
 1

Improving rate of decline of FEV1 in young adults with cystic 

fibrosis 

 
Chengli Que, Paul Cullinan, Duncan Geddes 
 
Department of Respiratory Medicine Royal Brompton Hospital London SW3 6NP 
 
 
 
 
 
 
 
 
 
Cystic Fibrosis, FEV1 decline 
 
 
 
 
 
 
 
 
 
Correspondence: 
 
D Geddes 
Respiratory Medicine  
Royal Brompton Hospital 
Sydney Street 
London  SW3 6NP 
 
Tel: 020 7352 8121 ext 4805 
Fax:  
E-mail:  d.geddes@rbh.nthames.nhs.uk  
 
 

 Thorax Online First, published on December 29, 2005 as 10.1136/thx.2005.043372

Copyright Article author (or their employer) 2005. Produced by BMJ Publishing Group Ltd (& BTS) under licence. 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2005.043372 on 29 D

ecem
ber 2005. D

ow
nloaded from

 

http://thorax.bmj.com/


 2

 

 

Background:CF is characterized by a progressive decline in lung function; reductions 

in this decline are often used as a measure of success in clinical trials.  

With improvements in treatment it may be that there has been a temporal 

shift in the pattern of the disease. 

Methods: 318 patients born in five successive cohorts and attending a specialist 

clinic with at least two routine measurements of lung function made 

between the ages of 18 and 22 were included.  The declines in their lung 

function were estimated and compared. 

Results: The mean (se) slopes for percent predicted FEV1 and FVC were -1.53% 

(0.36) and -1.27% (0.34) respectively (NS). The annual deterioration in 

FEV1 was -2.49%, -1.99% -2.20%, -1.65%, and -0.65% from the earliest 

to the most recent birth cohort; a similar pattern was observed for 

changes in FVC.  There were no differences between male and female 

patients.  Patients infected with Pseudomonas had a greater average 

decline in FEV1 (-1.6% vs -1.1%). 

Conclusions:The rates of decline of lung function in young adults with CF have 

diminished with successive birth cohorts.  This has important implications 

for the design of clinical studies in this disease. 
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Cystic fibrosis (CF) is a progressive condition in which pulmonary disease is the main 

determinant of morbidity and mortality.  The progressive decline of pulmonary function 

with time has been a feature of CF lung disease in the past and seems to be inevitable 

in all patients. Yearly rate of decline in FEV1% predicted (FEV1%p) is a significant 

predictor of the risk of death (1) and annual deterioration in FEV1%p is considered a 

better parameter than single measurements for referral for lung transplantation (2,3). 

Average rates of FEV1 decline from the literature are listed in table 1. 

 

Table 1 published rates of decline in percent predicted FEV1 decline in cystic fibrosis 
 

Annual decline in FEV1%p Reference # patients Age 
(years) 

Follow up 
(years) mean se 

Corey [7] 132 5-27 7 yr -1.87 (male) 
-2.71 (female) 

NS* 

Kerem [8] 39 7-40 2 yr -2.2 1.67 
Kovesi [9] 325 4-28 15 yr -1.25 0.14 
Konstan [5] 43 5-39 4 yr -3.6 0.55 
Eigen [10]  95 6-14 4yr -1.5 NS 
Corey [11] 366 18-32 15yr -2.72 NS 
Davis [4] 215  2-5 y -2.3 0.28 
Milla [12] 152  4yr -2.44 NS 
Merkus [13] 52 Children 3.9yr -2.2 NS 
Merkus [14] 53 Children 3.8yr -1.8 NS 

* not stated 

 

In clinical trials, based on the assumption that cystic fibrosis causes a progressive 

decline in lung function, a reduction in this decline during the observation period is a 

common outcome measure (4,5,6).  With improvements in treatment it may be that the 

pattern of CF pulmonary disease is not the same today as it was in the past.  We set 

out to determine the rate of lung function change in a contemporary cohort of young 
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adults with CF; and to compare this to rates in earlier birth cohorts. 

 

 

METHODS 

Population 

The adult cystic fibrosis service at Royal Brompton Hospital cares for all patients aged 

16 years or over, currently some 700.  These are seen regularly in clinic and, since 

1981, have undergone formal annual review with full lung function testing.  From 

attendance records of the last ten years from the hospital lung function laboratory, we 

identified all adult CF patients (>18 years).  318 patients with at least two pulmonary 

function tests (in two calendar years) between the ages of 18 and 22 form the study 

base for this analysis.  Tests dated from as early as 1978 to the end of 2004. The 

highest pre-bronchodilator FEV1 and FVC were used to calculate rates of changes.  In 

addition we collected information on year of birth, sex, height at ages 18 and 22 years 

and chronic Pseudomonas infection, defined as Pseudomonas aeruginosa cultured in 

at least three consecutive sputum samples at least one month apart during the study 

period. 

 

Statistical Analysis 

We calculated percent-predicted (%p) values of FEV1 and FVC using The European 

Community reference population.  Annual changes in lung function were estimated 

using linear regression analysis.  Lung function changes were distributed 
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approximately normally and are expressed as mean±standard error (se).  We analysed 

time trends after categorising patients in successive five-year birth cohorts and fitting 

‘cohort’ as a variable in a liner regression model; differences between cohorts were 

assessed using ANOVA. 

 

RESULTS 

Between the ages of 18 and 22, the mean (se) annual changes in FEV1%p and 

FVC%p among all patients were -1.53% (0.36) and -1.27% (0.34). The rates of change 

tended to be greater in the earlier birth cohorts (Table 2) but the trends were not 

statistically different (p=0.28 and p=0.35 for FEV1%p and FVC%p respectively). The 

trends were clearer (see Figures 1 and 2) but again statistically not significant among 

patients born only after 1970.  

 
Table 2. mean height, pulmonary function and FEV1 slope (percent predicted (pp)) 
from age 18 to 22 years, by birth cohort 
 
 

Birth Cohort 1960-1964 1965-1969 1970-1974 1975-1979 1980-1984 
Patients 
Measurements 
Mean height at age 18 (cm) 
Mean FEV1% at 22yr 
FEV1%p slope 
Mean FVC% at 22yr 
FVC%p slope 

17 
40 
n/a 

45.96% 
-2.49% 
68.13% 
-2.1% 

28 
76 
n/a 

59.75% 
-1.99% 
78.02% 
-1.35% 

62 
167 

167.1 
53.47% 
-2.2% 

69.85% 
-1.86% 

113 
349 

167.2 
56.77% 
-1.65% 
75.18% 
-1.34% 

98 
314 

167.4 
63.68% 
-0.65% 
81.8% 
-0.64% 

 

There were fewer than 20 patients of either sex in the earlier two cohorts and time 

trends by sex were analysed using only the later three cohorts.  Among men born after 

1970 the average changes in FEV1%p were -1.57%(1970-1974 cohort), 
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-0.57%(1975-1979), and -0.91%(1980-1984). These differences were not statistically 

significant (p=0.66). Among women born within the same cohorts, the estimated 

changes in FEV1%p were -2.48%, -2.98% and -0.29% respectively (p=0.69). 

 

There were no important differences between the different cohorts in mean height at 

age 18 (Table 2) or 22 years (data not shown).  Forty nine (15.4%) patients had no 

evidence of chronic Pseudomonas aeruginosa colonization over the period of the 

study.  Among these, the mean (se) annual decline in FEV1%p was -1.1 (0.8)%;  

patients infected with pseudomonas had a greater average decline(-1.61%, 0.41).  

This difference was not statistically significant. 

 

 

DISCUSSION 

Our findings indicate that the annual rate of decline in lung function among 

contemporary young adults with cystic fibrosis is very low; and lower than among 

previous generations of adults with the disease. While it is possible that these apparent 

improvements occurred by chance, they are consistent with improvements in CF care 

and prognosis over the past 30 years. 

 

We considered several possible biases in our findings.  Patients were selected on the 

basis of their having had lung function measurements, at any age, between 1995 and 

2004 and we subsequently examined those measurements made when these patients 
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were aged between 18 and 22 years.  Hence patients were selected by their survival 

and may have relatively mild disease.  We suggest that this is likely to have resulted in 

an underestimate of the true rates of lung function decline in earlier cohorts and thus 

an underestimate of the true temporal differences.  Furthermore we cannot be sure 

that the indications for annual lung function testing remained the same throughout the 

period of our analysis.  Analysis of the later three cohorts, all born after the period when 

routine testing was practised and in whom survival pressures are probably less 

marked, tended to confirm our overall findings. 

 

Annual loss of FEV1%p% is believed to be associated with genotype, gender, 

pancreatic and nutritional status and colonisation with mucoid strains of Pseudomonas 

aeruginosa [11, 15，16]. We were unable to show a difference between male and 

female patients in FEV1 decline; while this may be due to small numbers, similar 

findings have been reported in Swedish patients [17].  Nor did we find any important 

difference in terms of height, which might be associated with nutritional status.  We did 

not examine the effects of weight; one study has suggested that children with CF who 

weigh more and who gain weight at an appropriate and uninterrupted rate have a 

better FEV1 trajectory [6]. Our result with regard to effect of Pseudomonas aeruginosa 

colonization/infection on lung function decline is consistent with that from Swedish 

group [17].  We were unable to demonstrate a statistically significant association 

between this and lung function decline, possibly because of the small number of 

non-colonised patients.  We did not identify the time at which the patient acquired the 
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Pseudomonas and cannot separate cause from effect as others have [18]. 

 

Our results are similar to those of children in Toronto, summarized in Table 3 [19]; and 

to reports of patients treated with RhDNase [20].  They are consistent with improving 

trends in survival and probably reflect better standards of care, organized within 

specialist CF centres, and more aggressive approaches to treatment especially with 

nebulized antibiotics and DNase.  An important implication is that decline in lung 

function may now be too insensitive a measure for use in clinical trials of limited 

periods. 

 

Table 3. Lung Function Decline in Children with Cystic Fibrosis [19] 
 
 
 

Birth 
Cohort 

1960-1964 1965-1969 1970-1974 1975-1980 1980-1984 1985-1989 

Follow 
up to 

1978 1983 1988 1993 1998 2003 

Study n 132 120 114 90 90 108 
FEV1 
slope 

-2.1 -2.6 -2.5 -1.8 -1.1 -0.8 

 

 

 

Conclusion 

Rates of decline of FEV1 in patients  with cystic fibrosis are falling, in line with improved 

survival, and are now approaching zero.  This is probably due to improved treatment.  

There are major implications for the future design of clinical trials. 
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Figure 1 mean (se) changes in percent predicted FEV1 by birth cohort (numbers 1-5 
refer to birth cohorts 1960-64,1965-69,1970-74,1975-79,1980-84) 
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Figure 2  mean (se) change in percent predicted FVC by birth cohort (numbers 
1-5 refer to birth cohorts 1960-64,1965-69,1970-74,1975-79,1980-84) 
 

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

1 2 3 4 5

P
er

ce
nt

 P
re

di
ct

ed
 (

M
ea

n+
/-

S
E

)

 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2005.043372 on 29 D

ecem
ber 2005. D

ow
nloaded from

 

http://thorax.bmj.com/

