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Abstract
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Background: Cystic fibrosis (CF) is an inherited disease that leads to damage to lungs,
pancreas and other organs. Most people with CF die prematurely from lung disease, but
survival has improved markedly over the decades and it is estimated that children born
with CF now will live to an average age of 50 years. CF-related diabetes (CFRD) is due to
damage to the pancreas, which, over time, loses its capacity to produce sufficient insulin.
CFRD is becoming more common owing to the improved survival of people with CF.
Objectives: The initial aim was to review the methods for screening for CFRD, which can
be symptomless but still be causing harm. As the aim of screening and early detection is to
allow earlier treatment, a second aim was to assess the effectiveness of treatments.
However, during the review it became clear that there were problems with how CFRD is
defined, uncertainty about when hyperglycaemia should be treated.

Data sources: Details of relevant studies were obtained from the usual bibliometric
databases — MEDLINE (1950-2008), EMBASE (1980-2008), The Cochrane Library (all
sections), Web of Science (1970-2008). Websites of relevant bodies were searched for
guidelines and reports. Conference abstracts were searched. Expert co-authors identified
key papers.

Review methods: Systematic reviews of treatments and screening tests. Screening
studies were data extracted if they provided sufficient data to construct 2 x 2 tables. Other
screening studies were described in narrative manner. The background to CF and CFRD
were described in a narrative manner, as was Chapter 2 on problems with defining CFRD. A
model was constructed for cost-effectiveness analysis, but was not used because of lack
of data.

Results: Diabetes is usually defined based on the level of blood glucose (BG) at which the
risk of retinopathy occurs. For CFRD, it would be better to define it on the level at which
the risk of lung disease (pulmonopathy) rises. There seems little place for treatments other
than insulin, but the best insulin regimen remains to be confirmed. The best screening test
may be by continuous glucose monitoring systems but further evidence is required.
Screening may need to detect BG levels of >8 mmol/l because that may be the level above
which pulmonopathy starts in people with CF.

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Waugh et al. under the terms of a commissioning contract issued by the
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Limitations: The evidence base for treatment is disappointing with few large randomised
controlled trials. The key question is when treatment should start, perhaps at the post-
prandial hyperglycaemia stage. Research is needed. Until that is done, we cannot be sure
what we are screening for, and, therefore, which screening strategy should be used.
Conclusions: The definition of CFRD should probably be based on pulmonopathy risk,
rather than using the classical definition of diabetes. That implies that we should be
screening for a wider range of hyperglycaemia than in other forms of diabetes, perhaps to
detect BG excursions of >8mmol/l. Insulin treatment may need to start at lower levels than
formerly accepted.

Funding: The National Institute for Health Research Health Technology

Assessment programme.
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Executive summary

Background

Cystic fibrosis (CF) is caused by a genetic defect. The defective gene has to be inherited from both
parents. CF occurs in about 1 in every 2500 births in the UK. The effect is to make some normal
bodily fluids much thicker and more viscous than usual, and this affects particularly the lungs
and the digestive system. The lungs become prone to infection and subsequent damage, and the
main cause of death in cystic fibrosis is respiratory failure.

The pancreas is also affected, particularly the B-cells that produce insulin. Over time, many
people with CF develop cystic fibrosis-related diabetes (CFRD) due to insulin deficiency.

Treatment of CF has improved and survival has greatly improved. Over decades, CF has changed
from a disease that was normally fatal in childhood, to one in which most patients survive

into adulthood. Because survival is now much better, more people with CF live long enough

to develop diabetes. About half of people with CF now live to about 40 years of age. It has been
estimated that children born in 2000 with CF will, on average, live to reach the age of 50 years.

Patients with CFRD do not live as long as those with CF who do not develop CFRD. The
onset of CFRD is insidious, and there may be none of the classical symptoms of diabetes.
However, the diabetes may be causing harm, such as promoting colonisation of the lungs with
harmful bacteria.

Objectives

The primary objective of this review was to identify the most clinically effective and cost-effective
way of screening for CFRD. As the aim of screening would be earlier diagnosis and treatment

of CFRD, a secondary objective was to review the evidence on treatment at different stages.
However, it became clear that there were problems with the definition of CFRD, and so we
examined how CFRD was currently defined and considered alternatives.

We started from the position that insulin treatment was beneficial in CFRD (compared with no
treatment) and so the review of treatment focused on two main questions:

1. Are oral glucose-lowering agents useful?
2. Are any treatments beneficial at lesser stages of hyperglycaemia, such as impaired glucose
tolerance (IGT), i.e. when should treatment start?

Methods

We carried out systematic reviews of studies of treatment of, and screening tests for, CFRD. We
used a highly sensitive search strategy in order to capture all relevant studies, with no restriction
on study type or language. We searched MEDLINE, EMBASE, Web of Science, ISI Proceedings,
and the Cochrane Central Register of Controlled Trials. Auto-alerts were run in MEDLINE and
EMBASE from May 2008 to December 2010. Reference lists of included studies and relevant
review articles were scanned. The internet was searched for grey literature, including websites
of the Cystic Fibrosis Trust (UK) and similar organisations in other countries. We searched

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Waugh et al. under the terms of a commissioning contract issued by the
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Executive summary

meeting abstracts of Diabetes UK, American Diabetes Association, European Association for
the Study of Diabetes, European Cystic Fibrosis Society, Annual North American Cystic Fibrosis
meetings, and International Society for Pediatric and Adolescent Diabetes up to 2010. For
research in progress, we searched ClinicalTrials.gov, Controlled-trials.com and the UK Clinical
Research Network.

We also searched for studies of the economics of CFRD, including quality-of-life (QoL) studies,
with a view to populating a decision tree economic model. We used the software package Simul8
(Simul8 Corporation, Boston, MA, USA) to create a model.

Screening studies were included in the systematic review if they provided sufficient detail for the
construction of 2 x 2 tables for calculating sensitivity and specificity. Other studies were included
in a narrative section. We looked for results for both CFRD and for the IGT stage.

Results

Diagnosis of cystic fibrosis-related diabetes
The commonest forms of diabetes are type 1 (T1DM, formerly called insulin-dependent diabetes)
and type 2 (T2DM, formerly called non-insulin-dependent diabetes). These are defined in terms
of the level of blood glucose (BG) above which diabetic eye disease — retinopathy — occurs.

Cystic fibrosis-related diabetes is a distinct type of diabetes, due to a slowly progressive loss of the
insulin-producing B-cells in the pancreas.

The organ most at risk in CF is the lung, and as hyperglycaemia has several adverse effects on the
lung, our conclusion from review of the literature is that CFRD should be defined according to
the level at which lung damage (‘pulmonopathy’) occurs, an early manifestation of which may be
weight loss. The lung secretions are usually very low in glucose, but if BG is high there may be
more glucose in the lung secretions than usual, and this may promote microbial colonisation at
levels well below the diabetes level, perhaps starting around 8 mmol/l. This has implications for
choice of screening test, as it suggests that we should be screening for, and intervening at, the IGT
stage. It may be that intervention should start earlier, at the stage of postprandial hyperglycaemia
(PPH) [i.e. plasma glucose (PG) high at 1 hour but normal by 2 hours after meals or the oral
glucose tolerance test (OGTT)].

Treatment
The evidence base on treatment was poor, with few trials. Most evidence came from small case
series, usually of short duration.

There were seven studies of oral agents. There was some evidence that sulfonylureas had some
effect. One trial used acarbose, but only for 2 weeks, and adverse effects were a problem.

One good-quality (although possibly underpowered) trial compared insulin and the short-acting
insulin secretagogue repaglinide. Insulin was more effective in improving body mass index
(BMI), with an increase of 0.39 kg/m?, compared with a non-significant rise of 0.15kg/m? in the
repaglinide group. There was no difference in the level of glycated haemoglobin (HbA, ).

There were no trials of the newer agents: the glucagon-like peptide 1 (GLP-1) analogues
(exenatide, liraglutide) or the dipeptidyl peptidase 4 (DPP-4) inhibitors (e.g. sitagliptin,
vildagliptin). In the case of the GLP-1 analogues, the initial nausea they cause would be
undesirable in a group characterised by low BMI.



DOI: 10.3310/hta16240 Health Technology Assessment 2012; Vol. 16: No. 24

In summary, oral agents did not appear useful and international guidelines do not support their
use. Insulin is the treatment of choice.

The insulin studies were also disappointing, with only one trial comparing different insulins.
This trial compared glargine and neutral protamine Hagedorn (NPH) insulins, and found little
difference. There were no differences in HbA _or postprandial BG levels, but fasting PG was
slightly lower with glargine (2 mg/dl lower, statistically but not clinically significant), and the
glargine group gained 1kg more in weight than the NPH group (not statistically significant,
although with only 19 patients in the study, statistical power was low). The study was not blinded
and was funded by the manufacturer of glargine.

Two studies used continuous subcutaneous insulin infusion (CSII), which might be beneficial
by providing greater flexibility, but they were uncontrolled case series with small numbers (three
and nine subjects).

Most studies of insulin treatment measured outcomes before and after starting insulin.

Five studies examined insulin treatment at the IGT stage, but some had very small numbers

(3, 6 and 9 subjects). Two studies (with 54 and 6 subjects) reported that the decline in forced
expiratory volume (FEV) was halted or reversed by insulin treatment. One study with 13 patients
reported a reduction in pulmonary exacerbations. Two were inconclusive. Only one study was a
randomised controlled trial. Most were available only as abstracts, with little detail.

One before-and-after study with only four patients suggested that treatment at the PPH stage
might be useful, with improvements in weight ranging from 0.7kg to 5.7 kg on doses of insulin
ranging from 6 to 12 units daily, and also improvements in FEV.

Screening for cystic fibrosis-related diabetes
We used the 75-g OGTT as the reference standard. Most studies reported only the fasting and
2-hour glucose levels. The full OGTT (FOGTT) includes measurements at baseline and at 30, 60,
90 and 120 minutes after an oral glucose load.

Most studies used HbA _or fasting plasma glucose (FPG). These tests did not appear satisfactory
for detecting either CFRD or IGT, because their sensitivity was poor. However, this depended

on cut-off levels chosen, and, as expected, higher sensitivity tended to be achieved at the cost of
poorer specificity. Sensitivities ranged from 23% to 100% with HbA , and from 25% to 70% with
FPG. Sensitivity was better when the aim was to detect CFRD rather than both CFRD and IGT.

There were few studies of newer methods, such as continuous glucose monitoring systems
(CGMSs) and profiles (a series of BG measurements over the course of the day) but they
appeared to be more useful, especially for detecting hyperglycaemia, which occurs more often at
certain times of day, such as during the evenings. CGMSs may become the method of choice.

The most sensitive test may be the 1-hour postprandial glucose, but evidence is lacking on the
benefits of treatment if that is the only abnormality. This could be measured by two tests: the 50-g
glucose challenge test (GCT) or the FOGTT.

There is some evidence that treatment is beneficial at the IGT stage, and we conclude that
screening should be for both CFRD and IGT.

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Waugh et al. under the terms of a commissioning contract issued by the
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Xii Executive summary

Quality of life in cystic fibrosis-related diabetes
There was very little evidence on QoL in CFRD, but more on QoL in CE The effect of CFRD
appeared to be less than the effect of TIDM, but the one study that reported this had a low
response rate.

Modelling
We constructed a model with arms for no screening, and for different screening tests, but there
were insufficient data to populate it. We have listed the data required. In the no-screening arm,
there would be three groups: (1) those who never develop diabetes; (2) those who develop
symptomatic diabetes and are treated; and (3) those who develop diabetes but are never
diagnosed, who die earlier than they would have done had they been treated.

The most important gap in the evidence concerns the level at which hyperglycaemia in CF should
be treated. Other gaps include expected survival in those in the age group that would be screened
(probably 10-30 years), and the number of life-years lost owing to CFRD, which could be as
much as 11 years.

Conclusions

The evidence base in CFRD is disappointing. There is some evidence that harm to pulmonary
function occurs at BG levels below those used for defining other types of diabetes, and perhaps
around the 8-mmol/l level, with episodic PPH being harmful to the lung by promoting
colonisation and infection.

As diseases should be defined based on the harm they do, CFRD should be defined according to
the level at which pulmonary harm occurs, and not by the same thresholds of PG as are used for
T1DM and T2DM.

Screening for CFRD is justified, but the case for screening for lesser degrees of hyperglycaemia
is less strong.

The highest research priority is for a trial of starting insulin treatment at different stages of
hyperglycaemia, starting with PPH, diagnosed by 1-hour glucose challenge, or by CGMSs or
serial profiles. Outcomes should include weight and lung function, not just glycaemic control.

If our hypothesis is correct, i.e. that transient hyperglycaemia exceeding 8 mmol/l is harmful to
the lung, then treatment at the stage of isolated PPH would be beneficial for lung function. Trials
should be of adequate duration, of at least several years.

Trials of different insulin regimens are required. These could include a basal insulin, compared
with short-acting meal-time insulins alone (especially as in the early stages hyperglycaemia is
mainly postprandial) and (perhaps at later stages) CSIL. More data are required on the relative
merits of NPH, glargine and detemir, particularly in view of the cost differences.

Given the considerable treatment burden associated with CF and CFRD, the impact of different
regimens and screening methods needs to be assessed.

More evidence on the relative merits of the 1-hour GCT, CGMSs and serial profiles is required,
with the aim being to detect any hyperglycaemia >8 mmol/L.

In the longer term, we need to find out if pancreatic damage can be prevented and diabetes
avoided or delayed.
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Chapter 1

Introduction

Cystic fibrosis

Cystic fibrosis (CF) is a disease that was first described in 1936 by Guido Fanconi.! It is an
autosomal recessive disease that can present at any age, but is more commonly diagnosed in early
childhood.?* Screening for CF is offered to all babies in Scotland, England, Wales and Northern
Ireland. A systematic population antenatal screening is not recommended in the UK but this is
currently under review.*

The defective gene causes faulty transport of sodium chloride in the body, leading to thick viscous
secretions, mainly affecting the lungs and the digestive system.’ CF affects the lungs, pancreas,
liver and intestines, and the process involved eventually leads to multisystem organ failure.
According to the Cystic Fibrosis Trust, there are over 8500 people in the UK with CF, the severity
of which varies from person to person and changes throughout their life.* For example, a person
with CF may initially have a good quality of life (QoL), where little physiotherapy is required

and they are able to play sports, but then recurrent chest infections can lead to deterioration in
respiratory function.

There have been major advances in management of, and outcomes from, CF over recent
decades. Littlewood has provided a valuable history of the disease, noting that in the course

of a professional lifetime, CF has changed from being regarded as almost always fatal in early
childhood to a disease in which the aim now is ‘striving to maintain the affected person in the
best possible condition to reach adulthood with minimal respiratory and nutritional damage’ (J
Littlewood, Cystic Fibrosis Trust, 2010, personal communication; comment was previously in a
historical account on the Cystic Fibrosis Trust website).

Epidemiology
The prevalence and distribution of the gene varies among ethnic groups,’ with Caucasians
having a higher probability of carrying the abnormal gene.” Table 1 shows the incidence of CF in
various populations.

The incidence in the Caucasian population is approximately 1:2500-4000,> with a carrier
frequency of 1 in 25 live births.” Ashkenazi Jews and non-Hispanic Caucasians also have a carrier
rate of 1 in 25 live births, which is higher than the carrier rate in other ethnic groups;" Hispanic
Americans have a carrier rate of approximately 1 in 46, African Americans have a carrier rate

of 1 in 62, and for Asian Americans the carrier rate is 1 in 90." There are quite large variations

in incidence within Europe, ranging from a high of 1 in 1353 births in Ireland to 1 in 25,000

in Finland."

Within countries, there are sometimes populations or areas of much higher incidence, such as:"

m  North Brittany - 1 in 377 births
®  The Amish in the USA - 1 in 569 births
m  Saguenay-Lac-Saint-Jean, Quebec - 1 in 902 births.

The incidence rate in the UK is 1 in 2500 live births.?
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TABLE 1 Incidence of CF in different populations

Country/regions Incidence per live births
Scotland® 1/1984

Ireland® 1/1700

Brittany® 1/1700

Australia® 1/3500

Finland® 1/25,000 to 1/40,000
Estonia® 1/7750

UK® 1/2415

USA® 1/2000-1/4000
African Americans® 1/17,000

South America® 1/9000

China'® \ery rare

Genetics
A gene defect occurs on chromosome 7, which affects the production of a protein called cystic
fibrosis transmembrane conductance regulator (CFTR). This dysfunctional chloride channel
affects the water and electrolyte composition of secretions from various places including the
pancreatic ducts and airways. This leads to an accumulation of thick viscous secretions’ and
eventually destruction of the affected organs.?

Many genes can cause CFE. They are grouped into five classes, as follows:"*

m  classI defective protein production; few or no functioning CFTR chloride channels

m  class IT defective processing, so that CFTR does not reach the surface membrane where it
normally functions

m  class III defective regulation, but it does reach its site of action

B class IV defective conductance - CFTR is in the right place, but the channel fails to
conduct properly

m  class V reduced amounts of functional CTFR protein.

The less functioning CFTR there is, the more severe the phenotype. Classes I-III are associated
with more severe disease and higher mortality. Class II is by far the most common type in
the UK.

The commonest mutation is delta F508 (AF508). There are international variations in the
frequency of mutations which can affect the severity of CF and the prevalence of cystic fibrosis-
related diabetes (CFRD). For example, in the Netherlands, the second commonest mutation is
A445E, which is associated with milder disease.?

There are over 1000 relevant mutations, some of which cause mild disease.

Pathology
The build-up of viscous secretions in the lungs means that patients are prone to repeated
infections by organisms such as Staphylococcus aureus, Haemophilus influenzae and Pseudomonas
aeruginosa.” Owing to the stasis of the secretions, bacterial clearance is reduced and
inflammatory lung damage ensues.® Once severe lung disease is established, lung transplantation
is required and if this cannot be carried out, respiratory failure occurs, which eventually leads
to death.
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The effect on the pancreas causes deficiency of digestive enzymes, leading to malabsorption

of undigested foods and undernutrition. Although the primary defect is of exocrine secretion,
the islet cells that are initially preserved may become damaged with time, thereby leading to a
decrease in insulin and glucagon secretion. Other recognised problems include hepatic cirrhosis
and infertility in males.

Management
Management is complex and includes daily bronchial drainage by physiotherapy, nebulised
bronchodilators and mucolytics, chronic suppressive antibiotics if infected, anti-inflammatory
therapy, nutritional support (such as pancreatic enzymes and vitamin supplements), and frequent
monitoring of pulmonary function and microbial carriage."®

Treatment imposes a significant burden on most people with CF. This burden may include getting
up at 6.30 AM every day so that physiotherapy can be carried out before going to school, ingesting
enzymes after consuming any amount of food (e.g. a biscuit), and more physiotherapy in the
evenings before going to bed.® Treatment is generally tailored to the individual but the constant
ingestion of medication and the rigid treatment schedule removes the spontaneity and pleasure of
life in general.

The burden has been quantified by Sawicki ef al.*® in the Project on Adult Care in CF (PAC-CF)
carried out in 10 centres in the USA. The median number of daily therapies was seven, and an
average of 108 minutes a day was spent on treatment. Common medications were pancreatic
enzymes (taken by 85%), B-agonist bronchodilators (65%), anti-reflex agents (50%), DNase (49%)
and azithromycin (47%). Ninety-three per cent were on at least one nebulised medication.

Prognosis
In 1938, Andersen'” was the first person to give a comprehensive description of CE. Over 70%
of the 49 patients examined in her study died before their first birthday. In the mid-1950s, few
children with CF would live to attend elementary school."® Dodge et al.'® reported that over the
period 1947-2003, the average per cent surviving by age were 97% to age 10 years, 90% to age
20 year, 63% to age 30 years and 45% to age 40 years.

However, median survival has been steadily improving. In the UK, median survival was

38.8 years in 2008;* 43.8% of those on the register were aged 20 years or over. In the USA,

the median predicted survival in 2007 was 37.4 years.'® One feature associated with this is the
improvement in lung function, with the proportion of 18-year-olds with good lung function
[forced expiratory volume in 1 second (FEV,) >70% predicted] increasing from around 32% in
1985 to near 70% in 2008."* Most people with CF die of lung disease.

The improvement has not applied at all ages. Kulich et al.,*' using US Cystic Fibrosis Foundation
Patient Registry data on 31,012 patients with 5234 deaths from 1985 to 1999 (17% of the cohort),
reported that mortality had fallen by 61% in the age range 2-5 years, by 70% in the range

6-10 years and by 45% in the range 11-15 years.”' Females had poorer survival. There was little
improvement in the over-20s but, as the authors note, this may have been because some who
would have died before reaching 20 years were now surviving past it, but not for very long. In the
UK, Lewis et al.** also noted an increase in survival only up to the age of 20 years.

In the UK, Dodge et al.” reported that CF was no longer an important cause of death in children.
With better treatment now available, it is estimated that a child born with CF in 2000 would live
to approximately 50 years of age."
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As a result, an increasing proportion of people with CF are adults. In the USA in 1990, about
30% of the patients in the US Cystic Fibrosis Foundation Patient Registry were 18 years or older;
in 2008, that figure had reached 46%.' One consequence of this is that many women with CF

are living to have children of their own. A UK survey by Edenborough et al.** reported 48 live
births from 72 pregnancies, with almost half of the births being premature. However, a French
study reported 64 live births from 75 pregnancies, with only 18% being premature.”® Gestational
diabetes is common, with McMullen et al.? reporting a baseline diabetes prevalence of 9%, rising
to 21% during pregnancy, in a group of women whose age ranged from 15 to 38 years (median
24 years). McMullen ef al.?® did note that the high prevalence seen in pregnancy might reflect the
more thorough screening during pregnancy.

In the UK, the 2008 Cystic Fibrosis Trust Annual Data Report, using a slightly different age
breakdown, showed that 43.8% of people with CF were aged 20 years or over.” In Canada, similar
improvements have been reported, with (rounded) median survival being 24 years in 1982, and
29, 34, 33 and 37 years in 1987, 1992, 1997 and 2002, respectively, reaching 48 years in 2007.%

The severity of CF can be assessed by the Shwachman clinical score (SS), which allocates points
for general activity, physical examination, nutritional status and radiographic findings with a
score out of 100, with severe disease having a score of <40.%

Most deaths are due to lung damage.”

Cystic fibrosis-related diabetes

Diabetes mellitus was first described as a complication of CF in 1955.% The incidence of diabetes
is related to the duration of CF, and with the significantly improved survival into adulthood,
more patients are living long enough to develop diabetes. Thus, a higher proportion of patients
with CF will develop diabetes than would have done in the past.

Epidemiology
The prevalence of CFRD increases with age and occurs in up to 40% of patients with CF by
the fourth decade of life.* The risk factors for developing CFRD are increasing age, genetic
factors, pancreatic insufficiency, pulmonary infections, corticosteroid therapy and supplemental
nutrition.' The median age at onset of CFRD is 20 years, and females tend to develop this disease
at a younger age than their male counterparts.'

In one study of 448 patients with CF, the median age at onset of CFRD was reported as
approximately 20 years (18.7 years for females and 21 years for males).*? The prevalence of CFRD
has been variably reported and increases with age owing to the natural progression of impaired
glucose metabolism. Lanng et al.** reported a CFRD prevalence of 1%, 30%, and 75% in those
under 10, at 20 and at 30 years of age, respectively.” In a recent UK-based prospective study,
Adler et al.** reported the incidence of CFRD as 3.4% per year. The definition of diabetes that was
used included physician diagnosis, a 2-hour post glucose load blood glucose (BG) concentration
of >11.1 mmol/I or treatment with insulin or oral hypoglycaemic agents (OHAs).

Rosenecker et al.** reported that CFRD was more common in females, with, for example,
prevalence in the age range of 21-25 years being 6% in males and 17% in females.

Although the aetiology of this is unknown, it may be due to the earlier onset of puberty in girls.”
There is also a greater prevalence of CFRD in females.* Figure I shows the prevalence of CFRD
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FIGURE 1 Cystic fibrosis-related diabetes prevalence. Redrawn from Moran et al. (1998).%"

and impaired glucose tolerance (IGT) for both sexes in various age groups.”” Here, it can be seen
that in the over-30s, >40% have diabetes and nearly 30% have IGT.

The UK Cystic Fibrosis database’ reported that 39% of those > 10 years and who had been tested
were diabetic. For the over-30-year-olds it was 59%; 47% of the over-10s had not been tested. In
the 15-year-olds, 9% had diabetes and another 8% were classed as glucose intolerant.

The Cystic Fibrosis Foundation (CFF) 2008 annual data report'® showed that in the USA the
prevalence of CFRD reached a plateau in the 35- to 44-year age range, with about 32% having
CFRD. This may imply that screening for diabetes could stop after the age of 40 years, because
those who are going to develop diabetes will have done so by then.

A more recent update from the USA from Moran et al.,*® based on the Minnesota data, reported
that CFRD was present in 2% of children (< 10 years), 19% of adolescents (11-17 years) and
40-50% of adults. The younger patients tended to have CFRD without fasting hyperglycaemia
(FH), but with age the proportion with FH rose to about half in the 30-39 years age group and
about two-thirds in the over-40s (estimated from graph). A higher proportion of women than
men in the 30-39 years” age range had CFRD: about 60% versus 40%.

In Australia, Rana® reported that the incidence of reported CFRD in the under-18-year age
group had risen from 0.6 per 10° in 2000 to 6.7 per 10° in 2008, although this may be due to
better detection, as 53% were diagnosed by oral glucose tolerance test (OGTT) in 2007-8
compared with 5% in earlier years.

Mackie et al.! stated that in the UK the prevalence of CFRD has risen from 3-10% in 1969 to
14-30% in the early 1990s, based on differing screening methods.

Droumaguet et al.* in Paris reported a prevalence of 36% among 243 adults with CF, but their
cohort was somewhat unusual in having a mean age at diagnosis of CF of 21.5 years. The mean
age at onset of CFRD was 27 years (range 18-60 years).

In Denmark, Lanng et al.** demonstrated a prevalence of 24% for all ages, rising to 34% in
those aged 10 years and above. In the USA, Moran et al. (2009)* reported an overall prevalence
of 33%, with the highest prevalence of just under 50% in the 30- to 39-year age group (from
graph, figure 1a).
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In Canada, only 21% had developed CFRD by age of 35 years and over and the prevalence had
reached a plateau after the age of 25 years.”

Table 2 shows the prevalence of CFRD at different age groups in various different countries.

Genetics
The risk of CFRD varies among the five classes of CE. Unfortunately, the risk is highest in the
commonest classes, II and III, with 22% of these adults being diabetic, compared with <2% in
classes IV and V.** In the UK, Adler et al.,* using UK CF Registry data on a large cohort, found
that the incidence of CFRD was 3.5% a year, and was highest in those with CFTR class I and II
mutations. About 80% of UK patients have class I mutations.

The AF508 mutation appears to increase the risk of CFRD, whereas the N1303K mutation may
reduce the risk.**** In populations with low prevalence of AF508, such as in Brazil, CFRD is
less common.*

There appears to be a small subgroup with adult onset and a milder form of CF, with a low
prevalence of CFRD. Gilljam et al.*® in Toronto reported 7% of their adult patients to be in
this group.*

The risk of CFRD may be increased if there is a family history of type 2 diabetes mellitus
(T2DM), possibly because a gene linked to T2DM increases the risk and lowers the age of
onset of CFRD.¥

Pathology
Endocrine function
In CF, the abnormal function of CFTR leads to the production of viscous secretions and this
causes obstructive damage to the pancreas.” Fibrosis and fatty infiltration of the pancreatic
exocrine glands occur and disrupt the islet architecture. Many, but not all, of the islet cells are
destroyed and this leads to a progressive loss of endocrine cells,”'® the main cause of CFRD.*
Whole islets are destroyed, unlike the B-cell-specific obliteration seen in type 1 diabetes mellitus
(T1DM),* leading to the damage of a-cells, B-cells and pancreatic polypeptide-producing cells.
This leads to a reduction in glucagon, insulin and pancreatic polypeptide secretions, respectively.”
By the time of diagnosis, there has been a loss of 50% of p-cell mass, similar to that seen in
T2DM.* In addition, amyloid deposits are found within the B-cells. However, it is not clear if the
amyloid accumulates during the disease process or even if it contributes to B-cell dysfunction.*

Cystic fibrosis-related diabetes is described more fully in Chapter 2.
The precise mechanism of CFRD is unclear.! CFRD is characterised by an insulin deficiency’

owing to the loss of insulin-producing -cells.”* Couce et al.*° state that there is approximately

TABLE 2 Prevalence of CFRD at different ages in different countries

Country Under-12s Adolescents Young adults Adults 30 years and over
UK# 0% for <9 years 5% for 10-19 years 10% for 2029 years 16%

Denmark® 34% for 10-19 years 53% for > 20 years

USA3® 2% for <11years ~ 19% for 11-17 years 40% for 18—29 years 45-50%

Mid-Europe® 1% <11 years 8% for 11-20 years 12% 21-25 years 15% for =26 years

The Netherlands® 22% for 10-17 years 36% for 1830 years 50% for =31 years

Canada 2007 registry®

1% <11 years

5% 11-17 years

14% 18-24 years

20% 25—-34 years, 21.5% =35 years
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a 50% loss in B-cell mass, which is similar to that seen in patients with T2DM. This occurs
after fibrosis and fatty infiltration of the pancreas. This leads to destruction of the pancreatic
islet architecture.”

Insulin resistance has also been reported,’ especially at times of infection and inflammation, but
the main problem is a progressive fall in -cell capacity.*** This leads to a progressive impairment
of insulin production.

Hyperglycaemia may first be seen only at time of metabolic stress, such as lung infections, but is
later seen as postprandial hyperglycaemia (PPH) [initially only immediately after meals, so that
plasma glucose (PG) may be normal by the time of a 2-hour OGTT test], progressing to IGT then
to CFRD without FH, and then to CFRD with FH. Schwarzenberger et al.” reported that most of
their patients (a large cohort of 775) without FH progressed to it over time.

Lung function in diabetes mellitus

As previously mentioned, CF affects the lungs, where the build-up of viscous secretions is not
only difficult to expel from the body, but also leaves the person prone to various chest infections.
In addition, diabetes also affects the lungs. Although the effects are not widely recognised, owing
to any abnormalities being slight and subclinical, in a person with CF these changes could have a
greater impact.” This is discussed in Chapter 2.

Management

Patients with CFRD have the same problems with malabsorption and malnutrition as all other
patients with CF do and so their dietary requirements are essentially unchanged.” In addition, as
CFRD is due to insulin deficiency, management with insulin is standard practice. Increasingly,
centres treating patients with CF administer insulin early in an attempt to influence body mass
index (BMI) and pulmonary function.” Insulin treatment is used more liberally in Europe, but
in the USA it has been mainly used in patients with FH, although guidelines did permit usage in
those without FH at the clinician’s discretion.! Treatment options are reviewed in Chapter 3.

As mentioned previously, patients with CF have the daily chore of complying with a relatively
rigid schedule, which includes a long list of therapies. If CFRD develops, extra medical therapies
and regular health checks are added to the existing burden of self-management. Patients with
CFRD need to regularly monitor his or her BG levels, regularly administer insulin and undergo
various screening tests for diabetic complications. Furthermore, patients with CFRD need to deal
with temporary disturbances of glucose regulation during bouts of illness, when more frequent
BG tests need to be carried out™ because control of BG levels is harder.”® As one CFRD patient
mentioned, ‘You cannot just go out and do what you want, when you want, you've got to think
hard and plan it a bit better. It’s inconvenient.*

Prognosis
The life expectancy of patients with CF is fortunately improving; the median survival age for
a child born in 2000 is approximately 50 years.'” However, patients with CFRD have poorer
nutritional status and worse lung function than patients with CE, which leads to a higher
mortality rate.*® In 1988, a retrospective study of 448 patients with CF living and deceased
showed that <25% of patients with CFRD reached the age of 30 years compared with nearly 60%
of patients with CE*> Age at onset is lower in females than in their male counterparts. Females
also have a reduced life expectancy. It is not clear whether or not these two facts are connected.
Milla et al.*” found that the median age of survival was 30.7 years for females with CFRD, and
for males it was 47.4 years. It must be noted that this difference in age survival may be due
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to CFRD or it may arise from other factors (e.g. pregnancy can cause a rapid decline in lung
function, a trait seen in both CF patients and patients with CFRD). Miller et al.*® reported that
patients with CFRD were more likely to have a decline in FEV, than patients with only CF, and
that this affected women especially, suggesting that women were more severely affected by CFRD
than men.

Srivastava et al.*® from London also reported that CFRD reduced survival; 25% of patients
with CFRD died by the age of 26 years compared with 31 years for those without diabetes.
With respect to the patients with CFRD, females had a 50% mortality rate at 29 years, whereas
males had the same mortality rate at the age of 37 years. These figures were for the cohort born
1970-91. This may be related to reports that lung function was worse in women than men.*

Kampfert et al.*' in Germany and Austria also noted that the outlook was poorer for women.
Among 1334 patients, the prevalence of CFRD at the age of 18 years was 12.5% in women and
4% in men.

However, the most recent mortality data from the USA show no difference between men and
women.* This was different from the previous report from the same centre by Milla et al. in
2005.% They also found a marked decline in mortality in people with CFRD in both sexes. The
authors note that CFRD treatment has become much more vigorous than in the past.

Chamnan et al.* carried out a retrospective cohort study to determine mortality rates, estimate
the risk increase associated with diabetes, and calculate the population attributable fraction
(PAF) for mortality associated with diabetes. Their cohort included 8029 people aged 0-65 years,
registered on the UK Cystic Fibrosis Registry from 1996 to 2005, of whom 5892 had data for
mortality rate follow-up, with 4234 complete data for analysis of risk factors for mortality; 393
subjects died during follow-up. Of the 696 with CFRD, 141 died.

For CF in general, crude annual mortality was 2.2% per annum. Mortality increased with age,
but for those with CFRD peaked in the 20- to 29-year age range.** The risk of death was higher
among females than males, with age-adjusted mortality rates of 2.0 [95% confidence interval (CI)
1.8 to 2.4 age-adjusted mortality rate] and 1.6 (95% CI 1.4 to 1.9 age-adjusted mortality rate),
respectively. Those with CFRD had much higher age-adjusted mortality rates at 4.2 (95% CI 3.4
to 5.1 age-adjusted mortality rate) per 100 person-years than those with CF alone: 1.5 (95% CI
1.3 to 1.7 age-adjusted mortality rate per 100 person-years). The higher diabetic mortality was
seen in all ages.

Chamnan et al.%® estimated that the PAF for diabetes was 14% (95% CI 8% to 19%), i.e. that
14% of all deaths in people with CFRD are due to diabetes. They make the striking point that
standardised mortality rates show that the CF population in the UK, with a median age of

13 years, has a mortality rate similar to that of 70- to 74-year-olds in the general population of
England and Wales.

Finkelstein et al.** in 1988 reported that <25% of patients with CFRD survived (then) to the age
of 30 years compared with 60% of those with CF without diabetes.

The excess mortality has been reported to be much worse in females than males. Milla et al.””
reported that median survival was 35.6 years in those with CFRD and 47 years in those with CF
without diabetes. However, the median survival in females with CFRD was 30.7 years and in
males 47.4 years. Miller et al.*® also reported higher mortality in women with CFRD than in those
with CF alone, and that the decline in lung function over time was more marked in females.
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Recent work from the UK has shown that there is a link between hyperglycaemia and mortality.
Adler et al.,** using UK Cystic Fibrosis Registry data, found that patients with CFRD who died
had higher glycated haemoglobin (HbA, ) levels (7.3%) than those who did not (6.7%). Around
60% of deaths were due to respiratory disease, and those who died had a much lower FEV than
those who did not (33% vs 54% of predicted).

Survival in patients with CF whose FEV | has fallen below 30% of expected used to be poor,
with half surviving for <2 years. However, George et al.®® from the Brompton group reported
survival of 2-year cohorts: 1990-1 to 2002-3. Median survival improved from 1.2 years in the
1990-1 cohort to 5.3 years in the 2002-3 cohort. The improvement in survival started in the
1994-5 cohort, and reached a plateau after the 1996-7 one, and coincided with the introduction
of nebulised human DNase. The proportions with CFRD changed little. In univariate analysis,
the presence of CFRD increased mortality by about 80% (our calculations - the figure in the
published paper looks wrong).

Complications
Microvascular complications (e.g. retinopathy, neuropathy and nephropathy) occur in patients
with CFRD.**” Yung et al.,** albeit in a small study, reported a prevalence of retinopathy among
patients with CFRD who had been diagnosed for 5 years or more of 16% (5 out of 31 patients)
and among those who had been diagnosed for 10 years or more of 23% (3 out of 13 patients).
The prevalence of nephropathy was between 3% and 16% and of peripheral neuropathy
between 5% and 21%.% One problem is that microalbuminuria is common in patients with CF
without diabetes and so is not a reliable marker for diabetic nephropathy.® The microvascular
complications appear to occur only in those patients with CFRD with FH.*

Macrovascular complications have been rare.®® It is thought that this is because patients with
CFRD do not live with diabetes for long enough for macrovascular complications to occur.
Indeed, at least one authority has stated that no patient with CF has so far died of atherosclerotic
cardiovascular disease.”® A study from London reported retinopathy, but also that no
macrovascular complications were found.*

Georgiopoulou et al.”* may have provided much of the explanation. In their study of metabolic
aspects of CF, they noted that total and low-density lipoprotein cholesterol were low (total
cholesterol 3.5 mmol/l, low-density lipoprotein 1.27 mmol/l), but that high-density lipoprotein
cholesterol was near normal. They also reported low BMI (21 kg/m?), and lowish systolic blood
pressure (116 mmHg) and diastolic blood pressure (74 mmHg).

However, as more patients with CFRD progress into the fifth and sixth decades of his or her lives,
this may become more common. Rhodes et al.”? from Toronto have reported that adult patients
with CF do develop dyslipidaemia, but mainly those with pancreatic sufficiency. Those with
CFRD did not have more dyslipidaemias.
In children, CFRD is associated with reduced growth rates, both in the 2 years before and
after diagnosis.”

Terminology

In this review, the following categories of glucose status will be used.

1. Normal glucose tolerance (NGT) requires both fasting plasma glucose (FPG) of <5.6 mmol/l
and 2-hour OGTT level of <7.8 mmol/l, 2 hours after a 75-g glucose load.
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2. Diabetes is defined as FPG level of > 7.0 mmol/l and/or 2-hour OGTT level of >11.1 mmol/l,
except that the diagnosis must be confirmed - a single glucose level is not enough. Some
studies from the USA subdivide diabetes into ‘with FH’ or ‘without FH’ This is partly a
question of stage of disease, with diabetes manifesting itself first mainly as PPH.

3. IGT is based on a 2-hour OGTT level of between 7.8 and 11.1 mmol/l.

4. Impaired fasting glucose (IFG) means a FPG level of between 6.1 and 6.9 mmol/l, as used
by the World Health Organization (WHO).” The American Diabetes Association (ADA)
defines it at a lower threshold of 5.6 mmol/l. The WHO system does not give a name to those
with a FPG level of 5.6-6.0 mmol/l, who are above normal but under the IFG threshold.

5. PPH. There are patients in whom PG after a meal is abnormally high for the first hour or so,
but returns to normal by 2 hours. The term ‘lag storage’ has been used in the past. Data from
the Royal Hospital for Sick Children in Glasgow show that many patients with CF have high
PG levels at 30, 60 and 90 minutes but normal fasting and 2-hour levels. Some of these results
are into the range for random BG at which diabetes would be diagnosed.”

The WHO criteria for diabetes are based on the risk of harms such as retinopathy (although
the existence of a clear threshold for retinopathy risk has been challenged in recent years, with
retinopathy reported in IGT).” It may be that the threshold for harm in CE such as bacterial
growth, may have a different threshold and that we need a new definition of CFRD. This is
discussed further in Chapter 2.

It is usually assumed that people who develop CFRD go through the above stages in sequence,
but several studies have shown that there can be regression as well as progression in the early
stages. Carpenter et al.” repeated OGTTs in 94 adolescents and found that 50% (8 out of 16) who
had IGT reverted to NGT. The other half progressed to CFRD. Thorsteinsson et al.”® had similar
results, with 58% of those with IGT reverting to NGT at the next annual OGTT. Other studies
have reported similar results, with very variable glucose tolerance over time” or reversion from
IGT to NGT.*

Decision analysis

Screening for CFRD is necessary because the onset can be insidious, and because it can cause
harm before diagnosis. The first question for this review is therefore how best to screen for CFRD
— which tests, starting when and how often?

A survey in the USA by Allen et al.* found a wide range of screening practices and tests, with
random PG the most common, followed by HbA , and urinary glucose.” Very few used the
OGTT. Most guidelines recommend an annual OGTT but it appears that, owing to the cost,
inconvenience and unpleasantness of that test, the guidelines are largely ignored in practice.

A similar survey in the UK by Mohan et al.*' also found that there was variation in screening
methods. Only 30% used the recommended (by a working group of the UK Cystic Fibrosis Trust)
method of the combination of the OGTT and serial glucose monitoring, with another 49% using
the OGTT alone. Other tests used (usually in combinations) included HbA, , FPG, random

PG, and glycosuria. However, the survey reported the policies used, but not the proportions of
patients screened according to the local policies.

As mentioned, most guidelines regard the OGTT as the ‘gold standard;, but it is often not used in
practice. It is therefore necessary to consider:

= Could other tests such as HbA , continuous blood glucose monitoring (CBGM) or home
serial capillary BG profiles could be used? Even tests not as sensitive (perhaps such as
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HbA, ) might still detect more cases in practice owing to better compliance. A test that is
100% sensitive but which has only 50% acceptance will detect 50% of cases; one that has a
sensitivity of 80% and an acceptance of 80% will detect 64% of cases.

m  Could a combinations of tests might give better overall results, for example if screening was
undertaken in two or more stages? For example, would it be helpful to test HbA _in the first
instance, with patients divided into three groups, as follows?

- HbA, -negative for diabetes. The cut-off value might be under 5.7%, as reccommended
by the Expert Working Group on the diagnosis of diabetes,* but this would need to be
reviewed in the context of CFRD. Anaemia is common in adults with CF (43% in a study
by Von Drygalski and Biller®) and any reduction in red-cell life would give misleadingly
good HbA _results. Anaemia was much less common in children, so HbA,_might be
useful for screening for them, but not for adults.

- HbA,_diagnostic for diabetes (perhaps 6.5%).

- Intermediate HbA _(say 5.7 to <6.5%) followed by OGTT.

A sequence with HbA,_or random PG first might allow many patients to avoid OGTT.

In T2DM, HbA _level is influenced in the early stages more by non-FPG than FPG.* Whether or
not it would be sensitive enough to pick up isolated PPH (without IGT) remains to be examined.
The sensitivity would depend on the threshold at which patients were referred for OGTT.

Continuous BG monitoring is carried out by inserting a disposable glucose monitor under

the skin, connected to a meter worn externally. A chemical reaction generates a current that is
proportional to the level of glucose in the tissues. Strictly speaking it is interstitial tissue glucose
that is monitored. A review by the Australia and New Zealand Horizon Scanning Network
(ANZHSN) noted that CBGM systems seemed to be better at detecting hyperglycaemia than
hypoglycaemia, a problem that would not be relevant to its use in screening for CFRD. All of
the trials reported in the ANZHSN review were in people with diabetes; no use in screening
was found.®

Home BG involves testing with sticks and meters over the course of a day. This is called blood
glucose profiling (BGP).

Again, as with OGTT, these could be used on all patients or only on those shown likely to have
CFRD or IGT after a preliminary screen with, for example, HbA _or a casual PG.

In addition to diabetes, two other conditions may cause harm. The first is IGT, which, as
mentioned above, can be associated with microvascular disease.” IGT is also associated with a
reduction in lung function [FEV | and forced vital capacity (FVC)].*

The second is PPH because it has been suggested that this alone may lead to end products of
glycation, which may cause irreversible damage. Gerich®” notes that isolated PPH, with normal
FPG and normal HbA , is associated with an increase in vascular disease, although he was
referring to 2-hour PG. Hanefeld et al.®® reported that glycaemic excursions were associated with
carotid intimal thickening in non-diabetic subjects. Hence, it is important to know if isolated
PPH can affect lung function. If we should be concerned with IGT, or even just PPH, then that
has implications for the choice of screening test. FPG would not be satisfactory.

The second question for this review is therefore whether or not we should be screening for a
wider range of hyperglycaemia than diabetes? It would only be worth doing that if treatment of
that level of hyperglycaemia was shown to improve outcomes.
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Chapter 2

Defining cystic fibrosis-related diabetes

Cystic fibrosis itself was described as a discrete clinical entity only in the late 1930s'” and
impaired glucose metabolism in CF was not described until 1955.% Although a number of
similarities to T1IDM and T2DM are recognised, the impaired glucose metabolism associated
with CF is a distinct clinical entity*®®' with a different aetiology, mode of onset, clinical course
and outcome.

To detect, manage and prevent cystic fibrosis-related impaired glucose tolerance (CFRIGT), it is
necessary to define its onset, severity, progression and impact. A number of questions are raised:

1. How are impaired glucose metabolism and diabetes mellitus currently defined and classified?
2. How are CFRIGT and CFRD currently defined and classified?
3. How do CFRIGT and CFRD differ from other forms of impaired glucose metabolism
and diabetes?
4. What glucose level should be used to define CFRIGT?

How are impaired glucose tolerance and diabetes mellitus currently
defined and classified?

There are several forms of diabetes, but most patients have T1IDM or T2DM. A classification
system based on aetiology, and not clinical features, was proposed by the WHO in the
mid-1980s.”

The WHO has defined the term ‘diabetes mellitus’ as ‘a metabolic disorder of multiple aetiology
characterised by chronic hyperglycaemia with disturbances of carbohydrate, fat and protein
metabolism resulting from defects in insulin secretion, insulin action, or both’ Diabetes resulting
from autoimmune destruction of the insulin-producing B-cells of the pancreas causes an absolute
insulin deficiency, known as TIDM. T2DM is probably multifactorial, with relative insulin
deficiency or loss of sensitivity to insulin considered the major causal factors.

Under the WHO aetiological classification system, diabetes associated with CF is known as
‘cystic fibrosis-related diabetes’ or ‘CFRD), and is listed in the category of ‘Other specific types (of
diabetes), and further subclassified within ‘Diseases of the exocrine pancreas.

The impaired glucose metabolism associated with CF has some similar, and some quite different,
features compared with TIDM and T2DM. These similarities and differences are summarised

in Table 3, taken from a recent review by Laguna et al.”® Of particular note is the insidious and
intermittent nature of its presentation, along with evidence for both insulin deficiency, which

is almost always incomplete, and sometimes insulin resistance,” which varies with nutrition,
infective status and medication.

Marshall et al.* listed some of the other differences between CFRD and the more common types
of diabetes, including the following:

® nutritional status - often poor in CF
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infection (acute and chronic)

catabolism and increased energy expenditure
glucagon deficiency

malabsorption

abnormal intestinal transit time

hepatic dysfunction

increased work of breathing.

When does diabetes start?

All forms of diabetes are characterised by hyperglycaemia, but determining the threshold above
which a BG result should be considered abnormal proves more difficult.

To standardise the terminology used when referring to disorders of glucose metabolism, both
the WHO?2- and the National Diabetes Data Group (NDDG)**- based diagnostic criteria

and classification of hyperglycaemic states on the results of a standardised 75-g OGTT. They
recommended that a FPG level of >7.8 mmol/l and a FPG level of > 11.1 mmol/l 2 hours after a
standardised glucose load be considered diagnostic of diabetes mellitus.

The WHO and NDDG documents also introduced the concept of IGT, which referred to a

state with BG results 2 hours after an OGTT higher than the upper limit of normal but below
the threshold for diabetes mellitus itself. IGT was recognised as a stage in the progression from
normal to impaired glucose metabolism and distinct from the diagnosis of diabetes. It is known
to indicate increased risk of developing diabetes at a later stage, although not all people with IGT
progress to T2DM.

These standardised diagnostic criteria for diabetes mellitus and impaired glucose metabolism
were based on two main sources of data:

1. cross-sectional studies that derived thresholds above which complications that are specific to
diabetes occurred

2. bimodal distribution of BG excursion noted in certain populations with a high prevalence of
diabetes (e.g. Pima Indians).”

TABLE 3 Cystic fibrosis-related diabetes compared with T1DM and T2DM in the University of Minnesota CF population

CFRD TiDM T2DM
Prevalence in population (%) 35 0.2 11
Peak age of onset 20-24 years Childhood, adolescence Mid- to late adulthood
Usual body habitus Normal to underweight Normal Obese
Insulin deficiency Severe but not complete Complete Partial, variable
Insulin resistance Usually modest, waxes and wanes with infection Usually modest Severe
Autoimmune aetiology No Yes No
Ketones Rare Yes Rare
HbA, . Unpredictable relation to mean BG Related to mean BG Related to mean BG
Usual treatment Insulin Insulin Oral agents, insulin
Microvascular complications Yes Yes Yes
Macrovascular complications No Yes Yes
Metabolic syndrome features No No Yes

Cause of death Lung disease Cardiovascular Cardiovascular
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Retinopathy was the diabetes-related complication used to define these thresholds, in three
populations.” Initially, PG was used but, more recently, HbA _has also been recommended, and
an equivalent threshold for diabetes has been identified.® In those populations with bimodal
distribution of BG, the point above which the higher group of results were recorded was also
used to define recommended diagnostic limits.

Had we defined diabetes on the basis of macrovascular disease, a lower threshold would have
been chosen but that approach was not used because, unlike retinopathy, macrovascular disease
is not unique to diabetes but only increased by it.

With improved understanding of the aetiology of IGT, the criteria for diagnosing diabetes
mellitus were further modified by the ADA in 1997,”® and the WHO adopted similar criteria the
following year.” The currently accepted ADA-WHO diagnostic criteria for diagnosing diabetes
mellitus are outlined below. The main difference is the reduction in the FPG.

World Health Organization-American Diabetes Association criteria for the
diagnosis of diabetes mellitus

1. Symptoms/signs of diabetes + random PG level of >11.1 mmol/l.
2. FPG level of >7.0 mmol/l.
3. PG 2-hour post 75-g glucose load OGTT level of 2 11.1 mmol/l.

Hyperglycaemia determined by any of these methods requires confirmation on a subsequent day
by any of the methods.

Impaired fasting glucose and IGT are both associated with an increased risk of subsequently
developing diabetes and cardiovascular disease but do not have the same association with
microvascular disease (such as retinopathy) as does diabetes mellitus itself. (Although this has
been challenged in recent years.”)

In summary, the diagnosis of T1DM and T2DM is based on BG thresholds derived from
epidemiological data which show that those with a FPG of >7.0 mmol/l or a PG =11.1 mmol/l
2 hours after a 75-g glucose load OGTT have a greater risk of retinopathy.

How are cystic fibrosis-related impaired glucose tolerance and
cystic fibrosis-related diabetes currently defined and classified?

Applying the WHO-ADA diagnostic system to CFRIGT is problematic.

Diseases should be defined by the harm they do. The most critical organ in CF is the lung

and, given the evidence that diabetes can harm the lung, there is a case for defining CFRD

by the threshold at which lung damage (‘pulmonopathy’) occurs, rather than retinopathy.
Retinopathy was in the past rarely diagnosed in those with CF owing to the poor longevity of
patients. Although patients with CF are now living longer and microvascular complications are
described,*** the significant morbidity and mortality associated with CFRD (e.g. deteriorating
pulmonary function) usually occurs before retinopathy develops.

Brodsky et al.”® carried out OGTTs in 101 patients and found that isolated 1-hour hyperglycaemia
(i.e. with normal 2-hour levels) was associated with reduced FEV , although numbers were few,
with only nine patients in this group.
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It may therefore be argued that hyperglycaemia thresholds based on the specific features of
pulmonary function decline would be of greater relevance to those with CF than any based on
the statistics for developing microvascular disease. Diagnostic criteria based on lung function
therefore need to be developed in order to decide on the level of PG that should be the cut-off in
a screening programme.

Diabetes can affect the lung in different ways by:

® increasing infections
m reducing gas diffusion
m increasing the stiffness of the lung and increasing the effort of breathing.

The last two of these are seen in all forms of diabetes, but are normally not noticed. However,
in CE, when lung function may be seriously impaired, the normally marginal effect of diabetic
pulmonopathy may be more important.

The current accepted diagnostic criteria for CF-related diabetes are based on a consensus
conference held in 1998, which included experts in CF, diabetes and nutrition. Diagnostic
glucose thresholds were defined as follows and patients are categorised depending on their
glucose tolerance (Table 4).

Biochemical thresholds for glucose in cystic fibrosis-related diabetes

Two-hour OGTT glucose of >11.1 mmol/l.

Fasting BG of >7 mmol/l on two or more occasions.

Fasting BG of >7 mmol/l plus casual BG level of > 11.1mmol/l.

Casual BG levels of > 11.1mmol/l with symptoms* on two or more occasions.

- =

(*Symptoms include polydipsia, polyuria, weight loss, inability to gain weight despite nutritional
interventions, poor growth, poor progression of puberty, unexplained chronic decline in
pulmonary function.)

More recently, it has been suggested that there should be a fifth class of CFRD, namely CF
associated with intermittent diabetes, defined as temporary diabetes occurring during period of
infections or steroid treatment followed by a reversion to NGT.**

Surprisingly, Frohnert et al.'® have reported that IFG is not associated with reduced survival or
progression to diabetes.

The effect of impaired glucose metabolism in cystic fibrosis

As described in Chapter 1, pancreatic histology in those with CFRD shows fibrosis, fatty
infiltration and disorganisation of islets. This disruption is largely due to the viscous pancreatic
secretions in CF, which causes obstruction of pancreatic ducts.'®* Destruction of insulin-
producing f-cells leads to a decline in insulin release. However, poor correlation between the
extent of pancreatic fibrosis and islet cell damage has been reported, as well as little correlation
between the degree of insulinopenia and OGTT results.”*

The evidence for the impact of diabetes mellitus on the clinical status of those with CF is
conflicting, with some reporting steady clinical decline, whereas others do not.
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TABLE 4 Classification of glucose tolerance in patients with CF

Abbreviation FPG Two-hour post 759 glucose load
CF patients with NGT NGT <7.0mmol/l <7.8mmol/l
CF patients with IGT IGT <7.0mmol/| 7.8-11.0mmol/l
CFRD without FH CFRD—FH <7.0mmol/l >11.1mmol/l
CFRD with FH CFRD+FH >7.0mmol/l OGTT not necessary

The distinction between diabetes with and without FH has been specific to CFRD because of

its importance in the prognosis and/or treatment indications, because until recently only those
with CFRD with FH have been treated, as it was thought that only those with FH would develop
complications.”” However, it is now accepted that treatment with insulin is also beneficial at the
CFRD - FH-negative stage.'?!

Significant clinical deterioration may occur some years before the patient develops the
consistently high BG results of overt diabetes. Finkelstein et al.,” in a retrospective analysis of
448 patients with CF, noted deterioration in general clinical score [National Institutes of Health
(NIH) score] 2 years before the formal diagnosis of diabetes was made.

In T1DM and T2DM, good BG control has been shown to be associated with much lower
incidences of retinopathy, nephropathy and neuropathy.**-*>105-107

Effect on the lungs

Subjects with diabetes mellitus have been shown to have higher morbidity and mortality from
pulmonary infection than those with normal BG.'®'!" A review by Ardigo et al.''? concluded that
although the effect on lung function might be quite small (a reduction of 8%, related to vessel
wall thickness, leading to stiffness and impaired gas exchange), this would be enough to cause
problems when lung function was threatened by other comorbidities. They also noted the poorer
outcomes in pneumonia in people with diabetes.

Niranjan et al.'”? found that patients with TIDM demonstrated significant impairments in lung
volume and maximal O, uptake, compared with control subjects without diabetes, but that these
could be reduced by improved glycaemic control [in this case, using continuous subcutaneous
insulin infusion (CSII)].!*?

Chance et al.'"* found that gas exchange was impaired in T2DM, and that the reduction was
associated with microvascular disease and with elevated levels of HbA . They assumed that the
lung damage was probably due to microvascular disease affecting the very extensive pulmonary
capillary bed, but wondered if abnormal connective tissue metabolism could also lead to stiftness.
Weynand et al.,''® in a small series of six deceased diabetics and six non-diabetic control subjects,
found that diabetes causes thickening of the pulmonary basal lamina. In a subset of the Fremantle
Diabetes Study patients with T2DM, Davis et al.'*® found that FVC fell over time, by about 1% a
year, lung function started to decline before diabetes was diagnosed, and there was an association
between impaired lung function and mortality, with a 12% increase in all-cause mortality for
every 10% reduction in FEV .

Black et al.*® reviewed evidence on the effects of diabetes on the lung for a Health Technology
Assessment (HTA) review of inhaled insulin and noted:
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m  There is a loss of lung elasticity and recoil in diabetes and a greater rate of decline in lung
function with age compared with non-diabetic subjects. As a result, the lungs become stiffer
and harder to inflate and deflate. This is reflected in reductions in FEV, and FVC.

m  The diffusion capacity is slightly reduced. This is measured by the diffusion of carbon
monoxide from the alveoli, across the epithelium and into the blood. The diffusion capacity
is probably reduced owing to thickening in the alveolar epithelium and the pulmonary
capillary basal lamina. Changes have been seen in arterioles and capillaries of the lung, which
are similar to those in the diabetic kidney, although less marked.

There are several mechanisms by which elevation in airways secretion glucose concentration
might be related to increased frequency and severity of pulmonary infection."” The air spaces are
lined with a thin layer of fluid which normally contains little or no glucose,'*® but the level can be
increased by both hyperglycaemia and inflammation, both of which occur in CF. The presence
of glucose encourages the proliferation of colonising and infective microorganisms. It may also
foster virulence.""” Increased glycosylation of both immune proteins and epithelial cells might
further impair local defences."® Optimising glycaemic control, and so maintenance of normal

or near-normal concentration of glucose in airways secretions, could be a significant factor
protecting patients with CF from intercurrent and chronic microbial infection.

Deterioration in pulmonary function is now well reported in those with CFRD.!>!""9120 Adler et
al."”' noted reductions in FEV, and FVC in both CFRD and CFIGT. It is concerning that this
decline is seen from at least 2-4 years before diabetes is diagnosed using the standard OGTT.*>'*

In non-diabetic adults, lower FVC and FEV, were associated with higher fasting glucose,'**'** and
with hyperinsulinaemia and estimated insulin resistance.'*~'%

McKeever et al.® used data from the National Health and Nutrition Examination Survey
(NHANES) to examine the effect of hyperglycaemia below diabetes levels. They found a
correlation between 2-hour OGTT glucose in the IGT range and reduced FEV and FVC. This
association was seen also if the HbA _level was raised, but there was no clear link with FPG.

Decline in pulmonary function, even before the classical definition of diabetes mellitus has been
achieved, was reported by Schaedel ef al.'*® from Sweden. They followed up 343 patients with

CF (out of a prevalent total of 475 for all of Sweden), who all had at least two sets of pulmonary
function tests (PFTs), and examined the effects on lung function of genotype, gender, pancreatic
exocrine sufficiency, Pseudomonas colonisation, diabetes and liver disease. There was a faster
decline in PFTs in those with diabetes, but this was seen only in the over-15-year-olds. One
problem with interpretation was the close link between diabetes and pancreatic insufficiency - all
of those with diabetes had pancreatic insufficiency. This raises the possibility that the mechanism
is via undernutrition, leading to poor lung function.

Milla et al.,”” from Minnesota, reviewing the previous studies, noted that a number of studies
suggested a cause-and-effect relationship between insulin deficiency and decline in health.
However, most of these were retrospective, making it difficult to decide whether glucose
intolerance accelerated the decline or whether the sickest patients were more likely to get
diabetes. Therefore, they carried out a prospective study of 152 patients who did not have CFRD
with FH, divided into three groups by OGTT:

m NGT -45%
m IGT-39%
m CFRD without FH - 16%.
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Over the 4-year follow-up period, lung function declined in those with IGT and CFRD without
fasting hyperglycaemia (CFRD - no FH), but not in those with baseline NGT. Interestingly, there
was an association between baseline insulin production and lung function decline, with the
highest decline in those with the lowest quartile of baseline insulin. However, insulin levels did
not correlate with the glucose groups. This suggests a direct relationship between insulin and lung
function, rather than it all being related to PG. Milla et al."* speculate that this may be related to
the catabolic effect of insulin deficiency.

Lanng et al.'"”” reported that FEV and FVC were reduced (by 20% and 10%, respectively)

6 years prior to the diagnosis of CFRD. Koch et al.,'" from the European Epidemiologic Cystic
Fibrosis Registry, also noted that FEV, was reduced in those patients with CFRD compared with
those with CF alone. Brown et al.'*® found a reduction in lung function prior to diabetes only

in females.

Studies of the effect of insulin show that the decline in lung function is halted after insulin is
started. Drummond et al.'* reported a steady decline in the 5 years before insulin was started,
and a plateau afterwards, and recommend treatment at the IGT stage.

Glucose is not usually detectable from the airways secretions of those with normal BG, but is
found in such fluids in those with hyperglycaemia. Wood et al."*' determined the BG threshold at
which glucose became detectable in nasal secretions by raising BG concentrations in 12 healthy
human volunteers (using either a 20% dextrose intravenous infusion or a 75-g oral glucose load)
and then measuring nasal glucose concentrations with modified glucose oxidase strips. An
airway glucose threshold of 6.7-9.7 mmol/l was identified (n=12). Nasal glucose was never as
high as BG and fell in parallel.

The presence of such a threshold, along with the concentration of BG being constantly higher
than that of nasal secretions, was said to suggest that an active glucose transport system in

the airway epithelium maintained low glucose concentrations in normal subjects. As BG was
detected in the nasal secretions of usually normoglycaemic individuals who had BG raised

with an insulin infusion or measured oral glucose load, it was postulated that people with
hyperglycaemia would daily experience prolonged periods of glucose in their airways secretions.
So a short peak of hyperglycaemia after meals might cause longer periods of high glucose levels
in the fluid lining the airways.

Brennan et al. have carried out a number of studies examining the relationship between BG and
airway glucose. Having noted that the presence of glucose in airway secretions was associated
with increased infection in people intubated in intensive care, they hypothesised that a similar
effect might be seen in CFRD. In a 2005 study,'*? they studied breath condensates in groups of
healthy volunteers (n=23), people with CF with (n=10) and without (n=10) CFRD, and people
with diabetes but not CF (n=17). Glucose levels in breath condensates were low in the healthy
volunteers, but raised in the other groups. However, the levels were higher in those with CF
than in those with just diabetes, leading Brennan et al.’*? to conclude that the airway glucose
was raised by both hyperglycaemia and inflammation. The highest levels were seen in those
with CFRD.

In a study published in 2007, Brennan et al.'** compared BG and airway secretion glucose (using
nasal secretions), but added studies of the growth rates of S. aureus and P. aeruginosa. They found
that glucose was present in airway secretions in 85% of cases when BG levels were >8 mmol/],
but in only 19% (but none with high airway glucose) when it was <8 mmol/l. It was also higher
(0.5-3.0mmol/l) in the former than the latter (0.5-1.0 mmol/l). People with CFRD had PG

levels of > 8 mmol/l for 45% of the day compared with 6% in people with CF but NGT, and 1% in

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Waugh et al. under the terms of a commissioning contract issued by the
Secretary of State for Health.



Defining cystic fibrosis-related diabetes

healthy volunteers. S. aureus growth increased once glucose concentration reached 0.5 mmol/l,
and P, aeruginosa growth increased at 1-4 mmol/l.

The relationship between PG and airway glucose in bronchial secretions was similar to that
seen in the intensive care unit study,'*® in which glucose was found in 70% when PG level was
>8 mmol/l but in only 16% when it was <8 mmol/l.

Other effects of insulin deficiency

One can speculate on the number of ways in which insulinopenia, before causing overt symptoms
of hyperglycaemia, might be detrimental to patients with CF (increased protein catabolism,
intermittent glycosuria, altered immune function).

There is also a strong association of respiratory function with overall nutritional status. Insulin is
a growth factor and its use is associated with stabilisation of weight loss and possibly even weight
gain.”*'* Milla et al.,”” in the prospective Minnesota study, referred to above, noted a direct link

between lung function decline and insulin levels, possibly via loss of the anabolic effect.

Yet another possible mechanism is through anaemia. Von Drygalski and Biller® noted that
anaemia became more prevalent as people with CF aged - from 12% in the under-16-year-olds to
58% in the over-40-year-olds - and that it was associated with poorer pulmonary function. FEV,
was 52% of that expected in those with anaemia, and 83% in those without. However, this may
be another example of correlation rather than cause but it remains a highly relevant finding, as
oxygen carriage will be diminished.

Conclusions

m  Asthe organ most at risk in CF is the lung, and as hyperglycaemia appears to adversely affect
lung function, we should probably define CFRD and CFRIGT according to the level of PG at
which pulmonopathy develops.

m  The adverse effects of raised BG include stiffening of the lungs, impaired gas diffusion, and
promotion of colonisation and infection.

m  The level at which harm is done is well below the threshold for the usual definition of
diabetes. Harm starts at or below a PG level of 8 mmol/L.

m  The implication is that we should be screening, and intervening, at IGT stage (2-hour OGTT
level of 7.8 mmol/l).

® It may be that insulin deficiency and consequent catabolism play a part, and it is possible that
early PPH (i.e. high PG level at intermediate time points, but normal by 2 hours) could be
used as an indication that insulin should be considered.

The current evidence on treatment is considered in the next chapter.
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Chapter 3

Treatment of hyperglycaemia in
cystic fibrosis

Introduction

The usual practice in health technology assessment of treatments is to rely on high-quality
evidence from randomised controlled trials (RCTs). This is also the approach used by the
Cochrane Collaboration, which is why the Cochrane review by Onady et al.’** (which is discussed
below) concluded that no recommendation could be made from the current evidence base.

If there are no RCTs addressing a treatment issue then there are two options. We can follow the
RCT-only route and say that there are no acceptable data or we can try to make the most of what
there is, including results from lower grades of evidence such as case series, but adding caveats
and highlighting uncertainties.

In some situations, where the natural history is certain, for example if a disease has consequences
that are predictable and inevitable, a case series may provide sufficient evidence.

The inclusion of lower-grade evidence may be more admissible if the purpose of the technology
assessment report is to identify the research needs, rather than to provide evidence to underpin
national policy, as in a review for the National Institute for Health and Clinical Excellence
(NICE) or the National Screening Committee (NSC). The HTA programme for the National
Institute for Health Research always wants some evidence of efficacy before it will commission

a trial of an intervention. Case series may be sufficient to provide justification for a trial, but not
for policy (although some NICE decisions on new drugs have been based on case series — the first
appraisal of imatinib for chronic myeloid leukaemia being one example'?).

It is not uncommon for HTA reports to exclude studies with small numbers. We have not
adopted that approach in this chapter: one study has only four patients'*® and another has only
three.'* We have excluded single-case reports. The study with only four patients is one of very
few that address a key question (is it worthwhile to treat PPH that has not reached the IGT level)
and has hence been included. A study of that size looking at an issue for which there are other
larger studies might not have been included.

In summary, the evidence base is sparse and to glean as much as we can from it we have widened
the range of study designs and size beyond what is normally acceptable.

Identification of treatment studies

Our intention was to identify all of the trials and other studies of treatment of hyperglycaemia
in CF, to data extract the good-quality ones, and, if appropriate, to carry out a meta-analysis. A
highly sensitive search strategy was run in order to identify all aspects of patients with CF with
diabetes and hyperglycaemia, including treatment, screening and diagnosis.
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The databases searched were MEDLINE (1950 to May 2008), EMBASE (1980 to 2008 Week 20),
Web of Science databases (1970 to May 2008), ISI Proceedings (1990 to May 2008) and Cochrane
Central Register of Controlled Trials (Issue 2, 2008). Auto-alerts were run in Ovid MEDLINE
and EMBASE from May 2008 to December 2010. No restrictions were placed on language and
several papers were translated. Full details of the search strategies are shown in Appendix 1.

Reference lists of included studies and relevant review articles were scanned.

The internet was searched for grey literature, publications and reports, including websites of the
Cystic Fibrosis Trust UK and similar organisations worldwide.

The meeting abstracts of Diabetes UK, ADA, the European Association for the Study of Diabetes
(EASD), the European Cystic Fibrosis Society, the Annual North American Cystic Fibrosis
Conference, and the International Society for Pediatric and Adolescent Diabetes (ISPAD) were
searched up until 2010.

Research in progress was searched on ClinicalTrials.gov, Controlled-trials.com and the UK
Clinical Research Network.

Full details are shown in Appendix 1, Figure 5.

We started from the position that insulin treatment is beneficial in CFRD (compared with no
glucose-lowering treatment), so most interest was in the following four questions:

m  Are oral agents, such as sulfonylureas or meglitinide analogues, useful?

m  Are any treatments beneficial at lesser stages of hyperglycaemia, such as IGT or PPH?

®m  How big a difference does insulin treatment make, not just to glycaemic control, but also to
lung function and other morbidities that are specifically associated with CF?

m  Which form(s) of insulin is/are best?

We use the term PPH’ here to refer to the lag storage state, with glucose elevated after meals,
including at the intermediate time points in the OGTT (30, 60 and 90 minutes) but normal by
2 hours, hence excluding IGT. This creates two problems. First, most studies use the reduced
OGTT with only fasting and 2-hour glucoses measured. Second, most of the literature on PPH
refers to hyperglycaemia 2 hours after a meal.

It is believed that PPH is a risk factor for macrovascular disease, even when levels of HbA,_and
FPG are normal.¥” The DECODE (Diabetes Epidemiology: Collaborative Analysis of Diagnostic
Criteria in Europe) study'* found that there was a relative risk for heart disease (compared with
people with normal glucose levels) of 1.5 for men and 1.6 for women with IGT, whereas there
was little increase in risk for those with only IFG. However, macrovascular risk is not currently a
problem in CFRD.

Unfortunately, the quantity and quality of evidence were disappointing. There are very few
randomised trials, and only one RCT™*! that addresses the question of whether or not treatment
of CFRD IGT is beneficial (although it included only those with ‘severe IGT’). Some studies (9
out of 27) were available only as abstracts. Some of these abstracts appeared several years ago,
making it unlikely that all will be followed by full publications.

A Cochrane review published in 2005"¢ looked at the use of insulin and other oral agents for
managing CFRD and examined the evidence that these agents have a beneficial impact on
lung function and weight when used on patients with CE The authors did a thorough search



DOI: 10.3310/hta16240 Health Technology Assessment 2012; Vol. 16: No. 24

of relevant databases to find studies that compared different insulin regimens with each other
and with regimens of oral diabetic medications. The results and outcome measures to be used
were glycaemic control, pulmonary function, nutritional status and mortality, together with the
prevalence of CFRD complications and its therapeutic management. Twenty references to 14
studies were identified by searches, but none was deemed eligible for inclusion in the review, as
none was a RCT. The authors concluded that no firm conclusions can be made about the optimal
management method for controlling glucose metabolism in CFRD, and identified the need for a
multicentre RCT examining both the efficacy of insulin or oral agents and their possible adverse
effects in managing CFRD. An update in 2009 found little change.'*

A survey was conducted recently by Mohan et al.*! looking at the management of CFRD in

the UK. A questionnaire survey regarding screening, diagnosis, treatment and monitoring

of CFRD was sent to all 45 recognised UK CF centres (19 adults, 22 paediatric and 4 joint,

with > 50 patients), asking about clinical practice and the extent to which this adhered to the
recommendations published by the UK CF Trust Diabetes Working Group in 2004. Completed
questionnaires were returned by 37 centres (82%). The overall prevalence of CFRD at these
centres was 18%; 6% in paediatric (126 of 2083 patients), 28% in adult (659 of 2340), and 18% in
joint centres (174 of 955), respectively, which suggests that they were representative of the UK
estimated 10-15% prevalence of CFRD in all people with CE.

Insulin was the preferred treatment of choice in all but one centre. Oral glucose-lowering drugs
were little used. Twenty-one centres (57%) reported that they would never use them and the
remainder considered them only in the early stage of disease, when patients could not cope with
insulin treatment or when glucose intolerance was induced by treatment with steroids. Oral
glucose-lowering drugs were even less popular in paediatric centres than in adult centres [used
in 4/17 (23.5%) vs 9/16 (56%); p <0.05 - as reported by authors, but our calculations give Fisher’s
exact test p=0.08]. Twenty-six (70%) centres would consider short-term insulin when faced with
hyperglycaemia (= 11.1 mmol/l) in patients admitted for pulmonary exacerbation and arrange
outpatient investigation during clinical stability. No centres imposed any significant dietary
restrictions, but 18 (49%) advised against sugary drinks.

Studies of treatment of cystic fibrosis-related diabetes

The studies that follow are in chronological order of publication. Appendix 2 tabulates the key
features of the 27 studies discussed below.

Culler 1994
Culler et al.**? looked at the use of glipizide in patients with CF with IGT. Treatment was not
randomised and numbers were few - six patients aged from 12 to 25 years, with elevated BG
level 2 hours after oral administration of 1.75 g/kg of glucose and normal fasting BG. It was a case
series with no control group and it is not clear how these patients were selected for treatment.
The size of the clinic population was not given, so the proportion, and hence representativeness,
cannot be assessed.

Results were measured before treatment, and again at 3 and 6 months (for height, weight
and BMI) after treatment. Outcome measures used were HbA  _level, 24-hour urine glucose
level, insulin sensitivity, first-phase insulin response (FPIR), and changes in growth assessed
as height, weight and BMI. Results showed significant improvements in HbA _level, 24-hour
urine glucose level and FPIR, but not in insulin sensitivity or weight gain. Three months
after glipizide administration, the mean FPIR was raised by 60% (from 287 to 459 pmol/l;
p<0.05), although it was just below the lowest range of normal FPIR (466 pmol/l); glycosuria
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and HbA _both decreased significantly in all patients from 57.5 g/day to 23.2 g/day (p<0.01)

and 6.3% to 5.8% (p <0.05) over the same period, respectively. The insulin sensitivity values

in these subjects were within normal range before treatment and an increase in four of the six
patients was observed, although it was not statistically significant in the group as a whole. No
changes were found in either weight or BMIs at 3 and 6 months after treatment. Apart from
occasional mild symptomatic hypoglycaemia, no other adverse effects were described. The
authors suggested that ‘glipizide can be used in the treatment of patients with CF with IGT,
especially if a patient has elevated postprandial glucose levels but normal fasting BG levels; and
if persistent hyperglycaemia or significant elevation of HbA _occurs, then insulin therapy should
be instituted.

The small numbers and short duration, and the lack of a control group, reduce the value of the
study. It shows that glipizide can be effective in the short term, but, ideally, we would have a RCT
against other agents, such as a meglitinide analogue or a short-acting insulin.

Lanng 1994
Lanng et al."** studied the effect of insulin therapy in patients with CE. Treatment was not
randomised and numbers were few: 18 patients aged from 3 to 28 years, from a total clinic
population of 240 patients with CF, of whom 41 patients with CFRD had received insulin therapy
for at least 2 years. Under half (18 of these with at least 2 years of follow-up on insulin) took
part in the study. They had a comparison group of 18 non-diabetic patients with CF who were
matched with age, sex and presence of chronic lung infection at the time of diagnosis of diabetes
in the diabetic patients.

Data on body weight, BMI, FEV , FVC, microscopy, and culture of sputum and precipitins
against different bacteria were collected 6 years before and 2 years after the onset of insulin
therapy. For data on lung function, only those from patients > 6 years of age were included.

Results before and after insulin were similar to other studies: a decline in BMI, FEV, and

FVC in the months leading up to the start of insulin therapy (e.g. BMI: patients with CFRD

16.9 £0.7 kg/m? vs control subjects 19.2 £ 0.6 kg/m?). At the time at onset of insulin therapy, the
patients with CFRD differed significantly to non-diabetic control subjects in BMI, FEV  and
FVC, but not body weight. After 2 years on insulin therapy the diabetic and non-diabetic groups
had similar body weight and BMI. Also the per cent differences in FEV, and FVC between the
two groups were similar to those found 6 years before insulin therapy.

The study also collected data on lung infections and carriage of organisms. Chronic P. aeruginosa
lung infection was present in (diabetic patients vs control subjects) 14 patients compared with

13 at entry, 15 compared with 15 at onset of treatment, and 15 compared with 17 at the end

of the study. Precipitins against P. aeruginosa increased in both groups, with no difference
between levels at any time during the study. The number of weeks of intravenous anti-
Pseudomonas treatment did not differ between the groups before and after insulin treatment. This
seems disappointing.

However, the per cent of sputum examinations positive for H. influenzae and Streptococcus
pneumoniae decreased significantly (from 11.6% to 7.1% and from 2.4% to 0.3%, respectively)
after insulin therapy; these were unchanged in the control subjects; parameters of lung infections
with P. aeruginosa and S. aureus remained unchanged.

The authors conclude that insulin improves lung function after the insidious decline resulting
from the pre-diabetic condition in patients with CF and recommended its commencement when
diagnosis of CFRD is made.
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Bertele-Harms 1996 (abstract only)
Bertele-Harms and Harms' studied the effect of glibenclamide in patients with CFRD.
Treatment was not randomised and numbers were small. Twenty patients were selected from
an original 26 patients with CFRD, aged from 12.8 to 26.5 years when CFRD became manifest,
with fasting glucose level > 140 mg/dl, marked glycosuria, dehydration and elevated HbA _level.
The size of the clinic population was not given, so the proportion, and hence representativeness,
cannot be assessed. There was no control group and patients were selected based on the
availability of data on HbA .

Results were obtained before and after treatment over a period of 15 years. The initial mean
HbA _value at onset of CFRD was 5.34% (3.6-7.8%) (normal range 4.2-6.3%). All patients
improved on glibenclamide; for instance, glycosuria disappeared in 85% after 6-8 weeks of
treatment and the HbA,_value returned to normal range in 65% of patients, although it remained
elevated (6.4-7.5%) in 20% patients. The other 15% (three) patients, who had the most elevated
initial HbA1c values, were switched to insulin after a mean of 8 months owing to insufficient
response with the sulfonylurea. Further increases in sulfonylurea doses were ineffective. The
mean duration of glibenclamide effectiveness was 2.4 years (range 0.6-5.5 years), but patients
considered afterwards that delaying insulin treatment had been worthwhile.

Kentrup 1999
Kentrup et al.*** studied the efficacy and safety of acarbose in patients with CF with IGT, in a
double-blind, randomised crossover trial. There were 12 patients, all inpatients for treatment
of Pseudomonas infection, aged from 8 to 22 years. Patients were selected based on their BG
response being abnormal after a standard test meal.

The trial lasted only 14 days. Patients were randomised to either acarbose or placebo for 5 days
(day 4-8), then had a day of washout (day 9) before receiving the other drug for another 5 days
(days 10-14). On day 2 (before the start of study medication) and on the last day of both study
periods (days 8 and 14), a standardised nutritional load (a carbohydrate content of 1.75 g/kg body
weight) was given, and blood samples were taken before and at 30, 60, 90, 120 and 180 minutes
after the test load. A baseline measurement was also taken after a 10-hour overnight fast in
resting patients. There were significant reductions in PG, insulin and C-peptide with acarbose
treatment compared with baseline values. This was also true with acarbose treatment compared
with placebo in mean BG level (6.12 +0.82 mmol/l vs 7.54 + 1.42 mmol/l; p <0.05) and mean peak
BG level (8.01 +1.79 mmol/l vs 11.56 +2.65 mmol/l; p<0.01).

Gastrointestinal disturbances, such as diarrhoea, flatulence, loss of appetite, nausea and
abdominal cramps, were recorded in 67% of patients during therapy with acarbose. The authors
concluded that acarbose has a beneficial therapeutic effect on glucose tolerance in patients with
CE but its side effects are likely to prevent patients from accepting it as a long-term therapy.

Moran 2001
Moran et al.'* studied the use of preprandial insulin and repaglinide in patients with CFRD
without FH. There were seven patients aged 24 £ 5 years. The size of the clinic population was
not clearly given, so the proportion, and hence representativeness, cannot be assessed. Seven
healthy, non-athletic normal control patients, matched for age, sex and BMI, were recruited by
poster advertisement, acting as a reference to the outcome measures. Patients were studied on
three separate occasions over a 1- to 2-month period, receiving a test meal in the morning after a
night fasting with treatment in a random order: (1) no preprandial diabetes medication (baseline
meal); (2) insulin lispro, 10 minutes preprandial; and (3) repaglinide, 10 minutes preprandial.
Control subjects received the test meal under the same conditions on a single occasion with no
preprandial medication.
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Plasma glucose and insulin levels were recorded at the beginning of the meal and after the meal
at 20-minute intervals for 5 hours.

After the test meal without medication, postprandial glucose excursion was elevated, with a peak
glucose level of 228 + 30 mg/dl (12.6 mmol/l) at 74 + 7 minutes after the beginning of meal. The
peak insulin levels (53 + 11 yU/ml) were delayed and blunted at 117 + 11 minutes post meal.

After the meal with preprandial lispro, there was a significant decrease in the peak glucose level
(172 £9mg/dl; p=0.0004), the 2-hour glucose area under the curve (AUC) (p=0.001) and the
5-hour glucose AUC (p <0.0001) compared with the untreated baseline meal. However, glucose
excursion was not completely controlled.

After the meal with preprandial repaglinide, the 5-hour glucose AUC was significantly less than
baseline (p=0.03), but there were no differences seen in the 2-hour glucose AUC (p=0.39) or the
peak glucose level (p=0.17).

Comparing insulin lispro with repaglinide in CFRD, insulin lispro seemed to be better than
repaglinide on postprandial glucose excursion, with significant differences observed between
the two drugs in the peak glucose level (172 +£9 vs 208 + 18 mg/dl; p=0.02), the 2-hour glucose
AUC (p=0.02) and the 5-hour glucose AUC (p=0.01). Curiously, neither drug, at the doses used
in the study, significantly changed the peak insulin level or the 2-hour insulin AUC compared
with baseline. Four episodes of hypoglycaemia (glucose level 48-54 mg/dl, 2.7-3.0 mmol/1)
occurred in patients with CF during the study: one after the test meal without medication, two
after administration of insulin lispro and one after administration of repaglinide. Hence, both
lispro and repaglinide reduced PPH, but insulin was more effective. The authors commented
that although based on standard practice recommendations, the doses of insulin and repaglinide
seemed to be too low (as instanced by the non-significant difference in peak insulin levels);
therefore, higher doses of these drugs may have had greater therapeutic effect.

Nousia-Arvanitakis 2001
Nouisa-Arvanitakis et al.>* studied the effect of biphasic (rapid and intermediate) insulin on
nutrition, lung function and clinical status in a small case series of six patients, aged 15-22 years,
who developed CFRD in a 5-year follow-up of 30 patients with CF, and were thought to require
insulin treatment. A control group of non-diabetic patients with CF, matched with the diabetic
group for age, sex, pubertal stage, BMI, FEV, and SS at the onset of the study, was selected for the
comparison of FPIR, BMI, FEV and SS (maximum score of 100) among non-diabetic patients
and patients with CE

The outcome measures used were BMI, FEV , SS, intravenous glucose tolerance test and

FPIR, at time of diagnosis of CFRD and 6 months after starting insulin. There was significant
improvement in BMI (16.36 + 1.34kg/m* vs 19.07 +1.06 kg/m? p=0.0018), FEV, (50.66 +6.681

vs 70.83+5.401; p=0.0062) and SS (66.00 + 3.84 vs 84.50 £4.41; p=0.0006) in all six patients
following insulin treatment. A significant difference was found in FPIR (p <0.0001), BMI
(p=0.0003), FEV, (p=0.0071) and SS (p =0.0009) when comparing the six patients with CFRD to
the control subjects at the time of diagnosis of diabetes mellitus.

A positive correlation between FPIR and BMI was detected in the 30 patients with CF (Pearson’s
correlation coefficient r=0.759). The authors considered that there was an association between
insulin hyposecretion and an overall deterioration in the clinical status of the patients with CF
involving nutrition, lung function and clinical scores, which were improved significantly after the
institution of insulin. They believed it is important to identify patients with CF who are at risk of
developing diabetes, so that early insulin therapy can be given.
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Rolon 2001
Rolon et al.'*¢ assessed the impact of hyperglycaemia preceding diabetes (pre-diabetes) on
nutritional status and respiratory function in patients with CF, and to describe the clinical
characteristics of CFRD at the start of insulin treatment, insulin regimens and effects of insulin
therapy. Of a total of 220 patients receiving follow-up at their clinic, 21 (aged 10-21 years) had
insulin-treated diabetes mellitus, with no lung transplantation or immunosuppressive therapy.
Of these patients, 14 were selected based on the completeness of clinical data. There were 14
non-diabetic patients matched for age, sex and chronic lung infection by P. aeruginosa. They had
normal fasting glucose and normal OGTT.

Results were reported 5 years before and after insulin treatment. Outcome measures used were
BMI, BMI z-score, FVC, FEV , insulin regimen, mean insulin dosage, hypoglycaemic events

and mean HbA,_value. However, these data were available for 12 patients during the first year,
eight during the second year and seven during the third, fourth and fifth years, as seven died
during the study period. Hence, only seven patients had 5 years of follow-up at the time of study.
Insulin treatment was started either on the basis of symptoms of hyperglycaemia (n=7) or on the
basis of the presence of diabetes mellitus diagnosed by a systematic screening and a nutritional
status (n=7). Results showed no differences in BMI z-score between the CFRD patients and the
non-diabetic control subjects during the 4 years prior to insulin treatment but it was significantly
lower in the cases (-1.66 % 1.5 vs —0.3+0.95; p=0.03) 6 months prior to the treatment; so

were BMI (15.9 +1.8kg/m? vs 17.3+ 1.3kg/m? p=0.04) and lung function (FVC 52% +20% vs
79% £20%; p=0.01; FEV 37%+19% vs 72% +23%; p=0.01).

After insulin treatment was started, respiratory function improved and the BMI returned to
normal (compared with the French population) within 2 years. A decreased rate of FVC decline
was seen in five of the seven patients 5 years post insulin (p=0.1) and FEV  improved in all
seven patients after the start of treatment (p=0.02). The mean insulin dose increased from

0.62 units/kg/day during the first year to 1.25 units/kg/day during the fifth year.

Mean HbA, _value was 8.8% at the start of treatment, fell to 6.6% during the first year of

insulin treatment, but rose to 7.8% during the fifth year. Two episodes of severe hypoglycaemia
(symptomatic and BG level of < 50 mg/dl) were reported over the total follow-up of 42 patient-
years (4.8 episodes per 100 patient-years). Mild hypoglycaemia (BG level of <60 mg/dl) occurred
with a frequency of 10.3 episodes per patient-year. It was concluded that the clinical status of
pre-diabetic patients with CF deteriorates before the start of insulin therapy, and that insulin
treatment improves anabolism and provides good glycaemic control with few hypoglycaemic
events in patients with CFRD with or without FH.

Rosenecker 2001
Rosenecker et al.'"® compared the effects of insulin with glibenclamide on patients with CFRD.
Patients were not randomly allocated to either treatment, so, in effect, this study present data
from two case series. There were 45 patients, with 34 on insulin (mean age of 24.0 £ 4.7 years)
and 11 on glibenclamide (mean age of 27.7 + 5.4 years). Five centres participated in this study but
the size of the centre populations was not given, so the proportion, and hence representativeness,
cannot be assessed. There was no control group. Patients who had been seen regularly in one of
the centres and had received a prior CFRD diagnosis of at least 1 year were included.

Results were obtained by questionnaire surveys. Outcome measures used were FEV , FVC,
weight for height and SS. Of the 34 insulin-treated patients, 13 had been treated initially with
glibenclamide, which failed after a mean time interval of 18.2 + 14.5 months. The diagnosis of
CFRD was earlier in the insulin-treated group than in the sulfonylurea group (16.4 £ 3.6 years vs
24.2 +4.8 years; p<0.001) and the durations of treatment with insulin and glibenclamide were
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7.6+4.6 years and 3.5 +2.0 years, respectively. At the start of the study, the mean HbA, _levels and
mean BG values in the insulin-treated group were 8.3 +2.8% and 11.8 +8.0 mmol/l, respectively;
in the glibenclamide group the levels were 7.0+ 1.1% and 7.9 + 4.3 mmol/l, respectively. At the
end of the study, no significant differences were found between the two groups in the most recent
FEV , FVC, SS or BMI measurements. There were no severe hypoglycaemic events in patients
treated with insulin or glibenclamide. The authors concluded that ‘CFRD can be treated orally
with glibenclamide in some patients with CF, at least in a subgroup with a late onset of diabetes.
FEV , FVC, SS and BMI were maintained equally well by both treatments. However, there are
problems with comparisons between treatments from a non-randomised study.

Dobson 2002
Dobson et al.'* studied the effect of insulin on lung function and weight in four patients aged
15-23 years with long-standing CF, who had weight loss and deteriorating lung function without
a clear cause, and had high random glucose values but normal OGTT. The paper mentions that
some of these high results were postprandial, implying that they would fall into our non-IGT
PPH group.

Weight and spirometry (FEV /FVC) were recorded before and 3 months after insulin treatment.
Insulin treatment was accompanied by increases in both weight and spirometry in all
four patients.

The authors concluded that insulin can result in a significant clinical improvement in patients
with CF with normal OGTT results or HbA | _value, although they all had multiple random
blood glucose (RBG) levels above 11.1 mmol/l. They also commented that the benefit seen in
these patients was unlikely to result from improved glucose concentrations, as HbA, _values were
normal before insulin treatment and not altered significantly by it. However, the improvement
might have been only in PPH. They proposed that in patients with CF clinically significant
insulin deficiency may precede the development of diabetes as defined by OGTT.

This study is very small, but its value may be in the implication that treatment is worthwhile
even at the isolated PPH stage. The four patients gained weight, with increases ranging from
0.7-5.7kg, on 6-12 units of insulin daily.

Ballmann 2003 (abstract only)
Ballmann et al.' studied the use of glibenclamide in patients with CFRD. Treatment was
not randomised and numbers were small: 19 patients aged [mean + standard deviation
(SD)] 13.7 £ 3.7 years (out of a total of 41 patients with CFRD) were initially treated with
glibenclamide and had completed follow-up for 2 years. Six patients changed to insulin
(group 1) after 14-24 months owing to hyperglycaemia in all, systemic steroids in one and
nocturnal percutaneous endoscopic gastrostomy feeding in three patients; the rest remained
on glibenclamide after 2 years (group 2). The mean time until starting insulin treatment was
4.5 years in those treated initially with glibenclamide. There was no control group and it is not
clear how these patients were selected for treatment.

Results at the start of glibenclamide treatment were given for both groups. Final results for

group 1 were when they changed to insulin, and for group 2 were after 2 years of glibenclamide
treatment. Outcome measures used were nutritional status (BMI z-score), lung function [per
cent predicted forced expiratory volume in 1 second (%FEV )] and metabolic control (HbA ), as
shown in Table 5. The authors commented that ‘more than 68% of those on glibenclamide were in
a stable clinical condition (BMI z-score and %FEV ) and good metabolic control after 2 years.



DOI: 10.3310/hta16240 Health Technology Assessment 2012; Vol. 16: No. 24 29

TABLE 5 Results before and after treatment with glibenclamide (reproduced from Ballman 20034)

Group 1 initially Group 1 at starting insulin Group 2 initially Group 2 after 2 years
HbA, % 57+05 8.2+0.4 52+0.6 55+0.8
%FEV, 68+22 58+23 76+26 73+29
BMI z-score -1.7+£12 —21+15 —0.8+1.0 -0.9+1.0

So those who remained on glibenclamide appeared to do well. The authors did emphasise the
need for controlled randomised prospective studies comparing insulin with oral antidiabetic
treatment of CFRD.

Boyle 2004 (abstract only)
Boyle et al.'*8 studied the effects of early insulin treatment in 30 patients with CF, who were
drawn from a clinic with 155 patients. The average age of the included patients was 26.9 years: 13
had CFRD, 10 had IGT and 7 had NGT. Treatment was not randomised. There was no control
group and patients were selected because they were insulin treated.

Outcome measures used were weight gain and FEV, changes, before and after a year of insulin
treatment. Weight (% change year before, then year after) seemed to improve in all patients:
pre-insulin -3.14% versus 0.59% post insulin (CFRD), 1.1% versus 1.56% (IGT) and -2.1%
versus 0.45% (NGT). The results for FEV, were: -0.28% versus -1.47% (CFRD), -7.08% versus
+1.46% (IGT) and -2.68% versus +1.47% (NGT). However, statistical significance of the results
is unclear, as p-values were not given. The authors concluded that insulin treatment prior to the
development of diabetes appears to have positive effect on lung function and body weight.

Franzese 2005
This study'*® was reported only in a letter. Franzese et al.'* studied the use of glargine in patients
with CFRD. Treatment was not randomised and numbers were small: eight patients aged from
10 to 29 years, four with chronic CFRD who were treated with rapid insulin in the previous
1-3 years (group A) and another four patients with intermittent CFRD requiring insulin only
during infections (group B). The size of the clinic population was not given, so the proportion,
and hence representativeness, cannot be assessed. There was a control group (non-glargine
treated) comprising six patients (aged 14-18 years) with intermittent CFRD. It is not clear how
these patients were selected.

Results were before and 6 months after glargine treatment (plus preprandial rapid insulin

in group A). The outcome measures used were BMI, FEV , HbA,_and the number of lung
infections. There was a significant decrease in the number of lung infections in both group A
and group B, from 3.75+0.5 to 1.75+0.9 (p<0.01) and from 2.75+0.5 to 1.25+0.5 (p<0.001),
respectively; no change was seen in the control group (3.3+1.2 vs 3.1 £0.4). There were no
positive changes in HbA,_value or BMI, and no hypoglycaemic events were recorded. This was
attributed to the short period of observation. The conclusion was that basal insulin may play a
role in reducing the number of lung infections in both overt CFRD and pre-patients with CFRD.

Minicucci 2005 (abstract only)
Minicucci et al.™™ looked at the efficacy and safety of insulin glargine in a case series of 12 CFRD
and three CF IGT patients aged from 14 to 34 years: six had CFRD treated with insulin (group
A); six appeared to have CFRD but without FH, diagnosed on the basis of OGTT (group B), and
three had CFRIGT (group C). Group A had been on insulin regular or rapid analogue before
meals. It is not clear whether they were also on neutral protamine Hagedorn (NPH) but the
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abstract says that glargine took the place of intermediate insulin, which implies that the short-
acting insulin was continued. Neither group B nor group C had ever been treated with insulin.
The size of the clinic population was not given, so the proportion, and hence representativeness,
cannot be assessed. There was no control group and it is not clear how these patients were
selected for treatment.

Results were collected at the start of, and 3 months after, glargine treatment. Outcome measures
used were HbA, _value, BMI, frequency of hypoglycaemia, and compliance with the therapy. The
results showed no significant difference in HbA _value in any group (group A: 9.6% vs 9.2% — no
difference, indicating that glargine had similar eftects to NPH; group B: 7% vs 7.47%; group

C: 6.76% vs 6.74%). The failure to reduce HbA, _value in groups B and C is odd; the authors
suggest this could be due to small numbers and short follow-up. BMI changed little (group A:

21 vs 21.5kg/m? group B: 16.68 vs 17.2kg/m? group C: 18.17 vs 18.55kg/m?) in all groups. The
frequency of hypoglycaemia did not change in group A. No hypoglycaemia events were observed
in groups B and C. The authors state that glargine seemed to be safe and well accepted. A larger
multicentre study in Italy is under way, but there is no mention of a RCT.

Bizzarri 2006
Bizzarri et al.”*' studied the effects of insulin glargine in patients with CFRIGT. Treatment was
not randomised and numbers were small: six patients aged from 9.2 to 27.8 years, who were
identified with normal fasting glucose and IGT (FPG < 110mg/dl and 2-hour PG 140-199 mg/dl)
out of a total of 113 patients with CF. There was no control group.

Results were before and after glargine treatment over median follow-up of 1.4 years (range
1.0-1.8 years). Outcome measures used were HbA _value, BMI z-score, FEV, and number of
hospitalisations for clinical exacerbation. There were significant improvements in both median
BMI z-scores (- 0.95 vs - 0.5; p=0.026) and median FEV  (72.7% vs 76.7%; p=0.027). No
significant difference was observed in the median HbA, _value (5.9% vs 6.1%; p=0.496) or the
median number of hospitalisations for clinical exacerbation (1.95 patients/year vs 2.0 patients/
year; p=0.715). Hypoglycaemia was not a problem. The authors concluded that ‘early insulin
glargine is well tolerated and safe, and that it seemed to slow down the deterioration of the
clinical status (particularly nutritional condition and lung function) seen in the years before
treatment in some patients.

Drummond 2006 (abstract only)
Another study'” from the Glasgow group, as in the Boyle abstract, which may include some of
the same patients, gives data for 5 years before and after insulin treatment.

Drummond et al.'*? studied the effect of insulin treatment in patients with CF. Treatment was not
randomised. The study included 54 patients aged from 16 to 52 years (mean age 27.6 years), not
all of whom had CFRD: some had IGT and some had NGT, but numbers were not given. The size
of the clinic population was not given, so the proportion, and hence representativeness, cannot
be assessed. There was no control group and it is not clear how these patients were selected

for treatment.

The outcome measures used were lung function and weight gain, 5 years before and 5 years after
insulin initiation. FEV, declined from 2.6 +0.141to 1.78 +0.121 (p<0.001) 5 years prior to insulin
treatment and the mean 5-year post-insulin FEV, was 1.74+0.201 (p=0.15). So decline seemed
to be arrested after insulin initiation. But when stratified according to the OGTT at initiation,

the rate of FEV, decline in patients with IGT changed significantly from 0.51+£0.311 pre-insulin
t0 0.04+0.121 post insulin (p=0.02); changes were not significant in those with NGT (p=0.86)
or with CFRD (p=0.70). Numbers of patients are not given. Weight increased significantly with
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insulin therapy from 53.08 £ 1.53 kg to 56.22 +2.08 kg (p=0.05). The authors concluded that
insulin therapy reduced the decline in lung function in patients with CF and recommended its
commencement at the IGT stage.

Hardy 2006 (abstract only)
Hardy et al.'>* reported the effect of insulin treatment on growth and lung function in children
with CF with abnormal OGTT but normal fasting glucose. Treatment was not randomised and
numbers were small: 27 children (age not given), with 14 on insulin glargine (group A) owing to
clinical deterioration and 13 not given insulin (group B). The size of the clinic population was not
given, so the proportion, and hence representativeness, cannot be assessed. There was a control
group of 55 patients with CF with normal OGT'T. It is not clear how these patients were selected.

Height, weight, BMI and best %FEV were measured 12 months before and after either treatment
with glargine (group A) or without (group B). Group A had higher 2-hour PG levels (11.9 vs
9.5 mmol/l; p=0.01), lower BMI and a significant decline in weight in the preceding 12 months
(p=0.02) compared with group B, so the two groups were not matched. Compared with

the control subjects, groups A and B had lower height (p=0.03), FEV, (p<0.001) and FEV

12 months before treatment (group A p=0.03, group B p=0.01). FEV declined significantly
(>5%) before treatment in eight patients from group A but improved in six of these eight

after insulin treatment. FEV also declined in seven patients from group B, but improved in
five of these seven patients without insulin treatment. It was concluded that glargine arrested
the progressive decline in lung function in patients with more severe undernutrition and
hyperglycaemia, but it also improved in patients who were not given insulin (group B),
suggesting that spontaneous improvement also occurs.

McGinnity 2006 (abstract only)
McGinnity et al.*** examined the effect of once-daily long-acting insulin (detemir or glargine) in
a case series of five patients with CFRD aged from 11 to 18 years. The size of the clinic population
was not given, so the proportion, and hence representativeness, cannot be assessed. It is not
clear how patients were selected. All patients had received treatment with once-daily long-acting
human insulin analogues for more than 12 months prior to the study, so were presumed to have
reached a stable state after titration against blood glucose monitoring. Insulin had been started
because of CFRD, PPH, weight loss or declining lung function; the implication is that it was
started earlier rather than later.

Blood glucose was measured over a 3-day period using a subcutaneous continuous glucose
monitor. BG levels in the five patients were within normal limits 65%, 93%, 94%, 96% and

99% of the time. Mean glucose levels (range) were 7.6 mmol/l (2.2-17.2 mmol/l), 6.6 mmol/l
(3.8-13.7mmol/l), 5.3 mmol/1 (2.2-9.0 mmol/1), 5.9 mmol/l (3.4-12.9 mmol/1), 6.4 mmol/l
(4.1-11.8 mmol/1). Hyperglycaemia seems to have been commonest round midday. Symptomatic
hypoglycaemia did not occur, which seems odd, given the low end of two of the ranges. The
authors conclude that these preliminary data indicate that good control is achievable with

the early use of long-acting insulins for CFRD. CBGM was well tolerated. HbA, _value was

not reported.

Onady 2006
Onady et al.'*® compared the effects of insulin, sulfonylurea, metformin and thiazolidinedione
in patients with CFRD.'** However, treatment was not randomised and numbers were small:
20 patients aged from 13 to 49 years, with eight initially chosen to be on insulin, five on
sulfonylureas, four on metformin and three on thiazolidinediones. (There are uncertainties over
the numbers in the study. Twenty-four patients were originally diagnosed with CFRD during the
10-year span but four were excluded: three after lung transplantation and one on combination
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diabetic therapy during the study period. Hence, a total of 20 patients with CFRD over the
10-year period remained for the prospective study. However, the tables of results show a total of
25 patients in both the baseline and final results.)

The size of the clinic population was not given, so the proportion included, and hence
representativeness, cannot be assessed. Patients chose their treatment based on risk and benefit
information provided for treatment options. Baseline variables varied among groups, for example
with HbA, _value ranging from 7.2% on sulfonylurea to 9.5% on insulin.

Follow-up was for 10 years. There were no statistically significant differences in overall glycaemic
control, changes in weight, liver function testing and FEV, between oral agents and insulin. All
patients tolerated the initial therapy and none had to change treatment because of side effects.
Four patients with inadequate HbA _control, discontinued insulin and switched to oral agents.
No adverse effects from oral agents during the study were reported. Mortality was highest among
patients in the sulfonylurea group (60%), followed by the insulin group (37%), with no deaths
from the biguanide and thiazolidinedione treatment groups, but these differences were not
statistically significant (p=0.062). Sixty patients with CF had been followed in the centre during
the 10-year period, with a mortality rate of 23% observed in those without diabetes and 38%

in those with diabetes. One patient who was on a thiazolidinedione had been identified with
diabetic nephropathy 18 months after the diagnosis of CFRD (a surprisingly short duration).
There were no reports of abnormal urine microalbumin measures or retinal examinations
indicating microvascular disease in these patients. The authors concluded that OHAs were
effective and safe in treating selected patients with CFRD, and may provide an alternative for
patients reluctant to use insulin. However, the groups showed baseline differences, treatment was
not allocated randomly and no firm conclusions can be reached.

Drummond 2007 (abstract only)
This is another abstract from the Glasgow group,'*® with data on the incidence, awareness and
apparent symptoms of hypoglycaemia experienced by patients with CF who were receiving
insulin. Drummond et al.* retrospectively estimated the frequency of hypoglycaemia and the
associated symptoms experienced in insulin-treated patients. Treatment was not randomised and
numbers were small: 24 patients with a mean age of 30.7 £ 9.1 years. Patients had been on insulin
treatment for 7.3 years +6.4 years and HbA _value was 6.56 +1.13%.

The frequency of mild hypoglycaemia over a period of 6 months was recorded, along with details
of usual symptoms and awareness of hypoglycaemia. Hypoglycaemic events were reported in 13
patients who experienced between one and four episodes: six (25%) had five or more and five
patients experienced no hypoglycaemic events (21%). Sweating, hunger, warmness, confusion
and trembling were the most common symptoms. Seventy-five of the insulin-treated patients
had hypoglycaemic unawareness. So, hypoglycaemia episodes and hypoglycaemic unawareness
were common among patients with CE. The frequency may relate in part to the loss of glucagon-
producing a-cells.

Sulli 2007
Sulli et al.**® described three case reports of insulin pump therapy in patients with CFRD over
2 years of CSII treatment. The patients were two males (aged 5.5 and 21 years) and a female (aged
28 years). All patients were receiving multiple daily injections [(MDIs): four insulin injections per
day] in the year prior to CSII use.

During the CSII treatment, all patients experienced a reduction in their annual mean level of
HbA, . This reduction was more or less steady over the 2 years. At the end of the 2-year period,
there were significant reductions (1.7%, 2.7% and 1.2%, respectively) in HbA1C levels compared
with baseline values.



DOI: 10.3310/hta16240 Health Technology Assessment 2012; Vol. 16: No. 24

Also, during the CSII treatment, the annual mean level of BMI increased and the insulin
requirements decreased. None of the patients experienced episodes of diabetic ketoacidosis
(DKA) or hypoglycaemia during the CSII treatment. Only two episodes of lipohypertrophy and a
slight local cutaneous inflammation were reported.

Grover 2008
Grover et al.'” looked at the effect of glargine versus NPH in patients with CFRD with FH. They
carried out a randomised, non-blinded, crossover study but the numbers were small: 19 patients
aged 34+ 8 years. All were clinically well and receiving a single dose of bedtime NPH insulin
plus rapid-acting insulin before meals. The size of the clinic population was not given so the
proportion, and hence representativeness, cannot be assessed. Twenty patients with CFRD with
FH were recruited and one dropped out.

Patients received 12 weeks’ therapy with bedtime NPH (plus rapid-acting insulin) or bedtime
glargine (plus rapid-acting insulin); nine patients received NPH first and the rest received
glargine first. Before each study period there was a 1-month insulin adjustment period. Outcome
measure used were BG control (HbA , FPG, 2-hour postprandial glucose) and weight change
(weight, fat mass, lean mass). There was a significantly greater reduction in FPG with glargine
therapy (p=0.03) but no changes in HbA _value and postprandial PG level. More weight gain
in patients on glargine was observed, but this did not achieve statistical significance (p=0.07).
No differences in adverse events and QoL were seen between the groups. There were no serious
hypoglycaemic episodes, but minor hypoglycaemic episodes occurred with both treatments
(NPH: 5+ 1 times per participant; glargine: 6 £1 times; p=0.3). After the study, all 19 patients
chose to continue glargine therapy as they believed that daytime BG levels seemed more
consistent and some were less worried about night-time hypoglycaemia.

It was commented that glargine was a newer agent and patients’ perception could had been
influenced by the health-care team. Variability in glucose levels appeared to be similar between
the groups, as the within-patient SD of fasting glucose levels (NPH 50 + 10 mg/dl, glargine

40+ 6 mg/dl; p=0.18) and 2-hour postprandial glucose levels (NPH 91 + 7 mg/dl, glargine

83 £ 6mg/dl; p=0.28) were not significantly different.

The conclusion was that ‘long-term studies are needed to determine the metabolic and nutritional
impact of glargine in CFRD, but the initial data suggested that it is a promising therapy. The trial
was sponsored by the manufacturer of glargine.

Mohan 2008
Mohan et al."*® looked at the long-term impact of insulin therapy in 42 patients with CFRD aged
from 16 to 39 years. There was a total of 215 patients in their unit, of whom 65 (30.2%) had
CFRD. There was no control group in the study. Forty-two out of the 65 patients were selected
based on the completeness of data required for the study, hence possible selection bias.

Results were 5 years before and 3 years after insulin therapy. Outcome measures included FEV ,
FVC, BMI and the number of pulmonary exacerbations requiring hospital admissions. At

3 months following institution of insulin therapy, there was significant improvement compared
with baseline in mean FEV, (51.6% vs 58.2%; p < 0.0001), mean FVC (66.4% vs 75.5%; p<0.0001)
and mean BMI (19.5 vs 20.5kg/m? p <0.0001). This improvement over baseline was maintained
at 1 year for FEV, (mean 55.1%; p <0.002), 2 years for FVC (mean 72.1%; p<0.01) and at 3 years
for BMI (mean 20.43kg/m? p <0.002). However, the mean rate of FEV, decline from 3 months
to 3 years after treatment was comparable with that of the pre-treatment period (-3.2% vs -3.1%
per year; p=0.77); and the mean post-insulin FEV value returned to baseline at 34 months. The
annual rate of FVC decline was also similar to the pre-insulin values during the same period
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(-2.6% vs —2.5% per year; p=0.96). There was no difference in the number of hospital admissions
for pulmonary exacerbations before and after insulin treatment (1.8 vs 2.1 per year; p=0.19).
HbA,_values were available in 32 patients, but no significant change was found at the end of the
follow-up period (mean 6.8% vs 6.7%). Seventeen of the 32 had elevated values (mean 8.1%) at
diagnosis that improved significantly during the 3 years following insulin treatment (mean HbA
value: first year, 6.9%, p=0.004; second year, 7.1%, p=0.04; third year, 7.0%, p=0.02).

The conclusion was that insulin treatment is associated with temporary improvement in lung
function and BMI in symptomatic patients with CFRD, with FEV | decline delayed by an average
of 34 months.

Hardin 2009
A before-and-after study by Hardin et al.' evaluated the safety, efficacy and metabolic benefits of
CSII via an insulin pump in nine patients with CFRD over 6 month:s.

To be eligible for inclusion, patients had to be between 18 and 32 years old and to be treated

with a minimum of three subcutaneous injections per day, based on a basal bolus regimen, for a
minimum of 6 months, and be recording blood sugar readings at least four times daily. Patients
were converted to CSII therapy in a single visit, and asked to report results of self-BG monitoring
(measured before all major meals and bed) and a minimum of four postprandial BG levels a
week. Baseline measurements were taken of each patient’s HbA  _level, body weight, lean body
mass, and whole-body protein turnover (using a stable isotope of leucine).

The mean age of the nine patients (five males and four females) was 27 years. After 6 months of
CSII therapy, body weight increased significantly from 55.6kg (SD 3.5kg) at baseline to 59.2kg
(SD 3.3kg) (p=0.01). HbA _level decreased from 8.2% (SD 1.9%) to 7.1% (SD 1.5%) (p=0.05).
In addition, there were significant improvements in fasting and postprandial BG levels and
lean body mass. Protein catabolism was significantly decreased. No patient had an episode of
hypoglycaemia, whereas prior to CSII the patients reported several hypoglycaemic episodes per
month. All patients but one wanted to continue pump therapy.

Hence, in this study of patients with CFRD, the use of CSII over 6 months led to improved
glycaemic control and safety compared with multiple daily subcutaneous insulin injections. In
addition, metabolic benefits were shown.

Mozillo 2009
Mozillo et al.'° reported preliminary data from a study designed to evaluate the effect of glargine
treatment on lung function, BMI, lung infections and HbA _level in patients with CF with early
glucose derangements.

A total of 98 of 220 patients with CF who attended the CF unit at a Department of Pediatrics

in Naples were screened for glucose abnormalities on the basis of an OGTT and/or continuous
glucose monitoring system (CGMS), and 65 patients had been enrolled in this ongoing open
trial. There was no control group. The data of the first 22 patients who completed 12 months of
glargine were presented. Their mean age was 12.4 years. Four had abnormal glucose tolerance on
a CGMS, nine had IGT, seven had diabetes mellitus without FH and two had diabetes mellitus
with FH. After 12 months of glargine therapy there was an 8.8% increase in per cent predicted
FEV, (%FEV ) (p=0.01) and a 42% decrease in the number of lung infections (p=0.003).

The BMI z-score and HbA, _level did not show any significant difference for the whole group.
However, a significant (p=0.017) improvement was found in those patients (n=8) with the worst
BMI z-scores, i.e. baseline BMI z-score of < -1.
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These data suggest that glargine could benefit patients with CF with early glucose derangements.
However, RCTs with more patients and longer follow-up are needed to confirm this.

Moran 2009: Cystic Fibrosis-Related Diabetes Therapy trial
The aim of the Cystic Fibrosis-Related Diabetes Therapy (CFRDT) trial'*! was to determine
whether or not diabetes therapy improves BMI in patients with CFRD without FH (CFRD FH-).
The trial was a three-arm multicentre trial comparing preprandial insulin aspart, repaglinide
and oral placebo. Patients were randomised to receive insulin aspart 0.5 units per 15 g of dietary
carbohydrate, repaglinide 2.0 mg orally or oral placebo three times a day before meals. Ongoing
diabetes education was also provided.

Measurements on the patients’ BMI and lung function 12 months prior to the study were
retrospectively obtained from chart reviews and then measured prospectively for 12 months after
randomisation. BMI was the primary study end point. Measures of DEXA (dual-energy X-ray
absorptiometry), NIH prognostic score, Cystic Fibrosis Quality-of-Life questionnaire (CFQoL),
3-day dietary histories, and HbA _level were measured at baseline and after 1 year in the study.

One hundred adult patients were enrolled: 74 CFRD patients without FH and 26 with severe

IGT. ‘CFRD FH-" was defined as FPG level of <126 mg/dl (7.0 mmol/l) and a 2-hour glucose
level of >200mg/dl (11.1 mmol/l) and severe IGT was defined as a glucose level of >200mg/dl
(11.1 mmol/l) during the OGTT and a 2-hour glucose level of 180-199 mg/dl (10.0-11.1 mmol/l).
The mean age of the patients was 27 years (SD 8 years) and mean HbA,_value was 6.0%

(SD 0.7%) and the ratio of males to females was 53:47.

Results were presented for the 81 patients (61 CFRD FH- and 20 with IGT) who completed
the trial. The absolute change in BMI during the study year did not differ significantly between
the groups for the CFRD patients without FH. However, in the IGT group, the BMI change was
significantly worse for the repaglinide-treated patients than in those on placebo.

The results for the change in BMI for the 12 months prior to the study compared with the change
during the study year showed a significant improvement for the CFRD patients without FH on
insulin. For the 12 months prior to baseline, the change in BMI was —0.30kg/m? (SE 0.21 kg/m?)
and after 12 months on insulin the decline was reversed, and there was an increase of

0.39kg/m? (SD 0.21kg/m?) (p=0.02). The CFRD FH- repaglinide and placebo groups did not
show a significant change, i.e. changes in BMI 12 months prior to the study were —0.14kg/m>
(SD 0.21 kg/m?) and -0.29kg/m? (SD 0.25kg/m?), respectively, and 12 months after the study the
changes in BMI were +0.15 kg/m? (SD 0.21 kg/m?) and -0.02kg/m? (SD 0.25kg/m?).

All study arms for the CFRD patients without FH showed a decline in FVC during the study
when compared with 12 months prior to study, and the insulin and repaglinide arms showed

a reduction in decline in FEV . The patients with IGT in the insulin and repaglinide arms
showed no significant change in rate of BMI decline compared with the previous year, although,
surprisingly, the placebo-treated patients showed a significant improvement (p=0.02).

After 1 year on therapy, there was no significant change in HbA _level in any group and no
difference in fasting glucose levels within or between groups compared with baseline. During the
study year there were no differences in the number of episodes of acute illness between treatment
groups or between CFRD patients without FH and IGT patients. Also, NIH and CFQoL scores
showed no differences between or within groups during the 1-year treatment period. There were
no serious adverse events related to the study medication.
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In conclusion, the CFRDT trial showed that preprandial rapid-acting insulin given for 1 year
significantly reversed the chronic weight loss in CFRD patients without FH, without any adverse
effects. However, it had no significant effect on lung function or acute illnesses.

Hameed 2011
This before-and-after study'®' looked at the effect of a single daily dose of insulin detemir on
weight change and lung function in six patients with CFRD and 12 with ‘early insulin deficiency,
defined by peak BG level during OGTT but with a 2-hour level of <11.1 mmol/l. The median age
of the patients was 12.5 years, and all but one had exocrine pancreatic insufficiency. Changes in
mean weight SD score (WtSDS), mean change in per cent predicted FVC (%FVC) and %FEV
were measured.

The values at 1 year before treatment versus those after a median of 42 weeks of insulin treatment
showed improvements of 0.22 in WtSDS (p=0.003), 5.3% in %FEV | (p=0.004) and 5.8% in FVC
(p=0.024). No episodes of severe hypoglycaemia were reported.

Minicucci 2011 (Pediatric Diabetes 2011 online)
Minicucci et al.'* reported a randomised controlled study of the effect of insulin glargine in
patients with CF with IGT. Patients were selected because BMI was under the 10th percentile or
had fallen by one percentile over the previous year, or if there were similar findings for FEV. All
were aged > 10 years. The study initially recruited 45 patients but, after dropouts, 34 remained
for analysis at 18 months. They were randomised to low-dose insulin glargine, starting with
a dose of 0.1 units/kg/day, increasing to 0.15 units/kg/day if no hypoglycaemia occurred. The
dose could be increased to 0.2 units/kg/day at the physician’s discretion. The primary end point
was BMIL, with HbA, _level and FEV being secondary end points. At 18 months, there were no
significant differences between the groups in BMI or FEV, but some difference in HbA _level,
with a reduction of 0.11% in the insulin group compared with a rise of 0.26% in the control
subjects (p=0.04). There was a bigger reduction of 0.52% in four patients who had received
0.2 units/kg/day.

The authors suggest that the lack of effect might be due to the low dose of glargine used or to the
trial duration being too short.

Can we quantify the utility of insulin treatment?

Insulin treatment is clearly beneficial, but for later estimation of cost-effectiveness it would be
useful if we could quantify the utility gain. The quality of the studies is not high, but a RCT of
insulin treatment versus no insulin would be unethical.

The benefits include:

= Animprovement in HbA, _value, with the biggest improvement being the 2% (at 1 year) and
1% (at 5 years) in the Rolon et al. study.* Other studies found no difference.

®  An increase in weight or BMI, with studies reporting rises of 1-3 points in BML

= Improvements in lung function, such as rises in FEV , expressed as per cent of expected
normal. Rises ranged from 6% to 35%.

m  Reductions in lung infections - only four studies reported this.”**!*1581% Two studies!***
reported reductions of almost half in the frequency of infections, and two'**'*8 showed
little difference.
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The studies were often too small and too short, or did not report all outcomes of interest. None
reported QoL. Improvements in lung function in patients with compromised respiratory function
should improve QoL.

Table 6 summarises the benefits of insulin treatment in patients with CFRD and CF with
non-diabetic hyperglycaemia.

Overview of review articles of cystic fibrosis-related
diabetes treatment

A number of previous reviews have commented on treatment of CFRD.!7*$8164-1¢ Most conclude
that insulin is the treatment of choice. Some recommended that insulin should be initiated when
CFRD is diagnosed."'*® Other studies suggested that insulin can also be used temporarily for
intermittent hyperglycaemia, as a result of infection, steroid therapy and augmented nutrition.>'**
However, it was noted that despite data from other populations suggesting that insulin may be
beneficial in maintaining euglycaemia during infection, no studies have examined the benefits of
such in hospitalised patients with CE'®® Dobson et al. believed further prospective randomised
control trials are required to investigate the benefits of insulin therapy after the diagnosis

of CFRD.® They also pointed out some drawbacks of insulin therapy, such as compliance
problems and the increased risk of hypoglycaemia. O’Riordan et al.'® in the ISPAD guidelines
recommended that ‘the decision to treat should be based on consideration of BG levels and the
impact of treatment on the individual’s overall condition.

Those commenting on the use of sulfonylureas say that these drugs augment insulin secretion

by stimulating the sulfonylurea receptor in pancreatic 3-cells, enhancing insulin release, and
therefore may be useful in some patients with CFRD.®**®* However, this is questioned by De
Valk et al.,'® who argue that the progressive destruction of the p-cells means that these agents
have limited value in CFRD, certainly in the longer term. Yung et al.®* suggested that if patients
are asymptomatic and clinically well, a trial of OHAs can be used initially, along with close
monitoring of BG profiles, body weight and lung function at least monthly. They can also be used
in patients with steroid-induced glucose intolerance and for those who find insulin treatment
difficult to cope with.”®

Most reviews do not favour the use of sulfonylureas in CFRD, especially when there are concerns
about side effects, such as hypoglycaemia, and potential hepatic toxicity in patients with hepatic
impairment.®® The latter may limit dosage below optimal therapeutic levels. More theoretically,
there are worries that sulfonylureas could bind to and inhibit CFTR and interfere with new
treatments designed to improve CFTR function,*®'** although the clinical importance of such
remains unclear.*” Dobson et al.*’ considered that the risk of hypoglycaemia with sulfonylureas is
slight in CF and it would be of even less concern if newer shorter-acting agents were developed.

Generally, it is recommended that sulfonylureas should not be used until further data and side
effect profiles are available.*-166-168

As regards whether or not to start at the IGT stage, most agree there are insufficient data on the
management of CFRIGT patients to support guidelines.®®'”!*® Brennan et al.'* felt that when
CFRD without FH or IGT is identified, it is not known whether or not benefits of treatment
outweigh the burden of management and at which point treatment should be initiated. Although
the UK Cystic Fibrosis Trust” recommended no treatment for patients with IGT who are
asymptomatic, with stable weight, pulmonary function and a normal HbAlc level, others®®167168
consider the risk of patients progressing to diabetes, such that they should be monitored with
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an annual OGTT and BG levels should be measured during illnesses. Interestingly, De Valk et
al.'*® suggested that nutritional treatment may be sufficient in early stages (IFG and IGT). In the
2008 ISPAD Clinical Practice Consensus,'® insulin treatment was not recommended for patients
with IGT unless there were persisting signs of poor growth, inability to maintain weight and
unexpected decline in pulmonary function (despite optimisation of other medical management)
or the development of overt signs of diabetes. In general, it is agreed that further studies are
needed to establish whether or not early management of hyperglycaemia in these people can
prevent pulmonary decline and prolong survival.**!¢*

Most reviews reported that the choice of insulin should be made flexible, and be tailored to an
individual’s eating habits and lifestyle,>1¢41%-16% especially when taking into account patients’
erratic dietary habits. Although there is a variety of insulins, all with different speeds of onset
and duration, there is no evidence to support any specific type of insulin or insulin regime in
CFRD.* Some studies suggested the use of short-acting insulin, as it provides flexibility, allowing
better adjustment of insulin dose for each meal, and additional boluses can be given for snacks or
night feeds.'s*16

Mackie et al.! believe that the short duration of action of short-acting analogues can be beneficial
in adapting to the dietary habits of most patients with CFE. For those who have a more regular
eating pattern, they recommend a twice-daily insulin regimen, which is sufficient to achieve
adequate glycaemic control.! Lanng'® reported experience in the use of insulin, starting with
NPH insulin as a single dose in the morning or twice daily; later, premixed insulins are often
used. If patients wished a more flexible lifestyle, a basal-bolus regimen with injections of

soluble insulin before each main meal would be used, combined with NPH insulin at bedtime.
Alternatively, insulin pump infusion can also provide an effective basal-bolus therapy.’® Insulin
pump therapy has been successfully used in CFRD, but very low basal rates are usually needed.'®’

There have been several recent reviews of the management of CFRD.?***!%~!7! There is consensus
that oral agents are not recommended. There is now agreement that CFRD without FH should
be treated. Laguna et al.”® note that it was previously believed that CFRD patients without FH did
not need to start insulin because they were asymptomatic, had minimal HbA, _level elevation,
and were not thought to be at risk of diabetic complications. However, they note that recent
research has shown that insulin therapy reversed chronic weight loss and raised BMI, and that
better nutritional status was associated with improved survival.

There is less consensus about whether to treat IGT or PPH that has returned to normal by

2 hours [called INDET (intermediate hyperglycaemia with normal FPG and 2-hour PG) by
Laguna et al.”*]. Laguna et al.”® note a lack of evidence as to best management. In another review
by the same group, Nathan et al.'®® note that some studies have shown improvements in lung
function from treating IGT but others have not, but that these studies have been too small

to give definite answers. The ISPAD 2009 guidelines say that there is insufficient evidence to
make recommendations for patients with IGT or for the group who have normal OGTTs but
intermittent hyperglycaemia shown by self-monitoring of BG."”! Rana et al.'”° say that treatment
of IGT is currently not recommended unless there is poor growth, inability to gain weight or
unexpected decline in pulmonary function. They call for RCTs of longer duration.
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Discussion

Summary of main findings
Use of oral agents
There were seven studies, all small and most of short duration. Five were case series (some of
which had, in effect, several case series of different drugs) and two were crossover studies. The
case series suggest that sulfonylureas (glipizide and glibenclamide) have some effect, but do not
provide sufficient evidence for any firm recommendation.

One randomised crossover study using acarbose was only for 2 weeks’” duration but suggested
that side-effects were a problem. The crossover study with repaglinide and insulin suggested
that repaglinide had some beneficial effect, but that insulin was better. However, it was very
short term.

There are no studies of newer agents, such as the glucagon-like peptide analogues, but, as they
often cause nausea, their use in a disease characterised by low BMI might be undesirable.

International guidelines do not recommend any oral agents.

Treatment of impaired glucose tolerance

Five studies'*®!>-153162 reported the effects of insulin at the IGT stage (treating the Boyle'** and
Drummond'* papers as reporting the same study). Some had very small numbers (i.e. three, six
and nine subjects). Two studies (with 54'** and 6'*' patients) reported that the decline in lung
function was halted or reversed by insulin treatment. One study'® with 13 patients reported a
reduction in pulmonary exacerbations. Two studies were inconclusive."***¢> Only one study'*
a RCT. Most were available only as abstracts with little detail.

was

So there is insufficient evidence to justify routine treatment with insulin at the IGT stage,

but enough to justify a RCT of treatment of IGT with insulin versus waiting until diabetes
develops. Outcomes should include lung function, microbial colonisation and BMI, as well as
glycaemic control.

Benefits of insulin in cystic fibrosis-related diabetes

Insulin appears beneficial in CFRD and probably at the IGT stage. For cost-effectiveness
purposes, we need to quantify the utility gain from insulin treatment, as well as the survival gain.
No studies reported QoL by a reliable method, such as European Quality of Life-5 Dimensions
(EQ-5D). We need better studies, with larger numbers, with data collected on all important
benefits and disbenefits.

Which insulin regimen?

There was one crossover trial'”” that compared glargine and NPH. There was little difference.
CSII was used in two small studies,*>'* but with very small numbers. In theory, CSII might by
providing greater flexibility, make management of diabetes easier.
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Conclusions

The evidence base for treatment of CFRD and lesser degrees of hyperglycaemia is weak. Studies
are mostly case series, which are too small and too short.

Research needs:

1. The most important immediate question is when treatment with insulin should start:
whether it is better to start at the IGT stage or wait till diabetes develops? It appears that
some damage occurs at the IGT stage and a trial of early versus later treatment is indicated.
There could be two approaches at that stage: a once-daily basal insulin or short-acting
mealtime insulins. The latter would be more troublesome but might be justified on the basis
that at the IGT stage most hyperglycaemia is postprandial, with normal fasting glucose.

2. More data are required on the relative merits of glargine, NPH and detemir.

3. We need to know whether immediate PPH, not lasting for as long as 2 hours (so not IGT), is
harmful, and whether treatment would be beneficial.

4. In the longer term, we need to find out whether the pancreatic damage can be prevented, and
diabetes avoided, or at least delayed.
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Chapter 4

Systematic review of screening tests

Terminology

The term ‘screening’ usually refers to the use of a simple but imperfect test, in asymptomatic
people, in order to distinguish between those who probably have the condition and those who
probably do not. It is usually used in the context of population screening but is also used in

the context of screening people with a condition for a complication of it, such as retinopathy
screening in diabetes. Screening tests are now being called ‘index tests’ in some research studies.

Those who have positive screening tests go on to a definitive diagnostic test, usually called
the reference standard or sometimes ‘gold standard;, in research studies. The diagnostic test is
assumed to more accurate and to give a definite diagnosis.

The reference standard test is usually more complex or more expensive; if not, it would be used as
a perfect screening test.

Screening terminology includes the following terms, derived from the classic 2 x 2 table, as shown
in Table 7.

Sensitivity The per cent of patients with the disease who have positive screening tests. Those with
the disease who are screening test-negative are false-negatives. Sensitivity=a/a+c.

Specificity The per cent of people who do not have the disease and who are screening test-
negative. Specificity =d/b +d. So if specificity is 90%, 10% of people without the disease are

screen-positives but false-positives.

Positive predictive value (PPV) =per cent of those with disease among those with positive
screening tests a/a+b.

Negative predictive value (NPV) = per cent of those with a negative test who are true-negatives. It
is about how good the screen test is at ruling out disease.

The reliability of a screening test can also be expressed as the per cent of results that are correct:
a+d/a+b+c+d.

TABLE 7 Classic 2x2 table for screening tests

Disease status by reference test

Screening test result Have disease Do not have disease

Positive a b a+b

Negative c d c+d
a+c b+d Total
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Background

Issues

A survey in the USA by Allen et al.* found a wide range of screening practices and tests for

the detection of CFRD, with random PG the most common, followed by HbA , and urinary
glucose. Most guidelines recommend an annual OGTT,"”>!”? but it appears that, owing to the
cost, inconvenience and unpleasantness of the test, the guidelines are largely ignored in practice.®
Some of the variation in the tests used may relate to differences in the target diagnoses; tests may
be perceived as being more or less able to detect different levels of glucose intolerance.

A survey in the UK obtained data from 37 of the 45 recognised centres (based on having >50
patients with CF).®! Most centres said that they screened patients annually. Most of the paediatric
centres started screening at the of age 10 years, but a few started at the age of 12 years. The UK
Cystic Fibrosis Trust recommends that screening should start at the age of 12 years.’

Six tests were used: the OGTT, random BG, serial glucose monitoring, HbAlC, FPG and
glycosuria. It appears that the OGTT is the reduced version (ROGTT), with only fasting and
2-hour glucose levels measured, as recommended by the UK Cystic Fibrosis Trust, but the study
does not say whether or not any units used the full OGTT (FOGTT). Serial glucose monitoring
is taken to be a series of BG tests done with finger-prick, testing strips and meter; there is no
mention of automated CGMSs being used. The commonest method used was the ROGTT,
followed by various combinations of OGTT and other tests, such as FPG and HbAlC.

These methods may be the policies of the individual clinics, but what happens in routine care
may differ owing to poor compliance. The survey did not provide data on numbers actually
screened, and how.

There is some evidence (see Chapter 3) that treatment may be beneficial not only in diabetes, but
also in IGT. There is even a suggestion that treatment of isolated early PPH might be worthwhile,
although this is based on very small numbers.

The suggestion of benefit from treating hyperglycaemia at non-diabetic levels would fit with
the conclusion from Chapter 2, that adverse effects on the lung may start at PG levels as low as
8 mmol/l.

There are therefore uncertainties about what we should be screening for, with three groups:

m  diabetes, including those without FH
m IGT
m  PPH with return to normal by 2 hours.

Given the transient nature of PPH, and the scanty evidence on benefit of treatment at that stage,
we focus in this review on screening for diabetes, and for both diabetes and IGT.

Our default position is that diabetes and IGT are defined as per the WHO definition, but,
as discussed in Chapter 2, this may be inappropriate if lung damage starts at lower levels of
hyperglycaemia than retinopathy on which the WHO definition is based.

The screen-positives could potentially benefit in two ways — earlier treatment in those who would
have been diagnosed later, after developing symptoms; treatment in those who would never have
been diagnosed. We should also consider that some people who are detected and treated would
never have developed symptoms and might have died from unrelated causes.
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Methods

Criteria for considering studies for this review
Types of studies
Studies of screening tests can be:

®  RCTs of one or more screening tests or strategies versus no/opportunistic screening.

m  Case series, comparing a diagnostic test with an established reference standard. These can be
either prospective or retrospective in nature.

m  Case control, where test performance is compared between patients with known disease
(i.e. diabetes) and those without the disease of interest; this type of design is known to be
significantly more susceptible to bias than the case series design, especially when healthy
control patients are included. The artificial selection of patients leads to an unrepresentative
case mix.

Owing to the anticipated dearth of studies in the area, searches were for all study designs.

To be included for formal data extraction, studies had to report sufficient data for the
construction of a 2 x 2 table.

Participants

Based on the findings of Chapter 1, it was decided that screening for CF-related hyperglycaemia
would not start before the age of 10 years, and so studies of adults or children > 10 years were
eligible for inclusion.

Reference standards

The test recommended by most consensus statements is the OGTT, often only in its reduced
form. We assumed that the gold standard reference test is the FOGTT, but there are reservations
about acceptability. However, we expected many studies to use the ROGTT as the reference
standard, especially as the definition of diabetes is based on fasting and 2-hour results.

Reference standards for diabetes in CF therefore include:

m the 75-g (weight-adjusted) FOGTT result, with BG measured fasting and at 30, 60, 90 and
120 minutes
m the ROGTT, with only fasting and 2-hour measurements.

Ideally, a reference standard should indicate with absolute certainty the disease status of an
individual. In reality, this is rarely achieved and less accurate reference standards must be
accepted. For example, the ROGTT will miss PPH of the lag storage type, and even the FOGTT
may miss hyperglycaemia if that occurs only in the evening. As will be reported later, there are
also doubts about the reproducibility of the OGTT, so it is used more as a reference test than a
gold standard.

Screening tests
Studies of any test to assess glucose intolerance in patients with CF were eligible for inclusion.
These might include:

1. the 50-g glucose challenge test (GCT), with 60-minute glucose level
2. continuous glucose monitoring (CGM)
3. FPG
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RBG levels

HbA,

serial capillary blood glucose profiling

fructosamine

urine glucose tests

combinations of the above, for example a FPG test followed by an OGTT.

VXN

Search methods for identification of studies

As previously described in Chapter 3, a highly sensitive search strategy was run, in order to
identify all aspects of patients with CF with diabetes and hyperglycaemia, including screening,
diagnosis and treatment. Full details of the search strategy are shown in Appendix 1.

Selection of studies

Studies were selected for inclusion in the review in a two-stage process. In the first instance,

the literature search results (titles and abstracts) were screened independently by two reviewers
to identify all citations that appeared to meet our inclusion criteria as described above.

Full manuscripts of all selected citations were obtained. One article in German'”* and two

in French'”>"'7® were translated into English. Where it was not possible to determine study
eligibility from the title and/or abstract, the full manuscript was obtained. Any disagreements
over study inclusion were resolved by consensus. It was never necessary to have arbitration by a
third reviewer.

Studies were selected at two levels: first, those that yielded sufficient detail for 2 x 2 tables, and,
second, other studies that might yield fewer but useful data.

The flow of studies is shown in Appendix 1.

Data extraction and management

For the first few studies, data were extracted independently by three or four reviewers, until we
were happy that the predesigned data extraction form was satisfactory; some revisions were
made. Information on study participants, study design, tests and reference test details, test
performance (2 x 2 contingency tables) and potential sources of bias was extracted.

Assessment of methodological quality

The methodological quality of all included studies was appraised using a modified version of

the QUADAS (quality assessment of diagnostic accuracy studies) tool.'”* Ten items were initially
included, but items 7a, 7b, 8 and 9 were deemed to be usually not applicable in a situation where
results were numerical from a laboratory (and hence not susceptible to observer interpretation),
and dichotomised. An 11th item on reporting of definitions of the different hyperglycaemic states
was added.

Study quality was assessed by two reviewers. Each item was scored as ‘yes, ‘no, ‘unclear’ or ‘not
applicable’. Appendix 3 shows the blank quality assurance form.

A summary of the reviews authors’ judgements about the methodological quality item for each
included study is shown in Table 8.

Figure 2, presents a graphical summary of overall quality by showing the per cent of studies that
did or did not fulfil each item.

No summary scores estimating the overall quality of a study were calculated, as their
interpretation is potentially misleading.'®
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FIGURE 2 The per cent of studies that fulfilled each quality item.

The items of the QUADAS tool and their interpretation are as follows:

1. Was the spectrum of patients representative of the patients who will receive the test in
practice? The characteristics to be considered here included:

- Age - the likelihood of diabetes increases with age, and so if the test was applied to a
mainly older population it might appear more accurate. Hence, we looked for a sample
of patients that was typical of the population in the centre, either paediatric or adult.

- Selection bias, where we looked to see what proportion of the centre’s patient population
was included in the study. The greater the proportion, the less the bias. To estimate the
proportion, we looked for the total clinic population.

—  Whether the patients on whom the screening test was being tested, had an over-
representation of those with conditions likely to cause fluctuations in BG, such as
exacerbations of lung disease. Studies in which all or a significant proportion were
suffering from such exacerbations at the time of screening, were excluded.

- Whether or not any particularly high-risk (or low-risk) groups were selected
for screening.

2. Is the reference standard likely to correctly classify the target condition?

- For the reasons given above, we used the OGTT as the reference standard. Ideally, this
would have been the FOGTT but the reduced version correctly classifies the target
conditions (diabetes and IGT), as they are defined on the basis of it.

3. Is the time period between reference standard and index test <1 month?

- The time period between screening and reference testing needs to be short enough to
ensure that the presence or absence of the condition does not change between tests. We
assumed that a month (mean or median) was short enough, although this does leave
some problems with skew. Ideally, we would exclude patients whose interval was much
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longer but studies did not give sufficient detail. In practice, it is probably more important
that patients are in the same condition (e.g. free of infectious exacerbations) at both
screening and reference testing.
4. Did the whole sample or a random selection of the sample receive verification using a
reference standard of diagnosis?

- The issue here was whether the reference test differed according to the result of the
screening test (e.g. if definite positives did not have the reference test but ‘borderline
positives’ did).

5. Did patients receive the same reference standard regardless of the index test result?
- The issue here is whether all people having the screening test had the same reference test.
6. Was the reference standard independent of the index test result (i.e. the index test did not
form part of the reference standard)?

- When OGTT is the reference standard, this does not apply to screening tests such as
CGMSs or HbAlC. The FPG is part of the OGTT, but in practice, the diagnosis of CFRD
is based more on the 2-hour level (because FH occurs later than PPH) and so this is not
a problem.

7a. Were the index test results interpreted without knowledge of the results of the

reference standard?

- Because of the objective nature of the screening and test results, neither this nor the next
question were applicable.

7b. Were the reference standard results interpreted without knowledge of the results of the
index test?
8. Were the same clinical data available when test results were interpreted as would be available
when the test is used in practice?

- Again, when the test results are objective and defined in advance, and not open to

interpretation, this criterion is not applicable.
9. Were uninterpretable/intermediate test results reported?

- With objective testing, uninterpretable results should not be obtained. However,
intermediate ones might arise if the investigators subdivided groups, for example
splitting CFRD into those with and without FH, or into normal GT (NGT), IGT and
diabetes. Problems would arise if results were described simply as normal or abnormal
without defining meanings. Where intermediate results (usually IGT) were given,
options included producing a 3 x 3 table, or two 2 x 2 tables, for example one defining
abnormal as diabetes and normal as everything else, and the other defining abnormal
as IGT + diabetes. Where appropriate, we used the second option, which seems correct
given the possibility that treatment should start at the IGT stage.

10. Were withdrawals from the study explained?

- This usually refers to the possibility of bias if only some of the screened people go on to
reference testing.

11. Were definitions of the different hyperglycaemic states given?

- This is important given changes in the classification of diabetes and other states, and
differences in definitions such as the ADA and WHO definitions of IFG.

Data extraction

When data permit, 2 x 2 tables are produced for each study, with sensitivity, specificity, PPV
and NPV, and CIs. Some studies report on IGT, and two 2 x 2 tables are produced: one with just
diabetes as the target condition, the other with both diabetes and IGT.

Analysis of 2x2 tables
Analysis was undertaken using the MedCalc diagnostic test evaluations program, version 11.6.1
(MedCalc Software, Mariakerke, Belgium).'®!
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Results

Nine studies'”*!#-18205 (one in German'”*) provided sufficient data for 2 x 2 tables with actual
numbers, not just per cent, so that CIs could be produced. Full details are given in the data
extraction forms in Appendix 4.

Studies are identified hereafter by the name of the first author and year of publication.

Buck 2000
Buck et al.'”*'® carried out their study in two hospitals in Ulm and Hannover, in 102 patients
aged between 5 and 33 years, with a median age of 13 years. They compared the results of OGTTs
(1.75 g glucose/kg body weight, up to a maximum of 75g) with FPG and HbA _levels. Results are
shown in Tables 9 and 10.

Because the reference ranges for HbA  _level were slightly different in the two centres, results
were pooled and reported as being normal or abnormal. The upper limits of normal were 5.0%
and 5.7% in the two centres. It is not clear whether or not these limits were used to define
screen positivity.

Of the 102 patients, 22% had IGT and 13% had diabetes. None of those with diabetes had
experienced symptoms (perhaps because those with symptoms would have been diagnosed
without screening), and none had an elevated FPG level. HbA _level was not a sensitive test
for diabetes.

De Luca 1991
This Italian study by De Luca et al.’® included 39 children and adolescents, in the age range of
5 to 22 years, who had had normal random BG results over the previous year. Their BMIs ranged
from 13 to 24kg/m’. They had HbA _tests and FOGTTs. Results were given for both diabetes
(two patients) and IGT (seven patients); numbers were small. Insulin levels were also measured
and noted to be normal when fasting, but delayed after the glucose load, even in some patients

TABLE 9 Buck 2000''%2: screening for diabetes and IGT by HbA, _level

Result, % (95% CI)

Sensitivity 23 (1010 40)
Specificity 96 (87 to 99)
PPV 73 (39 to 94)
NPV 70 (60 to 79)
Diagnostic accuracy 71

TABLE 10 Buck 2000'"+'%2: screening for diabetes alone by HbA, _ level

Result, % (95% CI)

Sensitivity 23 (510 54)
Specificity 91 (83 to 96)
PPV 27 (6 to 61)
NPV 89 (81 to 95)

Diagnostic accuracy 82
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TABLE 11 De Luca 1991'®: screening for diabetes and IGT by HbA__level

Results, % (95% Cl)

Sensitivity
Specificity

PPV

NPV

Diagnostic accuracy

22 (310 60)
87 (69 to 96)
33(5t077)
79 (6110 91)
72

59

TABLE 12 De Luca 1991'%: screening for diabetes alone by HbA, _level

Results, % (95% Cl)

Sensitivity 100 (19 to 100)
Specificity 89 (7510 97)
PPV 33(to77)
NPV 100 (89 to 100)
Diagnostic accuracy 90

with normal OGTTs. The normal range for HbA, _level was 4-6%. The results are shown in
Tables 11 and 12.

The authors commented, ‘In our experience, HbA, _did not constitute a sensitive and specific
screening test for detection of patients with CF with glucose intolerance’

The results were actually quite good, but with such small numbers, CIs were wide. There was no
difference in HbA _between patients with NGT and those with IGT.

De Schepper 1991
De Schepper et al.'** from Brussels used HbA _value of >7.5% as the screening test in a group of
48 patients aged 2-28 years. All had a normal FPG (< 120mg/dl) and were clinically stable (which
we take to mean absence of acute lung infection). They had FOGTT (but not full reporting of
the intermediate results), which was considered abnormal if the 2-hour PG was > 140 mg/dl
(7.8 mmol/). This was seen in 15 of the 48 patients. HbA _level was over 7.5% in 22 patients
(46%). It was normal in four patients with glucose intolerance, and 11 patients with normal
OGTTs had raised HbA,_level. The results are shown in Table 13.

Lee 2007
Lee et al.'*® compared both the 50-g non-fasting GCT and HbA _testing with the 75-g OGTT.
Unfortunately, only just over half of those who had the GCT returned for the OGTT, and
many did not do so within the intended 1-week period: the mean interval was 35 days but 61%
returned within a week, and the mean is skewed by a 264-day outlier. The median was 7 days. The
results are shown in Table 14.

The 50-g GCT had perfect sensitivity for diabetes and IGT. Most (six out of nine) patients had
only IGT. The 11 patients who were OGTT normal but GCT abnormal had elevated 1-hour
levels, which had returned to normal in the 2-hour OGTT. Abnormal was defined as PG level of
>7.8 mmol/l, but about half had results of > 11.0 mmol/l. Hence, the GCT appears to be useful
for detecting PPH, which might cause alveolar fluid hyperglycaemia. Note also that the GCT was
non-fasting, which could improve convenience. The authors conclude that the GCT is useful for
reducing the number of OGTTs required, because none of the 35% of patients with normal GCTs
had abnormal OGTTs.
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TABLE 13 De Schepper 1991'#: screening for diabetes and IGT with HbA__level >7.5%

Results, % (95% CI)

Sensitivity 73 (4510 92)
Specificity 67 (4810 82)
PPV 50 (28 to 71)
NPV 85 (65 to 96)
Diagnostic accuracy 69

TABLE 14 Lee 2007'®: screening for diabetes and IGT with 50-g GCT and HbA, _ level testing

Results, % (95% CI)

50-g GCT HbA,_level >6%
Sensitivity 100 (66 to 100) 50 (23 to 77)
Specificity 50 (2810 72) 90 (7310 98)
PPV 45 (23 10 68) 70 (350 93)
NPV 100 (71 to 100) 79 (62 to 91)
Diagnostic accuracy 65 77

It should be noted that information on postprandial glucose levels could also be obtained if the
FOGTT was performed, but the GCT has the advantage of not requiring fasting.

Magni 1996
Magni,"¢ from Italy, compared levels of HbA , FPG and PG 2 hours after breakfast. They also
used fructosamine and glycosuria tests but found those unhelpful. Glycosuria was present in only
two patients, one of whom had a normal OGTT. The recruits comprised 65 inpatients, but all
were free of respiratory exacerbations and none was on steroids. The reason for admission is not
given, but the implication is that they were admitted for assessment or research purposes. The
results are shown in Tables 15 and 16.

The high sensitivities are not surprising in view of the low threshold because the thresholds were
chosen to give complete capture, at a cost of poor specificity. Magni'® concluded that the ROGTT
should be used as the screening test.

Moreau 2008
Moreau et al.," from Strasbourg, compared the ROGTT with CGM in 49 patients. CGM
involved 288 readings of tissue glucose per day. Four capillary BGs were required each day for
calibration, so those could have been used as another screening option. However, no data were
given in the paper.

For the OGTT, the standard WHO definitions were used to divide patients into NGT, IGT and
diabetes groups. The CGM results were expressed in two main ways. The first was the presence
of peaks of PG level of >200mg/ml (11.1 mmol/l). The second was quantitative: mean glucose
value and AUC.

All patients with diabetes had peaks of >200mg/dl at least once after a meal, but so did 36% of
patients in the NGT group and 52% in the IGT group. Results are shown in Table 17.
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TABLE 15 Magni 1996': screening for diabetes and IGT by HbA, %, FPG and 2-hour PG post breakfast

Results, % (95% Cl)

HbA, >5.1% FPG >85 mg Two-hour PG post breakfast
Sensitivity 60 (36 to 81) 70 (46 to 88) 60 (36 to 81)
Specificity 69 (53 to 82) 64 (49 to 78) 69 (53 to 82)
PPV 46 (27 0 67) 47 (28 to 66) 46 (27 0 67)
NPV 79 (64 to 91) 83 (66 to 93) 79 (64 to 91)
Diagnostic accuracy 66 66 66

TABLE 16 Magni 1996'®: screening for diabetes by HbA, and FPG levels

Results, % (95% Cl)

HbA, >5.3% FPG >88 mg
Sensitivity 100 (83 to 100) 100 (83 to 100)
Specificity 62 (47 to 76) 56 (40 to 70)
PPV 54 (37 to 71) 50 (34 to 66)
NPV 100 (88 to 100) 100 (86 to 100)
Diagnostic accuracy 74 69

TABLE 17 Moreau 2008'®": screening for diabetes and IGT using CGMS peaks over 200mg/100ml

Results, % (95% CI)

Diabetes mellitus Diabetes

alone mellitus +1GT
Sensitivity 100 (69 to 100) 70 (50 to 86)
Specificity 56 (40 to 72) 64 (41 to 83)
PPV 37 (1910 57) 70 (50 to 86)
NPV 100 (84 to 100) 64 (41 to 83)
Diagnostic accuracy 65 67

The presence of the peaks in the NGT group may be due simply to some patients having PPH,
and so rather than this causing a problem of false-positives it could be regarded as true-positives
if it was decided that treatment was justified at that stage.

Mueller-Brandes 2005
In one of the largest studies, Mueller-Brandes et al.** used data from OGTTs in 1128 patients to
assess the value of FPG alone. The FPG was at two levels, using the old and new ADA definitions
for elevated glucose: >6.1 mmol/l and >5.6 mmol/l, respectively (Table 18). The authors’ main
question was whether in patients with FPG levels of < 5.6 mmol/l, OGTTs were unnecessary. In
effect, the reference standard was the 2-hour PG, not the whole OGTT.

Sensitivity and specificity were reported but no CIs were given, and it was necessary to read
some figures from the graph to construct a 2 x 2 table, so what follows may not be very
precise (Table 19).
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TABLE 18 Mueller-Brandes 2005%% results on screening for diabetes and IGT using old and new ADA criteria for FPG

Test Reference test Sensitivity, % Specificity, %
Old ADA criteria for IFG — Diabetes or IGT vs NGT 65 94

according to Mueller-Brandes'®

New ADA criteria for IFG — Diabetes or IGT vs NGT 82 70

according to Mueller-Brandes'®”

TABLE 19 Mueller-Brandes 20052%: screening for diabetes and IGT using old and new ADA criteria for FPG

Diabetes or IGT vs NGT: results, % (95% Cl)

0ld ADA criteria for IFG (according to our calculations New ADA criteria for IFG (according to our calculations
reconstructing a 2 x 2 table) reconstructing a 2 x 2 table

Sensitivity 65 (550 75) 82 (73 10 89)

Specificity 91 (8910 93) 68 (6510 71)

PPV 41 (34 10 49) 20 (16 t0 24)

NPV 96 (9510 97) 97 (96 t0 99)

Diagnostic 89 69

accuracy
So, using the new 5.6 mmol/l threshold improves sensitivity but reduces specificity. However,
even using the new ADA threshold for IFG, 18% of patients with diabetic OGTTs would have
been missed. The authors conclude that FPG is unsatisfactory for screening for CFRD.
Mueller-Brandes et al.?*® note that the OGTT is not a gold standard because of its poor
reproducibility. They note the need for a confirmatory test but report that only 47% of those with
a positive OGTT (34 out of 73 patients) had this confirmed by a repeat OGTT.

Robert 1992
Robert et al.,'* from Paris, studied both FPG (>6 mmol/l) and HbA _(>5.6%) levels as screening
tests, with the FOGTT as the reference test, in a paediatric clinic. The mean age of the 49 patients
was only 11 years, but the range was 2 to 21 years. The diagnosis of diabetes was based only on
2-hour levels of 11 mmol/l or above. Results are shown in Table 20.
Of 10 patients with glucose intolerance, seven were under the age of 10 years, with two
aged 5 years.
Yung 1999

Yung et al.'® investigated five screening tests and nine combinations of them, in 91 adult
(> 16 years) patients attending the Royal Brompton Hospital CF clinic, London, UK, as shown in
Table 21.

Based on the above findings, Yung et al.'® advocated a selective approach to screening, but
because of their fairly small numbers, with only 12 patients with diabetes, they advocated
larger studies.

Other studies

A number of studies did not provide enough data for a 2 x 2 table but, nonetheless, provided
some useful information.
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TABLE 20 Robert 19921%: screening for diabetes and IGT using HbA,_and FG

Results, % (95% Cl)

HbA, >5.6% FPG >6mmol/I
Sensitivity 63 (38 to 84) 15 (310 38)
Specificity 79 (59 t0 92) 97 (82 t0 99)
PPV 67 (41 10 87) 75 (20 to 96)
NPV 76 (56 to 90) 62 (47 to 76)
Diagnostic accuracy 72 63

TABLE 21 Yung et al.’s'® results on screening for diabetes and IGT using a range of screening tests (reference test:
diabetes vs IGT and NGT)

Screening test Sensitivity (%) (95% CI)  Specificity (%) (95% Cl)
RBG (> 11 mmol/l) 33 (7 to 60) 97 (94 to 100)
HbA, _ (>6.1%) 83 (62 to 100) 89 (82 to 96)
Symptoms: hyperglycaemia and/or unexplained weight loss 58 (30 to 86) 87 (80 to 95)
Glycosuria 17 (010 38) 97 (94 to 100)
Fasting BG (>7.7mmol/l) 25 (1 to 50) 100

HbA, , >6.1%, glycosuria 92 (76 to 100) 79 (70 to 88)
Symptoms: hyperglycaemia and/or unexplained weight loss, RBG > 11 mmol/I

HbA, . >6.1%, glycosuria 92 (76 to 100) 74 (65 to 84)
Symptoms: hyperglycaemia and/or unexplained weight loss, RBG >8.5mmol/|

HbA, >6.1%, glycosuria 92 (76 to 100) 65 (54 to 75)
Symptoms: hyperglycaemia and/or unexplained weight loss, RBG > 6.0 mmol/l

HbA, >6.1% 92 (76 to 100) 79 (70 to 88)
Symptoms: hyperglycaemia and/or unexplained weight loss, RBG > 11.0 mmol/I

HbA, >6.1% 92 (76 to 100) 75 (65 to 84)
Symptoms: hyperglycaemia and/or unexplained weight loss, RBG > 8.5 mmol/|

HbA,, >6.1% 92 (76 to 100) 65 (54 to 75)
Symptoms: hyperglycaemia and/or unexplained weight loss, RBG > 6.0 mmol/l

HbA, >6.1%, RBG >11.0 mmol/l 83 (62 to 100) 86 (78 t0 94)
HbA, . >6.1%, RBG >8.5mmol/l 83 (62 to 100) 84 (7510 92)
HbA, . >6.1%, RBG >6.0mmol/| 92 (76 to 100) 70 (59 to 80)

Craigie et al. in the Royal Hospital for Sick Children in Glasgow have used BGP in children with
CF, and have data (partly reported in conference abstract,” partly unpublished) showing that
home glucose profiling is more acceptable than the annual OGTT (so far, 100% acceptance of
profiles vs 50% acceptance of OGTT) and had a number of advantages, including:

It reflects ‘real-life’ situations, such as activities and meals.

The technique is widely available and understood by all diabetes services.

It does not require hospital attendance once the technique is taught.

It is relatively inexpensive, for example compared with CGMSs.

It is readily accepted by patients.

It can be used to directly demonstrate the relationships between specific foods and BG.
It provides multiple readings over a 24-hour period.
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But, there are also some disadvantages:

Waking is necessary to do overnight testing.

There is not the same 24-hour profile as obtained with CGMSs.
Capillary BG may be 10-15% higher than venous BG.

The expense of the meter and testing strips.

The need for repeated skin pricks.

One of the issues has been over the age at which to start screening. The Scottish Intercollegiate
Guidelines Network (SIGN) guideline on diabetes (SIGN 116)'° recommends screening from the
age of 10 years, as does the ISPAD guideline.'”" However, a study from Naples by De Simone et
al.,'”! admittedly in only 22 patients, and available in abstract only, reported that 17% of patients
below the age of 10 years had glucose intolerance. In a larger study, Ode et al.'”* from Minnesota
reported that 39 of 94 children aged 6-9 years had abnormal glucose tolerance (defined as either
IGT or INDET). None had diabetes, but during 5 years of follow-up, CFRD developed in 42% of
those with abnormal glucose tolerance at baseline and 3% of those with NGT.

The study by Dobson'*>'** was carried out in two stages. First, FOGTTs were undertaken in 20
patients (originally 21, but one dropped out because of venepuncture problems). Five had IGT
and were excluded from the next stage, which was a comparison with CGMSs. So the remaining
15 subjects all had NGT. They also had an equal number of control subjects without CF.

HbA , FPG and 2-hour PG levels were similar among the patients with CF with NGT and the
comparison group, but those with CF had higher 30-, 60- and 90-minute PGs. Their mean CGMS
level was also higher, by 14%. Five of the CF group had peak CGMS readings of >11.1 mmol/l,
compared with one of the non-CF group.

The value of this study comes from the demonstration that the CGMSs can detect PPH, whereas
HbA _level and the OGTT do not. If we link that with the (admittedly scanty) evidence from the
pilot of treating at the PPH stage,'*® the message may be that either CGMSs or intermediate levels
after an OGTT could be the best test if we are to treat at PPH stage.

Franzese et al.”* also examined the use of CGMSs, this time in further investigation of PPH.
Eighty-seven patients aged > 10 years had OGTTs, and 27 had at least one abnormal intermediate
(30, 60 or 90 minutes, but details not given) level of > 7.6 mmol/l. Only this group, and five
younger children who had experienced high glucose levels while on steroid treatment, had
CGMSs. So, this was a study examining CGMSs only in subjects with previous PPH, rather than
a screening study in a representative sample of patients with CE.

NGT, IGT and DM were defined by the 2-hour level of CGMS positivity by any value over a
72-hour period. The CGMS results classified more patients as having glucose intolerance than the
ROGTT (Table 22).

However, it is likely that a FOGTT would have given similar results, as diabetes in the CGMSs is
based on any one elevated glucose value over 72 hours. So this study does not show that CGMSs
are superior to FOGTT.

Another small study of CGMS by Jefferies et al.,’> from Toronto, used CGMSs in a group of 19
adolescents who had all had at least one previous BG level of >7 mmol/I (not clear whether blood
or plasma). All of seven patients who were diabetic on OGTT 2-hour level were also diabetic by
the CGMSs (>11.1 mmol/l). The results for IGT were unclear: two of the six patients who had
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TABLE 22 Comparison of ROGTT and 72-hour CGMS results

ROGTT CGMS
Diabetic 7% 20%
IGT 10% 8%
NGT 15% 4%

IGT by OGTT had NGT by CGMSs, and three of the seven patients who had IGT by CGMSs had
NGT on OGTT.

O’Riordan et al.,”**'*® from Dublin, in a series of abstracts with increasing numbers, compare
CGMSs and OGTT (FOGTT, because there is mention of five time points). HbA, _level was
also measured. They assert that neither HbA,_nor OGTT are sensitive and advocate the use of
CGMSs, but give insufficient details for 2 x 2 tables.

Middleton and Bishop'” (abstract only), from Sydney, reported that 17 of about 25 patients with
abnormal OGTT, had normal HbA _levels. They also repeated OGTTs 1-2 years later and noted
regression to NGT in some (numbers not given).

Solomon et al.,** from Toronto, also compared the results of the ROGTT with HbA,_and FPG in
10- to 18-year-olds, finding both insensitive. Of those with normal FPG levels, 17% had IGT, and
4% had CFRD. All of those with CFRD had pancreatic insufficiency, and there was an association
with more severe classes of mutations. However, as the authors say, there is as yet no evidence
that specific mutations predict CFRD. AF508 has been incriminated.

Thorsteinsson et al.” (abstract only) provided insufficient data for assessing screening tests, but
reported some useful natural history. The authors’ key points were:

= At diagnosis of diabetes mellitus by annual OGTTs, FPG and HbA _levels were raised in only
16% and 16%.

m  Presence of IGT increased risk of later diabetes (odds ratio 5.6).

®  Butin 58% of IGTs, next OGTT was normal, so OGTT is far from a gold standard.

The debate on the use of glycated haemoglobin
Iron deficiency is common in CF, and may be associated with higher HbA  _levels in people with
T1DM."”¢ (Conversely, increased red cell turnover may be associated with reduced HbA _level,
and if present in CF could give a misleading indicator of glycaemia control.)

A small study from Texas by Hardin et al.**' (abstract only) divided nine patients with CF and
previously detected IGT into those with good pulmonary function (FEV, and FVC 82-92%
predicted) and those with poor (FEV, and FVC 32-48% predicted). Red blood cell turnover was
faster in those with poor function, which led them to conclude that HbA, _level was not suitable
as a screening test for CFRD.

Brennan et al.'” state that only about 10% of HbA_comes from red blood cells surviving
80-120 days, suggesting that glycation is not linear, and that increased turnover would not
necessarily affect the usefulness of HbA, .

Allen*” notes the poor PPV of HbA  _(as reported by Lanng et al.**), advocating caution in its use
as a screening tool in CF, and calling for a large trial.
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Garagorri et al.,*” from Zaragoza in Spain, screened 28 patients with CF using HbA,_and
FOGTTs. The authors say that the results of the OGTT were classified as per the WHO criteria.
In total, 12 or 13 (the numbers are not entirely clear) had IGT or diabetes. HbA _level was no
different between the groups, suggesting that it was not sensitive enough to use as a screening
test for IGT.

Holl et al.'** (letter only), from Hannover, also advised against the use of HbA _level as a
screening test, reporting a sensitivity of only 31% in 13 patients diagnosed with CFRD on the
basis of 2-hour PG level of >200 mg/dl. Insufficient data were given to derive sensitivity.

Monitoring of glycaemic control in existing cystic fibrosis-related diabetes
Al-Aloul et al.*** (abstract only) examined the relative value of preprandial and postprandial PG
in patients with known CFRD, being considered for insulin treatment. It is not clear how many
patients their results were based on - the abstract says initially 11 but then mentions details for
six. The main conclusion was that neither FPG nor HbA1c level was abnormal in most patients,
but that the postprandial level usually was. No details are given of how the CFRD was diagnosed.

Brennan et al.'”>'7¢ set out to assess the value of HbA, _level in monitoring diabetic control in
CFRD, and to compare its usefulness with monitoring in T1IDM. They used CGMSs to determine
mean PG. They compared the results in 20 people with CF, 10 of who had CFRD, with previous
results from people with TIDM. They did not assess the value of HbA _in screening for or
diagnosis of CFRD.

They concluded that HbA, _level was a reliable guide to glycaemia in CFRD, the relationship
between HbA, _level and mean BG level being similar to that in TIDM.

Discussion

Is there an identifiable subgroup in which screening is not required? Is it possible to say that if
people with CF do not have hyperglycaemia by, say, the age of 30 years, they will never get it?
That implies that pancreatic damage ceases to progress. This is probably unlikely but there are
clearly some people in whom CF is much less serious, although that might just mean they get
complications such as diabetes much later in life?

The screening parameter relevant to this (hypothetical) subgroup would be NPV, which can be
used to ‘rule out’ conditions.

Would combinations of tests give better results? Or provide a more cost-effective strategy, for
example if a simple test could reduce the need for OGTTs in some patients, with only those with
intermediate results going on to OGTTs.

One issue to be considered is acceptability. A strategy that is 90% sensitive and 90% specific but
has 50% compliance, would detect 90 x 50 =45% of true-positives. Specificity will always be 100%
for the non-compliant (those who do not take the test can never be false-positives) so specificity
will be 95%. If the most accurate test has lower acceptability to patients, other less sensitive tests
with better compliance might in practice detect more cases.
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There is good evidence on tests that appear unsatisfactory, including HbA, and FPG levels.
There is less evidence on CGMSs, but it appears useful and may be especially so for detecting
hyperglycaemia, which happens only at certain times of day. However, the diagnosis of diabetes is

not based on elevations during CGM.

There is very little evidence on the 50-g GCT, but it may be the best test if the aim is to detect
PPH. It can be given to non-fasting patients. However, as one of the (anonymous) referees
pointed out, if the FOGTT is carried out, the intermediate values such as the 1-hour PG will

TABLE 23 Summary of CFRD diagnostics studies

Sensitivity (%) Specificity (%)
Study Screening test OGTT reference test cut-offs  (95% Cl) (95% CI)
Buck 2000, HbA,, >5.7% (Ulm) or >5.0% Hannover Diabetes +IGT vs NGT 22.9(10.5 10 40.0) 95.5 (87.5t0 99)
Germany'™ Diabetes vs IGT + NGT 231(5310538  91.0(83.1t096.0)
De Luca 1991,  HbA, >6% Diabetes +IGT vs NGT 100 (19.3 to 100) 89 (74.6 10 96.9)
faly"™ HbA,, > 6% Diabetes vs IGT+ NGT 2223510599 867 (69.31096.2)
De Schepper HbA,, >7.5% Diabetes +IGT vs NGT 73.3(44.91t092.1) 66.7 (48.2 t0 82.0)
1991,
Belgium?®
Lee 2007, GCT >7.8mmol/l OGTT =7.8mmol/l 100 (66.2 to 100) 50 (28.31071.8)
Canada'® (diabetes +IGT vs NGT)
HbA,, >6.0% OGTT =7.8mmol/l 50 (23.11076.9) 89.7 (72.6 10 97.7)
(diabetes +IGT vs NGT)
Magni 1996, HbA, >5.1% Diabetes +IGT vs NGT 60 (36.1 10 80.8) 68.9 (53.54 t0 81.8)
ftaly™®® Fasting glycaemia >85mg% Diabetes +IGT vs NGT 70 (45.7 10 88.0) 64.4 (48.81078.1)
120 minutes after meal glycaemia Diabetes +IGT vs NGT 60 (36.1 t0 80.8) 68.9 (53.4 10 81.8)
>84mg%
HbA,, >5.3% Diabetes vs IGT +NGT 100 (83.0 to 100) 62.2 (46.51t0 76.2)
Fasting glycaemia > 88 mg% Diabetes vs IGT +NGT 100 (83.0 to 100) 55.6 (40.0t0 70.4)
Moreau 2008, CGMS Diabetes vs IGT +NGT 100 (69.0 to 100) 56.4 (39.6t0 72.2)
France'®” Diabetes +IGT vs NGT 70.4 (49.8 10 86.2) 63.6 (40.7 t0 82.8)
Mueller- Old ADA criteria for IFG — according to Diabetes +IGT vs NGT 65 94
Brandes 2005,  Mueller-Brandes
Germany** Old ADA criteria for IFG — according to our  Diabetes + IGT vs NGT 65.3(55.21074.6)  90.9 (88.9t0 92.6)
calculations reconstructing a 2 x 2 table
New ADA criteria for IFG — according to Diabetes +IGT vs NGT 82 70
Mueller-Brandes
New ADA criteria for IFG — according to our  Diabetes +IGT vs NGT 82 (73.31089.1) 68 (65.0 10 70.8)
calculations reconstructing a 2 x 2 table
Robert 1992, Fasting glycaemia, WHO criteria Diabetes +IGT vs NGT 15(3.41037.9) 96.6 (82.1 t0 99.4)
France'® (>6mmol/l)
HbA, % >5.6% Diabetes +IGT vs NGT 63.1(38.41083.7) 78.6(59.0t091.7)
Yung 1999, Random BG (>11mmol/l) Diabetes vs IGT +NGT 33 (7 t0 60) 97 (94 to 100)
UK HbA,, (>6.1%) Diabetes vs IGT +NGT 83 (62 to 100) 89 (82 to 96)
Symptoms: hyperglycaemia and/or Diabetes vs IGT +NGT 58 (30 to 86) 87 (80 to 95)
unexplained weight loss
Glycosuria Diabetes vs IGT +NGT 17 (0 to 38) 97 (94 to 100)
Fasting BG (>7.7mmol/l) Diabetes vs IGT +NGT 25 (110 50) 100
continued
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TABLE 23 Summary of CFRD diagnostics studies (continued)

Sensitivity (%) Specificity (%)
Study Screening test OGTT reference test cut-offs  (95% Cl) (95% CI)
HbA, >6.1%, glycosuria Diabetes vs IGT +NGT 92 (76 to 100) 79 (7010 88)

Symptoms: hyperglycaemia and/or
unexplained weight loss, RBG > 11 mmol/I

HbA, >6.1%, glycosuria Diabetes vs IGT +NGT 92 (76 to 100) 74 (65 10 84)

Symptoms: hyperglycaemia and/or
unexplained weight loss, RBG > 8.5mmol/l

HbA, > 6.1%, glycosuria Diabetes vs IGT + NGT 92 (76 to 100) 65 (54 to 75)

Symptoms: hyperglycaemia and/or
unexplained weight loss, RBG > 6.0 mmol/|

HbA,>6.1% Diabetes vs IGT +NGT 92 (76 to 100) 79 (70 to0 88)

Symptoms: hyperglycaemia and/or
unexplained weight loss, RBG >11.0mmol/l

HbA,>6.1% Diabetes vs IGT +NGT 92 (76 to 100) 75 (65 0 84)

Symptoms: hyperglycaemia and/or
unexplained weight loss, RBG > 8.5 mmol/l

HbA,,>6.1% Diabetes vs IGT+NGT 92 (76 to 100) 65 (54 to 75)

Symptoms: hyperglycaemia and/or
unexplained weight loss, RBG > 6.0 mmol/l

HbA,, >6.1%, RBG >11.0 mmol/l Diabetes vs IGT +NGT 83 (62 to 100) 86 (78 10 94)
HbA,, >6.1%, RBG >8.5 mmol/l Diabetes vs IGT +NGT 83 (62 to 100) 84 (7510 92)
HbA,, >6.1%, RBG >6.0mmol/l Diabetes vs IGT +NGT 92 (76 to 100) 70 (59 10 80)

also identify patients with PPH, and would have the advantage of linkage with the fasting and
2-hour values.

Meanwhile, guidelines continue to recommend screening for CFRD using the 75-g OGTT.'”2
Table 23 provides a summary of CFRD diagnostics studies.

A table of excluded studies, with reasons for exclusion, is shown in Appendix 5.
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Chapter 5
Health economics

( :ost-eﬁectiveness analysis is not possible at present due to lack of data, and so the purpose of
this chapter is to consider modelling approaches, and to identify the data required.

Modelling approach

The model might follow 1000 children with CF, initially aged 10 years. This is based on
guideline recommendations.

Arm 1 - Natural history/no screening
The base arm would be ‘natural history arm’ or NHA. There would be no screening, so there
would be three groups of patients:

1. those who do not develop diabetes

2. those who do become diabetic but never have symptoms and are never diagnosed, so die
earlier than they would have done had they been diagnosed and treated; note that some
might die from unrelated causes and would not benefit from screening

3. those who do develop symptoms, are diagnosed and treated, and live longer because of that.

The data required to populate Arm 1 are:

m la What proportions of patients with CF develop diabetes at each age? Given that the
natural history may be poorer in female patients, modelling should be done separately
by gender.

® 1b How many would be diagnosed because of symptoms? And hence how many would
never be diagnosed without screening?

m  1lc How much longer do people with CFRD live once the diabetes is treated after diagnosis
by symptoms? The fact that people with CFRD have shorter lifespans than those without may
not be entirely due to the diabetes. It may be that more severe CF leads not only to diabetes,
but also shortens life in other ways.

m 1d What is the best treatment? Because the cause of the diabetes is loss of p-cells in the
pancreas, and insulin sensitivity is normal, insulin is the standard treatment. But does that
mean basal insulin, or mealtime boluses, or both, or CSII? The extra cost of CSII may be
justified by improvements in QoL.

Figure 3 shows the outline of the model. The model shows the course the disease would

take if a person were left untreated, unless diagnosed later owing to presenting symptoms.
Without screening, people with CF could either become hyperglycaemic with symptoms and
be diagnosed, could become hyperglycaemic without symptoms and remain undiagnosed,
or could remain free of hyperglycaemia for the rest of their lives. There are different levels

of hyperglycaemia:
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No screening

( No hyperglycaemia } { Death )

>( Death )

Hyperglycaemia
(undiagnosed)

( No diabetes } >( Death )

IGT
(undiagnosed)

No symptoms and
undiagnosed

N

Symptoms,
diagnosed and
treated

FIGURE 3 No-screening model.

m  PPH - for the purposes of this review, we define this as hyperglycaemia after meals, at 30, 60
or 90 minutes, but where BG level is normal by 2 hours: PG level of >11.0 mmol/l at 30, 60
and 90 minutes, but is <7.8 mmol/l by 2 hours.

m  IGT, where hyperglycaemia after meals has not returned to normal: FPG level of <7.0 mmol/l
and 2-hour PG level of >7.8 and < 11.1 mmol/l (WHO definition).

®  Diabetes mellitus.

In both of the first two levels, we assume that some would progress to the next level and others
would not. Thus, the ones who develop IGT and are undiagnosed may either become diabetic
or they may live with IGT until they die. Some of those patients that become diabetic will
show symptoms and some will not. Those that do not show symptoms may live with diabetes,
undiagnosed and untreated, till they die. Those that do show symptoms will be treated until
they die.

Screening

Arm 2

Then we would have some screening arms. In each of these arms, we would need to model both
longevity and QoL, to derive quality-adjusted life-years (QALYs).

Arm 2 would be the current screening default, the OGTT. This is usually only FPG and 2-hour
PG, rather than the FOGTT. The baseline would be annual screening from the age of 10 years,
but different thresholds could be examined. The key question might be when the benefits of
treating detecting and treating those with diabetes are enough to justify the costs of screening,
both in terms of monetary cost and inconvenience to those who do not have diabetes. Screening
itself would have a disutility though this is transient.
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Data required:

m  2a How much longer do patients with diabetes live when it is detected by screening?
Life-years gained.

m  2b How good would their QoL in the added years be?

®m 2c Hence QALYs gained. Would some patients not live longer, but have better QoL after
diabetes was treated? Some QALY's might be gained from QoL alone?

m  2d What is cost of screening all patients once a year with OGTT? The cost will decline each
year because those patients with diabetes will not need screened next year.

m  2e What is the sensitivity of the test - would OGTT miss some patients? Although if
screening is annual, they might only be missed for 1 year.

m  2f What is the specificity of the test - would some patients be wrongly diagnosed with
diabetes and treated inappropriately? (They would then probably get hypoglycaemia
and be rapidly recognised as wrongly diagnosed, and have treatment stopped, so no
long-term harm?)

m  2g So far, we have not taken compliance into account. OGTTs are not popular, so not all
patients would attend. Modelling has to take that into account, by adding a ‘screening-
declined’” arm. It would start by assuming that those who decline screening have same
outcomes as the NHA 1, but in practice, people who decline screening may have other health
behaviours that make their outcomes poorer, so that might need a sensitivity analysis. So
the screening arms all have two branches - those who accept and those who decline. The
screening declined branch does not incur screening costs.

Compliance is important. A less sensitive but more acceptable test may result in more cases of
CFRD being diagnosed. Oversimplifying:

m  OGTT 100% sensitive, but 50% acceptance identifies 50% of CFRD
] HbAIC 80% sensitive, but 80% acceptance identifies 64% of CFRD.

We could then look at costs and benefits and consider whether or not screening with annual
OGTTs is cost-effective.

Figure 4 shows the outline for modelling the screening arms.

Screening model

In this part of the model, it is assumed that patients with CF are offered screening, although
they may not all accept. The acceptance rate may vary among the screening tests. Based on

the evidence in earlier chapters, it is assumed that those patients who do not develop diabetes
live longer than those who do. In addition, it is possible that patients who never develop PPH
live longer than those who do, who live longer than those that develop IGT, who live longer
than patients that develop diabetes. It is assumed that progression to diabetes is through PPH
then IGT then diabetes (initially without FH and later with). It is assumed that screening and
rescreening will take place every year from the 10th birthday onwards. With more data it may be
possible to identify some patients whose risk is lower and who may be screened less often.

At the start of the model, screening is offered from 10 years of age. People who have a negative
result are offered rescreening each year. Those who declined in the past are also offered screening.
The negative results may contain both true- and false-negatives. From this screening point,
people may have hyperglycaemia, of varying degrees, or they may not. If they never develop
hyperglycaemia, when they die, it will be with CF alone.
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FIGURE 4 Screening arms.

If they do develop hyperglycaemia, they are treated. For simplicity, it is assumed that once a
hyperglycaemic state is reached, regression to normoglycaemia does not occur, except for when
transient hyperglycaemia is seen during acute infective exacerbations. As with the previous case,
if the patients with PPH test negative for an IGT screen then they are rescreened the following
year. If these patients remain stable and do not regress or progress, when they die, it will be with
CF and PPH.

If the patients do develop IGT then they would be treated, if considered necessary. The key
missing data here are whether or not earlier treatment (i.e. before diabetes has developed) is
beneficial, as discussed in Chapters 2 and 3. The patients are monitored for progression rather
than screened; they may remain stable with IGT, or they may progress and develop diabetes.
Again, as with the previous case, if the patients test negative for diabetes, they are rechecked
again the following year. If these patients remain stable and do not regress or progress, when they
die, it will be with CF and IGT. If the patients that have tested negative are in fact false-negatives
and if they were not screened again, or do not accept screening, they may at some stage develop
symptoms and will be diagnosed and treated, or they may remain asymptomatic, undiagnosed,
yet suffering harm. If the patients that have tested positive are true-positives and have developed
diabetes, they are treated with insulin. These patients with CFRD do not regress and they do not
progress to any other stage.

Other screening tests

We know that OGTTs are unpopular. Other screening options worthy of trialling are the 50-g
non-fasting GCT (with dose adjusted for age or body weight) and CGM, so there should be an
arm for each of those:

m Arm3 CGM
m Arm4 GCT
m  Arm>5 serial glucose profile undertaken at home: say 6-8 per day for 2 days.
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Data requirements would be similar to the OGTT arm. All screen-positive patients would require
a confirmatory second test, as asymptomatic diabetes should not be diagnosed on one abnormal
glucose result.

It might also be worth having combination testing; for example, a first stage screen to reduce the
number requiring OGTT.

What are we screening for?

In the present state of knowledge, it appears that screening for both CFRD and IGT would be
worthwhile. We can hypothesise, based on Chapter 2, that it might be worth intervening as soon
as patients start having episodes when glucose exceeds 8 mmol/l, but we have few data to support
that at present.

Hence, the most important screening question at present is what we should be screening for.

Other problems with modelling

Survival with cystic fibrosis
Survival has been improving over recent decades, and we do not know how long those currently
in the screening age band (assumed to be 10-30 years) will live for. We could use recent estimates
from CF registries, and check these against the trends over time data from Dodge et al.,”” by
extrapolating from the current survival lines for those diagnosed in recent decades.

Most papers on survival give mean age at death, but have a mixture of ages. We need data by
decade of birth in order to estimate further improvements in survival.

The effect of cystic fibrosis-related diabetes
The figure of 11 years as being the loss of life-years owing to CFRD, based on the data from Milla
et al.,”” could be used as the default, with other figures used in sensitivity analyses. However, we
need three figures for loss of years:

m those with diabetes detected by screening and treated at early stage

m those with diabetes diagnosed and treated when they developed symptoms

m those with undiagnosed diabetes — by definition data will not be available, but the 11-year
figure could be used; however, this may be an overestimate, as the absence of symptoms may
imply lower glucose levels.

Koch et al." found that patients with CFRD have a median survival age of 24 years compared
with 34 years in non-diabetic control subjects with CE

Several groups have reported a decline in clinical status occurs in patients with CF-related
hyperglycaemia before the diagnosis of CFRD is made.!>**122146206208 This may occur for several
years before the diagnosis is made.

Overall annual incidence of cystic fibrosis-related diabetes
The overall annual incidence of CFRD was 3.5%" but it will vary with age and one issue is when
the incidence plateaus sufficiently for screening to stop, if indeed it does.
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Quality-of-life studies in cystic fibrosis and cystic
fibrosis-related diabetes

Health-related QoL has been described as ‘a multi-dimensional construct comprised of
several domains as reported by the patient (e.g. physical, social and psychological functioning,
respiratory symptoms, treatment burden and body image)’?*

To populate a model of CF and CFRD that allows us to evaluate the clinical effectiveness and
cost-effectiveness of screening for CFRD, we ideally need:

m  Data on QoL over the lifetime of CF in patients who do not develop CFRD. We would expect
a decline in QoL over the decades.

m  Similar data on those who develop CFRD but in whom it is not diagnosed, in whom we
might expect a steeper decline in QoL.

m  Data on the QoL in those who are diagnosed and treated after developing symptoms. We
might expect a diminution in QoL after onset but an improvement after treatment.

m  Similar data on those in whom CFRD was detected by screening. We might expect much
less, or no, diminution in QoL before diagnosis, because the onset might be insidious, and
by definition they would have no or few symptoms. However, they might feel better after
starting treatment.

m  To assess the effect of treatment with insulin in patients with CFRD, and with lesser
degrees of hyperglycaemia. For example, given that there is evidence that suggests that
treatment with insulin may be of benefit at the IGT stage, we need to be able to quantify the
effects on QoL.

One expectation might be that the development of CFRD would reduce the QoL, partly owing
to symptoms or impaired performance, partly owing to the need for yet another treatment.

A second might be that, in terms of QoL, the net reduction would be less in those detected
early by screening, unless of course the disutility from insulin treatment was greater than the
benefit from it, given that they are symptom free. The disutility will include that from injections,
hypoglycaemic episodes and self-testing of BG level.

Ideally, we would have such data also for those with IGT, who would not include all the groups
above, having no diagnosis via diabetes symptoms. However, they may still get benefit from
treatment with insulin, and again there would be a trade-off between feeling better and the
disutilities of insulin treatment.

We need both a sensitive measure of QoL that could pick up changes of value to people
with CFRD, but also a generic measure of QoL from which we can derive a utility score for
cost-effectiveness estimations.

We also need a measure that takes account of the fact that people with respiratory impairment
may adjust their lifestyles accordingly.

Quittner?"' reviewed the available instruments in 1998, dividing them into three main types:
m  Utility measures that provide a single value, with ‘1’ representing perfect health and ‘0’

representing death. They are used to generate QALY's and hence cost per QALY for assessing
the cost-effectiveness of different treatments. Examples include the EQ-5D.
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m  Health profiles, which generate scores for a number of domains of everyday living, such as
energy, emotional state, physical functioning, etc. They can be applied to any disease state
and hence may not be sensitive enough to detect disease-specific changes. Examples include
the Short Form questionnaire-36 items (SF-36).

m  Disease-specific measures, designed to capture information on the symptoms and areas of
functioning associated with specific diseases. They may therefore be more sensitive than
health profiles, but cannot be converted to a generic utility measure. The main one discussed
by Quittner is the Cystic Fibrosis Questionnaire (CFQ).

The CFQ consists of a suite of age-banded questionnaires, which include five generic domains
(physical symptoms, role functioning, psychological/emotional functioning, energy and
social functioning).

Studies with data on cystic fibrosis-related diabetes
Tierney et al.*'? in Manchester compared QoL and experiences with hypoglycaemia in people
with CFRD (treated with insulin) and T1DM. They noted that while there are studies in CF, there
is a lack of studies in CFRD. Questionnaires were sent to 295 T1DM and 145 patients with CFRD.
Instruments used included the Edinburgh Hypoglycaemia Scale (EHS) and the Diabetes Quality-
of-Life (DQoL) measure. They noted that the DQoL had not been validated in CFRD.

Clinical data on HbA _level, BMI and lung function (for patients with CFRD) were obtained
from case notes.

The response rates were low: 52 (36%) patients with CFRD and 60 (20%) with T1IDM. Of
these, 20 patients with CFRD and 43 patients with TIDM completed diaries for hypoglycaemic
episodes, giving return rates from the whole populations of 14% and 15%. The mean CFRD age
was 30 years, and about half had CRFD for over 6 years.

Almost all patients had experienced at least one hypoglycaemic episode, but only 20% of the
CFRD group had experienced hypoglycaemia with loss of consciousness, compared with 40% of
the T1IDM group. There was not much difference in hypoglycaemic episode symptoms, but the
T1DM group reported slightly more neuroglycopenic symptoms.

Quality of life was better for the CFRD group than for the T1IDM group: DQoL score 74 versus
66, respectively (a lower score is worse). This may relate to the hypoglycaemic episode scores on
the EHS, which correlate with DQoL.

Reduced pulmonary function (FEV,) correlated negatively with DQoL.

Overall, the findings suggest that diabetes has less of a negative effect on QoL in CFRD than in
T1DM, but the low response rates and inevitable bias should be taken into account. In addition,
the authors suggest that, to people with CE, CFRD is just one more life-diminishing factor,

and they retain some B-cell function, unlike those with TIDM. The CFRD group had fewer
problems with hypoglycaemia than the T1IDM group. They were less worried about the long-term
complications of diabetes, perhaps because they had too many other problems to worry about,
and perhaps because long-term diabetic complications have been less of a problem in CFRD and
so receive less attention in clinics. This will change with increasing longevity.

There are around 20 studies of QoL in CF which do not mention CFRD. Brief details are given
in Appendix 6. They fall into two main groups. First, there are those that use tools specific to CE,
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including the CFQ (five studies) and the CFQoL (one study). Second, there are those that use

generic instruments, including:

Child Health Questionnaire (CHQ) (five studies)
Nottingham Health Profile (one study)

Quality of Well-Being Questionnaire (three studies)
EQ-5D (one study)

Sickness Impact Profile (one study)

Chronic Respiratory Disease Questionnaire (one study)
Questions of Life Satisfaction Questionnaire (two studies)
SE-36 (one study).
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Chapter 6

Discussion

Statement of principal findings

‘In slightly less than 70 years, cystic fibrosis has moved from a little known genetic condition,
usually fatal in infancy and early childhood, to a complex multisystem disorder which now affects
as many adults as children’ (J Littlewood, Cystic Fibrosis Trust, 2007, personal communication;
this quotation was formerly on the Cystic Fibrosis Trust website).

m  CFRD is a common complication of CE The proportion of people with CF who have CFRD
increases with age, and because survival in CF has improved markedly over time, the
prevalence of CFRD has increased.

m  Diabetes has been defined by WHO and other bodies based on the level of BG above which
the risk of diabetic retinopathy occurs. However, in CF, the key organ is the lung and we
should define CFRD, or CF-related hyperglycaemia, according to when harm to the lungs
takes place.

m  This harm could take at least three forms: stiffening of the lungs, increasing the work of
breathing; impaired gas diffusion; and promotion of microbial colonisation and infections.

m  Harm appears to occur at BG levels well below the threshold for the usual definition of
diabetes, probably around 8 mmol/l.

m  The implication is that we should be screening for IGT (2-hour OGTT >7.8 mmol/l) and
intervening at that stage.

m  The only recommended treatment for controlling hyperglycaemia is insulin.

m  The current recommendation for screening test is for annual OGTTs from the age of 10 or
12 years. The OGTT is far from being a gold standard, it is time-consuming and not popular
with patients, and, in practice, is often not undertaken.

= Most of the evidence on simpler tests is on FPG and HbA _levels. Neither appears
sensitive enough.

m  There is some evidence that CGMSs and serial profiles may be more useful.

m  There is very little evidence on the 50-g GCT, but it appears promising, and worthy of
further research.

How sensitive do we need screening to be?

It looks as if the most sensitive test of hyperglycaemia in CF may be the immediate (about
60-minute) postprandial PG. However, there is no evidence (or very little - just the four-patient
Exeter study'*®) that treatment at that stage is beneficial.

So we would not currently start treatment until the IGT stage, except in trials. This suggests that
screening should be for IGT, and that the added sensitivity of the 1-hour glucose is unnecessary -
we should be looking for more prolonged elevation. However, trials of treatment at the PPH stage
appear worthwhile, with a key outcome being microbial colonisation of the lung.
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Question: What time of day to test?

The usual approach to the OGTT is an overnight fast then morning testing. That may be less
reliable in CF because:

m  Fasting may be a problem in people who are otherwise encouraged to eat regularly and who
have difficulty ensuring adequate calorie intake on many days.

m  P-Cell function may be better in the morning and wane as the day goes on.

m  Patients may take their largest meal in the evening, so that may be when sustained
hyperglycaemia is most likely. If we want to go for evening glucose levels, the GCT might be
an option because it does not require fasting.

m  Patients may be relatively anorexic in the morning.

Question: Does isolated postprandial hyperglycaemia do harm?

It might do harm in two ways: first, the usual hyperglycaemic harm by structural means, such as
on the alveolar basement membrane, which would be proportional to both height and duration
of elevation; but, second, by increasing the risk of infection/colonisation in the lungs. Does short-
duration PPH increase the risk of colonisation? Most patients with CF with elevated glucoses on
serial profiles (none yet diabetic) have Pseudomonas colonisation (Craigie, Royal Hospital for
Sick Children, Glasgow, 2006; unpublished Glasgow data).

If isolated PPH leads to pulmonopathy, then the aim of treatment would be to try to avoid PG
going above 8 mmol/l or at least to minimise the time periods when it exceeds that level. For
detecting such elevations, the CGMSs may be much more effective than occasional OGTTs.
Hameed et al.*"* compared OGTT and CGMSs in a group of children and related PG levels to
weight, FEV, and FVC. They found that CGM time > 7.8 mmol/l for 4.5% or more of the day
detected declining WtSDS with 89% sensitivity and 70% specificity, and was a better predictor
than the 2-hour OGTT level, partly because in most patients the peak PG level occurred long
before the 2-hour time. They concluded that elevated 2-hour PG was a late event. This paper
provides further support for the hypothesis that the critical feature in CF-related hyperglycaemia
is progressive insulin deficiency that manifests itself first as weight loss and impaired lung
function, well before the ROGTT is abnormal. This hyperglycaemia may be episodic, may appear
only at certain times of day, such as the evening, and may best be detected by CGM.

How would we treat isolated PPH? Options include low-dose, prandial short-acting analogues or a
simpler regimen of once-daily premixed, such as Mixtard (before the evening meal, especially in
those having enteral feeding overnight). The idea of giving a once-daily, long-acting basal insulin
to ‘rest’ the pancreas is probably illogical because the first insulin secretion problem is loss of
first-phase response due to pancreatic unresponsiveness, which would not be affected by resting.

Question: At what age should screening start?

Most guidelines recommend that screening should start at the age of 10 years. However, a recent
study reported that 17% of children of <10 years had abnormal glucose levels, although only two
had diabetes as defined by WHO.**
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Question: Might there be an age at which screening could be reduced?

Would it be safe to reduce the frequency of screening if people have not developed diabetes by,
say, the age of 25 years? It may be that patients with stable lung function and weight do not need
annual screening, but that an assessment of glucose metabolism should be considered in any
patient in whom there is clinical deterioration.

Question: Does screening for cystic fibrosis-related diabetes
and impaired glucose tolerance meet the criteria of the National
Screening Committee?

Screening for CFRD does not fall within the remit of the NSC, but the criteria may provide a
useful framework.**

1. The condition should be an important health problem.

Cystic fibrosis-related diabetes is important for two main reasons. First, it has become more
common owing to improved survival in people with CF — more are living long enough to
develop CFRD. Second, it reduces survival — people with CFRD do not live as long as those with
CF alone.

2. The epidemiology and natural history of the condition, including development from latent to
declared disease, should be adequately understood and there should be a detectable risk factor,
disease marker, latent period or early symptomatic stage.

In the early stages, CFRD is asymptomatic even although BG level is rising high enough to cause

damage, especially to the lungs. As explained earlier in this report, the definition of CFRD may

need to be different from that for TIDM and T2DM.

3. All the cost-effective primary prevention interventions should have been implemented as far
as practicable.

There are no known ways of preventing CFRD, which occurs because of progressive
pancreatic damage.

4. Ifthe carriers of a mutation are identified as a result of screening the natural history of people
with this status should be understood, including the psychological implications.

Not applicable.
5. There should be a simple, safe, precise and validated screening test.
There are simple, safe and precise tests for measuring BG levels.

6. The distribution of test values in the target population should be known and a suitable cut-off
level defined and agreed.

The distribution of BG in the CF population is well known. However, the optimum cut-off is
not known. As discussed earlier, it may be that the definition of CFRD should be based on when
pulmonopathy first starts, and on when treatment with insulin is worthwhile.
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7. The test should be acceptable to the population.

The evidence on this is mixed. HbAlc, as a simple non-fasting blood test, is likely to be acceptable.
Glucose profiles and CGMSs appear to be acceptable in research studies. The OGTT does

not appear popular with patients, but we are aware that some clinics have a full day of annual
assessment with the OGTT part of this. However, other evidence suggests that compliance with
the annual OGTT is low.

8. There should be an agreed policy on the further diagnostic investigation of individuals with a
positive test result and on the choices available to those individuals.

The current consensus is that if a simple screening test is positive, patients should have an
OGTT, although this is sometimes the full version with five measurements (0, 30, 60, 90 and
120 minutes) and at other times is the reduced version.

9. If the test is for mutations, the criteria used to select the subset of mutations to be covered by
screening, if all possible mutations are not being tested, should be clearly set out.

Not applicable.

10. There should be an effective treatment or intervention for patients identified through early
detection, with evidence of early treatment leading to better outcomes than late treatment.

There is an effective treatment, and some evidence that earlier treatment improves outcomes.
However. there is uncertainty about how early it should be (see Research needs).

11. There should be agreed evidence-based policies covering which individuals should be offered
treatment and the appropriate treatment to be offered.

At present, there is agreement that patients should be treated at the stage of CFRD without FH.
We do not know whether or not insulin treatment at earlier stages would be worthwhile.

12. Clinical management of the condition and patient outcomes should be optimised in all health-
care providers prior to participation in a screening programme.

We do not have full details on clinical management but in the UK there are national guidelines
on the management of CF, which will be updated in the near future.

13. There should be evidence from high-quality RCTS that the screening programme is effective in
reducing mortality or morbidity. Where screening is aimed solely at providing information to
allow the person being screened to make an ‘informed choice’ (e.g. Down syndrome, CF carrier
screening), there must be evidence from high-quality trials that the test accurately measures risk.
The information that is provided about the test and its outcome must be of value and readily
understood by the individual being screened.

Not yet met because there are no RCTs of screening versus no screening. However, the main need
is for a RCT of treatment at different stages, without which we are uncertain what we should be
screening for - CFRD, IGT or PPH.

14. There should be evidence that the complete screening programme (test, diagnostic procedures,
treatment/intervention) is clinically, socially and ethically acceptable to health professionals and
the public.
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There is a lack of evidence on these aspects, but we have no reason to doubt acceptability.

15. The benefit from the screening programme should outweigh the physical and psychological harm
(caused by the test, diagnostic procedures and treatment).

We believe this criterion to be met. There are no significant harms of screening for
hyperglycaemia, and the benefits of treatment are known, although, as stated above, the benefits
may be applicable to a wider group.

16. The opportunity cost of the screening programme (including testing, diagnosis and treatment,
administration, training and quality assurance) should be economically balanced in relation to
expenditure on medical care as a whole (i.e. value for money). Assessment against these criteria
should have regard to evidence from cost-benefit and/or cost-effectiveness analyses and have
regard to the effective use of available resource.

There is a lack of data for this criterion. We need better evidence to feed into
economic modelling.

17. All other options for managing the condition should have been considered (e.g. improving
treatment, providing other services) to ensure that no more cost-effective intervention could be
introduced or current interventions increased within the resources available.

No other options are currently available. We cannot prevent the pancreatic damage, or restore
[-cell function once it has been impaired. Effective treatments for diagnosed CFRD are
already provided.

18. There should be a plan for managing and monitoring the screening programme and an agreed
set of quality assurance standards.

No plan will be available till gaps in evidence have been resolved, and we know what we should
be screening for. Polices for screening are part of the UK national guidelines.

19. Adequate staffing and facilities for testing, diagnosis, treatment and programme management
should be available prior to the commencement of the screening programme.

This criterion is not yet met, pending resolution of uncertainties about what stage to screen for.

20. Evidence-based information, explaining the consequences of testing, investigation and
treatment, should be made available to potential participants to assist them in making an
informed choice.

Met for CFRD. Not met for earlier stages of hyperglycaemia.

21. Public pressure for widening the eligibility criteria for reducing the screening interval, and for
increasing the sensitivity of the testing process, should be anticipated. Decisions about these
parameters should be scientifically justifiable to the public.

Not applicable.

22. If screening is for a mutation, the programme should be acceptable to people identified as
carriers and to other family members.
Not applicable.
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Conclusions

Screening for CFRD meets the criteria. However, screening for earlier stages of hyperglycaemia
does not yet meet all of the criteria. The main problems are with criterion 6 on cut-off levels,
criteria 10 and 11 because of uncertainties about treatment threshold, and criterion 13 because of
the lack of RCTs.

Research needs

Ongoing studies are listed in Appendix 7. They include:

several studies of repaglinide, compared with insulin

several case series of detemir or glargine

one study assessing the effect of adding metformin to insulin
one case series of CSII

one study of selective versus universal screening for CFRD
two trials of sitagliptin compared with placebo.

As mentioned above, the main problem is uncertainty about when to intervene, and hence what
level of hyperglycaemia needs to be detected. Therefore, the highest research priority is for a trial
of starting insulin treatment at different stages of hyperglycaemia, starting with PPH, diagnosed
by 1-hour GCT, or by CGMSs or serial profiles. Outcomes should include weight and lung
function, not just glycaemic control. If our hypothesis that transient hyperglycaemia (BG level of
>8 mmol/l) is harmful to the lung is correct, then treatment at the stage of isolated PPH would be
beneficial for lung function. Trials should be of adequate duration, of at least several years. As one
of the HTA programme referees noted: ... the outcome of BMI can be assessed over 1 year (as
shown by the CFRDT trial) but lung function changes related to abnormal glucose tolerance do
not become significant until after about 4 years (as shown by the Milla study’’) probably because
they are occurring on top of baseline lung function deterioration in CF.

Second, trials of different insulin regimens are required. These could include a once-daily basal
insulin, compared with short-acting meal-time insulins alone (especially as in the early stages
hyperglycaemia is mainly postprandial) and (perhaps at later stages) CSII. More data are required
on the relative merits of NPH, glargine and detemir, particularly in view of the cost differences.
Given the considerable treatment burden associated with CF and CFRD, the impact of different
regimens, and screening methods, needs to be assessed.

The third need is for a trial of different screening tests. The OGTT could be used as the reference
standard, and candidates screening methods include the GCT (dose adjusted for weight), CGMSs
and profiles.

More evidence on the relative merits of the 1-hour GCT, the FOGTT, CGMSs and serial profiles
is required, especially if the aim is to detect any hyperglycaemia (BG level of >8 mmol/l).
Hameed et al.*”* reported that in children (age range 10-18 years) having OGTTs, the 2-hour PG
level was not associated with declining BMI but the 30-minute PG level was. They concluded that
hyperglycaemia at 2 hours was a later change than at earlier time points. So if the OGTT is being
used, there is a case for using the FOGTT.
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In the longer term, we need to find out if pancreatic damage can be prevented, and diabetes

avoided or delayed.

The improvement in survival has been marked over the years. Barr et al>"® reported that the
medical age at death has risen from 6 months in 1959-63, to 27 years in 2001-8. However, they
also noted that socioeconomic difference in age at death persist, with, at times, a 10-year survival
difference (read from Figure 4). The reasons for the difference are not known. The authors suggest
that reasons could include passive smoking, poorer nutrition or poorer adherence to treatment
in lower socioeconomic groups. However, they also note that CF itself can affect social group,
with possibly those worst affected having poorer education and hence more likely to be in lower
socioeconomic groups. The sizeable difference in survival needs to be further researched.
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Appendix 1

Details of search strategy and PRISMA
flow diagram

Ovid MEDLINE In-Process & Other Non-Indexed Citations and Ovid
MEDLINE 1950 to May 2008, and Ovid EMBASE, 1980 to 2008 week 20

These databases were searched using the following search strategy:

exp Cystic Fibrosis/

exp Diabetes Mellitus/

(cystic fibrosis or cfrd).tw.

(diabet* or glucose or hyperglycaemia or hyperglycaemia or postprandial or post-prandial or
insulin or hypoglycemia or hypoglycaemia or IGT or OGTT or CGMS).tw.

5. 1lor3

6. 2or4

7. 5and 6.

Ll

MEDLINE = 1064 retrieved, EMBASE = 1281 retrieved.

Plus, auto-alerts were run in Ovid MEDLINE and EMBASE from May 2008 to December 2010,
using the following search strategy:

1. (cystic fibrosis or cfrd).tw.

2. (diabet* or glucose or hyperglycemia or hyperglycaemia or postprandial or post-prandial or
insulin or hypoglycemia or hypoglycaemia or IGT or OGTT or CGMS).tw.

3. land2.

Web of Science Databases (Science Citation Index, Social

Sciences Citation Index, 1970 - May 2008)

Title = ((cystic fibrosis or CFRD) and (diabet* or glucose or hyperglycemia or hyperglycaemia or
postprandial or post-prandial or insulin or hypoglycemia or hypoglycaemia))

342 retrieved.

ISI Proceedings, 1990 to May 2008

Topic = ((cystic fibrosis or CFRD) and (diabet* or glucose or hyperglycaemia or hyperglycemia
or glycemia or glycaemia or postprandial or post-prandial or insulin or hypoglycemia
or hypoglycaemia))

116 retrieved.

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Waugh et al. under the terms of a commissioning contract issued by the
Secretary of State for Health.

103



104 Appendix 1

Cochrane Central Register of Controlled Trials, Issue 2, 2008

(cystic fibrosis or CFRD):ti,ab,kw and (diabet* or glucose or hyperglycaemia or hyperglycemia
or glycemia or glycaemia or postprandial or post-prandial or insulin or hypoglycemia or
hypoglycaemia):ti,ab,kw

42 retrieved.

Meeting abstracts, searched up until 2010

Diabetes UK

ADA

EASD

European Cystic Fibrosis Society

Annual North American Cystic Fibrosis Conference
Annual Meeting of the ISPAD

89 downloaded.

Research in progress: searched in June 2011

ClinicalTrials.gov (http://clinicaltrials.gov/ct2/home)
Controlled-trials.com/http://www.controlled-trials.com/
UK Clinical Research Network (http://public.ukcrn.org.uk/search/)
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Records identified through Additional records identified
database searching through other sources
(n=2845) (n=89)

¥

First screening (after duplicates removed)
(n=1536)

Full-text articles obtained Records excluded on basis of
(n=450) title and abstract (n=283)

Eligibility ) ( Screening ) ( Identification )

e - N
F.u I]-t_gxt articles assessgd for Full-text articles excluded
eligibility by all three reviewers >
(n=167) L (n=127) )
N J
N e
Studies retained for data Full-text articles excluded
N extraction > with reasons
(n=56) (n=39)
N & J . J
3
3 Studies included in: quantitative
Q synthesis (n=9), narrative
- description (n=8)
—/

FIGURE 5 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
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Appendix 2

Studies of treatment of cystic fibrosis-
related diabetes and cystic fibrosis with
non-diabetic hyperglycaemia
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Appendix 3

The quality assessment of diagnostic
accuracy studies tool to assess the quality
of diagnostic accuracy studies

Not
Item Yes No Unclear applicable

1 Was the spectrum of patients representative of the patients who will receive
the test in practice?

Is the reference standard likely to correctly classify the target condition?

Is the time period between reference standard and index test short enough
to be reasonably sure that the target condition did not change between the

two tests?

4 Did the whole sample, or a random selection of the sample, receive
verification using a reference standard of diagnosis?

5 Did patients receive the same reference standard regardless of the index test
result?

6 Was the reference standard independent of the index test (i.e. the index test

did not form part of the reference standard)?

7a Were the reference standard results interpreted without knowledge of the
results of the index test?

7b Were the index test results interpreted without knowledge of the results of
the reference standard?

8 Were the same clinical data available when test results were interpreted as
would be available when the test is used in practice?

9 Were uninterpretable/intermediate test results reported?

10 Were withdrawals from the study explained?

11 Were definitions of the different hyperglycaemic states given? (diabetes, IGT,

lag storage, IFG)

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Waugh et al. under the terms of a commissioning contract issued by the
Secretary of State for Health.
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Appendix 4

Data extractions of diagnostic studies

Buck 2000174.182
Author, year, country Buck, 2000, Germany
Reference Monatsschr Kinderh 2000;148:698—701
Aim To examine FBG HbA, , level and OGTT in the diagnosis of patients with CF during routine care

Verification of study eligibility

Study design Case series

Screening test HbA, .

Reference test OGTT (WHO criteria)

Accuracy 3x 2 table reduced to a 2 x 2 table
Target disorder Diabetes and IGT

Study characteristics: population

Target population Patients with CF during routine care in two university children’s hospitals in Germany
(Ulm, n=32; Hannover, n=70)
CF diagnosis NR
Inclusion criteria NR
Exclusion criteria NR
Prior testing NR
Recruitment procedures NR
Data collection Part of routine diagnostic procedures
Participant % male 59
characteristics Median age, years 13 (range 5-33)
Mean BMI, kg/m? (SD) NR
Long-term oral steroids None
Enteral feeding NR
Established chronic liver NR
disease
Pancreatic insufficiency NR

NR, not reported.

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Waugh et al. under the terms of a commissioning contract issued by the
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Appendix 4

Study characteristics: screening tests

No. of tests 1

Tests HbA,

Description of tests ~ HbA, _ level was determined using high-performance liquid chromatography (Pharmacia, Freiburg, Germany)
Setting University children’s hospital

Timing Same time as OGTT?

Cut-offs Owing to variations in the conditions of carrying out the test, there were differences between the normal range of the method
between the children’s hospital in Ulm (HbA, - normal range of 3.5-5.7%) and the children’s hospital in Hannover (HbA,
normal range 3.5-5.0%). To take account of these differences, the HbA,  value of a given patient was classified as normal or
pathological with respect to the method of measurement used

Study characteristics: reference test — oral glucose tolerance test

Reference test O0GTT

Delay from index NR — but assume same time as HbA, ?

test

Description Receive 1.75g/kg body weight of glucose (maximum 75g) at 8 av to drink over 3—4 minutes
Setting University children’s hospital

Timing Given at 8 v after 10- to 14-hour fast

Cut-offs According to WHO criteria

NGT if FBG and the 2-hour value were <140 mg/dI
IGT if fasting BG was < 140mg/dl and the 2-hour value was between 140 and 200 mg/d|
Diabetes mellitus if fasting BG was >140mg/dl and/or the 2-hour value was >200 mg/dI

NR, not reported.

Study characteristics: outcomes

Accuracy 3x 2 table reduced to two 2 x 2 tables. Calculated sensitivity and specificity values for: diabetes +IGT vs NGT and diabetes vs
IGT+NGT

Patient NR

acceptability

Failure rate of test ~ NR

NR, not reported.

Study results: recruitment

Original population A NR

Pre-enrolment exclusions B) NR
Reasons, e.g. population characteristics

No. invited to participate (A-B) © NR

Refusal to participate D) NR
Reasons, e.g. missing data, etc.

No. enrolled (C-D) (E) NR

Post-enrolment exclusions (3] NR
Reasons, e.g. missing data, etc.

Analysable data (E-F) ) 102

Completeness of follow-up (G/C x 100%)

NR, not reported.



DOI: 10.3310/hta16240 Health Technology Assessment 2012; Vol. 16: No. 24 123

Study results: accuracy

Screening test OGTT reference test cut-offs Sensitivity, % (95% Cl) Specificity, % (95% CI)
HbA, . >5.7% (Ulm) or >5.0% Hannover Diabetes +IGT vs NGT 22.9(10.4510 40.14) 95.5 (87.45 10 99.02)
HbA, . >5.7% (Ulm) or >5.0% Hannover Diabetes vs IGT+ NGT 23.1 (5.31 10 53.80) 91.0 (83.05 t0 96.03)
Test Diabetes +IGT NGT Total

HbA, -positive 8 3 1

HbA, -negative 27 64 91

Total 35 67 102

Test Diabetes IGT + NGT Total

HbA, -positive 3 8 11

HbA, -negative 10 81 N

Total 13 89 102

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Waugh et al. under the terms of a commissioning contract issued by the
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De Luca 1991183

Author, year, country
Reference
Aim

De Luca, 1991, Italy
Horm Metab Res 1991;23:495-8
To assess the ability of glycosylated haemoglobin assay to discriminate different degrees of glucose tolerance

Verification of study eligibility

Study design Case series

Screening test(s) HbA,,

Reference test Full OGTT

Accuracy reported (sensitivity, specificity only; 2 x 2) 2x2

Target disorder CF Diabetes and CF IGT

Study characteristics: population

Target population
CF diagnosis
Inclusion criteria

Exclusion criteria

Prior testing
Recruitment procedures
Data collection

Participant
characteristics

% male

Mean age, years
(SD)

Mean BMI, kg/m?
(SD)

Long-term oral
steroids

Enteral feeding

Established chronic
liver disease

Pancreatic
insufficiency

Thirty-nine CF children and adolescents attending the CF centre of the University Hospital
NR

Negative family history for diabetes mellitus and repeatedly normal glucose values. None had been
receiving treatment for B-lactam antibiotics and/or steroids for the last 3 months

Severe liver and/or kidney dysfunction as well as acute infections

Repeatedly normal, i.e. <115mg/dl PG found on random assessments during the year
Unclear

Prospective

Reported as per cent of those who agreed to participate

13.6 (4.7), range 5.5-22.2

17.7 (2.5), range 13.3-24.2
None taken for last 3 months

NR
Exclusion

NR

NR, not reported.

Study characteristics: screening tests

No. of tests
Tests
Description of tests

Setting
Timing
Cut-offs

1
HbA

1c

Blood samples were taken at time 0 minutes on OGTT, HbA,  was assessed by high-pressure liquid chromatography with
a fully automated instrument

CF centre

Same day as OGTT

HbA,, >6% (normal range in laboratories was 4-6%)
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Study characteristics: reference test

Reference test Full OGTT

Delay from index test None

Description After an overnight fast, patients underwent a standard OGTT (1.75 g/kg body weight, maximum 75g). PG was
determined by means of the glucose oxidase method

Setting CF centre

Timing Blood samples were taken at —10, 0, 30, 60, 90, 120 and 180 minutes after glucose load, for measurement of PG and
insulin levels

Cut-offs WHO criteria

Study characteristics: outcomes

Accuracy Detection of diabetic, impaired and NGT for OGTT and diabetes vs non-diabetes for HbA,

3x 2 tables reduced to two 2 x 2 tables: one with diabetes + IGT vs normal and other with diabetes vs IGT +normal
Patient acceptability NR
Failure rate of test NR

NR, not reported.

Study results: recruitment

Original population A NR
Pre-enrolment exclusions B) NR
Reasons, e.g. population characteristics
No. invited to participate (A-B) (C) NR
Refusal to participate D) NR
Reasons, e.g. missing data, etc.
No. enrolled (C-D) (3] NR
Post-enrolment exclusions (F) NR
Reasons, e.g. missing data, etc.
Analysable data (E-F) G) 39
Completeness of follow-up (G/C x 100%) NR
NR, not reported.
Study results: test acceptability
Test NR
NR, not reported.
Study results: accuracy
Screening test Reference test Sensitivity, % (95% Cl) Specificity, % (95% Cl)
HbA, . >6% Diabetes vs IGT +NGT 100 (19.29 to 100.00) 89.2 (74.56 t0 96.91)
HbA,, >6% Diabetes vs IGT +NGT 22.2 (3.47 10 59.94) 86.7 (69.26 t0 96.16)

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Waugh et al. under the terms of a commissioning contract issued by the
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Diabetes versus impaired glucose tolerance + normal
glucose tolerance

Test Disease No disease Total
Positive 2 4 6
Negative 0 33 33
Total 2 37 39
Diabetes ximpaired glucose tolerance versus normal
glucose tolerance
Test Disease No disease Total
Positive 2 4 6
Negative 7 26 33
Total 9 30 39
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De Schepper 1991184

Author, year, country De Schepper, 1991, Belgium
Reference Eur J Pediatr 1991;150:403-6
Aim To evaluate the correlation of serial HbA, . determinations with the results of the OGTT

Verification of study eligibility

Study design Case series
Screening test HbA,,
Reference test ROGTT
Accuracy reported 2x2
Target disorder IGT (GI)

@Gl, gastrointestinal.

Study characteristics: population

Target population Forty-eight patients with CF

CF diagnosis NR

Inclusion criteria Normal fasting glycaemia (< 120 mg/dl) and a clinically stable condition at the moment of testing.
No other oral medication was taken by the patients in the 2 months preceding the testing

Exclusion criteria NR

Prior testing Initial evaluation included an OGTT, HbA,  determination, liver function studies, lung perfusion
scintigraphy and ultrasonography of the liver

Recruitment procedures NR

Data collection Prospective

Participant % male 48

characteristics  vean age, years (SD) IGT=15.4 (range 2—29), NGT=11.7 (range 3-23)

Mean weight index (%) IGT=85.5; NGT=86.0

Long-term oral steroids No oral medication (apart from pancreatic enzyme replacement) was taken by patients in the
2 months preceding testing

Enteral feeding NR
Established chronic liver ~ Mean serum transaminase levels normal in both groups; elevated levels in six patients
disease Transaminases (IU) (1< 351U)

IGT =20 (range 7—46); NGT 31 (range 7-143)

Pancreatic insufficiency All patients showed ultrasound abnormalities of the pancreas and were receiving pancreatic
enzyme replacement

U, international units; NR, not reported.
a The body weight index of the patient was calculated from the actual weight/optimal weight. Optimal weight defined as the 50th percentile for
weight corresponding to the actual height of the patient.

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Waugh et al. under the terms of a commissioning contract issued by the
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Appendix 4

Study characteristics: screening tests

No. of tests 1

Tests HbA, .

Description of tests Determined by iso-electric focusing using a modified commercial kit
Setting NR

Timing Same time

Cut-offs Normal =HbA, . <7.5%

NR, not reported.

Study characteristics: reference test

Reference test OGTT

Delay from index test Same time

Description Oral glucose load of 1.75g/kg body weight (maximum 75 g) was given following an overnight fast. Intra-assay variation is
<9% and inter-assay variation 12%

Setting NR

Timing After an overnight fast and again after 120 minutes following glucose load

Cut-offs Abnormal if glucose concentration at 120 minutes was > 140 mg/dI

NR, not reported.

Study characteristics: outcomes

Accuracy Detection of IGT (IGT + diabetes) and NGT on OGTT and elevated HbA,  levels (>7.5%)
Patient acceptability NR
Failure rate of test NR

NR, not reported.

Study results: recruitment

Original population A NR

Pre-enrolment exclusions B) NR
Reasons, e.g. population characteristics

No. invited to participate (A-B) © NR

Refusal to participate D) NR
Reasons, e.g. missing data, etc.

No. enrolled (C-D) (E) NR

Post-enrolment exclusions (3] NR
Reasons, e.g. missing data, etc.

Analysable data (E-F) @) NR

Completeness of follow-up (G/C x 100%)

NR, not reported.
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Study results: test acceptability

Test NR

NR, not reported.

Study results: accuracy

Screening test Reference test Sensitivity, % (95% Cl) Specificity, % (95% CI)
HbA,, >7.5% Diabetes +IGT vs NGT in OGTT 73.3 (44.91 10 92.05) 66.7 (48.17 t0 82.02)
Test Disease No disease Total

Positive 11 1 22

Negative 4 22 26

Total 15 33 48
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Lee 2007185

Author, year, country Lee, 2007, Canada
Reference J Cyst Fibros 2007,;6:274-6.
Aim To evaluate the GCT (50 g, 1-hour GCT) as a screen for glucose intolerance in patients with CF

Verification of study eligibility

Study design Case series
Screening tests 1.RBG
2.HbA,,
Reference test OGTT
Accuracy reported 2 x 2, sensitivity, specificity
Target disorder IGT and diabetes

Study characteristics: population

Target population Data were obtained from routine blood work performed on patients who attended the adult CF
clinic at St Paul’s Hospital, Vancouver, Canada between June 2002 and May 2003

CF diagnosis NR

Inclusion criteria Patients attending the adult CF clinic were eligible

Exclusion criteria Patients previously diagnosed with CFRD were not tested and transplant patients were followed
elsewhere

Prior testing NR

Recruitment procedures NR

Data collection Unclear. Likely to be retrospective — data ‘obtained’ from routine blood work

Participant % male 53 (30/57)

characteristics Mean age, years (SD) 326

Mean BMI, kg/m? (SD) NR
Long-term oral steroids NR

Enteral feeding NR
Established chronic liver ~ NR
disease

Pancreatic insufficiency ~ NR

NR, not reported.



DOI: 10.3310/hta16240 Health Technology Assessment 2012; Vol. 16: No. 24 131

Study characteristics: screening tests

No. of tests 2
Tests 1.50-g GCT
2. HbA,
Description of tests GCT consisted of a 50-g glucose load administered in a non-fasting state and followed by glucose measurement

1 hour later. Patients were required to stay seated at the laboratory

Glucose was measured on serum samples using oxidase reagents and a Vitros 950 analyzer (Ortho-clinical
Diagnostics, Rochester, NY, USA)

Setting Cystic fibrosis clinic annual review visit
Timing GCT undertaken during annual review visit or immediately afterwards
Cut-offs Criteria for a positive test:

GCT. >7.8mmol/I

FBG: =6.0mmol/I

HbA, : >6.0%

IFG defined as FBG: =6.0 mmol/l and < 7.0 mmol/I

Study characteristics: reference test

Reference test OGTT

Delay from index test Aimed to be performed within 1 week of annual review. Only 19/31 (61%) tests were completed within the requested
1-week period. Time delay between tests ranged from 1 to 264 days, median 7 days, mean 35 days

Description After an overnight fast the patient was asked to drink a solution containing 1.75 g/kg body weight (maximum 75g) of
glucose BP dissolved in 250 ml of water within 2—3 minutes

Setting Return visit to cystic fibrosis clinic

Timing Blood samples were taken just before and 2 hours after ingestion of the glucose solution

Cut-offs Patients’ glucose tolerance status was classified into normal, impaired or diabetic glucose tolerance. Criteria for a

positive test result was OGTT =7.8mmol/l, i.e. IGT

|GT defined as: OGTT=7.8—11.0mmol/I

CFRD without FH: OGTT = 11.0 mmol/l with FBG < 7.0 mmol/I
CFRD with FH: OGTT =11.0 mmol/l with FBG =7.0 mmol/I

Study characteristics: outcomes

Accuracy Detection of IGT

Patients with IGT considered to be test- and reference test-positive by study authors
Patient acceptability Not directly assessed, but can be inferred from uptake rate of test
Failure rate of test NR

NR, not reported.
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Study results: recruitment

Original population A NR
Pre-enrolment exclusions B) NR
Reasons, e.g. population characteristics
No. invited to participate (A-B) © NR
Refusal to participate D) NR
Reasons, e.g. missing data, etc.
No. enrolled (C-D) (3] 57
Post-enrolment exclusions () 26 (GCT/OGTT comparison)
14 (HbA, /OGTT comparison)
Reasons, e.g. missing data, etc. Did not complete tests (14 OGTT)
Analysable data (E-F) (©)] 31 for GCT; 43 for HbA,
Completeness of follow-up (G/C x 100%) NR
NR, not reported.
Study results: test acceptability
GCT (23%) 13/57 did not complete GCT but did complete OGTT
OGTT (23%) 13/57 did not complete OGTT but did complete GCT
HbA,, (2%) 1/57 did not complete HbA,

Study results: accuracy

Screening test Reference test Sensitivity, % (95% Cl) Specificity, % (95% CI)
GCT >7.8mmol/l OGTT =7.8mmol/I 100 (66.21 to 100.00) 50.0 (28.25 10 71.75)
HbA,, >6.0% OGTT =7.8mmol/I 50.0 (23.12 10 76.88) 89.7 (72.62 10 97.69)
Test Disease: OGTT positive (=7.8 mmol/l) No disease: OGTT negative Total
Positive: 50-g non-fasting 1-hour GCT 9 11 20
Negative 0 11 11

Total 9 22 31

Test Disease: OGTT positive (=7.8 mmol/l) No disease: OGTT negative Total
Positive: HbA, >6.0% 7 3 10
Negative 7 26 33
Total 14 29 43
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Magni 1996186

Author, year, country Magni, 1996, Italy
Reference Eur J Lab Med 1996;4:6-10

Aim To identify which test among the simpler and faster ones is able to recognise at an early stage glucose metabolism
alteration in CCF, taking OGTT as reference test

Verification of study eligibility

Study design Case series

Screening tests HbA, , fasting glycaemia, 120-minute glycaemia
Reference test Full OGTT

Accuracy reported 2 x 2 tables

Target disorder Diabetes and glucose intolerance

Study characteristics: population

Target population Sixty-five inpatients admitted to the centre
CF diagnosis At least two positive sweat tests performed according to Gibson and Cooke
Inclusion criteria Age >10 years; clinical remission from possible respiratory exacerbations
Exclusion criteria Glucose metabolism abnormality previously known; treatment with corticosteroids at time
of observation
Prior testing NR
Recruitment procedures Randomly chosen following order of admission
Data collection Prospective
Participant % male 57
characteristics Mean age, years (SD) 17.75 (5.2), range 10-38
Mean BMI, kg/m? (SD) NR
Long-term oral steroids None
Enteral feeding NR
Established chronic liver NR
disease
Pancreatic insufficiency (%) 72

NR, not reported.

Study characteristics: screening tests

No. of tests 3

Tests HbA, , fasting glycaemia, 120-minute glycaemia

Description of HbA, . by ion exchange chromatography as per cent of the total haemoglobin

tests Glycaemia 120 minutes after breakfast (a standard meal was not used)
Fasting glycaemia (as part of OGTT time =0 minutes)

Setting Same as 0GTT?

Timing Same as OGTT?

Cut-offs HbA, . >5.3% and 5.1%

Fasting glycaemia >88mg% and 85mg%
120-minute glycaemia > 84 mg%

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Waugh et al. under the terms of a commissioning contract issued by the
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Study characteristics: reference test

Reference test OGTT

Delay from index test Does not specifically say but assume it is within a few days, as subjects were inpatients
Description Test in morning, after at least 10 hours’ fasting: 1.75 g glucose/kg body weight, maximum 759
Setting Inpatients admitted to CF centre in Verona

Timing Glucose assay on venous plasma at times 0, 30, 60, 90, 120 and 180 minutes

Cut-offs Used National Diabetes Data Group Criteria:

Glucose intolerance = 120-minute glucose >140mg/d|
Diabetes = 120-minute glucose >200mg/d|

Study characteristics: outcomes

Accuracy Altered OGTT (normal +IGT) vs diabetes-derived 2 x 2 tables for HbA,  and fasting glycaemia

Non-diabetic (normal+1GT) vs diabetic OGTT-derived 2 x 2 tables for HbA, and fasting glycaemia and 120 minutes
postprandial glycaemia

Patient acceptability NR
Failure rate of test NR

NR, not reported.

Study results: recruitment

Original population A NR

Pre-enrolment exclusions B) NR
Reasons, e.g. population characteristics

No. invited to participate (A-B) (®] NR

Refusal to participate D) NR
Reasons, e.g. missing data, etc.

No. enrolled (C-D) (3] NR

Post-enrolment exclusions F) NR
Reasons, e.g. missing data, etc.

Analysable data (E-F) (G) 65

Completeness of follow-up (G/C x 100%)

NR, not reported.

Study results: test acceptability

Test NR

NR, not reported.
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Health Technology Assessment 2012; Vol. 16: No. 24

Test Reference test Sensitivity, % (95% Cl) Specificity, % (95% CI)
HbA,. >5.1% Diabetes +IGT vs NGT 60.0 (36.07 to 80.83) 68.9 (53.3510 81.82)
Fasting glycaemia > 85 mg% Diabetes +IGT vs NGT 70.0 (45.73 t0 88.03) 64.4 (48.78 10 78.12)
120 min after meal glycaemia >84 mg% Diabetes +IGT vs NGT 60.0 (36.07 t0 80.83) 68.9 (53.35 10 81.82)
HbA,, >5.3% Diabetes vs IGT +NGT 100 (83.01 to 100.00) 62.2 (46.54 10 76.22)
Fasting glycaemia > 88 mg% Diabetes vs IGT +NGT 100 (83.01 to 100.00) 55.6 (40.00 to 70.35)
Test Disease (diabetes +IGT) No disease (NGT) Total

Positive (HbA, >5.1%) 12 14 26

Negative 8 31 39

Total 20 45 65

Test Disease (diabetes + IGT) No disease (NGT) Total

Positive (fasting glycaemia 14 16 30

>85mg%

Negative 6 29 35

Total 20 45 65

Test Disease (diabetes + 1GT) No disease (normal 0GTT) Total

Positive 120-minutes postprandial 12 14 26

glycaemia >84 mg%

Negative 8 31 39

Total 20 45 65

Test Disease (diabetes) No disease (normal +IGT) Total

Positive (HbA,, >5.1%) 20 20 40

Negative 0 25 25

Total 20 45 65

Test Disease (diabetes) No disease (normal +IGT) Total

Positive 20 20 40

Negative 0 25 25

Total 20 45 65
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Moreau 2008'%7

Reviewers initials
Author, year, country
Reference

Aim

VH, PR

Moreau, 2008, France

Horm Metab Res 2008;40:502—6

To evaluate the profile of glucose tolerance in adults with CF with OGTT

To compare results with those obtained by continuous subcutaneous glucose monitoring

Verification of study eligibility

Study design
Screening test
Reference test
Accuracy reported
Target disorder

Case series

CGM

OGTT

2% 2 table
Diabetes and IGT

Study characteristics: population

Target population
CF diagnosis

Inclusion criteria
Exclusion criteria

Prior testing
Recruitment procedures
Data collection

Participant
characteristics

CF patients in pneumology department
Based on clinical features and positive CF genotype
CF patients, fasting glucose < 126 mg/dl; aged =15 years

Taking steroid or any medical conditions, such as pulmonary exacerbation of acute infection
or previous history of hyperglycaemia

All patients controlled for a stable lung function and nutritional state without any diet
Consecutively admitted for yearly check-up in pneumology department
Prospective, from February 2004 to September 2006

% male 55.1%

Mean age, years (SD) NGT=25.7 (7.1); IGT=19.7 (4.1); diabetes=19.1 (4.3)
Mean BMI, kg/m? (SD) NGT=20.8 (2.3); IGT=20.9 (3.2); diabetes=18.3 (2.1)
Long-term oral steroids Nil

Enteral feeding NR

Established chronic liver NR

disease

Exocrine pancreatic NGT=73, IGT = 92, diabetes =90

insufficiency (%)

NR, not reported.

Study characteristics: screening tests

No. of tests
Tests
Description of tests

Setting
Timing

Cut-offs

1
CGMS over 3 days

Medtronic and Sylmar — subcutaneous glucose-sensing device connected by a cable to a pager-sized glucose monitor.
Downloaded data on to PC (MiniMed)

At home in ambulatory conditions with usual dietary intake — over a 3-day period

Registered glucose concentration every 10 seconds and stored an average value every 5 minutes. Total 288 data points
collected every day (range 40—400 mg/dl)

Glucose AUC expressed as mean per day of area including all glucose values >140mg/dl over 3 days and duration of
hyperglycaemia period in per cent of daily monitoring for glucose value as > 140 mg/dl during 3-day period
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Study characteristics: reference test

Reference test OGTT

Delay from index test CGMS 1 month after OGTT

Description Subjects drank glucose solution with dose of 1.75g/kg (up to maximum of 75g) over 2 minutes. BG and C-peptides
samples collected 2 hours after glucose load

Setting Pneumology department

Timing Two hour (venous glucose)

Cut-offs WHO criteria: NGT =< 140mg/dI, IGT = 140 to 200 mg/d|, diabetes > 200 mg/dI

Study characteristics: outcomes

Accuracy Detection of subjects with either NGT, IGT or diabetes; two 2 x 2 tables derived
Patient acceptability NR
Failure rate of test NR

NR, not reported.

Study results: recruitment

Original population A NR

Pre-enrolment exclusions B NR
Reasons, e.g. population characteristics

No. invited to participate (A-B) © NR

Refusal to participate D) NR
Reasons, e.g. missing data, etc.

No. enrolled (C-D) E) 49

Post-enrolment exclusions (F) 0

Reasons, e.g. missing data, etc.
Analysable data (E-F) (©)] 49
Completeness of follow-up (G/C x 100%)

Study results: test acceptability

Test

Study results: accuracy

Test Reference test Sensitivity, % (95% Cl) Specificity, % (95% Cl)

CGMS Diabetes vs IGT +NGT 100 (68.97 to 100.00) 56.41% (39.62 to 72.18)

CGMS Diabetes +IGT vs NGT 70.37 (49.82 t0 86.21) 63.64% (40.67 to 82.76)
Notes

Correlation between blood and subcutaneous glucose measurements was good (r=0.95, p<0.001)

Peak of CGMS glucose reached 182 +60mg in NGT group despite normal glucose profile at OGTT

Thirty-eight per cent of CF subjects with normal glucose profile and 52% with IGT at OGTT had pathological glucose excursions
Glucose excursions >200mg/dl were observed in all patients with CFRD
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Test Disease (diabetes) No disease (IGT + NGT) Total
Positive (CGMS) 10 17 27
Negative 0 22 22
Total 10 39 49
Test Disease (diabetes +IGT) No disease (NGT) Total
Positive (CGMS) 19 8 27
Negative 8 14 22
Total 27 22 49
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Mueller-Brandes 20052°°

Reviewers initials PR

Author, year, country Mueller-Brandes C, 2005, Germany

Reference Eur Respir J 2005;25:715-17

Aim To determine how many patients with impaired glucose regulation would remain undiagnosed, and therefore

untreated when using OGTT only in patients with IFG based on new ADA criteria

Verification of study eligibility

Study design Case series

Screening test FPG

Reference test OGTT

Accuracy reported Sensitivity and specificity
Target disorder Diabetes, IFG

Study characteristics: population

Target population Patients with CF

CF diagnosis NR

Inclusion criteria Age =10 years

Exclusion criteria NR

Prior testing NR

Recruitment procedures Part of annual OGTT screening test (patients who were identified as diabetic by an annual
screening programme were asked to take part over a 2-year period in a RCT)

Data collection Unclear — probably retrospective. Authors evaluated data from an ongoing two-step prospective
randomised multicentre study on patients with CF

Participant % male 53

characteristics Median age, years 17.1

Mean BMI, kg/m? (SD) NR
Long-term oral steroids 82 (7.3%) were on oral corticosteroids

Parenteral feeding NR
Established chronic liver ~ NR
disease

Pancreatic insufficiency ~ NR

NR, not reported.

Study characteristics: screening tests

No. of tests 2
Tests ADA new and old FPG tests
Description of tests 1. ADA new FPG test (post 2003)
2. ADA old FPG test
IFG was diagnosed using a ~10% lower level for whole blood testing compared with plasma testing according to WHO

Setting Paediatric department — annual OGTT screening
Timing NR
Cut-offs 1. ADA new FPG test, elevated FPG = 5.6 mmol/|

2. ADA old FPG test, elevated FPG = 6.1 mmol/|

NR, not reported.
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Study characteristics: reference test

Reference test OGTT

Delay from index test ~ NR

Description OGTT according to WHO criteria, performed during clinically stable conditions, including no actual changes in corticosteroid
dose

Setting Paediatric department, Hannover

Timing NR

Cut-offs According to WHO recommendations

NR, not reported.

Study characteristics: outcomes

Accuracy Sensitivity and specificity reported (but no CIs), so needed to construct 2 x 2 table. A number of data for 2 x 2 tables in text
and a number from graph, so figures not precise

Patient acceptability ~ NR
Failure rate of test NR

NR, not reported.

Study results: recruitment

Original population A NR
Pre-enrolment exclusions B) NR
Reasons, e.g. population characteristics
No. invited to participate (A-B) (®] NR
Refusal to participate D) NR
Reasons, e.g. missing data etc.
No. enrolled (C-D) E) NR
Post-enrolment exclusions (F) NR
Reasons, e.g. missing data etc.
Analysable data (E-F) (G) 1128
Completeness of follow-up (G/C x 100%)
NR, not reported.
Study results: test acceptability
Test
Study results: accuracy
Test Reference test Sensitivity, % (95% Cl) Specificity, % (95% CI)
Old ADA criteria for IFG according to Mueller- Diabetes or IGT vs NGT 65 94
Brandes
Old ADA criteria for IFG according to our calculations  Diabetes or IGT vs NGT 65.3 (55.23 t0 74.54) 90.85 (88.92 t0 92.54)
reconstructing a 2 x 2 table
New ADA criteria for IFG according to Mueller- Diabetes or IGT vs NGT 82 70
Brandes
New ADA criteria for IFG according to our Diabetes or IGT vs NGT 82.18 (73.30 to 89.08) 67.90 (65.01 to 70.81)

calculations reconstructing a 2 x 2 table
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Notes

A number of data read from the graph, did not get exactly the same sensitivity and specificity as reported in paper

Test Disease (diabetes or IGT) No disease (NGT) Total
Positive (new ADA criteria for elevated FPG) 83 329 412
Negative 18 698 716
Total 101 1027 1128
Test Disease (diabetes or IGT) No disease (NGT) Total
Positive (old ADA criteria for elevated FPG) 66 94 160
Negative 35 933 968
Total 101 1027 1128
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Robert 1992188

Author, year, country Robert, 1992, France

Reference Robert JJ, Grasset E, de Montalembert M, Chevenne D, Deschamps |, Boitard C, et al. [Factors for glucose-
intolerance in cystic fibrosis.] [French] Arch Fr Pediatr 1992;49:17-22
Aim To study glucose intolerance factors associated with CF

Verification of study eligibility

Study design Case series

Screening test Fasting glycaemia and HbA,

Reference test OGTT

Accuracy reported (sensitivity, specificity only; 2 x 2) Sensitivity and specificity. Reported as 3 x 3 tables — reduced to 2 x 2 tables
Target disorder Glucose intolerance

Study characteristics: population

Target population

CF diagnosis

Inclusion criteria
Exclusion criteria

Prior testing
Recruitment procedures
Data collection

Participant characteristics, reported
as per cent of those who agreed to
participate

% male

Mean age, years (SD)
Mean BMI, kg/m? (SD)
Long-term oral steroids
Enteral feeding

Established chronic liver
disease

Pancreatic insufficiency

Patients with CF treated at the general paediatric unit of the children’s
hospital in Paris, France

NR

NR

Patients who already had diabetes mellitus
NR

NR

NR

51

10.9 (5.3

Their mean weight was 1.09+1.06 SD below the mean values for their age
NR

NR

NR

Yes

NR, not reported.

Study characteristics: screening tests

No. of tests 2

Tests 1. Fasting glycaemia
2.HbA,

Description of tests

The patients were in a fasting state for HbA, test (in 47 patients) and OGTT. HbA, , was measured by HPLC (Riamat)
Any biological studies were carried out outside any acute infective attacks in the paediatric endocrinological and

Fasting glycaemia=time 0 on OGTT. Assume HbA, _test at same time as OGTT

Setting

diabetological unit at the children’s hospital
Timing
Cut-offs HBA, . normal values between 4.2 and 5.6%

HPLC, high-pressure liquid chromatography.



DOI: 10.3310/hta16240 Health Technology Assessment 2012; Vol. 16: No. 24 143

Study characteristics: reference test

Reference test OGTT

Delay from index test Same time as FPG test. Assume HbA,  done at same time as OGTT

Description Two-hour OGTT: absorption of 1.75g/kg of glucose, with a maximum of 759

Setting Any biological studies were carried out outside any acute infective attacks in the paediatric endocrinological and
diabetological unit at the children’s hospital

Timing Samples at 0, 20, 60, and 120 minutes for measuring glycaemia

Cut-offs NGT (NGT) defined as:

= fasting <6.10mmol/l (1.10g/l)

= 30 or 60 minutes on OGTT <11 mmol/l (2g/1)

= 120 minutes on OGTT <7.8mmol/l (1.40 g/l)

IGT (or glucose intolerance) if glycaemia is above these values
Diabetes present if it stays above =11 mmol/I (2g/l) at 120 minutes

Study characteristics: outcomes

Accuracy 3 x 3 tables condensed to 2 x 2 tables
Patient acceptability NR
Failure rate of test NR

NR, not reported.

Study results: recruitment

Original population A NA
Pre-enrolment exclusions B) NA
Reasons, e.g. population characteristics
No. invited to participate (A-B) © NA
Refusal to participate D) NA
Reasons, e.g. missing data, etc.
No. (C-D) (3] NA
Post-enrolment exclusions F NA
Reasons, e.g. missing data, etc.
Analysable data (E-F) (@) 49 for FPG and 47 for HbA,
Completeness of follow-up (G/C x 100%)
Study results: test acceptability
Test NR
NR, not reported.
Study results: accuracy
Screening test OGTT Reference test cut-offs Selectivity (95% Cl) Specificity, % (95% Cl)
Fasting glycaemia WHO criteria (>6 mmol/l) 15.00 (3.38 t0 37.92) 96.55 (82.17 10 99.42)
HbA, % >5.6% 63.16 (38.38 t0 83.65) 78.57 (59.04 t0 91.65)
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Test Disease (diabetes + IGT) No disease (NGT) Total
Fasting glycaemia positive (>6 mmol/l) 3 1 4
Fasting glycaemia negative (<6 mmol/l) 17 28 45
Total 20 29 49
Glycated haemoglobin (note: only 47 patients)
Test Disease (diabetes + IGT) No disease (NGT) Total
Positive HbA, , (>5.6%) 12 6 18
Negative HbA, _ (<5.6%) 7 22 29
Total 19 28 47
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Yung 199918°

Author, year, country Yung, 1999, UK
Reference Thorax 1999;54:40-3
Aim To identify a more selective approach in performing OGTT in the diagnosis of CFRD, based on the use of a

combination of clinical and biochemical criteria

Verification of study eligibility

Study design Case series
Screening tests 1.RBG

2. HbA,
Reference test OGTT
Accuracy reported Sensitivity, specificity
Target disorder Diabetes, IGT

Study characteristics: population

Target population Adult patients with CF not known to be diabetic who attended the Royal Brompton Hospital
Adult Cystic Fibrosis Clinic, London, UK for their annual review between August 1996 and
May 1997

CF diagnosis Positive sweat tests with typical clinical findings, with or without genotype confirmation

Inclusion criteria All patients aged 16 years or above attending the CF clinic were eligible

Exclusion criteria Patients with pulmonary exacerbations requiring oral or intravenous antibiotic therapy, recent

(within 6 weeks) increase or change in systemic steroid dosage, recent commencement of
enteral feeding, and pregnant patients were excluded

Prior testing CF diagnosis (sweat tests, clinical assessment, genotype testing)
Recruitment procedures Not stated; appears to be consecutive patients invited
Data collection Unclear. Does not state prospective/retrospective
Participant % male 63.7
characteristics Mean age, years (SD) 27 (9)
Mean BMI, kg/m? (SD) 21 (2.9
Long-term oral steroids (%) 9.8
Enteral feeding 3.3
Established chronic liver 8.8

disease (%)
Pancreatic insufficiency (%) 89.0
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Study characteristics: screening tests

No. of tests
Tests

Description of tests

Setting
Timing
Cut-offs

Five, plus nine different combinations of the five

RBG

HbA, .

Symptoms of hyperglycaemia and/or unexplained weight loss
Presence of glycosuria

FBG

Blood samples for PG were collected in fluoride oxalate tubes and venous PG was determined by an oxygen rate method
using a Beckman CX 7 Delta analyser (Beckman Instruments, Brea, CA, USA)

Blood samples for the determination of HbA, were collected in EDTA-containing tubes and HbA, . was determined by an
ion capture assay using an Abbott IMX analyser (Abbott Laboratories, Abbott Park, IL, USA)

Presence of glycosuria was determined by Multistix (Bayer Diagnostics, Newbury, UK)
Cystic fibrosis clinic annual review
Blood samples and clinical assessment undertaken during same annual review visit. No description of FBG given

Three cut-off values for RBG (6, 8.5 and 11 mmol/l) were chosen. According to WHO criteria, diabetes is ‘likely’ in
patients with RBG levels of >11 mmol/l, ‘unlikely’ if RBG level is <6 mmol/I; 8.5 mmol/I represents the mid-point of
these two values

EDTA, ethylene diaminetetraacetic acid.

Study characteristics: reference test

Reference test
Delay from index test
Description

Setting
Timing
Cut-offs

OGTT
Performed within 1 month of annual review visit

After an overnight fast the patient was asked to drink a solution containing 1.75 g/kg body weight (maximum 75 g) of
glucose BP dissolved in 250 ml of water within 2—3 minutes

Return visit to cystic fibrosis clinic
Blood samples were taken just before and 2 hours after ingestion of the glucose solution

Patients’ glucose tolerance status was classified according to WHO criteria into normal, impaired or diabetic glucose
tolerance

Two-hour venous PG:
= <7.8mmol/l

= 7.8-11.0mmol/l
= >11.0mmol/l

Study characteristics: outcomes

Accuracy

Patient acceptability
Failure rate of test

Detection of diabetic glucose tolerance

Patients with IGT considered to be test and reference test negative by study authors, i.e. 3 x 3 table collapsed into 2 x 2
table

Refusal to participate
NR

NR, not reported.
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Study results: recruitment

Original population 152
Pre-enrolment exclusions 30
Reasons, e.g. population characteristics Twenty-three known to have diabetes
Seven reasons not reported
(Further 366 were clinic attenders, but did not attend for annual review during time

T =

period of study)
No. invited to participate (A-B) © 122
Refusal to participate D) 31
Reasons, e.g. missing data, etc. Inability to attend owing to work commitments or long distance to travel were ‘usual
reasons’
No. enrolled (C-D) ® 91
Post-enrolment exclusions (F) 0
Reasons, e.g. missing data, etc.
Analysable data (E-F) (©) 9N
Completeness of follow-up (G/C x 100%) 74.6%
Study results: test acceptability
Test 31/122 (25%) refused to participate in study. Only general reasons for refusal given — judgement is that they relate to unwillingness

to return for OGTT as other tests were part of routine review

Study results: accuracy (calculations taken directly from paper)

Screening test Reference test Selectivity, % (95% Cl)  Specificity, % (95% Cl)
RBG (>11mmol/l) Diabetes vs IGT+NGT 33 (7 to 60) 97 (94 to 100)
HbA,  (>6.1%) 83 (62 to 100) 89 (82, 96)
Symptoms: hyperglycaemia and/or unexplained weight loss 58 (30 to 86) 87 (80, 95)
Glycosuria 17 (0 to 38) 97 (94 to 100)
Fasting BG (>7.7mmol/l) 25 (1 to 50) 100

HbA,, >6.1%, glycosuria 92 (76 to 100) 79 (70 to 88)
Symptoms: hyperglycaemia and/or unexplained weight loss,

RBG> 11 mmol/I

HbA, . >6.1%, glycosuria 92 (76 to 100) 74 (65 to 84)
Symptoms: hyperglycaemia and/or unexplained weight loss,

RBG > 8.5mmol/l

HbA, , >6.1%, glycosuria 92 (76 to 100) 65 (54 to 75)
Symptoms: hyperglycaemia and/or unexplained weight loss,

RBG > 6.0 mmol/I

HbA,, >6.1% 92 (76 to 100) 79 (70 to 88)
Symptoms: hyperglycaemia and/or unexplained weight loss,

RBG>11.0mmol/I

HbA, >6.1% 92 (76 to 100) 75 (65 to 84)
Symptoms: hyperglycaemia and/or unexplained weight loss,

RBG > 8.5 mmol/I

HbA,, >6.1% 92 (76 to 100) 65 (54 to 75)
Symptoms: hyperglycaemia and/or unexplained weight loss,

RBG > 6.0 mmol/I

HbA, . >6.1%, RBG>11.0mmol/| 83 (62 to 100) 86 (78 to 94)
HbA, , >6.1%, RBG > 8.5 mmol/| 83 (62 to 100) 84 (7510 92)
HbA, . >6.1%, RBG>6.0mmol/| 92 (76 to 100) 70 (59 to 80)
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Appendix 5

Reasons

for exclusion of screening studies

References

Reason for exclusion

Described
narratively in text

Al-Aloul 2003 (abstract)®**

Allen 1998 (letter)>'®

Allen 1999 (letter)
Bistritzer 1983217

Brennan 2004 (abstract)'”®
Brennan 2006'76

Craigie (unpublished) and
Wilkinson 2008 (abstract)”™
Dobson 2003 (letter) and
Dobson 200419219

Dobson 2005
Franzese 2008%

Garagorri 200123

Hardin 1999 (abstract)"'

Holl 1998 (letter)?'®
Holl 2000 (letter)®2

Huot 19972
Jefferies 2005'%

Khammar 2009'7®

This study examined various indicators of glycaemia in patients with confirmed CFRD, who
were being considered for insulin treatment. No details are given on how diabetes was
confirmed. It was not about screening of people not known to have CFRD. There were only
11 patients. However, it does provide some useful data, including:

= in six patients, only 21% of FPGs were abnormal (no definition of normality given)
= only 18% of HbA, _results were abnormal (not defined)

= taking a non-fasting level of >8mmol/l on BM sticks as abnormal, only 32% of
preprandial levels were abnormal, compared with 91% of 2-hour postprandial

(Letter in response to Yung.) This correspondence followed the publication of the Allen

et al?'® survey of US practice. It has no new data, but provides useful discussion. Useful
comments: ‘Before recommending that all adult patients with CF have annual OGTTs, we
must have solid evidence that a worthwhile intervention is available to those who have
abnormal results’

Expresses reservations about HbA, . (Letter in response to Hunkert 1999)
Early paper on HbA, (notA, ), so now obsolete
Superseded by full paper in 2006

Useful paper, although does not allow a 2 x 2 table. It sets out to assess how good HbA,

is for monitoring diabetic control in CFRD, following the discussions about red cell turnover
and iron deficiency anaemia. It used CGMSs to determine mean PG in CFRD and T1DM.
Conclusion was that HbA, _is a reliable measure in CFRD. The study did not examine the use
of HbA,  in screening for or diagnosis of CFRD. Iron deficiency is common in CF, and iron
deficiency may be associated with higher Hba, , in people with T1DM. Conversely, reduced
red blood cells survival, if present in CF (Allen says evidence for that is weak), would lower
HbA, . There is a statement in the abstract but not the full paper that says ‘Only about 10%
of HbA,  is determined by red blood cells surviving 80-120 days’

Insufficient data for a 2 x 2 table

Cannot be used for screening for diabetes or IGT when no diabetics and IGTs excluded. It is
about PPH, and they do not really compare CGMSs with FOGTT. They say that five subjects
with NGT had raised CGMSs, but not how many also had PPH on OGTT

Microalbuminuria not useful as screening test

Has the right data to populate the 2 x 2 table, but spectrum bias because only those with at
least one PG >7.7 in an OGTT were included, so an exclusion

Twenty-eight patients with CF had OGTTs. Thirteen had IGT or diabetes. HbA, -was no
different between groups, suggesting no use as screening test for IGT. But not a screening
study

Nine adults with CF plus IGT had HbA, _ value ranging from 5.1% to 6.1%. Red cell turnover
was higher than normal in four with poor pulmonary function tests

Comparison of FPG and OGTT. Insufficient data for 2 x 2 table

Same series as 1998 study, but this time looking at HbA, .. Only 4 of 13 patients who
became diabetic had raised HbA, .. Cannot get 2 x 2 table as cannot get data for cells ‘b’
and ‘d’

Insufficient details to be of use

Good data tables but spectrum bias so not to be used. Would imply that FPG was useful. All
had had a previous glucose >7 mmol/l; 19 subjects out of 100 eligibles and all ‘deemed
diabetic on OGTT’, but these 19 merely had no level over 7 mmol/l, so could not be classed
as diabetic. Really, another pilot of CGMS

Excluded because of selection bias of patients who were screened by CGMS — 20 selected
out of all non-diabetic patients — hence, spectrum bias likely

No

No
No
No
No

Yes

Yes

No

Yes

No

No

No
No

No
Yes

No
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Appendix 5

Described
References Reason for exclusion narratively in text
Lanng 1995 and 2000 (full ~ Cannot get 2 x 2 data from paper — only PPV and NPV No
paper and abstract)?3220
Lanng 200118 Good review but no new data No
Ledson 2007% OGTT vs profiles but only in small number of patients admitted with acute lung No
exacerbations. Exclusion
Liou 200622 Only measured adherence to guidelines, which recommend OGTT. Adherence was low No
Loo 1979?28 Not used — insufficient data No
Middleton 2006 OGTT vs HbA, . Mixed results. Of 49 non-diabetics: 17 had abnormal OGTT but normal A, .~ Yes
(abstract)'* Follow-up showed that some subjects with abnormal OGTTs were normal 102 years later
(nos. not given). 1-hour OGTT >11 mmol but normal at 2 hours in seven patients. No 2 x 2
data
Mohan 2007 (abstract)® Exclusion — subjects had been admitted with pulmonary exacerbation, and most were on No
steroids
0'Riordan 2006, 2007 Insufficient data for 2 x 2 table. Nos. do not always match. Test data given in table for Yes
(three abstracts)*¢-1%¢ 6 months’ follow-up but text uses 12 months. Advocates paired OGTT and CGMS but
rationale not clear
Richmond 2008 Uses 27-item questionnaire to predict CFRD, vs OGTT. Preliminary data only No
(abstract)??®
Solomon 2003%° Ninety-four patients: 10—18 had modified OGTTs (FPG and 2 hour); four had CFRD. No data ~ Yes
for 2x 2 table. HbA, and FPG insensitive. CFRD was related to more severe pancreatic
deficiency
Stutchfield 198722 Excluded — too old. Used HbA, in days before HbA,  (HbA, =HbA, + +) No
Thorsteinsson 19957 Insufficient data for assessing screening tests, but useful natural history Yes
Verma 2002 (abstract)??” Concludes that selective OGTT screening as advocated by Yung (gives reference to No
J R Soc Med,® but Yung,'® Thorax 2008, similar) would miss too many patients and that
annual screening of all is required
Watson 2007%% Exclusion. CGMS used as guide for adjusting insulin treatment, not for screening No
Wilkinson 20087 Insufficient data for a 2 x 2 table No
Yung 199722 Very small study in seven patients noting that some had abnormal BGs at intermediate No
intervals after OGTT (e.g. 30 and 60 minutes) but that all OGTTs were normal as defined by
fasting and 2-hour levels. Recommends that RBG should not be used to diagnose CFRD. In
effect results reflect the postprandial, lag storage type of hyperglycaemia
Yung 1999 (letter)?*° Ninety-one adults (> 16 years), Royal Brompton Hospital, London, UK. Reported that No

compared with the OGTT, FBG had a sensitivity of 25% and RBG of 33%. This was based on
only 12 diabetic patients. No specificity data given. Exclusion —no ‘b’ or ‘d’ values
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Appendix 6

Quality-of-life studies not mentioning cystic
fibrosis-related diabetes but with cystic
fibrosis-specific measures

Cystic Fibrosis Questionnaire

Several studies have used the CFQ. The origins of this are reported by Quittner et al.?** CFQ
is a disease-specific measure (or rather ‘measures, as there are versions for children, parents
and adults).

Riekert et al.*** examined associations between lung function, depression and QoL in adults with
CEF, using:

m  FEV divided into good (=70%) and poor (<70% predicted)
m  depression as reported by Beck Depression Inventory (BDI) score 0-63 (high is bad)
m  CFQ teenagers and adults score 0-100 (high is better).

They had a 57% response rate among 133 eligible adults, mean age 31 years (range 19-65 years)
of whom 26% had CFRD. Unfortunately, no results were given separately. The mean FEV was
63% (range 21-116%) of predicted, with 62% <70%.

Thirty per cent screened positive for depression (BDI score > 10).

The CFQ results were proportional to depression scores and to FEV. There was a clear association
between QoL and lung function.

Urquhart et al.** used CFQ-UK to assess the effects of lung function and exercise capacity on
QoL in 35 children aged 11-15 years. The correlation between QoL and lung function tests was
weak, but there was a stronger correlation (r* =0.4) with exercise capacity (VO, peak).

Thomas et al.>** used CFQ and a generic health status measure [Pediatric Quality of Life
Inventory (PedsQL)] to compare outcomes in patients looked after in a city centre clinic and

in country areas, but they also reported the association of QoL and lung function. Thirty-three
teenagers had results suggesting a decline in lung function with age, and this correlated with QoL
as reflected in the CFQ. There was no correlation with lung function in younger children, but
they showed very little decline in lung function. The authors attribute the lack of correlation to
the good lung function in younger children.

Klijn et al.* set out to validate the Dutch version of the CFQ but also provide data comparing
results in mild (FEV >70% predicted, mean was 89%), moderate (FEV 41-70% predicted, mean
56%) and severe disease (FEV <41% predicted, mean 26%). There were clear differences in CFQ
results among these groups but SDs were quite large. The biggest differences were in physical
functioning, especially between moderate and severe disease. However, most differences were not
statistically significant owing to the degree of scatter about the group means, raising doubts about
the sensitivity of the CFQ for reflecting small changes in lung function.
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The CFQ has also been validated in the USA by Quittner ef al.,* who also examined results
after dividing patients into three groups by FEV, these groups having similar bands to those in
the Dutch validation. Again, there were marked differences among these groups, most marked
for physical functioning, role functioning and weight. The authors do not provide data on the
statistical significance of differences in CFQ domains.

Cystic Fibrosis Quality of Life

Gee et al.”¢ used the CFQoL questionnaire to examine associations between various clinical
variables and QoL in 223 patients, and this was one of the few studies to provide any data on
the effect of CFRD. Those with CFRD (49 patients) had lower FEV (mean 41% predicted, 25-75
percentile, range 30-59) than those without (mean 55%, range 41-77). The diabetic and non-
diabetic groups had similar BMIs (both 20 and 21 kg/m?) and ages (26 and 24 years).

The association between FEV and QoL was weak, and the authors conclude that large differences
in FEV would be required before the CFQoL changed significantly.

Studies using generic health-status measures

Child Health Questionnaire
The CHQ covers 10 domains via 75 questions, and is designed to be used by both children and
parents. It has a scale of 0 to 100, with high scores being better.

Powers et al.,”” from Massachusetts, set out to administer the CHQ to 39 adolescent patients,
their mothers and fathers. The response rates were 82% for patients and mothers but only 64%
for fathers. So final results are based on 24 triads. They found a moderate-to-strong relationship
between FEV and QoL but only the correlation coefficient (0.73) is given, not the incremental
relationship or the scatter about the regression line.

Britto et al.,”*® from Ohio, also compared QoL with pulmonary function as measured by
predicted FEV, and with exercise capacity, in 63 children aged 5-17 years, using the CHQ.
Patients aged > 18 years (48 patients) used the SF-36. Although QoL scores fell with %FEV ,

the trend was not statistically significant. Nor was there any association between QoL and the
6-minute walk distance. The strongest determinant of QoL was recent pulmonary exacerbations.

Sawyer,” from Adelaide, used CHQ in a follow-up study of children aged 10-16 years with
diabetes (n=44), asthma (n=40) and CF (n=39), recording results at baseline, 6, 12, 18 and

24 months. This allowed them to compare results of children with those from healthy children,
and among the three diseases, and to look at time trends, albeit over a timescale short relative to
life-time. They also used disease-specific measures, including the CFQoL. Over time, the physical
health scores of the CF children declined from 65 to 56 (described as significant but no p-value
given), whereas there was no change in the diabetic children, and those with asthma showed a
non-significant improvement (55-60).

The same group**® asked parents to assess their children’s QoL using CHQ and found that
children with CF were less healthy than those with diabetes or asthma, and also that the CF
children deteriorated. Children scored their QoL better than their parents did.
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Another comparison of QoL among different childhood conditions was reported by Ingerski et
al**! The authors noted that QoL was poorer in children with CF than in healthy children, was
about the same as in children with T1DM, but was better than in obese children.

Nottingham Health Profile
Congleton,** from London, assessed QoL in 240 adults (> 16 years) with CFE, using the
Nottingham Health Profile, with a small CF supplement. They then compared the results with
healthy people (from a community survey) and with people who had other conditions.

The patients with CF had significantly worse scores in energy, pain and social isolation (men) or
pain, emotion and sleep (women). Men showed a decline with age compared with the general
population, but women did not.

Both men and women reported more problems of daily living than the general population, with
five scores of around 30% problem frequency in the men with CF compared with <10% in the
men in the community survey. There were similar, but fewer, marked increases in problems

in women.

However, when the CF scores were compared with those from patients with other conditions, CF,
surprisingly, came out better than pregnancy and peripheral vascular disease, and about the same
as ‘minor non-acute conditions’ (such as varicose veins and hernias).

The Quality of Well-Being scale

The Quality of Well-Being (QWB) scale, which is not specific to any disease, was first validated
for use in CF by Orenstein ef al.*** in a mixed group of adults and children. However, Kotwicki
and colleages®* found it less useful in children, although they did conclude that some children
found the treatment worse than the disease.

Suri et al.*** used QWB in a treatment trial in a group of children, and also found it had short-
comings, including that it was not sensitive to clinically meaningful changes and that it had
‘uncertain applicability to children and adolescents.

European Quality of Life-5 Dimensions

The EQ-5D, sometimes also called the EuroQol, is a generic measure of health based on the five
domains of mobility, self-care, usual activities, pain/discomfort and anxiety/depression. Each
domain is scored on three levels, for no problems, some problems or severe problems, but there is
also a visual analogue scale (VAS) option with a scale of 0 to 100. EQ-5D is the measure preferred
by NICE because it can provide utilities for cost-effectiveness analysis. There is now a version for
use in children: the EQ-5D-Y.

Eidt-Koch et al.,* from four CF centres in Germany, carried out a study in which they
administered both the EQ-5D-Y and the CFQ to 96 patients aged 8-17 years. They found good
but not perfect correlations with the CFQ, suggesting that the EQ-5D-Y could be used for
assessing changes in utility in young patients with CE There was higher correlation with the VAS.
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Other studies

From the Netherlands, de Jong et al.**” contribute a small study of 15 patients with CF and a
control group. They report pulmonary function, exercise capacity, dyspnoea and QoL using the
Sickness Impact Profile (SIP). They found marked effects on physical functioning scores (5.4 vs
0.7), but no significant difference in psychosocial ones (possibly because of numbers, because the
scores were 2.65 and 1.04). SIP scores deteriorated as exercise capacity and dyspnoea scores did,
but did not correlate with FEV .

Bradley et al.**® from Belfast also reported little correlation between QoL and spirometric
measures of lung function, this time using the Chronic Respiratory Disease Questionnaire, in a
study concerned mainly with amending that tool for use in CF.

Goldbeck et al.,** from Munchen, carried out a feasibility study to measure QoL in a CF clinic.
(The authors note that the usual way of doing so is to ask ‘How are you?’) They set out to see

if sequential measurement of QoL would be feasible, using the Questions on Life Satisfaction
[FLZ(M)] questionnaire and doing so in parallel with lung function tests.

They studied 108 patients over 18 months, from an initial population of 148, all aged > 15 years.
The interest from our perspective is what most determined QoL. There were correlations of QoL
with acute infective exacerbations and colonisation with Pseudomonas. However, neither slow
declines in pulmonary function nor FEV affected QoL. QoL was generally quite stable over the
18-month period.

Goldbeck and Schmitz**° compared the SF-36, the FLZ(M) (questions on life satisfaction)
questionnaire and a QoL profile for chronic diseases (Quality-of-Life Profile) in 70 adolescents
and adults with CF. They included a control group of healthy peers, which gives us data on the
impact of CF on QoL. The SF-36 results showed poorer QoL in the CF adolescents on most
dimensions, especially general health, physical functioning and vitality. There was little difference
in mental health or social role functioning.

Weiner et al.,*! from Boston, carried out a literature review examining costs, QoL and
compliance with treatment. The cost data are useful and are referred to elsewhere. They did

not consider CFRD and it is not mentioned. Their main interest was in the use of antibiotics,
particularly tobramycin, and the review was funded by Novartis, the manufacturer of tobramycin.

Cruz et al.*? reviewed the literature on anxiety and depression in CF, concluding that both were
more common than in the general population, with anxiety commoner but depression probably
more important. However, they also concluded that the body of evidence was based on too many
small studies from single centres, using a wide range of instruments. The same group** had
reported that depression was commoner in people with CF and in parents of children with CF.
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Appendix 7

Ongoing studies
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Appendix 8

Project description from original
grant application

1. Title

Screening for cystic fibrosis related diabetes and impaired glucose regulation, HTA 07/45.

2. Background

2.1 Cystic fibrosis
Cystic fibrosis is an autosomal recessive disease occurring in from about 1 in 1984 children in
Scotland,! to 1 in 2415 in the whole UK,? to about 1 in 2650 live births in Italy.?

The gene defect leads to a defect in a protein called cystic fibrosis transmembrane regulator
(CFTR), a cAMP-dependent chloride channel. This affects the water and electrolyte composition
of secretions in various organs including the pancreatic ducts and airways, leading to viscous
tenacious secretions. The viscid lung secretions render the patients very prone to repeated
infections. The lung is colonised by atypical bacteria such as pseudomonas, and once severe lung
disease is established, death follows from respiratory failure unless lung transplantation can be
provided. The intense neutrophil recruitment in the lungs, with associated release of products
such as neutrophil elastase, results in further tissue damage with an inflammatory element,
which may be treated with anti-inflammatory agents including corticosteroids. An asthma-like
component may be seen.

The effect on the pancreas causes deficiency of digestive enzymes, leading to malabsorption of
undigested foods and under-nutrition. Although the primary defect is of exocrine secretion,
the islet cells which are initially preserved may become damaged with time. Other recognised
problems include hepatic cirrhosis, and infertility in males.

The UK Cystic Fibrosis database (http://cystic-fibrosis.org.uk accessed July 2007) has data from
specialist centres in the UK (but may not be complete), and recorded 7046 people with CF in
2004. There were 123 deaths in that year with a mean age at death of 27.6 years. 15% of patients
were over 30.

22 Cystic fibrosis related diabetes (CFRD)
The incidence of diabetes is related to duration of CF, and with the significantly improved
survival into adulthood, more are surviving long enough to develop diabetes. Dodge and
colleagues (2005)* reported that CF was no longer an important cause of death in children in the
UK. Better treatment means that about half are expected to survive beyond the age of 50.° So a
higher proportion will develop diabetes than in the past.

The proportion that develops CFRD depends on age at which prevalence is reported,
comprehensiveness of screening, genetic factors, and possibly other factors (to be determined
from the systematic review). Reports of the prevalence of CFRD have risen from 3-10% in 1969,
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to 14-30% in the early 1990s (see Mackie 2003 for review).® Similar numbers have impaired
glucose tolerance (IGT). The average age at onset is 20. In the over-30s, about 40% have diabetes
and 30% have IGT”

The UK Cystic Fibrosis database (2004) reported that 39% of those over 10 years and who had
been tested, were diabetic. For the over 30-year olds it was 59%. 47% of the over 10s had not been
tested. In the 15 year olds, 9% had diabetes and another 8% were classed as glucose intolerant.

CFRD is characterised by insulin deficiency,® with an approximately 50% loss in 3-cell mass,
which is similar to that seen in type II diabetes mellitus patients.” This occurs after fibrosis and
fatty infiltration of the pancreas.® Many, but not all, of the islets are destroyed.” The glucagon and
pancreatic polypeptide secretions are also reduced,” because whole islets are destroyed, unlike the
B-cell specific defect seen in type 1 diabetes.'® Islet amyloid deposits are also within the B-cells.
However, it is not clear if the amyloid accumulates during the disease process or if it contributes
to B-cell dysfunction.®

So CFRD does not fit into the definitions of either type 1 or type 2 diabetes. It is more like T2DM
in that there are functioning islet cells, but with a reduced total beta cell capacity. However
patients are not overweight and are not, at least initially,' insulin resistant, though those with
IGT appear more likely to have insulin resistance, and others may have resistance during infective
exacerbations (see Brennan 2004 for review).!! It also resembles T2DM in that onset can be
insidious (hence the putative need for screening). However treatment is usually with insulin
because of the reduced beta cell mass, though sulphonylureas have been used. Repaglinide has
also been shown to reduce postprandial glucose, though not as effectively as insulin lispro.'?

As people with CF live longer, they may acquire not only diabetes but its complications such as
retinopathy and nephropathy.”*-'* However two complications are particularly important. The
first is the direct effect of diabetes on the lung. The second is increased growth of some bacteria
due to elevated glucose levels in pulmonary tissue and secretions.

Lung function in diabetes mellitus
Diabetes itself can affect the lung. This was reviewed in detail in our technology assessment

report on inhaled insulin (to be published in September - full version available on request).
In brief:

m  diabetes is associated with loss of lung recoil, and a greater rate of decline in lung function
with increasing age than in normal subjects. This makes the lungs a little stiffer to inflate/
deflate. The pulmonary function tests which measure the ability to breath out rapidly (forced
expiratory volume in one second — FEV - and the volume of air expelled after a deep breath
— forced vital capacity or FVC) show some reduction

m there are changes in small blood vessels, similar to those seen in the kidney but less marked

m the diffusion capacity, as measured by diffusion of carbon monoxide (DLco),
is slightly reduced, probably due to changes in the alveolar epithelium and the
pulmonary microvasculature.

In diabetes, pulmonary effects are slight and usually subclinical. However in people with CF, in
whom pulmonary function is impaired, the changes due to diabetes itself may have a greater
impact. It is also worth noting that some of the microvascular changes considered characteristic
of diabetes, may also be seen in IGT. In the Diabetes Prevention Programme, 10% of those with
only IGT had retinopathy.'
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Some of the lung changes appear to be related to control, so if treatment improves control, it
might have beneficial effects on lung function. Insulin treatment has been reported to improve
lung function.”

Bacterial growth

Brennan and colleagues' reported that elevated blood glucose levels led to elevated glucose in
the airways, and that growth of S. aureus and P. aeruginosa was increased when airway glucose
was elevated.

2.3. Terminology
In this proposal, the following categories of glucose status will be used.

1. Normal glucose tolerance. Normal glucose tolerance (NGT) requires both fasting PG of
under 5.6 mmol/], and 2-hour under 7.8 mmol/l 2 hours after a 75g glucose load.

2. Diabetes is defined as fasting plasma glucose over 7.0mmol/l and/or 2-hour OGTT level
of over 11.1 mmol/l, except that the diagnosis must be confirmed - a single glucose level is
not enough.

3. Impaired glucose tolerance (IGT) is based on a 2-hours OGTT level of 7.8 to 11.1 mmol/l.

4. Impaired fasting glucose (IFG) means a fasting PG between 6.1 and 6.9 mmol/l, as used by
WHO (Alberti 1998). The American Diabetes Association defines it at a lower threshold
of 5.6 mmol/l. The WHO system does not give any name to those with FPGs of 5.6 to
6.0mmol/l, who are above normal but under the IFG threshold.

5. Postprandial hyperglycaemia (PPG). There are patients in whom PG after a meal is
abnormally high for the first hour or so, but returns to normal by 2 hours. The term ‘lag
storage’ has been used in the past. Unpublished data from the Royal Hospital for Sick
Children in Glasgow (Craigie and colleagues, submitted for publication) show that many
patients have high PG levels at 30, 60 and 90 minutes but normal fasting and 2-hour levels.
Some of these results are into the range for random blood glucose at which diabetes would
be diagnosed.

The WHO criteria for diabetes are based on the risk of harms such as retinopathy. It may be that
the threshold for harm in cystic fibrosis, such as bacterial growth, may have a different threshold,
and one by-product of this review, or of subsequent primary research, may be to produce a
definition of CFRD.

We also need to take into account the occurrence of temporary disturbances of glucose regulation
in CF, for example during infectious episodes or steroid treatment.

24 Screening for CFRD
Screening for CFRD is necessary because the onset can be insidious, and because it can cause
harm before diagnosis. But two other conditions may cause harm. The first is IGT, which as
mentioned above, can be associated with microvascular disease.'® IGT is also associated with a
reduction in lung function (FEV and FVC). A survey in the USA by Allen and colleagues® found
a wide range of screening practices and tests, with random PG the most common, followed by
HbA , and urinary glucose. Very few used the OGTT.

The second is PPG, because it has been suggested that PPG may lead to end-products of
glycation, which may cause irreversible damage. Gerich notes that isolated PPG, with normal
fasting PG and normal HbA , is associated with an increase in vascular disease.”’ Though he
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was referring to 2-hour PG. Hanefield and colleagues reported that glycaemic excursions were
associated with carotid intimal thickening in non-diabetic subjects.”> The systematic review will
examine the evidence for harm in people with CF and isolated PPG. If the review of treatment
shows that PPG does harm, and can be effectively treated, it will be included in modelling.

If we should be concerned with PPG, or even just IGT, then that has implications for the choice
of screening test. Fasting PG would not be satisfactory. Most guidelines recommend an annual
OGTT, but it appears that due to the cost, inconvenience and unpleasantness of that test, that the
guidelines are largely ignored in practice.

It is therefore necessary to consider:

= whether other tests such as HbA , continuous blood glucose monitoring or home serial
capillary blood glucose profiles could be used. Even tests not as sensitive (perhaps such as
HbA ) might still detect more cases in practice due to better compliance. A test which is
100% sensitive but which has only 50% acceptance will detect 50% of cases; one which has a
sensitivity of 80% and an acceptance of 80% will detect 64% of cases.

m  whether combinations of tests might give better overall results, for example if screening was
done in two or more stages. Such as by HbA, _in the first instance, with patients divided into
three groups:

- HbA,_negative for diabetes. The cut-off value might be under 5%, but this would need
to be reviewed following the systematic review. Anaemia is common in adults with CF
(43% in a study by Drygalski and Biller 2006),> and any reduction in red cell life would
give misleadingly good HbA _results. Anaemia was much less common in children, so
HbA _might be useful for screening for them, but not for adults.

- HbA,_diagnostic for diabetes (perhaps 6.0%).

- Intermediate HbA _(say 5.1-5.9%, depending on literature review findings) followed
by OGTT.

The sequence with HbA _or random PG first might allow many patients to avoid OGTT.

In T2DM, HbA_is influenced in the early stages more by non-fasting PG than fasting PG.**
Whether it would be sensitive enough to pick up isolated PPG (without IGT) remains to be
examined. The sensitivity would depend on the threshold at which patients were referred
for OGTT.

Other tests include:

®  Automated serial blood glucose monitoring
m  Home blood glucose testing with sticks and meters - blood glucose profiling (BGP).

Again, as with OGTT, these could be used on all patients, or only on those shown likely to have
CFRD or IGT after a preliminary screen with, for example, HbA _or a casual PG.

Yung and colleagues (1999)* reported that a combination of abnormal HbA _and/or abnormal
random PG and/or weight loss or symptoms of hyperglycaemia identified 11 out of 12 who had
diabetes on OGTT.

Automated blood glucose monitoring is done by inserting a disposable glucose monitor under
the skin, connected to a meter worn externally. A chemical reaction generates a current which is
proportional to the level of glucose in the tissues. Strictly speaking it is interstitial tissue glucose
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which is monitored. A review by the Australia and New Zealand Horizon Scanning Network
(ANZHSN 2006)* noted that continuous blood glucose monitoring systems seemed to be better
at detecting hyperglycaemia than hypoglycaemia, a problem which would not be relevant to its
use in screening for CFRD. All the trials reported in the ANZHSN review were in people with
diabetes; no use in screening was found.

Craigie and colleagues in the Royal Hospital for Sick Children in Glasgow have used BGP in
children with CF, and have data (submitted for publication) showing that home glucose profiling
is more acceptable than the annual OGTT (so far, 100% acceptance of profiles versus 50%
acceptance of OGTT) and had a number of advantages, including:

It reflects “real-life” situations such as activities and meals

The technique is widely available and understood by all diabetes services

It does not require hospital attendance, once the technique is taught

It is relatively inexpensive, for example compared with CGMS

It is readily accepted by patients

It can be used to directly demonstrate the relationships between specific foods and
blood glucose

m It provides multiple readings over a 24 hour period.

But there are also some disadvantages:

Waking is necessary to do overnight testing

There is not the same 24-hour profile as obtained with CGMS
Capillary blood glucose may be 10-15% higher than venous BG
The expense of the meter and testing strips

The need for repeated skin pricks.

Fasting plasma glucose, even using the lowered ADA criteria for IFG, is considered insufficiently
sensitive for screening for CFRD.”

3. Research objectives
There are two questions to be addressed:
1. Does screening for diabetes or lesser disturbances of glucose metabolism in people with
cystic fibrosis improve outcomes?

2. If, what is the best screening test or combination of tests?

If the answer to the first question is negative, the second need not be addressed.

4, Methods

4.1 The survey of current practice in the UK
We propose to do this by sending a brief questionnaire out via Cystic Fibrosis Trust network
of centres (http://www.cftrust.org.uk/aboutcf/cfcare/ukcfcentres), but would also contact the
British Thoracic Society, the British Paediatric Respiratory Society, and the Scottish Cystic
Fibrosis Group.
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We also propose a survey of the views of people with CF on screening options, and have
approached the CF trust, which has indicated willingness in principle to collaborate. The
intention would be that we would provide a set of scenarios for the different test strategies
combined with a questionnaire which they would send to members. Anonymised replies would
come back to us.

4.2 The systematic review of evidence on screening
Modelling
We have produced a pilot clinical model, and three extracts are attached, for illustrative purposes
only, considering three broad approaches:

m  The zero option of no screening, included as a baseline for future economic appraisal

® A one-stage screening approach, using OGTT in this extract

m A two stage approach, for example, an initial screen with HbA _followed by OGTT after
borderline results.

The model would be further developed as part of the project. Once fully developed, it would
allow costing of pathways and some consideration of cost-effectiveness issues. We suspect that
data deficits would mean that primary research might be needed before definitive costs per
QALY could be produced, but some ranging estimates based on plausible hypotheses could be
produced. These would help to indicate the screening strategies most likely to be worth testing in
a randomised trial.

The model allows us to consider the data requirement from the systematic review to be produced.
For points indicated by numbers on the model extracts, these are as follow.

1. The baseline “natural history” arm is included as the “no screening” option, which provides
the baseline against which the cost-effectiveness of other options can be tested. There will be
three groups:

- Those who do not develop diabetes or IGT in their lifetimes
-  Those who do become diabetic but are never diagnosed
—  Those who become diabetic because of symptoms and are diagnosed and treated.

The data requirements here include:

what proportion of people with CF will develop diabetes and at what ages?

of these, how many will develop symptoms of diabetes, and be diagnosed and treated?
how long after the onset of diabetes would symptoms occur?

how much does treatment of diabetes extend life and improve quality of life, in those
developing symptoms?

L.

Important intermediate outcomes are likely to include the rate of lung function development
in children, and the rate of decline with adult ageing, and possibly other features such as
liver disease.

2. Before considering the screening options, we need to review the advantages of diagnosis of
CFRD. What is the best treatment? The beta cell loss might imply that the best treatment
is insulin, but at the earlier PPG stage, is there a place for sulphonylureas or meglitinide
analogues? How successful is treatment, in terms of extending life and quality of life? Does
control of PG affect the frequency or severity of pulmonary infections? Would admissions to
hospital be reduced?
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A systematic review of treatment and outcomes would be required.

3. Screening with OGTT. Having clarified the natural history and the benefits of treatment, we
would then consider screening options. In line with current guidelines,*® our first screening
option would be the OGTT, assumed to be applied annually.?” Data requirements at point
3 include:

- The sensitivity, specificity, negative and positive predictive values (the screening results)?

- What is the acceptance rate for OGTT in practice?

— At what age should screening start? The answer might be when the benefits of detecting
and treating those with diabetes are high enough to justify the costs to NHS and patients
of screening. The key determinant would be prevalence by age, followed by the success
of treatment.

- The costs of screening by annual OGTT. The benefits would be obtained from the
systematic review in stage 2 above.

This arm of the model needs five initial branches:

m  Screening accepted, CFRD diagnosed, treatment initiated and benefits obtained.

m  Screening accepted, diabetes excluded (for the time being), patient reassured.

m  Screening declined, but symptoms develop and treatment is started, but at a later stage, hence
allowing some hyperglycaemic damage to have occurred.

m  Screening declined, diabetes develops but is not diagnosed in patient’s lifetime, which is
shortened because of the diabetes.

m  Screening declined, but diabetes does not develop.

The outcomes in the second group would be as for the non-diabetic group in the baseline no
screening option. The outcomes in the third and fourth groups might be worse than in the
relevant groups in the no-screening option, since declining screening may be associated with
other less than optimal health behaviours. The literature review will need to consider this.

However, those who decline OGTT screening might accept other forms of screening such as
HbA, . Additional arms could be added wherein those who decline are offered screening by
other means.

One-stage screening with HbA , CGMS or glucose profiles would have similar data requirements
and arms in the model.

Two-stage screening

We know that the alleged gold standard of the OGTT is not popular with patients, and the results
of the American survey show that it is little used. If we conclude from the review above that the
OGTT is best, another option is to have two-stage screening with only some patients going on

to OGTT.

For example (please see extract from model), HbAlc could be used as the first test, with
patients being divided into three groups (the precise thresholds would be determined by the
systematic review):

= HbA _under 5.0% - classed as not diabetic or IGT
= HbA _of 6% of over — assumed to have diabetes or IGT
= HbA >5and<6- referred for OGTT.

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Waugh et al. under the terms of a commissioning contract issued by the
Secretary of State for Health.



168 Appendix 8

Far fewer patients might need OGTT, and the suspicion of diabetes might give a better
acceptance rate. It assumes that HbA, _is not good enough on its own, but that remains to be
assessed in the review.

HbA _could also precede tests such as CGMS and glucose profiling.
The current recommendation is for annual screening but other options should be considered.

Methods of systematic review of clinical effectiveness
Standard HTA methods would be used.

Literature searches would be done of selected bibliographic databases - MEDLINE, EMBASE,
The Cochrane Library (reviews, CENTRAL, HTA and DARE). See appendix 1.

Reference lists of relevant studies would be checked.
Searches have been done for research in progress.
Inclusion criteria will be specified in advance and will include:

m  For clinical effectiveness of treatment of CFRD and IGT, randomised controlled trials of any
therapies used, compared with a baseline of no treatment (if available).

m  For effectiveness of screening options, studies reporting screening parameters and/or
acceptance rates. Ideally, we would find randomised trials of screening but we do not think
there are any.

Search products (titles and abstracts in a Reference Manager database) will be screened
independently by two reviewers. Any discrepancies will be resolved by discussion, involving a
third reviewer if necessary.

Data extraction forms will be developed and piloted. Data will be extracted by one reviewer and
checked by a second. (We are aware that double data extraction is recommended by some people
but we do not think this is cost-effective because there is usually good agreement between data
extractors (Haywood et al 2004) and when discrepancies do occur, they are usually minor (Jones
et al 2005). However we would do it if required by the HTA Programme, at extra cost.)

Quality assessment of studies will be done using:

m  For trials, the usual criteria such as security of randomisation, baseline matching of
participants, numbers recruited and losses to follow-up, intention to treat analysis, as per
CRD report 4.

m  For screening studies, we will use a modification of the QUADAS criteria (see appendix 2).

Methods of analysis
Data will be tabulated and discussed in a narrative review.

If data permit, results will be synthesised in meta-analyses, using Review Manager software.
Checks for heterogeneity would be carried out first.

For screening options, receiver operator characteristic (ROC) curves will be produced if
sufficient data are available. Areas under the curves (AUC) will be derived to compare the
performance of tests.



DOI: 10.3310/hta16240 Health Technology Assessment 2012; Vol. 16: No. 24 169

Outcomes
We will seek data on the following outcomes:

Primary outcomes:

Mortality

Morbidity such as respiratory disease and complications of diabetes

Quality of life

And if possible will summarise the above as quality adjusted life years and cost per QALY.

Secondary outcomes will include (if data allow):

Measures of nutritional status
Measures of lung function
Frequency of IV antibiotics
Hospital admissions

Time spent on physiotherapy.

Test accuracy will be reported but is not classed as an outcome. Other process measure will
include cost per test and cost per case found.

Cost-effectiveness: systematic review of existing
economic evaluations

Inclusion criteria: We would include studies that evaluate screening for CFRD in general, and
individual tests, in terms of both costs and outcomes.

Data extraction: Data would be extracted on the strategies compared, study population, dates,
measures and source of effect, costs, price year and currency, results including any sensitivity
analyses, and structure and form of analysis (patient-level data or model).

Quality assessment: Existing economic evaluations will be critically appraised using the BMJ
guidelines for reviewers of economic evaluations.*® Any models will be assessed against
guidelines for good practice in modelling.*!

Data synthesis: A narrative synthesis will be conducted, presenting data for relevant subgroups
where possible. It will also distinguish between studies that relate to a measure of diagnostic
performance and those that relate to outcomes such as health gain.

However, our preliminary searches of MEDLINE, EMBASE and the CRD databases including
NHS EED, and using Google for costs and economics of CFRD, have found nothing. A rapid
search on costs and economics of CF found some studies but from the abstracts, none report the
costs for CFRD.

Cost-effectiveness: assessment of cost-effectiveness
A full economic model will be developed. It will identify possible pathways from initial screening
to the costs and consequences for those who receive correct and incorrect diagnoses, and of
non-diagnosis for those who decline screening, or are not selected for screening (for example
according to age thresholds for starting screening).
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The economic model will consider short term and long-term costs and consequences. Costs will
include those of the test options, and of other health service costs. Potential costs to patients

of different screening strategies will be based on estimates from the literature, or from clinical
experts, or from the survey of patient views.

The model would have at least six arms — no screening, OGTT, HbA  , CGMS, glucose profiling,
and one or more sequences. Each would have similar terminal branches, and the clinical
effectiveness would depend on the proportions going down each branch. If we assume 1000 going
down each arm, we can then derive the net QALYs from the proportions. The costs of each can
also be derived, including not just those of screening but subsequent treatment and outcomes.
The most cost-effective screening option can then be compared with no screening to tell us
whether screening is cost-effective.

Discounting of future costs and QALYs would be done using 3.5% for both costs and QALYs.
The results of the model will be presented:

m  Firstly, in terms of a cost-consequence analysis (proportion of patients screened; number of
cases detected; cost per case detected)

m  Secondly, as incremental cost-effectiveness ratios, and as cost per QALY if utilities can
be derived

m  Thirdly, we will explore uncertainties using sensitivity analyses, for example applying the 95%
confidence intervals around the screening parameters and treatment outcomes.

If data permit, the relative cost-effectiveness of different screening intervals will be assessed.

Modelling software
The model we are proposing would require a sophisticated simulation software package. The
model would be dynamic, with screening would be carried out at least annually, if not more
often. Thus, this requires discrete event simulation (DES) modelling; an event occurs (screening)
at specific times and so a model is required that can move the simulation clock to the next
time an event occurs. There are many DES simulation packages available to use. One of these
is Simul8. It is a user-friendly simulation software that can also be linked to Visual Basic for
Applications (VBA), a programming tool used in Excel. In addition, the processes being carried
out in the model are very clear visually and are easy to comprehend.

Assessment of the case for screening against the NSC criteria
The National Screening Committee has a set of criteria, developed from those originally drawn
up by the WHO. Not all are relevant to screening for CFRD, but appendix 3 (excised for space
reasons, but available on request) lists those which are most relevant, and we would assess the
case for screening against these in the Discussion of the report.

References

1. Brock DJ, Gilfillan A, Holloway S. The incidence of cystic fibrosis in Scotland calculated from
heterozygote frequencies. Clinical Genetics 1998;53:47-9.

2. Dodge JA, Morison S, Lewis PA, Coles EC, Geddes D, Russell G et al. Incidence, population,
and survival of cystic fibrosis in the UK, 1968-95. UK Cystic Fibrosis Survey Management
Committee. Archives of Disease in Childhood 1997;77:493-6.



DOI: 10.3310/hta16240 Health Technology Assessment 2012; Vol. 16: No. 24 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Assael BM, Castellani C, Ocampo MB, Iansa P, Callegaro A, Valsecchi MG. Epidemiology
and survival analysis of cystic fibrosis in an area of intense neonatal screening over 30 years.
American Journal of Epidemiology 2002;156:397-401.

. Dodge JA, Lewis PA. Cystic fibrosis is no longer an important cause of childhood death in

the UK. Archives of Disease in Childhood 2005;90:547.

. Dodge JA, Lewis PA, Stanton M, Wilsher J. Cystic fibrosis mortality and survival in the UK:

1947-2003. European Respiratory Journal 2007;29:522-6.

Mackie AD, Thornton SJ, Edenborough FP. Cystic fibrosis-related diabetes. [Review] [145
refs]. Diabetic Medicine 2003;20:425-36.

Milla CE, Warwick WJ, Moran A. Trends in pulmonary function in patients with cystic
fibrosis correlate with the degree of glucose intolerance at baseline. American Journal of
Respiratory & Critical Care Medicine 2000;162:t-5.

. Yung B, Noormohamed FH, Kemp M, Hooper J, Lant AF, Hodson ME. Cystic fibrosis-related

diabetes: the role of peripheral insulin resistance and beta-cell dysfunction. Diabetic Medicine
2002;19:221-6.

. Couce M, O’'Brien TD, Moran A, Roche PC, Butler PC. Diabetes mellitus in cystic fibrosis is

characterized by islet amyloidosis. ] Clin Endocrinol Metab 1996;81:1267-72.

Dobson L, Sheldon CD, Hattersley AT. Understanding cystic-fibrosis-related diabetes: best
thought of as insulin deficiency?. [Review] [78 refs]. Journal of the Royal Society of Medicine
2004;97(Suppl.):35.

Brennan AL, Geddes DM, Gyi KM, Baker EH. Clinical importance of cystic fibrosis-related
diabetes. [Review] [97 refs]. Journal of Cystic Fibrosis 2004;3:209-22.

Moran A, Phillips J, Milla C. Insulin and glucose excursion following premeal insulin lispro
or repaglinide in cystic fibrosis-related diabetes. Diabetes Care 2001;24:1706-10.

Andersen HU, Lanng S, Pressler T, Laugesen CS, Mathiesen ER. Cystic fibrosis-
related diabetes: the presence of microvascular diabetes complications. Diabetes Care
2006;29:2660-3.

Dobson L, Stride A, Bingham C, Elworthy S, Sheldon CD, Hattersley AT. Microalbuminuria
as a screening tool in cystic fibrosis-related diabetes. Pediatric Pulmonology 2005;39:103-7.

Lanng S, Thorsteinsson B, Lund-Andersen C, Nerup J, Schiotz PO, Koch C. Diabetes mellitus
in Danish cystic fibrosis patients: prevalence and late diabetic complications. Acta Paediatrica
1994;83:72-7.

Diabetes Prevention Program. The prevalence of retinopathy in impaired glucose tolerance
and recent-onset diabetes in the Diabetes Prevention Program. Diabet Med 2007;24:137-44.

Drummond RS, Love A, Semple K, Bicknell S, Ross E, Small M et al. The favourable effect of
insulin upon pulmonary function in patients with cystic fibrosis correlates with the degree of
glucose intolerance at baseline. Diabetic Medicine 2006;23:43.

Brennan AL, Gyi KM, Wood DM, Johnson J, Holliman R, Baines DL et al. Airway glucose
concentrations and effect on growth of respiratory pathogens in cystic fibrosis. Journal of
Cystic Fibrosis 2007;6:101-9.

Rolon MA, Benali K, Munck A, Navarro J, Clement A, Tubiana-Rufi N et al. Cystic fibrosis-
related diabetes mellitus: clinical impact of prediabetes and effects of insulin therapy. Acta
Paediatrica 2001;90:860-7.

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Waugh et al. under the terms of a commissioning contract issued by the
Secretary of State for Health.



172 Appendix 8

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Appendix 1

Allen HE, Gay EC, Klingensmith GJ, Hamman RE Identification and treatment of cystic
fibrosis-related diabetes. A survey of current medical practice in the US. [see comment].
Diabetes Care 1998;21:943-8.

Gerich JE. Clinical significance, pathogenesis, and management of postprandial
hyperglycemia. Arch Intern Med 2003;163:1306-16.

Hanefeld M, Koehler C, Schaper E, Fuecker K, Henkel E, Temelkova-Kurktschiev T.
Postprandial plasma glucose is an independent risk factor for increased carotid intima-
media thickness in non-diabetic individuals. Atherosclerosis 1999;144:229-35.

von Drygalski A, Biller ]. Anemia in cystic fibrosis (CF): Prevalence, mechanisms and
correlation with pulmonary function. Blood (ASH Annual Meeting Abstracts) 2006;108:Poster
Board Session 414-1.

Monnier L, Lapinski H, Colette C. Contributions of fasting and postprandial plasma glucose
increments to the overall diurnal hyperglycemia of type 2 diabetic patients: variations with
increasing levels of HbA(1c). Diabetes Care 2003;26:881-5.

Yung B, Kemp M, Hooper ], Hodson ME. Diagnosis of cystic fibrosis related diabetes: a
selective approach in performing the oral glucose tolerance test based on a combination of
clinical and biochemical criteria.[see comment]. Thorax 1999;54:40-3.

Australia and New Zealand Horizon Scanning Network. Continuous Glucose Monitoring
Devices: Horizon Scanning Report. 2006 http://nzhta.chmeds.ac.nz/publications/finalcgmd.
pdf (accessed 6 August 2007)

Mueller-Brandes C, Holl RW, Nastoll M, Ballmann M. New criteria for impaired fasting
glucose and screening for diabetes in cystic fibrosis. European Respiratory Journal
2005;25:715-17.

UK Cystic Fibrosis Trust Diabetes Working Group. Management Of Cystic Fibrosis Related
Diabetes Mellitus. 2004 http://www.cftrust.org.uk/aboutcf/publications/consensusdoc/
diabetes.pdf

Scottish Intercollegiate Guidelines Network. Management of Diabetes: SIGN Publication
No. 55. 2001 http://www.sign.ac.uk/guidelines/fulltext/55/index.html

Drummond ME, Jefferson TO. Guidelines for authors and peer reviewers of economic
submissions to the BMJ. The BMJ Economic Evaluation Working Party. BMJ
1996;313:275-83.

Philips Z, Ginnelly L, Sculpher M, Claxton K, Golder S, Riemsma R et al. Review of
guidelines for good practice in decision-analytic modelling in health technology assessment.
Health Technol Assess 2004;8:iii-xi, 1.

CFRD search strategy
Due to the relatively small amount of publications available, a sensitive search would be done to
capture all aspects of the CFRD literature.

The journal literature will be searched using MEDLINE, EMBASE, the Science Citation
Index and all sections of The Cochrane Library (including the Cochrane Database of
Systematic Reviews, CENTRAL and the Health Technology Assessment Database).
The MEDLINE search strategy below will be used and appropriately adapted for the
other databases:
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(cystic fibrosis adj2 diabetes).tw
exp Cystic Fibrosis/

exp Diabetes Mellitus/

2and 3

lor4

limit 5 to english language.

A e

m  The meeting abstracts of the Annual Meetings of the American Diabetes Association (ADA),
the European Association for the Study of Diabetes (EASD), the European Cystic Fibrosis
Society (ECFS), the North American Cystic Fibrosis Conference and the Australasian Cystic
Fibrosis Conference will be searched for recent literature that has not yet been published
in full.

m  Research in progress will be searched for using the National Research Register and Current
Controlled Trials

m  The internet will be searched for grey literature publications and reports, including those of
the Cystic Fibrosis Trust UK and similar organisations worldwide.

m  Experts in the area will be contacted for unpublished studies.

Appendix 2
DRAFT quality assessment checklist (derived from QUADAS tool)

Study ID: Paper no:

Assessor initials: Date assessed:
Item Yes No Unclear
1 Was the spectrum of patients representative of the patients who will receive the test in practice?
2 Is the reference standard likely to correctly classify the target condition? Our default will be that the
OGTT will be used as the reference standard
3 Is the time period between the reference standard and index test short enough to be reasonably

sure that the target condition did not change between the two tests? We will take one month as the
maximum interval

4 Did the whole sample or a random selection of the sample receive verification using a reference
standard of diagnosis?

5 Did patients receive the same reference standard regardless of the index test result?

6 Was the reference standard independent of the index test (i.e. the index test did not form part of the
reference standard)? This would apply if fasting plasma glucose was the index test

7 Were uninterpretable/intermediate/test results reported? This might not be relevant but anaemia and
HbA, might be an example where it is.

8 Were withdrawals from the study explained?

9 If a cut-off value has been used, was it established before the study was started (prespecified cut-off
value)?

10 Is it unlikely that the technology of the index test has changed since the study was carried out?

11 Did the study provide a clear definition of what was considered to be a ‘positive’ result?

12 Was treatment withheld until both the index test and reference standard were performed?

13 Were data on test methods reported; for example was HbA, aligned with DCCT?

14 Were data presented for appropriate subgroups of patients?

15 Was an appropriate sample size included?
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Feedback
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The Correspondence Page on the HTA website
(www.hta.ac.uk) is a convenient way to publish your
comments. If you prefer, you can send your comments
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We look forward to hearing from you.
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