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Abstract
Background: Cystic �brosis (CF) is one of the most common autosomal recessive disease, and the type
of mutation is recognized as one of the most important factors determining the survival rate. Factors
contributing to disease exacerbations, and survival rate are poor nutritional status, lung failure, and
infection development by Pseudomonas Aeruginosa.

The study aimed to evaluate the effect of the severity of mutation, nutritional status, lung function, and
Pseudomonas aeruginosa infection on survival rate in adult patients with Cystic Fibrosis.

Material and methods: A study of 124 (68  and 56 ) CF patients aged from 18 to 51 years were
evaluated for: a) type of mutation in the CFTR gene, b) nutritional status (BMI), c) lung function (FEV1%),
and d) Pseudomonas aeruginosa (PA) infection. For statistical calculations, Kaplan-Meier analysis of
survival and Chi-squared test for multiple samples were used.

Results: Both the type of mutation (Chi²=12.73, df= 3, p=0.005), lung function (Chi² = 15.20, df = 2, p =
0.0005), PA infection (Chi²= 11.48, df= 3, p= 0.009), and BMI (Chi²=31.08, df=4, p<0.000) signi�cantly
differentiated the probability of survival of CF patients. The shortest life expectancy was observed in
patients with a severe type of mutation on both alleles, FEV1% between 40-70%, subjects in whom
Pseudomonas culture was extensively drug-resistant or pandrug-resistant, and patients whose BMI was
lower than 18.5 kg/m². The period from 30 to 40 years of age was of the most critical in CF adults’
lifespan. Furthermore, most exacerbations occurred between 20 and 35 years of age.

Conclusions: All factors included in the study signi�cantly in�uenced the survival rate of patients with
cystic �brosis. In the face of the growing population of CF patients, the research on factors affecting their
life expectancy seems to take on greater importance.

Background
Cystic �brosis (CF) is one of the most common autosomal recessive disease caused by 2102 mutations
of the CFTR gene [1]. The type of mutation is recognized as one of the most important factors
determining the survival rate. Severe mutations of at least one allele reduce the survival of CF patients
and are associated with lung function decrease [2]. It is already known that the main factors contributing
to disease exacerbations are lung failure and infection development [3]. One of the most important
pathogens in CF adults, causing chronic infection and evolve into antibiotic resistance is Pseudomonas
aeruginosa (PA). Previous studies showed that PA, mainly multidrug-resistance culture is associated with
morbidity and mortality in CF patients [5]. The decline in lung function is also associated with poor
nutritional status [6–9].

Nowadays, as reported by recent studies, the number of CF adults is growing steadily [10]. The majority
of previous studies about CF survival concentrated on groups of younger patients. Therefore, there is an
urgent necessity to take a view of biological status and survival in an emerging group of older, adult
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patients. Moreover, such analysis will show how genetic and biological variables change life expectancy
through the life years. A multicenter report on CF patients over forty conducted by Hodson et al. 2008 [11]
and showed that signi�cant numbers of patients are now surviving to 40 years or more, however, the
answer to the question of why some CF patients live longer than others is still unclear. Hence, the study
aimed to evaluate the effect of lung function, Pseudomonas aeruginosa infection, nutritional status, and
the severity of mutation type on survival rate in CF adult patients.

Methods
Data about 124 adult CF patients were collected between 2010 and 2018 at the Department of
Pulmonology, Allergology, and Respiratory Oncology Poznan University of Medical Science in Poland. All
adult CF patients (N = 124) aged 18 to 51 years were included in the study, of which 21 died during the
research. The group consisted of 68 women and 56 men. Only adult patients over 18 years with
con�rmed CF diagnosis and recognized mutation on at least one chromosome have been entered into a
database. CF adults, who underwent a lung transplant or were pregnant, smoked, used systemic
glucocorticosteroids or had pulmonary exacerbation during four weeks preceding the study were
excluded.

Information about the type of mutation, nutritional status, lung function, and PA infection were collected.
Data about the type of mutation of the CFTR gene were obtained from the archives of medical records of
the Department of Pulmonology, Allergology, and Respiratory Oncology of the University of Medical
Sciences in Poznan. To systematize a host of known mutations, all patients were divided into four groups
based on severity, with consideration given to the widely accepted mutation classi�cation in the CFTR
gene [12–13] (Table 1): 1- patients with severe types of mutation (I, II, III mutation class) on both alleles (I-
III/I-III), 2- heterozygous patients with a severe type of mutation on one allele and mild (I-III/IV-V) or
unclassi�ed mutation (other mutations, including those unknown) on another allele (I-III/u), 3- patients
with mild types of mutation (IV and V mutation class) on both alleles (IV-V/IV-V), 4- unclassi�ed
mutations (u/u) (Table 2).
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Table 1
Classi�cation of the CFTR gene mutations (Lubamba et al. 2012; Boeck et al. 2014)

Class Consequences List of mutations attributed

I CFTR is not synthesized because of stop codons
or splicing defects

G542X, W1282X, R553X,
3950delT

II CFTR is synthesized but in an immature and is
mostly degraded by the ubiquitin–proteasomal
pathway

F508del, N1303K

III CFTR is synthesized and transported to the
plasma membrane, but its activation and
regulation by ATPor cAMP are disrupted

G551D, G178R, S549N, S549R,
G551S, G970R, G1244E,
S1251N, S1255P, G1349D

IV CFTR is synthesized and expressed at the plasma
membrane, but chloride conductance is reduced

R334W, G314E, R347P, D1152H

V CFTR synthesis or processing is partly defective 3849 + 10 kb C→T, 3272-26
A→G, 2789 + 5G→A

Unclassi�ed   All other mutations, including
those unknown
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Table 2
Number and percentage of adult CF people in the

category of CFTR mutation, nutritional status, lung
function, and Pseudomonas aeruginosa infection

Variable   N N %

Genotype

I-III/I-III   40 32.26

I-III/IV-V or I-III/u-u   31 25.00

IV-V/IV-V   24 19.35

u/u   29 23.39

FEV1%

FEV1%>70   31 25.00

FEV1% 70 − 40   47 37.90

FEV1% < 40   46 37.10

Pseudomonas aeruginosa      

Non-PA   36 29.03

Non-MDR   37 29.84

MDR   24 19.36

XDR/PDR   27 21,77

Nutritional status

BMI ≥ 25   5 4.03

BMI 18.5–24.9   74 59.68

BMI 17-18.49 (class II malnutrition)   24 19.35

BMI 16-16.99 (class I malnutrition)   9 7.26

BMI < 16 (emaciation)   12 9.68

Lung function was determined by a spirometry test using a diagnostic Jaeger MasterScreen system
(Erich Jaeger GmbH; Würzburg, Germany). Data about predicted forced expiratory volume in 1 second
(FEV1%) were collected from 124 patients. According to the Cystic Fibrosis Trust [14], all subjects were
divided into three subgroups based on FEV1%: 1- patients within the norm (FEV1%>70), 2- with moderate
pulmonary impairment (FEV1% 70 − 40), and 3- severe pulmonary impairment (FEV1% < 40) (Table 2).
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The microbiological examination carried out by a microbiological laboratory was performed in all
patients. Microbiological data allowed us to classify patients into the following groups (Table 2): 1-
Pseudomonas culture-negative (non-PA,), and 2- Pseudomonas culture-positive (PA). Drug susceptibility
was measured using the Eucast v.6.0 method. PA positive patients were divided into 2a – patients in
whom all antibiotics used to treat infections caused by bacterial colonization were fully effective (non-
multidrug resistant/non-MDR), 2b - subjects in whom Pseudomonas culture was insensitive (resistant or
moderately sensitive) to at least one antibiotic from at least three groups of antibacterial drugs
(multidrug-resistant, MDR) and 2c- patients in whom Pseudomonas culture was extensively drug-resistant
(XDR) or pandrug-resistant (PDR). The above division was made by the de�nitions from the work of
Magiorakos et al. [15].

Nutritional status was determined based on BMI (Body Mass Index) calculated by dividing body weight
by height squared (kg/m2). To obtain this data anthropometric measurements were taken. The body
height was measured without shoes and in underwear, with a GMP anthropometer, with a measurement
accuracy of 1 mm. Bodyweight was measured using a medical scale with a measurement accuracy of
100 g. To exclude measurement errors, all measurements were performed by one experienced researcher.
Based on the BMI, a group of CF adults was divided into �ve (Table 2): emaciation (BMI < 16), class II
undernutrition (BMI = 16-16.99), class I undernutrition (BMI = 17-18.49), within the norm (BMI = 18.5–
24.9), and overweight (BMI ≥ 25).

The study was performed with the approval of the local research ethics committee (resolution No. 51/17).
All participants had provided their written informed consent of participation in this study.

The effect of nutritional status, lung function, PA infection, and the severity of mutation type on survival
was determined with the Kaplan Meier method. Differences in the survival rate within the study groups
were assessed with the Chi-squared test for multiple samples. A p-values < 0.05 de�ned statistically
signi�cant differences. Statistical elaboration was conducted with Statistica v12.0 commercial package
(StatSoft; Tulsa, OK).

Results
Survival analysis using the Kaplan-Meier method has shown that the survival of CF patients remains at
the level of 100% up to 20 years of age; afterward, it began to decline gradually (Fig. 1). The decline in the
probability curve shows that almost 27% of patients will not exceed 30 years of life, and almost 48% of
patients will not exceed 40 years of life.

In our study group, all patients who lived to the age of 40 are still alive (N = 7). At the time of writing this
article, three subjects were 41 years old, and four were: 42, 43, 49, and 51 years old.

The probability of survival was different depending on the severity of mutation type (Chi²=12.73, df = 3, p 
= 0.005). The average life expectancy of patients with I-III/I-III mutations was the lowest. The survival
curve (Fig. 2) in this group decreases after the age of 20, and the probability of death before the age of 35
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was almost 60%. In this group, there were no people over 40 years of age. Subjects with I-III/IV-V or I-III/u
mutations lived longer than in group I-III/I-III. The survival curve in this group began to decline after 23
years, and the probability of death before reaching 32 was over 40%. It is seen that the curve stabilized
after 32 years of age. Besides, it should be emphasized that there is one person in this group who has
reached the age of 49. Among patients with I-IV/I-IV mutations, the decline in the survival curve was
small, and the curve stabilized after 25 years of age. However, it can be seen that 40 years of age is a
critical moment because only three patients still live who are over this age. In the group with u/u
mutations, there are no dead people, their survival is stable. In this group, two people were over 40 and
one was over 50 years old (Fig. 2).

The factor that signi�cantly differentiated patients in terms of life expectancy was also lung function
(Chi²=15.20, df = 2, p = 0.0005). Those CF patients whose FEV1%>70% live the longest, there are no
deceased people in this group, but there are people over 40 and 50 years old. The survival curve of CF
adults with FEV1% between 40–70% was steeper. The chance that these patients would live to be
40 years old was almost 50%. Approximately 20% will die before the age of 34 and another 28% of
patients before reaching 40 years of life. The lowest life expectancy applies to patients with FEV1%<40.
The probability of survival in this group began to decrease after reaching the age of 20. The survival
curve was very steep up to the critical point of 26 years of age. In this group, the probability of death
before the age of 30 was almost 50%, and only about 35% of patients have a chance to live to be
40 years old (Fig. 3).

Kaplan Meier survival analysis showed also that PA signi�cantly in�uenced the length of the patient's life
(Chi²=11.48, df = 3, p = 0.009). The longest average life expectancy is indicated among non-PA and non-
MDR patients (Fig. 4). The survival curve was comparatively stable in both groups. The probability of
exceeding 40 years of age in these patients was approximately 80%. The average life expectancy was
lower in MDR patients. The probability of survival was decreasing after 22 years of life. The probability of
exceeding 30 years of age was less than 60%. The survival of XDR and PDR patients was the most
detrimental. The probability of survival was decreasing steadily from 20 to 40 years of age. Further,
nutritional status assessed by BMI (Fig. 5) signi�cantly in�uenced the length of patients’ life (Chi²=31.08,
df = 4, p < 0.000). There were no deceased people among overweight patients, their survival curve was
stable. The survival curve of the properly nourished patients (BMI 18.5-24.99 kg/m²) was characterized
by a slight decline of up to 30 years of age. The highest decrease occurred between 30 and 40 years of
age. In a group of CF adults within the norm, life span exceeds 50 years. In turn, in all groups of
undernourished subjects, the survival curve dropped signi�cantly after reaching the age of 20 years. The
life expectancy of the respondents in these groups did not exceed 34 years of age. The survival curves of
all three subgroups were steep. All patients with BMI < 16.00 died before 30 years. The probability of
survival among emaciated adults was signi�cantly lower than those from I and II class of undernutrition.

Discussion
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The probability of survival among CF adults is a result of both genetic and environmental factors shaping
the course of the disease. In our CF group survival curve started to decrease after twenty and turned to be
stable after forty years of age. Most of the deaths occurred in the period between 30–40 years of age.
The fundamental factor contributing to average life expectancy was the type of mutation. Since the early
nineties of twentieth-century mutation causing CF has been grouped in �ve classes based on molecular
mechanisms of CFTR chloride channel dysfunction [16], which re�ects the disease phenotype. Our
research indicated the difference in life expectancy between groups of CF patients distinguished based
on the severity of the mutation. Patients with a mild mutation on one allele or both alleles lived longer
than subjects from the group with severe types of mutation on both alleles. Similar results have been
shown by McKone et al. [17], who found that the mortality rate is lower among patients with IV and V
mutation class comparing to II class (F508del homozygotes). Currently, there are proceeding molecular
studies concerning cell and gene therapy, posing a milestone in CF treatment. New strategies of therapy
allow the transfer of the wild-type CFTR gene to airway cells [18]. Apart from genetic treatment, an
important role is played by the early determination of the CFTR gene mutation type and the rapid
implementation of modern methods of treating patients. Neonatal screening allows for early diagnosis
and therefore contributes to better growth and pulmonary outcomes [19]. A patient who already
undergoes proper medical care at the �rst stage of the disease, using knowledge about the effects of a
given mutation, has a chance for a much longer life compared to statistics carried out in previous
decades. Our study showed, however, that independently of other factors, a strong in�uence of the
genetic factor on the rate of disease progression is still observed. The most critical period in CF adults
with a severe type of mutation is between 20 to 30 years of life. Similarly, for I-III/IV-V patients’ crucial
stage of the disease occurs between 25 to 31 years of life. Accordingly, to this result, the most in�uential
impact of CFTR mutation is observed from 20 to about 31 years on the lives of CF people.

CF evolves differently being in�uenced by various factors, e.g. biological factors, socio-economic status,
health care, or lifestyle [20–22]. Priority in CF treatment is proper lung function and prevention of
undernutrition. These factors are the basis for maintaining a stable patient. The results of this and
previous studies [22] con�rm the impact of lung function and nutritional status on the survival of CF
adults. Severe and moderate pulmonary impairment has a major impact on average life expectancy.
Critical moments concern exclusively adults with FEV1%<70%. Our results are consistent with other
authors [23–24]. The signi�cant impact of lung function as a predictor of mortality has been emphasized
by many researchers [25–26]. Henry et al. [27] after performing stepwise regression, showed that lung
function described by FEV1% has the main effect on patient’s survival. According to Belkin et al. [28],
FEV1%<30% increases the risk of death among both CF adult and pediatric patients. Similarly, our
analysis showed that FEV1%<40% is critical for patients’ mortality, unable them to live into 40 years.
Furthermore, in a group of patients with severe pulmonary impairment, the majority of subjects die before
30 years old. Effective pulmonary disease therapy can, therefore, form the basis for preventing
exacerbations and contribute to better survival of CF patients. Our probability of survival analysis
highlights the problem of serious pulmonary exacerbations occurring between 20 and 40 years old. After
exceeding 40 years of life the survival curve is mostly stable. A study of Simmonds [23] comparing CF
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adult patients aged ≥ 40 with those, who died before 30 years of age showed also, that patients without
respiratory disease and with higher BMI were more likely to live into 40 years of age.

Of crucial importance for the course of lung disease are pathogen infections. Among CF adults, PA is the
most frequently occurring pathogen, concerning approximately 80% of the population [29]. Our studies
showed that the presence of PA decreases average life expectancy. Previous studies conducted among
children con�rm the adverse effect of PA on survival, lung function, and weight percentiles [30]. The
negative impact of this pathogen remains in adulthood, with a tendency to exacerbate. Courtney et al.
[26] showed that PA infection signi�cantly affects CF adults’ mortality. Their studies revealed that the
majority of patients who died (98%) had a chronic infection of this pathogen. We showed that the most
critical point in survival is when PA become fully or partly resistant to antibiotic treatment. Lechtzin et al.
[29] obtained similar results, con�rming that multiple-antibiotic-resistant PA is associated with FEV1%
reduction and pulmonary disease.

Moreover, exacerbations in lung function may severely affect nutritional status in CF people. Our study
showed very explicit differences in the probability of survival with nutritional status. A signi�cant number
of patients died before turning 30 in a group of patients with a BMI < 18.5. Undernourished CF adults lived
no longer than 34 years old. Undernutrition in CF is severely affected by pancreas insu�ciency, fat
malabsorption, micronutrient de�ciencies, and increased energy expenditure [31]. Furthermore, energy
losses in the course of lung disease exceed dietary intake. In turn, poor nutritional status may be a
subsequent considerable factor in the CF adult lifespan. This is con�rmed by previous studies [21–25].
Research by Yen et al. [9] showed that higher body weight in childhood is associated with fewer
pulmonary exacerbations and better survival through the age of 18 years. In turn, according to Courtney
et al. [26], BMI is not a reliable predictor of mortality but has a signi�cant impact on pulmonary disease.
However, studies conducted by Sharma et al. [32] showed that body wasting has a signi�cant impact on
the probability of survival in CF adult patients regardless of lung function.

Conclusions
In summary, we can assume that genetic factors pose a major impact on the average life expectancy in
CF adults. However, if patients can step into adulthood despite severe CFTR mutation, the in�uence of
other factors increases. The shortest average life expectancy is indicated in people exhibiting moderate
and severe lung impairment, antibiotic resistance, PA infection, and consequently poor nutrition. Severe
mutation type, FEV < 40%, BMI < 18.5, and XDR or PDR PA infection precluded CF adults from exceeding
40 years of age. These factors are the most alarming in the course of illness, contributing to disease
exacerbations. In comparison, among patients with lung function within the norm and BMI above 25, no
one has died. CF adults above 40 remained in groups of an unknown or mild type of mutation, with
normal or moderate lung function, with no PA infection, or with strains susceptible to antibiotic treatment.
Our study allowed us to determine that period from 30 to 40 years of age is of the most critical in CF
adults’ life span. Furthermore, most exacerbations occur between 20 and 35 years of age. However, the
distinguished period is wide and unspeci�ed and there are still not enough studies among adult CF
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people. That is why more research should be done to precise the impact of different factors on survival in
an emerging group of adult CF people.

List Of Abbreviations
CF – Cystic �brosis

CFTR - Cystic Fibrosis Transmembrane Conductance Regulator

PA - Pseudomonas aeruginosa

FEV1% - predicted forced expiratory volume in one second (percentage of predicted value)

non-PA – Pseudomonas aeruginosa culture-negative

non-MDR - non-multidrug resistant

MDR - multidrug-resistant

XDR - extensively drug-resistant

PDR - pandrug-resistant

BMI - Body Mass Index

References
1. http://www.genet.sickkids.on.ca/StatisticsPage.html.

2. de Gracia J, Mata F, lvarez AA, Casals T, Gatner S, Vendrell M, de la Rosa D, Guarner L, Hermosilla E.
Genotype-phenotype correlation for pulmonary function in cystic �brosis. Thorax. 2005;60:558–63.

3. Cohen TS, Prince A. Cystic �brosis: a mucosal immunode�ciency syndrome. Nat Med. 2012;18:509–
19.

4. Hoiby N. Recent advances in the treatment of Pseudomonas aeruginosa infections in cystic �brosis.
BMC Med. 2011;9:32.

5. Nixon GM, Armstrong DS, Carzino R, Carlin JB, Olinsky A, Robertson CF, Grimwood K. Clinical
outcome after early Pseudomonas aeruginosa infection in cystic �brosis. J Pediatr. 2001;138:699–
704.

�. Konstan MW, Butler SM, Wohl ME, Stoddard M, Matousek R, Wagener JS, Johnson CA, Morgan WJ.
Growth and nutritional indexes in early life predict pulmonary function in cystic �brosis. J Pediatr.
2003;142:624–30.

7. Munck A. Nutritional considerations in patients with cystic �brosis. Expert Rev Respir Med.
2010;4(1):47–56.



Page 12/18

�. Milla CE. Nutrition and Lung Disease in Cystic Fibrosis. Clin Chest Med. 2007;28:319–30.

9. Yen EH, Quinton H, Borowitz D. Better Nutritional Status in Early Childhood Is Associated with
Improved Clinical Outcomes and Survival in Patients with Cystic Fibrosis. J Pediatr.
2013;162(3):530–5.e1.

10. Cystic Fibrosis Foundation. Patient Registry 2017 Annual Data Report.

11. Hodson ME, Simmonds NJ, Warwick WJ, Tullis E, Castellani C, Assael B, Dodge JA, Corey M. An
international/multicentre report on patients with cystic �brosis (CF) over the age of 40 years. J Cystic
Fibrosis. 2008;7:537–42.

12. Lubamba B, Dhooghe B, Noel S, Leal T. Cystic �brosis: Insight into CFTR pathophysiology and
pharmacotherapy. Clin Biochem. 2012;45:1132–44.

13. De Boeck K, Zolin A, Cuppens H, Olesen HV, Viviani L. The relative frequency of CFTR mutation
classes in European patients with cystic �brosis. J Cyst Fibros. 2014;13:403–9.

14. UK CF Registry. 2013. UK Cystic Fibrosis Trust. UK CF Registry: Annual Data Report 2013. Bromley:
Cystic Fibrosis Trust, 2014.

15. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, Harbarth S, Hindler JF,
Kahlmeter G, Olsson-Liljequist B, Paterson DL, Rice LB, Stelling J, Struelens MJ, Vatopoulos A, Weber
JT, Monnet DL. Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: an
international expert proposal for interim standard de�nitions for acquired resistance. Clin Microbiol
Infect. 2012 Mar;18(3):268–81.

1�. Welsh MJ, Smith AE. Molecular Mechanisms of CFTR Chloride Channel Dysfunction in Cystic
Fibrosis. Cell. 1993;73:1251–4.

17. McKone EF, Goss CH, Aitken ML. CFTR Genotype as a Predictor of Prognosis in Cystic Fibrosis.
Chest. 2006;130:1441–7.

1�. Conese M, Ascenzioni F, Boyd AC, Coutelle C, De Fino I, De Smedt S, Rejman J, Rosenecker J,
Schindelhauer D, Scholte BJ. Gene and cell therapy for cystic �brosis: From bench to bedside. J Cyst
Fibros. 2011;10:114–28.

19. Farrell PM, Kosorok MR, Rock MJ, Laxova A, Zeng L, Lai H-C, Hoffman G, Laessig RH, Splaingard ML,
Wisconsin Cystic Fibrosis Neonatal Screening Study Group. Early Diagnosis of Cystic Fibrosis
Through Neonatal Screening Prevents Severe Malnutrition and Improves Long-Term Growth. Pediatr.
2001;107:1–13.

20. Tsui LC. The spectrum of cystic �brosis mutations. Trends Genet. 1992;8:392–8.

21. Kosinska M, Szwed A, Cieslik J, Gozdzik J, Cofta S. Biological status of adult patients with cystic
�brosis. J Physiol Pharmacol. 2008;59(Suppl. 6):341–8.

22. Szwed A, John A, Goździk-Spychalska J, Czaiński W, Czerniak W, Ratajczak J, Batura-Gabryel H.
Survival of Patients with Cystic Fibrosis Depending on Mutation Type and Nutritional Status. Adv
Exp Med Biol. 2018;1023:65–72.



Page 13/18

23. Simmonds NJ, MacNeill SJ, Cullinan P, Hodson ME. Cystic �brosis and survival to 40 years: a case-
control study. Eur Resp J. 2010;36:1277–83.

24. Stephenson AL, Tom M, Berthiaume Y, Singer LG, Aaron SD, Whitmore GA, Stanojevic S. A
contemporary survival analysis of individuals with cystic �brosis: a cohort study. Eur Resp J.
2015;45:670–9.

25. Kerem E, Reisman J, Corey M, Canny G, Levison H. Prediction of mortality in patients with cystic
�brosis. New England J Med. 1992;32:1187–91.

2�. Courtney JM, Bradley J, Mccaughan J, O’connor TM, Shortt C, Bredin CP, Bradbury I, Elborn JS.
Predictors of mortality in adults with cystic �brosis. Ped Pulmon. 2007;42:525–32.

27. Henry RL, Mellis CM, Petrovic L. Mucoid Pseudomonas aeruginosa is a marker of poor survival in
cystic �brosis. Ped Pulmon. 1992;12:158–61.

2�. Belkin RA, Henig NR, Singer LG, Chaparro C, Rubenstein RC, Xie SX, Yee JY, Kotloff RM, Lipson DA,
Bunin GR. Risk Factors for Death of Patients with Cystic Fibrosis Awaiting Lung Transplantation. Am
J Respir Crit Care Med. 2006;173:659–66.

29. Lechtzin N, John M, Irizarry R, Merlo C, Diette GB, Boyle MP. Outcomes of Adults with Cystic Fibrosis
Infected with Antibiotic-Resistant Pseudomonas aeruginosa. Respiration. 2006;73:27–33.

30. Palmer KL, Mashburn LM, Singh PK, Whiteley M. Cystic Fibrosis Sputum Supports Growth and Cues
Key Aspects of Pseudomonas aeruginosa Physiology, J Bacter 2005; 5267–5277.

31. Emerson J, Rosenfeld M, McNamara S, Ramsey B, Gibson RL. Pseudomonas aeruginosa and other
predictors of mortality and morbidity in young children with cystic �brosis. Pediatr Pulmon.
2002;34:91–100.

32. Sharma R, Florea VG, Bolger AP, Doehner W, Florea ND, Coats AJ, Hodson ME, Anker SD, Henein MY.
Wasting as an independent predictor of mortality in patients with cystic �brosis. Thorax.
2001;56:746–50.

Figures



Page 14/18

Figure 1

Kaplan-Meier plot for the age of patients with cystic �brosis
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Figure 2

Probability functions depicting the age of patients with cystic �brosis in categories of mutation
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Figure 3

Probability functions depicting the age of patients with cystic �brosis in categories of lung function
(FEV1%)



Page 17/18

Figure 4

Probability functions depicting the age of patients in categories of Pseudomonas aeruginosa infection
and antibiotic resistance (PA 4 categories)
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Figure 5

Probability functions depicting the age of patients with cystic �brosis in categories of nutritional status
(BMI)


