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Delays in diagnosing cystic fibrosis
Can we find ways to diagnose it earlier?

Michelle Steinraths MD FRCPC  Hilary D. Vallance MD FRCPC  A. George F. Davidson MD FRCPC

ABSTRACT

OBJECTIVE  To describe the clinical presentation and delays in diagnosis of patients with cystic fibrosis (CF) with 
the goal of raising physicians’ awareness of CF and establishing baseline data for comparison with outcomes of 
patients who undergo newborn screening for CF. 

DESIGN  Retrospective review of hospital medical records and CF clinic charts of newly diagnosed CF patients 
younger than 18 years who had attended the CF clinic at the BC Children’s Hospital in Vancouver between 
January 1, 1993, and January 1, 2005. Age at diagnosis of CF was ascertained for 24 adult patients diagnosed 
during the same period from the CF clinic at St Paul’s Hospital in Vancouver, BC. 

SETTING  Cystic fibrosis clinic at the BC Children’s Hospital.

PARTICIPANTS All newly diagnosed CF patients from mainland BC and northern Vancouver Island 
(N = 122).

MAIN OUTCOME MEASURES  Mean age at diagnosis; mean delay in diagnosis; weight and height or length 
at diagnosis; vitamin E status; mean head circumference; types of symptoms before diagnosis; Pseudomonas 
aeruginosa status; and number of days spent in tertiary care hospitals before diagnosis.

RESULTS  Excluding the adult patients and patients with meconium ileus, mean age at diagnosis of CF was 3.6 
years, and mean delay in diagnosis after first symptoms was 2.1 years. Weight at diagnosis was ≤ 5th percentile 
in 37% of cases, and height or length was ≤ 5th percentile in 26% of cases. Excluding those with meconium ileus 
and those taking vitamin E supplementation, 70% of the children were vitamin E deficient at diagnosis. These 
children had a mean head circumference substantially smaller than that of children who had adequate levels 
of vitamin E. About 95% of children had gastrointestinal (GI) or malnutrition symptoms before diagnosis; 15% 
had GI symptoms only. About 81% of patients had respiratory symptoms, but only 4% had respiratory symptoms 
as the only evidence of CF before diagnosis. Around 9% were colonized with P aeruginosa at diagnosis. Before 
being diagnosed, 79% of patients had required tertiary care hospitalization for a group total of 320 hospital days.

CONCLUSION  Considerable delays in diagnosis of children with CF occur when the disease is identified 
solely on clinical presentation. Morbidity is often severe enough to require hospital admission before CF is 
diagnosed. Symptoms that occurred before diagnosis were often GI or malnutritional in nature rather than 
respiratory, but all such symptoms were associated 
with diagnostic delays. EDITOR’S KEY POINTS

•	 Although cystic fibrosis (CF) is a common lethal auto-
somal recessive disorder that can be difficult to diag-
nose in the early stages, only 2 provinces (Alberta and 
Ontario) routinely screen newborns for CF.

•	 In this study, investigators reviewed all diagnoses 
of CF in British Columbia made within a 12-year 
period and found that the mean delay in diagnosis 
was more than 2 years. Patients often experienced 
morbidity severe enough to require tertiary care 
hospitalization before the disease was diagnosed.

•	 Although CF is often thought of as a respiratory dis-
ease, physicians should also suspect CF in patients 
with growth impairment, gastrointestinal symptoms, 
or nutritional deficiencies.
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Diagnostic tardif de la mucoviscidose
Un diagnostic plus précoce est-il possible?

Michelle Steinraths MD FRCPC  Hilary D. Vallance MD FRCPC  A. George F. Davidson MD FRCPC

Résumé

OBJECTIF  Décrire le mode de présentation clinique et les retards de diagnostic de la mucoviscidose (MV) pour 
sensibiliser le médecin de famille à cette maladie et recueillir des données de base pour comparer les issues des 
sujets qui ont eu un dépistage de MV à la naissance.

TYPE D’ÉTUDE  Examen rétrospectif de dossiers d’hôpitaux et de cliniques de MV des patients de moins de 
18 ans avec un diagnostic récent de MV qui avaient été vus à la clinique de MV du BC Children’s Hospital de 
Vancouver entre le 1er janvier 1993 et le 1er janvier 2005. On a également établi l’âge au diagnostic pour 24 
patients adultes vus durant la même période à la clinique de MV du St-Paul’s Hospital de Vancouver, BC.

CONTEXTE  La clinique de MV du BC Children’s Hospital.

PARTICIPANTS  Tous les cas de MV nouvellement diagnostiqués en Colombie-Britannique continentale et dans 
la partie nord de l’île de Vancouver (N=122).

PRINCIPAUX PARAMÈTRES ÉTUDIÉS  Âge moyen au diagnostic; retard moyen pour le diagnostic; poids et taille 
ou longueur au diagnostic; état relatif à la vitamine E; circonférence moyenne de la tête; type de symptômes 
avant le diagnostic; état relatif au Pseudomonas aerginosa; et nombre de jours passés dans un hôpital de soins 
tertiaires avant le diagnostic.

RÉSULTATS  Si on exclut les patients adultes et les cas d’iléus méconial, l’âge moyen au diagnostic de MV était de 
3,6 ans et le délai moyen entre les premiers symptômes et le diagnostic, de 2,1 ans. Le poids au diagnostic était égal 
ou inférieur au 5e centile dans 37% des cas, et la taille ou la longueur était égale ou inférieure au 5e centile dans 26% 
des cas. En excluant ceux qui avaient un iléus méconial ou qui prenaient des suppléments de vitamine E, 70% des 
enfants présentaient une déficience en vitamine E au diagnostic. La circonférence de la tête de ces enfants était 
considérablement inférieure à celle des enfants présentant des niveaux adéquats de vitamine E. Environ 95% des 
enfants avaient des symptômes digestifs ou des signes de malnutrition avant le diagnostic; 15% avaient seulement 
des symptôme digestifs. Environ 81% des patients présentaient des symptômes respiratoires, mais dans seulement 
4% des cas, ces symptômes étaient les seuls indices de MV avant le diagnostic. Environ 9% étaient colonisés par 
P aeruginosa au diagnostic. Avant le diagnostic, 79% des 
patients avaient dû séjourner un total de 320 jours pour le 
groupe dans un hôpital de soins tertiaires.

CONCLUSION  Chez les enfants atteints de MV, le 
diagnostic subit un retard considérable quand il se fonde 
uniquement sur la présentation clinique. La morbidité 
est souvent suffisamment sévère pour nécessiter une 
hospitalisation avant l’établissement du diagnostic. Les 
symptômes apparus avant le diagnostic avaient souvent 
rapport au système digestif ou à la malnutrition plutôt 
qu’au système respiratoire, mais tous étaient liés à un 
retard de diagnostic.

Points de repère du rédacteur

•	 Bien que la mucoviscidose (MV) soit une affection 
à caractère autosomique récessif létal relativement 
fréquente et qu’elle puisse être difficile à diagnosti-
quer précocement, seulement 2 provinces, l’Alberta 
et l’Ontario, en font le dépistage systématique chez 
le nouveau-né.

•	 Dans cette étude, les auteurs ont relevé tous les dia-
gnostics de MV effectués en Colombie-Britannique 
sur une période de 12 ans; le délai moyen pour le 
diagnostic excédait 2 ans. Les patients avaient sou-
vent présenté une morbidité suffisamment grave 
pour nécessiter des soins hospitaliers tertiaires avant 
l’établissement du diagnostic.

•	 Même si la MV est souvent vue comme une maladie 
respiratoire, le médecin devrait y penser en présence 
d’un retard de croissance, de symptômes digestifs ou 
de malnutrition.
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Cystic fibrosis (CF) is a common lethal autosomal 
recessive disorder seen in 1/3000 to 1/4200 live 
births in Canada and the United States.1-3 It is dif-

ficult to diagnose clinically because early symptoms are 
often minimal or nonspecific. An Australian study from 
the 1980s found a mean delay in diagnosis of CF from 
onset of symptoms of 2.6 years.4 A more recent US study 
found considerable morbidity and delays in diagnosis of 
CF patients identified clinically despite modern advances 
in health care.2 No similar studies have been carried out 
in Canada. 

The objective of our study was to characterize the 
clinical presentation of pediatric patients with CF by 
describing their symptoms, age at diagnosis, duration 
of symptoms before diagnosis, and morbidity includ-
ing days in tertiary care hospitals before diagnosis. Our 
goal was to increase physicians’ awareness and knowl-
edge of the clinical presentation of CF in Canada in the 
hope of improving clinical identification and to establish 
baseline data for comparison in any discussion of new-
born screening for CF. Our study is the first to document 
such data in a provincial setting typical of the Canadian 
health care system.

Newborn screening for CF is the standard of care 
in Australia and New Zealand, much of Europe, and 
some US states.5-9 The US Centers for Disease Control 
and Prevention and the American College of Medical 
Genetics have recently endorsed newborn screening for 
CF, and the Canadian Cystic Fibrosis Foundation (CCFF) 
has recently issued a statement of support for screen-
ing.10-12 Newborn screening is currently available in only 
2 provinces in Canada (Alberta and Ontario). The CCFF 
statement highlighted the need for more data on the 
resources used to diagnose CF when its identification is 
based on the current “clinical suspicion” method.12 

METHODS

This retrospective study involved review of all CF cases 
(N = 122) in mainland BC and northern Vancouver Island 
diagnosed between January 1, 1993, and January 1, 
2005. Because access to funded services in BC, such 
as supply of pancreatic enzymes, requires that diag-
nosis be confirmed by a CF clinic, we believed that all 
CF patients from these regions were known to the CF 
clinics. Data from southern Vancouver Island were not 

included because patients from that area attend sepa-
rate pediatric and adult clinics in Victoria. Diagnoses of 
CF were confirmed by positive sweat test results at the 
Vancouver reference centre according to the method of 
Gibson and Cooke.13 Data collection was anonymous 
and the data collected consisted of standard clinical and 
laboratory features of CF as described in the CF litera-
ture. For 98 pediatric patients (ie, younger than 18 years), 
CF clinic records were reviewed for family history of CF, 
symptoms (Table 1), age at onset of symptoms, number 
of hospitalizations and days in hospital before diagno-
sis, as well as height, weight, head circumference, and 
vitamin E levels at diagnosis.14 Vitamin E (a-tocopherol) 
was measured in deproteinized serum by hexane extrac-
tion followed by reversed-phase high-performance liquid 
chromatography with ultraviolet detection. Data were 
collected by a research assistant and one of the authors 
(M.S.) and reviewed for accuracy and completeness by 
all the authors.

Dr Steinraths is a medical geneticist at the Victoria 
General Hospital in Victoria, BC. Dr Vallance is Head of 
the Biochemical Genetics Laboratory and the C.H. Wills 
Newborn Screening Laboratory at the BC Children’s 
Hospital in Vancouver. Dr Davidson is Professor Emeritus 
in the Department of Pediatrics at the University of British 
Columbia and Director of the cystic fibrosis clinic at the BC 
Children’s Hospital.

Table 1. Clinical records were reviewed for the following 
signs and symptoms of cystic fibrosis in pediatric patients 
at the time of diagnosis
SIGNS AND SYMPTOMS

Previous respiratory diagnoses

• Asthma

• Bronchiolitis

• Bronchitis

• Pneumonia

• Croup

Respiratory signs and symptoms

• Finger clubbing

• Nasal polyps

• Coughing

• Wheezing

• Respiratory distress

• Sputum production

• Pseudomonas aeruginosa culture

Gastrointestinal or malnutrition signs and symptoms

• Meconium ileus

• Rectal prolapse

• Failure to thrive*

• Diarrhea

• Steatorrhea†

• Anemia‡

• Vitamin E deficiency§

*Weight ≤ 5th percentile. 
†Fecal fat excretion > 20 mmol/d on 72-h collection. 
‡Hemoglobin < 90 g/L at 0-5 mo, < 100 g/L at 6-11 mo,  
< 106 g/L at 1-5 y, < 117 g/L at 6-18 y. 
§Vitamin E level < 7 µmol/L at 0-12 mo, < 10 µmol/L at 1.1-6 y,  
< 13 µmol/L at 6.1-18 y.
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Age at diagnosis of 24 adult CF patients diagnosed 
within the same time period was ascertained from 
records at the adult CF clinic at St Paul’s Hospital in 
Vancouver. 

Data were compiled using a Microsoft Access data-
base and analyzed with the Statistical Package for the 
Social Sciences, version 13.0. Unless otherwise specified, 
results are reported excluding those diagnosed owing to 
meconium ileus, because neonatal intestinal obstruction 
is a well-recognized symptom of CF, and virtually all chil-
dren who present with meconium ileus have diagnostic 
testing for CF during the first weeks of life. All results 
were calculated including children diagnosed because of 
family history, as that information might have become 
available only through diagnosis of a sibling.

RESULTS

Mean number of live births per year in mainland BC and 
northern Vancouver Island during the study period was 
37 340,15 giving a mean rate of CF of 1:3673 live births 
during the 12 years evaluated. During these 12 years, a 
mean of 8 new pediatric cases of CF were diagnosed per 
year (range 5 to 17 cases). Mean age at diagnosis of CF 
including both adult and pediatric patients was 8.5 years; 
median age at diagnosis of CF was 2.5 years (range 2 
days to 63 years). Table 2 shows ages and duration of 
symptoms before diagnosis of CF for the 98 pediatric 
patients. Seventeen patients presented with meconium 
ileus. Fifty-one children with CF (52%) remained undiag-
nosed at 1 year old. 

About 79% (64/81) of children without meconium 
ileus were hospitalized in a tertiary care facility before 
diagnosis (Table 3) for a group total of 320 days in hos-
pital. This does not include community hospital admis-
sions or hospitalizations after diagnosis for treatment of 
complications of CF related to diagnostic delays. 

Table 4 shows categories of symptoms experi-
enced before diagnosis. Common gastrointestinal (GI) 

presentations included steatorrhea in 58/98 (59%) patients, 
meconium ileus in 17/98 (17%) patients, and rectal pro-
lapse in 8/98 (8%) patients. Malnutrition was profound 
in 3 infants who presented with the triad of edema due 
to hypoalbuminemia, hemolytic anemia due to vitamin 
E deficiency, and an extensive rash due to zinc and fatty 
acid deficiency. About 81% of patients had respiratory 
symptoms (Table 1), but respiratory symptoms were less 
common than GI or malnutrition symptoms. Only 4% of 
patients presented with respiratory symptoms only (Table 
4). Sputum cultures were positive for Pseudomonas aerugi-
nosa in 7/81 (9%) children without meconium ileus at diag-
nosis, but this should be considered a minimal estimate, as 
only pharyngeal or sputum cultures were obtained. Twelve 
of the 98 children (12%) had positive family histories of CF. 
Only 1 case was diagnosed on the basis of family history; 
the patient had no symptoms at diagnosis. 

Failure to thrive was common; growth variables at 
diagnosis are shown in Table 4. Excluding patients with 
meconium ileus and those receiving total parenteral 
nutrition or other sources of vitamin E supplementation, 
47/67 (70%) CF patients were vitamin E deficient at time 
of diagnosis. Mean head circumference of these patients 
was in the 32nd percentile (95% confidence interval 24th 
to 41st percentiles). This is significantly smaller than the 
mean head circumference of children with adequate lev-
els of vitamin E whose mean head circumference was at 
the 63rd percentile (95% confidence interval 47th to 78th 
percentiles) (Figure 1).

Table 2. Age at diagnosis of cystic fibrosis and time 
between onset of symptoms and diagnosis

TIMING OF DIAGNOSIS
ALL PEDIATRIC  
PATIENTS (N = 98)

PEDIATRIC PATIENTS 
WITHOUT MECONIUM 
ILEUS (N = 81)

Age at diagnosis

• Mean 3.0 y 3.6 y

• Median 1.2 y 2.2 y

• Range 0 d–16.3 y 2 d–16.3 y

Delay in diagnosis

• Mean 1.8 y 2.1 y

• Median 0.5 y 0.8 y

• Range 0 d–14 y 0 d-14 y

Table 4. Clinical presentation at diagnosis
SYMPTOM 
Category Signs and Symptoms

% of 
patients

Growth • Weight ≤ 5th percentile 
• Height or length ≤ 5th percentile

37 
26

Gastrointestinal • Meconium ileus 
• Isolated gastrointestinal symptoms  
    (excluding meconium ileus) 
• Gastrointestinal symptoms 
  with other symptoms

17 
12 

95

Respiratory • Isolated respiratory symptoms 
• Respiratory symptoms with  
  other symptoms

4 
81

Family history • Family history only 
• Diagnosis owing to symptoms

1 
11 

Table 3. Tertiary care hospitalization of children 
(excluding those with meconium ileus) before 
diagnosis of cystic fibrosis: 64 out of 81 (79%) children 
were hospitalized.
DAYS IN TERTIARY CARE NO. Of DAYS

Range 1-30

Median 3

Mean 5

Total 320
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DISCUSSION

This study documents morbidity at diagnosis of children 
with CF in a mixed urban and rural area in Canada and 
highlights the challenges of clinical identification and 
diagnosis. To our knowledge, no similar analysis has 
been published in Canada, although 1 previous study 
focused on the Asian CF population in the metropolitan 
Toronto area.16 It is also noteworthy that 24 of the 122 
newly diagnosed CF patients were adults. An analysis of 
their morbidity and experiences is planned for a sepa-
rate report.

The incidence of CF per live birth in our study was 
similar to that reported in a recent article based on 
Canada-wide CF registry data.3 The mean age of 3.0 
years at diagnosis of CF for children in BC (includ-
ing those with meconium ileus) is consistent with the 
Canadian mean of 3.5 years as reported for 2002 in 
the CCFF Patient Data Registry.17 Excluding CF patients 
who presented with meconium ileus, the mean delay in 
diagnosis of 2.1 years after onset of symptoms is also 
consistent with the literature2,4,6,8,9,18,19 and reflects the 
difficulty of diagnosing CF in a timely manner. In view of 
the morbidity documented in our patients at diagnosis, it 
is not surprising that we found that most had spent time 
in tertiary care hospitals before diagnosis of CF. These 

periods would have been extremely distressing for fami-
lies; we did not systematically survey parents’ attitudes 
or recollections of this period, but such issues have been 
documented elsewhere.20 In addition to the personal 
and psychosocial costs of hospitalizations, the actual 
monetary costs of prediagnosis hospitalizations should 
be added to those mentioned in a recent analysis from 
Wisconsin, which concluded that it is more economic to 
identify and diagnose CF patients by newborn screening 
than by traditional clinical means.21

The time during which a child is sick but has no defin-
itive diagnosis can not only involve hospitalizations and 
investigations, but also lead to increased illness because 
of delays in instituting appropriate management. The 
clinical condition of 3 patients with severe malnutrition 
at diagnosis was sufficiently severe to be life threaten-
ing. It seems reasonable to suspect that others had died 
in infancy of similar complications without the diagnosis 
having been made or their data having been included in 
this analysis. This possibility is supported by results of a 
randomized controlled trial in Wisconsin that compared 
the outcomes of patients who had been screened for CF 
as newborns with those of patients diagnosed by clinical 
means. One in 15 patients died among those diagnosed 
by clinical means; there were no early deaths in the 
screened group. Similarly, in a UK study that randomized 
infants to be screened or not screened during a 5-year 
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Figure 1. Head circumference and vitamin E levels at diagnosis of patients with cystic fibrosis:
Mean head circumference at diagnosis for vitamin E deficient patients was at the 32nd percentile (95% 
CI 24th to 41st percentiles), significantly below the mean head circumference of vitamin E sufficient 
patients, which was at the 63rd percentile (95% CI 47th to 78th percentiles).
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period, Doull et al22 found there were 4 early deaths 
among 59 patients with CF who were not screened and 
no deaths among the 74 patients who were screened.

Although CF is often perceived to be a primarily 
respiratory condition, our findings indicate that, at the 
time of diagnosis, more CF patients had GI or malnutri-
tion symptoms (95%) than respiratory symptoms (81%). 
Excluding those diagnosed owing to neonatal intesti-
nal obstruction, 15% of patients had GI or malnutrition 
symptoms as their only indication of CF. Meconium ileus 
in itself should trigger testing for CF, but our findings 
indicate that, in older infants and children, other per-
sistent and unexplained GI symptoms, such as failure to 
thrive, anemia, diarrhea or steatorrhea, and rectal pro-
lapse, should also raise clinical suspicion, regardless of 
whether a child has respiratory symptoms.

Growth retardation was an early and prominent fea-
ture of CF in our study. More than one-third of our CF 
patients were at ≤ 5th percentile for weight, and more 
than one-quarter were at ≤ 5th percentile for length 
or height. A large, randomized, prospective study in 
Wisconsin showed that children diagnosed with CF on 
the basis of symptoms alone continued to have growth 
retardation relative to children who had been screened 
and treated for CF as newborns until at least 10 years of 
age.2 This is of concern because being below ideal body 
weight has been shown to be an independent predictor 
of mortality in CF.23

Vitamin E deficiency was also common among our 
patients. Vitamin E deficiency at diagnosis of CF has been 
associated with decreased head circumference and long-
term impaired cognitive functioning.24,25 Our patients 
with vitamin E deficiency had smaller head circumfer-
ences than patients who had adequate levels of vitamin 
E (Figure 1), which lends further support to the reported 
association between vitamin E deficiency and decreased 
head circumference and later cognitive problems.

Pulmonary disease is currently the leading cause 
of morbidity and mortality among CF patients,26 and 
chronic pulmonary infection with P aeruginosa is associ-
ated with more rapidly declining pulmonary function.27 
It has now been established that early aggressive treat-
ment at first isolation of P aeruginosa can prevent or 
postpone chronic colonization and have a beneficial 
effect on maintenance of pulmonary function.28,29 In our 
study, at least 7/81 (9%) patients already demonstrated 
colonization with P aeruginosa at diagnosis, suggesting 
that the opportunity for early treatment with its poten-
tial long-term benefits might have been lost for these 
patients.

Mounting evidence of the health benefits of newborn 
screening for CF has been documented in recent years. 
Results from the Wisconsin trial have been published 
in a series of papers that demonstrate that newborn 
screening prevents severe malnutrition and improves 
long-term growth2 and cognitive function.24 In a UK trial, 

Doull et al22 observed a more than 50% reduction in mor-
tality from causes other than meconium ileus early in life 
in screened patients compared with patients in whom 
CF had been identified clinically. Another UK study19 
comparing clinically identified and screened CF patients, 
all of whom were homozygous for the ∆F508 mutation, 
demonstrated a 50% lower prevalence of chronic P aeru-
ginosa infection (P < .005) and significantly better pulmo-
nary outcomes, as indicated by chest radiograph scores 
(P < .05), in patients who underwent newborn screening. 
These results were achieved despite reduced treatment 
intensity in the screened cohort.30 Based on the positive 
results of these and earlier studies, newborn screening 
for CF is now the standard of care in Australia and New 
Zealand, much of Europe, and many US states. It seems 
likely that there will be increasing pressure to imple-
ment similar newborn screening programs in Canada.

Limitations
There might have been some CF patients who were not 
known to our clinic because, without newborn screen-
ing, as many as 1 in 15 CF patients die without being 
diagnosed2,22; any such patients would not, therefore, 
have been included in our analysis. Some living CF 
patients might not be known to us also; however, access 
to funded services in BC, such as supply of pancreatic 
enzymes, requires that diagnosis be confirmed by a CF 
clinic, making this possibility less likely. The propor-
tion of patients found to be colonized with P aeruginosa 
is likely to be an underestimation since the predictive 
value for a “negative” P aeruginosa culture from a throat 
swab is thought to be only 70%.31,32 

Conclusion
Our study has documented considerable morbidity and 
delay in diagnosis of CF when identification of the dis-
ease was based on clinical suspicion. By time of diag-
nosis, some patients were already seriously ill. Despite 
the common perception that CF is primarily a respira-
tory disease, we found that more patients had GI or mal-
nutrition symptoms before diagnosis. Testing triggered 
by these symptoms might help decrease the diagnos-
tic delays we have described. With the recent imple-
mentation of newborn screening for CF in Alberta and 
Ontario and the expected implementation of it in BC, as 
recently recommended by the BC Newborn Screening 
Advisory Committee, our documentation of the morbid-
ity of CF diagnosed clinically will be useful for assessing 
the health benefits of early detection of CF in Canada. 
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