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Glossary

AGP Ambulatory glucose profiling. Algorithms are used to smooth
continuous glucose sensor data. The result shows lines and shaded
areas that represent median glucose values and percentiles. The
shaded area between highest and lowest percentiles represents 90%
of glucose readings at any given time in the day. This is used to pick
up patterns.

BGM Blood glucose monitoring

BMI Body mass index

CBG Capillary blood glucose

CFD Cystic fibrosis diabetes

CGM Continuous glucose monitoring

Csli Continuous subcutaneous insulin infusion

DPP-4 Dipeptidyl peptidase-4. An enzyme that can degrade incretins such
as GLP-1. DPP-4 inhibitors work by blocking the action of DPP-4.

Gl Glycaemic index

GLP-1 Glucagon-like peptide-1is a peptide hormone that enhances the

secretion of insulin. GLP-1 analogues or receptor agonists work by
increasing the levels of hormones called incretins. They are also
known as ‘incretin mimetics'.

Glucose The cumulative amount of glucose that the body has been exposed

exposure to at a given time since midnight. Often calculated at different
thresholds (e.g., below 4mmol/L or above 10mmol/L) and
presented as Area Under the Curve (AUC).

Glucose The percentage of blood glucose data within, above, or below the
ranges target range.

Glucose Describing the swings (the highs and lows) in blood glucose levels
variability over a specified time period.

HbAlc Glycosylated haemoglobin

IGT Impaired glucose tolerance

MDT Multidisciplinary team

NGT Normal glucose tolerance

NICE National Institute for Health and Care Excellence

OGTT Oral glucose tolerance test

PERT Pancreatic enzyme replacement therapy

Postprandial Occurring after a meal

WHO World Health Organization
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Grading scheme for
recommendations

GRADE is a system developed by an international
working group for rating the quality of evidence
across outcomes in systematic reviews and
guidelines; it can also be used to grade the strength
of recommendations in guidelines. The system is
designed for reviews and guidelines that examine
alternative management strategies or interventions,
and these may include no intervention or current
best management. The key difference from other
assessment systems is that GRADE rates the quality
of evidence for a particular outcome across studies
and does not rate the quality of individual studies.

In order to apply GRADE, the evidence must
clearly specify the relevant setting, population,
intervention, comparator(s) and outcomes.

Before starting an evidence review, the guidelines
development group should apply an initial rating

to the importance of outcomes, in order to identify
which outcomes of interest are both ‘critical’

to decision-making and ‘important’ to patients.
This rating should be confirmed or, if absolutely
necessary, revised after completing the evidence
review. Box 1 summarises the GRADE approach to
rating the quality of evidence.

© NICE [2012] The guidelines manual.

Box 1

The GRADE approach to
assessing the quality of evidence
for intervention studies

In the GRADE system, the following
features are assessed for the evidence
found for each ‘critical’ and each
‘important’ outcome from a
systematic review:

study limitations (risk of bias): assessing
the ‘internal validity’ of the evidence

inconsistency: assessing heterogeneity
or variability in the estimates of
treatment effect across studies

indirectness: assessing the degree of
differences between the population,
intervention, comparator for the

intervention and outcome of interest

imprecision (random error): assessing
the extent to which confidence in the
effect estimate is adequate to support
a particular decision

publication bias: assessing the degree
of selective publication of studies.

Other considerations
(for observational studies only):

effect size
effect of all plausible confounding

evidence of a dose—response
relationship.

The quality of evidence is classified
as high, moderate, low or very low
(see next page for definitions).

Available from www.nice.org.uk/process/pmgé. All rights reserved. Subject to Notice of rights.

NICE guidance is prepared for the National Health Service in England. All NICE guidance is subject
to regular review and may be updated or withdrawn. NICE accepts no responsibility for the use of

its content in this publication.
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Quality of Evidence Grades

Grade

Definition

High

We are very confident that the
true effect lies close to that of
the estimate of the effect.

Moderate

We are moderately confident

in the effect estimate: The true
effect is likely to be close to the
estimate of the effect, but there is
a possibility that it is substantially
different.

Low

Our confidence in the effect
estimate is limited: The true effect
may be substantially different
from the estimate of the effect.

Very Low

We have very little confidence
in the effect estimate: The true
effect is likely to be substantially
different from the estimate of
effect.

The working group would like to thank the
Cystic Fibrosis Trust and cystic fibrosis (CF)
Centres around the UK for their feedback
and support for this document.

Although consensus has been challenging

in certain areas, our aim is to provide a
comprehensive guideline for clinicians to use
effectively and acknowledge the differences
and similarities amongst centres.

The aim of this document is to facilitate
individualised care including screening, diagnosis,
and management and to address the management
of long-term complications as they become more
prevalent as the CF population ages.

Management of cystic fibrosis diabetes



Foreword

In these guidelines we present a consensus

about the screening and management of diabetes
in cystic fibrosis (CF). There have been significant
changes since the previous Cystic Fibrosis Trust
guidelines were produced in 2004:

e Increased awareness and the introduction of
reqular screening have resulted in increased
prevalence of diabetes in individuals with CF.

e There are more data to confirm the adverse
effect of abnormal glucose on clinical status
in CF and to confirm that treatment can
improve this.

e Better continuous glucose monitoring (CGM)
technology is available and there has been a
move to use this in screening and management.

o Developments in CF care and treatment have
resulted in improved life expectancy and better
quality of life so reducing the risk of long-term
microvascular complications of diabetes has
become more important.

These guidelines summarise the current clinical
approach to CF diabetes (CFD). The group
recognises that there is a limited evidence

base to support some areas of practice.

The description and definition
of cystic fibrosis diabetes

Since the late 1990s the term cystic fibrosis-related
diabetes (CFRD) has been used to describe diabetes
in people with CF. Prior to this it was referred to

as ‘diabetes of cystic fibrosis’ or ‘cystic fibrosis
diabetes mellitus'. As a guideline committee we
propose that a new name is warranted. We feel
that the term ‘related’ does not indicate a direct
causal relationship between CF and diabetes and
this removes emphasis from the significant impact
of diabetes on the lives of people with CF. We have
therefore adopted the term cystic fibrosis diabetes
(CFD) to stress the direct causal relationship
between CF and diabetes. This term is also in

line with names given to other types of diabetes
e.g., type 1 diabetes, type 2 diabetes, gestational
diabetes.

Management of cystic fibrosis diabetes

In current clinical practice, individuals who do

not fulfil the World Health Organization (WHO)
criteria for diabetes are being treated. Most CF
centres would label them as having CFD and many
publications on the subject do the same. It seems
reasonable that anyone who is on established
medical treatment for abnormal glucose levels

is identified as having CFD, since trying to create
different classifications would cause confusion.



1. Introduction

Cystic fibrosis diabetes (CFD) is a common
complication of CF. The condition is associated
with increased morbidity, mortality and a faster
decline in lung function.*~* Earlier detection and
greater awareness of CFD combined with improved
life expectancy has resulted in an increased
prevalence of CFD across all ages.® Glycaemic
abnormalities are common in CF and can be
present very early in life.5” Glucose tolerance and
insulin resistance can often vary, being influenced
by factors such as nutritional status, infection,
corticosteroid therapy and liver dysfunction.®’ Pro-
active and effective screening of CFD have played a
major role in improving survival in people with CF.°

CF diabetes is a distinct type of diabetes but
shares certain clinical features of both type 1 and
type 2 diabetes. Onset is often insidious with many
individuals being asymptomatic at diagnosis. In
others the first sign may be a decline in weight
and lung function, with reactive hypoglycaemia
not unusual . ®

Difficulties may arise in the diagnosis of CFD
when the clinical status or treatment of an
individual alters their glycaemic status, so that

an individual who has overt diabetes during an
infective pulmonary exacerbation may return

to normal glucose tolerance (NGT) weeks

or months later.!® Screening for postprandial
hyperglycaemia and CFD is particularly important
with corticosteroid therapy and commencement
of enteral tube feeding.

People with CFD very rarely develop ketoacidosis
although some may coincidentally have type 1
diabetes also.'*"** With improved nutrition and
modulator therapies, obesity in CF is becoming
increasingly recognised and type 2 diabetes may
need to be considered in some individuals.

1.1 Epidemiology

CF diabetes is a common and well recognised
complication of CF.**-!8 The incidence and
prevalence of glucose intolerance and diabetes
in CF is much higher than age matched control
groups and increases with age and severity of
genotype. Median age of diagnosis is presently
around 21 years, but this may change with
improved health outcomes and the introduction
of cystic fibrosis transmembrane conductance
regulator (CFTR) modulators.* 2 It is usually
associated with pancreatic exocrine dysfunction
but may occur in people with CF who are
pancreatic sufficient, especially after
pancreatitis.> 222 Around 32% of adults

Management of cystic fibrosis diabetes

with CF develop CFD, with prevalence increasing to
as high as 50% in those over 30.52%2% According to
the UK CF Registry Annual Data Report 2021, 29.8%
of people with CF are receiving treatment for CFD;
8.3% in children aged 10 to 15 years and 35.2% in
adults.?* The European Epidemiologic Registry of
Cystic Fibrosis previously reported diabetes in 1.5%,
5%, 12.6% and 23.6% of people with CF aged less
than 10, 10-14, 15-19 and over 30, respectively.?®
More recent data since the advent of screening
suggests a higher prevalence, with CFD being
reported in 2% of children, 19% of adolescents,
40% of adults in their 20s, and around 50% of those
30 and above.>?¢ CF diabetes appears to present

at a younger age in females?” which is probably a
reflection of their earlier onset of puberty and the
associated increase in insulin resistance at this time.
CF diabetes is very rare in young children but has
been reported.” 28

1.2 Pathophysiology

CF diabetes develops as a consequence of
pancreatic pathology and occurs infrequently

in people with CF who are pancreatic sufficient.

In the pancreas there is progressive fibrosis and
fatty infiltration, resulting in exocrine pancreas
damage, reduced islet density and altered

cellular composition. Structural abnormalities

in islets are also present in young children.® CF
diabetes is characterised by insulin and glucagon
deficiency, fluctuating insulin resistance and
immune infiltration with increased islet IL-13
immunoreactivity.?*-%! In the newborn ferret model
of CF, there is a loss of R-cells, but the pancreatic
structure is relatively normal. Within the first
month of life, there is progressive exocrine and
endocrine pancreatic loss with local inflammation
and glucose intolerance.® Despite the relative
absence of pancreatic disease, early abnormalities
in the regulation of insulin secretion have been
identified. There is diminished first phase and
accentuated peak insulin secretion in response to
glucose, elevated peak glucose levels following
glucose challenge, and variably elevated insulin
and C-peptide levels.? Impaired B-cell secretory
capacity and defective early-phase insulin secretion
is seen in people with CF who are pancreatic
insufficient with elevated 1-hour oral glucose
tolerance test (OGTT) glucose.*

In vitro studies have demonstrated a direct link
between impaired insulin secretion and loss of
CFTR function in human and animal models.
In mice, the addition of the CFTR corrector
lumacaftor (VX-809) successfully rescues the
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defects in F508del B-cells.?® This link between
CFTR function and R-cell insulin secretion provides
a novel target for CFTR modulator therapy. The
recent introductions of CFTR modulators which
target CFTR dysfunction in CF have anecdotally
resulted in reduced insulin requirement and
reversal of CFD in some people. Large long-term
studies are needed to characterise the true benefits
of such therapy.19 34 3%

1.3 Impact of CF diabetes
on clinical status

A diagnosis of CFD is associated with increased
mortality compared to individuals without CFD.*
22.36 Studies have demonstrated a relationship
between the development of CFD and poor
nutritional status, and lung function with a

more rapid decline occurring in individuals with
impaired insulin secretion prior to diagnosis.>’4°

Glucose tolerance declines gradually over the
years before a diagnosis of CFD and this can be
accompanied by deteriorating clinical status with
a fall in lung function and weight for up to five
years before diagnosis.> ¥ 38 4-43 Individuals with
impaired glucose tolerance (IGT) on OGTT have
worse clinical status compared to those with
NGT.* 4> Studies have demonstrated that relatively
subtle changes in glucose levels on CGM or during
OGTT have correlated with markers of clinical
status.46-48

This historical data is unlikely to reflect the
future natural history of CFD in an era of

CFTR modulators.*->t These medications can
dramatically improve clinical stability, increase
nutrition status, reduce pulmonary exacerbations
and downregulate both local and systemic
inflammation.*->* Our understanding of CFD

in this post-CFTR modulator era will continue

to evolve and future diagnostic and treatment
regimens will need to reflect these changes.

Management of cystic fibrosis diabetes
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2. Screening for CF diabetes

2.1 Why screen for
CF diabetes?

There is clear evidence that early identification
and treatment of CFD has a positive impact on
health status. Delaying diagnosis and treatment
of CFD can result in an unnecessary deterioration
in lung function, weight and clinical status.
Screening should start from age 10 years and be
repeated annually, or sooner if clinically indicated.
Several studies have also shown that in unscreened
CF populations, long-standing deterioration

in glucose tolerance and an insidious decline

in clinical status frequently occur prior to the
diagnosis of CFD.2 3384142 Pegple with CF who
develop overt symptoms of hyperglycaemia on
presentation have been found to have a relatively
greater decline in lung function and weight loss
as compared to those identified on screening.3®

Early and effective treatment of CFD is essential

to avoid microvascular complications. Identification
of glucose intolerance is important to identify
those individuals at high risk of developing a
decline in lung function, a fall in nutritional status
or a new diagnosis of CFD. Retinopathy (16-36%),
nephropathy (14-21%) and neuropathy (42-55%)
are being reported more frequently in people with
CFD.5?7%% To date macrovascular complications
have not been reported.!® 5657

2.2 Evidence of benefit from
treatment of CF diabetes

Clinical improvement and reversal of decline in
lung function tests have been documented when
CFD is treated with insulin.** 58-60 Screening and
early treatment of CFD has been shown to reduce
(but not abolish) the relative increased mortality
risk for individuals with CFD compared to those
without.??

A few small studies of insulin treatment show
benefit for individuals with IGT and abnormalities
of glucose handling which do not meet the criteria
for CFD. Larger studies are needed and currently
there are limited data to guide when to start
treatment.58 59.61-63

Management of cystic fibrosis diabetes

2.3 Difficulties in diagnosing
CF diabetes

Glucose handling can change with clinical

status of someone with CF, and blood glucose
levels can fluctuate. Some people with CF only
need intermittent CFD treatment. CF diabetes has a
characteristic pattern of glucose abnormality unlike
type 1 or type 2 diabetes. In CFD, insulin secretion
following carbohydrate intake is reduced and
delayed, resulting in postprandial hyperglycaemia,
while basal insulin secretion is retained. This means
that in CFD, fasting glucose levels can be normal
while glucose levels later in the day are elevated.

In CFD there is a gradual loss of insulin secretion
with time and eventually fasting glucose levels rise.

The WHO has specified criteria for the diagnosis
of diabetes based on symptomatic hyperglycaemia
accompanied by measurement of fasting glucose,
random glucose levels, and glucose levels 120
minutes after an OGTT or HbAlc measurement.
These criteria provide a cut-off level for starting
treatment in order to prevent long-term
microvascular complications of diabetes such as
retinopathy, and apply mainly to type 2 diabetes.

While these definitions apply to CFD, both
screening and treatment are approached
differently in CF.

e The aims of treatment of CFD are to improve
nutritional status and lung function, as well as
to prevent secondary complications.

e There is likely to be a different cut-off for
treatment for CFD compared to type 2 diabetes.

e The introduction of CFTR modulators is likely to
change the natural history of CFD, alter glucose
tolerance and potentially increase the prevalence
of type 2 diabetes as the proportion of people
with CF who are overweight increases.

e Where 120-minute glucose levels are normal or
impaired after OGTT, glucose levels can be over
11.2mmol/L if glucose is measured at 30, 60 or
90 minutes during the test.

e In OGTT screening, a 1-hour plasma glucose
level above 11.1mmol/L can make a person up
to 10 times more likely to develop CFD.18 64
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2.4 Methods for screening

The OGTT or CGM are suitable methods for
routine screening for CFD, and as discussed below
some other methods (such as HbAlc and fasting
glucose) are not suitable as screening methods,
although they may provide information to guide
management.%®

Screening | Pros Cons
OGTT » Standardised protocol » Eight hours fasting is required
* Not influenced by diet or activity e Time-consuming
¢ Results linked to historical long- e Fluctuation between normal, impaired and
term clinical outcome data diabetic OGTT with clinical status
e Requires serial capillary blood glucose (CBG)
or CGM to confirm elevations in glucose levels
and support diagnosis
CGM e Detects subtle glucose e Measures interstitial fluid and not CBG
abnormalities . .
e Time-consuming; need for return of sensors /
o Detects postprandial readers
hyperglycaemia e Can fluctuate with clinical status
» Correlates well with glucose e High cost of sensors and equipment
measured at OGTT 9 quip
. . e Absence of clinically validated cut-off levels
» Does not require fasting .
for commencing treatment
e Measures glucose levels throughout « Requires concurrent food diar
the whole day during normal activity q Y
and food intake
Fasting ¢ Single blood sample e Fasting hyperglycaemia absent in many adults
glucose with CFD
HbAlc e Single blood sample » No data about cut-off levels
e Abnormal HbAlc should trigger e Normal HbAlc is often present at the time
screening for CFD of diagnosis of CFD

2.4.1 Oral glucose tolerance test

The OGTT with a 75g glucose dose is
established as the gold standard for screening
for type 2 diabetes and is used to screen for
CFD.18 €667 The results of the OGTT have been
linked to long-term clinical outcome data.’®

The OGTT should be undertaken after eight hours
fasting; plasma glucose level should be measured
at one and two hours. Blood glucose testing at
intermediate times (30, 60, 90 minutes) may
provide more information and show elevated
glucose levels even if the level at 120 minutes

is within normal limits.

Management of cystic fibrosis diabetes

The OGTT has the advantage of being a test with
a standardised protocol, and unlike CGM is not
influenced by diet or activity at the time of the
test. However, fasting for the test can be difficult
if individuals live a long distance from their CF
centre and the test becomes more invasive if
intermediate samples are taken.

2.4.2 Continuous glucose monitoring

CGM is now used widely in the screening and
monitoring of CFD. CGM measures the glucose
in interstitial fluid and not CBG, but there is good
correlation between the two and CGM has been
demonstrated to correlate well with glucose
measured at OGTT in CF.%8
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CGM is a tool to detect abnormal glucose
levels and can demonstrate relatively subtle
glucose abnormalities and postprandial
hyperglycaemia before the development

of an abnormal OGTT.8 670

CGM does not require fasting and has the potential
of measuring glucose levels through the whole day
while the individual is at home with normal diet and
activity. As with OGTT, measurements can fluctuate
with clinical status and CGM measurements

made on an individual day can be influenced by
diet and activity. Practical disadvantages include
the problem of returning the equipment for
downloading and the high cost of the sensors and
supportive equipment.

CGM does provide the opportunity to look

at glucose trends rather than individual blood
glucose levels. There is ongoing research in both
the general diabetes and CFD populations to try
and establish how to analyse and interpret the
CGM data (e.g., time above glucose of 7.8mmol/L,
interquartile range, single episodes above glucose
of 11.0mmol/L).

However, as yet there are no clinically validated
cut-off levels for commencing treatment after
CGM and CF centres using CGM should look at
clinical markers as well as glucose levels on
CGM before commencing treatment.

2.4.3 Fasting plasma glucose

Fasting glucose measurements will not reliably
identify CFD. In CFD there is a typical pattern of
postprandial hyperglycaemia, and fasting glucose
can remain normal while glucose levels after meals
or later in the day are significantly over 11.1mmol/L.
Only 16 to 25% of people with CFD would be
identified according to the WHO definition using
this method, as many adults with CFD do not have
fasting hyperglycaemia.?”7*

2.4.4 HbAlc and fructosamine

HbAlc should not be used to screen for CFD as
there are no data about cut-off levels for diagnosis
and the measurement can be influenced by clinical
factors (including red cell half-life). HbAlc can

be of value in monitoring treatment and should

be checked regularly for everyone on treatment
for CFD. HbAlc should not be recommended as

a screening test.?”72-”> However, an abnormal
HbAlc should immediately trigger additional
monitoring of glucose levels. A recent small study
by Lam et al reported a significant correlation
between fructosamine and 2-hour OGTT in
people undergoing CFD screening.%’

Management of cystic fibrosis diabetes

2.5 Assessment after
screening test

Further investigations may be needed after a
screening test to determine whether treatment
is needed.

The following issues need to be considered
when assessing the results of screening:

e Screening results can fluctuate with clinical
status e.g., infection and steroids.

e OGTT done with only baseline and 120-minute
measurements can confirm a diagnosis of
diabetes by standard criteria but may miss
significant hyperglycaemia. Intermediate samples
at 30, 60 and 90 minutes may be helpful.

e An OGTT which meets the criteria for diabetes
needs to be followed up with glucose
monitoring (with serial CBG measurements or
CGM) to identify hyperglycaemia before insulin
is started.

e CGM or serial CBG levels should be considered
if there are concerns about clinical status and:

- glucose at 120 minutes on OGTT which fits
with a diagnosis of IGT

- glucose during OGTT at 30, 60 or 90 minutes
over 11.1mmol/L.

o« CGM needs to be used for a sufficient time and
people with CF are encouraged to continue
with their usual food intake and activity for
the duration of the test.

o If a CGM shows significantly abnormal glucose
levels, consideration should be given to whether
food intake, activity or clinical status could have
influenced the result and a repeat considered.

Glucose handling can fluctuate, so an OGTT
result which meets the clinical criteria for diabetes
may revert to normal or IGT with changes in
clinical status. The finding of IGT is common and
may progress to a diabetic OGTT or, in 58% of
cases, revert to normal; but an impaired OGTT
implies a higher risk for developing CFD than

an individual with NGT. The risk is related to an
increased glucose area under the curve during
OGTT and deterioration in glucose tolerance
over time.”

14



2.6 Summary

Everyone with CF should have yearly screening
for CFD from the age of 10 years.

A variety of tools exist to identify abnormal
glucose including OGTT (ideally with
intermediate sampling), CGM and serial blood
glucose monitoring (BGM).

Children under 10 years should be screened for
CFD if there is concern about weight or height

gain, decline in lung function or any symptoms
of hyperglycaemia.

CFTR modulator therapy is likely to influence
glucose tolerance and future screening will
need to reflect these changes.

Individual CF centres should decide on the most
appropriate screening tools to ensure effective
early diagnosis of CFD.

Management of cystic fibrosis diabetes
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3. Criteria to start treatment
in CF diabetes and abnormal

glucose levels

The aim is to treat people with CF to prevent
elevated glucose levels which may be detrimental
to clinical status. This group may include individuals
who do not fulfil the WHO clinical criteria for a
diagnosis of diabetes. Separate criteria are used

for the diagnosis of gestational diabetes — see
section 6.

The decision to treat should be made with

an assessment of glucose levels together with
clinical status. After an abnormal screening test
further assessment is needed before deciding to
treat. This should include assessment of diet and
clinical status as well as additional assessment of
glucose status such as CGM or CBG monitoring.
Treatment should be considered if there are
concerns about clinical status in individuals with
IGT or significant abnormalities on additional
monitoring. This is current clinical practice in most
CF centres. Treating individuals with IGT remains
a controversial area because of limited data to
support management, and studies are ongoing
which may add information.

The decision to treat must be made by a clinician
experienced in managing CFD in conjunction with
the CF team and the person with CF.

Classification of OGTT and CGM results are helpful
in recording the outcome of screening tests but are
not evidence-based and do not provide a defined
cut-off for treatment.® 7677

Good practice points

¢ All treatment should be individualised taking into
account clinical and nutritional status.

* Any individual who fits diagnostic criteria for CFD
after investigation should be treated unless there
are overwhelming clinical reasons not to.

e Early treatment can be considered in individuals
where there are concerns about clinical status
(e.g., weight loss, decline in lung function,
increased infective episodes, poor growth in
children) if CGM or serial CBG levels confirm
subtle glucose abnormalities, although this is
not enough to justify a diagnosis of CFD.

¢ Individuals with optimal nutritional status and
good lung function may not need treatment for
minor abnormalities of glucose handling and
dietary interventions may be appropriate.

Management of cystic fibrosis diabetes

» Glucose levels and the results of screening tests
can change with clinical status and in some
clinical situations repeat testing at an interval
is needed to confirm if treatment is needed.

e Treatment can be influenced by corticosteroid
use, enteral feeding, transplant, pulmonary
exacerbations, CFTR modulators and changing
clinical status.

3.1 Treatment strategies
for CF diabetes

The aims of treatment are to:

e prevent of long-term microvascular and
macrovascular complications. Individuals with
CFD are at risk of diabetes complications and it
is likely that improved control of CFD will reduce
this risk as in other forms of diabetes. This is
becoming more important as individuals with
CF have increasing life expectancy with
improved care and the use of CFTR modulators

e reduce the impact of hyperglycaemia on lung
function and clinical status. This aim is unique
to CFD

e avoid symptoms of hyperglycaemia and acute
metabolic complications

e minimise risk of hypoglycaemia. Individuals with
CF have the same risks of hypoglycaemia, and/or
loss of hypoglycaemia awareness as other forms
of diabetes

e optimise nutritional status.

3.2 Treatment agents

Insulin is currently the primary treatment in

CFD. With the development of newer diabetes
therapies and advancement in our knowledge

of the pathophysiology underlying CFD we

may be able to make better use of non-insulin
therapies in future. This may involve taking a more
complex approach to diabetes management with

a combination of dietary interventions, insulin and
oral medication to better target the numerous parts
of the glucose-insulin pathway.
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3.2.1 Diet

See section 5.

3.2.2 Insulin

Published data includes a range of different insulin
treatment strategies including different types of
long- and short-acting insulin, and the use of
continuous subcutaneous insulin infusion (CSII).
There are no studies comparing these and the
choice of treatment regimen depends on the stage
of the disease, risks and specific treatment goals
for each individual. It should also be remembered
that the anabolic effect of insulin can prove
advantageous beyond the glycaemic effects.

Insulin regimens

a. Once-daily long-acting insulin given before
breakfast may be an appropriate strategy for
glucose abnormalities without a significant
postprandial rise. Mozzillo et al demonstrated
improved FEV, and BMI, and a decrease in the
number of infective exacerbations following
one year of daily insulin glargine.®® Hameed et al
demonstrated improved FEV, and BMI following
treatment with once-daily insulin detemir.”®

b. Pre-meal short-acting insulin is often used
because it addresses the most common
glucose abnormality in CFD, postprandial
hyperglycaemia.

c. Multiple dose regimens should be used for
individuals with fasting hyperglycaemia as
they are likely to need both long- and short-
acting insulin.

CSll and insulin pumps should be considered

for people with CFD who have suboptimal blood
glucose control (see NICE guidance TA151). They
are being used increasingly in regional CF centres,
are well tolerated and can result in significant
improvement in diabetic control.”” To be used
effectively and improve glycaemic control, the user
needs to be familiar with counting carbohydrates
and have an understanding of how different types
of carbohydrates are absorbed, particularly with
the gastrointestinal issues that can affect people
with CF. Keeping a detailed food diary may help
with tailoring insulin to food intake. This needs

to be done with the support of a multidisciplinary
team (MDT) who are experts in the use of insulin
pumps and can provide the intensive education
and monitoring that is required at the start of
such treatment.
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3.2.3 Other diabetes agents

Clinical practice guidelines continue to support
insulin as the first line therapy for CFD, however
there is increasing interest in the use of oral
antidiabetic agents.”® The Cochrane Database
review in 2016 analysed 22 trials which compared
long-acting insulin, short-acting insulin and
repaglinide.” This review did not find any evidence
that insulin or repaglinide have an advantage over
each other in controlling hyperglycaemia or
clinical outcomes.

Previously, older oral antidiabetic agents, such

as metformin and sulphonylureas, have been
trialled, but we now understand far more about
the mechanisms underlying the pathophysiology
of CFD and this is opening up the possibility of
many more treatment options in this area. The
recently published trial for GLP-1 has shown an
improvement in glycaemic control by delaying
gastric emptying rather than directly influencing
insulin release.®° We do understand that the
pathways involved in glucose control are complex
and involve more than just the pancreas and it

is this knowledge that enables us to now look at
drugs other than insulin to manage this metabolic
dysregulation.

The current CFTR modulator therapies have yet

to be proven to improve diabetes management but
there is the possibility that when used early in the
disease they may prevent the development of CFD.
We await further research in this field.8-83

There is also evidence that sufficient

pancreatic enzyme replacement therapy (PERT)
supplementation can aid in the management

of postprandial hyperglycaemia.®* 8 See section 5.

Moreover, clinicians are beginning to see a group
of people with CFD who are maintaining a healthy
weight, or in fact becoming overweight or obese.
It is therefore worthwhile considering whether
some individuals are in fact insulin resistant and
developing more of a type 2 diabetes condition,
thereby requiring treatment with agents such

as metformin to manage their systemic insulin
resistance as well as or instead of their possible
insulin deficiency.8®

Real-world data has demonstrated the safety

of the newer antidiabetic agents over a few years,
but large randomised controlled trials are needed
to evaluate their impact on long-term outcomes
in CF.888 DPP4, GLP1, biguanides, and alpha
glucose inhibitors are all options for treatment
either instead of or alongside insulin and should
be managed by an experienced diabetes team.
They may have an important role in the future
treatment of CFD.
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4. Management of CF diabetes

All people with CFD should receive appropriate
assessment, education, advice, treatment, and
psychosocial support. Explanation of the diagnosis
should be given. People with CFD should be
informed of relevant issues with regards to self-
management and screening for complications.

The onset and diagnosis of diabetes in people
with CF represents the development of a second
chronic disease with its own burden of monitoring
and treatment. This often has significant physical
and important psychological implications for
many individuals. Following the diagnosis of

CFD appropriate psychosocial support should

be available. The medical team needs to allow

the individual a period of adjustment where CFD
control may be erratic whilst they adjust and adapt
to the new treatment challenges. This highlights
the need for individualised assessment of the
person with CFD (and their family) and the need
for personalised treatment plans which progress
at an appropriate rate.

Good practice points

e |nsulin is currently the primary treatment for
CFD, and the role of other antidiabetic agents
is under review.

e |Individuals starting on insulin should have
education aimed at supporting self-management
of their diabetes including BGM and insulin
injection techniques.

* Anyone starting on insulin should have an
individualised treatment plan which takes into
account other aspects of their CF care.

e Inallindividuals with CFD, treatment must
aim to eradicate symptoms of hyperglycaemia
and maintain adequate nutrition, growth and
respiratory function.

e All people with CFD should aim for optimal
control of diabetes to reduce the chances of
long-term complications.

o Treatment adjustments may be required during
pulmonary exacerbations, corticosteroid therapy
or enteral tube feeding.
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4.1 Treatment targets
in CF diabetes

There are no defined glycaemic targets for CFD,
however tighter diabetes control has been shown
to correlate with reduced pulmonary exacerbations
and decreased mortality risk.8%°° The aim is to
maintain blood glucose within the most normal
range possible to keep HbAlc as normal as possible
unless it causes problematic hypoglycaemia.

NICE guidance recommends glucose testing in
type 1 diabetes at least four times a day for adults
and at least five times a day for children. They give
targets for tight control of type 1 diabetes (these
are the same for adults [NG17 2015] and children
[NG18 2018]):

» To aim for a target HbAlc level of 48mmol/mol
(6.5%) or lower, to minimise the risk of long-term
vascular complications.

e To have:

- a fasting plasma glucose level of 5-7mmol/L
on waking and

- aplasma glucose level of 4—7mmol/L before
meals at other times of the day.

» To have a plasma glucose of 5-9mmol/L after
meals.

o NICE guidance suggests tighter criteria for
glucose management during pregnancy. See
section 6.

People with CFD commonly have postprandial
hyperglycaemia accompanied by normal pre-
meal glucose levels; consequently, they should
be encouraged to regularly check two hours
after meals.

Targets for glucose levels and glycaemic control
should be assessed on an individual basis. CF is a
multisystem disorder, and some individuals are on
complex treatment regimens addressing different
complications of their CF. Diabetes management
must be assessed together with other medical
treatments and clinical status, and for some
individuals more relaxed targets are needed.
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4.2 Management of
reactive hypoglycaemia

Reactive hypoglycaemia is relatively common

in individuals with CF who are not treated for
CFD, typically occurring after intake of sources
of high refined carbohydrates.®*! Glucose

levels can fall below 4.0mmol/L and result in
symptomatic hypoglycaemia. It is not clear
whether reactive hypoglycaemia indicates an
increased risk of developing CFD.%2 % Individuals
with reactive symptomatic hypoglycaemia after
meals may benefit from dietary adjustment.

A reduction in refined carbohydrates taken in
isolation and regular meals containing complex
carbohydrates may help. If the hypoglycaemia is
frequent or troublesome consideration should be
given to treatment with insulin which will usually
resolve the hypoglycaemia.

4.3 Capillary blood
glucose monitoring

NICE guidance suggests that children and young
people with type 1 diabetes should be supported
to undertake CBG monitoring at least five times
a day. Recommendations for adults suggest a
minimum of four times a day and up to 10 times
a day under circumstances where increased
monitoring is required, which includes if HbAlc

targets are not met or if there is a legal requirement

to do so (such as before driving, in line with the
Driver and Vehicle Licensing Agency [DVLAL]).
The same guidelines should apply in CFD, but:

¢ everyone with CF on insulin should be testing
reqularly as a routine

» the frequency and timing (fasting, postprandial)
of CBG testing should be discussed with clinical
teams

e individuals on basal insulin regimens (such as
once-daily injections) and low doses may not
need to monitor CBG as often.

Poor diabetes control can have a significant impact

on clinical status in CF and increased CBG testing
and adjustment to try and achieve optimum
diabetes control may be needed.
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In the following situations people with CF
and CFD should monitor their blood glucose
status more frequently [high]:

o Before and at the time of solid organ
transplantation.

¢ When there are concerns about deterioration
in nutritional status.

 |If there are pulmonary exacerbations.

« Starting or adjusting a dose of corticosteroid
treatment.

» Commencing enteral tube feeding.

e During pre-conception planning and during
pregnancy.

o After starting CFTR modulator therapy.

All hospitals admitting people with CFD should
have a local policy covering glucose monitoring,
diabetes and insulin self-management.

e Blood glucose should be measured on
admission for all people with CF [high].

e Glucose should be monitored for 48 hours
if inpatients with CF are commenced on
corticosteroid treatment [highl.

Ward staff should have regular training in diabetes
and insulin management.

4.4 Alternative methods
of glucose measurement

Flash glucose monitoring has been approved

for funding via NHS England for people being
treated for CFD with insulin. Specific issues such

as disabling hypoglycaemia may necessitate the
use of alarmed continuous monitoring systems,

but this should be dealt with by a specialist diabetes
team. It is likely that an increasing range of new
technologies will become available over the next
few years.

These continuous methods of glucose
measurement are now leading to standardised
ambulatory glucose profiling or AGP. These present
a two-week period of data in an easily understood
format that clinicians managing people with CFD
will need to become familiar with. See glossary.
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4.5 Management of children
and adolescents with CF
diabetes

While CFD increases in prevalence with age it

has been reported in young children and infants.”
Children under 10 years should be screened for
CFD if there is concern about weight or height
gain, decline in lung function or any symptom of
hyperglycaemia. Studies have shown that diabetes
has an impact on lung function and nutrition

in adolescents and in addition there are studies
demonstrating an impact on growth.#2 %45

Glycaemic targets in children are the same as
for adults; the following should be considered:

* Developmental stage has an impact on
understanding diabetes and ability to self-care.

e Realistic plans for care in school should be
drawn up and added to the healthcare plan for
the child.

e Diabetes care is an essential part of transition to
adult CF and diabetic services.

4.6 Adjustment of treatment
during infection or
corticosteroid treatment

Glucose levels can rise during infection and

some individuals with NGT can have glucose
levels in the range for diabetes during infectious
pulmonary exacerbations. Insulin doses should be
adjusted if already on insulin treatment. For those
not on insulin already, treatment during the episode
should be considered if high glucose levels are
symptomatic or likely to be having an impact on
clinical status. Corticosteroid treatment increases
insulin resistance and insulin doses may need to
be increased during treatment and reviewed once
steroid doses are decreased.

Management of cystic fibrosis diabetes
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5. Dietary/nutritional treatment

Nutritional status and weight are important

in predicting mortality; good nutritional status

is associated with positive outcomes.®® The
importance of diet in CF is well established and
guidance on dietary management is available.””
The primary aim in the nutritional management
of CFD is to achieve optimal blood glucose control
whilst ensuring nutritional requirements are met.
At present there are no randomised intervention
studies looking at nutritional management of CFD
or impaired OGTT, therefore current guidelines
tend to be based on consensus reviews and
clinical experience.

The main treatments of CFD are insulin therapy
and dietary modification. Insulin regimens should
be tailored to individual requirements taking into
account nutritional and clinical status, dietary
intake and psychosocial factors. With the increasing
prevalence of overweight and obesity and the

use of CFTR modulators in the CF population,
dietary modification is a key component of CFD
treatment. The quantity and timing of high-refined
carbohydrates will need to be modified to optimise
blood glucose control. Nutritional status will need
to be closely monitored and individualised dietary
advice provided to prevent nutritional decline or
overnutrition. Close liaison between the specialist
CF dietitian, the CF team and the diabetes team is
important in the management of CFD to ensure
coordination of care.

Dietary modifications and the use of oral
antidiabetic agents may be preferential in people
with CF at risk of developing type 2 diabetes.

Good practice points

* An experienced specialist CF dietitian should
advise the individual on an individualised
dietary plan.

e CFD treatment should be individualised, taking
into account nutritional and clinical status,
dietary intake and psychosocial factors.

o Dietary modification is an essential part of CFD
management to prevent nutritional decline and
overnutrition.

5.1 Fat

A high-fat diet in the nutritional management of CF
is well established.”” However, with improvements
in nutritional status not all people with CF require a
high-fat diet to meet their nutritional requirements.
Dietary fats are the most concentrated source
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of energy; people with CFD who are overweight
or obese will therefore be advised on reducing
their dietary fat intake. Concerns have emerged
regarding the potential risks of a high-fat diet
impacting cardiovascular health and of long-chain
polyunsaturated fatty acids on inflammation.%8-100
Polyunsaturated and monounsaturated fat sources
are considered to be healthier and of better
quality than saturated fat.!®* These types of fats

are preferential as they are likely to be beneficial
in CF.102

Fat does not directly impact blood glucose levels
but can change the rate of glucose absorption.t%
As most people with CF are pancreatic insufficient,
they require PERT to help absorb nutrients. There is
increasing evidence that optimising PERT treatment
is potentially beneficial in management of CFD.
Partially digested fats have an important role in
reducing gastric emptying. Optimisation of PERT
dosing will improve fat lipolysis and therefore

slow down the absorption of carbohydrate from a
meal.®> Digestion of fats also restores proper gastric
emptying and increases incretin production.*4 It

is important to continue to review an individual's
PERT use with all meals, blood glucose excursions,
CFD treatment and overall diet.

Good practice points

e Quality and quantity of fat should be tailored
depending on age, nutritional and clinical status.

e Encourage appropriate use of PERT and regularly
review dosing.

5.2 Protein

With the increasing use of CGM in the monitoring
of glucose abnormalities there is more evidence of
the effect of protein intake on glycaemic control,
particularly in type 1 diabetes.!® Guidelines advise
that people with CF should get 20% of their total
energy from protein.°® People with CFD are
currently not advised to restrict protein intake
and extra insulin is not routinely recommended
to cover large protein intakes. However, there

is very little evidence supporting advice for
protein intake in CF or CFD. Given factors such
as the inflammatory disease state and impaired
digestibility of protein in CF there is a need for
evidence-based recommendations for optimal
protein intake.®®

A systematic review of macronutrient intake and
glycaemic index (GI) on postprandial control in
type 1 diabetes showed variable results in the
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effect of protein on postprandial glycaemia.

All studies showed postprandial glycaemia was
modified by the addition of protein with an additive
effect of fat and glucose.®®* Larger amounts of
protein in a meal (>75g) showed an effect on
blood glucose concentration late (>3 hours) in

the postprandial period. Meals containing at least
30g of carbohydrate and at least 40g of protein
were found to require an increase of insulin dose
by 15-20%.1%° There are no similar studies in
people with CFD but, with increasing evidence

for need to manipulate insulin doses depending on
protein content of meals alongside carbohydrate
and fatin type 1 diabetes, it should be considered
in individuals with CFD requiring large doses

of insulin.

Good practice points

e If an individual with CFD has a large protein
intake (>75g) as part of a meal, insulin dosing
adjustment may be required as there may be
a delay in postprandial peak in blood glucose
levels.

5.3 Carbohydrates

Carbohydrates are the macronutrients that provide
the body with its main source of energy. They

are divided into two groups: sugars and starches.
Sugars, also known as simple carbohydrates, are
digested and broken down into glucose quickly
and therefore cause a rapid rise in blood glucose
levels. Whereas starches, also known as complex
carbohydrates, are digested and broken down into
glucose much more slowly and therefore cause a
slow rise in blood glucose levels.

When managing CFD, it is important to consider
both the type and quantity of carbohydrates eaten.
Regular meals containing complex carbohydrates
are recommended. Close attention should be paid
to the quantity and timing of simple carbohydrates.
Foods and drinks high in refined carbohydrates
have very little nutritional values, and their intake
should be restricted in overweight and obese
individuals with CFD. In individuals who are
underweight or normal weight sources of high
refined carbohydrates such as drinks and sweets
should be avoided between meals; if they are
required then they should be only consumed

at mealtimes.”

The use of carbohydrate counting in people

with CFD is becoming more common, particularly
in those on insulin pumps, although it is not
currently part of routine CFD management within
the UK. Carbohydrate counting and insulin dose
adjustment has been shown to result in more
dietary freedom in people with type 1 diabetes;'%®
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such work does not currently exist in the
management of CFD with only a few conference
abstracts exploring carbohydrate counting.0o-11
Individuals who do not wish to or are unable to
carbohydrate count should be encouraged to
become more carbohydrate aware.

5.4 Glycaemic index

Glycaemic index (Gl) is the term used to describe
the effects of different foods upon blood glucose
levels. It indicates if a food will raise blood glucose
slowly, moderately or quickly. Carbohydrates are
digested and broken down at different rates; Gl
ranks how quickly each carbohydrate containing
food or drink raises blood glucose levels after
consumption.*? Foods with high Gl e.g., boiled
sweets, fizzy drinks (not diet), glucose tablets,

and fruit juice will cause blood glucose levels

to rise quickly; these are therefore useful to treat
hypoglycaemia. Cooking methods, processing and
the content of protein and fat in foods will affect
their Gl. There is a lack of evidence to the effects
of low Gl diets in CF.13 Whilst Gl is an important
consideration, the quantity of carbohydrates
(glycaemic load) eaten will have a larger effect

on blood glucose levels than Gl alone.**?

Good practice points

e Attention should be paid to the timing and
quantity of carbohydrates eaten.

e Sources of high refined carbohydrates such
as sugary drinks and sweets should be avoided
between meals.

e Detailed food diaries can be very helpful
when assessing the impact of different types
of carbohydrates on an individual's glycaemic
control.

e People with CFD should be educated about
carbohydrates; this should be tailored to
individual needs.

5.5 Meeting nutritional
requirements

People with CFD have been shown to have lower
body weight compared to people with CF who

do not have diabetes.?> 3¢ Therefore, attention to
nutritional status is paramount. All people with CF
should have access to a specialist CF dietitian who
will conduct appropriate nutritional assessments.!*
Nutritional requirements for those with CFD are
very individualised.!*®> Therefore, the nutritional
assessment should include: a review of blood
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glucose levels, current dietary intake including
meal patterns, carbohydrate content of meals,
snacks, the use of oral nutritional supplements
and enteral tube feeding.?” 116

5.6 Underweight individuals
(BMI <20kg/m?)

Energy restrictions are not appropriate in
individuals with CFD who are struggling to meet
their nutritional requirements.®* Nutritional deficits
in people with CF should be managed as per
national guidelines.®”

Underweight individuals are likely to be taking extra
high-energy snacks, oral nutritional supplements,
or enteral tube feeds to improve their nutritional
status. It is difficult to manage blood glucose levels
when diets are high in refined carbohydrates such
as sugary drinks, jelly-type sweets and juice-

based oral nutritional supplements. Therefore,
consideration should be given to the quantity and
timing of these and alternative sources of energy.
The use of snacks which are high in protein and/or
fat or contain slow-release carbohydrate and oral
nutritional supplements which are milk-based and/
or fat emulsions are more appropriate.

5.7 Enteral tube feeding

Enteral tube feeding is often used for people
with CF who are unable to meet their nutritional
requirements using diet and oral nutritional
supplements. When planning enteral tube
feeding, CF teams should liaise closely with
their local diabetes specialist.

Adequate glucose control is important during
enteral feeding to get the nutritional benefits

of the treatment. Enteral tube feeds can cause
hyperglycaemia due to the increased carbohydrate
load. It can often be difficult to manage insulin
with enteral feeds, and it is therefore important to
work with local diabetes specialist teams. There

is No consensus on insulin regimens with enteral
tube feeds. A number of different insulin regimens
can be used depending on individualised needs.
In people with pre-existing CFD, insulin treatment
should be adjusted to optimise glycaemic
control.!” This may mean increasing the dose of
current insulin or the addition of another insulin.
Insulin will often be chosen to match the duration
of feeding for example a bolus enteral feed of less
than three-hour duration may be matched with

a rapid-acting insulin; an overnight feed of 8-12
hours may be matched with an intermediate-
acting insulin. Serial CBG measurements during
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and after the feed, or CGM, should be used to tailor
treatment. People with CF without CFD should
have serial CBG measurements or CGM performed
once the feed is fully established, and treatment
commenced if required.*®

It is important to ensure people with CFD are
made aware of the risk of hypoglycaemia if insulin
therapy is given but the feed has been interrupted
or not completed.’”

Good practice points

e The effects of snacking in between meals, oral
nutritional supplements and enteral tube feeds
on blood glucose levels should be considered.

e People with CF without CFD who start enteral
tube feeding should have their glycaemic control
assessed.

e People with CFD who receive enteral tube
feeding may need modifications in their
insulin dose or type.

5.8 Normal weight individuals
(BMI 20—-24.9kg/m?)

Many factors need to be taken into account when
considering treatment options for dysglycaemia
in normal weight individuals, including BMI, lung
function, pregnancy plans, corticosteroid use, and
nutritional requirements. Some normal weight
individuals with impaired glucose metabolism may
be able to control their blood glucose levels via
dietary modifications alone. The decision to start
the use of insulin, or other diabetes medications,
should therefore be made by the CF and CFD
teams in conjunction with the individual.

Good practice points

* Normal weight individuals should be fully
assessed prior to commencing treatment.

5.9 Overweight and obese
individuals (BMI >25kg/m?)

In 2021, 28.1% of UK adults with CF were
overweight and 8.0% were obese, according

to figures from the 2021 UK CF Registry Annual
Data Report.®

There are very few studies looking at the effects
of obesity in people with CF and particularly in
those with CFD. Recent studies have found no
evidence that being overweight or obese has a
positive effect on lung function.’*-1?! Due to the
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increased health risks of obesity and the anabolic
effect of insulin, dietary manipulation is an essential
part of management for those who are overweight
or obese with CFD and may reduce the need for
treatment with insulin, or, if deemed appropriate,
oral antidiabetic agents.

Local weight management pathways may exist
for people with CF with BMI >30 kg/m?.

Good practice points

e Overweight and obese individuals should be
given healthy eating advice and support to
lose weight prior to commencing treatment
if clinically appropriate.

5.10 CFTR modulator therapy

The introduction of CFTR modulator therapy

has brought a number of new challenges in the
dietary management of people CF, most notably
the control of weight gain. For a significant number
of people with CF (including those with CFD) on
CFTR modulators, dietary modification has become
an essential part of their routine treatment. Clinical
experience has even seen some people on CFTR
modulators considering stopping this therapy due
to obesity or weight concerns. Many people with
CF who have followed a liberal diet high in fat

and sugar for most of their life, may find it both
physically and psychologically challenging to

adapt their diet as required when started on CFTR
modulator therapies. It is essential that CF teams
provide appropriate support for these individuals

to help them make informed health choices.

In clinical practice changes in blood glucose

levels have been observed in people with CFD

on CFTR modulators. This includes lower blood
glucose levels which have resulted in a reduction
in insulin requirements. Also, higher blood glucose
levels and increased insulin requirement have been
observed, particularly in those individuals with
CFD who have increased their dietary intake. Close
monitoring of blood glucose levels is therefore
essential in people with CFD on CFTR modulator
therapy.

Management of cystic fibrosis diabetes

24



6. Management issues

6.1 Exercise and CF diabetes

Exercise helps improve muscle strength, fitness,
lung function and well-being. Exercise can affect
blood glucose levels in different ways depending
on the type of exercise and its duration. Aerobic
exercise, such as running, swimming or cycling,

is usually of low to moderate intensity and takes
place over a longer duration. Aerobic exercise
tends to lower blood glucose levels. Anaerobic
exercise, such as weight training or sprinting,

is usually of high intensity for a short duration.
Aerobic exercise tends to increase glucose

levels. Mixed exercise such as rugby, football

or hockey can be a combination of both aerobic
and anaerobic activity. It is important to monitor
glucose levels closely before, during and after
exercise. Many people with CFD will need to make
changes to their food intake and/or insulin doses to
adjust for exercise. CF diabetes teams can provide
appropriate advice and support to help people
with CFD effectively manage exercise. Additional
information on diabetes and exercise can be found
at the Diabetes UK page on Diabetes and exercise.

6.2 Pregnancy

Pre-existing CFD or gestational diabetes increases
the risks for women with CF and their unborn baby.
Early identification and optimal control of blood
glucose levels is therefore essential 122123

6.2.1 Pre-existing CF diabetes

The successful outcomes of pregnancy in women
with CFD have been attributed to multidisciplinary
care; maternal and perinatal outcomes reported
are similar to those found in women in the general
population.*?* CFD in women has been associated
with a higher rate of caesarean sections. However,
CFD does not have clinically significant influence
on foetal growth or pre-term delivery.*?> In women
with CF, changes in nutritional and respiratory
status are not influenced by pre-existing CFD.*?

As no specific guidelines for the management
of pregnant women with CFD exist, the NICE
guidelines for diabetes in pregnancy should be
followed.*?® This recommends the following
blood glucose targets:

1. Women with diabetes who are planning
pregnancy should aim to keep their HbAlc less
than 48mmol/mol (6.5%), unless this causes
problematic hypoglycaemia.
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2. Pregnant women should check their fasting, pre-
meal, 1-hour post-meal and before bed blood
glucose levels daily using CBG monitoring during
pregnancy.

3. Pregnant women should keep blood glucose
levels within the following, unless it causes
problematic hypoglycaemia:

- Fasting - <5.3mmol/L
- 1-hour post-meals — <7.8mmol/L

- 2-hour post-meal — <6.4mmol/L

To ensure close monitoring, it is recommended

that people with CFD or gestational diabetes are
referred to specialist antenatal diabetes services
during pregnancy.'?¢

6.2.2 Gestational diabetes

The following are recommendations for
screening in women with CF without CFD:

e In women planning a pregnancy an OGTT
should be performed if they have not had
a normal CFD screen in the previous six
months.®* (moderate)

e An OGTT should take place at both 12-16
weeks and 24-28 weeks gestation, with venous
BGM measured at zero, one and two hours.®
Table 1 shows the diagnostic ranges for
gestational diabetes. (moderate)

e Blood glucose levels should be measured by
CBG at every hospital visit and especially during
infective exacerbations.”” (moderate)

e |n those diagnosed with gestational diabetes a
repeat OGTT should take place 6-12 weeks
after delivery.®® (moderate)

Table 1 Screening for gestational diabetes

Time (hours) | NICE guidelines!?®

0 >5.6mmol/L

2 >7.8mmol/L
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6.3 Transplant

Current literature on the impact of CFD on
survival after transplant is inconsistent.’?” In a
recent systematic review and meta-analysis CFD
was not found to be a predictor of mortality after
lung transplant.’?® However, the presence of CFD
has been shown to significantly increase the risk
of death of people with CF on the lung transplant
waiting list.?? This is linked to the negative effects
of hyperglycaemia and insulin deficiency upon
morbidity and mortality. Optimising glycaemic
control in this patient group is therefore vital.
However, there are many challenges including:
poor nutritional status, recurrent infective
exacerbations, corticosteroid use, enteral

tube feeding and high treatment burden.

Insulin doses may need adjustment at the time

of surgery, and status can change after transplant.
Diabetes may resolve in some individuals,
presumably related to reduction in pulmonary
inflammation. However, for some, diabetes can
become much more problematic, potentially due
to the anti-rejection medications and changes in
diet and lifestyle. Unfortunately, the quality of
post-transplant diabetes care is very variable
across the UK.

Good practice points

e People with CFD should have access to CFD
specialist care following transplantation.

The following are recommendations for
people without CFD that have undergone any
transplant:%

e Blood glucose should be closely monitored
in the perioperative intensive care period until
discharge. (moderate)

e Screening via an OGTT should take place if the
individual has not had screening within the past
six months. (moderate)

* Routine screening guidelines for people with
CF should then be followed. (moderate)

6.4 Patient education

The provision of diabetes education

is considered on three levels:*°

1. One-to-one advice and information.

2. Informal ongoing learning, such as peer groups.

3. Structured diabetes education programmes
meeting specific criteria.t*!
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NICE suggests that structured education is an
integral part of diabetes care and should be offered
to people with type 1 and type 2 diabetes 13! 132
NICE has established criteria for what diabetes
self-management programmes should consist
of; they should:*3 %2

e be evidence-based
* have specified aims and objectives

o follow a structured written curriculum
with theoretical underpinning

e support the development of
self-management of diabetes

e be delivered by trained facilitators

e be quality assured and audited regularly.

There are currently no established diabetes self-
management education programmes for people
with CFD that meet NICE criteria. Education

for people with CFD is usually provided by the
CFD team and tailored on an individual basis;
this may be face-to-face, or virtually via phone/
video. Further research is needed to identify

the requirements of structured educational
programmes for people with CFD.

6.5 Driving and diabetes

People with CFD have a legal requirement to
inform the Driver and Vehicle Licensing Agency
(DVLA) and their insurance company if they are
on insulin or oral agents. People with CFD should
be counselled about the risks of hypoglycaemia
and driving. Please refer to the gov.uk webpage
on diabetes and driving®** and the Diabetes UK
website®* for up to date legal guidance.
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7. Annual review and screening

for complications

7.1 The need for a CF
diabetes annual review

A CFD annual review should be carried
out by a specialist MDT. The aims of the
CFD annual review are:

e to screen for and, if necessary, treat
early complications

» to review management plans
e to assess nutritional management

e to address adherence issues, education
and psychosocial issues.

7.2 Microvascular /
macrovascular complications

CF diabetes can go undetected for several years as
endogenous insulin production can mask elevated
glucose levels. Microvascular complications may

develop during this time. For this reason, screening
for micro and macrovascular complications should
take place within the first year of diagnosis of CFD.

Macrovascular complications are rare, but as
incidence may increase as new treatments become
available, this needs to be incorporated into the
annual screening process.

NICE guidance suggests retinopathy and foot
screening in children and adults with type 1 and 2
diabetes annually from 12 years of age®*® and this
guidance should be followed in CFD.

7.3 Hypoglycaemia

Hypoglycaemia can be troublesome for people
with CF with or without diabetes. Previous studies
have found fasting hypoglycaemia in 14% of a
cohort of children and adults with CF and related
this to worsening clinical status.*® In the same
cohort 15% demonstrated reactive hypoglycaemia.
This is thought to be related to delayed insulin
secretion and diminished glucagon secretion.

Experiential evidence suggests people with

CF have had problems with hypoglycaemia after
commencing CFTR modulator therapy. More
research is required to determine causation, but
it is thought to be related to changes in insulin
resistance.
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Hypoglycaemic episodes should be explored with
the aim of identifying the cause. Education should
be provided, and medication should be started or
adjusted to avoid further repeated episodes and
to optimise treatment.

Hypoglycaemia can have a profound effect

on a person’s confidence and ability to manage
their CFD. The emergence of CGM and flash
glucose monitoring to alert the individual to
rapidly decreasing glucose levels may help them
to maintain glucose levels. It is not uncommon
for people with CFD to experience rebound lows
3—4 hours after large meals because endogenous
insulin works with insulin injections used to reduce
postprandial levels. Further guidelines on the
management and treatment of hypoglycaemia
for adults can be found on at the Joint British
Diabetes Society website. Information for the
treatment of children and young adults is also
available.’®

7.4 Recommendations for
annual review of people
with CF diabetes

The following should be undertaken at
annual review:

« clinical and social history (including pre-
pregnancy counselling)

e history of hospital admissions and any escalation
of treatment

e weight
e pulmonary function

» history of episodes of distal intestinal obstruction
syndrome (DIOS) and variability in gastric motility

e blood pressure

e history of hypoglycaemia — identify cause,
educate and optimise treatment

e check awareness of legal requirements for
driving

e review of insulin therapy

e check injection technique and injection site
e review of medications

¢ glucose monitoring

o dietetic review
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« lipid profile
e retinopathy screening referral

¢ urine sample for albumin-to-creatinine ratio
(ACR)

¢ foot examination

» review of psychological adjustment and
management.

Management of cystic fibrosis diabetes
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8. Treatment of

long-term complications

8.1 Microvascular disease

The prevalence of microvascular complications
increases with time, and it is now clear that all
people with CFD are at risk.

8.2 Macrovascular disease

Although death from macrovascular disease
is not thought to occur, there has been a case
report of ischaemic heart disease in a person
with CFD.?® With an ageing population these
types of complications should be considered.

8.3 Renal disease

A cross-sectional study demonstrated moderate
chronic kidney disease in 2.7% of the CFD
population.® This rose to 11% post-transplant.
Other studies have produced similar results 138 13°

Persistent microalbuminuria is a sign of diabetic
nephropathy and is found in 14-21% of people
with CFD.137.140

Consideration should be given to the use
of nephrotoxic drugs and other CF-related
factors that may heighten the prevalence of
microalbuminuria.>

Procedure for screening for microalbuminuria
and diabetic nephropathy:

¢ A microalbumin sample should be sent annually
to measure urinary albumin-to-creatinine ratio
during a period of stability (off intravenous
antibiotics) and avoiding periods of menstruation
and strenuous activity.

¢ Two abnormal samples are needed to give a
diagnosis of diabetic nephropathy (assuming
there are no other potential causes for renal
dysfunction such as sepsis or concurrent
antibiotics).

e Any value >3.0mg/mmol is considered abnormal.

¢ |f three out of four samples remain elevated,
referral to the local diabetes or nephrology
team should be considered.**

o Consideration should be given to commencing
antihypertensive therapy to maintain blood
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pressure below 130/80mm/Hg, with the use
of angiotensin Il receptor antagonists and
other antihypertensives as appropriate.’!

8.4 Retinopathy

On diagnosis, people with CFD should be referred
to their local retinopathy screening programme
and reviewed annually. Retinopathy is a growing
problem in CFD, and people with CFD should

be informed of the importance of screening to
support compliance.

It has been suggested that prevalence is
approximately 15% in people with CF who
have had a diagnosis of CFD for >10 years.>?

8.5 Gastroparesis

Gastroparesis is common in people with CF

and may contribute to dysglycaemia in CFD;

it should be treated according to local guidelines
when necessary. Careful insulin titration and
management with use of CGM has been
suggested as best practice.**

8.6 Neuropathy

Autonomic neuropathy is present in 52% of people
with CFD.}** The Diabetes UK Foot Care Pathway
should be followed to triage the severity of any
foot care problems.

8.7 Hyperlipidaemia

Although cholesterol levels have been reported
to be lower in people with CF, a fasting lipid
profile should be carried out at least annually.
This is of particular relevance for those who are
immunosuppressed post-transplant or have a
family history or coronary artery disease.

If total cholesterol is >5mmol/L, repeat the sample.
If this remains high, consider treatment as per
NICE guidelines.®*4
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8.8 Hypertension

Blood pressure should be measured at each
clinic visit. If blood pressure is elevated, check
again during the consultation. Take the lowest
measurement and if >140/90mm/Hg, refer to
local diabetes team or GP for ambulatory blood
pressure monitoring or further investigation as
per NICE guidelines.'*

Management of cystic fibrosis diabetes
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9. Psychosocial

aspects of CF diabetes

Due to the complexity of secondary
psychological issues associated with the
diagnosis and management of CFD, it is vital
that people with CFD have access to a clinical
psychologist with specialist knowledge of CF.
The clinical psychologist will be able to offer
psychological assessment, formulation and
inform MDT working. They will also be able to
provide psychologically informed care planning,
intervention, or signposting to additional specialist
services should this be required.

The difficulties listed below are commonly
encountered; clinicians should be vigilant due

to their potential impact on management of

CFD and impact on overall quality of life. Clinicians
should consult with the MDT's clinical psychologist
where concerns arise. Furthermore, all issues
detailed below have the potential to impact
adherence; both specific to CFD treatments,

and wider CF-related care plans. These guidelines
should be considered in tandem with the more
comprehensive psychosocial guidelines for CF
care.

A period of elevated anxiety or low mood

in response to a diagnosis or changes to the
management or prognosis of a health condition
could be considered an expected psychological
response. Psychological intervention may not be
initially needed; however, this should be monitored
to ascertain if clinically significant distress remains
consistent over a number of weeks and support
sought where necessary.

9.1 Anxiety

e This may present as health-related anxiety,
focusing on the implications and management
of CFD, e.g., insulin use, weight change or
longer-term prognosis.

e Phobic or acute adverse stress responses may
also become apparent, e.g., using needles.

e The GAD7Y is a psychometric tool that can be
used to ascertain clinically significant levels
of anxiety.1®

» Additional complexities around historically
identified trauma-related responses should be
considered as they may impact on aspects of
treatment. Where such difficulties are identified
consultation should be sought from the service's
clinical psychologist.
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9.2 Low mood

e Low mood commonly occurs comorbid with
anxiety, particularly in the context of lifelong
complex health conditions, and is typically
associated with increased clinical complexity
and risk.1

 Low mood is typically associated with feelings
of hopelessness and helplessness, which can
contribute to challenges regarding treatment
adherence.*#®

e |Impact of functioning needs to be considered
at an individual level with consideration to
presentations commonly associated with
anxiety or low mood and how they may impact
management of CFD, for example changes to
motivation, appetite, and sleep.!*®

e The PHQ9 is a psychometric tool that can be
used to ascertain clinically significant levels of
low mood.1#®

e Where concerns regarding low mood are
present, risk should be assessed (e.g., presence
of suicidal ideation).

9.3 Adjustment difficulties

Adjustment difficulties are a result of the challenges
of adapting to notable life stressors.’® For example,
within the context of CFD this could be the result
of diagnosis, changes of insulin regimes and diet,
or wider lifestyle adaptions that are required.

Adjustment difficulties can and often do

occur alongside low mood and anxiety.

Due to the average onset of CFD occurring

in early adulthood,? it is important to take into
consideration that this diagnosis and consequent
change of treatment planning and treatment
burden occurs at a major life transitional stage.
Consequently, this should inform a clinician’s
expectations of an individual's adaption to new
treatments (e.g., adherence and accommodation
of the new treatment regimens). Many other
psychosocial adjustments occurring and
competing priorities will impact the adjustment
and adaptation to the new CFD diagnosis. This
should also be considered should diagnosis occur
parallel to any other major life events or transitional
stages.
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Good practice points

¢ The anxiety often associated with adjustment
difficulties may present in different ways
within the context of CFD, for example the
individual reporting continued worry around the
diagnosis, reassurance seeking of prognosis, or
hypervigilance of blood glucose or insulin use.

¢ The complexity of the individual's circumstances
and resources available should be taken into
consideration to avoid pathologising an
expected psychological response.

¢ Due to the complexities in the adaption to the
complex psychosocial stressors and changeable
nature of CFD, adjustment is rarely linear nor
consistent in its trajectory.

9.4 Communication and
information processing
difficulties

In addition to learning difficulties, the prevalence
of attention deficit hyperactivity disorder (ADHD)
and Autistic Spectrum Condition (ASC) is being
increasingly recognised within CF populations.
Where any such difficulties are identified, adaption
of the communication of information and
structuring of treatment plans is required.

Good practice points

e |tis important that any identified learning or
communication difficulties be considered in
the development of CFD treatment planning,
recognising the individual's strengths and where
appropriate supporting independence.

¢ Information being present in several formats e.qg.,
diagrammatic, written and verbal, with numerous
opportunities for rehearsal will aid understanding
and retention.
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9.5 Body image

Due to dietary adaptions and use of insulin,

body image issues may become apparent with the
diagnosis and subsequent management of CFD if
unwanted changes occur (or are anticipated) to
body weight. Any clinically significant changes in
weight, particularly if alongside the onset of any
psychological difficulties, should be explored with
the individual.

Good practice points

» With the development of modulator therapies
people with CF are learning to adapt their
calorie intakes, and clinicians should be aware
of this adjustment period, being mindful not
to pathologise initial weight gain or loss.

e Fixation on body fat, muscle mass, or body
shape or appearance to the detriment of health
and/or quality of life should be explored and
referral to psychological services considered.

* Where body image concerns or unhealthy eating
patterns are historically known, advice should
be sought from the MDT clinical psychologist
as to how to design and implement care plans
recognising these issues and associated risks
involved. Similarly, clinicians should be mindful
of the potential manipulation of insulin as a
method of managing weight when reviewing
an individual's CFD treatment where weight
gain or loss is a known source of distress.
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10. Financial considerations

10.1 Prescription charges

There are no prescription charges for people
living in Scotland, Northern Ireland, and Wales.

In England, prescription charges do apply to
adults with CF, however people receiving medical
treatment for CFD (and some other medical
conditions) are exempt from paying prescription
charges. Medical exemption certificates are
available from GPs or pharmacies. See also the
Cystic Fibrosis Trust webpage on Prescription
charges for cystic fibrosis.

10.2 Other benefits

Free NHS eyesight tests and chiropody may
also be available to people with diabetes.

Further advice and information on these and
other benefits available to people with CF
and CFD is available from the following:

e Local CF social work team.

e Cystic Fibrosis Trust Welfare and Rights Adviser
via the helpline at helpline@cysticfibrosis.org.uk
or 0300 373 1000.

10.3 Useful sites

o Cystic Fibrosis Trust Help with health care costs
» Gov.uk

- Benefits, money and tax

- Personal Independence Payment (PIP)

» Citizen's Advice Benefits for people affected
by sickness or disability

e NHS Help with Health Costs Medical exemption
certificates

« NHS Free eyesight tests

¢ Motability scheme

Management of cystic fibrosis diabetes
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