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Abstract
Background - A study was undertaken to
evaluate whether an early diagnosis by
neonatal screening may improve the long
term prognosis ofpatients with cystic fib-
rosis and to assess the influence of expert
management started immediately after
the diagnosis.
Methods - Comparative clinical follow up
in three birth cohorts of patients with
cystic fibrosis was performed at the Cystic
Fibrosis centre in Groningen in close col-
laboration with paediatricians in general
hospitals in the north-eastern part of the
Netherlands. The first birth cohort (n=
19) was detected by screening and the two
other cohorts were detected clinically, one
(n= 30) consisting of patients born during
the screening programme and the other
(n=32) of patients born during the six
years immediately after the screening
programme ended. The total number of
patients in the three birth cohorts included
all patients with cystic fibrosis born in this
area during a 12 year period. Cumulative
survival rates and the variation with time
of lung function, the levels of immuno-
globulins, and growth patterns were used
as main outcome measures.
Results - Patients born during the screen-
ing programme but detected clinically ap-
peared to have a reduced life expectancy
comparedwithpatients detectedbyscreen-
ing. The patients detected by screening
showed less deterioration in lung fimction
(annual decrease 1-2% of FEV, % pred),
a smaller increase in immunoglobulin
levels, and minimal catch-up growth com-
pared with an annual decrease of 3-25% of
FEV1 % pred in the non-screened birth
cohort of the same age, a higher rise in
immunoglobulins leading to increased
levels at the end ofthe observation period,
and catch-up growth for weight as well
as height. Differences between patients
treated in a cystic fibrosis centre and those
not referred to a specialist centre were
smaller but similar, in favour oftreatment
at a cystic fibrosis clinic.

Conclusions - Expert management started
immediately after an early diagnosis of
cystic fibrosis by neonatal screening res-
ults in important beneficial effects on the
outcome and clinical course of the con-
dition. The institution of very early treat-
ment may be critical for the outcome and
long term prognosis for most patients with
cystic fibrosis. Neonatal screening pro-
grammes for cystic fibrosis should be
introduced more widely.
(Thorax 1995;50:712-718)

Keywords: cystic fibrosis, neonatal screening, cystic
fibrosis centres.

Cystic fibrosis is one of the commonest in-
heritable diseases among white people. Without
treatment most patients with this disease will
die in infancy or early childhood.' At present
the pulmonary problems in general determine
the morbidity and the mortality ofpatients with
cystic fibrosis. Most of the pulmonary damage
is not due to the primary defect but arises
secondarily due to the increased susceptibility
to respiratory infection. The present thera-
peutic strategies developed over the past 30
years have dramatically improved the life ex-
pectancy of patients with cystic fibrosis. For
babies born today with cystic fibrosis the pre-
dicted mean life expectancy is about 40 years.2
It is conceivable that the present therapeutic
strategies applied before irreversible airways
damage has occurred will have an added fa-
vourable influence on outcome and quality of
life of patients with cystic fibrosis. Diagnosis
as early as possible - for example, by neonatal
screening-maybe necessary for effective thera-
peutic interventions aimed at preventing ir-
reversible damage to the airways. Results of
earlier studies have suggested that early dia-
gnosis by neonatal screening and early treat-
ment may reduce mortality and morbidity of
patients with cystic fibrosis.34 Another major
factor in improving survival is the increasing
centralised care of cystic fibrosis.5

In the present study earlier observations were
extended over a longer period and a greater
number of patients. While in our earlier studies
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Prognosis after neonatal screening for cystic fibrosis

Table 1 Composition of the three patient groups

S Non-S Post-S

Year of birth 1973-9 1973-9 1979-85
Diagnosis by screening 19 - -

Diagnosis by symptoms (5)* 25+5* 32
Meconium ileus 4 2 9
In survival analysis 15 28 20
Lost to follow up 2 1 5
Death before the start of study 4 5 1
In clinical follow up 13 24 26

S =patients detected by screening; non-S = patients detected by clinical symptoms; post-S=
patients born after the end of the screening programme detected by clinical symptoms.
* Patients born in screened birth cohort with false negative screening test.

only observations at a certain age on a cross
sectional basis were reported, in this study
all data collected over a 10 year period were
evaluated. The aim of this longitudinal study
was to investigate whether intensive man-
agement started immediately after a diagnosis
of cystic fibrosis by neonatal screening fa-
vourably influences the outcome and clinical
condition of these patients in the long term.

Methods
PATIENTS
An experimental neonatal screening pro-
gramme for cystic fibrosis using the de-
termination of the albumin content of
meconium was carried out in the north of the
Netherlands between March 1973 and March
1979.6 Forty five percent of all neonates in this
area were involved in the screening programme;
the remaining 55% were not screened. All
patients with cystic fibrosis born during this
period were registered centrally based on an-
nual inquiries by all paediatricians practising
in this area. Survival and clinical outcome up
to the age of 11 years in the patients in the
screened and non-screened birth cohorts have
been described elsewhere.3

In the present analysis three birth cohorts of
patients with cystic fibrosis were compared.
Data on the composition of these three patient
groups are summarised in table 1. The first
group consisted of 18 patients with cystic fib-
rosis detected by neonatal screening between
1 March 1973 and 1 March 1979, plus one
patient detected between 1 March 1979 and
30 June 1979 (S group). Five patients from
the screened birth cohort had false negative
screening tests and a diagnosis of cystic fibrosis
was made later on a clinical- basis. The age at
diagnosis varied from four months to 10 years in
these five patients who were therefore analysed
with the 25 patients born in the same period
and the same area but detected by clinical
symptoms (non-S group). Three patients were
lost to follow up, two from the screened group
and one from the non-screened group. No
clinical data were obtained from four patients
in the screened group and five in the non-
screened group, eight ofwhom died in the first
year of life as previously described.7 In one
patient in the non-screened group who died at
the age ofnearly three years a diagnosis of cystic
fibrosis was made retrospectively. Longitudinal
clinical evaluations were performed in 13
patients in the screened group and 24 in the
non-screened group. One of the 24 patients in
the non-screened group preferred treatment at

the local hospital. Information on the clinical
course of this patient was provided later.
The third birth cohort consisted of patients

with cystic fibrosis born in the same region
between 1 July 1979 and 1 January 1986,
immediately after the closure of the ex-
perimental screening programme (post-S
group). With the help of the national Dutch
Cystic Fibrosis Registry, started in 1983, the
patients born in the six year period after the
screening programme ended were identified.
The Dutch Cystic Fibrosis Registry periodically
asks all Dutch paediatricians and pul-
monologists to report their patients with cystic
fibrosis.8 The registry revealed no unknown
patients with cystic fibrosis born in the period
1973-9, confirming that all patients currently
diagnosed with cystic fibrosis are included in
the study. In total, 32 patients with cystic fib-
rosis born between 1979 and 1985 were iden-
tified before 1 December 1989 (the closing date
of the study). None was detected by neonatal
screening. Nine of these 32 patients were not
known in the Cystic Fibrosis centre at Gron-
ingen. Of these patients, one died at the age of
16 days before referral to a Cystic Fibrosis
centre, four were referred to another centre in
the Netherlands, and four were treated solely at
the local hospital. Of these latter eight patients
three were assessed only once or twice at the
Cystic Fibrosis centre of the University Hos-
pital in Groningen, and clinical data of three
patients were obtained retrospectively from the
local hospital. The parents of two patients re-
fused to cooperate in the study. Three patients
had to be excluded from the study as other
health problems dominated over their cystic
fibrosis. The other diagnoses in these patients
were congenital heart disease, severe spastic
tetraplegia after a very premature birth, and
one patient developed a bowel dysfunction after
surgical treatment for ileal atresia leading to
death at the age of six months. Thus, a total of
five patients could not be included in the study,
resulting in 27 patients in the post-S group. In
one patient a diagnosis of cystic fibrosis was
made at the age of 4-5 years and only one ob-
servation was made before the study closed.

In all patients entering the study the diagnosis
of cystic fibrosis was confirmed by the quant-
itative pilocarpine iontophoresis test. In three
children who were identified by screening and
treated only in local hospitals the diagnosis
could not be confirmed when a repeat sweat
test was performed. Patient data were analysed
to evaluate the influence of a very early dia-
gnosis and treatment on outcome and clinical
course. To assess also the influence oftreatment
at a specialised cystic fibrosis centre all clinical
data obtained in patients not referred to a cystic
fibrosis centre or during the first six months
after referral to the centre were analysed and
compared with the clinical observations col-
lected during the period of treatment at the
centre. The investigator regularly visited the
paediatricians caring for the patients not being
treated at a specialist centre to collect data.
Discussions were held concerning the course
of disease and advice was given on treatment
options.
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Table 2 Relations between birth cohort and age at diagnosis, percentage ofpatients with
meconium ileus and frequency of cystic fibrosis (CF) at birth

S Nont-S Post-S

Median age at diagnosis (months) <1 14 23
% of patients with meconium ileus 16 7 8 28 1
Frequency of CF at birth 1:4089 1:4873 1:7000*

S =patients detected by screening; non-S =patients detected by clinical symptoms; post-S
patients born after the end of the screening programme detected by clinical symptoms.
* Estimated frequency at birth based on the number of births in the area (data derived from the
Dutch Central Bureau of Statistics).

CLINICAL FOLLOW UP
The clinical follow up study started on 1 April
1980 and ended on 1 December 1989.3 All
patients in the three groups referred to the
Cystic Fibrosis centre in Groningen par-
ticipated in the clinical follow up immediately
after diagnosis and/or referral. All data collected
between 1 April 1980 and the closing date of
the study (1 December 1989) were used for
clinical evaluations. Clinical assessments were
performed at six monthly intervals as previously
described.3 Nine patients were examined in the
local hospitals once or twice a year. Of four
patients not known to the centre, data were
obtained retrospectively in 1989.

CLINICAL VARIABLES
Clinical data obtained on growth (height and
weight), lung function, immunological status,
and sputum bacteriology were analysed.

Growth
Height and weight were measured at each visit
to the clinic. Standard deviation scores (SDS)
for height and weight were compared with the
50% percentile for height and the mean weight
of Dutch children of the same age and sex as
standards.9

Lung function
Inspiratory vital capacity (VC), forced ex-
piratory volume in one second (FEVy), both

100

80

expressed as a percentage of predicted control
values based on patient height, age and sex,10
were used as parameters.

Immunology
Immunoglobulins A, M, G, and E were de-
termined routinely at six month intervals.

Sputunm bacteriology
Sputum samples or tracheal aspirates were
taken at each clinic visit. Patients were con-
sidered to be chronically colonised when the
same microorganism was found on two con-
secutive clinic visits.

STATISTICAL METHODS
Cumulative survival rate
A cumulative survival analysis by the life table
method was calculated for the three groups
from the date of birth to the closing date of
the study on 1 December 1989." Fifteen
patients with meconium ileus (or related prob-
lems such as ileal or jejunal atresia), four
patients in the S group, two in the non-S group,
and nine in the post-S group, were excluded
from the survival analysis (table 1). A survival
analysis was therefore calculated on 15 patients
in the S group, 28 in the non-S group, and 20
in the post-S group. Differences in survival rate
were calculated by means of the Fisher exact
probability test.

Multivariate regression analysis
Patient data were compared by means of a
multivariate regression analysis (SYSTAT,
MGLH module). Regression coefficients for
each clinical variable with time were calculated
for each group. The statistical comparison of
screening compared with non-screening was
performed by calculating the interaction be-
tween age and screening or non-screening for
the regression coefficients. The significance of
differences between regression lines was tested
with a general linear model.

In a similar way the influence of specialist
centre treatment versus non-centre treatment
was evaluated.6-

> 60

r _ s Results
CD

0 Non-S INFLUENCE OF THE SCREENING PROGRAMME ON
40 Post-S AGE AT DIAGNOSIS

E Comparison of the median age at diagnosisE
and the frequency of cystic fibrosis at birth
revealed that the age at diagnosis in the group
of patients born during the six years after the

20 screening programme had ended was even
higher than in both birth cohorts born earlier,
and that the observed frequency at birth was
considerably lower (table 2). This indicated

0 2 4 6 8 10 12 that, at the closure of the study, not all patients
with cystic fibrosis from the area were detected.

Age (years) The high percentage ofpatients with meconium

Figure 1 Cumulative survival rate (%o) of patients detected by screening (S, n 15) ileus (who are usually recognised immediately
and those detected by symptoms born 1973-9 (non-S, n =28) and 1979-86 (post-S, as patients with cystic fibrosis) in the youngest
n= 20). group of patients was another indication that
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Figure 2 Variation in mean FEV, (%pred) with regression lines (with 90% confidence intervals) with time in (A) patients detected by screening,
(B) those born between 1973 and 1979 detected by symptoms, and (C) those born between 1979 and 1986 detected by symptoms.

the diagnosis ofcystic fibrosis without screening
was missed for some time in a large number of
patients.

CUMULATIVE SURVIVAL ANALYSIS
The cumulative survival rate was 94% for the
screened patients and 65% for the non-
screened patients at the age of 11 years, ex-
cluding the patients with meconium ileus
(p<0 05, Fisher's exact probability test). There
was a remarkable difference between these two
survival curves (fig 1); in the screened group
only one patient died at a very young age and
no deaths occurred subsequently. In the non-
screened group a high mortality rate was found
in the first year of life, but by the fourth year
of life the life expectancy appeared to be re-
duced. For the patients born later (post-S
group) the observation period was too short
for a reliable calculation over the age of seven
years to be made. At that age 95% of the
patients were still alive, the one death in this
group occurring before the diagnosis of cystic
fibrosis was made. The survival curve was closer
to that of the S group than to the non-S group.
For the younger patients life expectancy was
improved compared with 10 years earlier, and
this observation has also been made in other
western European countries.'2

Table 3 Regression with time offorced expiratory volume in one second (FEVd),
expressed as a percentage of predicted values, corrected for age differences between groups

Patient group (no. of Coefficient of regression
observations) (mean (SE)) F ratio p

S (142) -1.2 (0 45) 7 41 <0 01
Non-S (197) -3-25 (0-34) 89 52 <0 001
Post-S (73) -2-6 (1-42) 3 35 NS

S=patients detected by screening; non-S=patients detected by clinical symptoms; post-S=
patients born after the end of the screening programme detected by clinical symptoms.

Table 4 Analysis of variance for multivariate regression analysis of the forced expiratory
volume in one second (FEV,), expressed as a percentage ofpredicted values, after
correction for age differences between patient groups

Sum of squares Degrees offreedom Mean square F ratio p

Age 2520-45 1 2520 45 21 59 <0 001
Age x group 1521-10 2 760.55 6-52 <0 005
Error 47623-19 408 116-72

CLINICAL VARIABLES
Lung function
A comparison of the observed FEV, (%pred)
showed that patients in the screened group
maintained the same levels of lung function
throughout the observation period (coefficient
ofregression - 0-24 (0 6)), while patients in the
non-S and post-S groups showed a statistically
significant decrease in lung function with in-
creasing age (coefficients of regression -3-2
(0 5) and -2-9 (1-8), respectively) (fig 2).
However, the two oldest birth cohorts differed
slightly in age because of the late detection and
early death of some patients in the non-S birth
cohort, and the data of the post-S group were

mostly obtained at a younger age. To adjust
for bias due to a possible effect of age a cor-

rection was necessary for the comparison of
the lung function. By shifting the time scale
the mean age of each individual at observation
was set to 0; similarly, the mean FEV, (%pred)
was shifted so that each person had a mean

value of 0. Only patients with at least two
observations (mean number of observations
nine per patient, but in the post-S group only
five) could be included in this adjustment (S:
n= 13, non-S: n= 18, post-S: n= 13). The re-

gression was analysed for each group. After
this age-adjusted correction the deterioration
in lung function in the screened group was

considerably less (1 2% annual decrease) than
in the non-screened group (3-25% annual de-
crease). Although the post-screening group
showed a mean decrease of 2-6%, the number
of observations was probably too small to find
a significant regression (tables 3 and 4).

Immunology
IgG levels can be considered markers of the
degree of inflammation and may therefore be
used as an indicator of the severity of chronic
lung infection. In table 5 it can be seen that
the IgG levels increased with age in both the
non-S and post-S groups but not in the S
group.

Microbiology
There were no differences in the chronic col-
onisation with Staphylococcus aureus in the S
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Table S Effects of neonatal screening expressed as mean (SD) differences in coefficients
of regression with age

Vaniable S Non-S Post-S p*

VC (%pred) -0 39 (0 46) 10-6 (10-0) -0 99 (1-35) NS
IgG 0-68 (11) 72 (14) 101 (14) <0-0001
IgE -19-13 (7 43) 18-45 (11 56) 0-89 (7-6) 0-02
SDS weight 0-028 (0-021) 0-048 (0-016) 0 17 (0-02) <0-0001
SDS height 0-041 (0-027) 0 098 (0-016) 0-19 (0-025) <0-0001

S = patients detected by screening; non-S=patients detected by clinical symptoms; post-S=
patients detected by clinical symptoms born after the end of the neonatal screening programme;
VC (%pred) =vital capacity, expressed as a percentage ofpredicted values; IgG= immunoglobulin
G (mg/dl); IgE = immunoglobulin E (units/l); SDS weight = standard deviation score for weight;
SDS height= standard deviation score for height.
* p value for the multivariate regression analysis calculated from the statistical interaction of the
factors screening and age.

Table 6 Cumulative prevalence of chronic colonisation
with Staphylococcus aureus and Pseudomonas aeruginosa
up to the age of 12 years

S Non-S p (X2 test)

S aureus 10/13 19/24 NS
P aeruginosa 2/13 12/23 <0 05

S = patients detected by screening; non-S = patients detected by
clinical symptoms.

and non-S groups. However, up to the age of
12 years relatively more non-screened patients
appeared to be chronically colonised with
Pseudomonas aeruginosa (table 6). For the post-
S group, and after the age of 12 years, in-
sufficient data were available for a reliable com-
parison to be made.

Growth and nutritional status
Standard deviation scores (SDS) for height and
weight for the three groups are shown in table
5. At the start of the study the height of the
patients in the screened group was just below
the population mean values, and at the end of
the study around the expected level. The mean
weight remained about half a standard de-
viation under the mean levels throughout the
observation period. However, these patients
were born in the 1970s and were mostly fed
with a fat restricted diet until the beginning of
the 1980s. The patients in the non-S and the
post-S groups showed a greater growth re-
tardation for both height and weight than those
in the S group. However, data collection for
the post-S patients often started immediately
after diagnosis while for most patients in the
other groups it began some time after diagnosis.
Most catch-up growth will occur shortly after
diagnosis, and this probably contributed to the
larger differences of trends observed in the
post-S group.

Table 7 Effects of treatment at a specialist cystic fibrosis centre expressed as mean (SD)
differences in coefficients of regression with age

Variable C Non-C p*

FEV, (%pred) -2-08 (0 36) -5-32 (3-1) NS
IgG 65-83 (7-33) 148-98 (31.24) 0-001
SDS weight 0-039 (0-01) -0-007 (0-03) NS
SDS height 0-06 (0-01) 0-066 (0-03) NS

C =patients treated for at least six months at or in cooperation with a cystic fibrosis centre; non-
C = patients treated solely at the local hospital. For definition of other abbreviations see footnote
to table 5.
* p value for the multivariate regression analysis calculated from the statistical interaction of the
factors centre treatment and age.

MULTIVARIATE REGRESSION ANALYSIS
Screening versus non-screening
The coefficients of regression for the FEV,
(%pred) after correction for the differences in
age are shown in table 3. The results of the
analysis of variance calculated for the FEV,
(%pred) after correction for age differences
are summarised in table 4. The coefficients of
regression and the results of the analysis of
variance for screening or non-screening are
shown for the clinical variables VC (%pred),
IgG, IgE, and the SDS for height and weight
for the three patient groups (table 5). With the
exception of VC (%pred), these coefficients
differed considerably in the comparison of
screening with non-screening. The observed
differences were statistically significant when
calculated by multivariate analysis (p values in
table 5).

Centre treatment versus non-centre treatment
A second similar multivariate regression ana-
lysis was made with the aim of assessing
whether treatment at a specialist cystic fibrosis
centre leads to a better clinical course (table
7). The observed differences were smaller than
when comparing screening and non-screening.
A greater decrease in lung function was seen
in the patients not treated at a specialist centre,
but the difference was not statistically sig-
nificant, probably due to lack of statistical
power. We assume this to be the case from
the significantly different IgG levels which is
another marker of lung infection. Patients
treated at a specialist centre showed a greater
increase in weight than those treated elsewhere.
The analysis of centre treatment versus non-

centre treatment was not quite independent
from the demonstrated differences in the ana-
lysis of screening versus non-screening.
Screened patients were referred more often to
the centre to confirm the diagnosis than non-
screened patients; 47% of screened patients
were known at the centre before the start of
the study compared with only 25% of the non-
screened patients. However, in later years the
rate of referral increased, with 75% of the post-
S patients being referred to a cystic fibrosis
centre immediately after diagnosis.

Discussion
OUTCOME AND CLINICAL ASSESSMENT
The reduced life expectancy and the non-re-
versible downward development of the mean
(SE) FEV, of 3-24 (034)% per annum in
the non-screened group (detected on a clinical
basis) was significant. However, in the patients
detected by neonatal screening a lesser degree
of deterioration of 1 2 (045)% occurred, in-
dicating that a favourable outcome and long
term prognosis can be achieved by intensive
management of patients with cystic fibrosis if
started as soon as the diagnosis is confirmed
after identification by neonatal screening. How-
ever, for many of the patients in the non-S
group the 30% FEV, (%pred) threshold that
is considered to require lung transplantation
would be reached more rapidly due to the rate
of progression of the disease."3
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Pseudomonas aeruginosa most often colonises
the airway epithelium after it has been dam-
aged. The finding that the inflammatory pro-
cess continues once colonisation and infection
by P aeruginosa has been established in the
lower airways"4 may explain the more rapid
deterioration in lung function found in the
non-screened patients, who showed a higher
percentage of persistent colonisation with P
aeruginosa at a younger age than the patients
detected by screening. A direct relation be-
tween the incidence of P aeruginosa col-
onisation, the extent ofpulmonary disease, and
the level of serum immunoglobulins has been
observed.'5 In our study IgG levels rose sig-
nificantly faster in patients in the non-S and
post-S groups than in those in the S group.
The more rapidly increasing levels of im-
munoglobulin G in the younger age (post-S)
group compared with the patients identified by
screening can only partly be explained by the
fact that these levels were monitored from a
younger age than in the screened group. At
the age of seven the levels were higher than
expected and certainly higher than in the
patients diagnosed by screening, suggesting
that more inflammatory damage in the airways
had already occurred in these patients and this
may be a risk factor for colonisation with P
aeruginosa at an early age. A longer follow up
ofthis patient group is needed as not all patients
were diagnosed in this group. Although no
differences in colonisation by S aureus were
found, intensive antibiotic treatment during
exacerbations from early infancy may have min-
imised the extent of airway damage and in-
flammation and perhaps delayed colonisation
by P aeruginosa. More effective inhibition of
colonisation may be achieved by treatment with
continuous flucloxacillin started after neonatal
diagnosis, as shown in a prospective study on
the effects of neonatal screening in which a
lower colonisation rate of the upper respiratory
tract with S aureus was reported at the age
of two years, while in infants not given oral
prophylaxis there was an association between
carriage of S aureus and subsequent col-
onisation with P aeruginosa. 6

Severe growth retardation was present at
diagnosis in most patients detected clinically
in both the non-S and post-S groups. The
catch-up growth after diagnosis shown by these
patients results in similar nutritional status at
the end of the observation period, whether the
diagnosis was made by screening or clinically.
Considerably less catch-up growth was noted
in the patients detected by screening. In other
studies the nutritional deficiencies already seen
at the diagnosis of cystic fibrosis in infants
detected by screening'7 were rapidly reversed
after an early diagnosis.'8 This difference may
have an important effect on outcome since
normal growth patterns during childhood in
patients with cystic fibrosis have been shown
to benefit survival.19

SELECTION BIASES
A major drawback of the screening programme
was the use of the meconium test which led to
five patients from the screened birth cohort

being undetected. As they were diagnosed clin-
ically we decided to assess these patients with
the non-S patients. Due to the long follow up
period some losses to follow up were inevitable,
but these were comparable in the three birth
cohorts. A proportionally large number of
patients died before the start of the study and/
or before the age of six years (four in the
screened group and 10 in the non-screened
group), which could have introduced a se-
lection bias. As the number of deaths in the
non-screened group was higher than in the
screened group, this bias could detect a more
favourable course for the surviving patients in
the non-screened group. However, the more
rapid deterioration of lung function in the non-
screened group persisted. Selection bias due to
incomplete ascertainment in the screened and
the non-screened cohorts was unlikely as the
national Cystic Fibrosis Registry did not reveal
any unknown patients with cystic fibrosis from
this area. As the organisations that care for
mother and child which decided whether to
participate in the screening programme operate
quite independently from hospital care in the
Netherlands, selection bias due to differences
in care of patients with cystic fibrosis between
the birth cohorts is improbable. The only
apparent selection bias was that paediatricians
confronted with a neonate with meconium ileus
often asked the laboratory to investigate a
meconium sample, while otherwise the child
would not have been screened. This probable
selection bias was one reason for calculating a
survival analysis with exclusion of patients with
meconium ileus. Moreover, survival or early
death due to complications of meconium ileus
are probably more a reflection of the quality
of surgical care than the result of a neonatal
screening programme.
We think it improbable therefore that the

differences observed are caused by chance
alone. As the investigation encompassed the
whole population of patients with cystic fibrosis
in a well defined area during a 12 year period,
the observed differences in survival and clinical
status can only suggest that, without screening,
a diagnosis of cystic fibrosis is often made at a
stage of the disease when deterioration can no
longer be prevented, despite intensive man-
agement.

STATISTICAL ANALYSIS
For long term development in a progressive
disease the rate of progression may be more
important than the mean differences at a certain
age. We therefore used a statistical analysis
which included calculation of trends. For the
computation ofthe trend all data obtained from
one subject were considered independently,
while the variability in the number of data
among individuals and their correlation would
influence the reliability of the results regarding
the mean. The statistical analysis of the trends
could not be performed by comparing the in-
dividual regression coefficients. As for lung
function, the variance of the regression co-
efficients was high due to the high intra-in-
dividual variability of the dependent variable
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as large intra-individual differences in FEV1
between consecutive visits were observed,
probably due to exacerbations. By the cor-
rection made for possible age-related differ-
ences, these intra-individual differences were
also minimised.

INFLUENCE OF TREATMENT AT A SPECIALIST
CENTRE
Although less obvious, a favourable influence
on the course of the disease was also observed
by treatment at a specialist centre. Those
treated at a cystic fibrosis centre had less severe
lung infection and a greater increase in weight
than those not treated at a specialist centre.
As in other studies in which the influence
of treatment at a specialist centre has been
evaluated, less motivated parents were found
to prefer to stay with the local hospital, and
this may introduce a negative selection bias for
the non-centre treated patients. As referral in
many cases followed the investigation, only a
small number of patients in our study never
visited a cystic fibrosis centre. A selection of
patient data was therefore used in the com-
parison of centre treatment versus non-centre
treatment. Only those data collected in the first
six months after referral and the data of the
patients never referred to the centre (mostly
obtained retrospectively) were used to min-
imise the influence of the study on the ob-
servations. This data selection probably has led
to loss of statistical power.

In general, the investigation has resulted in
all patients included in the study receiving
optimal treatment, with the probable outcome
that initial differences between patients due to
treatment differences will diminish. Despite
optimal treatment for all patients, the differ-
ences between the screened and non-screened
patients persisted, indicating that delay in the
start oftreatment ofpatients with cystic fibrosis
after the neonatal period can have a deleterious
effect on further development of the disease.
Our data suggest that early diagnosis and op-
timal treatment offered immediately allowed
long term preservation of a good clinical con-
dition in most patients, and in many lung
transplantation would no longer be necessary.
It has already been shown that neonatal screen-
ing for cystic fibrosis is feasible without side
effects20-23; with the development ofnew thera-
peutic possibilities24 we advocate that patients
with cystic fibrosis should be detected by means
of neonatal screening and treated at specialised
cystic fibrosis clinics.
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