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Review Article
Diabetes mellitus in patients with cystic fibrosis*

Crésio de Aragão Dantas Alves1, Renata Arruti Aguiar2, Ana Cláudia S Alves2, Maria Angélica Santana3

Abstract
Cystic fibrosis-related diabetes (CFRD) is the principal extra-pulmonary complication of cystic fibrosis, occurring in 15-30% of adult cystic 
fibrosis patients. The number of cystic fibrosis patients who develop diabetes is increasing in parallel with increases in life expectancy. The 
aim of this study was to review the physiopathology, clinical presentation, diagnosis and treatment of CFRD. A bibliographic search of 
the Medline and Latin American and Caribbean Health Sciences Literature databases was made. Articles were selected from among those 
published in the last twenty years. Insulin deficiency, caused by reduced β-cell mass, is the main etiologic mechanism, although insulin resist-
ance also plays a role. Presenting features of type 1 and type 2 diabetes, CFRD typically affects individuals of approximately 20 years of age. 
It can also be accompanied by fasting, non-fasting or intermittent hyperglycemia. Glucose intolerance is associated with worsening of 
nutritional status, increased morbidity, decreased survival and reduced pulmonary function. Microvascular complications are always present, 
although macrovascular complications are rarely seen. An oral glucose tolerance test is recommended annually for patients ≥ 10 years of age 
and for any patients presenting unexplained weight loss or symptoms of diabetes. Patients hospitalized with severe diseases should also be 
screened. If fasting hyperglycemia persists for more than 48 h, insulin therapy is recommended. Insulin administration remains the treat-
ment of choice for diabetes and fasting hyperglycemia. Calories should not be restricted, and patients with CFRD should be managed by a 
multidisciplinary team.
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Introduction

Cystic fibrosis (CF) is an autosomal recessive 
genetic disease, with an incidence of 1:2500 live 
births in Caucasian populations.(1-3) It is estimated 
that there are 2000 CF patients in Brazil.(4) It is a 
complex, severe disease that involves various organic 
systems. Its classic clinical presentation consists of 
chronic obstructive pulmonary disease, exocrine 
pancreatic insufficiency and sweat chloride levels 
higher than 60 mEq/L.(5) Over 1000 mutations in 
The CF gene is located on the long arm of chromo-
some 7. To date, more than 1000 CF gene mutations 
have been identified.(2,4) Mutation ∆F508 is the 
most common, identified in 60-70% of patients 
and correlated with exocrine pancreatic insuffi-
ciency.(6) These mutations alter the encoding of a 
transmembrane protein known as the cystic fibrosis 
transmembrane regulator (CFTR), resulting in chlo-
ride channel dysfunction.(3) Alterations in chloride 
and water transport result in viscous secretions with 
progressive obstruction and occasional destruction 
of organs. Interactions among genetic mutations, 
modifying genes, as well as environmental factors, 
contribute to the wide phenotypical variability and 
severity of the disease.(7) Pulmonary infections and 
their complications account for 90% of CF-related 
morbidity and mortality.(6) The longest survival 
is related to the treatment of meconium ileus (if 
present) at birth, proper nutritional support, respi-
ratory physiotherapy, and early antibiotic therapy 
for pulmonary infections.(6)

Increased longevity has led to a greater incidence 
of extra-pulmonary complications, chief among 
which cystic fibrosis-related diabetes (CFRD).(1,2) It is 
estimated that CFRD affects approximately 15-30% 
of adults with CF.(3,8) The objective of this study was 
to review recent knowledge on CFRD, especially 
regarding the physiopathology, clinical profile, 
morbidities, diagnosis and treatment regimen.

Pathophysiology

In CF, the glucose metabolism is influenced 
by malnutrition, infections (chronic and acute), 
increased basal metabolism, glucagon deficiency, 
pancreatic polypeptide dysfunction, altered insulin 
clearance, alterations in the intestinal transit 
(including poor absorption), liver dysfunction, and 
increased respiratory effort.(9-11) The physiopathology 
of CFRD differs from that of type 1 diabetes (DM1) 

and type 2 diabetes (DM2). It is classified by the 
American Academy of Diabetes under ‘other types 
of diabetes’, listed as being ‘caused by exocrine 
pancreatic lesion’.(1-12) Although insulin deficiency is 
the principal mechanism, insulin resistance is also 
part of the etiopathogenesis of CFRD.(13,14)

Insulinopenia

Chloride channel alterations lead to hyper-
viscosity of pancreatic duct secretion, causing 
obstructive lesions, fat cell infiltration and progres-
sive islet fibrosis, as well as reduced secretion of 
insulin, glucagon, and pancreatic polypeptide.(10,14) 
The β-cell accumulation of amyloid substance, 
which is seen in patients with CF and diabetes 
although not in those without diabetes, has a cyto-
toxic inhibitory effect on insulin secretion, thereby 
leading to insulinopenia.(1,13) Some authors reported 
the presence of anti-islet antibodies, whereas others 
have failed to find any autoimmune factors.(11) 
Others found greater prevalence of antibodies 
against Pseudomonas, suggesting an immunolog-
ical mechanism triggered by bacterial pulmonary 
infections.(15) Associations with the histocompat-
ibility leukocyte antigens DR3 and DR4, common in 
patients with DM1, have not been described.(16)

Decreased insulin secretion has been associ-
ated with exogenous pancreatic insufficiency.(1,17) 
Patients with CF and exocrine pancreatic insuf-
ficiency present a 41% reduction in the plasma 
insulin peak in response to glucose ingestion, as 
well as a delay in the time required to reach this 
peak.(1) One group of authors demonstrated that 
the time needed to reach the insulin peak after 
glucose ingestion was 20-60 min for the control 
group, 30-120 min for the CF patients with normal 
glucose tolerance, 60-120 min for the CF patients 
with glucose intolerance, and 150 min for those 
with CFRD.(18) Insulin response to oral glucose has 
been shown to correlate positively with peptide-C 
concentration after venous infusion of glucagon. 
This measurement estimates residual β-cell function 
in patients with CFRD.(11) Due to this delay in insulin 
response, some patients can present hyperglycemia 
or hypoglycemia.(1)

Insulin resistance

The role of insulin resistance in the physi-
opathology of CFRD has yet to be clarified. When 
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present, insulin resistance is related to various mech-
anisms, including respiratory infections (chronic or 
recurrent), corticosteroid treatment, subclinical liver 
fibrosis, increased serum levels of counter-regulatory 
hormones (e.g., catecholamines and cortisol), 
increased cytokines (e.g., interleukin 1 and 6), and 
glucotoxicity.(19,20) Elevated levels of tumor necrosis 
factor alpha (TNF-α) is directly related to the level 
of glucose tolerance.(21) Patients with normal glyc-
emic levels tend to present a less elevation of TNF-α 
levels than do those who are glucose intolerant. 
Ofei et al. (1996) demonstrated increased insulin 
sensitivity in patients with DM2 after the infusion 
of synthetic antibodies against TNF-α.(22)

Insulin resistance can also be caused by altera-
tions in the glucose transporter protein 4 (GLUT4). 
The translocation of GLUT4 from the intracel-
lular compartment to the surface is necessary for 
the normal transport of glucose into the cell.(23) 
Depending on the type of mutation, the CFTR 
can be deficient or not produced at all.(23) There is 
evidence that abnormalities in this protein can alter 
the translocation of GLUT4 from the intracellular 
environment to the plasma membrane, contributing 
to insulin resistance.(23)

The best method of evaluating insulin resistance 
is the normoglycemic hyperinsulinemia technique, 
which consists of the simultaneous infusion of 
insulin and glucose. If hepatic glucose produc-
tion is inhibited by insulin infusion, the quantity 
of exogenous glucose needed to maintain normo-
glycemia will reflect the degree of peripheral 
tissue insulin sensitivity.(1) Peripheral insulin resist-
ance (IR) can also be more easily evaluated by the 
Homeostasis Model Assessment index, in which 
IR = [fasting insulin × fasting glucose/22.5].(10)

Morbidity and mortality

One study showed that survival to the age of 
30 in patients with CF without diabetes is 60%, 
compared with 25% in patients with CFRD.(24) In 
addition to a risk of death 6-times greater than 
that of CF patients without diabetes,(1) the prin-
cipal morbidities observed in these patients are as 
described in the following sections.

Respiratory effects

Patients with CFRD, when compared with CF 
patients without diabetes, present worse pulmonary 

function, pulmonary exacerbations that are more 
severe/frequent, and greater prevalence of patho-
genic bacteria in sputum samples; consequently, 
CFRD patients have lower survival and worse quality 
of life.(8,9) On group of authors showed that the 
degree of glucose intolerance correlates directly 
with lower forced expiratory volume in one second 
and lower forced vital capacity.(25) Other authors, 
analyzing sputum samples, found a high prevalence 
of Staphylococcus aureus, Pseudomonas aeruginosa, 
Burkholderia cepacia, Stenotrophomonas maltophilia 
and Aspergillus spp.(9) Those authors reported that 
asthma and sinusitis were more common in patients 
with CFRD than in CF patients without diabetes.

The decline in pulmonary function starts 2‑4 years 
before the diagnosis of diabetes, and is related to the 
level of glucose intolerance, thus promoting altera-
tion in the structure of the pulmonary tissue and 
predisposing patients to infections.(3,25) Since insulin 
is an anabolic hormone responsible for protein 
metabolism, insulin deficiency reduces inspiratory 
and diaphragm muscle function, further worsening 
pulmonary function.(1,8)

Treatment for CFRD reverses the decline in 
pulmonary function, suggesting that it actually 
contributes to the progression of the disease and is 
not merely one of its markers.(26)

Nutritional effects

Patients with CF generally present poor diges-
tion and poor absorption, which become clinically 
apparent after the destruction of approximately 90% 
of the exocrine pancreas. In this situation, patients 
present frequent, voluminous, grey, foul-smelling, 
occasionally greasy, stools.(27) Flatulence and 
abdominal distention are common. Poor absorption 
is reflected in the nutritional status, with protein-
calorie malnutrition, vitamin deficiency and stunted 
growth (weight and height). The clinical profile can 
evolve to overall deficiency, including muscle hypo-
trophy, despite normal appetite and food intake. 
There is a consistent association between the 
severity of the pulmonary disease and the nutritional 
status. The development of cellular immunodefi-
ciency secondary to malnutrition results in greater 
susceptibility to infections.(27) Insulin deficiency in 
combination with CFRD results in poor nutritional 
status, since insulin is an anabolic hormone.(28) 
Patients with CFRD present lower height and weight 
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for their age, as well as lower body mass index, than 
do individuals with CF without diabetes.(9) Protein 
catabolism improves with early insulin therapy.(29)

Psychosocial effects

The occurrence of CFRD further increases the 
severity of CF, due to the need to use insulin injec-
tions and monitor capillary glycemia, as well as 
to dietary restrictions and hospitalizations due to 
uncontrolled metabolism. Multidisciplinary support 
is fundamental to accepting this new problem and 
its subsequent limitations.(2,30,31)

Since patients with CFRD are typically teenagers 
or young adults, a psychosocial approach can be 
more difficult. They often stop monitoring glycemia 
and do not take their insulin regularly.(30) A nega-
tive attitude toward life and the lack of concrete 
objectives indicate a clinical profile of depression 
that must be dealt with by a specialist.(24) The posi-
tive aspects of this relationship are self-confidence, 
self-esteem, and family support. The negative 
aspects are family conflicts, lack of communication 
with parents, depression, and refusal to accept the 
disease.(2)

Microvascular and macrovascular effects

Microvascular complications are potenti-
ated by the use of nephrotoxic antibiotics and 
anti-inflammatory drugs, as well as by vitamin 
deficiency.(3,32) Other factors associated with the 
development of microangiopathic complications 
include duration of the disease and glycemic 
control.(32)

The reported rates of microvascular complica-
tions in CFRD are as follows: retinopathy (5-16%); 
neuropathy (5-21%); and nephropathy (3-16%).(14) 
Retinopathy is diagnosed through dilated eye 
exam. There is no reliable method of performing 
triage of diabetic nephropathy in these patients. 
Microalbuminuria, the gold standard in other types 
of diabetes, is rarely indicated in CFRD, since the 
urinary excretion of albumin is increased due to 
chronic infections and prolonged recurrent use of 
aminoglycosides.(33) Diabetic neuropathy is evalu-
ated through skin sensitivity and tendon reflexes. In 
CFRD, it can be aggravated by liposoluble vitamin 
deficiency.(13)

There are few reports of macrovascular compli-
cations. Possible explanations include low life 

expectancy, lower incidence of dyslipidemia, 
hypertension, insulinopenia, and the absence of 
obesity.(3,34) There is no recommendation for the 
triage of these complications, although a fasting 
lipid profile is indicated.(3)

Clinical profile

Mean age at the onset of CFRD is 18-21 years, 
and the disease affects 15-30% of adult CF 
patients.(1,33) Although more rarely, suckling infants 
can also present this complication.(35) The principal 
risk factors associated with the development of 
CFRD are increased longevity, female gender, exog-
enous pancreatic insufficiency, homozygosity for the 
∆F508 mutation, pulmonary infections, treatment 
with corticosteroids, requiring enteral or parenteral 
nutrition, and pregnancy.(9,11,13)

The characteristics of both DM1 and DM2 are 
present in CFRD.(2,3,9) The clinical evolution is insid-
ious. Initial postprandial hyperglycemia evolves to 
fasting hyperglycemia. Sometimes, hyperglycemia 
only occurs during periods of stress.(3,12) Ketoacidosis 
is uncommon.(13,36) In addition to polyuria, poly-
dipsia, and weight loss, classic symptoms of DM1, 
nonspecific manifestations such as reduction in the 
rate of growth, delayed pubertal development and 
unexplained decline in pulmonary function suggest 
the diagnosis.(3) Diabetes can occasionally be the 
first manifestation of CF.(37) The weight loss, drop 
in the body mass index and decline in pulmonary 
function begin up to 4.5 years prior to the diag-
nosis of diabetes.(3,25) Physicians should not wait for 
the occurrence of classical symptoms to consider 
the diagnosis, since delayed treatment is associated 
with greater morbidity.(34,38) Table 1 compares CFRD 
clinical profile with DM1 and DM2.

Classification

Glucose metabolism alterations in CF patient 
with CF can be didactically classified as follows: 
1) glucose intolerance; 2) diabetes without fasting 
hyperglycemia; 3) diabetes with fasting hypergly-
cemia; and 4) intermittent diabetes, which occurs 
during periods of infection, hospitalizations, use of 
enteral or parenteral nutrition and treatment with 
corticosteroids.(2,3)

Mean prevalence of these disturbances in adults 
with CF is as follows: glucose intolerance = 35%; 
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CFRD without fasting hyperglycemia = 25%; and 
CFRD with fasting hyperglycemia = 15%.(39)

Diagnosis

The diagnosis of the various levels of glucose 
intolerance is based on fasting glycemia or on the 
oral glucose tolerance test (OGTT). Although fasting 
glycemia is easier to perform, it has low sensitivity 
because there are clinical forms that do not present 
fasting hyperglycemia.(3,30) Therefore, the OGTT is 
recommended as gold standard. It is performed 
after the ingestion of 1.75 g/kg of glucose 
(maximum: 75 g), measuring basal glycemia and 
glycemia after 2 h. In order to be submitted to 
this test, the patient cannot be undergoing treat-
ment with corticosteroids and cannot have had a 
pulmonary infection within the preceding month.(3) 
Abnormal results must be confirmed by a second 
test, principally in asymptomatic patients.(40) Patients 
with fasting glycemia ≥ 126 mg/dL do not need to 
be submitted to the OGTT. Table 2 shows the diag-
nostic criteria for CFRD and glucose intolerance.

Triage

Triage must be performed annually for patients 
≥ 10 years of age, using the OGTT.(1,13,34) It should 
also be performed for patients of any age who are 
hospitalized for severe diseases, receiving enteral or 
parenteral nutrition (intermittent CFRD), presenting 
unexplained weight loss or having symptoms of 
diabetes.(41)

The glycosylated hemoglobin test (HbA1c) is not 
an appropriate triage method, because artificially 
low or normal values can result from intermittent 
hyperglycemia or high turnover of red blood cells 
due to hypoxia, chronic inflammation, and altered 
glycation processes.(3) Performing an HbA1c every 
three months is useful for monitoring pre-existing 
CFRD.(11)

Treatment

The treatment for CFRD is aimed at the manage-
ment of hyperglycemia, prevention of hypoglycemia 
and optimization of the nutritional status, as well 
as the promotion of social and emotional adapta-

Table 1 - Clinical, epidemiological, etiological and therapeutic aspects of CFRD, DM1, and DM2. Adapted from Dobson 
et al., 2004(14) and Costa et al., 2005.(3)

Characteristics CFRD* DM1* DM2*
Age at onset (years) ~20 <20 >40
Prevalence 5-10% of the  

patients with CF*
0.5-0.7% of  

the general population 
5-7% of  

the general 
population 

Body mass index Thin Thin-Normal Overweight-Obesity
Insulinopenia Progression to ↓↓↓ ↓↓↓ ↓ in the first phase, 

possible progression to ↓↓
Insulin resistance Normal or ↑ Normal or ↑ ↑↑↑
Exocrine pancreatic 
insufficiency

Yes No No

Autoimmunity No Yes Rare
Association with HLAs* No Yes No
Amyloid deposition Yes No Yes
Ketoacidosis Rare Yes Rare
Microvascular
complications

Yes Yes Yes

Macrovascular
complications

No (?) Yes Yes

Treatment ↑ Calorie intake;  
insulin; use of controversial 
oral hypoglycemic agents

Age-appropriate
calorie intake;  

insulin

Calorie restriction;  
oral hypoglycemic agents  

or insulin
*CF: cystic fibrosis; CFRD: cystic fibrosis-related diabetes; DM1: type 1 diabetes; DM2: type 2 diabetes; HLAs: histocompatibility 
leukocyte antigens.
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tion.(28) The approach must be individualized, with 
emphasis on the clinical and severity aspects of each 
case, and managed by a multidisciplinary team. 
Education, awareness, and parental cooperation are 
important elements in the establishment of mutual 
trust, with the objective of treating the disease early 
and appropriately.(27) There are no specific recom-
mendations as to the treatment of patients with 
glucose intolerance. Table 3 summarizes the prin-
cipal therapeutic recommendations.

Nutritional approach

A balanced, high-caloric, high-protein diet, 
with normal to high lipid content, is recommended. 

Restrictive diets are inappropriate, since malnutri-
tion results in worsening of the overall health status, 
higher recurrence of infections, and premature 
death.(1) Maintaining the caloric intake at 30-50% 
above daily recommendations is necessary due to 
the excessive energy expenditure.(3) The protein 
content of the diet should be 2 to 3 times above 
normal. Fats should be offered without restric-
tion, and should constitute 30-40% of the overall 
diet.(41) Liposoluble vitamins (D, E, and A) are indi-
cated for pancreatic insufficiency, and vitamin K 
supplementation is recommended for patients with 
liver disease.(13) No salt restriction is indicated, and 
sodium intake should average over 4000 mg/day. 

Table 2 - Criteria used in the diagnosis and classification of cystic fibrosis-related diabetes.

Classification Fasting blood glucose (mg/dL) Blood glucose 2 h after OGTT (mg/dL)
Normal glucose tolerance 70-99 <140
Glucose intolerance 100-125 140-199
DM without fasting 
hyperglycemia

<126 ≥200

DM with fasting 
hyperglycemia

≥126 ≥200

Intermittent DM ≥126 during infections, enteral nutrition and 
use of corticosteroids

≥200 during infections, enteral 
nutrition and use of corticosteroids

OGTT: oral glucose tolerance test; DM: diabetes mellitus. OGTT is not necessary when fasting glycemia is already a diagnosis of 
diabetes.

Table 3 - Outpatient treatment of cystic fibrosis-related diabetes and glucose intolerance. Adapted from Moran, 
2000.(41)

Recommendations CFRD Glucose intolerance
With fasting 

hyperglycemia 
Without fasting 
hyperglycemia

intermittent

Insulin Yes ? Yes: during episodes 
of hyperglycemia

No

Oral hypoglycemic 
agents 

No ? No No

Diet Hypercaloric, greater 
fat and sodium input, 
without carbohydrate

restrictions

Avoid carbohydrate
overload

Hypercaloric, 
greater fat and 

sodium intake, no 
carbohydrate
restrictions

Avoid carbohydrate
overload

Capillary glycemia 4×/day,  
every day

4×/day,  
once/month

4×/day and during  
periods of stress

No

Endocrinologist 
appointment 

Every 3 months Annually When 
stress-related  
hyperglycemia  

occurs

Once for education 
and orientation. 

Other appointments 
if necessary

CFRD: cystic fibrosis-related diabetes.
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Counting carbohydrates is indicated, not as a 
restriction but as a means of controlling glucose 
levels.(1) Dietary planning should include recommen-
dations regarding diet management during exercise, 
diseases, and episodes of hypoglycemia.

If weight or pubertal development cannot be 
guaranteed through an adequate diet or oral supple-
mentation, feeding via nasogastric tube, gastrostomy 
or jejunostomy should be considered.(13) Parenteral 
nutrition is recommended for severe diseases, for 
pancreatitis and after abdominal surgery.(13)

Pharmacological approach

There is no consensus regarding routine pharma-
cotherapy for individuals with glucose intolerance 
or for CFRD patients without fasting hyperglyc-
emia. In these situations, insulin is recommended 
for patients presenting symptoms of diabetes, 
unexplained weight loss or a decline in pulmonary 
function.(19) Some authors believe that such patients 
can benefit from early treatment and recommend 
treatment in the prediabetes phase.(42)

Insulin is the only pharmacological treatment 
recommended for patients with CFRD and fasting 
hyperglycemia.(19) The use of insulin improves nutri-
tional status and pulmonary function, in addition 
to controlling glycemia.(1,42) Flexibility in the insulin 
regimen is recommended. The best option seems to 
be the use of fast-acting or ultrafast-acting insulin 
(e.g., Lispro and Aspart) before meals, calculating 
the dose according to the carbohydrate count 
(1 unit for each 15-40 g of carbohydrates). Due 
to the alterations in food intake, poor intestinal 
absorption, and recurrent infections, intermediate-
acting insulin, neutral protamine Hagedorn, and 
slow-acting analogs (Glargine, Detemir, etc.) should 
not be used, or should be used in low, nocturnal 
doses, for patients with fasting hyperglycemia.(8,41) 
Patients using nocturnal enteral or parenteral nutri-
tion need specific insulin regimens in order to avoid 
hyperglycemia during diet infusion.(13) Insulin doses 
also need to be adjusted during pulmonary infec-
tions, hospitalizations, fever and corticosteroid 
use.(11) In those cases, patients develop insulin resist-
ance, requiring patients who use insulin regularly 
to increase the dosage and precipitating fasting 
hyperglycemia in patients with intermittent CFRD or 
CFRD without fasting hyperglycemia. Hospitalized 
patients whose fasting hyperglycemia persists for 

over 48 h need insulin therapy until their condition 
improves and glycemic levels return to normal.(28) 
Glycemic control acquired through insulin infusion 
pump therapy was evaluated by other authors, who 
did not make a formal recommendation regarding 
its use.(2) Continuous monitoring of serum glycemia 
would be the ideal method to evaluate glucose vari-
ations. Although this method is available, it is still 
underused due to resistance on the part of patients, 
who refuse to wear the monitors. Periodical determi-
nation of fasting and postprandial serum glycemia 
is the method of choice. It should be evaluated 
more frequently during acute infections or corti-
costeroid use.(3) Glycemic objectives are as follows: 
70-140 mg/dL before meals and 100-180 mg/dL 
postprandially.(12) More recently, continuous glucose 
monitoring has made it possible to identify relevant 
glycemic variations not apparent during conven-
tional glycemia measurement.(14)

Oral hypoglycemic agents are not recom-
mended in the treatment for CFRD, except in the 
context of medical research.(3,12) Sulfonylurea can 
be a therapeutic option for patients with diabetes 
who retain β-cell function, since it increases insulin 
secretion.(3) Side effects include hypoglycemia, liver 
toxicity, and inhibition of CFTR function, since this 
protein is believed to be a sulfonylurea receptor.(3) 
Glinides, which also stimulate insulin secretion, can 
be a choice for patients without fasting hyperg-
lycemia.(3) Their principal adverse effects are mild 
hypoglycemia, transitory visual disturbances, and 
gastrointestinal alterations. When compared to 
lispro insulin, repaglinide was less efficacious in 
the control of postprandial glycemia.(39) Metformin, 
whose principal effect is to reduce insulin resist-
ance, is contraindicated, since it exacerbates 
gastrointestinal alterations and increases the risk 
of lactic acidosis in patients with respiratory insuf-
ficiency.(3,14) Thiazolinediones (known commercially 
as glitazones), which also reduce peripheral insulin 
resistance, present a high level of hepatotoxicity, 
and are therefore not recommended.(14) Acarbose, 
despite reducing postprandial glycemia, is associ-
ated with adverse gastrointestinal effects.(3,14)

Conclusion

The development of CFRD is a significant 
complication of CF. Although it is principally caused 
by insulinopenia, insulin resistance is also involved. 
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Female patients, homozygous for ∆F508, and 
patients with severe pancreatic insufficiency present 
a higher risk of developing this complication. The 
decline in pulmonary function is more accelerated 
in glucose intolerant patients than in those with 
normal glycemic metabolism. The decreased survival 
and increased morbidity associated with CFRD make 
early diagnosis fundamental. Since the onset of 
the disease is often insidious, it is important that 
symptoms suggestive of CFRD, such as worsening 
of pulmonary function, significant weight loss, 
and worsening of overall health status, be noted. 
Microvascular complications are associated with the 
duration of the disease and glycemic control. The 
risk of macrovascular complications is low. Triage, 
using the OGTT, should be performed annually for 
patients from 6 to 10 years of age. Through this 
test, patients are classified as presenting normal 
glucose tolerance, being glucose intolerant, having 
CFRD with fasting hyperglycemia, or having CFRD 
without fasting hyperglycemia. Insulin therapy is the 
pharmacological approach of choice for CFRD with 
fasting hyperglycemia. Oral hypoglycemic agents 
are not indicated. Hypoglycemia and ketoacidosis 
are rarely observed. In these patients, multidiscipli-
nary follow-up evaluations play a fundamental role 
in treatment compliance and clinical improvement. 
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