
Articles in the Update series Les articles de la rubrique
give a concise, authoritative, Le point fournissent un bilan
and up-to-date survey of the concis et fiable de la situa-

present position in the se- tion actuelle dans le do-
lected fields, and, over a maine consideWrt. Des experts

el to a e period of years, will cover couvriront ainsi successive-
many different aspects of ment de nombreux aspects des
the biomedical sciences and sciences biomedicales et de la

L poin public health. Most of the sante6 publique. La lupart de
articles will be written, by ces articles auront donc ete
invitation, by acknowledged /rdiges sur demande par les
experts on the subject. specialistes les plus autorises.

Bulletin of the World Health Organization, 63 (1): 1 - 10 (1985) © World Health Organization 1985

Cystic fibrosis*

A WHO/ICF(M)A MEETING'

Cystic fibrosis represents a major health problem in developed countries.
Although its distribution is worldwide, in most developing countries there is little
awareness of itsprevalence and little opportunity to provide treatment. The improve-
ments in survival of cysticfibrosis patients in developed countries over the past two
decades have brought mean life expectancy to 20 years or more, and many adult
patients with cystic fibrosis at present are fully integrated in society and have an
acceptable lifestyle. Improvements in standard ofliving, general health, diet, surgical
and medical care, including nutritional support, pancreatic enzyme supplementation
and antibiotic therapy have all contributed to extended survival of patients and
improved quality of life. The role of the community is important in providing
support for cystic fibrosis patients and theirfamilies. Cysticfibrosis organizations,
and mutual-help parent groups play a vital part in educating the public about the
disease, disseminating information, and supporting research.

The lack of knowledge regarding thefundamental defect of the disease and the
lack ofappropriate methodsforfetal diagnosis and heterozygote detection, limit the
possibility of controlling the disease. International collaboration is required to
provide internationally useful guidelines for treatment, to promote initiatives in
public health, and to assist in the dissemination ofeducational material. In practice
this will be most important in developing countries, where underdiagnosis of cystic
fibrosis is widespread. Definition of the gene for cystic fibrosis and its resultant
metabolic defect will require intensive specialized and systematic fundamental
research, which could also be accelerated by international collaboration.

Cystic fibrosis is a genetic disorder that presents a health problem throughout the world.
In the developed countries, improvements in recognition and treatment have transformed
cystic fibrosis from a rapidly fatal disease of children to a chronic disorder persisting

* This article is based on the report of a joint World Health Organization/International Cystic Fibrosis (Mucoviscidosis)
Association meeting held in Vienna on 6-8 October 1983. Requests for reprints should be addressed to the Hereditary Diseases
Programme, Division of Noncommunicable Diseases, World Health Organization, 1211 Geneva 27, Switzerland. A French
translation of this article will appear in a later issue of the Bulletin.

' The participants in the meeting are listed on pages 9-10.
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through childhood and into adult life. Patients usually present in the first year of life with
failure to grow normally, maldigestion, and repeated, severe respiratory infections. In
some cases, symptoms are milder and diagnosis is delayed until later in childhood or even
adult life. Although the course of the disease varies from patient to patient, improved life
expectancy in developed countries may be attributed, at least in part, to early diagnosis and
comprehensive medical care.

In developed countries, cystic fibrosis is the commonest cause of progressive lung
disease, chronic pancreatic insufficiency, and cirrhosis of the liver in childhood and young
adult life. Its contribution to the incidence of these conditions in other parts of the world
has not been determined. Advances in understanding and treatment of the disease have
already led to significant improvements in the management of other childhood respiratory
and gastrointestinal disorders, and it is to be expected that further advances will have
similar wide-ranging application.

PATHOPHYSIOLOGY

Cystic fibrosis is a generalized exocrinopathy, in which most of the clinical
manifestations appear to result from obstruction or abnormal secretions in ducts or organ
passages in the respiratory tract, salivary glands, digestive and biliary tracts, pancreas, and
genitourinary tract. There is also an increased level of sodium and chloride in stimulated
secretions from the eccrine sweat glands. There is no evidence that the genetic abnormality
is expressed in tissues other than those of the exocrine glands. The fundamental defect and
the pathophysiology of cystic fibrosis are unknown. Any proposed mechanism must allow
for the wide variation in severity of the characteristic pathological changes in affected
tissues and must account for: (1) generalized dysfunction of exocrine glands, present at or
before birth; (2) abnormal sweat electrolytes; (3) the accumulation of tenacious mucus
secretions, which has long been considered responsible for obstruction of the many organs
affected in this disease; (4) various biochemical abnormalities that may influence cellular
biochemical functions; and (5) the susceptibility of the patient to respiratory infection.

Basic research in cystic fibrosis has brought about major advances in our knowledge of
its pathophysiology, particularly regarding the exocrine secretions in the affected glands.
While clinical research had led to improved and more rational treatment, not only for
cystic fibrosis but also in paediatric lung disease and gastrointestinal disorders in general,
further advances in care and treatment of cystic fibrosis and an ultimate cure depend on
continued investment in fundamental and applied research. Developments in recent years
indicate that we may be approaching a breakthrough in understanding the nature of this
disease.

CLINICAL FEATURES

The major target organs in cystic fibrosis are the sweat glands, the lungs, and the
gastrointestinal tract, particularly the pancreas. Although clinically the least serious
problem, increased sodium and chloride concentration in sweat is the undisputed hallmark
of cystic fibrosis. Heat exhaustion and shock may occur as a result of excessive salt loss in
this way, particularly in infants and young children. The onset of respiratory symptoms,
typically cough and wheezing, may occur at any time after birth but is often seen before the
age of one year. Repeated infections result in progressive damage to the lungs. In infants,
Staphylococcus aureus is a common pathogen whereas colonization of the airways with
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Pseudomonas aeruginosa occurs in most patients in later stages of the disease. In the upper
respiratory tract, sinus infection and nasal polyps occur frequently. Advancing pulmonary
disease is associated with hyperinflation of the chest and clubbing of the fingers and toes,
Paroxysmal cough, purulent sputum, shortness of breath, weight loss, and diminished
activity accompany severe lung disease. Death occurs most frequently as a result of
pneumonia, hypoxaemia, cor pulmonale, and exhaustion after a long period of respiratory
insufficiency.

Pancreatic insufficiency occurs in 85-90% of patients. In untreated children, severe
steatorrhoea with large foul-smelling stools, poor weight gain, and abdominal distention
are characteristic clinical findings. Intestinal obstruction (meconium ileus) occurs at birth
in about 10-150o of patiernts. Obstruction of the large or small intestine by faecal-mucus
plugs, intussusception, or volvulus occasionally occurs in older children and adults with the
disease. Rectal prolapse occurs in approximately 20% of untreated patients within the first
three years of life. Evidence of liver disease is almost universal in cystic fibrosis patients,
but may not always present a clinical problem. Intrahepatic biliary obstruction occurs in
some infants; hepatobiliary disease becomes more prevalent with advancing age.
Growth is often poor, and skeletal and sexual maturation may be delayed. Most males

are sterile as a result of congenital obstruction of the vas deferens, and fertility in females is
somewhat reduced. The incidence of hyperglycaemia is higher than in the general
population, particularly among older patients. Severe malabsorption may result in a range
of specific nutritional deficiencies related to fat-soluble vitamins and trace elements.

GENETICS AND DISTRIBUTION

Although it is probable that the gene frequency for cystic fibrosis has changed little over
several centuries, the disease was first recognized only in the 1930s. Prior to that time,
affected children died from maldigestion and malabsorption or from lung infection. The
same situation presumably exists today in parts of the world where cystic fibrosis is
frequently not recognized.
The incidence and prevalence of cystic fibrosis differ considerably in various parts of the

world and among different ethnic groups. Among Caucasian populations, the reported
incidence of cystic fibrosis ranges from 1 per 1500 to 1 per 15 000 live births. Higher
frequencies of 1 per 646 and 1 per 377 have been described in Namibia, and in Brittany,
France. A reasonable approximation of incidence among Caucasians in Europe and North
America is 1 in 1600 to 1 in 2000.

Analysis indicates an autosomal recessive mode of inheritance. The disease has been
assumed to be a defect in a single gene, but recent surveys suggest that more than one
mutation may cause similar clinical signs of disease. The incidence of heterozygotes among
peoples of Caucasian origin is very high, suggesting that these individuals, who show no
signs of disease, have some advantage over non-carriers. This possibility cannot be
confirmed until screening techniques for heterozygote detection are available.
The cystic fibrosis gene appears to be rare among other ethnic groups. In North

American Black populations, the incidence has been estimated as approximately 1 per
17 000 population. Cystic fibrosis seems to be unknown among the Chinese. In Japan, it
was thought to be rare, occurring only in Ainu people (who may have Caucasian ancestry),
but a recent survey found at least 65 cases among Japanese. As judged by reports on Maoris
in New Zealand, the disease appears to be rare among Polynesians. The incidence among
Ashkenazi Jews is similar to that in Europeans, as is that among the Palestinian Arab
population living in Israel, whether Bedouin or city dwellers. It is to be expected, therefore,
that other Arab peoples of the Eastern Mediterranean countries will show a similar
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incidence of cystic fibrosis, but patients have only recently started to be identified. There
are other areas of the world where a large number of cystic fibrosis cases may exist, e.g.,
Central and South America. The occurrence of the disease in developing countries may be
masked by the high infant mortality from other common respiratory and gastrointestinal
disorders, and recent reports indicate that, when appropriate diagnostic facilities exist,
cystic fibrosis is found often. For example, the disease has been recognized among
emigrant populations of Indian or Pakistani descent, although it had previously been
considered to be rare in their country of origin. A number of patients were diagnosed in a
recent study conducted in Pakistan.
Knowledge about the primary molecular alterations at the genetic (DNA) and epigenetic

(protein, metabolite) levels is, at present, very limited. No specific abnormal gene product
has been identified with certainty. Assessment of putative "cf factors" and effects has been
complicated by an inability to reproduce results and to distinguish gene-associated from
secondary products and processes in this disease.

DIAGNOSIS AND SCREENING

At present, diagnosis of cystic fibrosis can be made only after birth. While no validated
techniques are currently available for fetal diagnosis or for carrier (heterozygote)
detection, recent research findings hold out promise that appropriate tests may eventually
be developed.

Diagnosis
The usual indications for diagnostic tests are (1) an existing child with cystic fibrosis in

the family, or (2) a clinical history of otherwise unexplained lung disease and/or intestinal
malabsorption due to pancreatic insufficiency. Other indications for requesting the sweat
test relate to the less frequent manifestations of this disease.

Diagnosis of cystic fibrosis is based on the determination of elevated levels of chloride
ions in sweat. The chloride concentration in stimulated sweat from healthy children is less
than 50 mmol/litre, whereas levels above 60 mmol/litre are seen in children with cystic
fibrosis. Because the present test procedure, using pilocarpine iontophoresis, is time-
consuming and demands scrupulous techniques, standardization and monitoring of the
procedures are important.
The sweat test recognizes more than 98% of children with cystic fibrosis. However, a

single test should not be relied upon for diagnosis; the test should always be repeated and at
least 3 or 4 tests applied in borderline cases. During the first six weeks of life, it may not be
possible to obtain sufficient sweat for accurate diagnosis.
With improved awareness of cystic fibrosis and the wider availability of reliable

diagnostic techniques, it has become apparent that milder forms of the disease exist, which
may not be identified until adolescence or adult life. In such cases, it is important to adopt
appropriate criteria for diagnosis, bearing in mind that sweat electrolyte levels in normal
subjects increase after puberty (but generally remain below 60 mmol/litre). Additional
tests, such as estimation of proteolytic activity in duodenal secretions and in faeces or
determination of sodium in nail clippings, have been used in some centres. However, these
approaches are considered only as supportive or research tools, and the only definitive test
at present is the quantitative evaluation of chloride in sweat.

Hitherto, diagnosis of cystic fibrosis has been made primarily in hospitals or specialized
centres that can provide subsequent health care. Consideration should now be given to the
need for diagnosis in situations where genetic advice can be offered, even though full
medical care is not available.
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Screening
Several tests are under investigation for use in fetal and neonatal screening. In both

cases, further validation is required before any of the tests can be implemented on a large
scale. As regards neonates, the term "screening" refers here to the presumptive diagnosis
of unrecognized disease by the use of tests that may be applied rapidly. These tests are not
intended to be diagnostic but rather to indicate the individuals at risk of having the disease.
Fetal and heterozygote screening tests, on the other hand, must identify affected
individuals with accuracy, so that appropriate genetic advice can then be given.

Neonatal screening

In some regions and countries, several procedures are used to estimate the incidence,
prevalence, and natural history of cystic fibrosis in the newborn and to identify patients for
treatment. Such surveys are appropriate only when community and health care
programmes exist, firstly to confirm the diagnosis, and secondly to provide the health care
needs. Probable cases of cystic fibrosis must always be followed up and the diagnosis must
be confirmed by sweat electrolyte tests. Screening techniques that have been used in some
regions include measurement of sweat electrolytes and testing for increased albumin
content in meconium, but neither approach has proved practicable for screening purposes.
The measurement of trypsinogen in dried blood spots appears to have the greatest potential
as a neonatal screening method for cystic fibrosis, and has recently been applied in many
parts of the world. Further research is required to develop a simpler and less expensive test
before screening can be applied on a large scale, but at present, this test is a valuable
research tool for investigating the prevalence and natural history of cystic fibrosis.
Mass screening of neonates for cystic fibrosis is not justified, since early diagnosis does

not eliminate the disease and it is not yet certain whether it significantly reduces the
associated morbidity or prolongs life. Approximately 50% of children with cystic fibrosis
in the developed countries are diagnosed in the first year of life on the basis of clinical or
family history. It would be difficult to advocate treatment of infants who are identified by
screening programmes, but who have no clinical signs of disease. Furthermore, the
economic burden of neonatal screening may not be justified at present in either developed
or developing countries. It is recommended, therefore, that neonatal screening techniques
should be considered only as investigative tools. In those centres or regions that now
advocate neonatal screening programmes, the medical, psychosocial and economic
implications should be fully evaluated.

Cooperation between centres engaged in neonatal screening will be important for full
evaluation of the procedures. Once the cystic fibrosis defect has been identified, either by
gene mapping or by identification of the metabolic error, it will be possible to apply this
knowledge for screening, rendering obsolete the current experimental approaches.

Heterozygote detection
Efforts to develop tests for heterozygotes have failed to produce any accurate, easily

reproducible, or reliable methods. At present, obligate heterozygotes for the cystic fibrosis
gene are recognized only because they have had affected children.

Fetal screening
Numerous attempts have been made to develop an accurate and reliable test for fetal

diagnosis of cystic fibrosis, but no method is currently available for clinical use.
Investigations in progress using amniotic fluid and cultures of amniotic cells obtained in
the second trimester by amniocentesis show considerable promise. Fetal screening
programmes must be fully evaluated and validated if their intent is to provide advice for
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pregnancy termination. The validation of a reliable and simple test would be a significant
advance in genetic screening and counselling for high-risk couples, i.e., those who have
already had one child with cystic fibrosis.

Ethical issues related to fetal diagnosis are not considered in this report; interested
readers are referred to the recommendations of a WHO Working Groupa on the subject.
Any screening programme leading to genetic counselling will have to be relevant and
appropriate to the social and cultural aspects of the country or region.

MANAGEMENT

Present treatment of cystic fibrosis is directed towards secondary and tertiary aspects of
the disease. Definitive therapy awaits the identification of the abnormal gene product and
altered pathophysiological mechanisms. .Maldigestion, as a result of pancreatic
insufficiency, causes nutritional deficiency in most infants with cystic fibrosis. Adequate,
although not normal, digestion can be achieved using supplemental pancreatic enzymes.
Fat-soluble vitamins are needed to support growth and prevent deficiency states. The
availability of a high-calorie and high-protein diet with adequate essential fats is important
in the management. Added salt is advisable to balance the increased salt loss in
perspiration. Other diets or supplements have not yet been proved to be advantageous and
are therefore not generally recommended.

Careful attention has to be given to infection and obstruction of the airways. Chest
physiotherapy and/or vigorous exercise, facilitating the clearance of tenacious secretions
from the airways and helping to maintain healthy lungs, can be provided at home by
parents under the supervision of health professionals. Virtually all patients require
antimicrobial agents at some time. Lung infections with Staphylococcus aureus,
Pseudomonas aeruginosa, or Pseudomonas capacia present particular problems. The lack
of effective oral antibiotics against Pseudomonas has meant that hospitalization is
required for severe infections so that antibiotics can be administered parenterally. Therapy
with inhaled antimicrobial agents, bronchodilators, mucolytic agents, and corticosteroids
has not been demonstrated to give substantial long-term benefits.

Obstruction of the bowel with meconium at birth requires prompt diagnosis and referral
to a specialized centre. Although medical treatment with hypertonic enemas is available,
many infants require surgical resection of the involved bowel. Intestinal obstruction in
older children can usually be managed by medical approaches.
As patients survive longer, different clinical challenges, such as diabetes, intestinal

obstruction, and psychosocial problems, are associated with the disease. Tertiary medical
care facilities are required to deal with the more severe aspects of lung disease, as well as
gastrointestinal and hepatobiliary complications. Cystic fibrosis patients require
considerable psychosocial support, and health professionals should be aware of these
needs and provide for them appropriately.

In developed countries, medical care is provided, for the most part, in specialized
centres. The financial and resource burden is substantial. The actual costs of therapy are
not known, but estimates of the present costs in North America are in the range of
US $3000 to US $30 000 per patient per annum, depending on severity of disease and the
individual needs for hospitalization. There is a need to evaluate the cost-effectiveness of
different modes of therapy. In less developed countries, where tertiary care facilities are
limited, it will be necessary to develop new approaches, including home care programmes,
and to place more emphasis on early treatment in a primary care setting. Table 1 outlines
the needs for health care at primary, secondary and tertiary levels.

a Report of the WHO Working Group on Fetal Diagnosis of Hereditary Diseases. Unpublished WHO document,
HMG/WG/83.2.
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Table 1. Primary, secondary and tertiary health care needs for cystic fibrosis patients

Primary levela Secondary levelb Tertiary leverc

Diagnosis Presumptive diagnosis Definitive diagnosis (sweat test) Ultrasoundd
based on: Genetic counselling
family history Sputum culture
clinical indications X-ray

Treatment Nutritional advice All types of medical treatment Surgical procedures:
Pancreatic enzyme + Medical management meconium ileus

vitamin supplements of complications, e.g., Medical management
Physical therapy intestinal obstruction, diabetes of severe complications, e.g.,

mellitus, intravenous haemoptysis, pneumothorax
Oral antibiotics antibiotics Psychosocial support
Psychosocial support

Research Treatment regimens: Natural history Fundamental research
exercise Gene mapping

Community care programmes:
physiotherapy

a Depending on patterns of health care within the country, the primary care health professional may be a general
practitioner, paediatrician, dietician, health worker or social worker; parents and mutual-help community groups or
associations are important in primary care.

b Secondary care (e.g., in a district hospital) requires a physician with practical knowledge of cystic fibrosis and genetic
counselling, surgical support services, and specialized laboratory facilities for radiography, bacteriology, etc.

' Tertiary care (at a regional or specialized referral centre) requires a physician who has a major interest in chronic
respiratory or gastrointestinal problems. Specialized surgical facilities are indicated for management of complications,
such as intestinal obstruction; medical care for severe lung disease should be available.
d For diagnosis of gastrointestinal and hepatobiliary complications, e.g., portal hypertension and intestinal obstruction.

ROLE OF COMMUNITY INVOLVEMENT

The role of nongovernmental organizations in supporting care for children and adults
with cystic fibrosis has been very important. At present, the International Cystic Fibrosis
(Mucoviscidosis) Association and national associations in member countries provide
educational material, disseminate information on activities and research advances, and
coordinate activities of mutual-help parent groups.

Education is extremely important in dealing with hereditary diseases such as cystic
fibrosis. The process should be continuous and should include the general public, as well as
medical personnel and other health professionals. In some developed countries, education
is also recognized as a step in gaining support for development of appropriate programmes
matching health care resources to individual needs.

Associations of patients and parents are particularly important because of their close
involvement with, and understanding of, the disease and its problems. They play a major
role in providing mutual support for affected subjects and their families. Furthermore,
they can exert considerable pressure on agencies to support research and provide care for
children with cystic fibrosis. The importance of community programmes and mutual-help
organizations should be emphasized fully, especially when new programmes are being
started.

RESEARCH NEEDS

Genetics and screening
In recognition of the need for new approaches, recombinant DNA techniques are now

being applied to identify the cystic fibrosis gene by linkage analysis. Gene libraries that are
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specific to a person, a chromosome, or the genes expressed in a single cell type are being
prepared. A relatively small number of gene probes, evenly distributed along the 22 human
autosomes, will allow a total human genetic linkage map to be constructed. In this way, it
should be possible eventually to determine the position of any character. Identification of
the gene responsible for cystic fibrosis or of a restriction fragment length polymorphism
linked closely enough to the locus will make possible the use of molecular probes for the
identification of carriers and open the way for prenatal diagnosis in affected families.
Identification, isolation, and sequencing of the gene responsible for cystic fibrosis and of
its flanking (probably regulatory) regions, will be necessary for determination of the amino
acid sequence of the polypeptide involved in the pathogenesis of cystic fibrosis and could
give insight into the regulation of its synthesis. Such information should help to identify the
basic nature of the metabolic defect. Similar research has already been successful in
mapping the genes for thalassaemia, and rapid progress is being made in studies on many
other hereditary diseases. The long-term goal of further research in this field could be to
synthesize and implant a normal gene. Research on cystic fibrosis using gene probes will be
facilitated by new techniques for the identification of genes by chemical means, and will
depend on the availability of inexpensive and relatively stable probes and enzymes for
linkage analysis. The need to follow genetic linkage maps in cystic fibrosis families who
have several affected siblings is a significant limitation to progress in gene mapping.
International cooperation and collaboration between research and clinical centres will be
essential and may encompass sharing of chromosome probes, exchange of reference cells
or DNA, and pooling of information.

Fundamental research

Collaboration between research centres working on the early pathophysiology of cystic
fibrosis is essential. Exchange of information and international collaboration would make
a valuable contribution to an understanding of the genetic basis, natural history, and
fundamental mechanism of the disease and its treatment. Multidisciplinary, fundamental
research is required on exocrine gland function, using epithelial cell systems to gain a better
understanding of cellular and receptor mechanisms. Specific investigations of secretory
processes and products, and membrane transport functions in key target organs, e.g.,
sweat glands, pancreas, salivary glands, and lungs, should be actively pursued to determine
the fundamental defect.
The role of viruses and bacteria and the apparent abnormalities in bacteria-cell

interactions in the lung deserve considerable attention with a view to protecting children
from life-threatening lung infection.

In conductinz research, emphasis must be placed on proper selection of normal control
and disease subjects to ensure reliable and meaningful results. Consideration must be given
to the evolution of the disease and the effects of complicated treatment regimens.

Health care needs

While the individual elements of the treatment programme have gained general
acceptance, there is disagreement concerning specific indications for their use. For
example, antimicrobial agents are used at some time for all patients with cystic fibrosis, but
serious questions remain concerning episodic versus continuous use, appropriate dosages,
and even the best therapeutic agent; there is also controversy about whether the prescribing
and monitoring of these agents should take place at the primary, secondary, or tertiary
level. In addition, the frequency of monitoring in different centres varies from every 4-6
weeks to every 4-6 months; it is not clear whether more frequent evaluations result in
prompter recognition of problems, more effective intervention, or greater longevity. The
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median age of survival varies widely from country to country and even between different
regions of the same country. Studies are needed to determine the many factors that
influence survival.
Long-term efficacy of many specialized therapeutic regimens has not been documented,

particularly those given in a hospital setting. It remains unclear whether intervention
beyond careful attention to airway obstruction and infection, provision of wholesome
food in adequate amounts, and supplementation with pancreatic enzymes and fat-soluble
vitamins will further improve quality of life or longevity.
New approaches to treatment of respiratory disease, e.g., the development of new

medications such as broad-spectrum antibiotics that are orally effective, may have a major
impact on maintaining healthy lungs and facilitating home care.
Community health and ambulatory care programmes for cystic fibrosis patients may

significantly improve their quality of life and reduce the burden on the existing health care
system. Clinical studies are needed to determine the effectiveness of different approaches
to treatment, and health service research is required to evaluate the effectiveness, cost,
mode of delivery and acceptability of the present approaches. It is essential that users of the
service are fully involved in this research. It is recognized that, while optimal care can be
defined, the level of implementation in any particular region will depend on the specific
health care needs and priorities.
The emotional and social burden for the patients and their families should be fully

recognized, particularly in older children and young adults, and medical or community
support given wherever possible. Research is needed to evaluate the effectiveness of such
support; again, users must be fully involved in these studies.
While international collaboration in clinical studies is important, a central registry for

cystic fibrosis is considered impractical and is not an appropriate goal.
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