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   ABREVIATURAS E SÍMBOLOS 



ABREVIATURAS E SÍMBOLOS: 

 

ADA: Associação Americana de Diabetes 

AMP-cíclico: Adenosina monofostafoto-cíclico 

%CVF: Capacidade vital forçada em percentual 

DM: Diabetes Mellitus 

DM-C: pacientes que realizaram diagnóstico de Diabetes Relacionado à Fibrose 

Cística, investigados por suspeita clínica de DM 

DM-S: pacientes que realizaram diagnóstico de Diabetes Relacionado à Fibrose 

Cística através da triagem (screening) com Teste de tolerância oral à glicose 

DRFC: Diabetes Relacionado à Fibrose Cística 

F508del: mutação de deleção da fenilalanina no códon 508 

FC: Fibrose Cística 

HLA: Human Leucocyte Antigens 

IG: intolerância à glicose 

IMC: Índice de massa corporal 

Indet: tolerância à glicose indeterminada no Teste de tolerância oral à glicose 

IT: Índice de Tiffeneau 

OGTT: Teste de tolerância oral à glicose 

TNG: tolerância normal à glicose 



UI/Kg/dia: unidades por quilogramas, por dia  

%VEF1: volume expiratório forçado no primeiro segundo em percentual 
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JUSTIFICATIVA DO ESTUDO: 

Fibrose Cística (FC) é a doença autossômica recessiva letal mais comum entre 

caucasianos, e apresenta prevalência de 1:2500 a 1:4000 nascidos vivos (1, 2). 

No Brasil, a incidência exata da doença ainda não é conhecida. Em alguns estados 

(Minas Gerais, Paraná e Santa Catarina), estima-se que a incidência de FC seja em 

torno de 1:9000 a 1:9500 nascidos vivos (3). Outros autores estimam que esta 

incidência seja de aproximadamente 1:10000 nascidos vivos (4). 

A etiopatogenia da FC é conhecida desde 1980, quando os grupos de Tsui, Riordan 

e Collins (5-7), isolaram o gene responsável pela FC (7q31. 2). Sua lesão 

patofisiológica primária envolve defeitos na ativação dos canais de cloro 

dependentes de adenosina monofosfato-cíclico (AMP-cíclico) na superfície apical da 

membrana celular, afetando a movimentação de água e de outros íons através do 

epitélio de diversos órgãos como pulmões, pâncreas, mucosa nasal, fígado, 

intestino, porém em diferentes intensidades (8, 9). 

Até o momento, 1932 mutações associadas à FC já foram descritas (10), porém a 

deleção de um resíduo de fenilalanina no códon 508 (F508del) é a mais frequente, 

correspondendo a aproximadamente 70% das mutações em populações da Europa 

(1). No Brasil, essa mutação foi descrita na frequência de 33% a 52% em São Paulo 

(11-13), 49% no Rio Grande do Sul e 27% em Santa Catarina (12).  

A expectativa de vida para crianças nascidas em 1960 era de quatro anos, mas 

devido a evoluções no tratamento da doença pulmonar e melhor suporte nutricional, 

hoje a expectativa de vida é de quase 50 anos, para pacientes nascidos em 2000 

(14). 
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 Apesar de afetar múltiplos órgãos, os maiores determinantes da mortalidade na 

doença são a insuficiência pancreática e a progressão da doença pulmonar (2). Com 

a melhora na sobrevida, novas complicações relacionadas à FC têm surgido. A 

alteração do metabolismo dos carboidratos, desde intolerância à glicose (IG) até o 

Diabetes Mellitus (DM), é a mais prevalente e de maior impacto na piora da 

mortalidade (15-19). 

O risco de DM na FC é aproximadamente 20 vezes maior que na população geral e 

costuma aumentar sua incidência a partir da puberdade 

(aproximadamente 20%), atingindo 40 a 50 % dos adultos na terceira década de 

vida (15). 

O DM na FC foi incluído na classificação da Associação Americana de Diabetes 

(ADA) como parte do grupo denominado “outros tipos específicos – doenças do 

pâncreas exócrino”, em 1997 (20).   

A patofisiologia do Diabetes Mellitus Relacionado à FC (DRFC) deve-se 

principalmente à deficiência insulínica, secundária à lesão das células beta e à 

alteração da cinética de secreção da insulina (21-23).  

Além disso, adiciona-se eventual aumento da resistência insulínica, intermitente ou 

não, secundário a exacerbações pulmonares, uso de corticóides, infecções e outras 

causas (24-28).  

O risco do aparecimento de DM em pacientes portadores de FC parece ser maior 

em homozigotos para a mutação F508del. Não existem marcadores auto-imunes, ou 

perfis de HLA (Human Leucocyte Antigens), relacionados a esse tipo de diabetes 

(24, 25, 29, 30). 
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Os sintomas costumam ser escassos e muitas vezes se confundem com os próprios 

sintomas da FC, como cansaço, perda de peso e piora da função pulmonar. Alguns 

raros casos mais avançados podem apresentar-se com sintomas típicos como 

poliúria e polidipsia. Estudos em DRFC evidenciaram que, a perda de peso e o 

declínio rápido da função pulmonar apareceram dois a quatro anos antes da 

realização do diagnóstico de diabetes (31-33).  

Devido aos sintomas serem inespecíficos e à gravidade das consequências do 

diabetes para o estado geral do paciente, há anos foi sugerido que se realize 

“screening” com Teste de Tolerância Oral a Glicose (OGTT) para diagnóstico 

precoce da doença, inicialmente indicado a partir dos 14 anos de idade. O último 

consenso sobre DM em FC (34) sugere que OGTT seja feito anualmente já a partir 

dos 10 anos (15). 

Estudo realizado na Universidade de Minnesota, onde o OGTT é realizado 

anualmente em todos os pacientes a partir dos cinco anos de idade, encontrou 

prevalência de DRFC de 9% (entre 5 e 9 anos), 26% ( 10-19 anos), 35% (20-30 

anos) e 43% ( > 30 anos) (35).  

Levantamento retrospectivo, realizado por Moran e colaboradores, encontrou piora 

da mortalidade em pacientes, cujo tratamento e diagnóstico do DRFC foram mais 

tardios (15). 

O tratamento indicado para DRFC é insulina (15, 34, 36, 37) e vários estudos 

demonstraram que após o início do tratamento houve melhora da função pulmonar, 

do ganho de peso e na sobrevida (32,38-42). Tal fato reforça a necessidade de se 

estabelecer um critério de triagem capaz de detectar a doença em estágios menos 
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sintomáticos. Assim, o tratamento poderia ser iniciado mais precocemente, evitando 

a piora clínica e aumento na mortalidade (2,15,18,43,44). 

Desde a sua classificação pela ADA em 1997, o DRFC tem sido alvo de várias 

modificações em relação a conceitos, métodos e idade de triagem. Com isso, novos 

consensos têm surgido, o que justifica a necessidade de uma atualização constante 

sobre este tema. 

No Centro de Referência de Tratamento de FC da Santa Casa de São Paulo, desde 

meados de 2000, a realização do OGTT, vem sendo recomendada anualmente 

como teste de screening para detecção de DM em pacientes a partir dos 10 anos de 

idade. 

Neste estudo tivemos como objetivo realizar uma atualização das recomendações e 

evolução no diagnóstico e tratamento do DRFC (primeiro artigo), e avaliar a 

importância da realização do screening com OGTT para o diagnóstico precoce do 

DM em FC (segundo artigo). 

Para elaboração do primeiro artigo, foi realizado levantamento no Pubmed e Lillacs, 

com as palavras chave: Diabetes Mellitus, diagnóstico, Fibrose Cística, Diabetes 

Relacionado à Fibrose Cística (patofisiologia, diagnóstico, tratamento) e OGTT em 

FC. 

 A partir deste levantamento realizamos uma revisão de literatura e posterior 

elaboração do artigo de atualização, publicado em dezembro de 2011 (Primeiro 

Artigo). 

No segundo artigo tivemos três objetivos: avaliar a prevalência de DRFC nos 

pacientes portadores de FC acompanhados no Centro de Referência de Tratamento 
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de Fibrose Cística da Santa Casa de São Paulo; avaliar se a realização do OGTT foi 

efetiva em diagnosticar o diabetes precocemente; e comparar as condições clínicas 

no momento do diagnóstico de DM entre os pacientes diagnosticados através do 

screening com OGTT e os pacientes que foram diagnosticados após investigação 

por suspeita clínica.  

Utilizamos dados coletados através de levantamento retrospectivo de prontuários de 

pacientes com idade a partir de10 anos, acompanhados em nosso serviço até 

dezembro de 2011. 

Os pacientes foram classificados quanto ao metabolismo glicêmico em tolerância 

normal à glicose (TNG), intolerância à glicose (IG), tolerância à glicose 

indeterminada (Indet) e DRFC. Foram considerados dados obtidos no OGTT mais 

recente, ou no momento da data do diagnóstico de diabetes, de acordo com as 

recomendações da ADA e do último Consenso de Fibrose Cística (15). 

Os pacientes diabéticos foram separados em dois grupos, de acordo com a situação 

em que foi realizado o diagnóstico do DM: através do screening com OGTT (DM-S) 

ou após investigação por suspeita clínica (DM-C). 

As características clínicas no momento do diagnóstico, levantadas para realização 

da comparação entre os grupos foram: idade, sexo, índice de massa corporal (IMC), 

dados de função pulmonar (percentual predito de capacidade vital forçada – CVF, 

volume expiratório forçado no 1º segundo –VEF1, índice de Tiffeneau – IT), 

colonização pulmonar crônica por Pseudomonas aeruginosa, dose de enzimas 

pancreáticas (UI/Kg/dia), uso de corticóide oral crônico, uso de suplemento 

nutricional. 
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Como objetivo secundário, avaliamos se houve diferença clínica entre os pacientes 

com diagnóstico de DM-S, em relação aos pacientes não diabéticos (IG, Indet ou 

TNG).  
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Update on diagnosis and 
monitoring of cystic fibrosis-
related diabetes mellitus (CFRD) 
Atualização no diagnóstico e acompanhamento do 
diabetes melito relacionado à fibrose cística (DRFC)

Renata Maria de Noronha1, Luís Eduardo Procópio Calliari2,  
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SUMMARY
Cystic fibrosis (CF) is the most common recessive autosomal disease among Caucasian. Chil-
dren with CF have benefitted from advances in medical and nutritional treatments, and this can 
be gleaned from the improvement in the survival of these patients. The increase in the survival 
rate brought with it the appearance of co-morbidities related to CF. Nowadays cystic fibrosis-
-related diabetes (CFRD) is considered the most common complication associated with CF. It 
can appear as early as infancy or adolescence, and its prevalence can be as high as 50% in adult 
patients. Because of its high prevalence, difficulties in early detection and the risks involved, 
in recent years several studies and consensuses have focused on this condition, adding infor-
mation about the epidemiology, pathophysiology, prognosis and treatment of CFRD. The main 
aspects of these new concepts, as well as the current recommendations for its diagnosis and 
follow-up, will be presented in this study. Arq Bras Endocrinol Metab. 2011;55(8):613-21
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SUMÁRIO
Fibrose cística (FC) é a doença autossômica recessiva mais comum nos caucasianos. Avanços 
no tratamento da FC acarretaram aumento na sobrevida dos pacientes, que trouxe o apareci-
mento de comorbidades relacionadas à doença. Atualmente, o diabetes relacionado à fibrose 
cística (DRFC) é considerado a complicação mais comum associada à FC, podendo aparecer já 
na infância ou adolescência, chegando a atingir até 50% dos pacientes adultos. Em virtude da 
alta prevalência, das dificuldades de diagnosticar precocemente e das graves consequências 
para os pacientes, nos últimos anos vem crescendo a preocupação com a detecção e o trata-
mento precoces do DRFC. Vários grupos têm se dedicado a procurar evidências e desenvolver 
consensos com o objetivo de orientar o diagnóstico e o acompanhamento dessa comorbidade. 
Neste artigo apresentamos os principais aspectos dessa evolução, bem como as atuais reco-
mendações no acompanhamento de pacientes com DRFC. Arq Bras Endocrinol Metab. 2011;55(8):613-21
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Introduction 

Cystic fibrosis (CF) is the most common lethal re-
cessive autosomal disease among Caucasians, and 

represents a prevalence of 1:2500 to 1:4000 living new-
borns (1). In 1980, Tsui, Riordan and Collins isolated 

the gene responsible for cystic fibrosis in the long arm 
of chromosome 7 (7q31.2) (2). 

Since the beginning of the 1990s, children with cys-
tic fibrosis have benefitted from advances in medical and 
nutritional treatments. This may be  observed by impro-
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ved  patient survival, which today reaches an average of 
40 years, in contrast with the life expectancy of less than 
a one-year survival in the 1950s (3). 

Increased survival rate brought forth comorbidities 
related to CF, such as cystic fibrosis-related diabetes 
(CFRD), bone diseases and depression (3,4). The first 
account of oral glucose intolerance (OGI) in patients 
with CF was published in 1955, and currently CFRD is 
considered the most common complication associated 
with CF (3,5). 

In the United States, the prevalence of CFRD is as 
high as 50% in adult patients of about 30 years old, and 
9% in children between 5 and 10 years of age, progres-
sively increasing during puberty (6) (Figure 1). 

mation on the epidemiology, pathophysiology, progno-
sis and treatment of CFRD. The main aspects of these 
new concepts, as well as the current recommendations 
for CFRD diagnosis and follow-up, will be presented 
in this report. 

Definition and diagnosis of CFRD – An 
evolving vision 

CFRD is part of the set of abnormalities in glucose tole-
rance, which goes from IGT to CFRD (11) (Figure 2). 
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Figure 1. Prevalence of CFRD based on 2005-2008 data for all patients in 
each age group followed up at the University of Minnesota. Data on all 
CFRD patients (CFRD total) and separated by fasting glycemia, with fasting 
hyperglycemia (FH+) and without fasting hyperglycemia (FH-). Adapted 
from ref. 17.

Normal Abnl CGM INDET IGT CFRD FH- CFRD FH+ (T1D)

Generally clinically stable
Increasing risk

Increased morbidity

Figure 2. Glucose tolerance spectrum in CF. In contrast with DM type 1 
patient, insulin secretion is never totally absent in CFRD. Clinical 
deterioration (pulmonary deterioration, underweight) is associated with 
worse glucose tolerance status. Abnl CGM: abnormal home continuous 
glucose monitoring, T1D:  type 1 diabetes, INDET: indeterminate glycemia. 
Adapted from ref. 11.

In the 1997 consensus, the American Diabetes As-
sociation included CFRD in the diabetes mellitus clas-
sification among “other types of diabetes – exocrine 
pancreas diseases” (7). 

The importance of CFRD detection and treatment 
has been highlighted in recent years due to its associa-
tion with a six-fold increase in CF morbidity and mor-
tality. Clinical condition deteriorates, possibly two to 
six years before diagnosis (8).

Diabetes in CF is generally asymptomatic and may 
remain undetectable for up to four years prior to diag-
nosis (9), and because of this, it is necessary to utilize 
the oral glucose tolerance test (oGTT) as a screening 
tool for early detection (10). 

Throughout recent years, several studies and con-
sensuses have focused on this condition, adding infor-

The first important consensus, which initiated the 
standardizations of this issue, was the North American 
CFRD Committee Consensus, in 1998. In this docu-
ment, CFRD was defined by 2-hour glycemia ≥ 200 
mg/dL in the oGTT and it was suggested that patients 
with diabetes should be divided between those with or 
without fasting hyperglycemia (FH), respectively, fasting 
glycemia ≥ 126 or < 126 mg/dL (Figure 1). This clas-
sification was based on the fact that the prognosis could 
be different in the two groups. Screening for diagnostic 
recommendation was one annual random glycemia as-
sessment. If glycemia was ≥ 126 mg/dL, fasting glyce-
mia test would be indicated. Diagnosis would be confir-
med by two fasting glycemia measurements greater than 
126 mg/dL, or one measurement greater than 126 mg/
dL, associated with random glycemia greater than 200 
mg/dL. The oGTT was not recommended as a scree-
ning tool, and was utilized on patients without fasting 
hyperglycemia, but who presented potential symptoms 
for diabetes, such as unexplained polyuria or polydypsia, 
failure to maintain or gain weight (despite adequate nu-
tritional support), slow growth, pubertal delay and inex-
plicable decline in pulmonary function (12).

Later on, oGTT became recommended annually, 
from 14 years of age on, as a screening test (13). Since 

Cystic fibrosis-related diabetes
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Continuous Drip Feeding
Diagnosis based on mid- or 
immediate post-feeding: 
glucose ≥ 200 mg/dL
Should be confirmed on two 
separate nights
If measured by SMBG 
(self-monitoring of blood 
glucose), should be confirmed 
by laboratory measurement

Healthy Outpatients
oGTT – choice
Diagnosis based on:
1.	 FPG ≥ 126 mg/dL
2.	 2-h oGTT
	 ≥ 200 mg/dL
3.	 A1c  ≥ 6,5%
4.	 Random glucose  

≥ 200 mg/dL plus  
polyuria, 
polydipsia

All, but number 4, 
should be repeated

Acute Illness, 
Systemic Steroids
Diagnosis based on 
hyperglicemia that 
persists for > 48 hours: 
Hiperglycemia is defined 
as:
1.	 FPG ≥ 126 mg/dL
2.	 2-h postprandial 

glucose ≥ 200 mg/dL
If measured by SMBG, 
should be confirmed by 
laboratory measurement

Pregnancy
Diagnosis based on 75-g fasting 
oGGT, IF any of the following 
plasma glucose levels are 
present:
1.	 Fasting  ≥ 92 mg/dL
2.	 1h ≥ 180 mg/dL
3.	 2-h ≥ 153 mg/dL

Diagnosis of CFRD

Figure 3. Diagnostic criteria for CFRD under different conditions (adapted from ref. 11).

the 2008 International Society for Pediatric and Ado-
lescent Diabetes (ISPAD) consensus, initial age for the 
test has changed to 10 years old (14). 

During the North American CF Consensus Confe-
rence in 2009, a new category was introduced to the 
CFRD diagnostic classification, called “indeterminate” 
(INDET) (15). Patients included in this category had 
normal glycemia at 0 and 120 minutes but, at inter-
mediate times, presented glycemia greater than 200 mg/
dL, or those who presented postprandial hyperglycemia 
detected by continuous glucose monitoring (CGM), in 
the absence of symptoms suggestive of diabetes (Table 
1) (15). In the general population, the Diabetes Pre-
vention Trial-Type 1 Study Group showed that indivi-
duals with the “indeterminate” profile are considered 
to be at risk for developing DM (16), and in children 
with CF, it was associated with the early development 
of diabetes (17). 

Some special situations, which are common in pa-
tients with CF, have begun to be considered to deter-
mine CFRD diagnosis (11,15) (Figure 3):

– oGTT must be performed according to the ADA 
guidelines, in a period of six weeks free from acute exa-
cerbations (11,15). 

– Hospitalization: patients in acute exacerbation 
and use of systemic corticoids should be investigated 
in the first 48 hours by means of fasting plasma glu-
cose (FPG) and capillary glycemia controls (SMBG – 
self-monitoring of blood glucose). In this condition, a 
patient would be considered diabetic if he or she pre-
sented fasting glycemia ≥ 126 mg/dL or postprandial 
glycemia ≥ 200 mg/dL. When capillary glycemia levels 
are greater than 200 mg/dL, blood samples should be 
collected for glycemia in order to confirm the diagno-
sis. This aspect reveals specific consideration for CF pa-
tients, or in other words, the interpretation of elevated 
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Table 1. Categories of oral glucose tolerance in CF as defined by the North 
American CF Consensus Conference (ref. 15) 

Category FPG, mg/dL 2 – hour PG, mg/dL

NGT < 126 (7.0) < 140 (7.8)

INDET* < 126 (7.0) 140-199 (7.8-11.1)*

OGI < 126 (7.0) 140-199 (7,8-11,1)

CFRD without Fasting 
hiperglycemia (FPG)

< 126 (7.0) ≥ 200 (11,1)

CFRD with  Fasting 
hiperglycemia (FPG)

≥ 126 (7.0) oGTT not necessary

* Oral glucose tolerance in fasting glycemia and in 2-hour glycemia concentration by oGTT, but 
intermediate values of oGTT ≥ 200 mg/dL (11.1 mmol/l), or postprandial hyperglycemia 
determined by continuous glucose monitoring (CGM) in the absence of symptoms.
The oGTT is performed by administering an oral glucose solution of 1.75 g/kg of weight 
(maximum of 75 grams) to fasting patients. Fasting plasma glucose (FPG) and 2-hour plasma 
glucose (PG) are measured. The patient should have consumed at least 150 grams per day of 
carbohydrates during the 3 days prior to the test (600 kcal). Most CF patients consume much 
more than this on a daily basis. Figures in parentheses indicate millimol/liter. 
NTG: normal glucose tolerance; INDET: indeterminate; OGI: oral glucose intolerance.

glycemia during the most severe periods of the disease. 
The recommendation for patients with CF considers 
that hyperglycemia, besides being a diagnostic criteria 
for diabetes, determines the onset of CFRD, even in 
patients hospitalized and ill. Cystic fibrosis is a disease 
associated with hyperglycemia, which is a reflex of in-
sulin deficiency, even when associated with insulin re-
sistance due to a recurring event. The definition of the 
disease by these criteria encourages early intervention 
and improves chronic complications (10,11,15).

– Enteral nutrition: very frequently, patients with 
CF have to use enteral nutrition as nutritional support. 
In these cases, it is recommended that capillary glyce-
mia control should be performed in the first infusion, 
during and after the termination of the diet, and at 
home, once a month. In the case of alterations, blood 
samples should be collected for plasma glycemia in or-
der to confirm the diagnosis (11,15). 

– Pregnancy: oGTT should be performed during 
pregnancy planning in patients with CF. When preg-
nancy is confirmed, a new oGTT should be done im-
mediately, if the patient does not have results within the 
normal range for six months prior to follow-up (11,15). 
During pregnancy, oGTT should be performed bet
ween weeks 12 and 16, and again between weeks 24 
and 28. Diagnostic levels following oral overload of glu-
cose for gestational diabetes in CF are fasting glycemia 
≥ 92 mg/dL, glycemia after 1 hour ≥ 180 mg/dL, and 
≥ 153 mg/dL after 2 hours. Patients who are diagnosed 
with gestational diabetes should have another screening 
control at 6 and 12 weeks after conceiving. 

According to the latest Consensus, it was deter-
mined that there is no need to separate patients with 

CFRD in terms of presence or absence of fasting 
hyperglycemia (11,15). In previous recommendations, 
patients without fasting hyperglycemia were not indi-
cated for insulin therapy (12,14), but more recent stu-
dies have shown the benefits of the early treatment of 
CFRD with insulin for both groups (with or without 
fasting hyperglycemia), thus justifying that it is unne-
cessary to separate the two groups, or to alter the diag-
nostic classification (7,18).

CFRD is, in fact, the final period in a spectrum of 
progressive abnormalities in glucose tolerance. The first 
alterations may range from intermittent postprandial 
hyperglycemia, followed by oral glucose intolerance, 
to diabetes with or without fasting hyperglycemia. An 
isolated alteration in fasting glycemia is rare in CF, and 
patients tend to maintain normal fasting glucose for a 
considerable time after the first 2-hour oGTT greater 
than 200 mg/dL (19). Such an alteration may be con-
sidered as a fluctuation in the degree of glucose toleran-
ce, and may vary from one individual to another. 

Another aspect to be taken into account is that 
the insulin sensitivity in CF may vary according to the 
patient’s clinical condition, the presence of infection, 
nutritional status, and use of medications (mainly cor-
ticoids). A patient with CF who presented diabetes  
during a pulmonary exacerbation period may return  
to normal glucose tolerance values within weeks or 
months (11). 

Hemoglobin A1C (HbA1c), considered a good 
diagnostic test for diabetes in the general population, 
should not be considered as a routine screening test 
for diagnosis in CF patients (10). Studies have shown 
a weak correlation between HbA1c and the degree of 
glucose tolerance. However, when HbA1c yields a high 
result, it should be taken into consideration in the diag-
nosis (20,21). 

Incidence and prevalence 

Increased incidence and prevalence of DM and glucose 
intolerance in CF are greater than in any other group 
of the same age, including Pima Indians (22). An age-
-dependent elevation of 4%-9% in prevalence per year 
was found in Denmark (23). The incidence depends on 
the monitoring and diagnostic criteria utilized by the 
medical services, and may be underestimated in centers 
which do not screen all patients.

Increased prevalence involves older individuals, but 
CFRD has been diagnosed in even younger patients, 
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as HLA class II (37) or VNTR (29), but, as in DM 
type 2, a correlation has been found with genes linked 
with the tumor necrosis factor (37), heat shock protein 
(37,38), and calpain 10 (39). Occasionally, DM type 1 
has been found in CF (40,41).

Pancreatic alterations are due to the abnormal func-
tion of the chloride channels in CF, which results in 
viscous secretion, causing obstruction of the exocrine 
pancreas with progressive fibrosis and fat infiltration. 
This mechanism may lead to the destruction and ruptu-
re of the islets, which, in turn, lead to loss of beta, alpha 
and polypeptide cells. However, postmortem studies 
have not found a great loss of islets in CFRD patients 
when compared with patients who had normal gluco-
se tolerance. On the other hand, amyloid polypeptide, 
which is also characteristic of DM type 2, was found in 
69% of the CFRD patients, and was absent in the non-
-diabetics ones (42,43).

The primary defect that leads to diabetes is severe, 
but not absolute, insulin deficiency (6,23). Fasting insu-
lin and peptide C may be normal, but there is a delay in 
the peak secretion of insulin during the oGTT. Peak in-
sulin secretion in normal individuals occurs at 30 to 60 
minutes, while in CFRD patients it is observed between 
90 and 120 minutes. This delay in insulin secretion in 
the oGTT is related to the loss of the first phase of in-
sulin secretion, which was found in CF patients, even in 
those who still presented normal glucose tolerance (44).

Another issue that is discussed in relation to the de-
velopment of CFRD is the presence of insulin resistan-
ce. A clamp study found hepatic insulin resistance with 
elevated glucose production (in fasting, as well as in 
response to insulin infusion), occurring equally in dia-
betic patients and in those who had totally normal fas-
ting glucose levels (44). It has been hypothesized that 
increased energy needs of CF patients create a physiolo-
gical balance between elevated hepatic glucose produc-
tion and high glucose demand (43,44). In addition, the 
frequent use of glucocorticoids and constant infections 
may worsen this condition. However, despite these as-
pects, the insensitivity to insulin is not as important as 
its deficiency in the development of CFRD. 

Prognostic implications of CFRD 

Mortality and pulmonary function 

A 1988 study showed data in which 25% of the CFRD 
patients reached the age of 30, compared with 60% of 

including during the first year of life (24,25). At the 
Center for Cystic Fibrosis of Minnesota University, 
where oGTT is done annually in all patients 5 years 
of age or older, prevalence of DM was 9% for those 
between 5 and 10, peak incidence was between 20 and 
30 years of age, and it affected 45%-50% of the patients 
around 40 years old (17). In Denmark, where oGTT 
is performed annually from infancy on, 50% of the pa-
tients had diabetes at around 30 years of age (26). In 
the European CF Epidemiology register, the prevalence 
of DM among children and adolescents with CF varied 
5% (10-14 years old) to 13% (15-19 years of age) (27). 
A prospective data compilation in Ireland found a simi-
lar scenario, with 69% normal tolerance; 14% glucose 
intolerance; and CFRD in 17% of the patients between 
10 and 19 years of age (28).

There are studies that correlate the greater preva-
lence of CFRD with mutations in delta F508 gene, 
principally when in homozygosis (29). In Europe and 
the United States, this mutation is present in as many 
as 70%-90% of the patients studied. Such rates could 
therefore justify the high prevalence of CFRD in these 
regions. In Brazil, this mutation has been described as 
present in 33% to 52% in São Paulo (30-32), 49% in Rio 
Grande do Sul, and 27% in Santa Catarina (31).

In relation to the prevalence of CFRD among us, 
there is little information available, with prevalence ran-
ging from 4.8% to 33%, depending on age and type of 
diagnostic screening test used (33-35). In our practice, 
at Hospital da Santa Casa de São Paulo, the oGTT has 
been performed annually in all patients 10 years old and 
over, since 2000. In 2009, we began the study scree-
ning children from 8 years of age on. In a preliminary 
data compilation involving 63 patients until December 
2010, the prevalence of altered test results in the age 
group of 8-10 years was 18.2% (for IGT and CFRD), 
and 26.7% in patients older than 10 (36). 

These data suggest that our population has the same 
trend of high CFRD prevalence, as evidenced in the 
literature, and indicates the need to carry out screening 
procedures for early detection.

Pathophysiology of CFRD 

There are studies that correlate the occurrence of 
CFRD with mutations associated with more severe di-
seases, such as phenylalanine 508 deletion (delta F508), 
and pancreatic exocrine insufficiency (29). There is no 
correlation with gene susceptibility to DM type 1, such 
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the CF patients without diabetes (45). It was the first 
time a study showed greater mortality in CF and dia-
betes patients. From then on, other studies have de-
monstrated that the diagnosis of DM in CF patients 
is associated with worsening of nutritional condition, 
more severe lung disease, and higher mortality (45,46). 

The impact of diabetes on pulmonary function seems 
to be the most important morbidity in these patients. 
Both insulin deficiency and hyperglycemia negatively 
affect pulmonary disease in CF. Nutritional condition 
and pulmonary function begin to deteriorate several 
years prior CFRD diagnosis, a period in which minimal 
hyperglycemia is present (9,11). Modest increases in 
glycemia (≥ 144 mg/dL) may influence pulmonary 
function, as they promote a glycemic increase in the 
bronchial tree, which may facilitate the growth of 
respiratory pathogens (47). Fasting hyperglycemia 
(FH) does not appear to be relevant in the progression 
of the disease, as there was no difference in pulmonary 
function and nutritional condition among CFRD 
patients with and without FH (7). 

The level of pulmonary deterioration is directly re-
lated to the severity of insulin deficiency. In a 4-year 
follow-up, patients with glucose intolerance after the 
oGTT showed greater pulmonary function loss than 
those with normal glucose tolerance. CFRD patients, 
with or without FH, had an even greater loss (48). 

A longitudinal evaluation at a CF center compa-
red the mortality of diabetes patients in 1992-97 and 
2003-2008, and found a decrease in mortality of over 
50% between the two (from 6.9 to 3.2 deaths per 100 
female patients, and from 6.5 to 3.8 for male patients) 
(7). This improvement was attributed to earlier diag-
nosis and more aggressive insulin treatment in the later 
period (7). 

CF pulmonary function, dependent on weight and 
maintenance of lean mass, is affected by insulin defi-
ciency, which compromises nutritional condition, ge-
nerating a catabolic state, with breakdown of fat and 
proteins (49). In a recent controlled, random, placebo-
-controlled, multicenter study, it was demonstrated that 
insulin therapy was able to revert chronic weight loss 
in adult CFRD patients, with and without FH. This 
finding put an end to the old discussion about when in-
sulin should be prescribed in cases of light forms of dia-
betes (without FH), considering that treatment should 
be initiated in the earliest stages of the disease (18). 

As for patients with oral glucose intolerance or the 
so-called “indeterminated diabetes”, the benefits of in-

sulin therapy have not yet been proven. Small studies 
done in adults and children suggest that insulin should 
be recommended and introduced in these cases, but 
more studies are necessary before any modification can 
be suggested (50,51). 

Macro and microvascular complications 

In spite of the increase in survival among CFRD pa-
tients, there is no record of CF patients who succum-
bed to atherosclerotic cardiovascular disease. This is 
due to the fact that the cholesterol levels in these pa-
tients are generally low, despite a diet rich in saturated 
fat (52). Low cholesterol levels may be attributed to 
poor absorption of fats, and may be even intrinsically 
correlated with the basic defect in the CF gene, as cho-
lesterol levels are low even in well-nourished patients. 

Microvascular complications, such as blindness, 
glaucoma, hypertension and renal failure have been 
described in patients with CFRD (53,54). In Denmark, 
36% of the patients who have had diabetes for over 10 
years present retinopathy (55). A study that evaluated 
285 patients with CFRD did not find complications 
in patients who presented normal fasting glycemia. 
In those who presented fasting hyperglycemia, 
microvascular complications were rare with less than 
10 years of diabetes progression. In patients with 
FH and over 10 years with the disease, 14% had 
microalbuminuria, 16% retinopathy, 55% neuropathy 
and 50% gastropathy (53). 

Despite the fact that microvascular complications in 
CFRD are less frequent than in other types of DM, it is 
important that these complications are screened 5 years 
after the diagnosis (10,11,15). 

Treatment of CFRD 

Nutritional orientation 

There is no place for caloric restriction in the nutritio-
nal management of CF patients with CFRD. Mainte-
nance of an adequate caloric balance to preserve the 
body mass index (BMI) is essential for the health and 
survival of CF patients. CFRD diagnosis should not al-
ter the usual CF dietary recommendations (Table 2). 

Maintenance of the BMI over 50 percent, for gen-
der and age between 2 and 20 years old, is considered 
the ideal goal. For adult females, it would be > 22 kg/m² 
and for males > 23 mg/m² (56). 

Cystic fibrosis-related diabetes
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Table 2. Differences in the diet management of DM1 (diabetes mellitus type 1) and DM2 (diabetes mellitus type 2) versus CFRD recommendation (adapted 
from ref. 57) 

Nutrient DM1 and DM2 CFRD 

Calories ≤ 100% of normal diet for age and gender  
Control or restrict calories to prevent excess weight

Generally needs from 120%-150% of the basal needs for age and 
gender to prevent underweight

Fat < 35% of total energy 40% of total energy

Refined sugar Up to 10% of the total energy No restriction

Carbohydrate 46%-60% of total energy 46%-60% of  total energy

Dietary fiber No quantitative recommendation but 
encouraged due to beneficial effects

Recommended for the well-nourished, but in the undernourished can 
impair energy intake

Protein 10%-20% of the total energy, but not over > 1 g per kg of body weight 
per day

200% of reference nutrient intake

Salt Ingested ≤ 6 g/day Increased requirement, without restriction 

Insulin therapy 

Currently, insulin is the only medical therapy recom-
mended for CFRD (10,11,15). Due to the variables, 
which are extremely dependent on the type of CF pro-
gression (degree of insulin deficiency, utilization of 
enteral nutrition, pulmonary function impairment, use 
of associated medications), insulin therapy regimens 
should always follow the patient’s needs. These regi-
mens go from the utilization of rapid or ultra-rapid-
-action insulin, to suppress postprandial hyperglycemia, 
to the use of the basal-bolus regimen in multiple do-
ses, and even to an insulin infusion system for the most 
insulin-deficient patients.

A study by Hardin and cols. reported 10 young 
adults treated with, and monitored by, the Continuous 
Glucose Infusion System (CIS) for a period of 6 mon-
ths. All of them presented an improvement in BMI and 
pulmonary function, and a reduction in corporal cata-
bolism (57). Other studies before that had already su-
ggested that insulin stabilizes pulmonary function and 
improves nutritional condition (7,18).

We did not find studies showing benefits of insulin 
in children and adolescents with CF and glucose into-
lerance. 

Therapy with oral agents 

The oral agents for diabetes are not recommended in 
CFRD (10,11,15), but there are some data in the lite-
rature on their use in this situation. 

Repaglinide: insulin secretagogue, increased en-
dogenous insulin concentration, but was less effective 
than the rapid-action insulin in the control of post-
prandial hyperglycemia in an experimental study (58). 

Sulfonylureas: block and inhibit chloride channels and 
cause hypoglycemic problems. 

Agents that increase sensibility to insulin may not 
be effective as a monotherapy, as insulin resistance is 
not the main etiology in CFRD (59). Metformin: cau-
ses, in most patients, intolerable collateral effects, such 
as nauseas, diarrhea and abdominal discomfort (60). 
Thiazolidinediones: were recently associated with os-
teoporosis. 

In conclusion, in the last few years, there has been 
a rapid increase in the survival of cystic fibrosis patients 
due to an improvement in diagnosis and treatment 
conditions. With the increased lifespan, the comorbidi-
ties associated with the disease, which were previously 
unknown or rare, have also begun to appear. Among 
them, CFRD appears as the most frequent and most 
potentially severe one, worsening patient quality of life 
and prognosis. 

The presence of CFRD is clinically difficult to detect, 
as it may be asymptomatic for several years prior to diag-
nosis. Its high frequency, the absence of signs and symp-
toms in the initial phases, and risk of association with 
clinical deterioration, justify the studies that have been 
done on the diagnosis and treatment of this disorder. 

Currently, a standardized routine is advocated to 
achieve this aim, with annual screening for early detec-
tion of CFRD with the oral glucose tolerance test for 
all cystic fibrosis patients, beginning at 10 years of age. 
CFRD assessment should also be carried out among 
patients younger than 10 years of age who present 
symptoms suggestive of DM, and in situations where 
insulin resistance is temporarily increased (pulmonary 
exacerbations, enteral nutrition, pregnancy, use of cor-
ticoids). 
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The early treatment with insulin should be institu-
ted and individualized as soon as the diagnosis is con-
firmed, which will result in an important improvement 
in the clinical conditions and survival of CF patients. 

The presence of another diagnosis – Diabetes – for 
the families and the patients with CF, is frequently diffi-
cult to accept and, sometimes, devastating. In addition 
to the impact of the chronic and incurable disease, the-
re is the need for introduction of a treatment consisting 
of daily injections, for a patient who already has an in-
tense daily nutrition and medication routine. To make 
matters worse, screening produces a diagnosis before 
the symptoms appear, which generates great resistance 
and a tendency for low adherence to insulin treatment. 

In this case, the existence of a multidisciplina-
ry team, with a pneumologist, a physical therapist, a 
psychologist and a nutritionist, in addition to the endo-
crinologist, is essential to promote the understanding 
of, and the adherence to the treatment and control of 
CFRD. 

Despite all the advances that took plance in such a 
short period of time, many doubts and controversies 
still persist in relation to to this very peculiar form of 
diabetes. Answers may be provided by new studies in 
the next years.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT 

Objectives: To evaluate (A) the prevalence of cystic fibrosis-related diabetes 

(CFRD) at the Center of Excellence for Cystic Fibrosis (CF) Treatment, Santa Casa 

de São Paulo; (B) if screening with oral glucose tolerance test (OGTT), 

recommended annually for patients ≥ 10 years of age, diagnosed CFRD earlier; and 

(C) if patients diagnosed by screening (DM-S) were in better clinical conditions than 

those diagnosed by clinical suspicion (DM-C).  

Subjects and Methods: A cross-sectional study was performed with retrospective-

prospective analysis of CF patients with chronological age (CA) ≥ 10 years. Data for 

various parameters were collected at DM diagnosis or at the last OGTT. The OGTT 

results were classified according to the American Diabetes Association (ADA) 

guidelines.  

Results: Results were as follows: n = 60 (29F), Age = 19.1 y (±7.6), CFRD = 30% 

(DM-S = 16.7%, DM-C = 13.3%), Impaired Glucose Tolerance + Indeterminate = 

26.7%, Normal Glucose Tolerance = 43.3%. The DM-S group was 8.8 years younger 

and showed better lung function tests (forced vital capacity, forced expiratory volume, 

and Tiffeneau index values - p = 0.031, p = 0.007, p = 0.011, respectively) than the 

DM-C group. There was no differences between DM-S and DM-C regarding sex, 

height, Body Mass Index, Pancreatic Enzymes use, glucocorticoids, high-calorie 

nutritional supplement use, and pulmonary colonization by Pseudomonas 

Aeroginosa+. 

Conclusions: DM was highly prevalent in CF patients (30%). OGTT screening 

anticipated CFRD diagnosis by 8.8 years, and these patients presented better lung 

function than those diagnosed by clinical suspicion.  
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INTRODUCTION 

Since the early 1990s, developments in the prevention and treatment of pulmonary, 

gastrointestinal, and nutritional complications have increased the survival of patients 

with cystic fibrosis (CF) (1). 

 With improvements in the survival rates, comorbidities associated with CF begin to 

appear more frequently; among these, cystic fibrosis related diabetes mellitus 

(CFRD) is the most prevalent (1, 2). 

According to the CF Foundation (CFF) Patient Registry, 2010 Annual Data Report, 

which reflects data from over 26,000 patients treated in centers of excellence for the 

treatment of CF in the United States, approximately 35% of patients in the third 

decade of life present with CFRD (1). At the University of Minnesota, where 

screening with the oral glucose tolerance test (OGTT) is held annually since early 

1990’s, for patients from 6 years of age onwards, the expected prevalence of CFRD 

was 20% in adolescents, 40% in patients approximately 20 years of age, and 45–

50% in those older than 30 years of age (3).  

Association between CF and CFRD was correlated with a worse clinical evolution of 

CF, as evidenced by reduced pulmonary function, increased frequency of pulmonary 

exacerbations, pulmonary colonization by Pseudomonas aeruginosa and 

Burkholderia cepacia, along with worsening nutritional conditions (4-7). 

Later, CFRD was associated with increased mortality of up to 6 times greater than 

that in CF patients without DM (3, 8). 

The consensus between the American Diabetes Association (ADA) and CFF, 

endorsed by the American Pediatric Endocrine Society (PES), suggests that the 
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OGTT should be performed annually from 10 years of age onwards as a screening 

test for the investigation of DM (9). The OGTT should be performed and interpreted 

according to the ADA guidelines (10).  

In 2009, the North American Cystic Fibrosis Foundation Consensus Commitee added 

a new category with respect to the classification of oral glucose tolerance in CF, 

based on the values of fasting plasma glucose (FPG), i.e., plasma glucose (PG) at 1 

h (PG1) and at 2 h (PG2) during the OGTT (9,11). This new category was named 

indeterminate glycemia (INDET), and occurs in individuals with normal FPG and 

PG2, but having values of PG1 ≥ 200 mg/dL (11). In the CF outpatient clinic of Santa 

Casa de São Paulo, annual screening with OGTT was adopted since 2000 for 

patients with age ≥ 10 years.  

In our center, before the institution of the OGTT as a screening test for the diagnosis 

of DM in CF, only patients with clinical suspicion of DM were investigated, such as in 

the case of decline in pulmonary function, increase in the number of pulmonary 

exacerbations, and worsening nutritional status. 

The objectives of this study were as follows: 

 - To assess the prevalence of CFRD in patients over 10 years of age monitored in 

the CF outpatient clinic of the Santa Casa de São Paulo, during the period between 

1998 and 2011.  

- To compare the age at diagnosis of CFRD among diabetic patients diagnosed by 

OGTT (DM-S) and those diagnosed by clinical suspicion (DM-C). 
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- To assess whether there were differences between the clinical conditions of the 

DM-S patients and those of the patients who underwent CFRD diagnosis(DM-C) 

before the period of establishment of the routine OGTT.  
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METHODS 

Case Series  

Retrospective data analysis was performed using medical records and for those with 

no previous data, OGTT updates were performed to detect diabetes in patients ≥10 

years of age, monitored in the Center of Excellence for Treatment of CF of the Santa 

Casa de São Paulo, during the period between 1998 and December 2011. 

The study included patients with CFRD, those who underwent OGTT and who had 

available information regarding the date of DM diagnosis or the date of the most 

recent OGTT. 

The OGTT was performed according to the ADA recommendations (1.75 g/kg of 

dextrose orally; maximum dose of 75 g; and measurement of blood glucose at 0, 30, 

60, 90, and 120 min). The test was performed while fasting, at a time distant from the 

hospitalization, or by using glucocorticoids orally or intravenously, for >6 weeks (10). 

All CF patients in our center had a recommended daily intake of a high-calorie diet 

comprising approximately 46–60% of carbohydrates (12). 

Data  

We conducted a retrospective/prospective systematic review of the medical records 

in order to collect the following information at the time of DM diagnosis (by the clinical 

suspicion method or by OGTT screening) or on the date of the most recent OGTT: 

chronological age (CA), sex (F/M), height (cm), weight (kg), body mass index (BMI), 

use of pancreatic enzyme (PE) (IU·kg-1·day-1), use of glucocorticoids, use of oral 

high-calorie nutritional supplements (HNS), presence of chronic colonization by P. 

aeruginosa (PA+), and glycemic evaluation (see below). 
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 In patients younger than 19 years of age, the weight, height, and BMI results were 

expressed in standard deviation score(s) (SDS - zScore) (zWeight, zHeight, and 

zBMI, respectively). BMI was calculated using the formula: weight (kg)/height (m²). 

For those older than 19 years of age, we used absolute values of BMI. 

For BMI analysis, patients below 19 years of age were classified according to the Z-

score: underweight (zBMI < -2), normal (zBMI ≥ -2 and ≤ +2), overweight (zBMI > 2), 

and obese (zBMI > 3). To classify patients ≥19 years of age, we used absolute 

values of BMI: underweight (BMI ≤ 18.4), normal weight (BMI between 18.5 and 

24.9), overweight (BMI ≥ 25), and obese (BMI ≥ 30), according to the 

recommendations of the World Health Organization (WHO) (13). 

We collected data obtained from spirometry for pulmonary function analysis 

performed within a maximum period of 6 months from the date of the OGTT: forced 

expiratory volume in 1 s as percentage of predicted (FEV1%), forced vital capacity 

(FVC%), and Tiffeneau index (TI), which is the ratio of FEV1/FVC. 

OGTT results were classified based on PG values, according to the ADA 

recommendations (10): normal glucose tolerance (NGT) - FPG < 126 mg/dL and PG2 

< 140 mg/dL; impaired glucose tolerance (IGT) - FPG < 126 mg/dL and PG2 = 140–

199 mg/dL; CFRD - FPG ≥ 126 mg/dL or PG2 ≥ 200 mg/dL; and INDET - PG1 ≥ 200 

mg/dL with FPG < 126 mg/dL and PG2 < 140 mg/dL. Patients diagnosed with CFRD 

by using OGTT screening were labeled as DM-S. 

Patients who were investigated because of clinical suspicion, were considered to be 

CFRD patients when they presented one of the following criteria: FPG ≥ 126 mg/dL 

or blood glucose collected randomly ≥ 200 mg/dL, in addition to the typical symptoms 

of DM. These patients were labeled as DM-C. 
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Statistical analysis  

We compared the data obtained from the DM-S patients and those obtained from the 

DM-C patients at the time of DM diagnosis. 

Statistical analysis was performed in patients who underwent the OGTT and were 

separated into 3 groups according to the results of the screening: diabetes (DM-S), 

altered OGTT (IGT+INDET), and normal glucose tolerance (NGT). 

We used means and standard deviation for quantitative variables; however, in the 

comparison between groups, when data distribution was non-parametric, we used 

median, minimum, and maximum. 

In the DM-S group, we had one patient who was considered an outlier. This patient 

received a diagnosis of DM via the OGTT, but had a late diagnosis of CF (42 years), 

and his first OGTT at 43.8 years of age. Because of this fact, this patient was not 

considered when comparing the age at DM diagnosis and clinical conditions in our 

statistical analysis. However, he was included in the prevalence data.  

We used relative or absolute frequency in the analysis of the qualitative variables. 

 The analysis of variance (ANOVA) test was used for comparing means, and Fisher’s 

exact test was used for associating qualitative variables. 

A statistical significance level of 5% was used in the comparison between the groups 

(P < 0.05). 

The programs used for statistical analysis were Epi Info version 3.5.3 and SigmaStat 

3.5 (blox-spot graphics). 

All statistical analyses were coordinated by the Statistical Analysis Department of the 

post-graduate program of the Santa Casa de São Paulo. 

This study was approved by the Ethics and Research Committee of the Santa Casa 

de São Paulo. 
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RESULTS 

Among the 141 patients registered at the outpatient clinic for CF of the Santa Casa 

de São Paulo during the period between 1998 and December 2011, 60 patients were 

included in the study, all of them were older than 10 years of age and had complete 

information of the last OGTT (FPG, PG1, and PG2) or had a CFRD diagnosis 

following investigation, because of clinical suspicion. 

The clinical characteristics of the 60 patients (29F/31M) are listed in Table 1. 

Among the 60 patients, 8 (13.3%) had previously been diagnosed with CFRD 

(diagnosis being performed because of clinical suspicion of DM) by way of fasting or 

postprandial glycemia (DM-C). In 52 of the 60 patients (86.7%), OGTT screening was 

performed, and, of these, 10 (16.7%) were diagnosed as having DM. Of the 60 

patients, 13 (21.7%) were classified as IGT, 3 (5%) as INDET, and 26 (43.3%) as 

NGT (Figure 1). 

The total number of patients with CFRD was 18 out of 60 patients (30%), with DM-S 

= 10 (55.5%) and DM-C = 8 (44.5%). 

The 18 CFRD patients, DM-S and DM-C, were compared with respect to the clinical 

data at the time of DM diagnosis. We found differences in the data with respect to the 

CA (DM-S = 13.5 y ± 2.9 and DM-C = 22.3 y ± 5.4; p = 0.0007) and the spirometry 

results (Table 2 and Figure 2). 

No difference was observed between the DM-S and DM-C groups with respect to 

sex, height, BMI, PE use, glucocorticoid use, HNS use, and PA+. 

Among the patients who underwent OGTT screening, a comparison of all clinical 

data was performed between the 3 groups, i.e., DM-S versus NGT versus 
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IGT+INDET. The average chronological age (CA) was as follows: DM-S = 13.5 ± 3.0; 

IGT+INDET = 18.5 ± 6.0; and NGT = 19.5 ± 8.0 (p = 0.059). In the multiple 

comparisons, the DM-S group showed lower IC values than the NGT group (p = 

0.036), but no difference was observed between the DM-S and IGT+INDET groups 

nor between the IGT+INDET and NGT groups. 

We found the following results with regard to the frequency of PA+: NGT = 57% 

(15/26), IGT+INDET = 100% (16/16), and DM-S = 75% (6/8) (p = 0.010). In the 

multiple comparisons, a higher prevalence of PA+ was observed in the IGT+INDET 

group versus the NGT group (p = 0.001). The dose of the mean PE (IU·kg-1·day-1) 

found was as follows: NGT = 3780 (±3398), IGT+INDET = 5852 (±2357), and DM-S = 

6258 (±3307.8) (p = 0.485). In the multiple comparisons, a difference was observed 

between the NGT and IGT+INDET groups (p = 0.038). 

 No difference was observed between the 3 groups with respect to height, BMI 

classification, use of glucocorticoids, use of HNS, and spirometry data. 
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DISCUSSION 

Among the 60 patients who entered the study, the mean age at the time of evaluation 

was 19.1 years, ranging from 10.1 to 43.2 years. We found a high prevalence of DM 

(30%) in this group of patients, of which, 55% were diagnosed after the introduction 

of the OGTT as an annual screening test. This high prevalence is consistent with 

findings reported in the literature, which shows approximately 35% in centers where 

screening is performed routinely (1, 2, 14-17). However, Brazilian national data on 

DM in CF, found a prevalence ranging from 4.0% to 12.5%, depending on age and 

the type of screening used (18-20). The second annual report of the Brazilian 

Registry of Cystic Fibrosis 2010, which contains data from 1798 patients being 

treated at different centers of excellence for the treatment of CF in the country, has 

reported that only 4.1% of patients are taking insulin; however, it has no specific 

information on the prevalence of CFRD in the group studied (21).  

The great variability in the information regarding the actual prevalence of CFRD in 

our population leads us to speculate that, probably, there is no active search 

occurring by ways of a systematic screening routine in various treatment centers for 

CF, or even that there may be failure in the dissemination of these data. Some 

considerations can be made, which help us understand the motives for the lack in the 

soliciting of or the delay in the performance of the OGTT, which could diagnose the 

CFRD earlier, such as the absence of diabetic specific symptoms, necessity to test 

(not always well accepted by patients), overloaded clinical care routine (pulmonary 

evaluation, physical therapy, nutrition, review of antibiotic therapy, etc.), and 

eventually the unfamiliarity with the need for testing in order to diagnose. Moreover, 

the lack of knowledge among patients about the negative impact of DM in the 

evolution of the CF, as well as the exhaustive routine treatment and caring for the 
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disease, should make it difficult to adhere to yet another examination in monitoring 

these patients. 

Despite these difficulties, in our study we were able to reach all the patients older 

than 10 years old, and DM was diagnosed approximately 8.8 years earlier in patients 

who underwent the OGTT than in those who underwent investigation by clinical 

suspicion. In 2009, an important study by Moran et al., demonstrated that the 

presence of DM increases mortality in patients with CF. This study found a decrease 

in mortality, i.e., around 50% among patients diagnosed after the institution of the 

OGTT as an annual screening test compared with patients who were later diagnosed 

with CFRD by clinical suspicion (3). This result reinforces the suspicion that early 

diagnosis beneficially affects the clinical evolution of the patients.  

In our study, patients who had earlier diagnosis, due to the OGTT screening, had 

better pulmonary function parameters than did patients diagnosed by clinical 

suspicion. There was, however, no difference in the BMI classification, unlike the 

data reported in the literature. As such, data describe worsening of pulmonary 

function and worse nutritional status in patients diagnosed by symptoms, even with 

minimal elevations of glycemia (22-24). Perhaps, with an increased number of 

patients, that difference could be detected. It is noteworthy that the data on BMI are 

scarce in the literature, not being cited in most studies on the impact of DM on CF 

patients.  

In comparing CFRD patients diagnosed by screening with non-diabetic patients 

(IGT+INDET and NGT), no differences were observed in spirometry parameters or in 

the BMI classification. This suggests that early diagnosis, performed using the 

screening test, allowed for the initiation of DM treatment before it could provoke the 

onset of clinical harm in the evolution of the CF. 
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Multiple comparisons between the groups that underwent the OGTT, i.e., DM-S, 

IGT+INDET, and NGT, showed a higher frequency of colonization by P. aeruginosa 

and a higher dose of the pancreatic enzyme (IU·kg-1·day-1) in the IGT+INDET group 

than in the NGT group. Such a finding is consistent with the idea that small changes 

in glycemia could already represent some clinical harm to the patients (22-24), 

further reinforcing the need to perform at intermediate times the assessment of 

glucose by using the OGTT. 

We therefore conclude that:  

- The prevalence of CFRD in the group was high (30%).  

- OGTT screening was effective in diagnosing CFRD earlier, anticipating the 

diagnosis by 8.8 years. 

- CFRD patients diagnosed by screening had better pulmonary function than 

did patients diagnosed by clinical suspicion, while being similar to patients with 

normal glucose tolerance. 

 

Therefore, our data suggest that the detection of CFRD is delayed when diagnosed 

by clinical suspicion. The high frequency, absence of specific signs and symptoms, 

and negative impact on CF evolution and survival, justify the need for implementing 

routine screening via OGTT in the healthcare services for CF patients. Larger long-

term studies are needed, however, to demonstrate the real benefits of early 

diagnosis and treatment of DM in CF.  
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Tables 

Table 1. Characteristics of the group in total  

Characteristics Total  

Chronological age: years (SD) 19.1 (7.5) 60  

Female/Male: n 29/31  60 

Height: SDS (SD) -0.9 (0.9)  59  

BMI classification: 

 Underweight  

Normal weight 

n (%) 

13 (22.8) 

44 (77.2) 

 

 

57 

 PA+ frequency 45 (77.6) 58 

Use of HNS 52 (89.7) 58 

Use of oral corticosteroids 3 (5.2) 58 

PE dose (IU·kg-1·day): media (SD) 5047 ± 3262  57  

Pulmonary function: 

FEV1%  

FVC%  

TI 

Mean (SD) 

59.5% ± 24  

75.2% ± 23.3  

78.1 ± 14.3  

 

57  

57  

57  

Table 1: 

SDS: Standard deviation score 

SD: Standard deviation 
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BMI: Body mass index [weight (kg)/height (m²)] 

PA+: Patients with colonization by Pseudomonas aeruginosa  

HNS: Oral high-calorie nutritional supplement  

PE: Pancreatic enzyme 

FEV1%: Forced expiratory volume in 1 s as percentage of predicted  

FVC%: Forced vital capacity percent predicted  

TI: Tiffeneau index (FEV1/FVC ratio) 
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Table 2: Chronological age and spirometry data of the CFRD group  

 

Characteristic DM-S/DM-C 

 

DM-S 

MEAN (SD) 

DM-C 

MEAN (SD) 

ANOVA TEST 

P 

CA (years) 9/8 13.5 (2.98) 22.3 (5.4) <0.001 

FEV1% 7/7 64.7 (22.6) 34.6 (10.3) 0.007 

FVC% 7/7 81.7 (24.9) 54.7 (15.2) 0.031 

TI (FEV1/FVC) 7/7 82.0 (13.4) 64.0 (8.2) 0.011 

 

CFRD: Cystic fibrosis-related diabetes 

DM-S: CFRD patients who were diagnosed by screening with the oral glucose 

tolerance test (OGTT) 

DM-C: CFRD patients who were diagnosed after investigation by clinical suspicion of 

diabetes mellitus  

CA: Chronological age at diagnosis of diabetes mellitus 

FEV¹ (FEV1): Forced expiratory volume in 1 s as percentage of predicted 

FVC: Forced vital capacity 

Tiffeneau index: FEV1/FVC ratio 
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Figure Legends 

Legend to Figure 1: 

DM-C: Cystic fibrosis-related diabetes (CFRD) patients who were diagnosed after 

investigation by clinical suspicion of diabetes mellitus 

DM-S: CFRD patients who were diagnosed by screening with the oral glucose 

tolerance test (OGTT) 

IGT: Impaired glucose tolerance according to the OGTT (plasma glucose at 2 h 

(PG2) ranging 140–199 mg/dL) 

INDET: Indeterminate glycemia according to the OGTT (fasting plasma glucose 

(FPG) < 126 mg/dL; PG2 < 140 mg/dL, and plasma glucose at 1 h > 200 mg/dL) 

NGT: Normal glucose tolerance according to the OGTT (FPG < 126 and PG2 < 140 

mg/dL) 
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Legend to Figure 2: 

CA: Chronological age at diagnosis of diabetes mellitus 

CFRD: Cystic fibrosis-related diabetes 

DM-S: CFRD patients who were diagnosed by screening with the oral glucose 

tolerance test (OGTT) 

DM-C: CFRD patients who were diagnosed after investigation by clinical suspicion of 

diabetes mellitus 

FEV¹ (FEV1): Forced expiratory volume in 1 s as percentage of predicted 

FVC: Forced vital capacity 

Tiffeneau index: FEV1/FVC ratio 
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Figure 1. Classification of the groups based on glucose metabolism (n = 60). 
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Figure 2. Comparison of cystic fibrosis-related diabetes (CFRD) patients based on 

the diagnosis method: DM-S x DM-C  
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COMENTÁRIOS FINAIS 

 

A FC é a doença autossômica recessiva letal mais comum entre os caucasianos (1), 

e os progressivos avanços no tratamento de crianças portadoras de FC têm levado a 

um aumento significativo na sobrevida desses pacientes, que hoje chega à média de 

40 anos, em contraste com a encontrada na década de 50, que era de menos de 1 

ano de vida (2,16). 

Atualmente o DRFC é considerado a complicação mais comum associada à FC, 

atingindo cerca de 50 % dos pacientes adultos, mas podendo aparecer desde a 

infância ou adolescência (14-16).    

A importância da detecção e tratamento do DRFC vêm se destacando nos últimos 

anos, devido à sua associação com aumento de seis vezes na morbidade e 

mortalidade da FC, sendo que o declínio do estado clínico pode ocorrer dois a seis 

anos antes do diagnóstico (17,18). 

O diabetes na FC é geralmente assintomático e pode permanecer indetectável por 

até quatro anos antes do diagnóstico (39), por isto há necessidade de se utilizar o 

Teste de Tolerância Oral à Glicose como triagem para detecção precoce (34).  

Desde o primeiro consenso importante, que deu início às normatizações sobre o 

assunto, realizado em 1998, Consenso do Comitê Norte Americano de DRFC, vários 

estudos e consensos têm direcionado suas atenções para o DRFC, acrescentando 

novas informações quanto à sua epidemiologia, patofisiologia, prognóstico e 

tratamento (25).  
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No primeiro artigo deste estudo, realizamos uma revisão sobre DRFC, no intuito de 

relatar os principais aspectos dessa evolução e as atuais recomendações para seu 

diagnóstico e acompanhamento. 

No segundo artigo deste estudo, tivemos três objetivos: 

 - avaliar a prevalência de CFRD em pacientes maiores de 10 anos de idade, 

acompanhados no ambulatório de CF da Santa Casa de São Paulo, durante período 

1998 - 2011.  

-comparar a idade ao diagnóstico do CFRD, entre os diabéticos diagnosticados pelo 

OGTT (DM-S) e àqueles diagnosticados por suspeita clínica (DM-C). 

- avaliar se houve diferença nas condições clínicas dos pacientes DM-S, em relação 

aos pacientes que fizeram diagnóstico do CFRD antes do período da instituição do 

OGTT como rotina (DM-C).  

Encontramos neste estudo, elevada prevalência de DM em pacientes com FC 

(30%). Observamos ainda, que a triagem com OGTT, antecipou o diagnóstico de 

DRFC em 8,8 anos e os pacientes diagnosticados através do screening 

apresentavam melhor função pulmonar comparados aos diagnosticados por suspeita 

clínica. 

Esta alta prevalência está de acordo com os achados na literatura mundial, que varia 

em torno de 35%, em centros onde o screening é realizado como rotina (14-16). 

Contudo, dados nacionais sobre sobre DM em FC, realizados em diferentes centros 

isoladamente, encontraram uma prevalência que variou de  4,0% a 12,5%, 

dependendo da idade e do tipo de triagem utilizada (45-47). O segundo Relatório 

Anual do Registro Brasileiro de Fibrose Cística 2010, que contém dados de 1798 
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pacientes, acompanhados em diferentes Centros de Referência de Tratamento de 

FC no país, relata que apenas 4,1% de pacientes estão em uso de insulina, contudo 

não apresenta informações específicas sobre a prevalência de DRFC (48).  

A grande variabilidade nas informações sobre a real prevalência de DRFC em nossa 

população nos leva a especular que, provavelmente, não esteja ocorrendo busca 

ativa através de uma rotina de triagem sistemática nos diversos centros de 

tratamento de FC; ou ainda, que esteja havendo falha na divulgação desses dados.  

A presença do endocrinologista no ambulatório de atendimento da FC no caso do 

nosso estudo, com certeza foi um dos facilitadores à grande adesão à solicitação do 

OGTT. 

Em nossa casuística, a realização do teste, segundo as orientações da ADA,  foi 

capaz ainda de diagnosticar  26,7% de pacientes  entre intolerantes e 

indeterminados, o que reforça a necessidade da avaliação do OGTT inclusive nos 

tempos intermediários. 

O total de pacientes no grupo avaliado que apresentou alguma alteração do 

metabolismo da glicose foi de 56,7%, somando-se diabéticos, intolerantes e 

indeterminados.  Portanto, nossos dados justificam a necessidade de implantação 

de uma rotina de triagem nos serviços de atendimento a pacientes com FC. 

Estudos posteriores serão necessários, para avaliar o impacto na evolução clínica 

da FC destes pacientes diagnosticados e consequentemente tratados precocemente 

em relação àqueles que foram diagnosticados após investigação por suspeita 

clínica.  
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ANEXO 1. Dados clínicos e laboratoriais dos pacientes que entraram no estudo 

(n=60). 

número sexo IC 
(anos) 

Peso 
(kg) 

Estatura 
(cm) 

IMC ZIMC 
(SDS) 

ZEST 
(SDS) 

1 F 10,1 26,6 131,5 15,38 -0,74 -1,01 
2 F 35,4 64,1 161,5 24,68 0,70 -0,28 
3 F 20,7 55,5 157 22,52 0,22 -0,98 
4 M 27,1 78,1 181 23,84 0,25 0,58 
5 M 13,6 39,1 158 15,66 -1,69 -0,29 
6 F 27,7 46,2 164 17,18 -2,04 0,10 
7 F 16,6 41,5 159 16,42 -2,00 -0,58 
8 M 16,0 45,9 159 18,16 -1,03 -1,83 
9 F 11,0 24,9 132 14,29 -1,68 -1,57 

10 F 17,8 46 161 17,75 -1,49 -0,32 
11 M 18,3 53,8 174,5 17,67 -2,05 -0,25 
12 F 22,5 57,7 162 21,99 0,08 -0,21 
13 F 12,5 51 154 21,5 0,91 -0,04 
14 M 14,0 52,3 167 18,75 -0,14 0,43 
15 F 22,0  154,5   -1,36 
16 M 22,2 47,5 164 17,66 -2,55 -1,79 
17 M 15,2 52,9 161,5 20,28 0,11 -1,17 
18 F 31,9 63 160 24,61 0,71 -0,52 
19 M 43,2 64,2 162 24,46 0,42 -2,06 
20 M 26,5 48 161,5 18,41 -2,07 -2,13 
21 M 13,2 30,6 138,2 16,02 -1,29 -2,41 
22 M 16,9 40,1 161 15,47 -3,23 -1,88 
23 M 14,8 40 159,5 15,72 -2,10 -1,10 
24 M 18,6 52,6 170 18,2 -1,82 -0,90 
25 F 41,3 50 167,5 17,82 -1,64 0,64 
26 F 10,4 26 131,7 14,99 -1,07 -1,23 
27 F 12,1 34,8 155 14,48 -1,89 0,48 
28 M 18,3 60,2 168,5 21,2 -0,29 -1,08 
29 M 22,1 48,5 181 14,8 -5,08 0,58 
30 M 27,3 75,6 176 24,41 0,41 -0,12 
31 F 15,9 41,6 158 16,66 -1,65 -0,69 

 

 

 

 

Número: número de identificação do paciente; F: feminino;M:masculino; Kg: quilogramas; 

cm: centímetros; IC: idade cronológica no momento da avaliação; IMC: índice de massa 

corporal (Peso(kg)/Estatura²(m²); SDS: desvio padrão da média; zEST: estatura expressa em 

SDS; zIMC: IMC expresso em SDS. 
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ANEXO 1. Dados clínicos e laboratoriais dos pacientes que entraram no estudo 

(n=60). 

Número sexo IC 
(anos) 

Peso 
(kg) 

Estatura 
(cm) 

IMC ZIMC 
(SDS) 

ZEST 
(SDS) 

32 M 24,8 68 167 24,38 0,40 -1,37 
33 M 14,9 45,8 155,5 18,94 -0,32 -1,68 
34 M 14,1      
35 M 13,4 35,6 154 15,01 -2,12 -0,63 
36 F 22,6 51,6 166 18,73 -1,16 0,41 
37 F 11,0 36,2 143 17,7 0,11 -0,10 
38 F 29,0 54 162 20,58 -0,38 -0,21 
39 M 23,3 58 157 23,53 0,15 -2,75 
40 M 18,0 68,3 182 20,62 -0,44 0,83 
41 M 15,4 53,7 172,5 18,05 -0,89 0,12 
42 M 10,5 44,1 142 21,87 -1,52 0,17 
43 F 14,6 33,3 152 14,41 -2,84 -1,43 
44 M 10,6 41,1 138,3 21,49 1,41 -0,49 
45 M 29,2 72,5 177 23,14 0,03 0,02 
46 F 10,4 22,9 127 14,2 -1,59 -1,88 
47 M 25,2 38,1 155 15,86 -3,99 -3,03 
48 F 10,6 27,5 135 15,09 -1,07 -0,94 
49 F 18,4 40,3 153 17,22 -1,90 -1,57 
50 F 12,5 31,6 142 15,67 -1,22 -1,60 
51 F 11,1 23,8 137,5 12,59 -3,24 -0,93 
52 M 19,3 55,5 169 19,43 -1,31 -1,07 
53 F 24,2  165   0,33 
54 M 15,9 41,9 144 20,21 -0,07 -3,46 
55 F 11,3 34,9 142 17,31 -0,13 -0,55 
56 F 12,4 33,4 144 16,11 -0,98 -1,33 
57 F 17,6 55,3 155,5 22,87 0,50 -1,16 
58 F 22,5 47,1 152 20,39 -0,45 -1,74 
59 M 18,6 46,2 166,5 16,67 -2,86 -1,38 
60 M 28,0 62,1 170 21,49 -0,55 -0,96 

 

 

 

 

 

Número: número de identificação do paciente; F: feminino;M:masculino; Kg: quilogramas; 

cm: centímetros; IC: idade cronológica no momento da avaliação; IMC: índice de massa 

corporal (Peso(kg)/Estatura²(m²); SDS: desvio padrão da média; zEST: estatura expressa em 

SDS; zIMC: IMC expresso em SDS. 
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ANEXO 1. Dados clínicos e laboratoriais dos pacientes que entraram no estudo 

(n=60). 

número DN Ddiag DGTT/CONSULT DRFC TRIAGEM PA+ 

1 01/03/2000 15/03/2004 14/04/2010 0 1 1 
2 09/04/1975 10/08/2000 06/09/2010 0 1 0 
3 19/10/1990 20/10/1990 29/06/2011 0 1 0 
4 29/09/1983 01/09/1986 04/11/2010 0 1 1 
5 06/06/1994 01/10/1994 16/01/2008 1 0 1 
6 16/06/1983 01/06/1995 03/03/2011 0 1 1 
7 03/05/1993 01/09/2002 25/11/2009 0 1 1 
8 14/09/1995 10/05/1996 21/09/2011 0 1 1 
9 10/09/2000 19/01/2001 31/08/2011 0 1 1 
10 29/08/1992 30/12/1997 09/06/2010 0 1 1 
11 11/06/1993 15/05/2000 14/09/2011 0 1 0 
12 12/01/1979 01/06/1980 17/07/2001 1 0 1 
13 02/04/1998 11/04/2006 13/10/2010 0 1 1 
14 16/01/1997 01/05/1999 19/01/2011 0 1 1 
15 22/05/1976 01/06/1980 01/06/1998 1 0 1 
16 16/04/1988 01/12/1988 07/07/2010 0 1 1 
17 25/01/1994 06/07/1994 15/04/2009 1 0 1 
18 23/11/1978 01/05/1979 22/09/2010 0 1 0 
19 12/12/1966 18/08/2009 17/02/2010 1 1 1 
20 01/09/1978 02/09/1979 23/02/2005 1 0 1 
21 24/04/1998 21/07/1998 22/06/2011 0 1 1 
22 21/10/1994 03/07/2008 26/09/2011 0 1 1 
23 26/07/1995 11/02/1999 28/04/2010 1 1 1 
24 08/07/1992 06/07/2005 02/02/2011 0 1 1 
25 19/09/1965 01/06/1999 14/01/2007 0 1 1 
26 05/08/1995 01/11/1995 04/01/2006 1 1 0 
27 16/08/1999 15/02/2002 21/09/2011 0 1 1 
28 12/06/1989 17/04/2002 18/09/2007 0 1 0 
29 19/01/1988 01/01/2007 10/02/2010 0 1 0 
30 17/02/1983 01/11/1983 02/06/2010 0 1 0 
31 26/05/1995 04/02/1998 30/03/2011 0 1 1 

 

 

ANEXO 1. Dados clínicos e laboratoriais dos pacientes que e(n=60). 

 

DN: data de nascimento; Ddiagn: data do diagnóstico da Fibrose Cística(FC); 

DOGTT/Consult: data da realização do Teste de Tolerância Oral a Glicose (OGTT) ou da 

consulta mais próxima ao diagnóstico do Diabetes Relacionado à FC (DRFC);DRFC: 

pacientes portadores de Diabetes Relacionado à FC; Triagem: pacientes que realizaram 

o OGTT  - (1=sim, 0=não); PA+: colonização crônica por Pseudomonas aeruginosa 
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ANEXO 1. Dados clínicos e laboratoriais dos pacientes que entraram no estudo 

(n=60) 

número DN Ddiag DGTT/CONSULT DRFC TRIAGEM PA+ 

32 07/09/1984 08/05/1985 01/07/2009 0 1 1 
33 12/10/1996 20/09/2006 14/09/2011 0 1 0 
34 15/04/1985 16/06/1987 19/05/1999 1 1  
35 21/10/1997 01/09/2009 09/03/2011 0 1 0 
36 26/01/1989 01/04/1992 24/08/2011 0 1 1 
37 20/03/2000 05/11/2008 30/03/2011 0 1 1 
38 16/08/1978 23/12/2000 22/08/2007 0 1 1 
39 24/01/1988 24/10/1992 27/04/2011 0 1 1 
40 01/09/1993 24/09/1995 31/08/2011 0 1 1 
41 17/08/1994 07/08/1995 06/01/2010 1 1 1 
42 16/06/2000 02/07/2001 15/12/2010 1 1 0 
43 05/10/1995 06/01/1996 19/05/2010 1 1 1 
44 26/11/2000 01/04/2007 06/07/2011 0 1 0 
45 27/09/1974 28/09/1983 01/12/2003 1 0 1 
46 13/08/2001 08/05/2008 21/12/2011 0 1 1 
47 06/09/1973 07/10/1977 04/11/1998 1 0 1 
48 31/07/1992 11/01/1994 19/03/2003 1 1 1 
49 20/08/1990 24/04/1991 21/01/2009 0 1 1 
50 09/07/1998 10/01/1999 20/12/2010 0 1 1 
51 17/02/1998 07/10/2004 18/03/2009 0 1 1 
52 21/10/1991 01/05/1994 21/01/2011 1 1 1 
53 20/10/1975 01/04/1984 01/01/2000 1 0  
54 06/01/1995 01/03/1995 24/11/2010 0 1 1 
55 12/04/2000 23/01/2001 09/08/2011 1 1 1 
56 10/03/1999 10/12/2008 17/08/2011 0 1 1 
57 21/01/1994 06/07/2003 17/08/2011 0 1 1 
58 02/01/1988 05/10/2001 30/06/2010 0 1 0 
59 23/07/1992 04/03/1993 16/02/2011 0 1 1 
60 31/07/1983 01/09/1995 06/07/2011 0 1 1 

 

 

 

 

 

 

 

DN: data de nascimento; Ddiagn: data do diagnóstico da Fibrose Cística(FC); 

DOGTT/Consult: data da realização do Teste de Tolerância Oral a Glicose (OGTT) ou da 

consulta mais próxima ao diagnóstico do Diabetes Relacionado à FC (DRFC);DRFC: 

pacientes portadores de Diabetes Relacionado à FC; Triagem: pacientes que 

realizaram o OGTT  - (1=sim, 0=não); PA+: colonização crônica por Pseudomonas 

aeruginosa 
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ANEXO 1. Dados clínicos e laboratoriais dos pacientes que entraram no estudo 

(n=60). 

número CVF 
(%) 

VEF1 
(%) 

IT Suplem Cortic EP 
(UI/KG/dia) 

1 69 55 87 1 0 4003 
2 75 64 86 1 0 0 
3 86 82 95 0 0 1441 
4 85 44 51 1 0 7682 
5 60 34 58 1 1 7446 
6 56 44 78 1 0 4849 
7 82 77 105 1 0 1636 
8 76 49 67 1 0 6315 
9 52 42 84 1 0 7228 

10 56 36 72 1 1 1369 
11 49 39 79 1 0 5576 
12 74 52 76 0 0  
13 90 67 75 1 0 2352 
14 81 56 66 1 0 5714 
15 75 44 59 1 0 10000 
16 54 36 65 1 0 8510 
17 48 33 69 1 0 4200 
18 106 102 96 1 0 1904 
19 46 34 74 1 1 2725 
20 47 25 53 1 0 8333 
21 76 60 79 1 0 8169 
22 74 52 72 1 0 0 
23 35 20 61 1 0 9000 
24 107 73 68 1 0 5703 
25 24 24 82 0 0 0 
26 86 77 97 1 0 5384 
27 76 51 68 1 0 6928 
28 80 80 99 0 0 0 
29 59 50 82 1 0 3600 
30 108 104 96 1 0 3174 
31 60 46 73 1 0 4567 

 

 

 

 

 

CVF(%): capacidade vital forçada em percentual; VEF1(%): volume 

expiratório forçado no primeiro segundo em percentual; IT: Índice de 

Tiffeneau (CVF/VEF1); Suplem: uso de suplemento nutricional 

hipercalórico; Cortic: uso de corticóide oral crônico em dias alternados; EP: 

dose de enzima pancreática em unidades por quilograma de peso por 

dia.(1=sim, 0=não) 
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ANEXO 1. Dados clínicos e laboratoriais dos pacientes que entraram no estudo 

(n=60). 

número CVF 
(%) 

VEF1 
(%) 

IT Suplem Cortic EP 
(UI/KG/dia) 

32 113 97 86 1 0 5590 
33 104 87 82 1 0 7641 
34       
35 81 63 75 1 0 0 
36 80 56 69 1 0 5813 
37 77 80 101 1 0 1933 
38 89 99 111 1 0 6666 
39 107 95 86 0 0 6465 
40 94 70 74 1 0 7320 
41 96 70 75 1 0 7500 
42 108 90 88 0 0 2267 
43 72 55 84 1 0 7207 
44 103 104 100 1 0 1639 
45 42 31 71 1 0 2482 
46 74 56 76 1 0 4484 
47 37 23 62 1 0 10500 
48    1 0 12000 
49 70 48 96 1 0 11910 
50 69 51 82 1 0 9677 
51 24 13 58 1 0 9000 
52 103 77 72 1 0 3584 
53       
54 90 69 79 1 0 7637 
55 72 64 97 1 0 3125 
56 111 89 80 1 0 2108 
57 126 104 77 1 0 0 
58 68 64 93 1 0 0 
59 50 24 47 1 0 6493 
60 75 59 59 1 0 6843 

 

 

 

 

 

 

CVF(%): capacidade vital forçada em percentual; VEF1(%): volume 

expiratório forçado no primeiro segundo em percentual; IT: Índice de 

Tiffeneau (CVF/VEF1); Suplem: uso de suplemento nutricional 

hipercalórico; Cortic: uso de corticóide oral crônico em dias alternados; EP: 

dose de enzima pancreática em unidades por quilograma de peso por 

dia.(1=sim, 0=não) 
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ANEXO 1. Dados clínicos e laboratoriais dos pacientes que entraram no estudo 

(n=60). 

número OGTT-c G-0 G-30 G-60 G-90 G-120 

1 3 89 164 224 160 121 
2 4 101 111 114 101 96 
3 4 86 156 184 128 85 
4 4 106 119 142 108 104 
5 0      
6 4 89 147 149 119 103 
7 4 70 123 104 86 66 
8 3 106 202 236 165 89 
9 4 93 127 137 152 120 

10 4 95 137 141 117 112 
11 4 106 159 199 100 98 
12 0      
13 4 80 111 90 77 85 
14 2 88 111 150  151 
15 0      
16 2 94 133 168 185 140 
17 0      
18 4 92 149 146 107 100 
19 1 93 185 214 221 206 
20 0      
21 4 92 114 159 132 92 
22 4 80 153 147 117 114 
23 1 107 179 219 216 232 
24 4 90 151 90 91 85 
25 4 84 170 166 148 132 
26 1 141 200 285 307 303 
27 4 84 157 145 122 107 
28 4 81 74 68 86 60 
29 4 85 174 187 127 120 
30 4 94 153 167 147 114 
31 4 87 143 112 117 125 

 

 

 

 

 

OGTT-c: classificação glicêmica quanto aos resultados do OGTT (DM-

C=0, DM-S=1, IG=2, Indet=3, TNG=4);G: glicemia no plasma durante 

OGTT (G-0: tempo 0, G-30: tempo 30 minutos, G-60: tempo 60 minutos, 

G-90: tempo 90 minutos e G-120: tempo 120 minutos. 
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ANEXO 1. Dados clínicos e laboratoriais dos pacientes que entraram no estudo 

(n=60). 

número OGTT-c G-0 G-30 G-60 G-90 G-120 

32 4 88 119 169 190 175 
33 4 88 160 107 115 113 
34 1 111 166 242 247 219 
35 4 89 114 104 70 84 
36 2 87 132 171 190 187 
37 4 91 145 161 138 128 
38 2 86 118 143 141 144 
39 2 91 149 176 179 158 
40 2 99 160 184 183 143 
41 1 87 134 158 182 236 
42 1 99 232 241 227 204 
43 1 95 150 191 196 202 
44 4 78 142 117 126 113 
45 0      
46 2 98 176 176 200 195 
47 0      
48 1 101 233 247 270 244 
49 4 83 106 114 125 129 
50 2 85 90 137 160 146 
51 4 76 136 139 140 128 
52 1 90 126 200 212 214 
53 0      
54 2 93 141 62  140 
55 1 112 180 212 210 205 
56 2 99 135 121  140 
57 2 89 159 181 155 140 
58 4 91 130 94 74 96 
59 2 77 129 153 119 149 
60 3 89 180 225 171 99 

 

 

 

 

 

OGTT-c: classificação glicêmica quanto aos resultados do OGTT (DM-

C=0, DM-S=1, IG=2, Indet=3, TNG=4);G: glicemia no plasma durante 

OGTT (G-0: tempo 0, G-30: tempo 30 minutos, G-60: tempo 60 

minutos, G-90: tempo 90 minutos e G-120: tempo 120 minutos. 
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ANEXO 2. Protocolo de coleta de dados 

 

NOME:____________________________________________nº Pac: 

RG:__________________                                              DN:__________________ 

DIAG. FC:____/_____/_____                                                  IDADE AO DIAG FC:_______(ANOS) 

DRFC : (____)     IDADE DIAGN: (____)  DATA (----/----/--------)     TRIAGEM: (__)     SINTOMAS: (__) 

IG: (____)            IDADE DIAGN: (____)   DATA (----/----/--------)      

INDET: (____)        IDADE DIAGN: (____)   DATA (----/----/--------)      

TNG: (____)           IDADE DIAGN: (____)   DATA (----/----/--------)      

RECLASSIFICAÇÃO: (____)         DATA:____/_____/_____    

DATA CONS:      

Intern 6 semanas:      

Gastrostomia      

Data gastro:      

IDADE:      

PESO: (KG)      

ESTATURA: (CM)      

IMC:       

BAQUETEAMENTO:      

PSEUDOMONAS:      

PFP_DATA:      

CVF: (%)      

VEF1: (%)      

IT:      

Suplemento alim:      

Tipo:      

Horário suplem.      

CORTIC ORAL:      

LIPASE:(UI/KG/DIA)      

INSULINA:      

DATA INÍCIO INS:      

GTT ORAL(DATA):      

G-0: (MG/DL)      

G-30:      

G-60:      

G-90:      

G-120:      

 

Legenda do protocolo de coleta de dados: Sim- (1)     Não- (0) 
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ANEXO 3. Carta de aprovação do Comitê de Ética e Pesquisa 
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ANEXO 4. Orientações para submissão Pediatric Diabetes 

Author Guidelines 

Pediatric Diabetes will consider for publication full-length papers, preliminary communications with important new 
information, clinical reports and reviews of major topics. Invited editorials and perspectives will be a regular feature. 
Full-length papers and reviews of major topics should generally not exceed a total of 5000 words (approximately 20 
double-spaced typewritten pages) for the text, references, tables, figures, and figure legends, excluding running title 
page, title page, and abstract. Preliminary communications with important new information, clinical reports, invited 
editorials and perspectives should generally not exceed 2000 words. 

Authors are advised to submit their manuscripts online at http://mc.manuscriptcentral.com/pdi If you experience 
difficulties submitting your manuscript online you should first contact the Managing Editor (Daniel.Bogdan@chp.edu). A 
helpline for technical support is accessible on the online submission site. Save your complete manuscript as a Word 
document (.doc), Rich Text Format (.rtf), Portable Document Format (.pdf) or PostScript (.ps) file. The file will be 
converted to a PDF when uploaded. All original files that you upload will be available and can be accessed by the 
Editorial Office if necessary. 

The following is in agreement with the "Uniform requirements for manuscripts submitted to biomedical journals" 
accepted by the International Steering Committee. Authors submitting a paper do so in the understanding that the 
work has not been published before, is not being considered for publication elsewhere and has been read and approved 
by all authors. The submission of the manuscript by the authors means that they automatically agree to grant 
Blackwell Munksgaard the exclusive licence to publish it if and when it is accepted for publication. The work shall not be 
published elsewhere in any language without the written consent of the publisher. The articles published in this journal 
are protected by the licence, which covers translation rights and the exclusive right to reproduce and distribute all of 
the articles printed in the journal. No material published in the journal may be stored on microfilm or video-cassettes 
or in electronic databases and the like or reproduced photographically without the prior written permission of Blackwell 
Munksgaard. Copyright licensing is a condition of publication and papers will not enter production unless copyright has 
been licenced. Download the Copyright Transfer Agreement and send it to the editorial office as soon as the manuscript 
is accepted for publication. 

Authors of research articles should disclose at the time of submission any financial arrangement they may have with a 
company whose product figures prominently in the submitted manuscript or with a company making a competing 
product. Such information will be held in confidence while the paper is under review and will not influence the editorial 
decision, but if the article is accepted for publication, the editors will discuss with the authors the manner in which such 
information is to be communicated. 

A completed Manuscript Submission Form (MSF) must accompany each manuscript (you need Adobe Acrobat to open 
the MSF). Download here: http://www.blackwellpublishing.com/pdf/ped_diab_ms_subm.pdf By signing this form, the 
corresponding author verifies that all contributing authors have read and approve of the material in the manuscript, 
that the material has not been published previously and is not currently under consideration for publication elsewhere, 
and that all human and animal studies have been approved by the author(s)' appropriate Institutional Review Board or 
the institutional committee on human and/or animal research and ethics of their particular country, and are so noted in 
the text. All human investigations and procedures must be conducted according to the principles expressed in the 
Declaration of Helsinki, 1964; amended in 1975, 1983, 1989, 1996 and 2000. Note of clarification on Paragraph 29 
added by the World Medical Association (WMA) General Assembly, Washington, 2002. 
 
Pediatric Diabetes employs a plagiarism detection system. By submitting your manuscript to this journal you 
accept that your manuscript may be screened for plagiarism against previously published works. 

MANUSCRIPTS 
All manuscripts should be submitted in correct English suitable for publication, double-spaced (including references, 
figure legends, footnotes etc.). Each section of the manuscript should begin on a new page. The pages should be 
numbered consecutively and assembled in the following order: Running title page, Title page, Key words, Abstract, 
Abbreviations, Introduction, Methods, Results, Discussion, Acknowledgements, References, Tables, Figure Legends, 
Figures. 

RUNNING TITLE PAGE  
A short running title of not more than 40 letters and spaces should be provided. This page should also contain the 
complete address, telephone and fax numbers, and E-mail address of the author to whom correspondence about the 
manuscript, proofs and requests for offprints should be referred. 

TITLE PAGE 
This page should contain the following information in the order given: 1) a concise and informative title; 2) the 
author(s)' full names; 3) the author(s)' complete institutional/departmental affiliation (including city, state, country, 
zip/postal code) of each author; 4) a word count for the entire manuscript . 

ABSTRACT AND KEY WORDS PAGE 
The abstract should not exceed 250 words and should incorporate data on background, objective or hypothesis, 
subjects, methods or plan, results and conclusions. Please make sure that the data in the abstract accurately reflect 
the information provided in the body of the manuscript. Below the abstract, provide up to five key words, using terms 
from the standard Medical Subject Headings (MeSH) list from Index Medicus. 

http://mc.manuscriptcentral.com/pdi
mailto:Daniel.Bogdan@chp.edu
http://www.wiley.com/go/ctaaglobal
http://www.blackwellpublishing.com/pdf/ped_diab_ms_subm.pdf
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INTRODUCTION 
The introduction should be succinct and should orient the reader to the state of knowledge in the specific area under 
investigation. The questions and hypotheses of the research should be clearly delineated here. 

METHODS  
Methods should be described and referenced with sufficient detail to allow other researchers to reproduce the results. 
It is often quite useful to subdivide methods into sections such as subjects, measurements, protocol, and data analysis. 
Describe selection of patients or experimental animals, including controls. Do not provide patients' names or any 
hospital ID numbers. Any complex data analysis should be reviewed by a statistician. Provide references and brief 
descriptions of methods that have been published. When using new methods, evaluate their advantages and 
limitations. Identify drugs, including generic name, dosage, and route(s) of administration. The manufacturer's name 
and location should be provided for chemicals, reagents, and special pieces of apparatus. Although not a Systeme 
International (SI) unit, Celsius should be used for body temperature or for laboratory measurement temperatures in 
the physiologic range. Please use conventional system measurements followed in parentheses by equivalent SI values. 
These can be found in Lundberg GD, Iverson C, Radulescu G. Now read this: The SI units are here. JAMA 1986; 
255:2329-39. Young DS. Implementation of SI units for clinical laboratory data. Style specification and conversion 
tables. Ann Intern Med 1987; 106:114-129.  

Authors must indicate that the procedures were approved by the Ethics Committee of Human Experimentation in their 
institution/country and in accordance with the Declaration of Helsinki. All papers reporting experiments using animals 
must include a statement assuring that all animals received humane care. 

RESULTS  
The results should be presented in the most appropriate form, in logical sequence in tables and illustrations. In the 
text, explain, emphasize or summarize the most important observations. 

DISCUSSION  
Do not repeat in detail data given in the Results section. Emphasize the new and important aspects of the study. The 
findings should be related to other relevant studies. On the basis of your findings (and others') discuss possible 
implications/conclusions, revealing any limitations of the study. When stating a new hypothesis, clearly label it as such. 

ACKNOWLEDGEMENTS  
Acknowledge only persons who have made substantive contributions to the study, e.g., technical assistance, critical 
advice, or other assistance. Authors are responsible for obtaining permission from everyone acknowledged by name 
because readers may infer their endorsement of the data and conclusions. All funding sources supporting the work 
should be acknowledged. 

TABLES 
Tables should be numbered consecutively with Arabic numerals. Type each table double-spaced on a separate page; 
each one should have a title. Each table should be intelligible without reference to the text. Redundant or repetitious 
entries in a table should be minimized. 

ILLUSTRATIONS  
All figures should clarify the text and their numbers kept to a minimum. Figures should be constructed in a clear and 
uncluttered manner and planned to fit the proportions of the printed page. They should be numbered according to the 
order in which they are cited in the text with Arabic numerals. Magnifications should be indicated in the legends rather 
than inserting scales on prints. Details must be large enough to retain their clarity after reduction in size.  

Composite or long horizontal figures may, at times, occupy two columns. If the components (e.g., A, B, C, D) of a 
composite figure need to be referred to in the text or figure legend, the figure should contain the identifying letter. 
Titles should be provided in the legend rather than on the figure.  

Photographs of patients' faces should be included only if scientifically relevant and if the identity of the patient is 
concealed by masking. Authors should obtain written consent for use of such photographs. 

Halftones (e.g., photomicrographs or electron micrographs) should show only the most pertinent areas. A micron bar of 
appropriate scale marking is desirable on the figure. 

SUBMITTING FIGURES ELECTRONICALLY 
Please submit your figures electronically and read the guidelines on the Wiley-Blackwell web site at 
http://authorservices.wiley.com/bauthor/illustration.asp. Vector graphics (e.g. line artwork) should be saved in 
Encapsulated Postscript Format (EPS) and bitmap files (e.g., photographs) should be saved in Tagged Image File 
Format (TIFF). Line art must be scanned at a minimum of 800 dpi; photographs at a minimum of 300 dpi. 

COLOR 
It is the policy of Pediatric Diabetes for authors to pay the full cost for the reproduction of their color artwork. 
Therefore, please note that if there is color artwork in your manuscript when it is accepted for publication, Wiley-
Blackwell requires you to complete and return a color work agreement form before your paper can be published. This 
form can be downloaded as a PDF at: 
http://www.blackwellpublishing.com/pdf/SN_Sub2000_F_CoW.pdf 
Any article received by Wiley-Blackwell with color work will not be published until this form has been returned. 
In the event that an author is not able to cover the costs of reproducing colour figures in colour in the printed version 

http://authorservices.wiley.com/bauthor/illustration.asp
http://www.blackwellpublishing.com/pdf/SN_Sub2000_F_CoW.pdf
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of the journal, Pediatric Diabetes offers authors the opportunity to reproduce colour figures in colour for free in the 
online version of the article (but they will still appear in black and white in the print version). If an author wishes to 
take advantage of this free colour-on-the-web service, they should liaise with the Editorial Office to ensure that the 
appropriate documentation is completed for the Publisher. 
 
LEGENDS 
Legends should be typed double-spaced in consecutive order on a separate page and not on the figure. They should be 
numbered (1, 2, 3 etc.) and should include sufficient detail to make the figure intelligible without reference to the text. 

ABBREVIATIONS, SYMBOLS AND NOMENCLATURE 
They should be standardized and the full term for which an abbreviation stands should precede its first use in the text 
unless it is a standard unit of measurement. Consult the following sources: Scientific style and format: the CBE manual 
for authors, editors, and publishers. Style Manual Committee, Council of Biology Editors, 1994; American Medical 
Association manual of style: a guide for authors and editors, 1998. 

REFERENCES  
Number references consecutively in the order in which they appear in the text and identify them by Arabic numerals (in 
parentheses). List all authors when six or less; when seven or more, list the first three and add et al. Include 
manuscripts accepted, but not published, and designate them as "In press". Manuscripts in preparation, manuscripts 
not yet accepted but submitted, unpublished observations, and personal communications should be cited as such in the 
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