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CYSTIC FIBROSIS 

A MEDICAL EDUCATION IN ONE DISEASE 

PART 1: BASIC SCIENCES I 

When training a medical student for a future role as clinician doctor, medical schools 

aim to inculcate an understanding of  

Biological sciences (not simply human biology) 

 Societies (because the future patient‟s health and disease status are influenced 

by culture and society) 

 The student him/herself (because a doctor is a human being who will interact 

with human beings) 

 Human beings 

  the human body and its pathologies 

  the human mind and its pathologies 

  the connections between the mind and body 

The future doctor will be part scientist, therapist, social worker, – an amalgam of all 

the facets that make up the range of professionals in health sciences – and therefore, 

also, a leader.  

The thesis of this paper and its companions is that the study of the genetic disease, 

cystic fibrosis – the processes underlying it, its clinical manifestations and the care of 

persons who have the disease – can provide the medical trainee with (almost) all the 

understanding he or she requires to embark on a career in clinical medicine – indeed, 

a medical education in one disease. 

Table 1 shows the many of the topics that can be covered through a close study of 

cystic fibrosis. These will be explored in these articles. For each subject, key 

vocabulary and concepts will appear in blue. Further reading around these concepts 

will cement the student‟s knowledge and understanding of these topics, giving a 

medical education a sound base. 

Table 1  

•  Evolutionary biology 

•  Molecular biology 

•  Cell biology 

•  Physiology 

•  Anatomy 

•  Pathology 

•  Immunology 

•  Microbiology 

•  Pulmonology 

•  Gastroenterology 

•  Hepatology 

•  Nutrition 

•  Surgery 

•  Anaesthetics 

•  Endocrinology 

•  Osteology 

•  Otorhinolaryngology 

•  Psychology 

•  Clinical Genetics 

•  Therapeutics 

•  Transplantation Medicine 

•  Reproductive Health 

•  Palliative Medicine 

•  Paediatrics and Child Health 

•  Adolescent Health 

•  Health systems 

•  Community health 

•  International health 

Cystic fibrosis (CF) is a single gene disorder (i.e. it is caused by mutations of one 

gene on chromosome 7), inherited in an autosomal recessive fashion (i.e. both parents 

are asymptomatic carriers of a mutated gene on a chromosome that is not a sex 

chromosome). It is a disease that affects nearly all organ systems with protean 

manifestations through the human life cycle. 
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EVOLUTIONARY GENETICS 

Why does CF exist? Why have DNA mutations of the CF Transmembrane 

Conductance Regulator (CFTR) gene on chromosome 7 remained common enough in 

human populations when CF, which causes death before reproductive age if not 

treated, is a consequence of inheriting two mutated genes? Heterozygote advantage 

would seem to the likely explanation i.e. there is an evolutionary advantage to having 

one mutated gene. 

All the functions of CFTR have not yet been elucidated, but its main function is 

regulation of the secretion of chloride ions at the apex of epithelial cells lining the 

ducts of exocrine glands e.g. in the lung, pancreas, liver (see CELL BIOLOGY 

below). This electrolyte flux helps regulate the water content of the secretions in 

exocrine glands. If this is true in the gastrointestinal tract, then perhaps if you are a 

carrier of CFTR mutation, you can‟t excrete water as fast as your neighbour when a 

typhoid outbreak occurs and you don‟t die while she does. You then pass on this 

survival advantage to one in two of your offspring, and so on to their descendants. 

Evidence for this advantage has been explored using animal and human epithelial 

cells with normal and abnormal CFTR. The evidence is not yet undisputed. 

But, if it were true that mutations of CFTR protect against diarrhoea, why is the 

disease common in Europe and its diaspora and not in the human populations from the 

tropics where it is hotter? An understanding of evolutionary genetics (by which 

recombination within chromosomes occurs from generation to generation) would 

indicate that, by following the genes next to the CFTR area (haplotypes) on 

chromosome 7 in human populations (gene mapping), we might find the origin of the 

common CFTR mutations (of which there are over 1000). When this was done, it was 

found that the common mutations for CFTR are imports into the European 

populations but their origin is so old that it cannot be pinpointed to any one 

geographical location. The mutations probably predate modern humans.  

What does a medical student learn from EVOLUTIONARY GENETICS as explored 

in cystic fibrosis? This science probably underlies many common diseases that afflict 

modern humans. It is postulated that atherosclerosis and maturity-onset (Type II) 

diabetes mellitus result from modern humans having genes that evolved to deal with a 

hunter-gatherer lifestyle, rather than a shopper-TV watcher lifestyle. We are where 

our genes came from, and an understanding of this may help us prevent and treat 

modern diseases. 

Further reading: Mateu et al. Can a place of origin of the main cystic fibrosis 

mutations be identified? Am J Hum Genet 2002;70:257-264 

 M A Jobling, M E Hurles, C Tyler-Smith. Human Evolutionary 

Genetics: Origins, Peoples & Disease. Garland Science Publishing 

2004 

We move from where our genes come from to how the ones we have now work. 

MOLECULAR BIOLOGY 

In simple terms, genes „make‟ proteins. In real terms, there is an intricate, 

complicated process by which the protein product of a gene is produced and placed 

where it is to function. For CFTR, this is illustrated in Figure 1. And what happens to 

the formation and placement of CFTR with various CFTR gene mutations 

(„genotype‟, Figure 1) may dictate how disease-causing mutations are expressed. In 
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CF, a mutation that allows no protein to be expressed (Group 1 in Figure 1) will lead 

to more severe disease („severe phenotype‟) than one that allows a correctly placed 

but weakened version to be expressed („mild phenotype‟, Group V in Figure 1).  

CFTR mutations, like other gene mutations, represent a spectrum of genetic changes 

from small nucleotide deletions (such as the common ΔF508 in which a three base 

pair deletion leads to the loss of a phenylalanine molecule at position 508 in the 

CFTR protein) through reading-frame shifts to the deletion of large sections of the 

gene. Recently understanding of these differences has led to a potential therapeutic 

innovation in CF. Some mutations produce a stop codon: the messenger RNA 

(mRNA) simply stops reading the protein code when it reaches one of these and no 

useable protein is produced. The notation for such mutations ends in X (such as 

W1282X which is common in some Jewish groups). That the antibiotic gentamicin 

used to treat Pseudomonas infections in CF (see Part 2: MICROBIOLOGY) seemed 

to increase expression of CFTR was noted. Now PTC 124, a „designer‟ derivative of 

gentamicin that enables mRNA to read through the stop codon, has shown promise 

and is undergoing clinical trials. 

This therapeutic offshoot of knowledge of detailed molecular biology is an example 

of Genomics. Genomics is seen by many as the great promise of the explosion of 

knowledge in this area. The wise medical student will ensure that he or she keeps an 

eye on this ball. Drugs (such as PTC 124) that work for one patient and not for 

another based on genotype (polymorphisms), even in diseases that are not overtly 

genetic in their causation, are going to become more common. Already it is known 

that responses to isoniazid, used in the treatment of tuberculosis, are genetically 

determined. „Fast acetylators‟ of the drug have different mutations of the NAT2 gene 

from „slow acetylators‟ and require higher doses of the drug. 

Further reading: Basic Genetic Mechanisms (page 972ff) in Alberts B et al. Molecular 

Biology of the Cell. Garland Science. 2002 

Now we will move with CF out of the nucleus, up from the molecular level to the 

level of the cell. 

CELL BIOLOGY 

Cells contain complex mechanisms differentiated according to cell and tissue type 

housed within a membrane. The genetic mechanisms described above in 

MOLECULAR BIOLOGY are but one of a myriad of potential activities within cells 

and their organelles (such as mitochondria). In CF, the lack of function of CFTR at 

the apical cell membrane disrupts cellular functions. What should happen in cells on 

the airway surface (epithelial cells) is shown in Figure 2. The balanced secretion of 

chloride ions by CFTR with other ion channels should maintain cell and airway 

surface homoeostasis. The sol (thin, like Stan Laurel) and gel (thick, like Oliver 

Hardy) layers (or phases) are balanced to allow cilia to move easily and remove 

inhaled debris or pathogens from the airways. Other airway cells are differentiated to 

produce mucus, a proteinacious substance that is used in the gel layer to assist with 

the movement of offending material out of the airway („ciliary escalator‟). 

What happens in CF when CFTR is absent or dysfunctional and ciliary escalator is not 

effective is described in the third article in this series under PULMONOLOGY, but it 

would not be understood if knowledge of cell biology were not a pillar on which a 

medical education is built. Many cytotoxic therapies against cancer and antibiotics 

against bacterial infections are predicated on an understanding of cell biology (e.g. 
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cell division and membrane structure). Genetic diseases such as CF sometimes 

become a window into cellular functions previously ill-understood (CFTR and our 

expanding knowledge of its functions is a good example); hence the need for detailed 

research into unusual diseases (see Part 5: INTERNATIONAL HEALTH). 

Figure 2 
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Further reading: Klein R, MacKenzie J. Basic Concepts in Cell Biology: A Student's 

Survival Guide. McGraw-Hill 2000 

Put all the cells and their functions together and you get the next basic science for 

discussion. 

PHYSIOLOGY 

Basic to all physiological processes in the human body is salt and water metabolism. 

The gastrointestinal tract (GIT), endocrine glands, kidneys and brain all work together 

to regulate the milieu in which cells and organs can function. The skin is also a very 

important organ in this homoeostasis through the activity of sweat glands. CF gives a 

student of medicine an insight into these processes.  

Because of their inability reduce the salt content of sweat, persons with CF are at risk 

of an accelerated form of heat prostration. This physiological property is the basis of 

the diagnostic „sweat test‟ for CF, in which abnormally high concentrations of sodium 

and chloride are found in a measured quantity of sweat. On a hot day, salt and water 

are lost in the sweat. The brain notes an increase in osmolarity in the blood and sends 

neural signals to 1) higher brain centres to say „I am thirsty‟. The brain transmits the 

message via the 2) hypothalamus to 3) the pituitary gland which in turn sends 

endocrine signals to the adrenal gland (adrenocorticotrophic hormone ACTH: „we 

need to preserve sodium‟) and 4) the kidney (anti-diuretic hormone ADH: „we need to 

preserve water‟). The adrenal gland sends a signal to the kidney in the form of 

aldosterone: „we need to preserve sodium and water‟. If the subject responds to the 

thirst signal, the GIT has all the cellular processes (e.g. the mucosal glucose-

electrolyte co-transport system that is so important in rehydration in childhood 

diarrhoeal diseases) to play its part in preserving and replenishing body fluids.  
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Persons with CF should know that they must drink more and take extra salt when it is 

hot, particularly if they are being very active. If they do not, salt depletion results in a 

hypochloraemic hypokalaemic metabolic alkalosis. It would be a good exercise in 

physiology for a medical student to work out why this form of metabolic derangement 

is the result. 

Further reading:  

CF is a multi-system disorder giving insight into the physiology of most body organs 

(for details, keep reading this series of articles). The first subject for discussion 

(IMMUNOLOGY) in the next paper in this series (Basic Sciences II) has every one of 

its functions brought to light by CF. 

Word count 1900 including tables and figures 
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CYSTIC FIBROSIS 

 

A MEDICAL EDUCATION IN ONE DISEASE 

PART 2: BASIC SCIENCES II 

In Part 1 of this series, the genetic disease, cystic fibrosis (CF), provided insight into 

four sciences that are basic to a full understanding of clinical medicine. This article 

continues with a science whose range is well illustrated by what happens in CF. 

IMMUNOLOGY 

The immune system is one of most complex systems in the human body. What 

happens in the lung in CF encompasses almost every aspect of immunology, and, if 

TRANSPLANTATION MEDICINE in the form of immunosuppression after lung 

transplant for end-stage CF lung disease is included, the picture is even closer to 

being complete. 

Very early in life and before there is any recognisable infection, there is evidence of 

excess activity of the immune system in the CF lung. There are neutrophils (also 

known as polymorphonuclear leucocytes) and their chemo-attractant, interleukin-8 

(IL-8). How this relates to CFTR dysfunction is not known, but genetic 

polymorphisms (see Part 1: MOLECULAR BIOLOGY) for certain immune 

mediators such as macrophage inhibitory factor (MIF) seem to be associated with 

some of the variability of the CF phenotype. 

Innate immunity should protect the lung from invasion by microbes. Unfortunately 

the various elements of this are compromised in the CF airway: epithelial cells don‟t 

pick up, ingest and destroy bacteria as they should; Laurel and Hardy (or sol and gel 

in the airway surface fluid – see Part 1: CELL BIOLOGY) are dehydrated and snarl 

up the cilia; surface chemicals such as β-defensin and lysozyme that protect against 

infection are ineffective in the CF lung environment. 

Once infection arrives (MICROBIOLOGY, see below), there is a very vigorous 

specific immune response, as there should be. Macrophages/monocytes, the first cell 

in the cellular immune system, in the respiratory tract internalise the organisms, 

identify the antigens that the immune system should react against and send signals 

(cytokines) to T-lymphocytes. These in turn send signals to B-lymphocytes (the 

cellular elements in the humoral immune system) that produce antigen-specific 

(mostly IgG of all four sub-classes) and more generic antibodies (e.g. IgM). These 

antibodies attach to the specific antigen they were produced to recognise in an 

immune complex. This complex activates complement, setting off a cytotoxic 

reaction, destroying the invading organism. Through cytokines such as IL-8, T-

lymphocytes also recruit other white blood cells into the airway such as neutrophils (a 

process known as chemotaxis) to wage war. Unfortunately in the CF lung, the 

advantage is on the microbes‟ side, and the ever increasing violence of the host‟s 

defensive strategies damages itself more than the invaders (see Part 3: 

PULMONOLOGY). Neutrophil elastase and other proteases, nitric oxide, free 

radicals – all part of the body‟s defensive arsenal – are produced in amounts that 

overwhelm the lung‟s ability to clean up its own battlefield. The kamikaze neutrophils 

spill their sticky DNA, adding to the toxic mess blocking the airways. This state of 

affairs continues for life in CF. It is some consolation that recognition and delineation 

of these immune mechanisms has led to treatment strategies to mitigate this (Table 1). 
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Table 1. Immune mechanisms and possible therapeutic options in CF 

MECHANISM THERAPY 

Reduce neutrophil elastase Ibuprofen (non-steroidal anti-

inflammatory drug) 

Clear free radicals Vitamin E, β-carotene, glutathione 

Support the anti-protease system Inhaled alpha-1-anti-trypsin 

Suppress general immune system Corticosteroids (oral or inhaled) 

Enhance specific immunity Immunisation, monoclonal 

antibodies 

Reduce biofilm formation Macrolide antibiotics 

(see MICROBIOLOGY below) 

When a lung is transplanted into a patient with CF, there may be no lung infection to 

fight and the new lung has no malfunctioning CFTR, but the immune system‟s 

fundamental function of getting rid of „other‟ (in this case, a xenograft) is activated. 

The drugs used to suppress this response („immunosuppressives‟ - 

TRANSPLANTATION MEDICINE) also suppress the body‟s immune surveillance 

systems for detecting threats from the inside: killer T-cells stop walking the beat 

looking for rogue cell clones that may become tumours. Secondary cancers are a 

potential consequence. 

Further reading:  A Whelan, Peter M Lydyard, Michael W Fanger. Instant Notes: 

Immunology. Bios Scientific Publishers. 2004 

It is not a big step from the study of immunology to the study of the main need for the 

system. 

MICROBIOLOGY 

Whether a microbe (e.g. virus, bacterium, fungus, protozoon) will infect a human host 

depends on its virulence and on the integrity of the host defences. With the loss of 

effective innate immunity (IMMUNOLOGY above) in the CF lung, defences against 

infection are weakened. Persons with CF are infected with common respiratory 

pathogens such as the respiratory syncitial virus (RSV), the Gram positive coccus 

Streptococcus pneumoniae and Gram negative bacillus Haemophilus influenzae. But 

as a result of the unique environment in the CF lung (Part 1: CELL BIOLOGY, Part 

3: PULMONOLOGY), infection with less common micro-organisms, especially 

Pseudomonas aeruginosa, is more characteristic (Table 2), reminding the student 

always to consider the host-pathogen interaction. The frequent use of powerful 

antibiotics (see Part 5: THERAPEUTICS) also provides a milieu for colonisation by 

unusual organisms with challenging (and oft-changing) names (Table 2). 

Table 2. Unusual organisms found in the cystic fibrosis lung 

Burkholderia cepacia complex (includes many forms of Burkholderia) 

Stenotrophomonas maltophilia 

Achromobacter xyloxidans 

Mycobacterium avium complex 

Mycobacteria abscessus 

Aspergillus fumigatus 

Scedosporium apiospermum 
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The most characteristic pathogen in the CF lung is Pseudomonas aeruginosa. This 

ubiquitous environmental saprophyte becomes an opportunistic pathogen in this and 

other situations such as the most sick and vulnerable patients in hospitals and 

intensive care units („nosocomial infection‟), and under contact lenses. Once 

established in the CF lung, P aeruginosa sets up house and changes its phenotype by 

producing a polysaccharide matrix („alginate‟) that protects the bacterial colonies 

within it – a biofilm. This biofilm is the bacterial equivalent of an internet chat room: 

within it the organisms send messages to see who else is there („quorum-sensing‟), 

transfer information (often genetic information such as plasmids) around the group 

and decide when to do something together. 

An efficient way to prevent infection is by immunisation. Active immunisation 

harnesses the immune system by raising an immune response to an antigen or 

antigens of a micro-organism using a vaccine. Vaccines can contain a weakened 

(„attenuated‟) pathogen (live vaccine) or one of its toxins („toxoid‟), a dead pathogen 

(killed vaccine), part of the organism (component vaccine), or can be a manufactured 

version (recombinant vaccine). Many viral respiratory pathogens seems to open the 

way („predispose‟) to bacterial infections especially among children and the elderly – 

at risk populations. In CF, influenza virus infections can aggravate existing infection 

(„exacerbation‟), so immunisation against the virus (an attenuated viral vaccine) is 

recommended before each winter. There is active research into a vaccine against P 

aeruginosa since prevention of this infection („prophylaxis‟) would prolong life in CF 

(see Part 3: PULMONOLOGY). Passive immunisation, using a concentrated 

formulation of antibodies (hyperimmune globulin or monoclonal antibodies), can be 

used when a child is exposed to a pathogen. Palivizumab, an infusion containing 

monoclonal antibody against RSV, is sometimes used to prevent RSV infection which 

can be very severe in small babies with CF. 

It is obvious that for a host to become infected with a micro-organism, there must be a 

source. This may be environmental such as a mouldy ceiling, another human host (an 

asymptomatic carrier or someone with an infectious disease) or some other organism 

such as an animal („zoonosis‟), or the source may be a pathogen already in or on the 

host‟s body (opportunistic). In CF, there is great concern about transmission of P 

aeruginosa infection between CF patients („cross infection‟) due to coughing („droplet 

spread‟) or touching („contagion‟) or on furniture or medical equipment 

(„contamination‟). Genetic fingerprinting or typing of strains of P aeruginosa can 

indicate if cross infection is a problem. Persons with CF are advised not to work in 

stables because of the risks from spores of the fungus Aspergillus fumigatus. 

Further reading:  Harrison F. Microbial ecology in the cystic fibrosis lung. 

Microbiology 2007;153;917-923 

In the next article in this series, we move away from basic sciences to the clinical 

sciences. It is important to recognise that clinical sciences can never be learnt 

effectively if, for each organ system (including the mind), the medical student is not 

thoroughly grounded in ANATOMY, PHYSIOLOGY, PSYCHOLOGY and 

PATHOLOGY. A patient‟s symptoms and history have little meaning if they cannot 

be translated into a site of disease (ANATOMY and PSYCHOLOGY) and function 

(PHYSIOLOGY and PSYCHOLOGY) and dysfunction (PSYCHO-PATHOLOGY). 

Physical signs found on physical examination have no meaning if they cannot be 

translated into which organ/structure is affected (ANATOMY), what has happened to 

it (PATHO-PHYSIOLOGY and PATHOLOGY) and what caused it (PATHOLOGY, 
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IMMUNOLOGY, MICROBIOLOGY). A wise medical student will include some 

understanding of SOCIOLOGY in his or her basic science armamentarium. 

PSYCHOLOGY is included as clinical science in this series (Part 4). 
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CYSTIC FIBROSIS 

 

A MEDICAL EDUCATION IN ONE DISEASE 

PART 3: CLINICAL SCIENCES I 

In the first two parts of this series, the genetic disease, cystic fibrosis (CF), was 

explored to give insights into many of the basic sciences that underpin clinical 

medicine. This is the first of two articles in which CF provides the basis for an 

understanding of clinical sciences. The site of our medical education moves from the 

lecture room and laboratory to the consulting room or bedside where the arts of 

history taking and physical examination (e.g. inspection, palpation, percussion and 

auscultation) take centre stage. This article takes an organ system approach, starting 

with the organ most seriously affected in CF, the lung. 

PULMONOLOGY 

To understand the lung disease of CF, it is important to know the ANATOMY of the 

lung (from major airways such as the trachea and bronchi to the tiny alveoli where gas 

exchange occurs and the interstitium between), its PHYSIOLOGY (such as the 

mechanics of breathing and how air flows in inspiration and expiration). Clinical 

skills, investigations such as X-rays (Figure 1, RADIOLOGY) and pulmonary 

function tests and the use of treatment strategies such as physiotherapy depend on 

understanding these two basic sciences along with PATHOLOGY.  

Figure 1 An X-ray of lung disease in cystic fibrosis 

 

Despite the propensity to lung infections such as Pseudomonas aeruginosa in CF (see 

Parts 1 and 2), the bulk of the initial pathology is in the small airways (obstructive 

lung disease) caused by mucus plugging. This means that it is clinically characterised 

by air trapping and hyperinflation (best found on percussion) rather than consolidation 

(dull on percussion, and bronchial breathing on auscultation) such as in pneumonia. 

Parts 1 and 2 in this series described how the interaction of CELL BIOLOGY, 

IMMUNOLOGY and MICROBIOLOGY in the CF lung leads to progressive damage 

to the lining of the airways („endobronchial disease‟) resulting in bronchiectasis and 

fibrosis. Thus CF lung disease is an example of both chronic obstructive pulmonary 

disease (COPD) and chronic suppurative lung disease. The latter manifests with 

clubbing of the fingers and persistent sputum production. Table 1 lists many other 

clinical entities that can be encountered as part of CF lung disease. 

Table 1. Clinical complications and associations of cystic fibrosis-related lung disease 
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Pneumothorax 

Atelectasis 

Massive haemoptysis 

Allergic broncho-pulmonary aspergillosis 

Asthma 

Gastro-oesophageal reflux (see GASTROENTEROLOGY below) 

Aspergilloma 

Antibiotic hypersensitivity (see Part 5: THERAPEUTICS)  

Pulmonary osteo-arthropathy (see Part 4: OSTEOLOGY) 

Pulmonary hypertension 

Cor pulmonale 

Fortunately elucidation of many of these mechanisms of disease in the CF lung has 

led to treatment strategies that retard the development of severe lung disease (Table 

2), and consequent pulmonary hypertension and heart failure (cor pulmonale, 

CARDIOLOGY). The use of these treatments requires an understanding of 

CLINICAL MICROBIOLOGY (e.g. dealing with bacterial antibiotic resistance) and 

THERAPEUTICS (see Part 5). 

Table 2. Treatment modalities in cystic fibrosis 

PRINCIPLE TREATMENT MODALITY 

Clear the airways Physiotherapy (Breathing exercises, percussion, 

Positive Expiratory Pressure (PEP) mask, Flutter 

device) 

Open the airways Bronchodilators, inhaled corticosteroids 

Promote mucus clearance Hypertonic saline, recombinant human DNAse 

Prevent infections Immunisation, avoid smoke and smoking 

Treat infections early Antibiotics 

Suppress infection Continuous inhaled antibiotics, azithromycin 

Maintain cardiovascular fitness Exercise 

Promote optimum nutrition NUTRITION – see below 

Recognise complications early Regular clinical review, patient education, 

monitoring (e.g. pulmonary function tests) 

 

Further reading: 

While CF lung disease is the most serious clinical aspect of CF, the earliest 

manifestations of the disease are usually in the organ system to be discussed next. 

GASTROENTEROLOGY 

Every part of the gastrointestinal tract (GIT) and its associated organs (liver, 

pancreas) is affected by CF so the disease is a good model for understanding its 

diseases. The motility of the GIT by which smooth muscle function such as peristalsis 

is regulated by neuro-endocrine mechanisms is disrupted in CF. Gastro-oesophageal 

reflux, delayed gastric emptying and faecal build up in the caecum are all features of 

CF caused by disturbed GIT motility. As with mucus plugging in the airways of the 

lung, obstruction of the lumen of the GIT („intestinal obstruction‟ shown by vomiting, 

no stool and abdominal distension) can occur in CF: „meconium ileus‟ in which viscid 

meconium obstructs the large colon in the fetus; and the „distal intestinal obstruction 

syndrome‟ in which viscid faeces obstruct the ileo-caecal area in older CF subjects.  
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Another major function of the GIT is digestion and absorption of nutrients in ingested 

food. The liver, the pancreas and the small intestine have the major responsibility for 

these functions through the delivery of bile (see HEPATOLOGY below), digestive 

enzymes and efficient absorptive surface (villi in the brush border). In 85% of persons 

with CF, pancreatic juice does not get to the small intestine where enzymatic 

digestion should occur because CFTR dysfunction (see Part 1: MOLECULAR 

GENETICS) in the pancreatic ducts that conduct the juice to the duodenum leads to 

its dehydration. The pancreatic enzymes such as lipase and amylase then destroy the 

pancreas itself („autolysis‟), usually during fetal life, leading to pancreatic 

insufficiency. The consequences of this maldigestion and malabsorption are smelly 

fatty stools („steatorrhoea‟) and a major risk of poor growth (see NUTRITION and 

AUXOLOGY below).  

A major activity in clinical medicine is the development of a differential diagnosis for 

sets of symptoms and signs. Abdominal pain in CF has a large, challenging 

differential diagnosis. The student might imagine what features on history, 

examination or investigation would suggest each of the possible causes in Table 3. 

Table 3. Differential diagnosis of abdominal pain in cystic fibrosis 

Distal intestinal obstruction syndrome Oesophagitis 

Intussusception Inflammatory bowel disease 

Constipation Appendicitis/abscess 

Pancreatitis Gall stones 

Adhesions following meconium ileus surgery Volvulus 

Sclerosing colonopathy Diabetes mellitus 

Peptic ulcer disease 

 

Further reading: 

Before we discuss the next organ system, this is the place to consider the important 

clinical science that comes into play because of the GIT and lung consequences of 

CF. 

NUTRITION 

While hormones such as growth hormone are essential for human growth 

(AUXOLOGY, see below), food and the nutrients they contain are essential for 

optimal growth through infancy to adulthood. Nutrients may be classified as 

macronutrients (carbohydrates, fats and proteins) and micronutrients such as minerals 

and vitamins.  

Growth and body shape („habitus‟) depend on the balance between energy intake and 

energy expenditure. Maintaining positive energy balance for growth is precarious in 

CF (see figure). Basal metabolic rate, also known as resting energy expenditure, is 

often increased especially during pulmonary exacerbations; even with optimal 

pancreatic enzyme replacement therapy, there is residual nutrient malabsorption; 

appetite may be suppressed by illness or abdominal pain; problem eating behaviours 

(see Part 4: PSYCHOLOGY) may develop. Uncompensated, these lead to protein 

energy malnutrition characterised by low body mass index (BMI) or weight for height 

(„wasting‟) and poor linear growth („stunting‟). The recommended daily intake (RDI) 

of energy and macronutrients thus has to be higher than normal for the patient‟s age. 

There are many strategies such as dietary advice to maximise the kilojoule content of 

the diet using fats, nutritional supplementation, behaviour modification (see Part 4: 
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PSYCHOLOGY) that can be employed to increase energy intake in CF, allowing an 

approximation of genetic height to be achieved by adulthood. Close growth 

monitoring using percentile charts is an essential part of CF care. 

Figure 
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Fat malabsorption in CF also raises the risk of micronutrient deficiency, specifically 

of the fat soluble vitamins (A, D, E and K). Supplementation of most of these is 

required in CF. There is also evidence that essential fatty acid deficiency is prevalent 

in CF. Minerals such as sodium, zinc and calcium may be deficient in specific 

circumstances in CF e.g. salt depletion in hot weather (see Part 2: PHYSIOLOGY). 

The consequences of deficiency of these micronutrients form an excellent study of 

biochemical and physiological mechanisms and their clinical manifestations for the 

student of medicine (NEUROLOGY, HAEMATOLOGY, DERMATOLOGY, 

NEPHROLOGY). 

Further reading: 

Fats require bile for optimal absorption from the GIT to contribute to growth. The 

next organ affected by CF that we discuss has an essential role in this. 

HEPATOLOGY 

The bulk of CF-related liver disease falls on the bile ducts. The bile ducts are the 

secretory component of the hepatobiliary tree. Bile is a supersaturated solution 

containing bile salts, bile acids conjugated with amino acids such as taurine and 

glycine, bilirubin (which is responsible for its green tint) and cholesterol in an alkaline 

watery medium. Disruption of bile flow is responsible for the liver disease that 

develops in a minority of persons with CF. CFTR (see Part 1: MOLECULAR 

BIOLOGY) on the apex of the bile secretory cells is dysfunctional, leading to 

decreased alkalinity and water volumes in bile (see Part 1: CELL BIOLOGY). As 

with other exocrine systems, blockage of the duct is the result. This leads to damage 

to hepatocytes, the cells responsible for most of the metabolic functions of the liver. 

Damage to hepatocytes is identifiable by persistently raised serum levels of enzymes 

such as alanine transferase (ALT). Bile duct damage is characterised by elevated 
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serum levels of enzymes such as alkaline phosphatase. This damage sets off a train of 

fibrosis (focal biliary cirrhosis) that may lead to multilobular liver cirrhosis and portal 

hypertension, recognised on palpation of the abdomen as enlarged firm to hard liver 

and spleen. In CF, the major complication of portal hypertension is the development 

of oesophageal varices, large tortuous friable blood vessels that can bleed torrentially. 

Other hepatobiliary complications of CF include conjugated hyperbilirubinaemia 

(obstructive neonatal jaundice) in newborns, fatty liver and gall stones. The latter may 

be associated with cholecystitis. 

Further reading: 

The pancreas did not have its own section when discussing the GIT. However its 

function can be severely compromised in more than its exocrine aspects in CF as the 

next section with reveal. 

ENDOCRINOLOGY 

CF is largely a disease of exocrine glands. However, as illustrated in the discussion of 

salt depletion in the PHYSIOLOGY section of Part 2, the system of endocrine glands 

can also be involved in CF. These glands are largely under the control of the pituitary 

gland at the base of the brain which itself responds to signals from the hypothalamus 

in the brain and feedback from the peripheral endocrine glands. Almost the whole 

system can be affected by the pathologies associated with CF (Table 4). 

Table 4. Endocrine involvement in cystic fibrosis 

ENDOCRINE GLAND CF COMPLICATION 

Parathyroid Vitamin D deficiency 

Adrenal medulla Salt depletion 

Adrenal cortex Corticosteroid therapy 

Anterior pituitary 

Adrenocorticotrophic hormone Corticosteroid therapy 

Gonadotrophins Growth failure and malnutrition 

Growth hormone Malnutrition 

Thyroid gland Spared! 

Pancreatic islet cells Destruction of the pancreas 

Posterior pituitary Salt depletion 

Sex glands Growth failure and malnutrition 

 

Of all the CF endocrine effects, the destruction of the pancreatic islet cells is the most 

serious as it leads to CF-related diabetes mellitus. The β cells of the islets of 

Langerhans are destroyed in the autolysis of the pancreas that occurs in CF resulting 

in insulin deficiency. Insulin deficiency leads to disordered glucose metabolism with 

raised blood glucose levels (hyperglycaemia). Unlike juvenile onset (Type I) diabetes 

mellitus in which there is immune-mediated destruction of the β cells, the glucagon-

secreting cells in the islets (α cells)are also destroyed in CF. Glucagon is one of the 

gluconeogenetic hormones (along with growth hormone, adrenaline and cortisol) that 

raise blood glucose levels in response to low blood sugar levels (hypoglycaemia). 

Thus, as there is a limited compensatory system, persons who have CF-related 

diabetes mellitus treated with insulin injections to reduce high blood glucose levels 

are more prone to hypoglycaemia that may cause giddiness or coma. 
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AUXOLOGY, the branch of endocrinology concerned with human growth, is a 

significant clinical science in CF. As discussed under NUTRITION above, normal 

growth is very much at risk in CF. This is especially so during the times of most rapid 

growth: early infancy and puberty. Final height can be limited by poor growth in early 

life. The factors that initiate the surge of gonadotrophin and sex hormone activity in 

the pituitary and sex glands (testis and ovary) at the start of puberty are not fully 

understood. However the fat composition of the body, BMI, and specifically the 

amount of leptin seem to be critical to this process. In CF, fat composition is often 

reduced and delayed puberty is common. Importantly, it is preventable with assiduous 

attention to diet and nutrition during childhood. Recombinant Growth hormone has 

sometimes been used therapeutically to aid growth in CF. 

Further reading:  

Delayed puberty has many consequences in CF, some of which will be spelt out in the 

first section of the next part of this series which continues the exploration of the 

clinical sciences. 
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CYSTIC FIBROSIS 

 

A MEDICAL EDUCATION IN ONE DISEASE 

PART 4: CLINICAL SCIENCES II 

Cystic fibrosis (CF) is a multi-system disease, making it useful as a medium for 

learning clinical medicine. Part 3 in this series described the organs most commonly 

and classically affected by CF: the lungs, gastroenterological tract and the pancreas. 

In this paper, less common but no less important effects of CF on other organ systems 

are used to illustrate the clinical approach to their diseases that good medical practice 

requires. 

OSTEOLOGY AND RHEUMATOLOGY 

The bones of the skeleton are a metabolically active part of the human body. Their 

structure and strength depend on many factors: hormones, nutrition, exercise, liver 

and kidney function, for example. The main structural building blocks of bones – 

protein matrix and mineralisation – are both affected by CF.  

Inadequate nutrition, reduced exercise levels owing to illness, and delayed puberty all 

contribute to decreased density of bones (osteoporosis). Calcium accretion, the 

deposition of calcium (the main mineral in bones) into long bones such as the femur 

and membranous bones such as those in the vertebral column, is maximal during 

puberty and depends very much on exercise. A major potential consequence of 

osteoporosis is fracturing of bones. The earliest manifestation of this in CF is often 

kyphosis, a forward bending of the spine (figure 1), which itself can add to difficulty 

clearing infected lungs through restriction of chest wall mobility. 

Vitamin D deficiency may occur if malabsorption is not controlled (see Part 3: 

GASTROENTEROLOGY), with severe liver disease (see Part 3: HEPATOLOGY) or 

if there is insufficient micronutrient supplementation (see Part 3: NUTRITION). This 

allows calcium and inorganic phosphate to leave the bones. The bones are left softer 

than they should be and thus prone to bending. In children, whose bones are growing, 

this may lead to rickets and, in adults, osteomalacia may be the result.  

In cystic fibrosis, prevention or minimisation of bone disease depends on attention to 

fine details of diet, vitamin replacement, control of lung disease and infections, and 

the promotion of an active lifestyle during childhood and adolescence. A similar 

principle applies to all people: concentrate on making your bones strong before you 

reach adulthood if you want a fracture-free old age! This is especially true for women 

as the sex hormones (which are lost with the menopause) play a role in maintaining 

bone strength. 

Very high levels of immunoglobulin in CF owing to the chronic lung infection (see 

Part 2: IMMUNOLOGY and BACTERIOLOGY) can predispose to arthritis of the 

large joints. Joint disease with swelling, pain and limitation of movement can also 

result from the chronic lung disease and hypoxaemia – chronic pulmonary 

osteoarthropathy affecting the wrists and arm bones. As with rheumatoid and 

osteoarthitis, anti-inflammatory therapy such as non-steroidal drugs such as ibuprofen 

may be required to control the joint pain. 

Further reading:  

As noted in Part 3: PULMONOLOGY, the respiratory tract is usually affected in CF. 

The lungs are not the only part of that tract to be affected. 
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OTORHINOLARYNGOLOGY 

The nose is the respiratory portal of the body, often being the first site for pathogen-

induced disease. It is connected to the system of sinuses in the face and skull. These 

upper airways are lined by epithelium with many cells in common with the lower 

airways such as the bronchi. In CF, the genetically-programmed abnormalities of 

mucus clearance are present in the upper airways and sinus disease is inevitable with 

chronic inflammation of the sinuses (rhinosinusitis). Mucus membrane hypertrophy in 

the large maxillary sinuses inside the cheeks (opaque on an X-ray in CF where they 

would be full of air in normal circumstances) can result in nasal polyps that can 

obstruct the nose. Chronic rhinosinusitis affects taste in CF, potentially aggravating 

the nutritional problems (see Part 3: NUTRITION).  

The ears are not directly affected by CF. Unfortunately this does not mean that they 

are free of disease. The middle ear is prone to infection (acute otitis media) and mucus 

build up (serous otitis media) owing to blockage of the nasolacrimal ducts secondary 

to the nasal disease. The hair cells of the inner ear can be damaged by the repeated use 

of intravenous aminoglycoside antibiotics for pulmonary infective exacerbations over 

many years (see PART 3: PULMONOLOGY and Part 5: THERAPEUTICS). Inner 

and middle ear disease can lead to deafness.  

Further reading:  

CF usually shows itself first during childhood. However the next issue for discussion 

usually becomes an issue for the CF patient during adolescence and adulthood. 

REPRODUCTIVE HEALTH 

Reproductive health includes both endocrine (see Part 3: ENDOCRINOLOGY), 

gonadal and sex organ aspects of the processes of human reproduction, and the 

genetic aspects related to the expected child. In CF, both become very important. 

Reproduction itself has some physical impediments: cervical mucus in the female 

with CF is thick and relatively impermeable to sperm; the vas deferens that conducts 

semen from the testes and seminal vesicles to the penis does not form in the majority 

of males with CF. Thus relative infertility is common in CF. It is a „happy problem‟ 

that, with much improved survival in recent decades, issues of reproductive health 

now have to feature in clinical work with persons who have the disease.  

Figure (used courtesy of Prof Michele Ramsay) 
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Pregnancy has many physiological effects on the woman carrying the fetus. In CF, 

these effects may become pathological and worsening of CF lung disease by 

pregnancy is likely. Women with CF also have to consider their own prognosis when 

deciding about reproduction. With a genetic disease such as CF, the likelihood of 

passing the disease on to the child has also to be taken into account when 

reproduction is considered (see Part 1: MOLECULAR BIOLOGY). If the potential 

father carries a CFTR mutation, there is a 50% chance that the fetus will have CF 

(Figure 2. CLINICAL GENETICS). In most cases, antenatal genetic testing through 

amniocentesis or chorionic villous sampling can be offered, with termination of 

pregnancy possible with an affected fetus. Meconium ileus can be diagnosed during 

pregnancy using ultrasound (OBSTETRICS, FETAL MEDICINE)) – there may 

thickened bowel wall or the telltale signs of intestinal obstruction (see Part 3: 

GASTROENTEROLOGY). 

Further reading:  

The astute student will have realised by now that CF is a complex disease with serious 

implications for the person with the disease and his or her family and friends. The 

impact on the mind cannot be ignored, and won‟t be here. 

PSYCHOLOGY 

Psychological functioning shows itself in a person‟s thought processes, behaviours 

and social relationships. An adult‟s mental health and personality have been deeply 

affected by childhood experiences and upbringing. A child‟s mental health is in large 

part conditioned by the action of external influences on intrinsic traits, the influence 

of the parents being one of the strongest. Psyche and soma are intimately related so 

that physical disease may have psychological consequences and mental illness or 

distress can affect organ function. Brain disease has direct psychological 

consequences that may include effects on cognition and intellect. 

CF, being a chronic but life-shortening disease with multiple physical manifestations 

with complex, expensive therapies, and genetic implications, inevitably influences the 

psychological function of the affected person and their close family and friends (to 

say nothing of the health service staff). However, while there are general effects that 

are likely (such as parental guilt, anxiety, parent/child conflict especially over food 

and treatments, anger), mental illness itself is unlikely as coping mechanisms and 
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adjustments come into play. The effectiveness of this adjustment depends on pre-

morbid psychological functioning and relationships. Health services play an important 

part in promoting mental health and adjustment e.g. through provision of information, 

anticipatory guidance for significant life events such as starting school, recognising 

the needs of patients and their parents during vulnerable periods such as adolescence 

(ADOLESCENT HEALTH). An attitude that is alert to cues for psychological 

distress is a basic clinical skill; counselling (including genetic counselling) should be 

an intrinsic part of CF care. 

Further Reading:  

Now the student has been taken through the panoply of organ systems that CF can 

teach about (the nervous system is a notable exception, except if deficiency of 

Vitamin E is allowed to occur), we will move in the next paper to clinical sciences 

related to therapy for disease, and then broaden the educational environment to look 

beyond the consulting room or bedside. 
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CYSTIC FIBROSIS 

 

A MEDICAL EDUCATION IN ONE DISEASE 

PART 5: CLINICAL SCIENCES III & PUBLIC HEALTH 

While, after study of basic sciences and clinical sciences, the student may be well 

educated on the organ systems, disease processes and their consequences, the medical 

education is far from complete. This last paper in the series once more uses cystic 

fibrosis (CF) to lead the student into an understanding of therapeutic clinical sciences 

to ensure effective and safe management of the patient, and then broadens the view 

from the patient and the consulting room or bedside to the world outside. 

THERAPEUTICS 

Any treatment we wish to give to ameliorate physical or mental illness comes with a 

complex array of effects (including side effects), potential efficacy and methods of 

use. Dosage, formulation, means of administration, scheduling and duration all need 

to be decided on the basis of detailed pharmacological, pharmacokinetic and 

pharmacodynamic information. In CF, higher than usual doses of many antibiotics are 

required as there is a very high volume of distribution in CF i.e. the dilutional effect is 

high, leaving less active drug at the site of intended action in the lung. The cumulative 

effect of aminoglycoside antibiotics on the organ of Corti in the ear was discussed 

earlier (see Part 4: OTORHINOLARYNGOLOGY). Hypersensitivity to antibiotics 

(or possibly an incipient in the intravenous formulation of the antibiotic) often 

becomes a problem for adults with CF (adverse reaction). Nebulisers and compressors 

used to deliver drugs directly to the lungs need to generate aerosols with particles of 

the correct size to get there and stay there. Pancreatic enzyme replacement needs to be 

given in capsules and microspheres to ensure the release of the active enzyme in the 

alkaline environment of the duodenum. An ingredient used in the manufacture of the 

microspheres is thought to have been behind a serious syndrome of intestinal 

obstruction that developed in some people with CF in the 1990s. Whether this was an 

idiosyncratic reaction in the affected children is not clear. 

Further reading: 

It is not only drugs that are used to treat disease. Therapies such as physiotherapy (see 

Part 3: PULMONOLOGY) have an important place in medicine. Surgery is a 

common modality of treatment and comes with its own set of learning outcomes. 

SURGERY (& ANAESTHETICS) 

The so-called cutting disciplines in medicine require a specialised health service 

environment that includes spaces for pre-operative and post-operative care, theatres 

and ancillary disciplines such as ANAESTHETICS and CRITICAL CARE. Attention 

to the prevention of infection is also a core business in surgery.  

In almost all of the organ systems affected by CF, surgery has a potential role to play. 

Neonatal gastrointestinal surgery may be required for meconium ileus (see Part 3: 

GASTROENTEROLOGY for further examples); polypectomies may need to be done 

by the ENT surgeon (see Part 4: OTORHINOLARYNGOLOGY); recurrent 

pneumothorax may require pleurodesis performed by a thoracic surgeon (see Part 3: 

PULMONOLOGY for further examples). Indwelling intravenous catheters are sited 

for repeated courses of anti-pseudomonal antibiotics (see Part 2: MICROBIOLOGY); 

percutaneous gastrostomies are placed for supplementary feeding (see Part 3: 
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NUTRITION). Liver and lung transplantation are now not uncommon for organ 

failure in CF (TRANSPLANTATION MEDICINE).  

The special skills of the anaesthetist are tested by the patient with CF: lung disease 

can lead to unpredictable efficacy of inhaled anaesthetics; low body mass index may 

make it difficult to decide on appropriate doses of intravenous anaesthetic agents; 

atelectasis of the lungs in the presence of sputum in the anaesthetised patient, and 

aggravation of lung infection must be prevented; post-operative analgesia must be 

good to ensure good lung clearance.  

Further reading: 

Despite all these therapeutic modalities, CF is an incurable disease. Its depredations 

can only be held at bay for – much longer than before, but still it is unusual for a full 

life span if you have CF. Any medical education must include the care of the dying 

patient and CF can once more show the way. 

PALLIATIVE MEDICINE 

Whether death is a „medical‟ condition has been debated vigorously in recent decades. 

However, there is little doubt that, in many circumstances, the skills offered in health 

services can relieve many of the difficulties associated with the process of dying (they 

can also aggravate them). Palliation is technically that care that controls a disease 

process without curing it. End-of-life care refers to care of the patient who is dying. 

Thus in CF all care is palliative; end-of life care is the final part of that. The aims of 

care of the dying patient cease to be control of the disease; rather it is control of 

discomfort and the promotion of comfort (physical, psychological and spiritual) and 

not simply for patients, but also for those close to them. This involves close attention 

to aspects such as analgesia, relief of anxiety or breathlessness, decisions regarding 

what should be done after death, withdrawal of unnecessary therapies (futile care) and 

involvement of ministers of religion. Ethical considerations such as patient autonomy 

and beneficence (even euthanasia) come into play in end-of-life care. 

Further reading: 

The consulting room or a hospital bed is a good place for assessment of a patient‟s 

disease, its consequences and treatment. However the patient needs to go home; that 

home is in a community; that community is in a nation; that nation is part of a world 

community. All these levels have implications for the care of the individual patient 

that the wise student of medicine would ensure he or she understands. Once more, and 

for the last time, CF comes to the rescue as we discuss: 

PUBLIC HEALTH 

Public health encompasses many aspects of a population‟s health some of which 

(shown here in capital letters) constitute whole disciplines: epidemic and 

INFECTIOUS DISEASES; EPIDEMIOLOGY; HEALTH SYSTEMS; 

COMMUNITY HEALTH including COMMUNITY PAEDIATRICS; 

ENVIRONMENTAL HEALTH; INTERNATIONAL HEALTH. This section 

explores two of these, but aspects of nearly all these disciplines will be covered as we 

look at CF in the context of public health. 

COMMUNITY HEALTH 

Where is the CF patient going to get his care? Only in your consulting room? What 

about the other experts needed for care of this complex disease? What does the school 
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teacher need to know about CF? How common is CF in your area (incidence and 

prevalence - EPIDEMIOLOGY? Is CF being diagnosed early enough? What facilities 

and systems (including neonatal and cascade screening services) are needed to best 

serve these patients and their families? What is the Cystic Fibrosis Trust? Community 

health concerns itself with both the population in a community and health and other 

services or sectors (e.g. education, water and sanitation, transport, social) and how 

they relate to each other. Here primary, secondary and tertiary prevention of disease 

and disability, health promotion, good health policies and an efficient health system 

including quality of care and audit are bread and butter (see Part 3: NUTRITION!) 

concerns. Lay people are partners in, not simply consumers of healthcare. 

Further Reading:  

INTERNATIONAL HEALTH 

The child with CF in Europe gets very different treatment compared with the child 

with CF in parts of South America. His doctor recently migrated to the United States 

of America. Same disease, different treatment, shorter life. Is this a human rights 

violation? Climate change: more heat prostration for persons with CF? The World 

Health Organisation (WHO) sets up an international panel to look at the definition of 

CF in the light of recent expanded knowledge of the range of clinical manifestations 

(including none at all!) of CFTR mutations. CF as an orphan disease: special funding 

for research as pharmaceutical companies see fewer future profits from a rare 

disorder. With the expanding effects of globalisation comes a need for an 

international perspective for almost any health issue. International law and treaties can 

be used to encourage and police ethical behaviour by governments, international 

organisations and multinational companies in respect of health; the WHO can 

encourage pooling of resources and expertise; watchdog bodies such as Amnesty 

International can highlight torture and other abuses.   

Further Reading:  

And, in taking this world view, we have come full circle from the environmental 

pressures that led to CF occurring in human populations as described in Part 1 of this 

series (EVOLUTIONARY GENETICS) to those self-same populations working 

together to find solutions to it. 

We hope that the student realises that, in reading (and reading around) these five 

papers, he or she has, through the medium of CF, been given insights into not only the 

many disciplines and areas of medical study introduced in these pages but also 

FAMILY MEDICINE, PAEDIATRICS and CHILD HEALTH, INTERNAL 

MEDICINE and ADOLESCENT HEALTH. Truly a medical education in one 

disease. 


