responsibility
for the referral by, for example, performing further diagnostic tests, counselling the
patient or offering choice. As this is not part of the GOS contract, appropriate
remuneration is given to the optometrist. The GP receives a fee to forward some
necessary clinical information, (Dinah et al., 2010), but the initial assessment
appointment is at the hospital. Most direct referral schemes have been set up for
cataract patients, however some PCTs have similar schemes in place for glaucoma
(Henson et al., 2003) and posterior capsular opacification (Menon et al., 2004). The
effectiveness of direct referral services is discussed in more detail later.
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Optometrists are reported to refer up to 6 % of all their eye examinations for
further investigation by a medical practitioner (Hobley et al., 1992, Port, 1989, Port
and Pope, 1988, 2008) although most of these studies were performed some time
ago in response to the Opticians Act 1989. Specifically the authors were concerned
that the abolition of NHS (free) sight tests for everyone and introduction of readymade spectacles for presbyopia (‘ready readers’) may have an adverse affect on the
number of people annually diagnosed with treatable sight threatening pathology.
This prediction was later confirmed by data from secondary care showing a
decrease in diagnosis rates for glaucoma (Laidlaw et al., 1994). With an estimated
17.5 million eye examinations being performed in the UK per year (NHS, 2006) there
are probably over 1 million HES referrals from optometric practice.

Figure 1.1. The referral pathway from primary care optometrists to the Hospital Eye
Service in Bradford and Airedale.
Currently (1st April 2010-2011) optometrists in England receive a fee of £20.70 for
every NHS sight test, otherwise known as a GOS sight test, performed on a
9

qualifying patient. This fee is normally incrementally increased every April but is
significantly below the true cost of providing a sight test, which was quoted at an
average of £37 in 2005, in a report by Bonsaquet (2006). Costs of a sight test will
vary depending on the costs of rent, rates, council tax, equipment, staff etc.
Personal communication of more recent unpublished calculations of the true cost of
eye examinations may be even higher, at an average of £130 per hour (Llewellyn,
2008) and thus £65 for 30-minute sight tests and £43 for 20-minute sight tests.
Patient groups that qualify for an NHS test include those who are over 60, under 16,
receiving benefits, diabetic, diagnosed with glaucoma, over 40 with a family history
of glaucoma, or blind or partially sighted. If a patient has a GOS sight test the
optometrist is obliged to perform a sight test according to the Opticians Act, and
determine a prescription for refractive correction. If the optometrist is suspicious of
any ocular pathology, and supplementary or repeat measurements on a separate
occasion would aid diagnosis, such as repeating visual field examination or
tonometry to help in the possible diagnosis of glaucoma (Gardiner et al., 2006; Ang
et al., 2009), no extra fee is received. Conversely, the optometrist incurs very little
extra cost by referring the patient to the hospital. This reason, along with the fact
that our society is becoming ever more litigious, makes referral increasingly
tempting compared to further investigation. Despite not being funded by the GOS,
College of Optometrists (CoO) guidelines deem repeat measurements of intraocular pressure as a necessary part of the eye examination and especially vital when
referring (College of Optometrists, 2005). The value of repeat testing will be
discussed in more detail later.
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Private eye examinations and supplementary tests are priced at the discretion of
the optometric practice and are paid for directly by the patient. Private
examinations must include mandatory diagnostic tests (1989), but may include
other more advanced techniques. Due to the current climate in the industry the
average cost of a private examination (£22.90 according to the Federation of
Ophthalmic and Dispensing Opticians, (2008) is still well below what it realistically
costs to provide a sight test, and is similar to the NHS fee. Many English optical
practices thus tend to subsidise examination fees by increasing the price of
spectacles and other products (Calver, 2010).
Royal National Institute of Blind People (RNIB) research suggests that a significant
proportion of patients do not go for regular eye examinations due to the fear of the
cost of spectacles (Chitty, 1997), rather than the fear of the cost of the examination.
Therefore treatable ocular pathology could be unnecessarily going undiagnosed due
to spectacle prices subsidising professional costs.
Despite having an increased likelihood of having visual impairment (Lavery et al.,
1988, Wormald et al., 1992, Klein et al., 1991), elderly people make insufficient use
of eye care facilities (Smeeth and Iliffe, 1998). The paucity of usage may be due to a
variety of factors, including decreased expectations in old age, failure by the patient
to recognise visual loss, the presence of another handicap that dominates the
perception of difficulties, fears about surgical treatment and costs and the stigma of
blindness (Smeeth and Iliffe, 1998).
Optometry Scotland and the Scottish Executive Health Department have recently
developed a new Optometry contract for Scotland to replace the GOS. One of its
11

aims was to reduce inappropriate referrals to the Hospital Eye Service by improving
the standard of the NHS sight test, and funding repeat or supplementary
appointments where clinically necessary. The fee for the primary eye examination
in 2010-2011 was agreed at £45 for those aged 60 and over or £37 for those aged
under 60, and if a supplementary appointment was necessary the practitioner
receives an additional £21.50 (Scottish Government Health Directorate, 2008). Free
eye examinations through the NHS in Scotland are now also available for everyone
in an attempt to make the community optometrist the first point of call for all acute
eye problems, and each optometrist is limited to 20 appointments per day with a
minimum examination duration of 30 minutes. Scottish optometrists are now more
able to refer pathology directly to the hospital, depending on the nature of the
condition. Co-managed care between hospitals and community optometry has been
encouraged with optometrists able to manage more conditions in their local
practices in what is a largely rural country. In conclusion the new contract aimed to
increase choice and convenience for the patient while reducing waiting lists and
costs for the NHS. The traditional NHS “sight test”, primarily designed for those who
require spectacles, has been replaced by a comprehensive eye examination
appropriate to a patient’s needs, symptoms and general health and which may not
necessarily include a refraction (Optometry Scotland, 2006). To aid with upgrading
examinations to the required standard an equipment grant of £8000 was allocated
to every optometric practice in Scotland, and mandatory training was provided
(Optometry Scotland, 2006). Similar co-management schemes between GPs and
Optometrists have also been previously trialled in England and have generally
proved to be successful (Austen, 2003).
12

1.1 Referral Patterns and reasons for referral
Although specifying a reason for referring a patient, in terms of a tentative
diagnosis, is not a legal requirement, nearly all referrals from optometrists include
this information. As previously mentioned referrals are triaged for urgency by an
ophthalmologist in secondary care, therefore clinical findings in the referral are
important. From this information a number of studies have ascertained the mix of
pathologies being referred to the hospital eye service. It is natural to expect that
the most prevalent reasons for referral to the HES will differ according to whether
the referral source is optometric or medical practice.
Cataract and lens disorders have been repeatedly identified as being the most
common reason for referral by optometrists (Port and Pope, 1988, Pooley and
Frost, 1999, Lash, 2003, Pierscionek et al., 2009). Glaucoma is usually the second
most commonly referred pathology (Port and Pope, 1988, Pooley and Frost, 1999,
Lash, 2003) and was found to be more common than cataract by one study
(Harrison et al., 1988) but the third most common, after retinal problems and
cataract, by another (Pierscionek et al., 2009). The most commonly referred
condition by GPs was disorders of the lids and adnexae (Pierscionek et al., 2009,
Pooley, 1996, Harrison et al., 1988).
Pierscionek et al.’s results are somewhat surprising, with the proportion of
glaucoma referrals being less than expected for optometrists, but more than
expected for GPs (31%). The remainder of the literature has reported values of 010% of referrals originating from GPs (Pooley and Frost, 1999, Harrison et al., 1988).
This could be explained by the fact there is no mention of GP referrals that
13

originated in optometric practice but did not enclose the optometrists letter in
Pierscionek et al.’s paper. This has been cited as a significant issue previously
(Pooley and Frost, 1999) and has been reported to be as high as 22% of referrals
(Pooley, 1996). Other explanations could include the presence of a GP with special
interest in ophthalmology within the catchment area, although this was not
specified in the report or acknowledged as being different from previous studies.
Another difference worth highlighting is the absence of any referrals from GPs for
binocular vision disorders in the Pierscionek study, whereas previous studies have
found GPs to be the main source of these patients (Harrison et al., 1988, Pooley and
Frost, 1999).

1.2 Referral Quality and forms used
Pooley and Frost assessed the quality of 172 referrals by Optometrists during 1997
(Pooley and Frost, 1999). The content of the referrals was described in part, with all
of them containing visual acuity measurements and 51% containing a diagnosis. A
number of referrals had legally mandatory details missing; 6 (~3%) of the referrals
had no practitioner name or address, and 30 (17%) had neither patient age nor date
of birth. The other legally required information that was frequently missed was the
date, which was missed on 48 (28%) referrals, 47 of these were on GOS18 forms. In
total, 69% of the referrals were on a GOS18 form, with the remainder using letters
or other forms, for example practice-specific forms. 29% of these GOS18 forms had
signatures confirming that the patient consented to their optometrist receiving a
copy of all correspondence. In addition to missing dates, the authors identified
another problem with all forms being the very poor legibility of optometric
14

referrals, with GP referrals being significantly more legible. The reason for this was
not discussed, but it could be partially attributed to the GOS18 form, which is a
triplicate carbon copy form, whereas GP handwritten referrals were on paper and
not carbon copy forms. Any further content from the referrals was not commented
on.

An analysis of 444 GOS18 forms was performed by Lash in 2003 although the main
focus of the paper was directed towards cataract and glaucoma (Lash, 2003). The
presence of the following details from the referral was recorded: practitioner name,
practitioner address, date of birth, spectacle prescription, visual acuities, intraocular
pressures, cup:disc ratios, visual fields and patient consent. The reason for referral
was used to allocate the referral to one of ten categories with the majority of
referrals being due to cataract (37%) or glaucoma (18%). Only 7% of the cataract
referrals included information regarding an effect on patient lifestyle and
willingness for surgery, which are both deemed as being essential according to
“Action for Cataracts” published by the Department of Health in 2000 (2000).
Legally mandatory information was also absent on some referrals as 31% had no
legible optometrist name and 6% had no practice address. Signed patient consent
was obtained in only 5% of referrals, which could be in part due to lack of attention,
but also due to it not increasing the likelihood of getting a response from the
hospital (Whittaker et al., 1999). It would have been of particular interest to see if
the referral visual acuities and intra-ocular pressures (IOP) differed from those
taken in hospital.
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As a follow up to the study above, Lash investigated the quality of 412 referrals for
cataract in 2006 (Lash et al., 2006). Three referral techniques were compared;
GOS18, letter and direct referral using a purpose designed form. All 143 referrals
made directly included the three parts of information deemed essential by the
Department of Health in 2000 (2000), namely ‘Presence of cataract’, ‘Effect on
lifestyle’ and ‘Willingness for surgery’. Only 10% of GOS18 forms and 17% of letters
contained this information with 72% of GOS18 forms and 76% of letters merely
confirming the presence of cataract with no mention of symptoms or surgery. It is
clear that direct referral is associated with higher quality referrals, and indeed most
direct referral schemes pay an extra fee to optometrists to discuss the risks and
benefits of surgery and submit all the necessary referral information.

Tattersall and Sullivan investigated the appropriateness of 412 cataract referrals
originating from Optometrists (Tattersall and Sullivan, 2008) but did not explicitly
reveal the content of the referrals. The authors did state that there was no
association between lifestyle changes being recorded on the referral, and the final
outcome of the referral, which suggests that some referrals must not have
commented on effect on lifestyle but contradicts the conclusions made by Lash and
colleagues (Lash et al., 2006).

The quality of glaucoma referrals was investigated by Scully and colleagues (2009)
who also found that a large proportion of referrals did not include legally
mandatory non-clinical information, such as referral date (45% of referrals), patient
date of birth (32%) and referrer name (26%).
16

The GOS18 form, despite being designed specifically for the purpose of optometric
referrals, seems to have a number of flaws and frequently results in an
unacceptable proportion of poor quality and unlawful referrals. Its triplicate carboncopy handwritten nature reduces the copy legibility compared to a word processed
letter or a photocopied handwritten letter. Lash and colleagues (Lash et al., 2006)
concluded in 2006 that, when compared to letters or direct referrals, patients
referred by GOS18 were less likely to be listed for surgery. The GOS18 referrals
were also less likely to contain as much essential information, this could be due to
the lack of space for optometrists to write in which a significant number of
optometrists commented on in a survey by Whittaker and colleagues (Whittaker et
al., 1999). Despite these flaws, and authors advocating the use of letter writing
(Clarke, 2008), the GOS18 is still used for the vast majority of referrals (Pooley and
Frost, 1999, Scully et al., 2009).

The space for the patient to sign to consent to disclosure of medical information to
the optometrist has been shown by Whittaker (Whittaker et al., 1999) to have a
perverse effect on whether optometrists receive any reply from the hospital, with
12% getting a response if the form was signed and 17% getting a response if the
form was unsigned. Communication of medical information between clinicians is
lawful without patient consent, if it is in the interests of the patient, therefore the
patient signature space is unnecessary. It could be replaced by a request to
ophthalmologists to copy correspondence to the optometrist, or abandoned
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completely, which is the route taken by some locally adapted GOS18 forms (Naru
and Green, 2009).

In Bradford and Airedale the locally adapted GOS18 form was developed by Naru
and Green in collaboration with local ophthalmologists and GP alliances (Naru and
Green, 2010). In addition to the lack of patient consent, there was also no section
for the GP to complete as local alliances suggested that this was not used. This freed
up a significant amount of space which was filled by a number of tick boxes for the
most commonly referred ocular pathologies, allowing the triaging ophthalmologist
to quickly determine what urgency to allocate. To address the other problems of
missing legally required information, there are more prominent areas for referrer
name, referrer signature and date. The problem of poor legibility and self carbon
replicating remained, therefore in July 2010 an electronic version of the form was
made available, which can be completed on a computer and printed, but in all other
respects is the same (Naru and Green, 2010). As computer generated letter writing
does not seem to have been adopted by the majority of optometrists as their
referral method of choice, perhaps this is an adequate compromise that will
improve the quality, legibility and legality of referrals.
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1.3. Referral accuracy

A false positive is commonly known as a false alarm. In healthcare, the occurrence
of a false positive generally means a patient has been initially diagnosed with a
disease, typically at primary healthcare level, that turns out to be absent after
referral for further investigation, typically at secondary healthcare level. Conversely
a true positive is a patient whose diagnosis is confirmed as correct. More false
positives are generated when the initial diagnosis is influenced by diagnostic
techniques with low specificity that are poor at identifying normals. Some studies
calculate a Positive Predictive Value (PPV) to show levels of false positives. The PPV
is simply the number of true positives divided by the sample size, thereby giving the
probability of a referral being a true positive.
1.3a. Accuracy of referrals to Ophthalmology for all ocular pathology
Only two studies have reported what proportion of referrals for all pathologies
were correct, and what proportion were false positive (Pooley and Frost, 1999,
Harrison et al., 1988). There is, however, a large body of research covering the
levels of correct and false positive referrals for glaucoma patients, which is covered
in detail below. Most research into referral accuracy in Ophthalmology departments
is performed retrospectively as an audit. Audits are performed simply by recalling
all the records from a certain period of time from the archives, and extracting
relevant information from them. Retrospective studies are usually easier to perform
than prospective studies as they generally require no additional work from
19

examining clinicians, and less planning. Difficulties arise when the records are
ambiguous about final diagnoses or more clarification is needed. Occasionally
patient records have also been known to be incomplete or even missing and this
introduces inconsistencies in these data. Prospective studies can record similar
information to retrospective studies, but the examining clinician and patient are
aware of the study prior to the appointment. It is possible that this could bias the
outcome of the appointment, however it means that the clinicians’ input can be
sought to record the results as accurately as possible. The data are obtained during,
or immediately after the appointment, which minimises the time during which the
record can be lost.
Pooley and Frost (1999) conducted a retrospective analysis of referral
correspondence to St Georges Ophthalmic Department and Sutton Eye Department
during a three month period in 1997. At this time, prior to Statutory Instrument
3267 (1999), optometrists were required by the Opticians Act 1989 to refer every
patient with any ocular abnormality, even if referral was not justified in their
professional opinion. 433 patients were included in the study, of which 172 were
originally referred by optometrists and 190 referrals appeared to originate from
GPs. An additional 28 referrals were from ophthalmic practitioners of some sort,
but it was impossible to identify whether it was from an optometrist or Ophthalmic
Medical Practitioner (OMP), generally due to their correspondence not being
included with the GP’s letter. The authors analysed the quality and the contents of
the referral letters and this is discussed in more detail under the relevant heading
below.
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The accuracy of referrals originating from optometrists was assessed after the main
part of the study using a separate cohort of 89 patients attending St. Georges
Hospital only. The authors do not state why a separate cohort was used although it
was perhaps to allow a prospective evaluation using a single ophthalmologist.
However whether it was performed retrospectively or prospectively is not explicitly
explained. Using a separate group of referrals gathered over a shorter period of
time to the first cohort, and from one hospital only, introduces an unnecessary
inconsistency when evaluating all the results. There are also fewer diagnosis
categories than used earlier in the study, making comparison difficult. This is
probably due to the fact that fewer referrals were included. This lack of numbers
critically reduces the reliability of any conclusions made in the study. Examples of
accuracies obtained range from 0% correct for ‘visual disturbance’ and ‘nerve and
visual pathways’ (a total of 4 patients and 3 patients respectively) to 100% correct
for five pathology categories, all with a total of three patients or fewer. 26% of the
19 glaucoma referrals were finally diagnosed with glaucoma.
Pooley and Frost (1999) challenged the necessity of optometrists having to refer
patients to the HES via their GP unless in an emergency, arguing that it was of low
added value and many GP appointments could be made available by removing this
step. The authors also identified that vital correspondence from the referring
optometrist would be guaranteed to be received by the HES and delays would be
reduced. The authors raised the point discussed earlier that the optometrist was
not legally required to do any more than make the decision to refer. This may have
reduced both the accuracy and quality of referrals, despite College of Optometrists
guidelines at the time stating as much information should be included in the referral
21

as possible (1991). The authors acknowledged that referral accuracy should have
improved with the introduction of SI 3267, which was being finalised as the article
was written. An important conclusion was made that at the time there was a
financial disincentive for optometrists to improve referrals, they were not
remunerated for further clinical tests and the sight test fee was paid whether the
referral was necessary or not. In light of this study the local health authority
undertook a programme of incentives to improve the referral process, including
guidelines and training, but the financial disincentive remained.
A larger study was conducted in 1986 and 1987 by Harrison and colleagues (1988) in
response to the possible impending abolishment of the NHS sight test for all
patients. The medical records of 1113 new patients referred to a consultant
ophthalmologist were reviewed retrospectively, of which 49% appeared to be from
GPs and 39% from optometrists. The majority of referrals were accurate, with an
overall false positive rate of 25% for referrals from optometrists and 40% from GPs.
These accuracies were calculated simply by comparing the first and second referral
diagnoses (if present) with the final hospital diagnosis. 120 patients were referred
by optometrists for suspected glaucoma and of these 96 (80%) were either
subsequently diagnosed with the condition or required further ophthalmological
follow up. The authors were primarily concerned that 16% of patients had
asymptomatic disease, and would be unlikely to attend for eye examinations if they
were not free through the NHS. As patients over 60 are now entitled to an NHS sight
test, it would be interesting to know what proportion of this group with
asymptomatic disease were over 60.
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A number of studies have looked at the accuracy of cataract referrals, specifically to
evaluate whether an enhanced service involving direct referral would increase the
proportion of those referred going on to have surgery. In addition to direct referral,
which avoids the GP having to see the patient (and the patient having to attend the
GP’s practice), these enhanced services usually involve the optometrist offering a
choice of providers to the patients and completing a proforma to gather
information recommended by the Department of Health paper; Action on Cataracts
(2000). This includes noting the presence of cataract, the effect on the patient’s
lifestyle and the patient’s willingness for surgery. The latter would involve a
discussion of the pros and cons of surgery. As this is a form of referral refinement,
and not part of the GOS contract, the referring optometrist receives a fee which
varied between £35 and £44 in 2004 according to the Association of Optometrists
(2004a). Perhaps unsurprisingly all studies found that the direct referral service
resulted in an increased proportion of referred patients being listed for surgery and
therefore fewer false positives (Lash et al., 2006, Park et al., 2009, Newsom et al.,
2005, Sharp et al., 2003).
1.3b Accuracy of referrals for Glaucoma
The inaccuracy of referrals to Ophthalmology for suspected glaucoma has
repeatedly been studied by various groups over the past twenty-five years. The vast
majority of studies have identified this inaccuracy as a cause for concern, and many
authors have made suggestions to improve accuracy. The National Eye Care
Steering Group’s first report (2004b) recommended changes to the current
glaucoma referral pathway in an attempt to utilise the expertise of community
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Optometrists in monitoring suspect glaucoma cases that do not need treatment.
The report stated that local PCTs would have to approve and fund individual
schemes as there would be no change to the General Ophthalmic Service. Due to
the relatively high prevalence in the UK, a national screening programme for
glaucoma has been suggested in the past, however a recent systematic review and
cost-evaluation for a glaucoma screening programme deemed that it would not
currently be cost effective for the whole population (Burr et al., 2007) but may be if
targeted at high risk groups.
Frequently studies present the data in differing ways, and have different definitions
for a positive referral; therefore their results are not directly comparable. Each
study has been individually summarised below in chronological order, along with its
definition of a positive referral. Although we are primarily concerned with false
positive referrals, and their causes, most of the studies have presented their data in
terms of proportion of true positive referrals, and so that is how it has been
summarised below. Table 1.1 and Figure 1.2 attempt to show the change in
accuracy of glaucoma referrals over time, along with the definition of a correct
positive referral used for comparison. Where many different diagnosis categories
were given an attempt has been made to standardise the definition to ‘diagnosed
with glaucoma or follow up required’ to allow graphical comparison. Some studies
give only the final diagnoses and no indication of whether follow up was required
and therefore may give high false positive levels. Equally, sometimes essential
diagnostic tests, for example visual fields, may not be done at the first appointment
due to staffing constraints. Therefore the positive definition of ‘diagnosed with
glaucoma or follow up required’ potentially gives artificially low false positive levels.
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The ideal false positive definition would be based on whether the examining
ophthalmologist believes that the referral was warranted and is therefore
dependent on the assumption that the examining ophthalmologist is the gold
standard. This is sometimes impossible to ascertain in a retrospective study. The
development of the ideal false positive definition for HES referrals is discussed in
more detail in chapter 3.2.
A small early study by Clearkin and Harcourt (1983) identified 43 new referrals for
glaucoma to Leeds General Infirmary during the 12 month period from May 1980 to
April 1981. Chronic open angle glaucoma was confirmed in 9 patients (21%) and
normal tension glaucoma was confirmed in 2 (5%). Of the patients with suspect
glaucoma, 2 had ocular hypertension and 2 had suspicious discs. 28 (65%) patients
had no suspicion of glaucoma and were therefore false positive (Clearkin and
Harcourt, 1983). The authors also revealed that all the patients finally diagnosed
with glaucoma were originally referred by Ophthalmic Opticians, with all nine
referrals from GPs turning out to be false positive.
Brittain and colleagues (1988) used a prospective survey specifically to determine
the diagnostic accuracy of glaucoma referrals to Leicester Royal Infirmary.
Ophthalmologists examining cases of suspected glaucoma were required to
complete a small questionnaire after every appointment for a period of six months
in 1987. The questionnaire required the clinician to classify each patient as;
Glaucoma confirmed, glaucoma suspected (follow up required), no evidence of
glaucoma or missed glaucoma (cases referred with another diagnosis but found to
have glaucoma). 93 referrals for suspected glaucoma were received from
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Optometrists, 29 from GPs and three from other sources (Ophthalmic Medical
Practitioners or A&E). Referrals were found to be 66% positive (glaucoma or follow
up required) from Optometrists and 21% positive from GPs (Brittain, 1988).
Brittain concluded that as almost two thirds of referrals were justified, Ophthalmic
Opticians in Leicestershire appeared to diagnose glaucoma quite accurately. In 1987
a significant number of patients were referred directly by the GP with suspect
glaucoma. This study was critical of this referral route for chronic open angle
glaucoma, as GPs do not have the equipment or generally the expertise to
accurately diagnose this condition.
Tuck (1991) conducted a prospective survey of optometrists from a 5% sample of
socio-economically representative practices from England and Wales on behalf of
the International Glaucoma Association. The study lasted six months, spanning 1988
and 1989 with 1103 referrals being included in total. 71.4% of referrals were
classified as correct as they were diagnosed with glaucoma or required follow up. As
this study did not contact the hospital directly, in the cases where no
correspondence was received by the optometrists from the hospital, the patient
had to be asked what the result of the consultation was, which likely introduced
errors. However, if only the referrals with replies are included (n=704) the true
positive rate was still very similar at 71.7% (Tuck and Crick, 1991).
A nine-month prospective study was performed from October 1990 to June 1991 at
the Ophthalmology Department at Leicester Royal Infirmary. This study was
partially in response to the abolition of free Optometric eye examinations in April
1989 and was attempting to determine any resultant change in referral patterns. In
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total 213 referrals were seen and of these 31.5% were diagnosed with glaucoma,
22.5% were diagnosed with OHT, 29% had no abnormality detected and 17% had
other diagnoses (Sheldrick et al., 1994). The authors commented that abnormalities
of the optic disc and/or visual field were reported by the optometrist in only a
minority of referrals. New guidelines for referral when abnormalities are suspected
were suggested as a way to improve referral accuracy. A final point was made that
only 35% of those with glaucoma and 31% of ocular hypertensives were eligible for
free eye examinations. Old age, the biggest risk factor for glaucoma, was not
grounds for a free sight test in 1991.
Bell and O’Brien (1997b) performed a retrospective cohort study of all referrals for
suspected glaucoma between October 1993 and March 1994 at the Royal Infirmary
of Edinburgh. They wrote two papers from the study and published them at the
same time in the same journal. The first paper gave in depth diagnosis details along
with definitions for the most common diagnostic definitions used. In total 271
referrals were evaluated and the diagnostic groupings in order of size were 42%
ocular hypertension, 29% discharged, 17% glaucoma and 5% with large
physiological cupping (Bell and O'Brien, 1997b). Sixty-one of the OHT patients,
22.5% of the total cohort, were placed on treatment to reduce the likelihood of
progression to glaucoma. The proportion of patients diagnosed with glaucoma was
significantly less than in previous studies whereas relatively more patients had OHT.
The authors suggested an explanation of either stricter diagnostic criteria, or
Optometrists becoming more prone to refer at an earlier (OHT) stage of disease. A
shared care approach with Optometrists was again suggested for lower risk OHT
patients.
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The second paper gave a detailed analysis of the diagnostic tests performed in
primary care, and their comparison to the hospital examination. The accuracy of
referrals was compared between those who only measured IOP (17%), those who
measured IOP and Visual Fields (7%), those who measured IOP and performed disc
assessment (26%) and those who measured all three (48%). The authors therefore
recommended that all three tests be performed prior to referral, and that any
abnormality needed retesting. If raised IOP was found with non-contact tonometry,
repeat measurement with applanation tonometry was suggested. Indeed, the
authors believed applanation tonometry should be more widespread in optometric
practice. Finally, improved quality of visual field testing and interpretation was also
advised (Bell and O'Brien, 1997a).
Vernon documented how referrals had changed in the five-year period between
1988 and 1993 at Queens Medical Centre in Nottingham by retrospectively
analysing the records of every referral to the glaucoma clinic in 1988 and 1993 and
comparing the findings. 95 referrals were seen in 1988, of which 75 had a GOS18
form enclosed and could be identified as originating from an Optometrist. Vernon
defined a ‘positive’ screen as having glaucoma or treated Ocular Hypertension
(OHT), and on this basis 56% were ‘positive’ in 1988. A more detailed breakdown of
the diagnoses was also given: 48% Glaucoma, 8% OHT (treated), 28% OHT (not
treated), 12% suspicious disc, 3% normal, 1% other disease. A random sample of 95
referrals from 1993 were analysed, of these 71 has a GOS18 form enclosed and
could be identified as originating from an Optometrist. The referral accuracy was
only 37% positive, with a breakdown of 34% glaucoma, 3% OHT (treated), 20% OHT
(untreated), 15% suspicious disc, 23% normal and 5% other disease. Other
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significant differences found between the cohorts were that the presenting IOP was
lower, and the number of visual field tests performed by Optometrists had
increased in 1993. Incidentally, the average IOPs of patients diagnosed with
glaucoma were not significantly different. Vernon concluded that there was a
significant reduction in referral accuracy between 1988 and 1993. As the presenting
IOP also reduced over this period, the author suggested that Optometrists were
relying more on disc assessment and Visual Field screening. He also observed that in
1993 many Optometrists arranged for field screening to be performed prior to the
eye examination, frequently by a colleague, and therefore Ophthalmoscopy may
have been influenced by the results of field screening (Vernon, 1998).
As a result of the previous study glaucoma referral guidelines were distributed to all
Optometrists in the catchment area of Queens Medical Centre, Nottingham. A
second study attempted to assess the impact of this intervention on referral
accuracy. An audit was performed on the records of all new glaucoma referrals for
the 12 months preceding intervention (1997, 105 referrals). These results were
compared to 12 months after intervention (mid 1998 to mid 1999, 102 referrals).
The same definition of a positive screen was used, glaucoma or treated OHT, giving
an accuracy of 40% ‘positive’ in 1997. The proportion of each diagnosis in detail was
37.2% glaucoma, 2.8% OHT (treated), 13.3% OHT (not treated), 8.6% suspicious
disc, 0.9% other diagnoses and 37.2% normal. After the intervention the proportion
of positive screens had dropped to 32.3% with a breakdown of 31.4% glaucoma,
0.9% OHT treated, 17.6% OHT not treated, 6.8% suspicious disc and 43.1% normal
(Vernon and Ghosh, 2001). The authors therefore concluded that dissemination of
glaucoma screening guidelines did not appear to have improved diagnostic accuracy
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of Optometrists. The data suggest that after guidelines were introduced the
Optometrists generated fewer false positive referrals on grounds of IOP, but
significantly more on grounds of visual field and optic disc interpretation.
Newman, Anwar and Jordan (1998) completed a three month retrospective study at
West Suffolk Hospital in 1994, with the aim of assessing the positive predictive
value (PPV) of visual field testing by optometrists. 86 referrals were received for
suspected glaucoma, all initiated by Optometrists, of which 82 patients attended.
40% of these patients were diagnosed with glaucoma, 20% with OHT, 2% with NTG,
and 1% with pigment dispersion syndrome. 30% had no abnormality and 7% had
other pathology unrelated to glaucoma. After analysing the diagnostic tests
performed by optometrists, the authors concluded that ophthalmoscopy had poor
validity as a screening test for glaucoma. Tonometry was more effective, but limited
by a variable cut-off. Visual field assessment had similar limitations but had the
greatest efficacy as a screening test. Again it was concluded that using visual field
testing, ophthalmoscopy and tonometry in combination was best. The authors also
believed that the optometrists may not have been following validated screening
methodology when performing and interpreting visual field tests (Newman et al.,
1998).
A study was initiated by Theodossiades and Murdoch (1999) at Moorfields
community eye clinic at Ealing Hospital to determine the PPV of optometric
referrals for suspected glaucoma. There were 87 eligible referrals received between
September 1996 and February 1997. Of these 22% had glaucoma, 21% were
glaucoma suspects and 57% received a negative diagnosis, consisting of 14% OHT,
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5% large discs, 3% other diagnoses and 36% no abnormality (Theodossiades and
Murdoch, 1999). Similar to previous studies, the authors found that the highest PPV
was demonstrated when information on IOP, optic disc assessment and visual fields
was included in the referral.
In an attempt to improve the poor PPV observed in the previous study, an
intervention trial was performed by Theodossiades and colleagues from August
1999 to March 2001. Thirty-two local practices were chosen as the study
population, half acted as controls, and half were offered training in optic disc
assessment, given standardised referral criteria and feedback from
ophthalmologists. Optometrists taking part in the intervention referred 210 patients
compared to 119 from the control group. A similar definition of a positive outcome
was used as in the last study. Specifically ‘a confirmed or suspected diagnosis of
glaucoma’ where a suspect was ‘a patient felt to warrant repeat examination or
follow up’. Referrals from the intervention group resulted in 49% with a positive
outcome, and the control group had a 46% positive outcome. More detailed data on
diagnoses were not released. The authors hailed the intervention as a success
because, although accuracy was not significantly improved, the PPV remained the
same yet significantly more patients were referred. They also concede that a larger
trial was required to provide conclusive evidence of an effect. (Theodossiades et al.,
2004).
The intervention was subsequently extended to all optometric practices in the area.
Patel and colleagues examined the effect of this by analysing the result of every
glaucoma referral, 376 in total, between June 2002 and May 2003. This was
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significantly more than an equivalent 12 month period in the original study. The
same definitions were used as the previous studies, resulting in positive outcomes
for 45% of referrals. Referrals from optometric practices that were part of the
original intervention group were 51% positive, whereas from the original control
group they were 41% positive. Referrals from practices outside the control area
were 37% positive and from unidentified optometrists, 44% positive (Patel et al.,
2006). The authors concluded that the intervention had a positive effect on
numbers of referrals for glaucoma, but referral accuracy remained the same. This
therefore had a positive effect on the total number of patients diagnosed with
glaucoma during the 12 month period.
Bowling and colleagues (2005) initiated a ten-year long prospective study, currently
the largest of this nature, in 1994. A proforma was used to collect data relating to
the first appointment of every new referral from optometric practice for suspected
glaucoma until 2004. This resulted in data from 2505 referrals. Each case was
allocated a provisional diagnosis from one of five groups based on the initial HES
assessment. 45.8% were reported to have no glaucoma or OHT, 20.4% Glaucoma,
6% Normal Tension Glaucoma, 29.8% OHT and 5% glaucoma suspect (Bowling et al.,
2005). The authors felt that although the false positive rates were high,
Optometrists were under pressure to detect every case of glaucoma, and frequently
referred patients with OHT who only required monitoring.
A retrospective audit by Salmon and colleagues (2007) at Oxford Eye Hospital
covered three years of new glaucoma referrals. Results were given separately for
each year, with the positive referral rate in 2003 being 28% (n=278), in 2004 it was
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54% (n=418) and in 2005 it was 53% (n=410). A positive referral was again classified
as the patient being diagnosed with glaucoma or requiring ophthalmological review.
Similarly to previous studies, the authors concluded that is was essential to combine
tonometry with ophthalmoscopy and perimetry, as most false positives came from
referrals with only one abnormal parameter. Approximately one-fifth of the false
positive referrals had been referred with suspiciously high IOPs, yet had normal
IOPs when measured by Goldman tonometry in the hospital. The authors therefore
agree with Bell and O’Brien’s (1997b) view that optometrists should repeat high IOP
measurements with applanation tonometry. The authors concede that optometrists
are under considerable pressure to detect every case, however they conclude that
false positive referrals could be significantly reduced.
To summarise, all studies have identified the accuracy of glaucoma referrals as an
area for potential improvement. When considering all studies since 1980, Figure 1.2
and Table 1.1 do not appear to show a trend, however they may show a positive
trend over the studies published since 1990. Another review of the literature in the
near future, as more data are published from studies after publication of the NICE
glaucoma guidelines, would be of interest.

33

Table 1.1. Summary of studies that have reported Glaucoma referral accuracy since 1980
Authors
Clearkin &
Harcourt
Harrison, Wild &
Hobley
Brittain

Location
Leeds General Infirmary

Start
1980

End
1981

Duration
12 months

Referrals
43

%Correct
35%

Burton General Hospital

1986

1987

14 months

120

80%

Leicester Royal Infirmary

1987

1987

6 months

93

66%

Vernon
Tuck & Crick

Queens Medical Centre, Nottingham
England and Wales

1988
1988

1988
1989

12 months
6 months

75
1103

56%
71%

Sheldrick et al.
Vernon
Bell & O'Brien

Leicester Royal Infirmary
Queens Medical Centre, Nottingham
Royal Infirmary, Edinburgh

1990
1993
1993

1991
1993
1994

9 months
12 months
6 months

213
71
271

32%
37%
64%

Newman et al.
Theodossiades
& Murdoch
Vernon & Ghosh
Pooley & Frost
Vernon & Ghosh
Bowling et al.

West Suffolk Hospital
Ealing Hospital

1994
1996

1994
1997

3 months
6 months

82
87

40%
43%

Queens Medical Centre, Nottingham
St. Georges Hospital & Sutton Eye Dept.
Queens Medical Centre, Nottingham
Oxford Eye Hospital

1997
1997
1998
1994

1997
1997
1999
2004

12 months
1 month
12 months
10 years

105
19
102
2505

40%
26%
32%
54%

Theodossiades
et al.
Theodossiades
et al.
Patel et al.

Ealing Hospital

1999

2001

20 months

210

49%

Ealing Hospital

1999

2001

20 months

119

46%

Ealing Hospital

2002

2003

12 months

376

45%

Salmon et al.
Salmon et al.
Salmon et al.

Oxford Eye Hospital
Oxford Eye Hospital
Oxford Eye Hospital

2003
2004
2005

2003
2004
2005

12 months
12 months
12 months

278
418
410

48%
54%
53%
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Definition of correct (true positive) used
Confirmed glaucoma or observation
required
Diagnosed with glaucoma or follow up
required
Diagnosed with glaucoma or follow up
required
Glaucoma or treated OHT
Diagnosed with glaucoma or follow up
required
Diagnosed with glaucoma
Glaucoma or treated OHT
Treated for glaucoma or OHT or
observed.
Diagnosed with glaucoma
Confirmed diagnosis of glaucoma or
follow up required
Glaucoma or treated OHT
Diagnosed with glaucoma
Glaucoma or treated OHT
Glaucoma, NTG, OHT or glaucoma
suspect
Confirmed diagnosis of glaucoma or
follow up required
Confirmed diagnosis of glaucoma or
follow up required
Confirmed diagnosis of glaucoma or
follow up required
Diagnosed with glaucoma or OHT
Diagnosed with glaucoma or OHT
Diagnosed with glaucoma or OHT

Notes

Discussed in Chapter 1.1.3a

Discussed in Chapter 1.1.3a
After intervention.

After intervention (training,
referral criteria and feedback).
Control group – no
intervention.
Intervention extended to all
Optometrists in area.

Proportion of correct glaucoma referrals
90.00%
80.00%

% Positive Referrals

70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
1975

1980

1985

1990

1995

2000

2005

2010

Year

Figure 1.2. The proportion of correct (true positive) glaucoma referrals as reported by the
literature between 1980 and 2005.

1.3c Reasons for false positive referrals
i) Money (and time)
A recent study by Myint and colleagues (2010) found that lack of time to repeat
measurements, or remuneration for doing such, as the most commonly reported
barriers to effective glaucoma detection in the UK. Fewer optometrists in Scotland
reported this, which is coincident with a study by Ang and colleagues (2009)
investigating the effect of the new GOS contract in Scotland on glaucoma referrals.
This study found that after the introduction of the new contract, which is discussed
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in section 1.1.1, there was a significant reduction in false positive referrals and a
significant increase in true positive referrals.
ii) Litigation
It is true that litigation against clinicians in the UK is steadily increasing (The
National Health Service Litigation Authority Report and Accounts 2010–2011), and
therefore the sensitivity of optometrists to the risk of litigation may possibly have
increased in line with this. This trend is not reflected by an increase in numbers of
Fitness to Practice complaints, which have been variable in recent years (GOC
annual reports, 2009-2010:158, 08-09: 150, 07-08: 172, 06-07: 129, 05-06: 146).
Fear of litigation, and an increase in modern screening equipment in practice (Myint
et al., 2011), may increase the likelihood of Optometrists screening their patients
for as many pathologies as possible whereas the decision to screen should take into
account risk factors and the social cost (Stewart-Brown and Farmer, 1997).
iii) Optometrists: Their accuracy of measurement and clinical decision making
A small number of published papers have assessed the quality of optometrists’
clinical decision making, two did so retrospectively (Banes et al., 2006, Ho and
Vernon, 2011), and most prospectively (Azuara-Blanco et al., 2007, Hau et al., 2007,
Banes et al., 2000, Spry et al., 1999, Gray et al., 1997, Oster et al., 1999).
An optometry led new patient clinic at Moorfields was the subject of a six month
study by Oster and colleagues (1999). Although few data are published, a consultant
ophthalmologist assessed 152 patients that were seen the same day by a trained
hospital optometrist (exact level of experience was not specified). Measurement
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validity was not compared, but diagnosis was, for which accuracy was high at 79.6%,
with only 3.3% of patients being incorrectly assessed, and 17.1% were partially
correct (slight errors or misclassifications).
Hau and colleagues (2007) were concerned only with accident and emergency
patients and, despite being a prospective study, only compared the ability to
diagnose and manage correctly and did not include validity of measurement (i.e.
whether the clinical measurements obtained by optometrists were correct
according to the gold standard, a consultant ophthalmologist). Patients were
assessed by one of two optometrists (both had >3 years extended role hospital
experience) and immediately afterwards assessed by one consultant
ophthalmologist. A high level of agreement in diagnosis and management between
the two clinicians was found, at 89.3% and 79.3% respectively (n=150 patients).
Although immediate reassessment minimised the likelihood of any signs or
symptoms manifesting, the accuracy of individual measurements (i.e. the difference
between the optometrist’s measurements and the ophthalmologist’s
measurements) was not published.
The remaining studies were concerned only with glaucoma patients. Gray (1997),
Spry (1999) and colleagues published only the reliability and validity of various
clinical measurements relating to glaucoma during the Bristol Shared Care
Glaucoma Study (Spencer et al., 1995). This involved patients being seen by at least
three clinicians within two months, an optometrist in the community, an
ophthalmologist at the HES, and members of the research team as part of a
comprehensive Gold Standard reference assessment. Neither study found
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significant differences in measurement or outcome across the three groups, and
therefore concluded that trained community optometrists can reliably take
measurements and make management decisions.
The study by Banes and colleagues (2000) also implied that clinical measurements
were performed by the optometrist and repeated by an ophthalmologist, but does
not specify the length of time between. Both clinical measurements and decision
making are recorded and compared. Results were again very good, with high
measurement accuracy and 98.9% agreement for management recommendations.
In response to the new glaucoma referral pathway in Scotland, Azuara-Blanco and
colleagues (2007) assessed the accuracy of the diagnosis and management
decisions made by accredited glaucoma optometrists in community. Measurements
were repeated by an ophthalmologist within one month, clinical decisions were
compared, but unfortunately measurement accuracy was not published. Although
unlikely, a significant time gap between repeating the measurements may allow
signs or symptoms to develop. Agreement in diagnosing glaucoma and treatment
recommendation was again substantial, at 89% and 88% respectively.
Banes and colleagues (2006) used a ‘paper only’ method where two consultants
reviewed the records of glaucoma patients seen by optometrists and made
decisions based on the results recorded. The consultants’ decisions were compared
to the optometrists’ and each others. This has the benefit of allowing a large
number of cases to be assessed conveniently, but inaccuracies are introduced as the
consultants are limited to the history and measurements recorded by the
optometrist. This method is fine for studying clinical decision making, but cannot
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quantify the clinical skill of the practitioner or the accuracy of measurements. The
authors partially addressed this by asking the optometrists to grade 134 pairs of
previously published optic disc stereo photographs as glaucomatous or nonglaucomatous. The level of sensitivity in diagnosing the discs as glaucomatous was
77.8-88.2% and specificity was 76-89%, but unfortunately the consultants were not
asked to do the same for comparison. The accuracy of other vital measurements,
such as Goldmann tonometry was not validated. Agreement between consultants
and optometrists was 79% for medical management, 78% for next appointment
schedule, 72-98% for other aspects of patient management but 55% for evaluation
of visual field status. Banes and colleagues concluded that within appropriate
environments, and possibly with additional visual field evaluation training,
optometrists can safely work as part of the hospital glaucoma team.
A recent study found agreement to be greater than 88% for visual field
interpretation, medical and surgical management decisions, timing of next
appointment and ordering of visual field tests (Ho and Vernon, 2011). The paper’s
main purpose was to validate decision making for a glaucoma shared care service,
and again the optometrists all had at least five years of hospital experience in
addition to specialist training provided by a consultant ophthalmologist.
The optometrists in all of these studies were specially trained, with most having
worked in hospital clinics for at least two years, and attended consultant
ophthalmologist led training sessions. In summary the literature concludes that
measurement and diagnostic agreement between optometrists and
ophthalmologists is generally good. As all optometrists in these studies were
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specially trained, it is not wise to extrapolate these conclusions as evidence
supporting similar enhanced services nationwide without incorporating mandatory
training into the service protocol. Alternatively, it would be interesting to conduct a
similar study using optometrists who were not specially trained, and who relied on
core competencies learned as part of the undergraduate course, everyday practice
and continuing education.

1.4 Referral Reduction Schemes
As discussed above, many ways of reducing the numbers of false positive glaucoma
referrals have been repeatedly identified but dissemination of these has not
resulted in improvements. The central problem of being asked to do more work for
no remuneration has recently been successfully addressed by varying methods
(Parkins and Edgar, 2011, Devarajan et al., 2011, Bourne et al., 2009, Henson et al.,
2003, 2006).
The community glaucoma management scheme set up by Henson and colleagues in
Manchester was suggested as a way in which levels of false positive referrals could
be reduced (Henson et al., 2003). Similar improvements to the glaucoma referral
pathway were also suggested in the National Eye Care Steering Groups’ first report
(2004b).
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1.5 Psychological effect of referral
No research has yet considered the adverse psychological effects of false positives
generated by referrals from optometrists, but evidence suggests this may be the
case in other areas such as screening for congenital conditions and oncology
(Stewart-Brown and Farmer, 1997). False positives, and possible adverse effects, are
particularly notorious when they are generated by national screening programs, for
example, the national screening program for breast cancer. Numerous studies have
investigated the levels of false positives generated by screening mammography and
their adverse psychological and economic effects, and they are discussed in more
detail below.
Although no direct research has yet been performed into the effect of false positive
referrals from optometrists, there is proof that depression and anxiety are more
prevalent in visually impaired people (Evans et al., 2007). Raised levels of anxiety
are also present in patients attending optometric practice for an eye examination
(Margrain et al., 2003).

Breast Cancer and other areas

In the UK all women aged 50 to 70 are invited to have mammography performed as
part of the NHS Breast Screening Programme. Up to 10% of mammography screens
can result in false positive referral for further investigation (Brown et al., 1995),
therefore there is a large body of research into the psychological effect of this. It
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has been shown that breast cancer screening does not raise anxiety if patients
receive a clear result and are not prematurely recalled (Cockburn et al., 1994,
Lerman et al., 1991, Brett et al., 2005). Two systematic reviews of the studies
investigating the effect of mammography have been performed, one in the UK
(Brett et al., 2005) including 54 papers, and one in the USA (Brewer et al., 2007)
including 23 papers. The papers used a wide variety of measures of psychological
distress, both questionnaires and interview. Some used test-retest strategies to
detect the baseline and time scale of any raised levels of distress, and others used a
cohort study to compare with controls, or both. The UK review by Brett and
colleagues concluded that women definitely experience significant anxiety in the
short term and also possibly in the long term (Lerman et al., 1991) up to 18 months
after the screening (Gram et al., 1990). The review by Brewer and colleagues was
less conclusive, stating that some women may have persistent small effects on
psychological well being, and included some studies that showed no effect. In
addition to the psychological effect, false positive cancer screens also have an
economic impact, with Lafata and colleagues finding the average cost to be $1024
per woman (2004).
Research on the psychosocial impact of screening in other areas is less prevalent.
Studies on screening for congenital hypothyroidism (Tymstra, 1986) and pre-natal
screening for Down’s syndrome (Marteau et al., 1988) both showed there was
psychological distress caused to the parents by false positive screens.
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1.6 Summary
The literature reviewed in sections 1.1-1.3 reveals that a large number of referrals
to the HES are false positive. It has also been shown that there is potentially room
for improvement in the current referral pathway which would allow for a reduction
of these unnecessary referrals. As almost all of the research in this area has
included only glaucoma referrals, the present study aimed to evaluate the quality of
referrals across all ocular pathologies, and also to quantify numbers of false positive
referrals for all ocular pathologies. Once these data were gathered and analysed, a
further aim was to develop an improvement to the present referral pathway in
order to reduce numbers of false positive referrals.
Reducing false positive referrals is desirable to reduce wasted NHS resources, but it
may also be of benefit in reducing the number of patients who may be having an
adverse psychological reaction to being referred. Chapter 1.5 shows that referrals to
secondary care in other specialities results in raised psychosocial distress, however
it is unknown whether this effect is present in Ophthalmology departments. The
present study therefore aims to detect whether referral to the HES also has a
similar impact.
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Chapter 2. General Methodology
In order to determine referral quality and accuracy a random sample of records of
newly referred patients was audited from Bradford Royal Infirmary Ophthalmology
Department. More specific details of the audit methodology are given in Chapters 3
and 4. Questionnaires were sent to a random sample of new ophthalmology
outpatients in advance of their appointments to elicit whether referral to the HES
resulted in raised levels of psychological distress. Questionnaire choice is very
important and is discussed in detail below. As the questionnaires had not yet been
validated in this population, Chapter 3 attempted to evaluate the suitability of the
questionnaires used before Chapter 4 goes on to detect whether referral had a
psychological impact on the study cohort. The sampling and methodology is
discussed in more detail in the respective Chapters.

2.1 Questionnaire Methodology
In order to measure levels of psychosocial distress, the present study used self
report questionnaires (psychometric scales), which are individually discussed later.
Questionnaires are very widely used in healthcare and research, however the gold
standard measure of psychological effect is an interview conducted by a trained
clinician or researcher. Using interviews was obviously desirable but was
unfortunately outside the financial constraints of the present study. In addition to
using appropriate questionnaires, the reliability of questionnaire based research can
be improved by using specific statistical techniques to validate the questionnaires
and improve the scoring, such as Rasch analysis (discussed in more detail below)
and factor analysis. Factor analysis allows the dimensionality of a questionnaire to
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be assessed, i.e. do all questions elicit the same symptom (dimension), or does the
questionnaire assess more than one symptom. If a questionnaire has more than one
dimension then the questions eliciting different symptoms should be separated and
analysed separately.

2.2 Rasch analysis
Rating scale questionnaires contain a number of questions, with a number of
response categories for each and each response category usually has a different
score. This technique is called a Likert scoring scale and the scores for each
response category are usually the same for every question (item). Unless every item
elicits exactly the same level of symptom, this does not seem valid. For example, on
a depression questionnaire that has a 4-point Likert scoring scale (0 to 3), if a
depressed patient fully endorses an item "I feel suicidal" and also the item "I laugh
less than I used to", they will receive the same score of 3 for both. Yet surely one
refers to more severe symptoms than the other. Questionnaires have items
measuring different points lying along a symptom continuum.
Rasch analysis is an item response theory (IRT) based model that attempts to
address this problem. Rasch analysis uses the responses from all patients for all
items to rank the questions in terms of symptom severity (sometimes termed “item
difficulty”) and then also to rank the patients according to the severity of symptoms
they exhibit. This provides an item map (e.g. Figure 5.1), which shows all items and
participants ranked on the same continuum according to symptom severity, with
the top of the graph being the most severe. From the item map it is easy to see ‘at a
glance’ whether the questionnaire elicits an appropriate level of symptom severity
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for the population. If all the items are towards the top of the map, and participants
towards the bottom, the questionnaire has questions that are too severe (or too
difficult) which is also known as a floor effect. If the items are at the bottom and the
participants are at the top then the questions are too easy and a ceiling effect is
present.
Subsequently misfitting items can be identified, which do not conform to the
model, for example, an item which patients with mild symptoms (according to the
general trend demonstrated by their answers to the other questions) endorse but
patients with severe symptoms do not. Infit and Outfit are terms that identify how
well an individual item fits the Rasch model. Items with values greater than 1 exhibit
more variability than expected by the model, and if an item is too variable then
information from it will be unreliable or may measure a different symptom. Items
with values below 1 exhibit less variation in the observed response pattern meaning
they are more predictable and if too predictable will provide limited information.
The limits used for infit and outfit need to take into consideration both the type of
test being used and the sample size (Bond & Fox, 2004, (Linacre, 2003), with 0.6-1.4
being suggested for a Likert survey (Bond & Fox, 2004, Wright & Linacre, 1994) and
limits becoming stricter as sample sizes increase over 100 (Linacre, 2003). Infit is the
more important measure as it is less affected by the occasional outlier, unlike outfit
values (e.g., Bond & Fox, 2004; Pesudovs et al., 2007). Misfitting items can therefore
be removed from the analysis in order to improve the questionnaire for this
population. Likert based scoring involves a number of response categories being
available for the participant to choose from. Another use of Rasch analysis is in
identifying the appropriateness of the response categories, for example in a
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population with mild symptoms the third and fourth response categories could be
combined if the analysis revealed they offer no improvement in patient separation.
Indeed, collapsing response categories like this can improve the separation of the
patients i.e. the discriminative ability of the questionnaire.
Rasch analysis also contains a form of factor analysis called Principle Components
Analysis (PCA) which detects whether a scale is multi dimensional. As stated
previously, if more than one dimension is found within a scale then the questions
for each dimension should be separated and analysed separately.

2.3 Questionnaire Choice
The battery of questionnaires chosen for use in Chapters 3.3 and 3.4 all have merits
and problems, as detailed below. However the combination of the two will
hopefully compensate for their individual failings. They are all validated and well
established with thousands of published uses between them, allowing us to
compare our data with other populations. None of the scales has been used with a
population of ophthalmology patients before. Copies of each questionnaire are in
appendix B.
2.3 i) Hospital Anxiety and Depression Scale
The Hospital Anxiety and Depression Scale (HADS) was developed by Zigmond and
Snaith (1983) as a self assessment instrument for detecting states of depression and
anxiety over the past seven days in non psychiatric hospital outpatients. It is
probably the most widely used self report anxiety questionnaire in research over
the past two decades. A common problem with mood disorder questionnaires prior
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to the HADS was that scores were regularly affected by the physical illness of the
patient. The items were therefore initially selected to address this failing (Zigmond
and Snaith, 1983, Snaith, 2003). As the name suggests, the HADS consists of two
subscales, one for measuring anxiety (A-scale) and one for measuring depression
(D-scale), each containing seven items. Each item is scored on a four point Likert
scale (0-3).
During its construction the HADS initially had eight items composing the depression
subscale, and eight items composing the anxiety subscale. The items for the
depression subscale were mainly statements or questions based on the anhedonic
state (lack of pleasure response). The items for the anxiety subscale were mainly
derived from the authors’ personal research (Snaith et al., 1982). This questionnaire
was given to a number of patients in a general medical outpatient clinic, who were
also interviewed by the researchers after their appointment, to assess their overall
severity of anxiety and depression. The questionnaire responses were analysed and
compared to the results of the psychiatric assessment interview. The weakest
correlating item from each subscale was removed.
Analysis of scores of both subscales from a new clinical sample allowed the authors
to nominate a scale score of 0-7 to be normal. A score of 11 or higher could be
regarded as indicating the probable presence of anxiety or depression and a score
of 8-10 being suggestive of the presence of anxiety or depression. Subsequent
experience seems to have resulted in the development of four scoring bands,
however the English test manual (Snaith and Zigmond, 1994) states the research
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concerning the development of these ranges is unpublished. The scoring ranges
currently in use are 0-7 ‘normal’, 8-10 ‘mild’, 11-14 ‘moderate’ and 15-21 ‘severe’.
There have been two published systematic reviews of the literature regarding the
psychometric properties of the HADS (Herrmann, 1997, Bjelland et al., 2002).
Herrmann reported information from approximately 250 studies and Bjelland et al
found 747 that had reported using HADS. Both reviews summarize the available
validation data and give an overview of how different translations of the scale
perform.

Sensitivity, specificity and cut off points for identifying ‘cases’
In the 2002 review by Bjelland and colleagues, the large majority of papers specified
the optimum balance between specificity and sensitivity to be very close to a score
of 8 for both subscales. The mean cut off point for HADS-A was 7.87 and for HADS-D
was 8.13. This is remarkably similar to the cut off of 8 suggested for detecting
‘possible cases’ in the original HADS paper and test manual (Zigmond and Snaith,
1983, Snaith and Zigmond, 1994). When a cut-off of 8 was used the sensitivities
were generally found to be between 0.70 and 0.93 with an outlier for HADS-A at
0.64 and HADS-D at 1. The specificity varied between 0.68 and 0.95. For these
studies the average sensitivity and specificity for HADS-A was 0.84 and 0.86, and for
HADS-D 0.86 and 0.82 respectively.
In contrast, Herrmann’s review (1997) correctly states that it is ‘not possible to give
unequivocal general values for sensitivity and specificity’ due to the fact that
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investigators had used so many different cut-offs and several different ‘gold
standards’ for comparison. Herrmann did report however that seventeen studies of
the English HADS report sensitivities and specificities of 0.8 or greater, which is
satisfactory.
The only published research into identifying cases since the 2002 review was by
Poole and Morgan (2002) and the results were very good. For a cut-off of 8 the
sensitivity and specificity for HADS-A was found to be 0.96 and 0.79 and for HADS-D
1.00 and 0.87 respectively (Poole and Morgan, 2006). A cut off of 8 has therefore
been used by the present study in order to detect clinical significance.

2.3 ii) State-Trait Anxiety Inventory (STAI)
The original version of the STAI (Form X) was developed by Spielberger et al. (1970)
as a self report questionnaire to assess two constructs; State anxiety, and Trait
anxiety. Trait anxiety is described as “relatively stable individual differences in
anxiety proneness”, whereas State anxiety is the level of anxiety in an individual’s
current emotional state (Spielberger, 1983). Up to 1989, the STAI had appeared in
over 3000 widely varying studies and has been translated into over 30 languages
(Spielberger, 1989). Despite being used in thousands of studies, not many of these
have used their data to comment on the reliability of the instrument (Barnes et al.,
2002).
It was revised in 1983 (Form Y), with 30% of the items being replaced in an attempt
to give a purer measure of anxiety that was less affected by depression. The
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revision also replaced items that were found to be unsuitable or ambiguous for
younger persons, and to give a better balance between anxiety-present and
anxiety-absent items (Spielberger, 1983). The instrument contains 40 items, 20
aimed at State anxiety, followed by 20 for Trait anxiety. 21 of the items are anxietypresent items (e.g. “I feel nervous and restless) and 19 are anxiety-absent items
(e.g. “I feel pleasant”). Items are scored on a four point Likert scale, scored 1-4, with
the anxiety-absent items being reverse scored. Forty items is a large inventory when
time is limited or multiple scales are being administered, therefore a number of
studies have successfully reduced the number while retaining adequate reliability
for certain populations (Chlan et al., 2003, Koizumi et al., 1998, Marteau and
Bekker, 1992). Rasch analysis could be used for this purpose, however these studies
used factor analysis, multiple regression and item remainder correlations
respectively.
Every study cited below acknowledges that the STAI definitely has clinical
usefulness in measuring overall psychological distress. Differing views are given as
to whether the instrument does specifically what it was intended to do. The large
majority of the following studies use populations with psychological disorders,
whereas for the purposes of the current study more notice should be taken of
validation in normal populations.

Cut off points for identifying ‘cases’
Other scales, such as the HADS, provide cut-off points for identifying and grading
patients based on normative data. Normative data tables are provided in the STAI
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manual (1983) for a number of different demographic groups, but cut off points are
not. Kabacoff and colleagues (1997) investigated the possibility of having cut off
scores, but concluded that the tradeoffs between sensitivity and specificity made it
unfeasible. As the present study does not need to diagnose psychological problems,
cut off scores are not required.

Cross cultural equivalence
As discussed elsewhere, due to differing interpretations of anxiety, the robustness
of a psychometric instrument when applied to participants of various ethnicities is
particularly important in an ethnically diverse city such as Bradford. The
psychometric properties of the STAI have been shown to hold up well when
administered to most cultures (Hishinuma et al., 2000), however caution must still
be exercised. In the study by Hishinuma and colleagues participants of Filipino
ethnicity were the only demographic group whose answers did not correlate well.
Further investigation into the cross-cultural equivalence in the UK is required.

2.3 iii) General Health Questionnaire – 28 (GHQ-28)
The GHQ-28 is a 28 item questionnaire designed to have four 7 item subscales; A –
somatic symptoms, B – anxiety and insomnia, C – social dysfunction, and D – severe
depression. These subscales were identified by principal components analysis of a
longer version; the 60 item General Health Questionnaire (GHQ-60). Other shorter
versions of this questionnaire have also been developed by other methods; GHQ-12
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and GHQ-30 (Goldberg and Williams, 1988). The original work upon which the GHQ60 was based sought to find the features that distinguished between psychiatric
patients and healthy individuals (Goldberg, 1972).
Similarly to the previously discussed questionnaires, a four-point response scale is
used. As with the previous scales this is usually scored with a different score for
each response category (0-3), however Goldberg suggested an alternative way of
scoring the scale that he called GHQ-scoring (Goldberg and Williams, 1988). GHQscoring allocates the first two categories a score of 0, and the final two categories a
score of 1 (0-0-1-1) as the first two correspond to ‘absence of symptoms’ and the
final two ‘presence of symptoms’. This was reported to improve the validity of the
questionnaire by slightly improving the sensitivity and specificity when used to
diagnose mental illness. Although some items are based on symptom-absent
questions, there are no reverse scored items. This means for every question the first
response category always indicates the strongest symptom-absent response, and
the last category always indicates the strongest symptom-present response. This
runs the risk of the participants not reading the questions properly and endorsing
all the answers in the same column to save time.
Cross cultural equivalence
All research into cross cultural stability has been favourable. The GHQ-28 has been
described as being highly stable across cultural backgrounds (Iwata and Saito, 1992)
and a suitable screening test in elderly Iranians (Malakouti et al., 2007). The Urdu
translation by Riaz and Reza (1998) was found to be comparable to the English
version in a population of bilingual Pakistani students.
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Factor structure and internal consistency
The majority of studies that have investigated the factor structure of the GHQ-28
have agreed with the original four factor structure developed by Goldberg (Vallejo
et al., 2007, Aderibigbe and Gureje, 1992, Iwata and Saito, 1992). The largest study
to date that reported details of factor analysis was by Werneke, Goldberg and
colleagues (2000) with 5273 participants across 15 international centres. Between
four and six factors were found, with the median being four. Two of these factors
were very robust across all centres, the others were more variable. When reported,
internal consistency is high or acceptable (Iwata and Saito, 1992, Vallejo et al., 2007,
Riaz and Reza, 1998).

Sensitivity, specificity and Cut off points for identifying ‘cases’
A number of studies have reported ideal cut-off points for identifying individuals
with psychiatric disorder, with corresponding sensitivities and specificities. All the
studies have been performed in different populations, and have been detailed in
Table 3.1, with the original authors’ research suggesting a cut off of 4/5. Also in the
table are the various interview techniques used to validate the GHQ-28, and define
which patients are ‘cases’. These include the Clinical Interview Schedule (CIS),
Present State Examination (PSE), Diagnostic Interview Schedule (DIS), the Mini
Mental State Examination (MMSE), the Psychiatric Assessment Schedule (PAS) and
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the Composite International Diagnostic Interview (CIDI). Standardisation of the
scoring technique is needed to allow comparison.
As can be seen, the concurrent validity of the GHQ-28 is generally good. Other
studies have supported this view without specifying cut-offs or sensitivities and
specificities: Benjamin and colleagues (1991) validated the scale against the CIS, and
Ormel (1989) reported that it performed “remarkably well” when compared to the
PSE, both in cross sectional studies and longitudinally in detecting changes over
time.
The lower sensitivity reported by Makowska and colleagues (2002) was attributed
to the influence of the somatic subscale, and its probable lack of correlation with
psychological disorders. Andersen (2002) commented that the validity was affected
by the inappropriateness of some items in certain populations. For example, “Have
you recently been satisfied with the way you have carried out your tasks?” in a
prison population.
Rasch analysis
The GHQ-28 has not yet been analysed by Rasch techniques.
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Author (Year)
(Goldberg and
Hillier, 1979)

Population
GP patients:
London
Manchester
Neurological
outpatients
UK adolescents
UK 15 year old
schoolgirls
Mexican
outpatients
UK Neurological
in-patients
Spanish
outpatients
UK GP patients

Interview Cutoff Sensitivity
CIS
4/5
88
CIS
5/6
80

Specificity
84.2
88.8

(Rabins and
PSE
4/5
92
92
Brooks, 1981)
(Banks, 1983)
PSE
5/6
100
84.5
(Mann et al.,
CIS
4/5
48.5
83.1
1983)
(Medina-Mora
CIS
5/6
72.5
73.8
et al., 1983)
(Bridges and
MMSE
11/12 80.2
80.7
Goldberg, 1986)
(Lobo et al.,
CIS
6/7
76.9
90.2
1986)
(Goldberg and
PAS
4/5
87.1
75.4
Bridges, 1987)
(RomansNew Zealand
PSE
3/4
~87
~63
Clarkson et al.,
women
1989)
(Lim and Chew,
Singapore, VDU
CIS
5/6
1991)
operators
(Goldberg et al., 15 International
CIDI
Ave.
79.7
79.2
1997)
centres
5/6
(Makowska et
Poland, working
CIDI
5/6
59
75
al., 2002)
population
(Andersen et al., Denmark, prison
PSE
9/10
65
69
2002)
population
10/11
(Malakouti et al., Iran, elderly
CIDI
19/20 83
76
2007)
Table 2.1 Proposed cut-off values and associated sensitivity and specificity for GHQ28 along with the populations and interview techniques used (Clinical Interview
Schedule (CIS), Present State Examination (PSE), Diagnostic Interview Schedule
(DIS), the Mini Mental State Examination (MMSE), the Psychiatric Assessment
Schedule (PAS) and the Composite International Diagnostic Interview (CIDI))
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2.4 Ethics
The protocol for all chapters complied with the Declaration of Helsinki. Ethical
approval was given by the Bradford NHS Research Ethics Committee (REC), and local
approval was given by Bradford Royal Infirmary Research and Development (R&D)
Office. Two substantial amendments were made to the protocol at the request of
the REC; the first requirement was that the GHQ-28 was not used as they viewed
the items in the “Severe Depression” subscale as potentially distressing, and the
second was that the initial letter to the patient had to come from a member of the
care team at Bradford Royal Infirmary (CG) instead of the principal investigator (CD).
The REC and R&D office disagreed with each other over other small aspects of the
protocol, but these were ultimately resolved for data collection to begin in earnest
in December 2007.
2.4a The effect of assessing anxiety/depression on participants in studies
Although we are attempting to assess levels of psychological distress through the
use of questionnaires, we must also consider the possible psychosocial impact of
the questionnaire itself. Anxiety and depression questionnaires, similar to most
mental health questionnaires, can contain some potentially sensitive items.
Previous research on mental health surveys concluded that very few participants
reported any adverse effect on emotional state caused by the interview (Henderson
and Jorm, 1990, Jorm et al., 1994). The study by Jorm and colleagues in 1994 found
that only 4% of participants were distressed by the survey, 1% were depressed by it
and 2% said it intruded on their privacy. Conversely, 52% of respondents said it
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made them feel good about themselves. A more recent study by Jacomb and
colleagues, again using a mental health survey, found similar results. 5% of
respondents felt it had caused them to feel distressed, 3% depressed and 3% were
concerned about privacy. A large proportion (35%) of respondents again reported
feeling good about themselves after completing the survey (Jacomb et al., 1999). All
the surveys used in these studies contain items focusing on dementia, cognitive
decline, depression, and current life circumstances which are potentially more
upsetting than our anxiety and depression instruments.
Ways to reduce psychological harm to participants include informing them that they
can decline to answer any problematic questions and that they can withdraw at any
time (Jorm et al., 1994, Evans et al., 2002). Subjects also need to be fully informed,
both about the purpose of the research and any potential benefits and risks, before
giving consent. They also need to be aware of the significance of research for their
own care and be informed of the results of the research at the end of the study
(Mayberry, 2002, Evans et al., 2002). Capacity to consent also needs to be checked
according to Department of Health guidelines (2001). Many studies on the effect of
questionnaires have been done using questionnaires about medical conditions
concerning the population being assessed, for example, questionnaires about
breast cancer symptoms in mammography patients.

2.4b Non-response bias
With large scale questionnaire and survey based research response rates are
frequently rather low, therefore possibly introducing a bias in the study population.
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In longitudinal studies with follow up questionnaires, attrition can have a further
effect. The sample may not be representative of the whole population; it is limited
to the responders, who may be a non-random distribution. A small number of
studies have investigated commonality in non-responders in an attempt to see what
type of person this research may be unknowingly excluding.
A postal survey of women’s experience of childbirth (Cartwright, 1986) reported
significant differences in response rates for a large number of variables. The study
found that mothers who described themselves as Caucasian, were breast feeding
their baby, or had a normal birth weight baby that was not admitted to special care
were more likely to respond. If the mothers were in paid employment, did not delay
in registering the birth, or did not attend late for ante-natal appointments, they
were also more likely to be responders. The author identified that relationships
probably exist between some of these variables, and with the language of the
mother, although no data were available regarding this. No bias was associated with
age, smoking habits or previous obstetric history.
Due to the study population in Bradford, which is discussed in more detail later, the
most relevant of these variables will be ethnicity, with language possibly as the true
underlying cause of non-response. Interestingly though, Cartwright does discuss
that among the patients of Asian ethnicity, Hindu mothers had a higher response
rate (76%) than Muslim mothers (44%), which the author suggests may be due to
the Hindu immigrant group being established for a longer period of time in the
study area. Cartwright’s questionnaires were distributed over 25 years ago,
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therefore it is reasonable to believe this bias may be somewhat diminished in
present day Bradford, where the community has been established much longer.
Two studies have looked at survey non-response in a population of family
physicians. The latest in Norway (Bjertnaes et al., 2008) found six variables
improved the likelihood of response, for example, longer experience as a GP, being
registered with the Norwegian Medical Association and regional variations. None of
the variables is directly applicable to our study population. Interestingly a similar
study of physicians in the US (McFarlane et al., 2007) found only gender to affect
response rates, with men being initially more likely to respond.
Attempts to statistically assess the impact of non-response and attrition have
suggested that despite it leading to non-random sampling, relationships between
variables targeted by the surveys are unaffected (Goodman and Blum, 1996,
Goldberg, 2003). The family physician studies (Bjertnaes et al., 2008, McFarlane et
al., 2007) also found that their survey estimates changed little when they increased
response using reminders. The only improvement was a reduction in gender bias,
with men more likely to be early responders and women responding well to
reminders.

2.4c Improving response rates of questionnaire studies
A way to minimise any possible bias would be to improve the response rate as much
as possible. An excellent review of 292 randomised controlled trials with a total of
258315 participants (Edwards et al., 2002) suggested that a number of simple
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methods can significantly improve response rates. Some of relevance to the current
study include; using coloured ink, shorter questionnaires, personalised letters and
first class or recorded post. Participants responded well if they were contacted
before they received the questionnaires, and after if they did not respond.
Questionnaires with questions of a sensitive nature were less likely to be returned,
but thankfully surveys from universities were more likely to be completed than
those from commercial organisations.
Electronic response vs. paper response – validity & response rates
One strategy not evaluated by Edwards and colleagues is to include an internet
response option, allowing patients to answer the questionnaires via a webpage
instead of on paper. As this would allow participants to respond without visiting a
post box, is it reasonable to assume the increased convenience would improve
response rates? Contrary to this, Brogger and colleagues (2007) found that having a
web response option did not improve response rate at all, despite 18.5% of
participants responding in this way. Earlier studies found that having a web
response option significantly decreased the likelihood of response (Griffin et al.,
2001, Kaplowitz et al., 2004) with the authors hypothesising that this may be due to
a perceived reduction in privacy or frustration caused by using the webpage (Griffin
et al., 2001). Kaplowitz and colleagues (2004) acknowledged that a web based
response was substantially cheaper than a postal response.
If web response options are included, we need to be sure that it is possible to group
together web responses and postal responses. Once again there is conflicting
evidence regarding this. A small number of studies have concluded that, although it
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is recommended to keep administration format constant there was a high
correlation between web based and paper questionnaires, with both usually
showing similar psychometric properties (Carlbring et al., 2007, Vallejo et al., 2007,
Andersson et al., 2003). A review of three projects by Buchanan (2003) warned that
using available normative data (from paper questionnaires) to analyse data from
internet administration would introduce errors. Some authors found that online
questionnaires resulted in higher scores (Andersson et al., 2003), some found
similar scores (Carlbring et al., 2007), and others found lower scores (Vallejo et al.,
2007). This is clearly an area that requires further randomised control trials before
firm conclusions can be drawn, however no study has yet strongly denounced the
combining of internet and paper questionnaire data.

2.4d Special communication needs
A significant number of patients at Bradford Royal Infirmary may be unable to read
or write in English but are able to read Urdu (Tuffnell et al., 1994). To accommodate
these individuals as best we could, we have sourced validated Urdu translations of
the Hospital Anxiety and Depression Scale, and the General Health Questionnaire28. Since all translated questionnaires must be validated prior to use, we were
unable to source verified Urdu translations of the State Trait Anxiety Inventory. All
written information documents were available on an audio CD in both Urdu and
English. We were unable to provide translators for this study as they would have
been required intensively for a long period of time, incurring costs that are many
times larger than available funding.
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2.4e Confidentiality of data collected
Until consent was given, the patients were contacted only by a member of the
clinical care team (CG). Only after consent was given were the University of
Bradford researchers allowed access to participant details.
For chapters 3.1 and 3.2, all personal data were fully anonymised. Date of birth,
gender and ethnicity were recorded but names and addresses were not. The data
from the second part of the study were fully anonymised and codes have been used
to link medical details with questionnaire responses. Names and contact details
stored separately for administering the follow up questionnaires will be destroyed
from University records by shredding once the study has been completed. During
the study, hard copies of data were stored in a locked filing cabinet in a private
office in the Richmond Building, University of Bradford. Data were only stored
electronically on university computers (not laptops) and files were coded and
password protected.
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Chapter 3. False positive referrals
and the accuracy of referrals to secondary eye care

3.1. Introduction
A discussion of the research literature of false positive referrals to secondary eye
care and the accuracy of such referrals is provided in Chapter 1.1.3. The aims of this
study were to determine:
i)

The levels of false positive referrals by optometrists and general
practitioners (GPs) to the Hospital Eye Service (HES).

ii)

The levels of accuracy of referrals by optometrists and GPs to the HES
provided in terms of proportion discharged at their first visit and
diagnosis agreement between primary and secondary eye care clinician.

iii)

The factors that influence false positive referrals and accuracy of
referral. Factors considered for inclusion were patient age, patient
gender, patient ethnicity, referral format, referral diagnosis, type of
referring clinician,

3.2. Methods
A random sample of 431 new referrals to Bradford Royal Infirmary (BRI)
ophthalmology department during 2007 and 2008 were retrospectively analysed.
The presence of the following information was recorded from the referral: patient
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name and address, date, referrer name, referral format, referrer address, any
diagnosis given or alluded to and final diagnosis at the hospital (classified based on
the International Classification of Diseases-10 (ICD-10), World Health Organisation).
A significant proportion of referrals to ophthalmology in the Bradford PCT area go
to the optometric led Shipley Ophthalmic Assessment Project (SOAP) where a
specially trained hospital optometrist assesses the patient and either discharges or
lists the patient for appropriate treatment or review in secondary care. According to
their information services department, BRI sees approximately 1400 new
ophthalmic outpatients per year whereas approximately 350 are seen by SOAP,
therefore to get an accurate impression of referrals in this district we also included
approximately 25% (n=106) SOAP patients.
In order to assess false positive levels and accuracy of referral, definitions of each of
these were first determined.

3.2a. Proportion of False Positive referrals
An attempt to define a false positive referral to the hospital eye service is given
below, although any single definition will have problems accurately representing
the data. It is therefore of value to also report the proportion of patients discharged
at the first appointment and the proportion of referrals where the referral diagnosis
matched the hospital diagnosis. Considering all three of these values should help to
give a more balanced view of the data. As detailed in Chapter 1.1.3, previous
studies have used differing methods of classifying the accuracy of referrals. Those
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occasions where patients were not easily classified into these groups, these patients
were discussed with the examining ophthalmologist when possible.

3.2b Definition of False Positive Referral
A false positive referral was identified by either of the following:
1. The ophthalmologist examined the patient, and subsequently discharged the
patient due to the absence of significant ocular pathology. The ophthalmologist’s
decision to discharge must not have been solely influenced by clinical techniques
that were not currently commonly available to the referring practitioner.
2. The examining ophthalmologist diagnosed the patient with, or was suspicious of,
pathology that was unrelated to the diagnosis given or implied by the referring
practitioner. The ophthalmologist was happy that the pathology for which the
patient was referred for was not present, with this decision not being influenced
solely by clinical techniques that were not currently commonly available to the
referring practitioner.
Fundoscopy, either direct or indirect using a non-contact lens, tonometry and
central visual field screening are examples of techniques that should all be available
in UK optometric practices according to College of Optometrists guidelines (2007)
and previous literature (Myint et al. 2011). Examples of techniques not currently
widespread in UK optometric practices are pachymetry, gonioscopy, optical
coherence tomography and fluorescein angiography. General Medical Practitioners,
unless they have a special interest in Ophthalmology, tended to only have case
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history, direct observation, fundoscopy, pupil assessment and visual acuity
measurements at their disposal.
3.2c. Definition of Correct Referral
Correct referrals were identified by either of the following:
1. The examining ophthalmologist diagnosed a condition that necessitated referral
and it was the same as or closely related to, the condition diagnosed or inferred by
the referring practitioner.
2. The examining ophthalmologist deemed it necessary for the patient to be seen in
the Ophthalmology department for an additional appointment at some point in the
future due to suspicion of the referral pathology. Any appointment that is more
than 48 hours after the first is classified as an additional appointment.
3.2d. Limitations of these definitions
As stated above, any definition will have limitations and may misrepresent the data.
The major limitation of the false positive definition is that it depends on what
clinical techniques are commonly available to the referring practitioner. This is
necessary in order to compensate for the expectations and requirements of
different clinicians, however it is naturally weighted in favour of those offering few
ophthalmic techniques and may conceal some poor referrals. For example, any
glaucoma referral by a GP would not have been deemed as false positive regardless
of the outcome, because GPs do not have the equipment required to accurately
make a diagnosis of glaucoma. It is also only possible to validate diagnostic
decisions made by the referring clinician, as opposed to the validity of the referral
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itself. In other words, a practitioner may refer simply for a second opinion, which
may be for a valid reason, without having arrived at a diagnostic decion.
To allow practical analysis each referral pathology was classified into one of 18
groups:
3.2e. Classification of Ocular Pathology
Ocular pathology was classified using a simplified version of the International
Statistical Classification of Diseases and Related Health Problems, 10th version (ICD10), by the World Health Organization © Copyright WHO/DIMDI (2006). The
equivalent ICD-10 classification codes are given for reference. Our intention was for
all ocular pathology to be classified according to the following 18 groups.
H00-H06

Disorders of eyelid, lacrimal system and orbit

H10-H13

Disorders of conjunctiva

H15

Disorders of Sclera

H16-H19

Disorders of the cornea

H20-H22

Disorders of iris and ciliary body

H25-H28

Disorders of lens

H30-H32

Disorders of choroid

H33

Retinal detachments and breaks

H34

Retinal vascular occlusions

H35-H36.8

Other disorders of retina
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H36.0

Diabetic retinopathy

H40.0

Suspect Glaucoma

H40.1

Primary open angle glaucoma

H40.2-H42

Angle closure, secondary and other Glaucoma

H46-H48

Disorders of Optic nerve and visual pathway

H43-H45

Disorders of vitreous body and globe

H46-H48

Disorders of Optic nerve and visual pathway

H49-H53

Disorders of ocular muscles, binocular movement, binocular vision,

amblyopia, accommodation and refraction
H53-H59

Visual disturbances and other disorders of eye and adnexa

3.3. Data analysis
Data were analysed with the help of statistician Mr Andy Scally (School of Health,
University of Bradford) with a logistic regression model using Stata version 9.0
statistical programme (Stat Corp., College Station, USA). Variables of interest were
incorporated sequentially and their statistical significance was assessed. The
predictor variables were; type of referring clinician, referrer gender, years the
referrer has been registered, type of practice, pathology classification, format of
referral, legibility, age of patient, gender of patient, and ethnicity of patient. The
outcome variables were; defined as false positive, diagnosis agreement, and
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discharged at first visit. Significance of the two-level factors was determined by the
‘Z’-statistic, while the significance of a higher number of factors was tested using a
likelihood ratio (2) test after dropping individual factors from the model. Factors
with a p-value less than 0.1 were provisionally retained, whereas those above 0.1
were dropped. The final model adopted was the most parsimonious one that was
felt to adequately explain the data, with the final level of significance set at p < 0.05.
Factors were first considered in a multiple logistic regression model. When
collinearity or missing data were a problem, univarite logistic regression analyses
were used.
The results have been described using odds ratios (OR). The odds of an event taking
place in a group is the number of times it occurs in that group divided by the
number of times that it does not occur in that same group. Odds ratios are the odds
of an effect being found in a study group divided by the odds of it being found in a
comparison group. For example, the odds ratio of a false positive referral being
made by an optometrist would be the odds of a false positive referral being made
by an optometrist divided by the odds of a false positive referral being made by the
other primary care referrers. The odds of an event taking place is the number of
times it takes place in a group divided by the number of times that it does not occur
in the same group. Using the same example the odds of an optometrist making a
false positive referral would be the number of false positive referrals optometrists
make divided by the number of true positive referrals optometrists make. An OR
greater than one means that the ‘event’ (e.g., A false positive referral) occurred
more often in the group being investigated than in the comparison group. An OR of
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one means it occurred equally in the two groups whereas an OR between 0 and 1
means the event occurred more often in the comparison group (Cockburn, 2006).
3.4. Results
The number (and percentage) of false positives and accurate referrals from all
primary care clinicians, with some figures given for significant factors, are shown in
Table 3.1 below.
Source of
False
Discharged Medication Review Surgery *Diagnosis
referral
positive
agreement
GP
4
37
26
29
39
92
(n=131)
(3%)
(28%)
(20%)
(22%)
(30%)
(70%)
Optometrist
105
114
30
141
81
253
(n=366)
(29%)
(31%)
(8%)
(39%)
(22%)
(69%)
Pre-reg
11
11
1
9
5
18
Optom
(42%)
(42%)
(4%)
(35%) (19%)
(69%)
(n=26)
DRSS
0
4
0
5
0
7
technician
(44%)
(56%)
(78%)
(n=9)
Female
47
47
7
48
21
81
Optoms
(39%)
(39%)
(6%)
(40%)
(17%)
(66%)
(n=122)
Male Optoms 36
41
13
63
41
121
(n=159)
(23%)
(26%)
(8%)
(40%)
(26%)
(76%)
Independent 38
46
14
68
41
123
practice
(22%)
(27%)
(8%)
(40%)
(24%)
(73%)
(n=169)
Multiple
74
76
16
72
42
136
practice
(36%)
(37%)
(8%)
(35%)
(20%)
(66%)
(n=206)
Table 3.1. The accuracy of all referrals from all sources by the three different
measures of referral accuracy
*For the purposes of diagnosis agreement glaucoma and glaucoma suspect have
been classified as the same.
It was not possible to ascertain the practice type in 16 referrals (DRSS technician
referrals were not included in practice-type analyses, but pre-reg student referrals
were). It was not possible to ascertain the Optometrists gender in 85 referrals (pre71

reg student referrals were not included in the gender analyses as we were unaware
of the gender of the supervisor who was legally responsible for the referral).

3.4a. False positive:
The relationship between false positive referrals and eye disease category is shown
in Table 3.2.

Diagnosis Category

False positive
referrals

H00-H06 Disorders of eyelid, lacrimal system and orbit (n=13)

2 (15%)

H10-H13 Disorders of conjunctiva (n=3)

1 (33%)

H16-H19 Disorders of the cornea (n=15)

2 (13%)

H25-H28 Disorders of lens (n=93)

15 (16%)

H30-H32 Disorders of choroid (n=4)

3 (75%)

H33

Retinal detachments and breaks (n=7)

3 (43%)

H34

Retinal vascular occlusions (n=14)

3 (21%)

H35.3.1 Age related macular degeneration (n=25)

7 (28%)

H35-H36.8 Other disorders of retina (n=23)

11 (48%)

H36.0

Diabetic retinopathy (n=30)

6 (20%)

H40.0

Glaucoma suspect (n=79)

22 (28%)

H43-H45 Disorders of vitreous body and globe (n=18)

12 (67%)

H46-H48 Disorders of Optic nerve and visual pathway (n=7)

5 (71%)

H49-H53 Disorders of ocular muscles, binocular movement, binocular
vision, amblyopia, accommodation and refraction (n=7)

2 (29%)

H53-H59 Visual disturbances and other disorders of eye and adnexa (n=25) 11 (44%)
None (n=3)

0

Table 3.2. Number and percentage of referrals from Optometrists defined as false
positive in each referral diagnosis category
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A multiple logistic regression was performed to detect the differences in false
positive levels for all variables and associated significance values. As shown in Table
3.1, almost all GP referrals were not false positive and therefore these data had to
be removed from the multiple regression due to this almost perfect prediction and
the resulting distortion of the remaining analyses.
No significant effects were found for patient gender, practice type, legibility, type of
referring clinician or age of patient (all p>0.10). Referrals using direct methods were
2.7 times less likely to be false positive than other referral formats (p=0.007). When
compared individually, direct referral methods were 3.2 times less likely to result in
a false positive referral than new GOS18 referrals, 2.8 times less likely than old
GOS18 referrals and 3.5 times less likely than a letter.
The proportion of false positive referrals generated by primary care clinicians
decreases with experience at a rate of 9.1% per year since registration (Z=-5.62,
p<0.0001). When considering only results from optometric practice the effect
reduces slightly to 6.2% per year (p<0.0001).
Univariate analysis showed there was a significant difference between proportions
of false positive referrals generated by independent and multiple optometric
practices, with independent practices generating about half the number of false
positives as multiple practices (Odds Ratio, OR=0.52, p=0.005, N=376). When
controlling for years since registration (N=294 as registration date was not
ascertained for 82 referrals) the effect reduced, with independents generating 30%
fewer false positive referrals but the difference became not significant (OR=0.7, Z=1.28, p=0.20, N=294).
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Male optometrists were about half as likely to generate a false positive referral than
females (OR=0.51, Z=-2.64, p=0.008, N=305). Female optometrists were younger
and a greater proportion worked in multiple practices. The effect still remained and
was still significant when controlling for years since registration (OR=0.57, Z=-2.18,
p=0.029, N=298). However when including practice type and years registered as
confounders the effect only approached significance (OR=0.62, Z=-1.79, p=0.073,
N=294).
To allow for statistical analysis the diagnosis categories were further condensed into
the five biggest groups, which were; disorders of lids/lashes, disorders of lens,
glaucoma, visual disturbance/other and the remainder were grouped together. A
just statistically significant link between false positives and diagnosis category
(Likelihood Ratio, LR 2=9.7 p=0.046) was found. The rank order from lowest to
highest false positive proportion was; 1. lens, 2. lid/lashes, 3. glaucoma, 4.
everything else, and finally 5. visual disturbance/other, which had the most false
positives. On further investigation the patients that were referred with this
diagnosis category were found to have the following diagnoses at the hospital
(Table 3.3).
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Hospital diagnosis category
N=60
H00-H06 Disorders of eyelid, lacrimal system and orbit
3
H10-H13 Disorders of conjunctiva
3
H16-H19 Disorders of the cornea
1
H25-H28 Disorders of lens
7
H30-H32 Disorders of choroid
1
H34
Retinal vascular occlusions
3
H35.3.1 Age related macular degeneration
2
H35-H36.8 Other disorders of retina
2
H36.0
Diabetic retinopathy
1
H40.0
Glaucoma suspect
2
H43-H45 Disorders of vitreous body and globe
6
H46-H48 Disorders of Optic nerve and visual pathway
2
H53-H59 Visual disturbances and other disorders of eye and adnexa
13
None
14
Table 3.3 The ophthalmological diagnoses of patients referred with “Visual
disturbances and other disorders of eye and adnexa”.
Tables 3.4 and 3.5 show that “Visual disturbances and other disorders of eye and
adnexa” was the referral reason for 6.8% of optometrists referrals and 22.9% of GP
referrals. No relationship was found between levels of false positive referrals and
patient ethnicity.
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GP reason for referral
H1013

None

H0006
1

Lid/lacrimal

H00-06

51

4

Conjunctiva

H10-13

Sclera

H15

Cornea

H16-19

Iris/Ciliary

H20-22

Lens

H25-28

Retinal det/breaks

H33

Vascular occlusions

H34

1

ARMD

H35.3.1

1

Other retina

H35-36.8

Diabetic retinop.

H36

1

Suspect glaucoma

H40

1

Vitreous/globe

H43-45

Visual pathway

H46-48

BV/muscles/ref.

H49-53

Vis. disturb./other

H53-59

Hospital diagnosis

5

H15

H1619

H2022

H2528

H33

H34

H35.3.1

H3536.8

H36

H40

H4345
1

H4648

H4953

1
1

H5359
8

Total

%
Agree

2

58

88%

2

8

63%

10

0
2

2

100%

0
13

1

5

19

68%

0
4

3

4

0%

1

6

67%

1

100%

1

0%

1

2

0%

3

6

50%

1

2

50%

1

3
1
8

Total

54

9

1

2

1

15

1

% Agree

94%

56%

0%

100%

0%

87%

0%

0

4

1

100%

100%

0

0

8

100%

4

4

100%

131

4

1

8

30

75%

100%

100%

13%

Table 3.4. A comparison of the GP referral diagnosis and the final hospital diagnosis.
For the purposes of diagnosis agreement glaucoma and glaucoma suspect have been classified as the same. A diagnosis category of ‘None’ for
GPs means no specific reason for referral was ascertainable from the referral letter/form eg. due to illegibility or missing information. When
two reasons for referral were given, either of them agreeing with the primary hospital diagnosis counted as an agreement.
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Optometrist reason for referral
H00- H10H25None 06
13
H16-19 28

HES diagnosis
None
Lid/lacrimal

H00-06

Conjuntiva

H10-13

Cornea

H16-19

Lens

H25-28

Choroid

H30-32

Ret. det./breaks

H33

Vascular
occlusions

H34

ARMD
Other retina

H35.3.1
H3536.8

Diab. Retinop.

H36

Sus. Glaucoma

H40

Vitreous/globe

H43-45

Visual pathway

H46-48

BV/muscles/ref.

H49-53

Vis. Distu./other

H53-59

Total
% Agree

1
1

2

11
1

3

1

H3032

H33

H34

H35.3.1

H3536.8

H36

H40

H4345

H4648

2

2

2

2

7

2

23

4

H5359

Total

2

5

54

1

1

1

1

19

58%

1

10

30%

1

11

82%

2

98

91%

1

3

67%

1

5

80%

11

91%

1

21

90%

2

17

47%

1

26

92%

1

1

57

89%

11

3

15

73%

5

80%

5

100%

7

9

78%

366

2

1

3

1

9

1

1

89

1
4
10

2

1

1

1

2

H4953

1

2

1
19

1

2

8

1

1

24

1

2

1

1
51

1
1

4
5

1
3

1
13

3

15

94

4

7

14

25

23

30

78

18

7

7

25

85

100

60

95

50

57

71

76

35

80

65

61

57

71

28

%
Agree

Table 3.5. A comparison of the Optometrist referral diagnosis and the final hospital diagnosis.
For the purposes of diagnosis agreement glaucoma and glaucoma suspect have been classified as the same. A diagnosis category of ‘None’ for
Optometrists means no specific reason for referral was ascertainable from the referral letter/form eg. due to illegibility or missing information.
When two reasons for referral were given, either of them agreeing with the primary hospital diagnosis counted as an agreement.
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3.4b. Diagnosis agreement:
A multiple regression was performed on all variables and diagnosis agreement
between referral and hospital diagnosis. Many variables exhibited strong colinearity and therefore practice type, clinician and referral format were removed
from the analyses.
Table 3.6 shows the number of referral diagnoses that agreed with the hospital
diagnosis for the condensed pathology classifications. Univariate analysis showed
that lid/lacrimal referrals had no significant difference in diagnostic agreement to
glaucoma (OR=1.13, p>0.10) and the ‘everything else’ category (OR=0.93, p>0.10).
Lens disorders were significantly easier to diagnose correctly compared to
lids/lacrimal (OR=5.4, p<0.0001) whereas visual disturbances/other gave the worst
agreement (OR=0.14, p<0.0001) when compared to lids/lacrimal.
Diagnosis
agreement
44
(64%)
104
H25-H28 Disorders of lens (n=115)
(90%)
56
H40.0
Glaucoma suspect (n=84)
(67%)
H53-H59 Visual disturbances and other
12
disorders of eye and adnexa (n=60)
(20%)
Everything else
130
(n=209)
(62%)
Table 3.6. Diagnosis agreement between referrer and hospital clinician for
condensed diagnosis groups.
Referral diagnosis category
H00-H06 Disorders of eyelid, lacrimal
system and orbit (n=69)

Similar to the false positive analysis, referrals from independents were 52% more
likely to have a correct diagnosis, although this effect only approached statistical
significance (OR 1.52, Z=1.89, p=0.059, N=376). The effect was not significant when
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controlling for years since registration (OR 1.34, Z=1.06, p=0.29, N=294). When the
effect that years since registration had on diagnosis agreement was investigated by
itself, this was also found to be approaching significance (OR=1.02, Z=1.82, p=0.069,
N=298).

A significant effect still existed for referrer gender. Male optometrists were more
likely to provide a correct diagnosis (OR=1.71, Z=2.15, p=0.031, N=305). This effect
was reduced when controlling for years since registration (OR=1.67, Z=2.02,
p=0.043, N=298) and only approached significance when years since registration
and practice type were included as confounders (OR=1.60, Z=1.80, p=0.071).

3.4c. Further Investigation (Discharged at first appointment)

Univariate analysis found no significant effect for patient age, patient ethnicity,
patient gender, and type or gender of referring clinician. Years since registration
again showed a significant effect (Z=3.96, p=0.0001).

The only other significant effect was found with referral diagnosis category (χ2=36.3,
p<0.0001). Further analysis showed that there was no significant difference
between referrals for disorders of lids/lacrimal and disorders of lens (p=0.96),
however the three remaining categories were all significantly different. When
compared to lids/lacrimal, glaucoma referrals gave an effect of z=-2.17 (p=0.03),
visual disturbance referrals gave an effect of z=-3.58 (p<0.001) and the group
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containing everything else had an effect of z=-3.12 (p=0.002). These groups are
shown in rank order in Table 3.7.

Disorders of eyelid, lacrimal system and orbit
Least discharged after first
appointment
Disorders of lens
Glaucoma suspect
Everything else
Most discharged after first
Visual disturbances and other disorders of eye and
appointment
adnexa
Table 3.7. Condensed referral diagnosis categories shown in order from least
discharged at first appointment to most discharged at first appointment.

3.4d. Optometrist gender, practice type and years since registration

Combining gender of optometrist, years since registration and type of practice were
significantly linked with levels of false positive referrals (χ 2=24.9, p<0.0001) but
further analysis was required to find the variable(s) driving this link. Multiple
regression analysis showed years since registration as the strongest predictor (Z=3.47, p=0.001) although this effect was reduced when only including male
optometrists and was less significant (Z=-1.79, p=0.073). When using gender and
years since registration as confounders the effect of practice type was not
significant (p=0.38) and can therefore be dropped from the analysis which still
leaves significant effects for both gender (Z=-2.02, p=0.043) and years registered
(Z=-3.9, p<0.0001). There was no interaction effect for years since registration and
gender (p=0.63) therefore the gender effect does not appear to be age related. In
summary, years since registration is the most important variable that drives an
increase in false positive referrals.
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When looking at the three variables and diagnosis agreement there were no
significant effects. When practice type was removed as the weakest predictor a
gender effect was present (Z=-1.99, p=0.046) and a non-significant effect was
present for years registered (Z=-1.65, p=0.099).
When considering whether the referral resulted in further investigation a significant
effect was only found for ‘years since registration’ (Z=3.96, p<0.0001). Practice type
(z=0.19, p=0.88) and optometrist gender (z=1.43, p=0.15) both being not significant.

3.4e. Effects of Shipley Ophthalmic Assessment Project (SOAP)

Table 3.1.8 shows the referrals directed to SOAP appear to be less precise across all
three methods of assessing accuracy. Pearson χ2 test for significance showed all
differences to be significant; for false positive χ2=69.5 (p<0.0001), discharged at first
visit χ2=66.4 (p<0.0001) and diagnosis agreement χ2=17.2 (p<0.0001).

Destination
False
Discharged Medication Review Surgery *Diagnosis
of Referral
positive
agreement
Hospital
65
100
58
146
127
296
(n=431)
(15%)
(23%)
(13%)
(34%)
(29%)
(69%)
SOAP
56
68
0
38
0
50
(n=106)
(53%)
(64%)
(36%)
(47%)
Table 3.8. A comparison of the accuracy of referrals to the hospital eye service and
Shipley Ophthalmic Assessment Project (SOAP).
*For the purposes of diagnosis agreement glaucoma and glaucoma suspect have
been classified as the same
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Hospital
SOAP
Referral diagnosis
Discharged
Surgery/Review/ Discharged Review at
category
Medication
hospital
H00-H06 Disorders of 9
55
2
3
eyelid, lacrimal system (14% of 64)
(86% of 64)
(40% of 5)
(60% of 5)
and orbit (n=69)
H25-H28 Disorders of 14
84
4
13
lens (n=115)
(14% of 98)
(86% of 98)
(24% of 17) (76% of 17)
H40.0
Glaucoma
13
53
15
3
suspect (n=84)
(20% of 66)
(80% of 66)
(83% of 18) (17% of 18)
H53-H59 Visual
15
24
13
8
disturbances /other
(38% of 39)
(62% of 39)
(62% of 21) (38% of 21)
disorders of eye and
adnexa (n=60)
Everything else
49
115
34
11
(n=209)
(30% of 164) (70% of 164)
(76% of 45) (24% of 45)
Table 3.9. A comparison of the management of patients referred to the Hospital Eye
Service and Shipley Ophthalmic Assessment Project (SOAP) for each condensed
referral diagnosis category.

GP
Multiple
Independent Unable to ascertain
Hospital (n=431) 119 (28%) 149 (35%) 145 (34%)
18 (4%)
SOAP (n=106)
23 (22%)
58 (55%)
24 (23%)
1 (1%)
Table 3.10. A comparison of the source of referrals that reach the Hospital Eye
Service and Shipley Ophthalmic Assessment Project (SOAP).

Table 3.10 shows that there was a significantly higher proportion of referrals from
multiple practices going to SOAP (χ2=15.9, p=0.001).
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3.5. Discussion

3.5a. Referring clinician: GPs and Optometrists

According to the definition in 3.1.2b, there were very few false positive referrals
among the GP (and DRSS) referrals. This means that nearly all of these referrals
were appropriate within the remit of that clinician’s speciality, but this probably
says more about the limited ophthalmic clinical techniques available to GPs (and
DRSS technicians). If these patients had attended their optometrist it is possible
that they may not have been referred, but investigated and managed appropriately.
Despite few GP referrals being deemed as false positive, 28% were discharged at
the first appointment after investigation with ophthalmic clinical techniques, and
20% were initiated on medication (11% being ocular lubricants, antibiotics or a
combination of both which are commonly prescribed by GPs). 70% of the GP
referrals agreed with the eventual diagnosis at the hospital, similar to the figure for
optometrists (69%), however (as discussed in the following chapter 3.2), the
majority of GP referrals are for lids/lashes/lacrimal disorders (classification H00H06), which may be easy to diagnose within the H00-H06 diagnosis category even if
the diagnoses are not exactly the same. For example, if a patient is referred with a
“stye”, but the ophthalmologist diagnoses blepharitis, the referral would still be
counted as agreeing with the hospital.

Without the H00-H06 referrals the diagnosis agreement for GPs drops to 53%. If
more stringent rules were used to classify the referrals in this category, whereby
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the referrer must get the diagnosis exactly correct, or very similar, instead of just
the correct category, then agreement for GPs drops markedly to 56% and slightly
for optometrists to 67% (table 3.11). For example, if a patient was referred with ‘dry
eye’ but ‘blepharitis’ was diagnosed at the hospital, there was no exact agreement.
For conjunctivitis, the type of conjunctivitis was not important, however merely
referring with ‘sticky red eyes’ without diagnosing conjunctivitis did not result in
exact agreement. If the referring practitioner had not given an exact diagnosis, eg.
‘lid lesion’, then it was impossible to get an agreement. A simple referral diagnosis
of cataract was accepted as agreeing with the more specific ophthalmological
diagnosis which usually provided the morphology of the cataract.
Source of referral
Exact diagnosis agreement
GP (n=131)
73 (56%)
Optometrist (n=366)
244 (67%)
Table 3.11. Exact diagnosis agreement for GPs and Optometrists: The referrer must
get the exact diagnosis correct instead of within the same diagnosis category to
count as an agreement.

Despite 29% of referrals from optometrists being defined as false positive compared
to 3% from GPs, the proportion of patients discharged, and the proportion of
agreeing diagnoses were very similar. Harrison and colleagues (1988) also compared
primary and secondary care diagnoses with an agreement of 60% from GPs and 75%
from Optometrists, which is comparable to the current study (‘Exact diagnosis
agreement’ in Table 3.11 above). It should be noted that (as detailed in chapter 3.2)
over the same time period the overall proportion of referrals from optometrists has
increased by 33% relative to GPs. Sheldrick et al (1992) looked at only GP referrals
and found slightly poorer diagnosis agreement, with non-accordance in diagnosis
being 42%. The main problem with comparing these three studies is that it is hard
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to determine from the papers exactly how stringent each author has been when
determining diagnosis agreement.
As discussed in the introduction, we are mainly assessing clinical diagnostic decision
making. It is possible for a clinician to have made a valid decision to refer for a
second opinion and not have given a tentative diagnosis. This is another reason why
all three measures of referral accuracy have been presented as “discharged at first
appointment” may discriminate least in these instances. Another alternative
measure of referral validity that could be used in a prospective study would involve
a consultant ophthalmologist grading every new patient they saw in clinic as “valid
referral” or “not-valid referral” according to their clinical judgement. Of course this
would also still be subject to bias.

3.5b. Referral format
The direct referral schemes, for example the cataract choice service, were
significantly less likely to result in false positive referrals. The reasons for this are
discussed in detail in chapter 4, and this is further validation of direct referral
schemes which usually require additional funding. Fewer false positive referrals
reaching the hospital may result in an overall saving for the NHS dependent on the
fee paid for enhanced services.

3.5c. Visual disturbances /other disorders of eye and adnexa
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The indiscriminate diagnosis category of visual disturbance/other results in the
highest proportion of false positive referrals, lowest diagnosis agreement and
highest proportion of discharged patients. The nature of the category means it is
probably a ‘dumping ground’ for patients that have non-specific symptoms where it
is not possible to come up with a better diagnosis and therefore could be a reason
for lower referral accuracy. The most common outcome for a patient being referred
with this diagnosis category was that no pathology was found (13 referrals, 21%).
Understandably a greater proportion of GP referrals fall into this category (23% of
GP referrals and 7% of Optometrist referrals) as they have less facility, experience
and confidence (Featherstone et al., 1992) to investigate eye pathology. Previous
studies have regarded the ophthalmology content of undergraduate medical
training as inadequate (Featherstone et al., 1992, Sheldrick et al., 1993,
Shuttleworth and Marsh, 1997, Dayan et al., 1997). This raises the question as to
whether optometrists are better placed as the first point of contact for primary eye
care, which is a similar situation to the recently initiated GOS contract in Scotland
(2006).

3.5d. Pre-registration optometrists
Pre-reg optometrists had the highest false positive referral rate (Table 3.1) and this
makes some sense as they are inexperienced and likely to be more cautious..
However, the referrals from pre-registration optometrists are ultimately the
responsibility of their supervisor and the amount of control that the supervisor
wishes to impose and this complicates interpretation of the results. Diagnosis
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agreement, for example, is the same for pre-reg students and qualified optometrists
(Table 3.1). In addition, not enough pre-reg referrals were received to make firm
conclusions.

3.5e. Years since registration
Univariate analysis showed that a more experienced clinician was significantly less
likely to generate a false positive referral, and was significantly more likely to get
their diagnosis correct. This seems logical, and improvement in diagnostic
proficiency with increasing experience has been shown before across various
medical disciplines (Meyer et al., 2010, Moss et al., 2005, Morton and Mackie,
1998), but it is a novel finding for optometry. If an inexperienced optometrist is
unsure of a diagnosis, it would be unfair and potentially dangerous to criticise or
discourage referral as there is a natural learning curve with experience in any
profession. Of course to fully understand the situation it is desirable to quantify the
numbers of patients that are not referred but should have been (false negative).
The multiple regression performed with data of optometrist gender, years since
registration and practice type found a significant reduction in false positive referrals
with experience, however there was no significant effect with diagnosis agreement.
This indicates less experienced clinicians are generating more false positive
referrals, but not necessarily providing referrals with less correct diagnoses. This
again may be a case of referring pathology that is insignificant and does not need
hospital attention according to the hospital clinician. An example from these data is
a patient who was referred on the basis of “vitreous changes” with no symptoms,
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and therefore was in the category H43-H45 Disorders of vitreous body and globe.
The hospital clinician diagnosed a posterior vitreous detachment (PVD), using only
techniques that are commonly used by the referring clinician, and therefore this
was defined as a false positive referral because the pathology was not significant.
Both clinicians had diagnosed pathology in the same category. This issue could
possibly be addressed with training.

3.5f. Gender
There was a difference between referrals made by optometrists of different
genders, with female optometrists generating significantly more referrals defined as
false positive. There was also a greater proportion discharged at the first
appointment and having fewer diagnoses agreeing with the hospital clinician. The
analysis also showed no interaction between years since registration and referrer
gender, which means the gender effect is not related to experience.
It has been previously documented that behaviour and decision making is different
between male and female physicians, with the rates of screening (Lurie et al., 1993,
Franks and Clancy, 1993, Kreuter et al., 1995, Bertakis et al., 1995, Shokar et al.,
2009), referral (Boulis and Long, 2004) and the likelihood of initiating or intensifying
treatment (Schmittdiel et al., 2009, Arouni and Rich, 2003) being higher for female
doctors in the majority of studies. This appears to hold true in primary care
optometry. Lurie and colleagues (1997) attempted to find a reason for these
differences and discovered that female physicians felt more personal responsibility
for ensuring that their patients received screening, and reported more comfort in
performing Pap smears and breast examinations. Similarly, female physicians were
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seen as more caring by patients and wrote longer referral letters (Parker and Hyett,
2009). A recent survey of 808 eyecare practitioners, of which 54% were women,
found that women were more likely to agree with the statement that ‘I feel
vulnerable to the possibility of litigation in relation to my work’ (31% vs 24%,
Ewbank, 2010). Similar investigation into the referral behaviour of optometrists is
required in order to ascertain why this difference exists.

3.5g. Type of optometric practice: Multiple and Independent
Referrals from independent practice result in fewer false positive referrals than
those from multiples. Section 3.1.4d indicates that this is because multiples tend to
employ younger staff and, to a lesser extent, more female staff. There has been
some investigation into differences between high and low volume medical practices
with mixed results. Curran and colleagues (2005) found higher-volume medical
practices to be more likely to screen for prostate cancer, whereas a previous study
found high-volume practices less likely to schedule well (preventative) care
(Zyzanski et al., 1998). Zyzanski et al also found high-volume physicians to naturally
have 30% shorter visits and lower up-to-date rates of preventative services. The
contradictions within the literature indicate that this inequality requires further
investigation. The business structures of both modes of practice also differ and
therefore the commercial pressures on clinicians may be different. As previously
discussed, there is no financial disincentive to generating an inaccurate referral,
indeed in an increasingly litigious modern society there is a potential financial
incentive to refer whenever there is any element of doubt.
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3.5h. The influence of the Shipley Ophthalmic Assessment Project (SOAP)
The referrals to SOAP had to be included in the analysis as the aim was to obtain an
accurate representation of what happened to the referrals being generated by
primary care practitioners in Bradford and Airedale and similar services have existed
nationally for some time (Henson et al., 2003). It could be argued that these
referrals should be considered separately to the ones that go directly to the hospital
as the presence of such a triaging service may influence referral behaviour. All GPs
within the SOAP catchment area are aware of the service and a sizeable proportion
of the optometrists are also. Having such a service available may make primary care
clinicians more inclined to refer rather than investigating further or managing in
practice as, compared to the hospital, SOAP is cheaper for the NHS and more
convenient for the patient. Being inclined to refer more ‘borderline’ cases would
theoretically increase the proportion of false positives, and this is supported by the
data (Table 3.7) with referrals to SOAP being significantly more likely to be deemed
false positive, discharged at the first appointment and have a diagnosis different to
the one given by the SOAP clinician (all p<0.0001).
SOAP, and similar services nationally, work to strictly defined protocols for
restricted pathologies and is only a triage rather than a treatment service. This
means that any patients that definitely need treatment should not really end up
there and will be referred direct to hospital, whereas more borderline referrals may
go to SOAP. This is an additional reason why patients referred there are more likely
to have been referred unnecessarily. ‘Filtering out’ these unnecessary referrals is
exactly why the service was set up and therefore it appears to be working well.
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With these data, it is also saving the NHS money, as every SOAP appointment costs
£67, whereas first hospital appointments are £110. It should be pointed out that no
false negative assessment of SOAP has been made. The question arises as to
whether this could be done in practice? The clinicians working at SOAP have always
been either experienced optometrists or GPs with a special interest in
Ophthalmology and the equipment available to them is no different to normal
optometric practice.

3.6. Limitations of the study.
A major limitation of the study was the lack of investigation of false negative
decisions. i.e., patients who were not referred who should have been. Low false
positive referrals must only be strived for without generating an increase in false
negative decisions. This omission was due to logistical and financial difficulties of
sourcing a significant sample of patients not referred, obtaining agreement for their
re-assessment and arranging for an ophthalmological examination (the gold
standard). Due to the low prevalence of referable eye disease within an optometric
patient population of approximately 2-6%, a very large sample size is needed to
evaluate false negative decisions. There is a minimal literature on false negative
decisions within optometry and the only figure that was found via a PubMed
Literature search was 1.13% (Newcomb & Potter, 1981) which was based on
retrospective clinical judgement rather than a more robust re-examination strategy.
Using Peduzzi and colleagues’ (1996) sample size formula of N=10k/p, where k is the
number of covariates accounted for and p is the likely proportion of positive cases,
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this suggests a sample size of 885 assuming one covariate is assessed. Another
limitation is the lack of a gold standard measure for accuracy of referral and this
makes it very difficult to compare results to previous studies and to get agreement
on the factors influencing accuracy. We have attempted to counteract this by
providing three assessments of accuracy, but agreement on a gold standard would
be greatly beneficial to the research in this area. Secondly and as discussed above,
the presence of SOAP in this study will likely have affected referral behaviour of the
clinicians in the catchment area and this will likely make the results not
representative of all PCT areas. Of course, this is a problem for many areas given the
huge variability of provision of enhanced ophthalmic services across England. Other
limitations include that ‘years since registration’ was used as a measure of
experience, yet this does not consider working practices (full time or part-time) and
career breaks. It may have been preferable to have documented ‘full-time
equivalent years of practice since qualification’ or similar instead of or in addition to
‘Years since qualified’. Gender was not ascertainable in 85 cases as the name was
illegible or not provided, but lack of referrer on optometric referral forms is
unfortunately reasonably common (as discussed in chapter 1.2).

3.7. Conclusions
Clinician experience has the greatest effect on referral accuracy, particularly in
terms of false positive referrals (sections 3.4d, 3.5e) and this seems logical. As
practitioners become more experienced, they appear to become more confident
about their ability to monitor patients rather than refer them. We assume that
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more experienced clinicians will not make more false negative decisions, but this
needs to be determined. Because multiple practices tend to recruit a greater
number of younger clinicians, they tend to give more false positive referrals, but
this effect appears to be purely due to the demographics of their staff. There is also
a significant effect of gender on referral accuracy with women tending to refer
more false positives and this appears to be due to a different approach to patient
care (section 3.5f) and possibly a greater sensitivity to litigation (Ewbank, 2010).
Once again, possible differences in false negative decisions with gender need to be
determined.
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Chapter 4. Assessment of referrals to the hospital eye service
by optometrists and GPs in Bradford and Airedale

Published as: Davey CJ, Green C & Elliott DB. Assessment of referrals to the hospital
eye service by optometrists and GPs in Bradford and Airedale. Ophthalmic and
Physiological Optics 2011, 31: 23–28.

4.1. Introduction

This study investigated the content of referrals to the Bradford Royal Infirmary
Hospital Eye Service (HES) and describes differences between referring clinician
(optometrist or general practitioner, GP) and referral formats. New patients
attending the HES in the United Kingdom are referred there from optometric
practice (39-57% of referrals) or by GPs (43-49% of referrals), (Pierscionek et al.,
2009, Pooley and Frost, 1999, Harrison et al., 1988) unless they have self-referred to
Accident and Emergency clinics. The quality of referrals from optometrists (Pooley
and Frost, 1999, Harrison et al., 1988, Lash, 2003) particularly those for suspect
glaucoma (Scully et al., 2009, Theodossiades and Murdoch, 1999, 2007, Newman et
al., 1998, Bell and O'Brien, 1997a, Bowling et al., 2005, Sheldrick et al., 1994,
Vernon, 1998) have been analysed periodically over the last 30 years. Researchers
have used these reports to highlight inadequacies in the HES referral system that
they subsequently attempted to improve (Henson et al., 2003, Bourne et al., 2009,
Vernon and Ghosh, 2001, Theodossiades et al., 2004) and it is therefore useful to
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continue this periodic review. In addition, very limited information is available that
compares referrals, from optometrists and GPs, in terms of the types of condition
referred, information provided or accuracy of tentative diagnoses. A very recent
study by (Pierscionek et al., 2009) reported such information for referrals to a (nonhospital based) ophthalmology practice in Northern Ireland, but the results may not
be typical of those found for the UK HES (this is discussed in detail in the
discussion), where the great majority of patients are referred.
GP referral letters are usually computer generated and printed, whereas
optometrist referrals can be written on a General Ophthalmic Services (GOS) 18
form, a direct referral form, a shared care form or a typed or handwritten letter,
and these can differ depending on local schemes. In Bradford there is also an
adapted GOS 18 form developed in collaboration with local ophthalmologists and
aimed at improving optometric referral quality (Naru and Green, 2009). It differed
in that there was no area for the GP to complete as local GP alliances informed the
development team that this was not used anymore. It also included a number of
tick boxes for the most commonly referred pathologies, so the hospital clinician can
see at first glance what the referral reason is. Despite some authors advocating the
use of letter writing to refer effectively (Clarke, 2008) the GOS 18 form remains the
most popular referral method (69 - 73% of referrals; (Pooley and Frost, 1999, Scully
et al., 2009). The study also compared the content of referrals based on the referral
format and whether the adapted GOS 18 form led to improvements in referral
quality.
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4.2. Methods
Ethical approval was gained from the Bradford Research Ethics committee and the
Bradford Hospitals NHS Foundation Trust Research Office. A random sample of 445
new referrals to Bradford Royal Infirmary ophthalmology department during 2007
and 2008 were retrospectively analysed. The presence of the following information
was recorded from the referral: patient name and address, date, referrer name,
referral format, referrer address, refraction, visual acuity, ophthalmoscopy, visual
field assessment, tonometry, pupils, co-morbidity, slit lamp examination,
symptoms, family history and any diagnosis given or alluded to (classified based on
the International Classification of Diseases-10 (ICD-10), World Health Organisation).
If the referral was handwritten then the legibility of the referral was graded by one
person (CD) as; fully legible, illegible in part but understandable overall, or not
legible enough to understand the reason for referral.
Although there are many aspects of a good referral that are essential for all
pathologies, the content will vary depending on the referral reason. For example,
the Department of Health paper “Action on Cataracts” (2000) recommends that
referrals should contain a confirmation of the presence of cataract that is affecting
vision, an indication that the reduced vision was having a detrimental effect on the
patient’s lifestyle and an indication that the patient was willing to undergo surgery.
However, the literature concerning glaucoma referrals agrees that the best referrals
contain a triad of information including assessments of visual fields, optic discs and
intra-ocular pressures (Scully et al., 2009, Theodossiades and Murdoch, 1999, 2007,
Newman et al., 1998, Bell and O'Brien, 1997a, Bowling et al., 2005, Sheldrick et al.,
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1994, Vernon, 1998). For this reason, referrals of certain categories of ocular
disease were assessed using disease specific recommendations.

4.3. Results
4.3a. Referring Clinician
12 of the 445 referrals were excluded as the GP letter suggested that they
originated from an optometric practice, but either the GP had not enclosed the
optometrists’ referral letter or it had been lost. Of the remaining 433 referrals, 311
(72%) from optometric practice and 122 (28%) were from general practice. Of the
311 referrals from optometric practice, 231 were from optometrists and 17 were
from pre-registration graduates. It was not possible to identify whether 59 of the
referrals from optometric practice were from Optometrists or pre-registration
graduates. It is unlikely, but not impossible, that the referrals are from Ophthalmic
Medical Practitioners (OMPs) as none are registered with the local Primary Care
Trust as performers. As the supervising optometrist takes legal responsibility for all
referrals from a pre-registration graduate, all these referrals were combined as
“optometric referrals”. It was not possible to ascertain the type of clinician from 11
referrals, which were all Diabetic Retinal Screening Service (DRSS) referrals and
were probably from DRSS technicians and not included in the GP/optometrist
comparison.
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4.3b. Referral Format
All 114 referrals from GPs were typed and computer generated. The seven DRSS
referrals from General Practice were on the relevant DRSS proforma. The format of
the 311 referrals from optometric practice is shown in Table 4.1.

Referral Format

N (%)

Old GOS18

124 (40%)

New GOS18

115 (37%)

DRSS form

33 (11%)

Optometrist letter – typed

17 (5%)

Cataract CHOICE

13 (4%)

Optometrist letter – handwritten

4 (1%)

Glaucoma Monitoring Scheme

3 (1%)

Practice Specific Proforma

2 (1%)

Table 4.1. The referral format of 311 referrals from optometrists to the Hospital Eye
Service in Bradford (Key. GOS18: General Ophthalmic Services 18 form. DRSS:
Diabetic Retinal Screening Service).

4.3c. Legibility
All GP referrals were fully legible as they were all typed and either securely
transmitted electronically or faxed. Of the 311 referrals from Optometric practice,
29 had an illegible referrer name and 26 had no referrer name present. Of the 275
handwritten referrals from Optometric practice, 202 (73%) were fully legible, 71
were illegible in part but with the general meaning intact (26%), and two were fully
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illegible. Illegibility was similar for the different types of form used (old or new
GOS18 or individual letter).
4.3d. Referral diagnoses
The range of primary diagnoses given in referrals from optometric and general
practice is given in tables 4.2 and 4.3 respectively using categories from the ICD-10
of the World Health Organisation.
Diagnosis in referral:

N (%)

Disorders of lens

84 (27%)†

Primary open angle glaucoma suspect

61 (20%)

Diabetic retinopathy

32 (10%)

Age related macular degeneration

23 (7%)

Visual disturbances and other disorders of eye and adnexa

20 (6%)

Other disorders of retina

17 (5%)

Disorders of the cornea

14 (5%)

Disorders of eyelid, lacrimal system and orbit

12 (4%)

Disorders of vitreous body and globe

11 (4%)

Retinal vascular occlusions

10 (3%)

Disorders of muscles, binocular movement/vision, amblyopia,
accommodation and refraction

8 (3%)

Retinal detachments and breaks

7 (2%)

Disorders of Optic nerve and visual pathway

3 (1%)

Disorders of conjunctiva

3 (1%)

Angle closure, secondary and other Glaucoma

2 (1%)

Disorders of choroid

2 (1%)

No diagnosis given in referral

2 (1%)

Table 4.2. Primary diagnoses given in referrals from Optometric practice (n=311)
and classified using the International Classification of Diseases (ICD) 10 th revision.
† includes 13 referrals for posterior capsular opacification and 1 for lens subluxation
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Diagnosis in referral:

N (%)

Disorders of eyelid, lacrimal system and orbit

52 (46%)

Visual disturbances and other disorders of eye and adnexa

21 (19%)

Disorders of lens

12 (11%)

Disorders of conjunctiva

10 (9%)

Disorders of muscles, binocular movement/vision, amblyopia,
accommodation and refraction

7 (6%)

Age related macular degeneration

4 (4%)

Disorders of the cornea

2 (2%)

Disorders of vitreous, globe, sclera, optic nerve, visual pathway,
iris, ciliary body, retinal breaks and other disorders of retina.

6 (5%)

Table 4.3. Primary diagnoses given in referrals from GPs in General Practice (n=114)
and classified using the International Classification of Diseases (ICD) 10 th revision.

100

4.3e. Ophthalmoscopy
Five of 114 GP letters (4%) commented on the fundus. Two of them cited direct
ophthalmoscopy as the method used whereas the remaining three did not
comment on the technique used. 291 of 311 optometric letters (94%) commented
on the fundus. In most cases the technique used was unspecified (179, 58%), but
the following techniques were reported: Dilated indirect ophthalmoscopy (53, 17%),
direct ophthalmoscopy (34, 11%), retinal photography only (22, 7%) and undilated
indirect ophthalmoscopy (3, 1%).

4.3f. Visual Acuity (VA)
GPs included VA results in 9 referrals (8%, n=114) and VAs were included in 299
referrals from optometric practice (96% n=311).

4.3g. Lids and Lacrimal Disorder Referral Quality
Fifty-two referrals for lids and lacrimal disorders were from General Practice, and 12
were from Optometric practice. GP referrals mainly provided symptoms (N=49,
94%), with VA provided in 2 cases (4%) and no reports of any examination beyond
direct observation. Topical drugs were prescribed in 8 cases (15%). Optometric
referrals typically provided VA results (12, 100%) and symptoms (11, 92%) and often
indicated that a slit-lamp examination had been performed (9, 75%), but did not
report prescribing drugs.
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4.3h. Cataract Referral Quality
There were 12 referrals from GPs, although two had been previously diagnosed
with early cataract by ophthalmologists. GP referral letters for cataract usually
included information about the effect on the patient’s lifestyle (11, 92%),
occasionally that they were willing to have surgery (4, 33%), but rarely a report of
the cataract (1, 8%) or fundus (1, 8%) and no reports contained VA or refractive
error information. One of the 12 referrals (8%) could be said to have completely
followed the Department of Health “Action on Cataracts” (2000) recommendations
for referrals, yet 9 of the 12 referrals (75%) led to cataract surgery.
There were 61 referrals for cataract from optometrists (table 4). Optometrist
referral letters usually included information about the cataract (61, 100%), VA (60,
98%), refractive error (57, 93%) and fundus (59, 97%), but less often information
about the effect on the patient’s lifestyle (39, 64%) or willingness for surgery (30,
49%). Thirty of the 61 referrals (49%) followed completely the Action on Cataracts
recommendations and 45 of the 61 referrals (74%) led to cataract surgery.
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Referrer/Format

Lens
report

Visual
acuity

Affecting
lifestyle

Fundal
report

Refractive
error

Resulted
in surgery

Cataract CHOICE

8

8

8

8

8

8

(n=8) †

(100%)

(100%)

(100%)

(100%)

(100%)

(100%)

Old GOS18

32

31

21

31

30

23

(n=32)

(100%)

(97%)

(66%)

(97%)

(94%)

(72%)

New GOS18

16

16

5

15

14

10

(n=16)

(100%)

(100%)

(31%)

(94%)

(88%)

(63%)

Optometrist letter

5

5

5

5

5

4

(n=5)

(100%)

(100%)

(100%)

(100%)

(100%)

(80%)

Table 4.4. Contents of 61 cataract referrals from optometrists to the hospital eye
service by referral format (Key. GOS18: General Ophthalmic Services 18 form).
† In 6 cases, an older cataract CHOICE form, which included data obtained by phone
by a patient care co-ordinator was used and these data are not presented. Three
other referrals were submitted on Diabetic Retinal Screening Service (2) or
Glaucoma Monitoring Service (1) forms.
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4.3i. Glaucoma Referral Quality
No new referrals were made by GPs for suspect glaucoma. Two glaucoma referrals
from GPs were excluded as the patients had been previously diagnosed with
glaucoma, but had been lost to recall by the hospital. The two patients already on
the Glaucoma Monitoring Enhanced Service were excluded as they had also been
previously diagnosed. There were 61 referrals from Optometric practice, of which
47 (77%) gave the recommended triad of assessment for suspected chronic openangle glaucoma of disc assessment with IOP and visual field measurement, 12 (20%)
gave disc assessment with tonometry readings and two (3%) gave IOP
measurements only. Non-contact tonometry was reported in 33 cases (54%) and
contact tonometry in 8 cases (13%), with the remainder being unspecified. Of the
31 patients with defective visual fields, 3 had obviously had visual fields repeated. A
positive family history was reported in 13 cases (21%). It should be noted that all
these referrals occurred prior to the National Institute for Health and Clinical
Excellence or NICE guidelines on referral of patients with suspect chronic openangle glaucoma or ocular hypertension (April 2009).

4.4. Discussion
4.4a. Referring Clinician
Compared to studies in the 1980s and 1990s, the proportion of referrals to the HES
from optometrists appears to be increasing significantly (1988: 39%,(Harrison et al.,
1988) 1999: 48%,(Pooley and Frost, 1999) present study 72%). There is no obvious
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reason to suspect that GP and optometrists referrals to the HES in the Bradford and
Airedale region would be different to other parts of England, but will probably differ
from Scotland and Wales due to the enhanced GOS contracts agreed there. The
recent study from Pierscionek, Moore & Pierscionek described data from a non-HES
ophthalmology practice in Northern Ireland (Pierscionek et al., 2009) and may be
atypical as discussed below. Even then, they report optometric referrals at 57%.
This relatively increased role of optometry in the referral process is likely due to the
increased links between optometry and ophthalmology over the last 20 years and
highlighted by the various direct referral and co-management schemes throughout
the UK.
The majority of the 114 referrals from GPs (table 4.3) were for symptomatic
disorders of eyelid, lacrimal system and orbit (N=52, 44%), of which 20 were lid
cysts or lesions, 17 were symptoms of a lid/lacrimal disorder and 6 were
entropion/ectropion or trichiasis. Other ocular abnormalities diagnosed were either
symptom-based (such as “poor” or “distorted” vision, N=21, 19%), cataract (N=12,
11%) and conjunctival diseases (N=10, 9%). In the majority of cases, the referral
letters suggest that GPs diagnosed anterior segment diseases on the basis of direct
observation (i.e. without slit-lamp or ophthalmoscopy) and symptoms, with rare
provision of visual acuity data (N=9, 8%) or mention of the use of a direct
ophthalmoscope (N=5, 4%). This summary differs from the view provided by
Pierscionek, Moore & Pierscionek (Pierscionek et al., 2009) who reported referrals
from GPs and optometrists to a non-HES ophthalmology clinic in Northern Ireland
(NI). For example, we found no referrals for suspect glaucoma originating from GPs,
which is similar to the majority of the literature with reported values from 0-10%
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(Bowling et al., 2005, Newman et al., 1998, Sheldrick et al., 1994, Theodossiades
and Murdoch, 1999, Bell and O'Brien, 1997a). However, Pierscionek, Moore &
Pierscionek (Pierscionek et al., 2009) reported that 31% of glaucoma referrals in
their study originated from GPs. In the current study there were 12 referrals where
the GP indicated that they had originated in optometric practice but did not have
the original optometrists’ referral included in the GPs’ correspondence. This
problem was also identified by Pooley and Frost (Pooley and Frost, 1999) and could
be an explanation for the disparity between the data from the NI study and the rest
of the literature. i.e. perhaps some of the glaucoma referrals from GPs in the NI
study were originally referred by optometrists. Alternatively, the NI study could
have included referrals from a GP with a special interest in ophthalmology, and
therefore with access to visual field analysers and tonometers and with significant
experience of disc assessment. However, one would have expected this information
to have been provided in the report and it was not. The NI study also seems atypical
in that the third most common cause for referral by GPs was retinal problems
(N=28, 12%) and 19 were reported to have provided a correct diagnosis. In this
study, six patients (5%) were referred for retinal problems by GPs. Three of these
patients had previously been diagnosed with age-related maculopathy (AMD; one
by their optometrist who had provided an Amsler chart for home monitoring and
two by the HES who had subsequently discharged the patients), two were referred
on the basis of symptoms only (“flashes and floaters” with a diagnosis of posterior
vitreous detachment (PVD), and “reduced vision” with a suggested diagnosis of
AMD) and one was referred for a retinal detachment with PVD based on symptoms
and ophthalmoscopy, for whom the HES subsequently diagnosed as cataract only.
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Optometric referrals (see Table 4.2) were principally for disorders of the lens (27%),
glaucoma or suspect glaucoma (20%) and diabetic retinopathy (10%). These referral
patterns have been described before (Lash, 2003, Pooley and Frost, 1999,
Pierscionek et al., 2009) and do not appear to have changed substantially. The
optometric cataract referrals were all grouped together, but should perhaps have
been divided into two groups: one set of referrals arising from a GOS ‘sight test’ as
funded by the NHS and a smaller group from a CHOICE direct referral pathway
where additional funding was provided to accredited optometrists by the local
Primary Care Trust (PCT) for performing a dilated fundus examination, discussing
cataract surgery with the patient and completing a cataract referral form. This is a
form of referral refinement requiring a higher level of referral quality and uses a
cataract-specific proforma. Perhaps not surprisingly, 100% of the eight referrals via
the CHOICE pathway (the service was introduced during 2008 so numbers were
relatively low) provided the information indicated by the Action on Cataracts
recommendations and all eight underwent surgery. Referrals arising from GOS tests
were more variable. GOS referral letters virtually always included information about
the cataract, VA, refractive error and fundus (all above 88%), but less often
information about the effect on the patient’s lifestyle (26/48, 54%) or willingness
for surgery (23/48, 48%). Part of the reason for this is that some optometrists
clearly did not view a discussion of the need for surgery as part of the remit of the
GOS sight test. Indeed, one GOS referral for cataract included the following: “Please
arrange referral to ophthalmology to discuss the pros and cons of cataract surgery”.
This latter approach is in agreement with the obligations of the GOS contract, but is
clearly not followed by those optometrists who reported whether the patient was
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willing to undergo surgery. There is a need for all optometrists to be clear about
what their requirements are for cataract referral as part of a GOS sight test.
The recommended information provided in a referral for suspect glaucoma includes
an optic disc assessment and measurements of intra ocular pressure and visual
fields in both eyes (Vernon and Ghosh, 2001, Crick and Tuck, 1995, Bell and O'Brien,
1997b, Sheldrick et al., 1994, Bell and O'Brien, 1997a, Newman et al., 1998,
Theodossiades and Murdoch, 1999) and ideally, abnormal intra ocular pressures
and visual field assessments should be repeated to avoid unnecessary false positive
referrals. (Salmon et al., 2007, Crick and Tuck, 1995, Bell and O'Brien, 1997a,
Vernon and Ghosh, 2001, Henson et al., 2003) Information regarding all three
glaucoma assessments were provided in 47 of 61 optometric referrals (77%), with
12 referrals including just tonometry and disc assessment (20%) and two (3%) with
just tonometry readings. Visual field measurements were repeated for 3 of 31
defective fields (10%) and 15% of referrals included contact tonometry readings,
although it was not clear whether these were initial or repeated measurements.
There is therefore a range of opinion about what a referral for suspect glaucoma
from a GOS sight test should include, although the vast majority deem it to be
either the triad of disc assessment, visual field and tonometry (77%) or just
tonometry and disc assessment (20%). A small number (~ 10%) repeated visual field
or tonometry measurements as part of the sight test and a small number just
provided tonometry readings only (3%). Once again, there is a need for all
optometrists to be clear about what their requirements are for referrals of patients
with suspect glaucoma or ocular hypertension (OHT) as part of a GOS sight test.
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In this regard, it is pertinent to highlight that a referral refinement service has
recently been piloted in the Bradford area between 1/2/09 and 31/7/09 (Davey et
al., 2010). This service funded repeat measurement of IOP by applanation and
threshold visual field assessment for patients that would have otherwise been
referred for OHT or suspect primary open angle glaucoma. The pilot significantly
reduced unnecessary referrals to secondary care and has since been rolled out over
the rest of the PCT

4.4b. Referral Format
The majority of optometric referrals were made using GOS 18 forms, with 40%
being made using the original GOS 18 and 37% with the newer locally adapted GOS
18. There appeared to be no difference in the information provided within the
different formats and the locally adapted GOS 18 form showed no significant
improvements in the information provided over the old GOS 18 (e.g., Table 4.4). The
adapted form remained one that was attempting to be useful for all types of
referral and it may be that improvements (such as those provided by the disease
specific CHOICE forms (see Table 4.4) will only come about by the introduction of
disease specific referral forms for the very common referrals of cataract and
suspected glaucoma or ocular hypertension, with a generic GOS 18 being used for
other referrals. Fully illegible forms are not a major problem, however over a
quarter of handwritten referrals were illegible in part, which may cause delay or
inaccuracy when the referral gets to the HES. It is not clear if reduced legibility was
due to poor handwriting or poor quality due to scanning, faxing or self-carbonating
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copies. This represents an improvement over 1999 findings which reported that
only 33% of optometric referrals were read without difficulty (Pooley and Frost,
1999). Word processing would naturally improve legibility and all GP referrals were
fully legible as they were computer generated. A surprisingly small proportion of
optometric referrals were made using a word-processed letter (5%). The number of
optometric practices using electronic patient records in this area is unknown, but as
more practices switch to a paperless system perhaps a nationally adopted
electronic referral template (or series of templates for different referral types as
discussed above) could gradually replace the ageing GOS 18.

4.5. Conclusion
The proportion of patients attending a HES department that have been referred by
an optometrist rather than a GP is increasing. Optometrists refer patients with a
wide range of ocular diseases and in most cases include fundus observations and
visual acuity measurements in their referrals. GPs mainly refer patients with
anterior segment disorders, particularly lid lesions, based on direct observation and
symptoms. GP referral letters include all relevant non-clinical information and are
all perfectly legible, whereas illegibility and missing clinical information remains a
problem in optometric referrals. This could be minimised by word-processed
referrals, and in the future, direct electronic referral. The introduction of diseasespecific referral forms for suspect glaucoma and cataract, rather than the standard
GOS 18 referral form, could also help to improve referral quality. There is significant
variability in the provision of information in optometric referral letters to the HES
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for the common conditions of cataract and suspect chronic open-angle glaucoma or
ocular hypertension and there is a need to determine and disseminate what exactly
should be provided as part of a GOS sight test.
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Chapter 5. Rasch analysis of the Hospital Anxiety and Depression Scale
(HADS) and State-Trait Anxiety Inventory (STAI)
in a population of new ophthalmic outpatients
5.1. Introduction
As discussed in section 1.4, the Hospital Anxiety and Depression Scale (HADS) and
State Trait Anxiety Inventory (STAI) are two questionnaires aimed at detecting levels
of psychosocial distress. These instruments have not been evaluated before on a
population of new ophthalmic outpatients. In other populations, the usefulness of
these questionnaires has been determined using evaluations of dimensionality
(does the questionnaire measure one factor or several?), internal consistency of
results (usually assessed using Cronbach’s alpha), concurrent validity (how well
results correlate with gold standard measurements) and assessments of results
using Rasch analysis.

5.1a Hospital Anxiety and Depression Scale
Factor structure and internal consistency of the HADS
Two published literature reviews suggested that when using factor analysis, the
large majority of studies discovered two main factors within the HADS (Herrmann,
1997, Bjelland et al., 2002), although a few studies reported three (Razavi et al.,
1989, Brandberg et al., 1992, Leung et al., 1993, Dunbar et al., 2000, Lewis, 1991,
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Martin and Thompson, 2000) or even four separate factors (Andersson, 1993,
Martin and Thompson, 1999). The large majority of studies from both reviews
found the fourth anxiety item to have relatively low loadings on anxiety and
unexpectedly high loadings on depression. Combining the two reviews gives a range
of internal consistency (Cronbach’s alpha coefficient) of 0.68 to 0.93 for HADS-A and
0.67 to 0.90 for HADS-D, which is acceptable.
Recent research, published since the Bjelland review, has contradicting opinions on
the number of factors present. Half of the studies conclude that the HADS fits a
two-factor model (Smith et al., 2002, Johnston et al., 2000, Mykletun et al., 2001,
Flint and Rifat, 2002) and half argue that their results fit a three-factor model
(Jomeen and Martin, 2004, Martin et al., 2004, Caci et al., 2003b, Friedman et al.,
2001). Caci et al. (2003b) for example, used factor analysis to find that the original
Anxiety subscale could be split into two components that they labelled 'Anxiety' and
'Restlessness', while the original Depression subscale was slightly modified.
Cronbach’s alpha coefficients for these studies ranged between 0.73 and 0.84 for
both HADS-A and HADS-D, although HADS-D had one outlier at 0.49 (Caci et al.,
2003b). Internal consistency for HADS-T varied between 0.81 and 0.86.

Concurrent validity of HADS
Bjelland, Dahl, Haug & Neckelman (2002) revealed that when compared to other
questionnaires for anxiety and depression (e.g., Beck’s Depression Inventory, STAI,
various GHQ versions, etc.) the correlations to HADS-D and HADS-A, respectively,
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were between 0.60 and 0.80. The authors therefore concluded that the concurrent
validity of HADS is ‘good to very good’.

Rasch analysis of HADS
Only four studies to date have published the results of Rasch analysis on the HADS,
therefore they have been individually summarised below.
Smith and colleagues performed Rasch analysis using Winsteps software on both
the total score (HADS-T) and the anxiety (HADS-A) and depression (HADS-D)
subscales (Smith et al., 2006) with 1855 patients. The study reported that all three
scales were unidimensional although they used a cut-off figure of 3 or below for the
eigenvalue of the second factor. This value is occasionally used (e.g., Forjaz et al.,
2009), but the more commonly used cut-off figure is 2.0 (Pesudovs et al., 2007)
which includes an earlier paper by Smith (2002). Pallant and Tennant performed
Rasch analysis using RUMM2020 software on the HADS-T to measure the
appropriateness of using it as a measure of generalised psychological distress in 296
outpatients undergoing musculoskeletal rehabilitation (Pallant and Tennant, 2007).
For comparative purposes, brief results for HADS-A and HADS-D were also given.
The questionnaire was reported to split into two dimensions of essentially anxiety
and depression, but the authors argue that the two scores can be validly combined.
Tang and colleagues performed Rasch analysis using Winsteps software on the
HADS-D subscale to examine the optimal scoring scheme for 100 Chinese stroke
survivors (Tang et al., 2007). The low sample size used limits the findings of this
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study, plus their assessment of unidimensionality was limited to the fit of the items
within the questionnaire and not factor analysis.
The different studies reported different individual items misfitting. For example,
Pallant and Tennant (2007) found that HADS-D had no misfitting items whereas
HADS-T and HADS-A did not fit the Rasch model for one item. Smith et al (2006)
found three items misfitting in HADS-T, but these were different items to those
reported by Forjaz et al. (2009). This could be due to different types of subject
involved in the studies and possibly different levels of anxiety and/or depression.
Smith et al. (2006) suggested that the HADS-T scale showed a floor effect, meaning
lower levels of psychological distress could be underestimated. However, Pallant
and Tennant (2007) reported that the residual mean value for persons for HADS-T
indicated no serious misfit among the respondents in this study, and therefore no
floor effect.

5.1b State Trait Anxiety Inventory
Factor structure and internal consistency for STAI
In the manual for the revised STAI (1983) Spielberger identified that, due to an
artefact of the structure of the instrument, “anxiety absent” and “anxiety present”
factors were introduced by the “anxiety absent” and “anxiety present” questions.
Higher scores tend to be more frequent on anxiety absent items (Kvaal et al., 2001,
Mook et al., 1991, Mook et al., 1992) especially in Asian (Japanese) populations
(Iwata and Higuchi, 2000).This is because confirming the presence of anxiety is not

115

the same as not confirming the presence of calmness. After factor analysis,
Spielberger concluded that a four factor model fitted the data best; State Anxiety
Present, State Anxiety Absent, Trait Anxiety Absent, and Trait Anxiety Present. A
number of studies since have concurred with this (Hishinuma et al., 2000) or were
able to differentiate between state-anxiety present and trait-anxiety present, but all
anxiety absent items loaded on a single factor (Iwata et al., 1998). Vigneau and
Cormier have argued that this may not be the best way to represent the data,
because although anxiety-absent and anxiety-present items appear to load on
different factors, they both should load on the same construct, it is only the method
that differs. Alternatively, they propose a two construct, two method model as
being statistically advantageous (Vigneau and Cormier, 2008).
Other authors have also conflicted with Spielbergers’ proposed four factor model,
with some proposing only the two method factors are present, meaning therefore
that STAI does not differentiate between State and Trait anxiety (Kabacoff et al.,
1997). Two non-method factors were found by Kvaal and colleagues (2001) in the
State subscale, described by the authors as “well being” and “nervousness”. Factor
analysis has led a number of studies to conclude that the STAI loads significantly on
depression as well as anxiety, both for the whole questionnaire (Gros et al., 2007),
and the Trait subscale (Bieling et al., 1998, Caci et al., 2003a). This was supported by
Kennedy and colleagues (2001), who found that the STAI does not differentiate
anxiety disorders from depressive disorders. This is to be expected and almost
impossible to avoid, as although anxiety and depression are distinct constructs, they
have somewhat overlapping features (Endler et al., 2003).
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A recent review by Barnes and colleagues (2002) found average internal consistency
to be acceptable where reported. This is supported throughout the literature
(Kabacoff et al., 1997, Iwata and Mishima, 1999, Bieling et al., 1998).

Concurrent validity of STAI
There are many examples of the STAI being used as a ‘gold standard’ of anxiety
questionnaires when assessing the concurrent validity of other psychometric
instruments (Michopoulos et al., 2008, Soury et al., 2005, Deborde et al., 2004,
Cleemput et al., 2004, Brouwers et al., 2001). Rarely is a reason given as to why
authors use the STAI as a gold standard, with only occasional brief comments about
it being “previously validated” (Brouwers et al., 2001). It must be assumed that it is
used in this capacity simply because of a precedent being set, and its relatively good
psychometric properties. Bieling and colleagues (1998) found that the depression
and anxiety factors that they identified from the Trait subscale correlated well with
Becks Depression and Anxiety Inventories and the Depression Anxiety Stress Scales.
Concurrent validity has also been reported as good when compared to other
measures of anxiety, namely HADS and Hamilton Anxiety Scale (Mondolo et al.,
2007).

Rasch analysis of STAI
Very little is published on Rasch analysis of the STAI. Tenenbaum and colleagues
published two reports in 1985 which contained Rasch analysis of STAI answers
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completed by young athletes. Both studies used the old version (Form X) of the
STAI. In the first study (Tenenbaum et al., 1985) the state (n=55) subscale was
completed 30 minutes prior to an athletic event, and the trait (n=100) subscale was
completed by a different cohort in a group setting. The authors drew similar
conclusions for both cohorts; (a) the items are not spread equally enough along the
anxiety continuum (b) no items are present to adequately assess participants with
low anxiety (c) six items from each scale misfitted the model (d) many items are
located at the same points on the continuum. Although this is all true, the study
suffered from a small sample size, therefore reducing the credibility of their
conclusion that “the STAI questionnaires are not accurate enough to differentiate
the state and trait anxiety levels of the subjects”.
Tenenbaum and Fursts second publication (1985) used Rasch analysis to see if it
was possible to use the state subscale to retrospectively measure state anxiety. One
cohort (n=55) completed the scale 30 minutes prior to an athletic event, and a
second cohort (n=113) completed it retrospectively (timescale is not given) so that
the low sample size again limits the usefulness of the results.
In summary, the STAI is influenced by depression, not purely anxiety, giving a
measure of overall psychological well being, which is satisfactory for the planned
study. We are not aiming to diagnose anxiety disorders or differentiate between
psychological pathologies. It would however be very useful to assess whether a
participant has high trait-anxiety or whether any raised levels of anxiety are being
generated purely by their current situation. From the evidence provided, it is
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arguable whether the STAI adequately discriminates between the two, although it
remains the most widely used instrument that attempts to quantify trait-anxiety.
The aim of this study was to use Rasch analysis plus traditional statistical evaluation
in order to assess their suitability to evaluate levels of anxiety and depression in a
population of new ophthalmic outpatients. This was determined using the following
assessments:
1) The distribution of responses to the categories of each item. i.e., floor and
ceiling effects and percentage of missing data. This was further assessed
using skewness and kurtosis measurements.
2) Rasch analysis of the response scales.
3) Rasch analysis of individual items in terms of their fit to the Rasch model.
4) Rasch analysis of the discriminative ability of each questionnaire.
5) Principal components analysis (PCA) of the residuals to determine the
dimensionality of the questionnaires.

5.2. Methods
Potential participants were new patients who had an outpatient appointment
booked at Bradford Royal Infirmary Eye Service between January 2008 and
December 2008. The identification of these potential participants was via the
hospital booking system. These patients were sent a covering letter, an information
sheet, contact details of the research team and the two anonymised questionnaires
(State Trait Anxiety Inventory, Hospital Anxiety and Depression Scale, see chapter
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2.1 and Appendix B). The two questionnaires were placed in a random order within
the envelope to attempt to eliminate order bias and were coded with a 4 digit
number. A note on the information sheet indicated that it was also available in
English and Urdu on an audio CD, although none of the participants requested the
audio version. The information arrived by post at least 24 hours in advance of their
appointment at the hospital. If the patients read the information and subsequently
consented to participate they were requested to bring the anonymised
questionnaires on the day of their appointment. The consenting patients were
asked to complete the questionnaires, which should take less than 15 minutes,
while they were waiting for their appointment. Completion of the questionnaires
was taken as written implication of consent and a private room was available for
patients if they wished to use it. When the participants were called for their
appointment they were asked to hand the completed questionnaires, in the sealed
envelope provided, to the clinician as they entered the consulting room. The
clinician passed the questionnaires to a researcher at the end of the clinic, or at
another convenient time. Identifying codes were used, instead of names, which
were cross referenced at a later stage to access the results of their ophthalmic
appointment, to determine whether they received a true or false positive referral.
The patients were sent a letter thanking them for their participation and informed
that if they had ticked the relevant box on the questionnaire we would post them a
copy of the study if and when published.
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5.2a Inclusion criteria
Inclusion criteria for the referred cohort included:


Initial referral from a GP or optometrist to the hospital eye service, within
the proposed testing schedule of the study.



Newly referred, so by definition, a patient who had been called back for
review or requiring further investigation was not included.



Aged over 16, as legally at this age a young person can be treated as an adult
and can be presumed to have capacity to decide.

5.3. Results
321 pairs of questionnaires were returned from 1,854 posted, giving a response
rate of 17%.
5.3a. Demographic information.
Demographic information regarding the patients who completed the questionnaires
prior to their hospital eye appointment (patients referred) are displayed in Table
5.1.
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Characteristic
Mean age (years ± SD)
Gender: Female
Male
Unspecified
Ethnicity*: White
Asian
Black
Not Stated
Any other group
Table 5.1 Demographics of the main cohort.

Patients referred (n=321)
61 ± 19
169 (53%)
144 (45%)
8 (2%)
187 (58%)
39 (12%)
6 (2%)
88 (27%)
1(<1%)

*White ethnicity included White (British), White (Irish) and white (other) and was
predominantly White (British). Asian ethnicity included Asian (Indian), Asian
(Pakistani), Asian (Bangladeshi) and Asian (other). A very small percentage were
Black (African), Black (Caribbean), Black (other) and Chinese.

5.3b. HADS-T data
321 patients completed the HADS-Total. The item map for HADS-T is shown in
Figure 5.1 and descriptive statistics for each individual item of the HADS-T showing
reliability indicators and proportion of responses within each category are shown in
Table 5.2. Analysing this dataset gave a Participant Separation Index (PSI) of 2.18, a
Participant Reliability Index (PRI) of 0.82, an Item mean of 51.1 and a Participant
mean of 35.6.
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Figure 5.1. Item-Participant map for HADS-T. EACH '#' IS 3.
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Items

1
2
3
4
5
6
7
8
9
10
11
12
13
14

I feel tense or ‘wound up’
I still enjoy things I used to enjoy
I get a sort of frightened feeling as
if something awful is about to
happen
I can laugh and see the funny side
of things
Worrying thoughts go through my
mind
I feel cheerful
I can sit at ease and feel relaxed
I feel as if I am slowed down
I get sort of frightened feeling like
‘butterflies’ in the stomach
I have lost interest in my
appearance
I feel restless as I have to be on the
move
I look forward with enjoyment to
things
I get sudden feelings of panic
I can enjoy a good book or radio or
TV program

Skew

Kurtosis

Missing
data (%)

Response
category 1
(%)
52
42
28

Response
category 2
(%)
13
8
21

Response
category 3
(Ceiling, %)
6
2
6

Infit

Outfit

2
1
2

Response
category 0
(Floor, %)
30
48
45

0.75
0.98

0.35
0.75

0.71
1.03
1.14

0.71
1.06
1.08

0.70

-0.66

2.05

4.34

2

72

22

4

2

1.41

1.60

0.73
1.57
0.42
0.30

-0.23
2.22
-0.53
-0.61

2

36

41

15

8

0.89

0.93

2
3
2
2

65
37
19
45

28
48
44
44

6
15
27
9

2
1
10
2

0.78
0.68
1.05
0.89

0.58
0.74
1.07
0.92

0.87

0.54

1.32

0.83

2

61

24

11

4

1.46

1.45

0.33

-0.73

3

31

41

25

4

1.13

1.19

1.44
0.92

1.67
0.14

2

62

29

7

2

1.03

0.88

2
1

45
73

37
20

13
5

5
2

0.86
1.35

0.87
1.96

2.02

3.99

Table 5.2. Descriptive statistics of the HADS-T showing the proportion of responses within each category and Rasch item fit values. Fit values
outside the range 0.7 to 1.3 and skew/kurtosis values outside the range -2 to +2 are in bold.
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5.3b.i) HADS-T Conversion table from traditional scoring to ordinal scoring
If the HADS-T is used in its original form in a similar population it is possible to
rescore the items according to table 5.3 in order to make the data ordinal. Each
item’s response categories have been given in ascending order, even for items that
are reverse scored, meaning response category 0 was originally scored as zero, and
response category 3 was originally scored as three.
Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Response
Response
Response
Response
category 0
category 1
category 2
category 3
19.8
38.3
53.9
69.8
27
45.5
61.1
77
21.2
39.7
55.2
71.2
35.8
54.3
69.8
85.8
19.7
38.2
53.8
69.7
32.3
50.8
66.4
82.3
22.8
41.3
56.9
72.8
13.2
31.7
47.3
63.2
25.7
44.2
59.8
75.8
28.7
47.2
62.8
78.7
18
36.5
52.1
68
30.6
49.1
64.7
80.6
23.2
41.7
57.3
73.2
36.1
54.6
70.2
86.1

Table 5.3. Values used to rescore HADS-T in its original form when used on a
population of new ophthalmic outpatients.
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5.3b.ii) Response Scale Assessment – Category reduction
Response Scale

Participant
mean

Item
mean

Participant
Participant
Separation
Separation
Index (PSI)
Reliability
0123
35.6
51.1
2.18
0.83
0122
40.2
50.0
2.30
0.84
0011
31.6
50.4
1.17
0.58
0111
49.3
49.9
1.79
0.76
Table 5.4. Table summarising the effect of category reduction for the HADS-T on the
person separation index and person separation reliability
Table 5.4 shows combining response categories 2 and 3 gives the best Person
Separation Index (PSI). This causes all the skew and kurtosis values to fall within the
accepted range of +2 to -2 (Table 5.5), the Item map to improve so that participants’
scores more closely match the items (Figure 5.2) and the item and participant
means are closer and within 10 units from near 15 with 4 response categories (table
5.4). When response categories are combined in this way the values used to rescore
the questionnaire in order to create ordinal data are shown in Table 5.6.
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Items

Skew

Kurtosis

1
2

Missing
data
(%)
2
1

Response
category 0
(Floor, %)
30
48

Response
category 1
(%)
52
42

Response
category 2
(Ceiling, %)
19
10

Infit

Outfit

I feel tense or ‘wound up’
0.15
-0.88
0.70 0.73
I still enjoy things I used to enjoy
0.61
-0.65
1.01 1.06
I get a sort of frightened feeling as if something
3
0.36
-1.46
2
45
28
27
1.25 1.15
awful is about to happen
4
I can laugh and see the funny side of things
1.56
1.41
2
72
22
6
1.25 1.48
5
Worrying thoughts go through my mind
0.22
-1.23
2
36
41
23
0.86 0.87
6
I feel cheerful
1.18
0.26
2
65
28
8
0.71 0.56
7
I can sit at ease and feel relaxed
0.30
-0.90
3
37
48
16
0.77 0.80
8
I feel as if I am slowed down
-0.28
-1.09
2
19
44
37
0.97 0.98
I get sort of frightened feeling like ‘butterflies’ in
9
0.52
-0.74
2
45
44
11
0.96 0.98
the stomach
10
I have lost interest in my appearance
0.98
-0.51
2
61
24
15
1.42 1.51
11
I feel restless as I have to be on the move
0.03
-1.32
3
31
41
29
1.21 1.29
12
I look forward with enjoyment to things
1.06
-0.07
2
62
29
9
0.98 0.86
13
I get sudden feelings of panic
0.47
-1.08
2
45
37
18
0.82 0.84
14 I can enjoy a good book or radio or TV program
1.62
1.55
1
73
20
6
1.22 1.98
Table 5.5. Descriptive statistics of the HADS-T showing reliability indicators and proportion of responses within each category after combining
response categories 2 and 3. Infit and outfit values outside the range 0.7-1.3 are in bold.
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Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Reponse
Response
Response
category 0 category 1
category 2 & 3
21.8
43.2
64.5
30.6
51.9
73.3
23.9
45.3
66.7
41.9
63.3
84.7
22.2
43.6
65
37.5
58.8
80.2
24.5
45.9
67.2
12.9
34.3
55.7
28.9
50.2
71.6
33.5
54.8
76.2
18.5
39.9
61.3
35.4
56.8
78.1
26.5
47.8
69.2
42.2
63.6
85

Table 5.6. Table to convert traditional scoring to ordinal scoring for HADS-T after
combining response categories 2 and 3.

5.3b.iii) Principal Components Analysis (PCA) of HADS-T.
HADS-T has two subscales; HADS-A (anxiety, even question numbers or lower case
letters on figure 5.3) and HADS-D (depression, odd question numbers or capital
letters on figure 5.3). PCA identifies these two factors as being separate, with the
items forming separate strata (Table 3.3.7 and Figure 3.3.3). The raw variance
explained by the measures was 49.3%, which is well below the 60% suggested as
indicating unidimensionality (Smith, 2002; Linacre, 2009). In addition, the
eigenvalue of the first contrast was 2.2 and greater than 2.0 suggesting that another
significant dimension exists within the data (Smith, 2002; Linacre, 2009). The
standardised residual data plot in Figure 5.3 also shows a clear differentiation into
two groups of data and these two groups almost perfectly match the split of the
items of the HADS-T into the A and D subscales.
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Item

Map
Loading
Measure
code
A
Q3
0.55
45.3
B
Q9
0.53
50.2
Q13 C
0.52
47.8
D
Q1
0.52
43.2
E
Q5
0.33
43.6
Q11 F
0.06
39.9
G
Q7
-0.15
45.9
g
Q8
-0.18
34.3
Q14 f
-0.23
63.6
e
Q6
-0.26
58.8
Q10 d
-0.29
54.8
c
Q4
-0.44
63.3
Q12 b
-0.50
56.8
a
Q2
-0.51
51.9
Table 5.7. Standardised residual loadings for HADS-T items after category reduction.
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Figure 5.3. The Rasch standardised residual data plot for HADS-T data with the
individual items from table 5.7. Anxiety items are in red, depression items are in
blue.
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5.3b.iv) HADS-T item removal
As discussed in section 2.2 items can be removed from a questionnaire if they have
been shown to not provide useful information. This may be because they provide
data that is too variable or does not fit the model (it may be measuring something
else, infit and/or outfit values are too high) or data that is too predictable so that its
removal does not affect the usefulness of the overall questionnaire (infit and/or
outfit values are too low). An advantage of removing items is that they can reduce
respondent burden and improve the discriminative ability of the instrument. The
limits on infit and outfit vary with sample size (Linacre, 2003), and despite these
data originating from a rating scale, as this sample size is reasonably large it is fair to
use strict limits of 0.7 to 1.3 (Bond & Fox, 2004). Of course fit statistics must be used
with an understanding of the items and data, and a misfitting item will not be
removed if removal decreases person separation or if no other item measures a
similar severity of symptom. Guidelines for item removal were followed (Pesudovs
et al., 2007) and items were removed sequentially.
As can be seen by comparing Table 5.2 with Table 5.5, combining response
categories 2 and 3 improved the fit statistics so that only item 10 (I have lost
interest in my appearance) had infit outside the range of 0.7 to 1.3 and no items
had skewness and kurtosis values outside the range -2 to +2. Item 10 also had a
large floor effect (61%).
Item 10 was removed and the PSI decreased very slightly to 2.28 and Person
Separation Reliability (PSR) remained at 0.84. Item and participant means were

131

relatively unchanged at 49.9 and 40.4 respectively. Fit statistics for the remaining
items are given in Table 5.8.
Items
Infit
Outfit
Q1
I feel tense or ‘wound up’
0.70
0.72
Q2
I still enjoy things I used to
enjoy
1.04
1.08
Q3
I get a sort of frightened
feeling as if something awful is
about to happen
1.27
1.17
Q4
I can laugh and see the funny
side of things
1.32
1.54
Q5
Worrying thoughts go through
my mind
0.87
0.88
Q6
I feel cheerful
0.76
0.59
Q7
I can sit at ease and feel
relaxed
0.79
0.81
Q8
I feel as if I am slowed down
1.02
1.02
Q9
I get sort of frightened feeling
like ‘butterflies’ in the
stomach
0.97
1.01
Q11 I feel restless as I have to be
on the move
1.26
1.31
Q12 I look forward with enjoyment
to things
1.03
0.92
Q13 I get sudden feelings of panic
0.83
0.84
Q14 I can enjoy a good book or
radio or TV program
1.25
2.29
Table 5.8. Infit and outfit of HADS-T items after category reduction and removal of
item 10. Values outside the range 0.7-1.3 are in bold.
After removal of item 10, the infit mean square of item 4 increases and becomes
greater than 1.3. Item 4 also has the second largest floor effect (72%) therefore this
item was removed and the PSI and PSR remain at 2.28 and 0.84 respectively whilst
the participant and item means are 41.4 and 49.8 respectively. Fit statistics for the
remaining items are given in Table 5.9.
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Items
Infit
Outfit
Q1
I feel tense or ‘wound up’
0.69
0.72
Q2
I still enjoy things I used to
1.10
1.13
enjoy
Q3
I get a sort of frightened
1.28
1.16
feeling as if something awful is
about to happen
Q5 Worrying thoughts go through
0.87
0.87
my mind
Q6
I feel cheerful
0.80
0.63
Q7
I can sit at ease and feel
0.83
0.85
relaxed
Q8
I feel as if I am slowed down
1.03
1.02
Q9 I get sort of frightened feeling
0.97
1.01
like ‘butterflies’ in the
stomach
Q11
I feel restless as I have to be
1.28
1.29
on the move
Q12 I look forward with enjoyment
1.09
0.97
to things
Q13 I get sudden feelings of panic
0.82
0.84
Q14
I can enjoy a good book or
1.30
2.39
radio or TV program
Table 5.9. Infit and outfit of HADS-T items after category reduction and removal of
items 10 and 4. Values outside the range 0.7-1.3 are in bold.
After removal of items 4 and 10, item 1 has an infit value slightly less than 0.7, item
6 has an outfit below 0.7 and the outfit of item 14 remains above 1.3. As items 4
and 14 are measuring very similar levels of symptom (as shown by Rasch map Figure
5.2) and item 14 also has the highest floor effect and outfit value, the analysis was
rerun excluding item 14, but including item 4.
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Items
Infit
Outfit
Q1
I feel tense or ‘wound up’
0.70
0.73
Q2
I still enjoy things I used to
1.08
1.11
enjoy
Q3
I get a sort of frightened
1.28
1.18
feeling as if something awful is
about to happen
Q4
I can laugh and see the funny
1.37
1.60
side of things
Q5 Worrying thoughts go through
0.89
0.89
my mind
Q6
I feel cheerful
0.77
0.77
Q7
I can sit at ease and feel
0.81
0.81
relaxed
Q8
I feel as if I am slowed down
1.03
1.03
Q9 I get sort of frightened feeling
0.97
0.97
like ‘butterflies’ in the
stomach
Q11
I feel restless as I have to be
1.29
1.29
on the move
Q12 I look forward with enjoyment
1.07
1.07
to things
Q13 I get sudden feelings of panic
0.84
0.86
Table 5.10. Infit and outfit of HADS-T items after category reduction and removal of
items 10 and 14. Values outside the range 0.7-1.3 are in bold.
After removal of item 14 (and item 10) PSI and PSR are 2.26 and 0.84 whilst the
participant and item means are 41.7 and 49.8 respectively. Fit values (Table 5.10)
show that now item 4 is the only item with fit values outside the range 0.7-1.3. The
analysis was therefore rerun without items 4, 10 and 14.
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Items
Infit
Outfit
Q1
I feel tense or ‘wound up’
0.70
0.72
Q2
I still enjoy things I used to
1.15
1.19
enjoy
Q3
I get a sort of frightened
1.29
1.18
feeling as if something awful is
about to happen
Q5 Worrying thoughts go through
0.89
0.89
my mind
Q6
I feel cheerful
0.82
0.66
Q7
I can sit at ease and feel
0.86
0.90
relaxed
Q8
I feel as if I am slowed down
1.04
1.08
Q9 I get sort of frightened feeling
0.97
1.01
like ‘butterflies’ in the
stomach
Q11
I feel restless as I have to be
1.32
1.34
on the move
Q12 I look forward with enjoyment
1.14
1.03
to things
Q13 I get sudden feelings of panic
0.84
0.86
Table 5.11. Infit and outfit of HADS-T items after category reduction and removal of
items 4, 10 and 14. Values outside the range 0.7-1.3 are in bold.
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Item

Reponse
category 0
Q1
Q2
Q3
Q5
Q6
Q7
Q8
Q9
Q11
Q12
Q13

Response
category 1
22
31.9
24.5
22.6
39.7
25.1
11.9
30
18.4
37.3
27.3

45.6
55.5
48
46.1
63.2
48.6
35.5
53.6
42
60.9
50.9

Response
category 2 & 3
69.1
79
71.6
69.7
86.8
72.2
59.1
77.1
65.5
84.5
74.5

Table 5.12. Table to convert traditional scoring to ordinal scoring for HADS-T after
combining response categories 2 and 3 and removal of items 4, 10 and 14.

Removal of items 4, 10 and 14 gave a PSI and PSR of 2.24 and 0.83, and the
participant and item means were 43.0 and 50.0. Item 11 now has infit and outfit
values slightly higher than 1.3 and item 6 has an outfit value which is below 0.7
(Table 5.11). These items were kept as the Rasch map (Figure 5.4) shows they
measure unique levels of symptom and their fit values were only slightly out of the
strict range 0.7-1.3. Values to convert traditional scoring to ordinal scoring are
slightly different, and given in table 5.12. A summary of the category reduction and
item removal process for HADS-T is given in table 5.13.
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All items
Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Q10
Q11
Q12
Q13
Q14

Items
I feel tense or ‘wound up’
I still enjoy things I used to enjoy
I get a sort of frightened feeling as if
something awful is about to happen
I can laugh and see the funny side of
things
Worrying thoughts go through my
mind
I feel cheerful
I can sit at ease and feel relaxed
I feel as if I am slowed down
I get sort of frightened feeling like
‘butterflies’ in the stomach
I have lost interest in my appearance
I feel restless as I have to be on the
move
I look forward with enjoyment to
things
I get sudden feelings of panic
I can enjoy a good book or radio or
TV program
Participant Separation Index
Participant Separation Reliability
Participant mean
Item mean

Q10 removed

Q4 and Q10
removed
Infit
Outfit
0.69
0.72
1.10
1.13

Q10 and Q14
removed
Infit
Outfit
0.70
0.73
1.08
1.11

1.28

1.28

1.18

1.37

1.60

Infit
0.70
1.04

Outfit
0.72
1.08

Infit
0.70
1.04

Outfit
0.72
1.08

1.27

1.17

1.27

1.17

1.32

1.54

1.32

1.54

0.87

0.88

0.87

0.88

0.87

0.87

0.89

0.76
0.79
1.02

0.59
0.81
1.02

0.76
0.79
1.02

0.59
0.81
1.02

0.80
0.83
1.03

0.63
0.85
1.02

0.97

1.01

0.97

1.01

0.97

1.42

1.51

1.26

1.31

1.26

1.31

1.03

0.92

1.03

0.83

0.84

1.25

2.29
2.30
0.84
40.2
50.0

1.29

1.18

0.89

0.89

0.89

0.77
0.81
1.03

0.77
0.81
1.03

0.82
0.86
1.04

0.66
0.90
1.08

1.01

0.97

0.97

0.97

1.01

1.28

1.29

1.29

1.29

1.32

1.34

0.92

1.09

0.97

1.07

1.07

1.14

1.03

0.83

0.84

0.82

0.84

0.84

0.86

0.84

0.86

1.25

2.29

1.30

2.39

2.28
0.84
40.4
49.9

1.16

Q4, Q10 and Q14
removed
Infit
Outfit
0.70
0.72
1.15
1.19

2.28
0.84
41.4
49.8

Table 5.13. Summary of category reduction and item removal process for HADS-T.
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2.26
0.84
41.7
49.8

2.24
0.83
43.0
50.0

5.3c. HADS-A results
Responses from 321 participants were analysed. The PSI was 1.94, PSR was 0.79. The item mean was 51.3 and participant mean was 37.6. Infit
and outfit values are given in table 5.14 and the item map is given in figure 5.5.
Items

Q1
Q3

Skew

Kurtosis

Missing
data
(%)
2
2

Response
category 0
(Floor, %)
30
45

Response
category 1
(%)
52
28

Response
category 2
(%)
13
21

Response
category 3
(Ceiling, %)
6
6

Infit

Outfit

I feel tense or ‘wound up’
0.75
0.35
0.74 0.73
I get a sort of frightened
0.70
-0.66
1.14 1.08
feeling as if something awful
is about to happen
Q5
Worrying thoughts go
0.73
-0.23
2
36
41
15
8
1.00 1.01
through my mind
Q7
I can sit at ease and feel
0.42
-0.53
3
37
48
15
1
0.97 1.06
relaxed
Q9
I get sort of frightened
0.87
0.54
2
45
44
9
2
0.88 0.95
feeling like ‘butterflies’ in the
stomach
Q11
I feel restless as I have to be
0.33
-0.73
3
31
41
25
4
1.36 1.38
on the move
Q13 I get sudden feelings of panic
0.92
0.14
2
45
37
13
5
0.84 0.81
Table 3.3.14. Descriptive statistics of the HADS-A showing reliability indicators and proportion of responses within each category. Fit values
outside the range 0.7-1.3 are in bold.
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Figure 5.5. Item map for HADS-A. EACH '#' IS 3.
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5.3c.i) HADS-A conversion table from traditional scoring to ordinal scoring
If the HADS-A is used in its original form in a similar population it is possible to
rescore the items according to Table 5.15 in order to make the data ordinal. Each
items response categories have been given in ascending order, even for items that
are reverse scored, meaning response category 0 was originally scored as zero (least
presence of anxiety), and response category 3 was originally scored as three (most
presence of anxiety).

Items
Q1
Q3

Response Response Response Response
Category 0 Category 1 Category 2 Category 3
16.2
38.9
60.5
79.6
18
40.7
62.3
81.5

I feel tense or ‘wound up’
I get a sort of frightened
feeling as if something
awful is about to happen
Q5
Worrying thoughts go
16.2
38.9
60.5
through my mind
Q7
I can sit at ease and feel
20.2
42.9
64.5
relaxed
Q9
I get sort of frightened
24.2
46.9
68.5
feeling like ‘butterflies’ in
the stomach
Q11 I feel restless as I have to
13.7
36.5
58
be on the move
Q13
I get sudden feelings of
20.8
43.5
65.1
panic
Table 5.15. Table to convert traditional scoring to ordinal scoring for HADS-A.

79.6
83.7
87.7

77.2
84.2

5.3c.ii) HADS-A Principal Components Analysis
The raw variance explained by the measures was 53.2%, which is below the 60%
suggested as indicating unidimensionality. However, the eigenvalue of the first
contrast was 1.6 which is less than 2.0 suggesting that any other dimensions within
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the data were not significant. The HADS-A data therefore appear to be
unidimensional.
5.3c.iii) HADS-A combining response categories
Combining response categories 2 and 3 resulted in a decrease in the PSI to 1.78, and
the PSR to 0.76, although the Item mean and participant means were closer at 50.0
and 44.5 respectively. Due to the decrease in PSI response categories were not
combined.
5.3c.iv) HADS-A item removal
Item 11 (I feel restless as I have to be on the move, Table 5.14) was the only item
with fit values outside the range 0.7-1.3 indicating it had too much variability. This
item was therefore removed and the analysis rerun resulting in a PSI of 1.93, PSR of
0.79, item mean of 52.1 and participant mean of 37.6. The fit statistics of all items
were now within the range 0.7-1.3 (Table 5.16). As this item measures the lowest
level of symptom (Figure 5.5), and removal did not result in an increase in PSR,
which was already below the cut-off value of 2.0, it was not removed.
Items
Q1
Q3

Infit
0.77
1.15

Outfit
0.75
1.10

I feel tense or ‘wound up’
I get a sort of frightened feeling as if
something awful is about to happen
Q5
Worrying thoughts go through my
1.02
1.04
mind
Q7
I can sit at ease and feel relaxed
1.11
1.21
Q9
I get sort of frightened feeling like
0.95
0.99
‘butterflies’ in the stomach
Q13
I get sudden feelings of panic
0.91
0.89
Table 5.16. Infit and outfit values of HADS-A after removal of Q11.
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5.3d. HADS-D results
Responses from 321 patients were received. The PSI was 1.31, PSR was 0.63. The item mean 52.3 and participant mean was 32.6. Infit and
outfit values are given in table 5.17 and the item map is shown in figure 5.7.
Items

Q2
Q4
Q6

I still enjoy things I used
to enjoy
I can laugh and see the
funny side of things
I feel cheerful

Skew

Kurtosis

Response
category 0
(Floor, %)
48

Response
category 1
(%)
42

Response
category 2
(%)
8

Response
category 3
(Ceiling, %)
2

Infit

Outfit

0.75

Missing
data
(%)
1

0.98

0.87

0.82

2.05

4.34

2

72

22

4

2

1.23

1.17

1.57

2.22

2

65

28

6

2

0.76

0.67

Q8

I feel as if I am slowed
0.30
-0.61
2
19
44
27
10
1.04 1.06
down
Q10
I have lost interest in my 1.32
0.83
2
61
24
11
4
1.33 1.21
appearance
Q12
I look forward with
1.44
1.67
2
62
29
7
2
0.80 0.69
enjoyment to things
Q14
I can enjoy a good book
2.02
3.99
1
73
20
5
2
1.34 1.38
or radio or TV program
Table 5.17. Descriptive statistics of the HADS-D showing reliability indicators and proportion of responses within each category. Fit values
outside the range 0.7-1.3 are in bold. Skew and kurtosis values outside the range -2 to 2 are in bold.
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Figure 5.7. Item-Participant map for HADS-D. EACH '#' IS 4.
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5.3d.i) HADS-D Principal Components Analysis
The raw variance explained by the measures was 51.0%, which is below the 60%
suggested as indicating unidimensionality. However, the eigenvalue of the first
contrast was 1.5 which is less than 2.0 suggesting that any other dimensions within
the data were not significant. The data within HADS-D therefore appear to be
unidimensional.
5.3d.ii) HADS-D combining response categories
Due to the large floor effect, in order to improve skew, kurtosis and fit values,
response categories 2 and 3 were combined, meaning that the four response
categories were scored 0, 1, 2, 2 in ascending order. This resulted in a slight increase
in the PSI to 1.40, and the PSR to 0.66. The item and participant means were closer
at 51.96 and 38.19 respectively. New fit values are given in table 5.18 and the item
map is shown in figure 5.8.
Items
Infit Outfit Skew Kurtosis
Q2
I still enjoy things I used to enjoy
0.91 0.87
0.61
-0.65
Q4
I can laugh and see the funny side of 1.08 1.14
1.56
1.41
things
Q6
I feel cheerful
0.76 0.68
1.18
0.26
Q8
I feel as if I am slowed down
0.98 1.09
-0.28
-1.09
Q10
I have lost interest in my appearance 1.31 1.25
0.98
-0.51
Q12
I look forward with enjoyment to
0.81 0.69
1.06
-0.07
things
Q14 I can enjoy a good book or radio or TV 1.21 1.41
1.62
1.55
program
Table 5.18. Infit, outfit, skew and kurtosis of HADS-D items after combination of
response categories 2 and 3. Fit values outside the range 0.7-1.3 are in bold.
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As the PSI was still not over 2, further collapsing of response categories was
attempted. Combining response categories 1, 2 and 3, meaning that the four
response categories were scored 0, 1, 1, 1 in ascending order, resulted in a drop of
the PSI to 0.77 and PSR to 0.37. The participant mean was 49.1 and the item mean
was 55.0.
Combining response categories 0 and 1, and response categories 2 and 3, meaning
that the four response categories were scored 0, 0, 1, 1 in ascending order, resulted
in a drop of the PSI and PSR both to 0. The participant mean was 35.8 and the item
mean was 53.9.

5.3d.iii) HADS-D Item removal
After combining response categories 2 and 3, outfit of item Q14 was still 1.41, and
item map (Figure 5.7) shows that Q14 measures a similar level of symptom to Q4,
therefore this item was removed and the analysis rerun. This resulted in a PSI of
1.35, a PSR of 0.65, item mean of 52.0 and participant mean of 39.7. All items now
had fit values within the range 0.7-1.3 apart from Q10, therefore this item was
removed and the analysis rerun. This resulted in a PSI of 1.32, PSR of 0.64, item
mean of 52.7 and participant mean of 41.09. As removing these items did not result
in a substantial increase in PSI, which was well below the cut-off value of 2.0, they
were retained.
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5.3e. STAI-S results
Responses from 318 participants were analysed. PSI was 2.75, PSR was 0.88, Item mean was 49.9, and Participant mean was 38.3. Reliability
indices are given in table 5.19 and the item map is shown in figure 5.11.
Items

Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Q10
Q11
Q12
Q13
Q14
Q15
Q16
Q17
Q18
Q19
Q20

Skew

I feel calm
I feel secure
I am tense
I feel strained
I feel at ease
I feel upset
I am presently worrying over
possible misfortunes
I feel satisfied
I feel frightened
I feel comfortable
I feel self-confident
I feel nervous
I am jittery
I feel indecisive
I am relaxed
I feel content
I am worried
I feel confused
I feel steady
I feel pleasant

Kurtosis

Missing
data (%)

Response
category 1
(Floor, %)
35
52
47
58
35
75

Response
category 2
(%)
46
32
24
18
38
11

Response
category 3
(%)
12
11
20
17
19
9

0.83
1.13
0.7
1.04
0.6
1.86

0.21
0.52
-0.8
-0.2
-0.6
2.33

1
1
2
2
2
3

1.04

-0.2

1

55

22

14

0.56
2.02
0.74
0.6
0.95
1.68
1.42
0.56
0.47
1.09
1.92
0.72
0.73

-0.5
3.16
-0.3
-0.5
-0.1
1.7
1.04
-0.5
-0.7
0.17
2.62
-0.5
-0.4

2
2
1
3
2
3
4
1
4
1
1
3
1

33
77
38
33
51
72
63
30
32
52
76
40
42

41
12
39
41
29
14
22
42
38
29
11
35
35

20
8
16
18
15
10
10
19
23
11
9
17
18

Response
category 4
(Ceiling, %)
7
5
9
7
8
4

Infit

Outfit

0.74
0.74
1.34
1.38
0.75
1.38

0.91
0.68
1.44
1.29
0.74
1.27

9

1.12

1.07

7
3
7
8
5
4
5
9
8
8
3
8
5

0.90
1.31
0.88
0.93
1.13
1.34
1.31
0.61
0.78
1.15
1.19
1.03
0.89

1.05
1.10
0.97
0.97
1.16
1.28
1.41
0.63
0.86
1.28
0.98
1.11
0.92

Table 5.19. Descriptive statistics of the STAI-S showing the proportion of responses within each category. Fit values outside the range 0.7-1.3
are in bold. Skew and kurtosis values outside the range -2 to 2 are in bold.
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Q8

5.3d.i) STAI-S combining response categories
Due to the large floor effect and less than 10% of participants endorsing response
category 4 for any item, response categories 3 and 4 were combined, meaning that
the four response categories were scored 1, 2, 3, 3 in ascending order. This resulted
in a slight increase in PSI to 2.77, a PSR of 0.88, and participant and item means that
were closer together at 43.67 and 49.70 respectively. Fit values, skew and kurtosis
are given in Table 5.20 and the item map is shown in figure 5.13.
Items
Infit
Outfit
Skew
Kurtosis
Q1
J
I feel calm
0.78
0.92
0.26
-1.03
Q2 G
I feel secure
0.72
0.66
0.69
-0.87
Q3 d
I am tense
1.28
1.35
0.35
-1.54
Q4 g
I feel strained
1.27
1.15
0.73
-1.18
Q5 F
I feel at ease
0.82
0.78
0.13
-1.37
Q6 c
I feel upset
1.26
1.32
1.55
0.76
Q7
j
I am presently worrying
1.12
1.08
0.67
-1.18
over possible misfortunes
Q8 E
I feel satisfied
0.95
1.11
0.10
-1.29
Q9
f
I feel frightened
1.18
1.07
1.69
1.34
Q10 C
I feel comfortable
0.85
0.94
0.26
-1.25
Q11 I
I feel self-confident
0.91
1.02
0.10
-1.30
Q12 a
I feel nervous
1.11
1.11
0.59
-1.16
Q13 b
I am jittery
1.22
1.26
1.37
0.25
Q14 i
I feel indecisive
1.35
1.53
1.05
-0.39
Q15 B
I am relaxed
0.64
0.67
0.04
-1.29
Q16 A
I feel content
0.82
0.86
0.03
-1.39
Q17 h
I am worried
1.10
1.28
0.64
-1.06
Q18 e
I feel confused
1.11
0.99
1.62
1.01
Q19 H
I feel steady
0.93
1.04
0.28
-1.37
Q20 D
I feel pleasant
0.91
0.93
0.36
-1.29
Table 5.20. Infit, outfit, skew and kurtosis of STAI-S items after combination of
response categories 3 and 4. Fit values outside the range 0.7-1.3 are in bold. Anxiety
present items are in red and anxiety absent items are in blue.
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5.3d.ii) STAI-S Principal components analysis
The raw variance explained by the measures after combination of response
categories 3 and 4 was 47.8%, which is well below the 60% suggested as indicating
unidimensionality and the eigenvalue of the first contrast was 3.0 and greater than
2.0 suggesting that another significant dimension within the data. The 2nd contrast
had an eigenvalue of 1.7 indicating just two factors within the data. The
standardised residual data plot in Figure 5.14 shows a clear differentiation into two
groups of data and these two groups match the split of the items into state anxietypresent and state anxiety-absent factors. Despite both contributing towards the
same construct, these two factors are clearly separate, therefore the items were
split into two subscales and re-analysed.
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5.3e STAI-S Anxiety Absent Results
317 participants were included, which gave a PSI of 2.30, PSR of 0.84, participant mean of 47.52 and item mean of 49.87. Reliability indices are
given in table 5.21 and the item map is shown in figure 5.15.
Items

Skew

Kurtosis

Missing
Response
Response Response Infit Outfit
data
category 1 category 2 category
(%)
(Floor, %)
(%)
3&4 (%)
0.26
-1.03
Q1
I feel calm
1
35
46
19
1.09
1.20
0.69
-0.87
Q2
I feel secure
1
52
32
16
0.90
0.81
0.13
-1.37
Q5
I feel at ease
2
35
38
27
1.00
0.95
0.10
-1.29
Q8
I feel satisfied
2
33
41
27
1.14
1.23
0.26
-1.25
Q10
I feel comfortable
1
38
39
23
0.88
0.93
0.10
-1.30
Q11
I feel self-confident
3
33
41
27
1.17
1.33
0.04
-1.29
Q15
I am relaxed
1
30
42
28
0.69
0.70
0.03
-1.39
Q16
I feel content
4
32
38
30
0.84
0.87
0.28
-1.37
Q19
I feel steady
3
40
35
25
1.20
1.17
0.36
-1.29
Q20
I feel pleasant
1
42
35
23
1.02
0.95
Table 5.21. Descriptive statistics of the STAI-S Anxiety Absent items showing reliability indicators and proportion of responses within each
category. Fit values outside the range 0.7-1.3 are in bold.
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Figure 5.15. Item map for STAI-S Anxiety Absent items after combining response
categories 3 and 4. Each '#' is 3 participants.
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5.3e.i) Principal Components Analysis for STAI-S Anxiety Absent items

The raw variance explained by the measures was 50.4%, which is below the 60%
suggested as indicating unidimensionality. However, the eigenvalue of the first
contrast was 1.8 which is less than 2.0 suggesting that any other dimensions within
the data were not significant. The data within STAI-S Anxiety Absent therefore
appear to be unidimensional.
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5.3f STAI-S Anxiety Present Results
Responses were analysed from 317 patients which gave a PSI of 1.69, PSR of 0.74, participant mean of 40.93 and item mean of 49.97. Reliability
indices are given in table 5.22 and the item map is shown in figure 5.16.

Items

Skew

Kurtosis

Missing
data
(%)
2
2
3

Response
category 1
(Floor, %)
47
58
75

Response
category 2
(%)
24
18
11

Response
category 3
& 4(%)
29
24
14

Infit

Outfit

0.35
-1.54
I am tense
1.07 1.21
0.73
-1.18
I feel strained
1.07 1.03
1.55
0.76
I feel upset
1.06 0.87
I am presently worrying over
0.67
-1.18
Q7
1
55
22
22
1.00 1.00
possible misfortunes
1.69
1.34
Q9
I feel frightened
2
77
12
11
1.02 0.97
0.59
-1.16
Q12
I feel nervous
2
51
29
21
0.80 0.79
1.37
0.25
Q13
I am jittery
3
72
14
15
0.94 0.97
1.05
-0.39
Q14
I feel indecisive
4
63
22
15
1.21 1.41
0.64
-1.06
Q17
I am worried
1
52
29
19
0.99 1.06
1.62
1.01
Q18
I feel confused
1
76
11
13
0.94 0.89
Table 5.22. Descriptive statistics of the STAI-A Anxiety Present items showing reliability indicators and proportion of responses within each
category. Fit values outside the range 0.7-1.3 are in bold.
Q3
Q4
Q6
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Figure 5.16. Item map for STAI-S Anxiety Present items after combining response
categories 3 and 4. Each '#' is 6 participants.
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5.3f.i) Principal Components Analysis for STAI-S Anxiety Present items

The raw variance explained by the measures was 47.1%, which is below the 60%
suggested as indicating unidimensionality. However, the eigenvalue of the first
contrast was 1.6 which is less than 2.0 suggesting that any other dimensions within
the data were not significant. The data within STAI-S Anxiety Present therefore
appear to be unidimensional.
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5.3g. STAI-T results
Responses from 280 patients were analysed. PSI was 3.01, PSR was 0.90, the participant mean was 38.96 and the item mean was 50.04. Fit
values, skew and kurtosis are given in table 5.23 and the item map is shown in figure 5.17.
Items

Q21
Q22
Q23
Q24
Q25
Q26
Q27
Q28
Q29
Q30
Q31
Q32
Q33
Q34
Q35
Q36
Q37
Q38
Q39
Q40

I feel pleasant
I feel nervous and restless
I feel satisfied with myself
I wish I could be as happy as others seem to be
I feel like a failure
I feel rested
I am “calm, cool and collected”
I feel that difficulties are piling up so that I cannot overcome them
I worry too much over something that really doesn’t matter
I am happy
I have disturbing thoughts
I lack self confidence
I feel secure
I make decisions easily
I feel inadequate
I am content
Some unimportant thought runs through my mind and bothers me
I take disappointments so keenly that I can’t put them out of my mind
I am a steady person
I get in a state of tension or turmoil as I think over my recent concerns and
interests

Skew

Kurtosis

0.37
0.85
0.13
0.71
1.30
-0.05
0.04
1.15
0.74
0.61
1.03
0.92
0.62
0.16
1.05
0.58
0.76
0.84
0.46
0.94

-0.96
0.86
-1.09
-0.57
1.16
-0.93
-1.06
0.81
-0.11
-0.55
0.55
0.12
-0.83
-1.09
1.00
-0.84
0.22
0.04
-1.04
0.56

Missing
data (%)
1
0
4
1
1
3
1
1
0
1
1
1
2
2
3
3
0
0
1
1

Response
category 1
(Floor, %)
37
34
30
38
59
23
27
50
37
43
52
41
46
30
49
44
39
41
43
40

Response
category 2
(%)
36
53
30
35
30
29
31
36
42
34
36
40
26
29
42
28
46
40
28
45

Response
category 3
(%)
24
9
34
15
9
38
36
9
15
20
10
12
23
33
7
24
13
14
26
10

Response
category 4
(Ceiling, %)
2
4
6
11
2
10
5
5
6
3
2
8
5
8
2
4
3
6
3
5

Infit

Outfit

1.02
0.76
0.95
1.91
0.81
1.20
0.73
1.08
0.91
0.80
0.97
1.19
0.85
1.26
0.92
0.79
0.75
1.27
0.81
0.79

1.09
0.82
1.02
2.18
0.67
1.30
0.74
1.11
0.88
0.79
1.04
1.12
0.77
1.51
0.98
0.71
0.81
1.67
0.75
0.92

Table 5.23. Descriptive statistics of the STAI-T showing reliability indicators and proportion of responses within each category. Fit values outside
the range 0.7-1.3 are in bold.
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Figure 5.17. Item map for STAI-T. Each '#' IS 2 participants.
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Q33

Q36

Q38

Q39

5.3g.i). STAI-T combining response categories
Although skew and kurtosis values are all in the range -2 to +2, suggesting a normal
distribution of data, there is a large floor effect present for most items. Only one
item has more than 10% of respondents endorsing response category 4, therefore
combination of categories 3 and 4 was attempted to discover if there was an
improvement in PSI or PSR. The resulting PSI was increased from 3.01 to 3.10, the
PSR from 0.90 to 0.91 and the participant and item means were much closer at
45.93 and 50.00 respectively. New fit statistics are given in table 5.24.
Items
Q21
Q22
Q23
Q24
Q25
Q26
Q27
Q28

Infit
1.14
0.80
1.07
1.59
0.86
1.24
0.88
0.99

E
f
B
g
J
H
G
d

Outfit
1.16
0.90
1.03
1.92
0.72
1.48
0.80
1.05

I feel pleasant
I feel nervous and restless
I feel satisfied with myself
I wish I could be as happy as others seem to be
I feel like a failure
I feel rested
I am “calm, cool and collected”
I feel that difficulties are piling up so that I cannot
overcome them
a
Q29
I worry too much over something that really doesn’t 0.90
0.92
matter
Q30 C I am happy
0.80
0.73
Q31 h I have disturbing thoughts
1.05
1.10
i
Q32
I lack self confidence
1.07
1.00
Q33 D I feel secure
0.84
0.73
Q34 I I make decisions easily
1.34
1.65
Q35 j I feel inadequate
0.88
0.96
A
Q36
I am content
0.79
0.68
b
Q37
Some unimportant thought runs through my mind
0.83
0.87
and bothers me
Q38 c I take disappointments so keenly that I can’t put
1.13
1.42
them out of my mind
Q39 F I am a steady person
0.87
0.75
Q40 e I get in a state of tension or turmoil as I think over
0.80
0.95
my recent concerns and interests
Table 5.24. Infit and outfit values of STAI-T after combining response categories 3
and 4. Fit values outside the range 0.7-1.3 are in bold. Trait anxiety present items
are in red and trait anxiety absent items are in blue.
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Combining the response categories resulted in an increase in PSI and a significant
reduction in the difference between participant mean score and item mean score
from about 11 to 4. Although the fit statistics of items 26 and 34 increased, those
for items 24 and 38 decreased. The combination of response categories was
therefore retained.

5.3g.i) STAI-T Principal Components Analysis
The raw variance explained by the measures after combination of response
categories 3 and 4 was 50.9%, which is well below the 60% suggested as indicating
unidimensionality and the eigenvalue of the first contrast was 3.2 and greater than
2.0 suggesting that another significant dimension within the data. The 2nd contrast
had an eigenvalue of 1.7 indicating just two factors within the data. The
standardised residual data plot (Fig 5.18) showed a clear differentiation into two
groups of data and these two groups perfectly match the split of the items of the
STAI into anxiety-present and anxiety-absent factors as shown previously for STAI-S.
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Figure 5.18. Standardised residual plot. Trait anxiety absent items are in blue and
trait anxiety present items are in red. Letter to item conversion key is given in table
5.24.
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5.3h STAI-T Anxiety Absent Results
After combination of response categories 3 and 4, 280 patients responded which gave a PSI of 2.07, PSR of 0.81, participant mean of 48.78 and
item mean of 50.17.

Items

Skew

Kurtosis

Missing Response
Response
Response
Infit
Outfit
data
category 1 category 2 category 3&4
(%)
(Floor, %)
(%)
(%)
Q21
I feel pleasant
0.20
-1.38
1
37
36
26
1.10
1.10
Q23
I am content
-0.18
-1.54
4
30
30
40
0.95
0.95
Q26
I make decisions easily
-0.51
-1.18
3
23
29
48
1.34
1.60
Q27
I feel secure
-0.27
-1.46
1
27
31
42
0.86
0.83
Q30
I am happy
0.33
-1.25
1
43
26
28
0.76
0.75
Q33
I am “calm, cool and collected”
0.34
-1.52
2
46
26
28
0.87
0.79
Q34
I feel rested
-0.21
-1.55
2
30
29
28
1.52
1.78
Q36
I feel satisfied with myself
0.32
-1.48
3
44
28
28
0.68
0.66
Q39
I am a steady person
0.26
-1.54
1
43
28
29
0.90
0.82
Table 5.25. Descriptive statistics of the STAI-T Anxiety Absent items showing reliability indicators and proportion of responses within each
category. Fit values outside the range 0.7-1.3 are in bold.
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Figure 5.19. Item map for STAI-T Anxiety Absent items. Each '#' IS 3 participants.
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5.3h.i) Principal Components Analysis for STAI-T Anxiety Absent items

The raw variance explained by the measures was 54.4%, which is below the 60%
suggested as indicating unidimensionality. However, the eigenvalue of the first
contrast was 1.5 which is less than 2.0 suggesting that any other dimensions within
the data were not significant. The data within STAI-T Anxiety Absent therefore
appear to be unidimensional.

5.3h.ii) STAI-T Anxiety Absent item removal
Q34 (I feel rested) misfits more than any other, therefore this was removed and the
data reanalysed. The resulting PSI was 2.00, the PSR was 0.80 and the participant
and item means are almost unchanged at 49.01 and 50.38 respectively. As there is a
reduction in PSI and the item and participant means are already very close, it is
probably best to retain Q34.

Q21

Items
I feel pleasant

Q23

Infit

Outfit

1.12

1.28

I am content

1.00

0.96

Q26

I make decisions easily

1.38

1.89

Q27

I feel secure

0.96

1.01

Q30

I am happy

0.81

0.79

Q33

I am “calm, cool and
collected”
I feel satisfied with
myself
I am a steady person

0.91

0.85

0.72

0.70

1.04

1.06

Q36
Q39

Table 5.26 Fit values for STAI-T Anxiety absent items after removal of Q34.
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After removal of Q34, Q26 is the only remaining item to misfit, therefore this was
removed next. This did not have a beneficial effect on the PSI which was lowered to
1.88 and is below the threshold of 2.
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5.3i STAI-T Anxiety Present Results
280 participants responded which gave a PSI of 2.31, PSR of 0.84, participant mean of 42.76 and item mean of 49.93.
Items

Skew

Kurtosis

Q22
Q24

Missing
data (%)

Response
category 1
(Floor, %)
34

Response
category 2
(%)
53

Response
category
3&4 (%)
13

Infit

Outfit

I feel nervous and restless
0.24
-0.73
0
0.83 0.82
I wish I could be as happy as others seem to
0.22
-1.40
1
38
35
26
1.58 1.65
be
Q25
I feel like a failure
0.96
-0.31
1
59
30
11
0.94 0.83
Q28 I feel that difficulties are piling up so that I
0.66
-0.79
1
50
36
14
0.96 0.93
cannot overcome them
Q29 I worry too much over something that really
0.27
-1.17
0
37
42
21
0.86 0.89
doesn’t matter
Q31
I have disturbing thoughts
0.73
-0.63
1
52
36
12
1.08 1.07
Q32
I lack self confidence
0.38
-1.12
1
41
40
19
1.12 1.13
Q35
I feel inadequate
0.62
-0.63
3
49
42
10
0.93 0.94
Q37
Some unimportant thought runs through
0.36
-0.93
0
39
46
15
0.81 0.83
my mind and bothers me
Q38 I take disappointments so keenly that I can’t
0.37
-1.13
0
41
40
19
1.07 1.13
put them out of my mind
Q40
I get in a state of tension or turmoil as I
0.38
-0.92
1
40
45
15
0.80 0.80
think over my recent concerns and interests
Table 5.27. Descriptive statistics of the STAI-T Anxiety Present items showing reliability indicators and proportion of responses within each
category. Fit values outside the range 0.7-1.3 are in bold.
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5.3i.i) Principal Components Analysis for STAI-T Anxiety Present items

The raw variance explained by the measures was 48.2%, which is below the 60%
suggested as indicating unidimensionality. However, the eigenvalue of the first
contrast was 1.8 which is less than 2.0 suggesting that any other dimensions within
the data were not significant. The data within STAI-T Anxiety Present items
therefore appear to be unidimensional.

168

100

90

80

70

60

50

40

30

20

10

0

-10

Pxs - MAP - Items
<more>|<rare>
. +
|
|
|
|
+
## |
. |
|
. |
.# +
T|
|
.## |
|
# +
# |
|
## |
# |
. S+
## |T Q25
#### | Q31
|S Q28
Q35
#### |
.###### +M
##### | Q22
Q32
. |S Q29
.#### | Q24
.#### M|
+T
######### |
.###### |
. |
.##### |
.#### +
. |
.#### S|
|
. |
####### +
|
|
. |
.### |
+
T|
|
|
|
+
|
|
|
|
.######## +
<less>|<frequ>

Q37

Q38

Q40

Figure 5.20. Item map for STAI-T Anxiety Present items. Each '#' IS 3 participants.
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5.3i.ii) STAI-T Anxiety Present items item removal
Q24 is the only item to misfit, therefore this was removed and the data re-analysed
resulting in a PSI of 2.27, PSR of 0.84, participant mean of 42.27 and item mean
49.93. The fit values of the remaining items are in table 5.28. Removal of Q24
results in a slight deterioration of PSI and a marginal increase in separation of
participant and item means therefore it should probably be retained if maximum
PSI is required.
Items
Infit
Outfit
Q22 I feel nervous and restless
0.92
0.93
Q25 I feel like a failure
0.99
0.89
Q28 I feel that difficulties are piling up so that I
cannot overcome them
1.02
0.98
Q29 I worry too much over something that really
doesn’t matter
0.88
0.92
Q31 I have disturbing thoughts
1.15
1.15
Q32 I lack self confidence
1.20
1.19
Q35 I feel inadequate
0.98
0.99
Q37 Some unimportant thought runs through my
mind and bothers me
0.84
0.85
Q38 I take disappointments so keenly that I can’t
put them out of my mind
1.17
1.23
Q40 I get in a state of tension or turmoil as I think
over my recent concerns and interests
0.85
0.83
Table 5.28. Fit values for STAI-T Anxiety Present items after removal of Q24.
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5.4 Discussion
This is the first time that the HADS and STAI questionnaires have been used in an
ophthalmic outpatient population.
5.4a HADS
The HADS and its subscales would be better matched to a population with higher
levels of psychological distress than new ophthalmic outpatients, as demonstrated
by the Rasch maps (Figures 5.2, 5.5, 5.7) and presence of floor effects for most
items (Tables 5.2, 5.14, 5.17). Previous studies have also found a floor effect using
HADS-T and interpreted this to mean that it is targeted at more severe anxiety and
depression levels than those present in mixed oncology and psychology patient
hospital populations (Smith et al., 2006) or patients with Parkinsons Disease (Forjaz
et al., 2009). Using a questionnaire that shows a floor effect in a new
ophthalmology outpatient population raises the risk of not accurately quantifying or
discriminating between the patients with lower levels of anxiety and/or depression.
As the response category for the severest symptoms was rarely used, combination
of the top two response categories improved the suitability of this questionnaire,
and its subscales, to this population.
Different populations appear to respond quite differently to the HADS, with all
previous Rasch studies (Smith et al., 2006, Gough and Hudson, 2009, Pallant and
Tennant, 2007, Tang et al., 2008, Lambert et al., 2010), along with the present
study, reporting different questions as easiest and hardest for all subscales. At the
same time, the same body of research, with a wide variety of populations has
supported the removal of item 11 from the Anxiety subscale (I feel restless as I have
to be on the move) in order to improve reliability and fit to the Rasch model (Smith
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et al., 2006, Gough and Hudson, 2009, Pallant and Tennant, 2007, Tang et al., 2008,
Lambert et al., 2010) and the present study would support this (Table 5.14). The
symptom of restlessness is clearly not a good fit to the other anxiety questions and
this could be due to restlessness being feasibly caused by other physical or
psychological issues other than anxiety. In addition to the present study, two
previous studies (Smith et al., 2006, Lambert et al., 2010) have found misfit for item
14 (I can enjoy a good book or radio or TV program) which is meant to elicit
depression but could also be affected by a number of physical or psychological
problems. With the exception of item 11, it is possibly premature to recommend
removal of items prior to future administration of HADS on the basis of reducing
respondent burden. Although, using common sense, if any questions appear to
conflict with the population, for example “I can enjoy a good book or radio or TV
program” in a severely sight impaired cohort, then it should be removed to improve
reliability. In cohorts that are as obviously biased as severely sight impaired, it
should be questioned whether scales such as the HADS should be administered, or
whether something more fitting to the population should be used or developed. As
more studies are published that use Rasch analysis on the HADS it is possible that
more trends may emerge.
HADS-T was found to be not unidimensional using a cut-off for the eigenvalue of the
second contrast of 2.0. We found the first factor to only explain 49 % of the
variance in the data and an eigenvalue of 2.2 for the second contrast. Many
researchers view this as indicating a non-unidimensional instrument (Smith et al.,
2002, Gothwal et al., 2010, Linacre, 2009, Marella et al., 2010). The eigenvalue of
2.2 for the second factor agrees with findings in previous studies (Smith et al., 2006,
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Forjaz et al., 2009) who found eigenvalues of 2.4 and 2.11 respectively. However,
neither of these studies provided details of the percentage variance explained by
the first factor and most importantly, they used a value of 3.0 for the cut-off
eigenvalue and argued that their data and analyses suggested that the HADS-T is
unidimensional. The issue of unidimensionality should not be based solely on simple
numbers such as a cut-off eigenvalue and consideration must be made of the size of
the variance explained by the principal factor and whether any subgrouping of the
items makes sense (Linacre, 2008, Vianya-Estopa et al., 2010, Smith et al., 2002). In
the case of the HADS, the questionnaire was developed to assess both anxiety and
depression, so that any subgrouping by data analysis into these two domains would
make sense. In our analyses, PCA split the items perfectly into those assessing
anxiety and those assessing depression (Figure 5.3) which indicated logically that
patients answered the two different groups of questions in different ways. Previous
studies concur with this apparently sensible split (Lambert et al., 2010) including
Pallant and Tennant (2007) who found a similar distribution of items using Rasch
PCA on 296 patients attending an out-patient musculoskeletal rehabilitation
program (they found one misfitting item, which was Anxiety 7, “I can sit at ease and
feel relaxed”, but the rest split perfectly into anxiety and depression subscales).
Once again, they argue that the questionnaire can be considered unidimensional as
the scores from each subscale were similar to each other, and to HADS-T, and the
discriminative ability of the HADS-T (as shown by PSI) was very good. We also found
a good PSI for HADS-T (PSI of 2.18, PSR of 0.82 and similar to Pallant and Tennant’s
0.89), but the PSI of both HADS-A (1.94) and particularly HADS-D (1.31) was poorer
and below the oft-used cut-off value to suggest useful discriminative ability of 2.0
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(Pesudovs et al., 2007). In addition, mean values of person and items means for
HADS-A, HADS-D and HADS-T were all similar. Whether that means that the HADS-T
score is viable despite not being unidimensional is questionable and not answerable
with these data. However it can be concluded that HADS-T is much better than its
subscales on all measurements of discriminative ability and therefore if any one of
the scales is to be used in this population, it would appear to be HADS-T.

5.4b STAI
Both state and trait scales of the STAI showed good discriminative ability (PSI>2.0)
and for both anxiety absent and present items subscales, apart from STAI-S Anxiety
Present items which only achieved a maximum PSI of 1.69.
The PCA assessment of unidimensionality for both state and trait scales that
showed two factors within the data agrees with the original author’s two factor
model for anxiety present and anxiety absent items (Spielberger, 1983). Multiple
studies have since agreed that higher scores are provided by respondents for
anxiety absent items such as “I feel…calm, at ease, satisfied, comfortable etc”
compared to anxiety present items such as “I feel…..strained, upset, frightened,
jittery etc” (e.g., Spielberger, 1983; Mook et al., 1992; Kvaal et al., 2001). This is
because confirming the presence of anxiety is not psychologically equivalent to not
confirming the presence of calmness.
A recent study has performed Rasch analysis on the STAI and suggested that the
questionnaire had many poorly fitting items and response category disorders and
suggested a reduced questionnaire that was unidimensional and had good
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psychometric properties (Kaipper et al., 2010). However, their rationale for category
reduction seems illogical in that it does not consider the distribution of responses
and combines the middle two response categories leaving end categories containing
as little as 1.4% of the data. In these cases where an end category has less than 10%
of the data (in 8 of the 23 items that had response categories combined), combining
the middle two categories effectively provides a two category scale. The logical and
standard technique (Pesudovs et al., 2007) is to combine the end categories if it
unites the categories with the least amount of data, which would have produced a
viable and discriminative three-category scale. The paper is further limited by
important typos in the tables (e.g., Table 5 provides data for two ‘trait’ scales and
not a ‘trait’ and ‘state’ scale, some percentages are incorrect and there is no
acknowledgment of the reverse scoring required for approximately half the items).
The removal of items from the questionnaire makes no consideration of the well
known separation of the items into anxiety-absent and anxiety present (Spielberger,
1983) as well as using an illogical response category reduction. The finding of
unidimensionality for both State and Trait scales is in contradiction to the literature
on the questionnaire (Spielberger, 1983, Hishinuma et al., 2000, Kvaal et al., 2001,
Mook et al., 1992) including the findings of the original author and the present
study. The cause of this is unclear, but it is even possible that the reverse scoring
required for the anxiety-absent items was not performed as this is not mentioned
and the items are listed without reverse scoring in Table 5.
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5.5. Limitations of the study
The larger proportion of missing data for the second half of the STAI (STAI-T) was
presumably due to patients failing to turn over the sheet of paper, despite
“Questions continue overleaf” and an arrow being printed and highlighted at the
bottom of the page. The questionnaires were administered (placed in the envelope)
in a random order to neutralise order bias, however this order was not recorded.
The HADS is only a single sided sheet therefore it is possible that the patient, having
completed the HADS first, may have assumed the STAI was also single sided. The
large proportion of participants that didn’t complete the second half of the STAI
(STAI-T) could also be an indication of respondent burden. Numerous attempts at
shortening the State subscale of the STAI have been made in order to reduce the
burden on participants (Marteau and Bekker, 1992, Chlan et al., 2003) and the
present study supports the suggestion that some items assess very similar levels of
symptom in this population. A Rasch shortened STAI with optimum participant
separation would be useful.

5.6 Conclusion
Despite having a floor effect, HADS-T, STAI-S and STAI-T show good discrimination
between patients when administered to a population of new ophthalmic
outpatients. All three scales are not unidimensional, but split into well-established
and logical subscales with PCA.
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6. Levels of psychosocial distress in patients who have been referred
to secondary eye care
6.1 Introduction
As discussed in detail in section 1.1, when a patient is referred to the hospital the
NHS has to pay the hospital for the attention they receive, therefore high levels of
false positive referrals will naturally result in potentially unnecessary spending of
public money. From research in breast cancer and genetic screening of young
women and neonates screening it has been shown that referral for further
investigation raises levels of psychosocial distress (Gram et al., 1990, Brewer et al.,
2007, Stewart-Brown and Farmer, 1997, Cockburn et al., 1994, Marteau et al., 1988,
Tymstra, 1986, Keyzer-Dekker et al., 2011, Gøtzsche and Nielsen, 2011) therefore
there is an additional psychological burden that patients have to bear if they are
referred. It is unknown whether referral from primary care to secondary eye care
similarly results in raised levels of distress. The terms psychological distress and
psychosocial distress tend to be used interchangeably and are over arching terms
referring to psychogenic pain which can be caused by anxiety, stress, depression
and a number of other (often overlapping) psychological symptoms.
The present study aimed to determine whether being referred as a new ophthalmic
outpatient raises levels of psychosocial distress. The questionnaires that were
evaluated in a population of new ophthalmic outpatients in the previous chapter
were used. The State-Trait Anxiety Inventory (STAI) plays an important role in this
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study because it allows the quantification of the propensity of a patient to be
anxious or distressed (trait anxiety) and can separate this from anxiety caused by
the patient’s current situation (state anxiety). In addition, the data from the
Hospital Anxiety and Depression Scale (HADS) allowed us to use the original authors
cuts off values (Snaith and Zigmond, 1994), which have been subsequently validated
(Bjelland et al., 2002), to quantify the proportion of patients that had levels of
distress raised above normal levels to determine the significance of any increases in
anxiety and/or depression caused by hospital referral.

6.2 Method
In order to determine whether hospital patients had raised levels of psychological
levels of distress, the level of distress in a control group also had to be determined.
The most suitable control group was patients that had an eye examination in
primary care but had not been referred. Local optometric practices were
approached via a local optical committee meeting and invited to recruit patients on
our behalf. Seven optometry practices (4 independent, 3 multiple) agreed to
participate. The optometrists asked all patients within the inclusion criteria (over 16
years of age and not needing referral to secondary eye care) if they would
participate in the study and those who were interested were given information
sheets and the questionnaires. Completion of the questionnaires was taken as
implied written consent.
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Both traditional scoring and Rasch converted scores were analysed. In order to
compare the control group to the main cohort the results from both had to be
combined, and Rasch was performed as above to optimise the scales and create a
conversion key.
When patients missed items, as long as enough questions had been completed to
retain validity according to the instrument manual (Spielberger, 1983, Snaith and
Zigmond, 1994) the patients’ answers were perorated to give a mean total score. An
example of peroration would be if a patient had missed one question from STAI-S,
an average of the remaining 19 was taken and multiplied by 20 to give a mean total
score.
6.3 Results
6.3a Demographics
Characteristic
Patients referred (n=322)
Control (n=80)
Mean age (years ± SD)
61 ± 19
61 ± 16
Gender: Female
170 (53%)
43 (53.75%)
Male
144 (45%)
30 (37.5%)
Unspecified
8 (2%)
7 (8.75%)
Ethnicity: White
188 (58%)
71 (89%)
Asian
39 (12%)
2 (3%)
Black
6 (2%)
1(1%)
Not Stated
88 (27%)
6 (8%)
Any other group
1(<1%)
Table 6.1. Demographic data for the main cohort (new ophthalmic outpatients) and
the control group (patients who have had an eye examination, but have not been
referred).
The age and gender of the main cohort were similar to the control group however
there was a difference in ethnicity. As discussed in Chapter 2.1, although more
investigation is required into cross cultural equivalence, the literature suggests that
the psychometric properties of the scales hold up well across different ethnicities.
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6.3b HADS-T

401 responses were Rasch analysed (321 main cohort and 80 control). The resulting
Participant Separation Index (PSI) was 2.20 and Participant Separation Reliability
(PSR) was 0.83. In order to improve participant separation, as reported in the
previous chapter, the top two response categories (2 and 3) were combined which
resulted in an increased PSI of 2.30, PSI of 0.84, participant mean of 39.62 and item
mean of 49.91. Mean Rasch item scores and mean Rasch total scores are given in
table 6.2. Removal of any misfitting items resulted in a decrease is PSI, therefore all
items were retained.

Even after response categories 2 and 3 were combined, the data were not normally
distributed (Kolmogorov-Smirnov test p<0.001), therefore a Mann-Whitney U Test
(using a null hypothesis of both populations having the same score) was used to
detect whether scores from the main cohort were significantly higher than the
control (Armstrong et al., 2011). The Mann-Whitney U test is a non-parametric test
to detect whether the difference between scores from two non-normally
distributed and unrelated populations is significant. This gave p=0.11, therefore the
null hypothesis was accepted meaning the two groups do not have significantly
different total scores.

Items
Q1
Q2
Q3

I feel tense or ‘wound up’
I still enjoy things I used to enjoy
I get a sort of frightened feeling as if
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Control (n=80)
Mean
SD
40.4
12.7
39.7
11.7
40.1
17.4

Main cohort (n=321)
Mean
SD
39.6
14.8
44.3
14.3
40.7
17.9

something awful is about to happen
Q4 I can laugh and see the funny side of
46.4
8.2
49.7
12.5
things
Q5
Worrying thoughts go through my
38.1
16.2
40.7
16.3
mind
Q6
I feel cheerful
43.8
10.2
47.2
13.7
Q7
I can sit at ease and feel relaxed
39.8
14.8
40.9
14.9
Q8
I feel as if I am slowed down
33.7
12.8
38.5
15.8
Q9
I get sort of frightened feeling like
41.6
13.4
42.4
14.4
‘butterflies’ in the stomach
Q10 I have lost interest in my appearance
41.3
12.8
45.6
16.0
Q11 I feel restless as I have to be on the
38.8
17.1
38.7
16.6
move
Q12
I look forward with enjoyment to
43.0
12.8
45.8
14.3
things
Q13
I get sudden feelings of panic
39.9
13.4
42.0
16.1
Q14 I can enjoy a good book or radio or
47.7
11.8
48.9
12.7
TV program
Mean item score for all questions
41.0
8.7
43.3
9.9
Perorated mean total score
574.2
121.4
605.6
138.5
Table 6.2. Mean item scores (± SD, Standard Deviation) for HADS-T after combining
response categories 2 and 3 and rescoring to create ordinal data.

Traditional Likert scoring gave the average mean total scores for the main cohort
and for the control group as 10.2 (±7.1) and 8.5 (±6.2) respectively. As there was a
non-normal distribution (Kolmogorov-Smirnov test p<0.001) a Mann-Whitney Test
(Wilcoxon Rank Sum Test) was used and showed no significant difference between
the two groups (p=0.08). 27% of those referred and 19% of the control group had
HADS-T scores of 14 or above, which was found as the mean cut-off value to
identify patients as cases with higher than normal emotional distress (Bjelland et al.,
2002).

6.3c HADS-A
In order to make the data ordinal, both the results from the cohort and the control
group were combined in order to perform Rasch analysis, and then rescored.
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Similarly to the analysis of the main cohort alone, the PSI was 1.95, PSR was 0.79,
the participant mean was 37.71 and the item mean was 51.54. Combination of
response categories or item removal did not improve the PSI. Mean Rasch item
scores and mean Rasch total scores are given in table 6.3.

The data were not normally distributed (Kolmogorov-Smirnov test p<0.001),
therefore a Mann-Whitney U Test (using a null hypothesis of both populations
having the same score) was used which showed that there was no significant
difference between the total scores of the two groups (p=0.62).

Items

Control
(n=80)
Mean
SD
37.2 14.4

Q1
Q3

Main cohort
(n=321)
Mean
SD
36.9
17.7

I feel tense or ‘wound up’
I get a sort of frightened feeling as if
something awful is about to happen
36.6 20.1 37.4
20.8
Q5
Worrying thoughts go through my
mind
34.6 19.4 37.6
19.7
Q7
I can sit at ease and feel relaxed
37.0 15.6 38.3
15.9
Q9
I get sort of frightened feeling like
‘butterflies’ in the stomach
39.0 16.1 39.4
16.0
Q11
I feel restless as I have to be on the
move
36.3 19.0 36.1
18.5
Q13
I get sudden feelings of panic
36.2 15.4 38.9
19.0
Mean score for all questions
36.7 13.3 37.8
13.7
Perorated mean total score
256.8 93.1 265.0
96.1
Table 6.3. Mean scores (± SD, Standard Deviation) for HADS-A after rescoring to
create ordinal data.

Traditional Likert scoring also resulted in a non-normal distribution (KolmogorovSmirnov test p<0.001) and the average mean total scores for the main cohort and
for the control group are 6.1 (±4.4) and 5.7 (±4.2) respectively. The total scores
were not significantly different (Mann-Whitney U test p=0.54). 32% of those
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referred and 26% of the control group had HADS-A scores above 7, which is the cutoff value used to identify patients as cases with higher than normal anxiety (Snaith
and Zigmond, 1994, Bjelland et al., 2002).

6.3d HADS-D

To make the data ordinal, both the results from the cohort and the control group
were combined in order to perform Rasch analysis, and then rescored. Combining
response categories 2 and 3 gave the highest PSI of 1.37, a PSR of 0.65, participant
mean of 37.16 and item mean of 52.01. Mean Rasch item scores and mean Rasch
total scores are given in table 6.4. Removal of any misfitting items further reduced
the PSI, which is already well below the cut-off of 2, therefore all items were
retained to keep participant discrimination as high as possible (as discussed in 5.3d).

Items
Q2

Control (n=80)
Mean
SD
34.3
13.3

Main cohort (n=321)
Mean
SD
39.6
16.2

I still enjoy things I used to
enjoy
Q4
I can laugh and see the funny
42.7
9.4
46.5
14.2
side of things
Q6
I feel cheerful
39.3
11.7
43.2
15.6
Q8
I feel as if I am slowed down
25.4
14.5
30.8
17.9
Q10
I have lost interest in my
36.2
14.5
41.1
18.2
appearance
Q12 I look forward with enjoyment
38.3
14.7
41.4
16.3
to things
Q14
I can enjoy a good book or
44.0
13.5
45.3
14.4
radio or TV program
Mean score for all questions
37.2
8.5
41.2
11.2
Mean total score
260.2
59.6
288.2
78.5
Table 6.4. Mean item scores for HADS-D (± SD, Standard Deviation) after combining
response categories 2 and 3, and rescoring to create ordinal data.

183

Kolmogorov-Smirnov testing showed these data to not be normally distributed
(p<0.001), therefore a Mann-Whitney U Test (using a null hypothesis of both
populations having the same score) was used which showed that scores from the
main cohort were significantly higher than the control (p=0.007)

Traditional Likert scoring was also not normally distributed (Kolmogorov-Smirnov
p<0.001), and the average mean total scores for the main cohort and for the control
group are 4.1 (±3.5) and 2.8 (±2.5). Mann-Whitney U testing also showed this
difference to be significant (p=0.004). 17% of those referred and 5% of the control
group had HADS-D scores above 7, which is the cut-off value used to identify
patients as cases with higher than normal depression (Snaith and Zigmond, 1994,
Bjelland et al., 2002).

6.3e STAI-S
As discussed in the previous chapter, the STAI State and Trait anxiety subscales each
have two factors within them; items containing Anxiety Absent questions and items
containing Anxiety Present questions. Therefore as the State and Trait subscales
were not unidimensional, the two factors from each subscale had to be split before
analysis. As some previous studies have not split the subscales into their constituent
factors prior to analysis, to allow comparison this was also performed in addition to
the correct method:
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Combining response categories 3 and 4 gave the highest PSI of 2.75, a PSR of 0.88, a
participant mean of 42.88 and an item mean of 49.68. Kolmogorov-Smirnov testing
showed these data to not be normally distributed (p<0.001), therefore a MannWhitney U Test (using a null hypothesis of both populations having the same score)
was used which gave p=0.008 therefore the null hypothesis is rejected meaning that
scores from main cohort are significantly higher than the control. Traditional Likert
scoring was also not normally distributed (Kolmogorov-Smirnov p<0.001), and the
average mean total scores for the main cohort and for the control group were 35.6
(±12.7) and 32.0 (±11.4) which were also significantly different (Mann Whitney U
p=0.012).

6.3e.i) STAI-S Anxiety Absent items

To make the data ordinal, both the results from the cohort and the control group
were combined in order to perform Rasch analysis, and then rescored. As concluded
in the previous chapter, response categories 3 and 4 were combined which give the
highest PSI of 2.28 and PSR of 0.84, but no items had to be removed. The
participant and item means were 47.03 and 49.92 respectively. Mean Rasch item
scores and mean Rasch total scores are given in table 6.5.

Kolmogorov-Smirnov testing showed these data to not be normally distributed
(p<0.001), therefore a Mann-Whitney U Test was used which gave p=0.039
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therefore null hypothesis is rejected meaning scores from main cohort are
significantly higher than the control.

Items

Control (n=80)
Mean
SD

Main cohort (n=318)
Mean
SD

44.9
18.6
47.4
18.4
Q1 I feel calm
51.8
18.6
51.2
19
Q2 I feel secure
40.3
18.6
45.5
20.1
Q5 I feel at ease
39.3
19.3
45.4
19.7
Q8 I feel satisfied
42.8
20.2
47
19.6
Q10 I feel comfortable
42.8
18.5
45.4
19.7
Q11 I feel self-confident
39.5
20.8
44.9
19.5
Q15 I am relaxed
38.2
19.5
44.7
20.2
Q16 I feel content
42.2
20
47.1
20.3
Q19 I feel steady
42.5
17.6
47.9
20
Q20 I feel pleasant
Mean score for all questions
42.4
14.8
46.6
15.3
Mean total score
424
148
466
153
Table 6.5. Mean item scores for STAI-S Anxiety Absent items (± SD, Standard
Deviation) after combining response categories 3 and 4, and rescoring to create
ordinal data.

Traditional Likert scoring was also not normally distributed (Kolmogorov-Smirnov
p<0.001), and the average mean total scores for the main cohort and for the control
group were 18.7 (±6.0) and 17.1 (±8.8) respectively. These were also significantly
different (Mann Whitney U p=0.035).

6.3e.ii) STAI-S Anxiety Present items

To make the data ordinal, both the results from the cohort and the control group
were combined in order to perform Rasch analysis, and then rescored. This
combined group also behaved in a similar way to the previous chapter; response
categories 3 and 4 were combined which give the highest PSI of 1.69 and PSR of
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0.74, but no items had to be removed. The participant and item means were 40.54
and 49.94 respectively. Mean Rasch item scores and mean Rasch total scores are
given in table 6.6.

Kolmogorov-Smirnov testing showed these data to not be normally distributed
(p<0.001), therefore a Mann-Whitney U Test was used which gave p=0.01 therefore
the null hypothesis is rejected meaning scores from main cohort are significantly
higher than the control.

Items

Control (n=80)
Mean
SD

Main cohort (n=318)
Mean
SD

29
15.5
35.5
18.1
I am tense
35.3
16.2
37.7
17.8
I feel strained
42.3
11.4
45.4
15.1
I feel upset
I am presently worrying over
34.5
15.5
36.9
17.4
possible misfortunes
44.4
12.7
45.8
14.3
Q9 I feel frightened
32.2
15
37.6
16.8
Q12 I feel nervous
41.2
14.4
42.8
15.5
Q13 I am jittery
37.6
13.8
40.2
15.8
Q14 I feel indecisive
34
15.5
37.3
16.4
Q17 I am worried
43.4
12.8
46.1
14.8
Q18 I feel confused
Mean score for all questions
37.6
10.9
40.6
11.6
Mean total score
375.6
109
406.2
116.3
Table 6.6. Mean item scores for STAI-S anxiety present items (± SD, Standard
Deviation) after combining response categories 3 and 4, and rescoring to create
ordinal data.

Q3
Q4
Q6
Q7

Traditional Likert scoring was also not normally distributed (Kolmogorov-Smirnov
p<0.001), and the average mean total scores for the main cohort and for the control
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group were 15.6 (±5.5) and 14.2 (±5.2) respectively. These were also significantly
different (Mann Whitney U p=0.009).

6.3f STAI-T
STAI-T was again split into Anxiety Absent and Anxiety Present items but to allow
comparison with previous literature these data were first analysed together; The
optimum PSI was obtained by combining response categories 3 and 4 but not
removing any items. After the data was made ordinal Kolmogorov-Smirnov testing
showed these data to not be normally distributed (p=0.007), therefore a MannWhitney U Test was used which gave p=0.096 therefore null hypothesis is accepted
meaning that the main cohort did not have significantly different scores to the
control. Traditional Likert scoring also resulted in a non-normal distribution and the
average mean total scores for the main cohort and for the control group were 37.8
(±12.0) and 34.9 (±10.8) respectively. Mann-Whitney U testing showed the total
scores for the two groups to not be significantly different (p=0.074).

6.3f.i) STAI-T Anxiety Absent items

To make the data ordinal, both the results from the cohort and the control group
were combined in order to perform Rasch analysis, and then rescored. As concluded
in the previous chapter, response categories 3 and 4 were combined which gave the
highest PSI of 2.04 and PSR of 0.81 and participant and item means of 48.24 and
50.14 respectively. Mean Rasch item scores and mean Rasch total scores are given
in table 6.7. Similarly to the previous chapter item Q34 misfitted (infit 1.48, outfit
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1.69) but when removed it resulted in a PSI of 1.96, below the threshold of 2, and
was therefore retained.

After the data was made ordinal, Kolmogorov-Smirnov testing showed these data to
not be normally distributed (p<0.001), therefore a Mann-Whitney U Test (using a
null hypothesis of both populations having the same score) was used which gave
p=0.16 therefore null hypothesis is accepted meaning that the main cohort did not
have significantly different scores to the control.

Items

Control (n=74)
Mean
SD

Main cohort (n=280)
Mean
SD

48.8
17.9
51.5
19.2
Q21 I feel pleasant
45.2
20.9
46.4
20.3
Q23 I feel satisfied with myself
39.4
19.4
44.2
19.5
Q26 I feel rested
43.1
20.1
46.6
19.9
Q27 I am “calm, cool and collected”
50.5
17.1
53.3
19.2
Q30 I am happy
50.1
18.7
52.5
20.6
Q33 I feel secure
44
19.9
46.7
20.4
Q34 I make decisions easily
49.8
19.6
53
20.3
Q36 I am content
49.1
19.6
52.4
20.5
Q39 I am a steady person
Mean score for all questions
46.8
15.4
49.8
16.1
Perorated mean total score
421.2
139
448
144
Table 6.7. Mean item scores for STAI-T Anxiety Present items (± SD, Standard
Deviation) after combining response categories 3 and 4, and rescoring to create
ordinal data.

Traditional Likert scoring also resulted in a non-normal distribution (KolmogorovSmirnov p<0.001) and the average mean total scores for the main cohort and for
the control group were 17.8 (±5.9) and 16.8 (±5.7) respectively. Mann-Whitney U
testing showed the total scores for the two groups to not be significantly different
(p=0.16).
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6.3f.ii) STAI-T Anxiety Present items

To make the data ordinal, both the results from the cohort and the control group
were combined in order to perform Rasch analysis, and then rescored. As concluded
in the previous chapter, response categories 3 and 4 were combined which gave the
highest PSI of 2.31 and PSR of 0.84 and participant and item means of 42.02 and
49.93 respectively. Mean Rasch item scores and mean Rasch total scores are given
in table 6.8. Similarly to the previous chapter item Q24 was the only item to misfit
(infit 1.56, outfit 1.64) but when removed it resulted in a reduction of the PSI to
2.28, and a marginal increase in the separation of the participant and item means to
41.49 and 49.92 respectively. Q24 was therefore retained.

After the data was made ordinal Kolmogorov-Smirnov testing showed these data to
not be normally distributed (p<0.001), therefore a Mann-Whitney U Test (using a
null hypothesis of both populations having the same score) was used which gave
p=0.103 therefore null hypothesis is accepted meaning that the main cohort did not
have significantly different scores to the control.
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Items

Control (n=74)
Mean
SD

Main cohort (n=280)
Mean
SD

Q22 I feel nervous and restless

37.1

14

42.4

16.7

Q24 I wish could be as happy as others
seem to be
Q25 I feel like a failure

36.7

17.8

41.1

20.3

43.2

14.4

46.7

17.4

Q28 I feel that difficulties are piling up so
that I cannot overcome them
Q29 I worry too much over something
that really doesn’t matter
Q31 I have disturbing thoughts

40.6

15.3

44.4

18.1

38.1

18.9

40.9

19

43.3

15.2

44.3

17.5

Q32 I lack self confidence

40.5

17.2

41.1

18.9

Q35 I feel inadequate

41.6

16.5

44.5

16.7

39
16.1
42.3
17.8
Q37 Some unimportant though runs
through my mind and bothers me
39.9
19.5
41.1
19
Q38 I take disappointments so keenly that
I can’t put them out of my mind
37.6
16.4
42.9
17.8
Q40 I get in a state of tension or turmoil
as I think over my recent concerns
and interests
Mean score for all questions
39.9
12.1
42.9
13.2
Perorated mean total score
439.2
133
472
145
Table 6.8. Mean item scores for STAI-T Anxiety Present items (± SD, Standard
Deviation) after combining response categories 3 and 4, and rescoring to create
ordinal data.

Traditional Likert scoring also resulted in a non-normal distribution (KolmogorovSmirnov p<0.001) and the average mean total scores for the main cohort and for
the control group were 19 (±5.7) and 17.7 (±5.7) respectively. Mann-Whitney U
testing showed the total scores for the two groups to not be significantly different
(p=0.094).

191

6.3g STAI-S with participants that also completed STAI-T
STAI-S and STAI-T had different sample sizes; n=276 completed both subscales,
n=42 completed only STAI-S, n=4 completed only STAI-T. Therefore the difference in
significance of STAI-S and STAI-T could simply have been an artefact of the
difference in sample sizes. In order to be able to fairly compare the results, STAI-S
Anxiety Absent and Anxiety Present subscales were re-analysed using only the
results from patients who completed both subscales to see if this had a detrimental
effect on the level of significance.

To allow comparison with previous literature these data were also analysed without
splitting into Anxiety Absent and Present subscales; Using this subset, the highest
PSI of 2.79 was obtained by combining response categories 3 and 4 and not
removing any items. This gave a PSR of 0.88, participant mean of 42.87 and item
mean of 49.68. Kolmogorov-Smirnov testing revealed that these data were not
normally distributed (p<0.001). A Mann-Whitney U test of the participants total
scores gave p=0.006 therefore scores from main cohort are still significantly higher
than the control. A similar result was found with traditional Likert scoring
(Kolmogorov-Smirnov p<0.001, Mann-Whitney U test p=0.007).

6.3g.i) STAI-S Anxiety Absent with participants that also completed STAI-T

Using this subset, the highest PSI of 2.29 was obtained by combining response
categories 3 and 4 and not removing any items. This gave a PSR of 0.84, participant
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mean of 47.15 and item mean of 49.93. Mean Rasch item scores and mean Rasch
total scores are given in table 6.9.

Items

Control (n=80)
Mean
SD

Main cohort (n=276)
Mean
SD

44.3

18.6

47.2

18.8

Q2 I feel secure

50

18.7

49.9

19.4

Q5 I feel at ease

40.4

18.7

46.3

20.3

Q8 I feel satisfied

39.9

19.4

46.4

19.6

Q10 I feel comfortable

42.9

20.3

47.5

19.8

Q11 I feel self-confident

41.7

18.6

45

19.6

Q15 I am relaxed

40.2

20.9

45.8

19.6

Q16 I feel content

39.5

19.6

46.1

20.1

Q19 I feel steady

43.3

20.1

47.9

20.2

Q20 I feel pleasant

42.4

17.7

48.7

20.2

Q1 I feel calm

Mean score for all questions
42.5
14.9
47.1
15.5
Mean total score
424.7 148.9
471.03
155.25
Table 6.9. Mean item scores for STAI-S Anxiety Absent items (± SD, Standard
Deviation) using only data from participants who completed both State and Trait
Subscales. Response categories 3 and 4 have been combined, and the scale
rescored to create ordinal data.

Kolmogorov-Smirnov testing revealed that these data were not normally distributed
(p<0.001). Even with this reduced cohort, a Mann-Whitney U test of the participants
total scores gave p=0.019 therefore scores from main cohort are still significantly
higher than the control. A similar result was found with traditional Likert scoring
(Kolmogorov-Smirnov p<0.001, Mann-Whitney U test p=0.021)
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6.3g.ii) STAI-S Anxiety Present with participants that also completed STAI-T

Using this subset, the highest PSI of 1.69 was obtained by combining response
categories 3 and 4 and not removing any items. This gave a PSR of 0.74, participant
mean of 40.46 and item mean of 49.92. Mean Rasch item scores and mean Rasch
total scores are given in table 6.10.

Items
Q3

I am tense

Q4

I feel strained

Q6

I feel upset

Q7

I am presently worrying over
possible misfortunes

Q9

I feel frightened

Q12

I feel nervous

Q13

I am jittery

Q14

I feel indecisive

Q17

I am worried

Q18

I feel confused

Control (n=80)
Mean
SD
29.6
15.5

Main cohort (n=276)
Mean
SD
35.8
18.1

34.7

16.2

37.4

17.8

42.5

11.4

45.5

15

34.9

15.5

37

17.4

44

12.7

45.6

14.3

32.8

15.1

37.8

16.8

39.9

14.5

42.1

16

37.1

13.8

39.9

15.9

34

15.6

37.2

16.6

43.4

12.9

46.1

14.9

Mean score for all questions

37.5

11.0

40.6

11.7

Mean total score

374.7

109.6

406

117

Table 6.10. Mean item scores for STAI-S anxiety present items (± SD, Standard
Deviation) using only data from participants who completed both State and Trait
Subscales. Response categories 3 and 4 have been combined, and the scale
rescored to create ordinal data.
Kolmogorov-Smirnov testing revealed that these data were not normally distributed
(p<0.001). Even with this reduced cohort, a Mann-Whitney U test of the participants
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total scores gave p=0.009 therefore scores from main cohort are still significantly
higher than the control. A similar result was found with traditional Likert scoring
(Kolmogorov-Smirnov p<0.001, Mann-Whitney U test p=0.009)

6.4 Discussion
Levels of depression as measured by the HADS-D subscale, were significantly higher
in the HES cohort whether scored by Likert or Rasch. In addition, 5% of the controls
were above the cut-off figure for HADS-D of 7 and thus were deemed as having
‘mild’ or worse levels of depression, while 17% of the HES cohort were above this
cut-off figure. This is despite the fact the HADS-D showed poor person separation
using Rasch analysis, with a PSI of well below 2.0, and removal of misfitting items
such as Q14 reduced the PSI further (as discussed in chapter 5.3d). A PSI of 2.0 is
typically used to signify a useful level of discriminative ability for a questionnaire
(Pesudovs et al., 2007) as it represents the ability to distinguish three distinct strata
of person ability. Given that so few of the participants had anything other than
normal or mild levels of depression according to HADS-D (4.5% were scored as
having moderate symptoms and 0.7% severe), so that there was little opportunity
for the HADS-D to show discrimination between three distinct strata of depression
symptoms, but it could still clearly discriminate between two levels of depression.
This highlights the limitations of using Rasch analysis on a sample of subjects with
minimal variation in the symptom level or state being measured.
HADS-A showed no difference in levels of anxiety between the HES cohort and
control group. Virtually all items of HADS-A were similar for cohort and control,
except for the item “worrying thoughts go through my mind” (question 5, control
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34.6, SE 2.2 vs. 37.6 SE 1.1 cohort). Considering that the questionnaire was
completed whilst waiting for their first outpatient appointment in ophthalmology,
this may be quite telling and this will be discussed further in the discussion of the
STAI results. Due to its multidimensionality the original authors of the HADS advised
against combining the subscale scores to give a nebulous scale of psychological
distress (Snaith and Zigmond, 1994), but despite this it has been done in many
previous studies (Bjelland et al., 2002) and therefore results for HADS-T have been
given by the present study. The results of HADS-T were not surprisingly mid-way
between those for HADS-D and HADS-A in that the difference between HADS-T
scores for HES cohort and control approached significance (p=0.08).

Analysis of STAI-T (both Anxiety Absent and Anxiety Present item subsets) showed
there was no significant difference in trait anxiety between the control cohort and
the cohort that had been referred to the HES. This means that the main cohort were
not significantly more prone to being anxious (ie. Trait anxiety). Analysis of STAI-S
(both Anxiety Absent and Anxiety Present item subsets) showed that levels of state
anxiety, ie. how anxious the patient is "right there and then", were significantly
higher in the patients who had been referred to the HES. This indicates that
whenever a patient is referred to secondary eye care there is a psychological
burden which is a similar finding to other areas of healthcare such as dentistry,
oncology or screening for congenital syndromes (Corah et al., 1988, Stark and
House, 2000, Marteau et al., 1988, Tymstra, 1986, Cockburn et al., 1994, KeyzerDekker et al., 2011, Gøtzsche and Nielsen, 2011). In this instance this conclusion
would also have been made using traditional scoring. There are no cut-off levels for
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the STAI because when studies have tried to develop such figures, they have found
that the trade offs between sensitivity and specificity provided no clear cut-off
value (Kabakoff et al., 1997). The levels of STAI-State scores for HES cohort (35.6)
and control (32.0) were similar to those with low perceived susceptibility to breast
cancer (~31.5) and moderate to high perceived susceptibility (moderate ~34, high
~37) in a breast cancer screening study (Absetz et al., 2003) and thus appears to
present a clinically significant as well as a statistically significant increase in scores.
The mean score of 35.6 for STAI-State in the HES cohort is also above the 95%
confidence limits for normative working adult data for the 60-69 age group of 34.6
(mean ~32.2, SE 2.2, Spielberger, 1983).
Management of suitable patients within primary care instead of secondary care
would be another way of reducing the psychological burden on patients and
successful shared care schemes have been set up to do this (Ho and Vernon, 2011,
Vernon and Adair, 2010, Spencer et al., 1995). Previous studies (Court et al., 2008,
Court et al., 2009, Margrain et al., 2003) have shown that patients also experience
anxiety when attending primary eye care, therefore a direct comparison is required
for patients being managed for similar conditions in primary and secondary care to
see which induces the least anxiety. A comparison between secondary care NHS and
private patients may also be of interest.

Raised levels of anxiety are a barrier to effective healthcare, in ways such as
reducing attention (Easterbrook, 1982), disrupting recall of information (Kent, 1984)
and increasing non-compliance (Corah, 1988). If referral to secondary care results in
raised levels of anxiety then ways should be sought to minimise the number of false
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positive referrals reaching the hospital, such as the service developed in Chapter
3.5, and those described in several recently published studies (Parkins and Edgar,
2011, Devarajan et al., 2011, Bourne et al., 2009, Henson et al., 2003). Additionally,
the patient journey at the hospital could be amended to reduce the psychological
impact it currently has. Methods of reducing anxiety caused by other areas of
healthcare have been investigated, for example; the perceived behaviour of
clinicians (Corah et al., 1988), music (Holm and Fitzmaurice, 2008, Bampton and
Draper, 1997, Cooke et al., 2005) and hypnosis (Simon, 1999).

6.5 Limitations
The original protocol involved the use of three questionnaires, including the GHQ28 (Goldberg and Hillier, 1979), but ethical approval difficulties meant that the
questionnaire was not used. One of the subscales of the GHQ-28 elicited general
health problems (somatic symptoms) of the patient, which would have allowed us
to control for this factor in subsequent analyses (or at least determine whether the
intervention and control groups had similar levels of general health problems).

Any psychometric instrument (questionnaire) has flaws, but they are used because
they are vastly easier and less expensive to administer than the gold standard. The
gold standard is generally regarded as an interview with an appropriately trained
clinician, and a variety of interview techniques have been used as gold standards
(Bjelland et al., 2002). Despite HADS-T being better than its subscales at
discriminating between participants, the combination of the scores from the two
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subscales was not recommended by the scales authors (Snaith and Zigmond, 1994).
It could be argued that due to these limitations the HADS should not be used in this
population but it remains very widely used (Bjelland et al., 2002) and allows
comparison with existing literature.

Although the study appeared to show a psychological burden on the patients, it
appears to be mild in the majority of patients and the timescale of this effect was
not investigated. The clinical significance of the effect would be limited if it returned
to baseline very soon after the appointment, or after being informed of the absence
of pathology in patients who have had false positive referrals. Further work into the
duration and clinical significance of this effect is required.

6.6 Conclusion
Patients referred for further investigation in ophthalmology departments
experience raised levels of state anxiety as measured by the State-Trait Anxiety
Inventory and raised levels of depression as measured by the HADS-D scale.
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Chapter 7. Development of a referral refinement service
to reduce the number of unnecessary optometric referrals
to secondary eye care

Presented as a poster at the College of Optometrists Research Symposium 2010.
Poster reproduced in Appendix E.
Abstract published as: Davey CJ, Naru R, Bonner E, Elliott DB. An optometric referral
refinement pilot study in Bradford and Airedale. Ophthalmic and Physiological
Optics 2010 30: 865–866.

7.1. Introduction
Optometrists are reported to refer between about 3 to 6% of all their patients for
further investigation by a medical practitioner (Hobley et al., 1992, Port, 1989, Port
and Pope, 1988). Data from 1997 suggested that 46% of new referrals to secondary
care ophthalmology services originated following abnormal findings at the patients’
optometric examination (Pooley and Frost, 1999). The study described in Chapter 3
suggests that this figure is rising, up to 71%, and a greater proportion of referrals
are from optometrists. Many UK studies have shown that a significant number of
referrals from primary care to secondary eye care are unnecessary (false positive)
across all ophthalmic pathologies (Pooley and Frost, 1999, Harrison et al., 1988),
and especially for glaucoma (Bell and O'Brien, 1997b, Bowling et al., 2005, Brittain,
1988, Clearkin and Harcourt, 1983, Newman et al., 1998, Patel et al., 2006, Salmon
et al., 2007, Tuck, 1991, Tuck and Crick, 1991, Vernon, 1998, Theodossiades and
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Murdoch, 1999). In the study described in Chapter 3, the false positive referral rate
from optometrists was found to be 29% and the main causes of these referrals were
posterior segment diseases and glaucoma suspects.
Methods of reducing numbers of unnecessary referrals have been identified by
previous studies, as detailed below. Repetition of the measurement is advised if an
abnormality is noted from visual field assessment (Crick and Tuck, 1995, Bell and
O'Brien, 1997a, Vernon and Ghosh, 2001, Salmon et al., 2007, Henson et al., 2003)
or tonometry (Tuck and Crick, 1994, Bell and O'Brien, 1997a, Henson et al., 2003).
The majority of practitioners use non-contact tonometry as their first choice (Willis
et al., 2000, Myint et al., 2011) as it is quicker, does not require instillation of
anaesthetic and can be performed by non-optometrists. When repeating tonometry
it is generally advised that contact tonometry be used (Bell and O'Brien, 1997a, Tuck
and Crick, 1994) as this is the gold standard, and is used in secondary eye care.
Multiple studies have found that significant numbers of patients referred on the
basis of abnormally high intra-ocular pressures (IOPs) turn out to have IOPs within
normal limits when repeated at a later date with contact tonometry (Salmon et al.,
2007, Sheldrick et al., 1994, Bell and O'Brien, 1997a, Henson et al., 2003). In
addition, biomicroscopy with mydriasis (dilatation) has been shown to have better
accuracy at diagnosing, and discriminating between, retinal pathologies when
compared to ophthalmoscopy without mydriasis (Parisi et al., 1996, Siegel et al.,
1990).
Refinement of referral in this way is not part of a routine NHS sight test in the UK
outside of Scotland and Wales as defined by the General Ophthalmic Services (GOS,
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2011). Therefore to reduce unnecessary false positive referrals, an enhanced service
under General Ophthalmic Services Legislation 2008 is required. The aim of the
present study was to assess the feasibility and cost-effectiveness of a referral
refinement service in Bradford and Airedale PCT. At the time of this study, only one
research publication assessing referral refinement of glaucoma suspects had been
published (Henson et al., 2003). Since that time, three other papers on referral
refinement of glaucoma have been published (Bourne et al., 2009; Deverajan et al.,
2011; Parkins & Edgar, 2011), although there are no other publications regarding
referral refinement using mydriasis and binocular indirect ophthalmoscopy.

7.2 Methodology
In late 2008, the Bradford and Airedale PCT agreed to fund a six-month study
(February to July 2009) to assess the effectiveness of referral refinement, and
specified that a 20% sample of Optometric practices (providers) would be funded.
7.2a Study protocol
A protocol was developed in collaboration with the Optometrist Consultant at
Bradford Royal Infirmary (BRI; Clare Green) and the optometric clinical leads at the
PCT (Ravi Naru and Edwin Bonner). Given that the greatest false positive referrals
appear to be in cases of glaucoma suspects as discussed above and also posterior
segment disease, protocols were considered that particularly refined referral in
these two cases. The protocol was based on the College of Optometrists Guidelines
(2005) and a copy of the original protocol given to optometrists is provided in
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Appendix D. It stated that appropriate patients could be brought back to the
practice on a separate occasion within two weeks to have a repeat examination.
The repeat examination could consist of:
i) Contact applanation tonometry and threshold visual fields
ii) Binocular indirect ophthalmoscopy with mydriasis
iii) All of the above tests.
The conditions under which patients could be brought back for contact applanation
tonometry and threshold visual fields were defined as:


IOP of 25mmHg or higher in either eye (or in the case of non contact
instruments the average reading should be 25mmHg or higher) with a
normal visual field.



Difference of 5mmHg or more between the two eyes (or in the case of non
contact instruments the difference between the average readings should be
5mmHg or higher) with a normal visual field.



At least 3 points missed in either eye using a suprathreshold screening
programme on a visual field machine, with IOP’s of less than 25mmHg.

If a patient had a high or asymmetrical IOP in combination with an abnormal visual
field screening, as described above, the optometrist was advised to use their
professional judgement as to whether it would be in the patient’s interests to refer
or to repeat measurements.
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Referral to the HES via the GP was advised after the referral refinement
appointment if any of the following were found:


The IOP read 25mmHg or above in either eye,



The difference in pressures between the two eyes was 5mmHg or more,



The threshold visual fields highlighted a reduction or depression of the visual
field.



A combination of the above abnormalities was present.

7.2b Influence of NICE guidelines
On April 22nd 2009 NICE issued guidelines on the diagnosis and management of
glaucoma and ocular hypertension (OHT)(2009). As a result the Association of
Optometrists issued advice to its members recommending that all patients with
IOPs over 21mmHg be referred (AOP, 2009). The research protocol therefore was
required to be amended (Appendix D) so that referral to the HES via the GP was
indicated if the IOP at the refinement appointment was 22mmHg or above in either
eye, instead of 25mmHg or above.

The conditions under which patients could be brought back for binocular indirect
ophthalmoscopy with mydriasis were less strictly described, and the optometrist
was left to use their own professional judgement. Examples of applicable suspicious
symptoms were suggested as flashing lights, sudden increase in floaters, sudden
decrease in vision or visual distortion. Examples of applicable suspicious clinical

204

findings were loosely given as a decrease in visual acuity or a suspicious part of the
retina. If suspicion was confirmed then the patient was to be referred by the
relevant pathway. Dilation and biomicroscopy for the purpose of differentiating wet
and dry age-related macular degeneration was not covered by this service. This was
a decision by the PCT given that a pathway was already in operation for these
conditions and overlap may result in patients being referred via the wrong pathway
or at the wrong urgency.

In addition to the protocol there were also three general inclusion criteria which
had to apply to patients for them to be eligible for participation in the study:


Old enough to give informed consent (16 or over according to Fraser
guidelines)



Patients registered with a GP practice in contract with Bradford and Airedale
PCT.



Patients not already under the care of any Hospital Eye Services (HES).

7.2c Optometric practice recruitment
All practices in the eligible areas (N=65) were sent letters of information with a copy
of the protocol and given the opportunity to express an interest in participating in
the study. The practices needed to have contact tonometry and threshold visual
field equipment in good working order. The reimbursement for each patient that
attended any referral refinement appointment was £42. This reimbursement was
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calculated by the PCT. Twenty eight practices (43%) expressed an interest in
participating and a sample of thirteen of these consenting providers (i.e., 20% of the
total of 65) was selected using a randomisation procedure (random number
generator).

7.2d PCT analysis of patient satisfaction
The patient was given a copy of the Patient Information Leaflet on Referral
Refinement at the end of the first visit (Appendix D). This also contained a simple
patient satisfaction questionnaire to be completed after the referral refinement
appointment, and asked the patient to estimate the time spent at the appointment.
The PCT wished to ascertain whether the patients were satisfied with the service
they received and developed a very simple questionnaire for this purpose. This
consisted of three items, which are in appendix D and questioned the patient
whether they were satisfied with the service, whether they would have preferred to
have been referred to the hospital and whether they were satisfied with the time
they had to wait for the appointment. There was no opportunity for any direct
involvement in the questionnaire development, as the PCT wished to have
independent control of this aspect of the study.

Providers were required to attend a meeting at the start of the trial to introduce the
study and allow the protocol to be verbally clarified. If all requirements were met
the providers were given remuneration of £42 for each patient that attended a
referral refinement appointment. A referral refinement form was completed for
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each appointment. Providers were expected to report to the PCT via e-mail the
following parameters every two months to allow payment to be authorised and
ongoing data analysis to be performed.
1.

Number of patients who had a referral refinement appointment.

2.

Number of patients who declined a referral refinement appointment and
were referred on first findings.

3.

Number of patients referred to GP/ HES following referral refinement
appointment.

4.

Number of patients not referred to GP/HES following referral refinement
appointment.

5.

Number of patients who did not attend for booked appointments for referral
refinement (such patients were referred to the GP/ HES as they would have
been prior to the service).
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7.2e Analysis of cost effectiveness
These data were collated and forwarded to the author. Subsequently the referral
refinement forms were reviewed and further information regarding the type of
assessments made were recorded. An economic analysis of any savings made by the
service was performed by comparing the cost of the service versus the potential
cost of referral to the HES. The cost of each referral refinement appointment was
£42. The tariff for a first appointment at the BRI HES was £110 with a tariff for each
follow-up appointment of £53. The percentage of patients discharged after referral
from optometrists in the study described in chapter 3.1 was only determined after
the first appointment (13/66 or 20% of all suspect glaucoma patients and X/Y or Z%
visual disturbances/other). To provide a conservative estimate of cost savings, we
have used the Royal College of Ophthalmologists’ estimate of 50% of referred
patients who are subsequently discharged, rather than the slightly higher figure of
55% used in a previous study (Parkins and Edgar, 2011). It has been estimated that
each discharged glaucoma suspect has between 2.10 (Parkins and Edgar, 2011) and
2.33 (Henson et al., 2003; Devarajan et al., 2011) HES appointments (or 1.10 to 1.33
follow-up visits) and the lower 1.10 figure was used here to again provide the most
conservative figure for any cost savings.

7.3 Results
Between February and July there were 134 patients that were eligible for referral
refinement and Figure 7.1 shows the distribution of eligible patients across the
providers. Their mean age was 59 years (SD±15.7) with a median of 60 (range 18208

94). Over this timescale 78 (58%) patients were eligible for refinement by contact
tonometry and threshold visual fields, 48 (36%) were eligible for refinement using
mydriasis and biomicroscopy and 8 (6%) needed all three techniques performing. All
of the patients booked a referral refinement appointment within two weeks, and
none failed to attend. 83 patients (62%) did not subsequently require referral after
further investigation and the breakdown of patients referred or not referred
according to the techniques performed at the refinement appointment is shown in
table 7.1. Of the patients that had tonometry and visual fields performed at the
refinement appointment, 47 (60%) did not require referral. A slightly greater
proportion of patients (69%, 33 patients) did not require referral if they had
mydriasis and biomicroscopy at the return appointment.
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Figure 7.1. Distribution of referral refinement patients across the participating
practices between February and July (n=134).
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N

Referred

Not Referred

Tonometry and Visual
Fields

78

31 (40%)

47 (60%)

Mydriasis and
Biomicroscopy

48

15 (31%)

33 (69%)

All three techniques

8

5 (63%)

3 (38%)

Total

134

51 (38%)

83 (62%)

Table 7.1. Outcome of referral refinement.

7.3a Response to the NICE guidelines

As the NICE guidelines were published on the 22nd of April 2009, the results for pre
(1st February to 22nd April) and post publication (23rd April to 31st July) are compared
in Table 7.2.
Pre NICE (1/2/09-22/4/09)

Post NICE (23/4/09-31/7/09)

N

Referred

Not
Referred

N

Referred

Not
Referred

Tonometry and
Visual fields

25

12 (48%)

13 (52%)

53

19 (36%)

34 (64%)

Mydriasis and
Biomicroscopy

24

7 (29%)

17 (71%)

24

8 (33%)

16 (67%)

All three
techniques

3

2 (67%)

1 (33%)

5

3 (60%)

2 (40%)

Total

52

21 (40%)

31 (60%)

82

30 (37%)

52 (63%)

Table 7.2. Outcome of referral refinement. Pre and post NICE glaucoma guideline
publication.
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7.3b Patient Satisfaction
Of the 134 patients seen, 48 completed questionnaires have been received. Figures
7.2 to 7.4 show patient agreement with the statements “I am happy having these
procedures performed at my opticians rather than at the hospital”, “I am happy
with the time I waited between appointments” and “I am satisfied overall with the
service I have received” respectively. The time spent at the referral refinement
appointment was reported by 43 patients, with a mean of 34.2 minutes (SD±14.1).

Number of patients
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25
20
15
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5
0
Strongly agree

Agree

Neither agree nor
disagree

Disagree

Strongly disagree

Figure 7.2. Agreement with the statement “I am happy having these procedures
performed at my opticians rather than at the hospital.”
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Strongly disagree

Figure 7.3. Agreement with the statement “I am happy with the time I waited
between appointments.”
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Figure 7.4. Agreement with the statement “I am satisfied overall with the service I
have received.”

7.3c Economic evaluation
The results of the analysis of cost-effectiveness of the study is provided in Table 7.3.
Costs without Service
Cost of HES 1st
appointment

Costs with Service
134 x £110 =
£14,740

Cost of Ref. Ref.
appointments

134 x £42 =
£5628

(Cost of HES follow
up)

( 134 x 50% x 1.1 x
£53 = £3,906 )

Cost of HES
appointments (51 x
£110) + (51 x 50% x
1.1 x £53)

£7097

Total Cost

£18, 646
(minimum)

Total cost

£12,724

Saving made by service (20% sample of providers) over 6 months

£5,922

Potential annual saving if service is offered by all providers in PCT

£59, 220

Table 7.3. Approximate cost saving made by the Referral Refinement study.
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7.4 Discussion
The results from this study suggested that if an enhanced service is in place for
optometrists to recall patients and perform certain techniques within their
competency, then the proportion of unnecessary referrals can be significantly
reduced. Of the 134 patients that were going to be referred but satisfied the
inclusion criteria of the referral refinement protocol, 62% turned out to not require
referral after further investigation. A modest ongoing saving was made by this
enhanced service as indicated by Table 7.3. Therefore a conservative estimate of
about £6K was saved during the six months of this study, which extrapolates to an
annual PCT saving of approximately £60K. Although reducing costs was not a
primary aim of the service, it is an additional benefit. Given the current economic
climate, even small savings are of importance, particularly if this or similar services
could be rolled out over the rest of the country. The 62% figure of saved referrals is
within the range of previous findings (35%, Bourne et al., 2009; 76% Parkins &
Edgar, 2011), although the previous studies only assessed the role of referral
refinement of glaucoma suspects. As the NICE guidelines for glaucoma were
published on the 22nd of April, the results from post-publication may be a more
accurate reflection of the potential success of a referral refinement service in the
current situation. Although the limited numbers mean that any subset analysis may
be inaccurate, when data from before and after the publication of the NICE
guidelines are compared, some interesting differences are present. Table 7.2
illustrates that the proportion of patients requiring refinement appointments on the
basis of tonometry and visual fields increased by 17% after the guidelines (from 48%
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to 65%). In addition, of these patients eligible for refinement by tonometry and
visual fields, a greater proportion did not require subsequent referral, 64% after the
guidelines compared to 52% before (Table 7.2). This trend appears to be specific to
tonometry and visual fields, and therefore must be attributable to the NICE
guidelines, as the proportion of patients not referred after mydriasis and
biomicroscopy over the same timescale were similar at 71% and 67%. This suggests
that when the NICE guidelines were introduced, and the referral refinement
protocol was modified in response, more patients were eligible on grounds that
IOPs were greater than 21mmHg. As the proportion that were not referred also
increased between the two timescales, it is possible that a significant proportion of
the patients initially with IOPs over 21mmHg, turned out to have IOPs of 21mmHg
or under after repeat measurement with contact tonometry, which is in agreement
with the literature (Salmon et al., 2007, Sheldrick et al., 1994, Bell and O'Brien,
1997a, Henson et al., 2003). The results agree with recently published data from
Moorfields Eye Hospital (Murdoch & Shah, 2011). Since the NICE guidelines for
glaucoma were issued, ophthalmology departments in England have struggled to
cope with the increased numbers of new outpatients (Naru and Green, 2009). The
referral refinement enhanced service is one way in which to lower numbers of false
positive referrals generated by the NICE guidelines, and reduce the burden on
ophthalmology departments.
This is the first study that has assessed referral refinement with mydriasis and
binocular indirect ophthalmoscopy. The results are limited by the relatively small
sample size (N=48) and the lack of an assessment of false negatives, but show a high
reduction in potential referrals of 69%. These findings strongly support the value of
214

a dilated fundus examination in certain cases (Sigel et al., 1990; Parisi et al., 1996).
In many cases, the reason for the need for mydriasis was not reported, but some
cases indicated the presence of suspicious naevi and posterior vitreous detachment
(PVD)/ retinal detachment. The assessment of PVDs within a GOS or referral
refinement process is complicated: Should a dilated fundus examination be
performed in a patient with flashes and floaters and possible PVD within the GOS
sight test as it could be deemed ‘clinically necessary’? Or, could such symptoms
warrant referral without a dilated fundus examination within the GOS sight test, so
that a dilated fundus examination could be performed as a referral refinement?
There is a clear need for this to be explicitly defined.
All 48 patients who completed a questionnaire were happy with the time between
appointments. 47 of the 48 patients were happy having the procedures performed
at their opticians and 46 of the patients were satisfied overall with the service
received. It appears therefore that this limited cohort was happy with all aspects of
this enhanced service, and it will be interesting to see if this trend is maintained if
the service is extended. This referral refinement enhanced service should also have
a positive impact on patient psychological well being (see Chapter 6) as it has
reduced levels of inappropriate referrals, and moved care closer to home.

7.5 Limitations of the study
The main limitation of this study is the lack of assessment of false negative referrals.
These are patients that are not referred through the referral refinement process,
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but should have been according to the opinion of the gold standard assessment,
that of the consultant ophthalmologist. Ideally, a sample of the patients not
referred through the service should have been assessed by a consultant
ophthalmologist with a interest in glaucoma and medical retina (Bourne et al.,
2009). Other studies have used an assessment of a sample of patients not referred
using clinical notes and disc photographs (Devarajan et al., 2011). However, neither
of these approaches was possible in the present study due to financial constraints.
More minor limitations of the study include that only 20% of the eligible optometry
practices in the PCT area could take part in the study due to cost restrictions
imposed by the PCT. However, the choice of which practices were included was
randomised, so that the results should not have been in any way biased. The sample
size, particularly if the data are separated into glaucoma suspects (N=78) and
suspicious fundus anomalies (N=48) is relatively small (e.g., N=512, Bourne et al.,
2011), but similar to some studies (e.g., N=100, Devarajan et al., 2011). One
criticism of the patient satisfaction questionnaire is that the items are slightly
leading because agreement means endorsement of the service for all three
statements. If the service is to continue then some of the items could be rephrased
to reduce the likelihood of bias, for example “I would prefer to have these
procedures performed at the hospital” instead of “I am happy having these
procedures performed at my opticians rather than at the hospital”.
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7.6 Conclusions
In conclusion, this enhanced service is easy to implement and appears to be
achieving its aims within the constraints of the study methodology. As the dataset
in the study is limited in size, if the service is offered to all providers in the PCT then
ongoing audit is advisable to see if its success is maintained. In particular, an
assessment of false negative referrals is necessary, as any decrease in false positives
needs to not result in an increase in false negatives. In addition, separating the IOP
and visual field measurements in referral refinement appointments would be useful
going forward. In the present study, patients attending referral refinement clinics
with high IOP but full visual fields by screening are required to have a threshold
visual field test and contact tonometry at a referral refinement appointment. As
their fields have been screened negative, it should not be necessary to further
investigate fields unless their IOP proves to be high after repetition by contact
tonometry. The change could potentially be more cost effective. Finally, there is no
clinical reason why the referral refinement appointment has to be on a separate
day, and this should be considered if the service is extended to all providers. As the
vast majority of initial IOP measurements are performed using non-contact
tonometry (Myint et al., 2011, Willis et al., 2000), then contact tonometry could be
performed on the same day. This implies that there is potentially some inherent
proneness to inaccuracy of non-contact tonometers, or lack of skill of those that use
them. However, if a patient requires repeat visual fields, then performing it on a
separate occasion will reduce the effect of fatigue, which can be a significant factor
in visual field unreliability (Hudson et al., 1994). Similarly, if contact tonometry was
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performed initially, then the repeat contact tonometry should be performed at a
later date (Salmon et al., 2007, Sheldrick et al., 1994, Bell and O'Brien, 1997a,
Henson et al., 2003).
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8. Overall Conclusions

The accuracy of referrals to the HES appears to improve as clinicians become more
experienced, however the proportion of false negative decisions has not yet been
evaluated. Greater numbers of false positive referrals are also generated by female
clinicians. It is imperative that lower numbers of false positive referrals should not
increase numbers of false negative decisions, and more work is required in this
area. Optometrists refer patients with a wide range of ocular diseases and in most
cases include both fundus observations and visual acuity measurements in their
referrals. GPs mainly refer patients with anterior segment disorders, particularly lid
lesions, based on direct observation and symptoms. GP referral letters include all
relevant non-clinical information and are all perfectly legible, whereas illegibility
and missing clinical information remains a problem in optometric referrals.

Patients referred for further investigation in ophthalmology departments
experience raised levels of state anxiety as measured by the State-Trait Anxiety
Inventory and raised levels of depression as measured by the HADS-D scale
although the clinical significance of this effect is not fully known. As a method of
assessing psychological distress, the questionnaires HADS-T, STAI-S and STAI-T show
good discrimination between patients when administered to a population of new
ophthalmic outpatients, despite having a floor effect. All three scales are not
unidimensional, but split into well-established and logical subscales with PCA. The
HADS Anxiety and Depression subscales are not recommended in this population
due to inadequate participant discrimination.
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The present study agrees with the National Eye Care Steering Group (2004b) that
direct referral methods and enhanced services should be encouraged. The referral
refinement service described in chapter 7 proved to be a cost effective way of
reducing false positive referrals and improving referral quality.
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Appendix B: Questionnaires
State Trait Anxiety Inventory

SELF EVALUATION QUESTIONNAIRE
CODE: «Code»
Please read this carefully:
A number of statements which people have used to describe themselves are
given below. Read each statement and then circle the appropriate answer to the right of
the statement to indicate how you feel right now, that is at this moment. There are no
right or wrong answers. Do not spend too much time on any one statement but give the
answer which seems to describe your present feelings best.
It is important you try to answer all the questions.
Thank you very much for your co-operation.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

I feel calm
I feel secure
I am tense
I feel strained
I feel at ease
I feel upset
I am presently
worrying over
possible misfortunes
I feel satisfied
I feel frightened
I feel comfortable
I feel self-confident
I feel nervous
I am jittery
I feel indecisive
I am relaxed
I feel content
I am worried
I feel confused
I feel steady
I feel pleasant

Not at all
Not at all
Not at all
Not at all
Not at all
Not at all

Somewhat
Somewhat
Somewhat
Somewhat
Somewhat
Somewhat

Moderately so
Moderately so
Moderately so
Moderately so
Moderately so
Moderately so

Very much so
Very much so
Very much so
Very much so
Very much so
Very much so

Not at all

Somewhat

Moderately so

Very much so

Not at all
Not at all
Not at all
Not at all
Not at all
Not at all
Not at all
Not at all
Not at all
Not at all
Not at all
Not at all
Not at all

Somewhat
Somewhat
Somewhat
Somewhat
Somewhat
Somewhat
Somewhat
Somewhat
Somewhat
Somewhat
Somewhat
Somewhat
Somewhat

Moderately so
Moderately so
Moderately so
Moderately so
Moderately so
Moderately so
Moderately so
Moderately so
Moderately so
Moderately so
Moderately so
Moderately so
Moderately so

Very much so
Very much so
Very much so
Very much so
Very much so
Very much so
Very much so
Very much so
Very much so
Very much so
Very much so
Very much so
Very much so

Questions continue overleaf →
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SELF EVALUATION QUESTIONNAIRE

A number of statements which people have used to describe themselves are given below.
Read each statement and then circle the appropriate answer to indicate how you
generally feel.

21
22
23
24
25
26
27
28

29
30
31
32
33
34
35
36
37

38
39
40

I feel pleasant
I feel nervous and restless
I feel satisfied with myself
I wish I could be as happy
as others seem to be
I feel like a failure
I feel rested
I am “calm, cool and
collected”
I feel that difficulties are
piling up so that I cannot
overcome them
I worry too much over
something that really
doesn’t matter
I am happy
I have disturbing thoughts
I lack self confidence
I feel secure
I make decisions easily
I feel inadequate
I am content
Some unimportant thought
runs through my mind and
bothers me
I take disappointments so
keenly that I can’t put them
out of my mind
I am a steady person
I get in a state of tension or
turmoil as I think over my
recent concerns and
interests

Almost never
Almost never
Almost never

Sometimes
Sometimes
Sometimes

Often
Often
Often

Almost always
Almost always
Almost always

Almost never

Sometimes

Often

Almost always

Almost never
Almost never

Sometimes
Sometimes

Often
Often

Almost always
Almost always

Almost never

Sometimes

Often

Almost always

Almost never

Sometimes

Often

Almost always

Almost never

Sometimes

Often

Almost always

Almost never
Almost never
Almost never
Almost never
Almost never
Almost never
Almost never

Sometimes
Sometimes
Sometimes
Sometimes
Sometimes
Sometimes
Sometimes

Often
Often
Often
Often
Often
Often
Often

Almost always
Almost always
Almost always
Almost always
Almost always
Almost always
Almost always

Almost never

Sometimes

Often

Almost always

Almost never

Sometimes

Often

Almost always

Almost never

Sometimes

Often

Almost always

Almost never

Sometimes

Often

Almost always
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Hospital Anxiety and Depression Scale

Hospital Anxiety and Depression Scale
CODE: «Code»
Please read this carefully:
Read each item and circle the reply that comes closest to how you have been feeling in
the past week. Don’t take too long over your replies; your immediate reaction to each
item will probably be more accurate than a long thought out response
Thank you very much for your co-operation.
1

I feel tense or ‘wound up’

Most of the
time

A lot of the
time

Occasionally

Not at all

2

I still enjoy things I used to
enjoy

Definitely as
much

Not quite so
much

Only a little

Hardly at all

Very definitely
and quite badly

Yes, but not
too badly

A little, but it
doesn’t worry me

Not at all

As much as I
always could
A great deal of
the time

Not quite so
much now
A lot of the
time

Definitely not so
much now
From time to time,
but not too often

3
4
5

I get a sort of frightened
feeling as if something awful
is about to happen
I can laugh and see the
funny side of things
Worrying thoughts go
through my mind

Not at all
Only
occasionally
Most of the
time

6

I feel cheerful

Not at all

Not often

Sometimes

7

I can sit at ease and feel
relaxed

Definitely

Usually

Not often

Not at all

8

I feel as if I am slowed down

Nearly all the
time

Very often

Sometimes

Not at all

9

I get sort of frightened
feeling like ‘butterflies’ in
the stomach

Not at all

Occasionally

Quite often

Very often

10

I have lost interest in my
appearance

Definitely

I don’t take
as much care
as I should

I may not take
quite as much care

I take just
as much
care as ever

11

I feel restless as I have to be
on the move

Very much
indeed

Quite a lot

Not very much

Not at all

12

I look forward with
enjoyment to things

As much as I
ever did

Rather less
than I used
to

Definitely less than
I used to

Hardly at all

13

I get sudden feelings of
panic

Very often
indeed

Quite often

Not very often

Not at all

14

I can enjoy a good book or
radio or TV program

Often

Sometimes

Not often

Very
seldom

HADS copyright © R.P.Snaith and A.S.Zigmond, 1983, 1992, 1994. Record forms originally published in Acta
Psychiatrica Scandinavica, 67, 361-70, copyright © Munksgaard International Publishers Ltd, Copenhagen 1983.
Reproduced by permission of the Publishers, nferNelson Publishing Company Ltd., of The Chiswick Centre, 414
Chiswick High Road, London W4 5TF UK. All rights reserved including translation. nferNelson is a division of
Granada Learning Limited.
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Appendix C: Chapter 6 Patient documents

«salutation» «forename» «surname»
«address_1»,
«address_2»,
«town»,
«county»,
«postcode»

Clare Green
Ophthalmology Department
Our ref:«Code»

<<Date>>,
Dear «salutation» «forename» «surname»,
We are writing to you regarding your upcoming visit to the Eye
Department at Bradford Royal Infirmary. The University of Bradford is
working with Bradford Royal Infirmary to improve the quality of service
that patients receive, and as part of this research we would like to ask
all new patients to take part in a study. We thought we’d take this
opportunity to give you some information about the research before
your visit so you can decide whether you would like to participate.
Enclosed with this letter are an information sheet and 2 questionnaires
in an envelope. If you decide to take part, please bring the
questionnaires and the envelope with you to your appointment and
complete them while you are sat waiting for your appointment (after
you have reported to reception or seen the nurse). Do not worry if
some of the questions sound very similar, please try to answer them all.
When you are called for your appointment, please give the completed
questionnaires to the nurse or doctor who calls you. If you have any
questions, feel free to talk to the research team on the day of your
appointment or contact them in advance using the contact details
enclosed. Unfortunately we are unable to pay you for participation.
Kind regards,
Yours sincerely,

Clare Green BSc (Hons). MCOptom. DipTp (AS), DipTp (SP).
Optometrist Consultant, Bradford Royal Infirmary.
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Patient Information Sheet
Study Title: Referrals to Ophthalmology
Who am I?
I am an Optometrist Consultant working at the Eye department at Bradford
Royal Infirmary. I am researching the eye care screening and referral process,
to see whether it is possible to improve the services that patients receive.
This research is being done in collaboration with researchers from the
University of Bradford.
What is the purpose of the study?
We hope to find out how accurate the screening tests and referrals from
doctors and optometrists (opticians) are. We will also use questionnaires to
try to determine how people feel before their appointments. This will help
improve the quality of referrals for future patients.
Why have you been chosen?
Because you are of suitable age, and have recently been referred to see an
Ophthalmologist in the Hospital Eye Service.
What will happen if you agree to take part?
We ask you to complete two simple questionnaires. The questionnaires are
enclosed with this leaflet, and are meant to be completed while you are sat
waiting for your appointment in the hospital. These should take about 10
minutes to complete and should be given to the doctor or nurse who calls
you for your appointment. We will record a few relevant details from your
medical records after your appointment with the Ophthalmologist. These
include your date of birth, gender, details of the optician or doctor who first
referred you to the hospital, the reason why you have been referred and the
results of your appointment.
How long will the questionnaires take and where will they be completed?
The questionnaires should take less than 15 minutes to complete. They will
be completed in the hospital waiting room while you are waiting for your
appointment. Please bring them to the hospital on the day of your
appointment.
What happens after this study?
The questionnaire responses from all patients will be gathered together and
analysed to see how any improvement to referrals can be made. We will not
record your name with your questionnaire responses. Each questionnaire will
be marked with a unique code which can be cross referenced with your
hospital records. This means that your responses to the questionnaires will
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be recorded anonymously. Your details will not be passed on to anyone else
or used by us for any other purpose than this study.
Is there any risk of harm to myself?
No harm will come to you from taking part in this study. No clinical
procedures will be carried out on you by the researchers. The questionnaires
that we ask you to complete are commonly used by doctors and researchers.
All the information we require for the study will be taken from your hospital
medical record and the questionnaires that you complete. You can withdraw
from the study at any time. If you decide not to take part in the study, don’t
complete the questionnaires. This will not affect the standard of care you
receive from the hospital. The results of this study will be used for research
purposes. If published, all data will remain anonymous. If you would like to
be notified of when and where the research is published, please tick the
relevant box on the questionnaire.
Why should I be involved?
You are under no obligation to take part in this study. However, your
participation will be greatly valued and will contribute to the improvement of
Bradford’s eye screening and referrals process.
Thank you for taking the time to read this information sheet.
FURTHER INFORMATION IS AVAILABLE FROM MEMBERS OF THE
RESEARCH TEAM:
 Christopher Davey BSc (Hons). MCOptom. Post Graduate, Optometry,
University of Bradford. BD7 1DP: Tel. 01274 236230 Email:
c.j.davey@bradford.ac.uk
 Clare Green BSc (Hons). MCOptom. DipTp (AS), DipTp (SP).
Optometrist Consultant, Bradford Royal Infirmary. BD9 6RJ
Tel. 01274 382386 Email: Clare.Green@bradfordhospitals.nhs.uk
 John Bradbury MBChB, FRCS, FRCOphth.
Consultant Ophthalmologist, Bradford Royal Infirmary. BD9 6RJ
 David B Elliott PhD. BSc (Hons). MCOptom. FAAO. Professor of Clinical
Vision Science, Optometry Dept, University of Bradford. Tel. 01274
234640
 Clare Harley PhD. BSc (Hons). Psychology. Post-doctoral Research
Assistant, Optometry Dept, University of Bradford. Tel. 01274 234640
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Appendix D: Chapter 7 Protocol and Patient Documents
Referral Refinement Protocol

A second appointment should be made within 2 weeks if any of the following
findings are noted at the patient’s initial eye examination.
Increased Intra Ocular Pressures and / or Suspicious Visual Fields




IOP of 25mmHg or higher in either eye (or in the case of non contact
instruments the average reading should be 25mmHg or higher) with a normal
visual field.
Difference of 5mmHg or more between the two eyes (or in the case of non
contact instruments the difference between the average readings should be
5mmHg or higher) with a normal visual field..
At least 3 points missed in either eye on a screening mode on a visual field
screening machine, with IOP’s of less than 25mmHg

Notes
1. Ensure that at least 3 readings are taken for non contact instruments. These
should all be recorded.
2. Also ensure that instrument type and time is recorded on the patient record
card.
3. CD ratio should also be recorded on the patients’ record card.
4. Optometrists are advised to always work within the guidelines on glaucoma
referral in the College of Optometrists Framework of Referrals 2005.
5. A print out of the deficient visual field should be retained in the patients’
record.
6. Should there be 3 or more points missed on visual field screening in
combination with the IOP anomalies above, then a practitioner should
exercise his/her judgement and act appropriately regarding referral.
Repeat Examination will consist of applanation tonometry and threshold visual field
examination.




Should the IOP read 25mmHg or above in either eye, the patient should be
referred to their GP.
Should the difference in pressures between the two eyes be 5mmHg or
more, the patient should be referred to their GP.
Should the threshold visual field highlight a reduction or depression of the
visual field the patient should be referred to their GP.

Should the IOP readings revert to within normal ranges and the visual field proves to
be intact then the patient will be put onto an appropriate recall and seen as normal
either one or two years later.
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Suspicion of Retinal or Macula Anomaly
Symptoms may include (but are not confined to)





Flashing lights
Sudden increase in floaters
Sudden decrease in vision
Visual Distortion

Findings may include (but are not confined to)



Suspicious appearance of any part of the retina.
Decreased visual acuity.

Repeat Examination will consist of dilated fundus examination with slit lamp or other
indirect biomicroscopy.
Should any suspicion be confirmed the patient should be referred to their GP or (in
the case of wet macular degeneration) direct to the macular assessment unit at St
Lukes Hospital, using the appropriate referral form.
Should the original suspicion be eliminated then the patient will be put onto an
appropriate recall and seen as normal either one or two years later.

Summary

Initial Findings

Repeat Examination(s)

IOP of 25mmHg or higher in either eye
Difference of 5mmHg between the two
eyes.

Applanation tonometry and threshold
visual field examination
Applanation tonometry and threshold
visual field examination

3 or more points missed on a visual field
screening program in either eye.

Applanation tonometry and threshold
visual field examination

Suspicion of retinal or macula anomaly

Dilated slit lamp bio microscopy
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Notice of amendment to protocol
7th May 2009
Dear
Re: Referral Refinement and recently issued NICE guidelines
Thank you for your continued involvement in the referral refinement study.
You will no doubt be aware of the recently issued guidance regarding glaucoma and
referral of patients demonstrating pressures of over 21mmHg.
In light of this, it would seem sensible to alter the parameters for referral refinement,
with regard to the IOP measurements.
Please adopt the referral refinement pathway for any patient that demonstrates
IOP’s of over 21mmHg in either eye. If, at the referral refinement appointment the
pressures remain at this level, then refer the patient, even in the absence of any
other glaucomatous signs as per NICE guidance.
Should applanation tonometry reveal lower pressures than 21mmHg then the patient
need not be referred.
Please keep all other parameters for the referral refinement study the same.
Could I also please remind you to ensure that your electronic activity sheets are
submitted at the end of May and July.
Kind regards,
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Referral Refinement leaflet/questionnaire
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Appendix E: Poster Presentation for Chapter 7
An Optometric Referral Refinement pilot study
© NHS Bradford and Airedale
Chris Davey, David B. Elliott, Bradford School of Optometry and Vision Science.
Ravi Naru, Edwin Bonner. NHS Bradford and Airedale.
3 RESULTS

•Cost savings were £3,502, calculated from 83 x £110

•A significant number of referrals from optometrists in

•134 patients were eligible for the Referral Refinement Service

primary eye care to secondary eye care are false
positive [1, 2].

over the 6 month timescale.

•83 patients (62%) did not require referral to secondary care

•Forty-eight of the 134 patients (36%) completed

(Figure 1).

Figure 1. Outcome of all
referral refinement
appointments between 1/2/09
and 31/7/09 (n=134)

approximately halfway through the pilot [3] meaning
that any effect on the service could be identified.

• A 20% sample of optometric practices in Bradford and

•After the NICE guidelines the number of patients eligible for
referral refinement increased (Table 1).

Airedale were randomly selected to participate in a six
month pilot study between 1/2/09 and 31/7/09.

•The proportion of patients not requiring referral on the

•Patients were offered a referral refinement (RR)

Table 1.

appointment if they would otherwise have been
referred on the basis of:
•IOP >24mmHg in either eye
(changed to >21mmHg after the NICE guidelines).
•IOP asymmetry of >4mmHg.
•3 or more points missed on a suprathreshold visual
field screening in either eye.
•Suspicion of fundus abnormality where dilatation
would aid diagnostic accuracy.

Tonometry
and VFs
Mydriasis
and Volk
All three
techniques

grounds of IOP/Visual fields also increased (Table 1/Figure 3).
Pre NICE (1/2/09-22/4/09)
N

Total

Referred

Not
Referred

Post NICE (23/4/09-31/7/09)
N

Referred

Not
Referred

25

12 (48%)

13 (52%)

53

19 (36%)

34 (64%)

24

7 (29%)

17 (71%)

24

8 (33%)

16 (67%)

3

2 (67%)

1 (33%)

5

3 (60%)

2 (40%)

52

21 (40%)

31 (60%)

82

30 (37%)

52 (63%)

threshold visual field assessment, or a dilated indirect
ophthalmoscopy examination were performed. The
practice was paid £42 per appointment.

Referred
Not Referred

satisfaction questionnaire.

2%
(1)
0
4%
(2)

0

0

0

0

0

0

5 CONCLUSIONS

• The pilot referral refinement service reduced false
positive referrals to secondary eye care by 62%.

•Not only did this make a significant cost saving, it was
viewed very positively by patients.

•Potential secondary benefits include increased capacity
within the hospital eye service, and reduced waiting times.

1. Pooley JE & Frost EC. Optometrists' referrals to the Hospital Eye Service. Ophthalmic &
Physiological Optics, 1999; 19: S16-S24.
2. Bowling B, Chen SDM & Salmon JF. Outcomes of referrals by community optometrists
to a hospital glaucoma service. British Journal of Ophthalmology, 2005; 89: 1102-1104.
3. Glaucoma: diagnosis and management of chronic open angle glaucoma and ocular
hypertension. 2009, National Institute for Health and Clinical Excellence (NICE).

•If findings were within normal limits then the patient

•Patients were also asked to complete a brief

I am happy having these procedures performed at 52% 46%
my opticians rather than at the hospital
(25) (22)
I am happy with the time I waited between
63% 37%
appointments
(30) (18)
I am satisfied overall with the service I have
65% 31%
received
(31) (15)

6 REFERENCES

•At the RR appointment, either contact tonometry and a

was placed on normal recall, otherwise they were
referred to secondary eye care.

Table 2. Results of the three item
satisfaction questionnaire.

Disagree
Strongly
disagree

•The NICE guidelines for glaucoma were introduced

2 METHODS

satisfaction questionnaires. Results are given in table 2.

Referred
Not Referred

Neither agree
nor disagree

and patient preference of a referral refinement scheme
in which optometrists repeated certain techniques on
patients that would otherwise have been referred, in
order to reduce false positive referrals.

Agree

•The present study assessed the economic feasibility

(hospital tariff cost for patients that would have been
referred ) less the cost of the service (134 x £42), therefore
the potential savings per year across the area would be
approximately £35K.

Strongly agree

1 INTRODUCTION

Figure 2. Outcome of
Tonometry/VF referral refinement
appointments before the NICE
guidelines (n=52).
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