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This review focuses on the nutritional status of patients with cystic 

fibrosis, systematic approach to monitoring and nutritional intervention in 
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before/after lung transplantation. 

Keywords: cystic fibrosis, nutritional status, lung transplantation 

 

Introduction 

Cystic fibrosis, or mucoviscidosis (from mucus, viscidus), a hereditary 

autosomal recessive disease, the most common in the European population, 

is caused by the presence of mutations in the gene that codes for the 

transmembrane conductance regulator (the protein that regulates the 

transmembrane transport of sodium and chlorine ions through epithelial and 

other cell membranes). An impaired flow of H2O and Cl ions across the cell 

membarane affects the respiratory, hepatobiliary, reproductive system, 

gastrointestinal tract, sweat glands, which is manifested specifically in the 

increased viscosity of mucous membrane secretions [1-3]. The thick 

secretions in the respiratory tract reduce the mucociliary clearance, thereby 
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increasing the risk of developing infection and inflammation. An impaired 

pulmonary function might lead to a deteriorated nutritional status and, 

consequently, increase the risk of unfavorable outcome of the disease [4, 5]. 

A partial obstruction of pancreatic ducts impedes the delivery of digestive 

enzymes, disrupts the absorption of key nutrients, and leads to pancreatic 

self-digestion as early as in the embryonic period [2, 6, 7]. 

 

Nutritional status characteristics in patients with cystic fibrosis 

According to the epidemiological data of the European Cystic Fibrosis 

Society Patient Registry (ECFSPR) (2010), despite the increased number of 

patients whose nutritional status (NS) can be assessed as adequate; only 50% 

of patients can be referred to this category [8].  

Malnutrition in patients with CF is caused by high energy 

requirements and its consumption while an inadequate nutrient intake. The 

increased energy consumption is associated with infectious inflammatory 

processes in the lungs, dyspnea, cough, using the metabolism-stimulating 

drugs (the therapy with corticosteroids and bronchodilators). The conducted 

studies revealed a direct correlation between a deficient pancreatic function 

and increased energy expenditures, the mechanism of this correlation not 

being entirely clear so far [3]. The main cause of energy loss is 

malabsorption as a result of exocrine pancreatic insufficiency due to a 

decreased number of digestive enzymes secreted into the gastrointestinal 

tract lumen [2]. Enzymatic insufficiency is not the only manifestation of the 

pancreas dysfunction. A bicarbonate deficiency and a decreased buffer 

capacity of secretions (alkalinization of the contents coming from the 

stomach to the duodenum) reduce the effect of endogenous and exogenous 

enzyme activities, increase the precipitation of bile salts [9, 10]. 
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The extent of energy losses is increasing with the development of the 

digestive disorders that may be caused by the following factors: 

inflammatory bowel diseases, the syndrome of excessive bacterial growth in 

the small intestine, a decreased insulin secretion, and the insulin resistance 

(CF-related diabetes), and by hepatic dysfunction (CF-associated liver 

diseases) [11-13]. The incidence of diabetes in patients with CF increases 

with age (more than 50% of patients are older 40 years) [14]. Hyperglycemia 

enhances the bacterial colonization of the lungs, exacerbating the respiratory 

system dysfunction, increasing the risk of an adverse outcome [15]. Aimed 

at a timely detection of diabetes mellitus, the annual screening for glucose 

tolerance is made among CF patients aged from 10 years and older [16]. In 

addition to the individual approach to carbohydrate prescription, the patients 

with CF-related diabetes need the diet containing more proteins and essential 

fatty acids than the standard diet to maintain their optimal NS [17]. Signs of 

liver cirrhosis occur in about 5-10% of CF patients during the first 10 years 

of life. Later, the portal hypertension complicated by esophageal varices is 

revealed in many patients [18]. The decision on the additional prescription 

of essential fatty acids and fat-soluble vitamins to patients with liver 

abnormalities is made on individual basis, depending on the goals and tasks 

posed to the doctor [19, 20]. 

High energy consumption and energy losses can be compensated for 

by an adequate food intake. However, such psychosocial and medical factors 

as stress, depression, noncompliance with medical prescriptions, especially 

among children and adolescents, as well as a pulmonary insufficiency, 

gastroesophageal reflux, constipation, distal intestinal obstruction syndrome, 

excessive bacterial growth of intestinal flora, and side effects of drug 
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therapy, reduce appetite, and also negatively affect the possibility of 

adequate food intake and digestion [2, 3]. 

In addition to the aforementioned disorders, osteopenia and 

osteoporosis, which are associated with an increased risk of bone fractures, a 

decreased working ability, severe respiratory insufficiency, and a deficiency 

of essential fatty acids (EFA), are the most common among CF 

complications [21, 22]. 

  

Assessment and monitoring of nutritional status 

The studies published in 2013-2014 showed that the height and the 

body weight of patients who reached the age of 4 years have a direct 

correlation with the lung function, the CF complication rates, survival to the 

age of 18. According to ECFSPR data, a low body mass index (BMI) in CF 

patients 6-fold increases the risk of developing severe lung dysfunctions 

compared to the patients with normal BMI [23, 24]. 

According to current recommendations, the main criteria of nutritional 

deficiency in CF patients over 18 years of age include the BMI lower than 

18.5 kg/m
2
, and a weight loss of 5% or more in the previous 2 months. The 

target BMI parameters are 22 kg/m
2
 for women, 23 kg/m

2
 for men [5, 25, 

26]. 

In order to characterize the NS in adult CF patients, a 3-5-day diet 

composition should be analyzed, at least every 6 months. [27]. 

Attempts to apply different formulas for calculating metabolic 

requirements in children and adolescents with CF have not been successful. 

In the group of unstable patients, for example, at exacerbation of infectious 

complications the method of indirect calorimetry is preferable for use. 

Moreover, according to M.A. Thomson et al. (1995), metabolic changes in 
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early CF (the patients younger than 2 years) can be considered as an early 

indicator of the disease severity that precedes the clinical manifestations and 

is independent of the lung function [25, 28, 29]. 

The commonly assessed peripheral blood parameters include the total 

blood count, electrolytes, iron concentration, the level of fat-soluble 

vitamins, liver and pancreas function tests. Should laboratory facilities 

allow, then the blood plasma level of phospholipids and the content of fatty 

acids in erythrocytes are measured [25, 26, 30]. 

The body parameters of patients are assessed using anthropometry 

measures, dual-energy X-ray absorptiometry, bioelectrical impedance, air 

plethysmography and hydrometry [27]. A quantitative measurement of lean 

body mass (LBM) by means of dual-energy X-ray absorptiometry made it 

possible to reveal a number of additional characteristics of NS in CF patients 

with pancreatic dysfunction. S. Sheikh et al. (2014) noted that in the 

surveyed population (the patients aged from 5 to 21 years old) the low BMI 

values do not accurately reflect the LBM deficit, since the fat and lean body 

masses decrease disproportionately. Moreover, when comparing BMI and 

LBM, the most pronounced correlation with pulmonary system dysfunction 

was detected in the LBM measurement [31]. 

 

Maintaining adequate nutritional status 

Over a long period of time, a low lipid-containing diet was 

recommended to reduce the steatorrhea severity in patients with CF. Initiated 

in 1980s, the active use of enzyme replacement therapy with enteric-coated 

enzymes made it possible to definitely improve the NS and the survival of 

patients [4, 32]. Currently, the standard approaches to maintaining an 

adequate NS imply high-calorie (high-lipid-containing) foods, 
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supplementary intake of fat-soluble vitamins and enzyme replacement 

therapy [33]. The target level of energy consumption in CF patients, 

according to the European recommendations, is 120-150% of the 

requirements for healthy people of similar age, gender, and anthropometric 

data. Energy expenditure at rest makes about 60-70% of the total energy 

requirements; physical activity-induced energy expenditure accounts for 10-

25%, and diet-induced (thermogenesis) energy expenditure make 10% [25]. 

The protein needs of CF patients are also higher than the standard-

recommended 0.83 g/kg per day for healthy adults. The protein : fat : 

carbohydrates ratio in the diet for children is 20% : 35-40% : 40-45%, 

respectively [33]. 

The patients in condition of increased sweating, malabsorption, and 

chronic infections need an additional intake of sodium chloride, calcium, 

iron, zinc, and selenium. An inadequate pancreatic function and impaired 

lipid absorption, rare and short stay in the sun results in the deficient 

vitamins A, D, E, and K in patients. The deficiency of water-soluble 

vitamins is rare in uncomplicated CF course; but among the patients who 

underwent the terminal ileum resection (meconium ileus), the consideration 

should be given to the supplemental intake of vitamin B12, and in case of a 

planned pregnancy and during its first trimester, a daily intake of 400 μg of 

folic acid is indicated. The administration of vitamin C in a medicinal 

formulation may also be required if its content is low in the diet customary 

for a sick person [27]. 

In addition to the essential α-linolenic (ω-3) and linoleic (ω-6) fatty 

acids, the arachidonic (ω-6) and docosahexaenoic (ω-3) fatty acids became 

conditionally essential in various pathological processes. The decreased 

level of linoleic acid correlates with the severity of respiratory failure, the 
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growth and development rates in children and adolescents; and the low level 

of docosahexaenoic acid and the high level of arachidonic acid are 

associated with an impaired bone tissue mineralization. In addition, altered 

blood EFA concentrations are associated with impaired functions of the 

immune system, kidneys, and the liver [27]. In a number of small studies, 

the supplemental use of EFA in the patients has been found to improve the 

respiratory system function; and the regular addition of omega-3 fatty acids 

to the diet results in a decreased level of pro-inflammatory markers [34, 35]. 

Nevertheless, according to the conclusion made by the authors of the 

systematic review of the Cochrane Research Library (2013), currently there 

is insufficient evidence to recommend the addition of omega-3 fatty acids to 

all patients with CF [36]. 

According to the 2011 European Guidelines, the decision to prescribe 

bisphosphonates shall be taken after evaluating the bone tissue 

mineralisation using a serial bone densitometry or if the patent has the 

history of pathological fractures [37]. Regular physical exercise significantly 

increases the bone density [38]. 

A poor appetite has already been noted as one of malnutrition causes 

in CF patients. Several studies on the efficacy of using the appetite 

stimulants (megestrol acetate and cyproheptadine hydrochloride) indicate an 

improvement in appetite and an increase in body weight when these drugs 

are used [39]. 

Encouraging results have been obtained in a number of studies 

evaluating the efficacy of probiotics. Oral administration of living bacteria 

contributed to lower severity of acute gastroenteritis, a reduced incidence of 

pulmonary complications, and a decreased number of hospital admissions 

[40, 41]. 
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Correction of NS impairments 

The primary approach in the treatment of malnutrition in children and 

adults suffering from CF implies the diet changes in favor of the increased 

feeding frequency, food amount, and caloric value, including additional 

intake of fats (rich in linoleic acid vegetable oils, butter, etc.). An additional 

intake of linoleic acid can reduce the patient's need for high-calorie nutrition 

[42]. Of note, in order to reduce the risk of cardiovascular diseases when 

giving fats, the preference should be given to unsaturated fatty acids (UFAs) 

and, if possible, the use of trans fats and saturated fatty acids should be 

avoided [43, 44]. In order to increase the effect of dietary therapy, it is 

important to pay attention to training and counseling both the parents and 

their sick children, and also adult patients, to form proper eating habits [5, 

25]. 

According to the Annual Report of the North American Cystic 

Fibrosis Foundation, 43% of patients need additional oral nutrition, and 

11.4% require enteral tube feeding (45). The signs of persistent malnutrition, 

despite the increased caloric content of the daily diet and the corrected eating 

habits, with conducted optimized enzyme replacement therapy, make an 

indication to the use of oral supplemental liquid nutrition. Taking into 

account a wide range of different nutritional preparations produced by the 

food industry, it is desirable to individually select a product based on the 

organoleptic and emotional preferences of the patient. This type of 

supplementary food is used to increase the caloric content of the diet and to 

improve an inadequate consumption of such components as EFA by the 

patients [46, 47]. 
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Diet optimization in adult CF patients with inadequate NS contributes 

to weight gain, but LBM remains unchanged. In order to increase the muscle 

mass, the supplemental nutrition should be combined with physical exercise. 

This treatment tactic helps to increase not only LBM, but also the maximal 

lung ventilation, tissue uptake of oxygen, and tolerance of physical loads 

[48, 49]. 

Should prolonged additional enteral feeding be necessary, gastrostomy 

is preferred. Being guided by an adequate assimilation, the volume of 

additional artificial nutrition is increased gradually. Night enteral feeding 

may be considered optimal, from the point of influencing the appetite during 

the day [50, 51]. Either a continuous (gravitational or pump) infusion, or a 

daily bolus injection of nutritional formula is used, or the combination of 

both. In most cases, patients well tolerate polymeric high-calorie formulae 

(1.5-2 Kcal/ml). The enzyme replacement therapy is usually used before the 

start and the end of the polymeric formula infusion. In severe pancreas 

functional disorders and a poor tolerance of polymeric formulae, elemental 

or semi-elemental formulae shall be used, their dose and time of 

administration being selected individually. Glucose tolerance disorders 

resulted from the increased energy consumption require additional 

monitoring of the hyperglycemia level and, if necessary, administering small 

doses of insulin to the patient [27, 31]. 

Parenteral nutrition is usually used in the patients with severely 

impaired NS being on the waiting list of LT and(or) with gastrointestinal 

tract dysfunction which do not allow the use of enteral nutrition. We should 

note that the use of parenteral nutrition is associated with an increased risk 

of sepsis; and the increase in the body weight of patients is transient [52]. 
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Severe course of cystic fibrosis, and lung transplantation 

Despite the increase in life expectancy in the general population of CF 

patients, the progression of pulmonary dysfunction leads to the need for 

transplantation almost in all patients with severe course of the disease [53, 

54]. According to the Registry of the International Society of Heart and 

Lung Transplantation (ISHLT), approximately 3,700 LTs are registered 

annually in the world. Given that the registration on the site is a voluntary 

decision of transplantologists, the true number of transplants exceeds the 

Registry data. The median survival after LT in CF patients for the period 

from 1994 to 2010 (about 30% of all bilateral LTs) was 7.5 years, and 10.4 

years for the patients who survived during the first 12 months, [55]. 

As already noted, the adequate nutrition is closely related to the 

pulmonary system function and the life expectancy of CF patients; and BMI 

serves one of the indicators characterizing the disease prognosis in adult 

patients [9]. In 2009, D.J. Lederer et al. published the study where analyzed 

the effect of BMI on LT outcomes [56]. In accordance with the criteria 

recommended by the World Health Organization, the patients were allocated 

into four groups: underweight (BMI under 18.5 kg/m
2
), normal weight (BMI 

equal to 18.5-24.9 kg/m
2
), increased BMI (25-29.9 kg/m

2
, and obesity (BMI 

over 30 kg/m
2
). CF, chronic obstructive pulmonary disease, and idiopathic 

pulmonary fibrosis were presented among the diseases requiring LT. The 

authors of the study found a significant increase in the risk of death in the 

groups of patients with BMI below or above the norm (p<0.001). Normal 

BMI was observed in 18% of CF patients only, 48% of patients were 

underweight (among 5978 patients aged 18 years and over, there were 960 

patients with CF included in the study) (Fig.1). 
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Body mass 
Year after transplantation 

0 2 4 6 8 10 

Underweight 862 583 445 272 136 49 

Normal 2864 2056 1586 906 451 181 

Increased 1644 1117 840 412 173 50 

Obesity 608 393 280 151 66 23 

       

Fig. 1. Survival of recipients after lung transplantation in groups with 

regard to Body Mass Index (modified; see ref. 56) 

 

The risk of unfavorable outcome in recipients suffering from CF 

increased by 25% in case of inadequate body weight (confidence interval 4; 

52%, p=0.02). Investigators also drew the attention to the fact that an 

increased risk of death was observed in the long term after LT due to chronic 

graft dysfunction and (or) infectious complications rather than in the early 

post-LT period (Fig. 2). 
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 Body mass 
Year after transplantation 

0 2 4 6 8 10 

Underweight 410 286 224 133 65 27th 

Normal 519 390 309 194 107 52 

Increased 34 19 18 12 7th 2 

       

Fig. 2. Survival of patients with cystic fibrosis after lung transplantation 

with regard to Body Mass Index (modified; see ref. 56) 

 

Thus, recovery of normal BMI values (18.5-24.9 kg/m
2
) in the patients 

on the waiting list for LT is one of the ways to reduce the risk of adverse 

outcome after surgery. This is especially true for our country where, 

according to 2011 Russian Registry, the median BMI of adult CF patients 

was 18.5 kg/m
2
 among men, and 18.9 kg/m

2
 among women [57]. 

In conformity with the treatment program for CF patients on the 

waiting list for LT, J.J. Egan et al. (1997) recommended that gastrostomy 
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should be used in all the patients to maintain an adequate NS before and 

after surgery [58]. The most frequent complications of supplementary 

feeding via gastrostomy, in the authors' opinion, include the abdominal 

distension and vomiting caused by discordance between the rate of food 

intake and the rate of gastric emptying. Using prokinetics and reducing the 

amount of food allow these complications to be avoided. A diet rich in 

carbohydrates can cause an increased production of carbon dioxide and the 

aggravation of respiratory failure, which is the indication to the use of non-

invasive ventilation [59]. 

Due to the lack of a sufficient evidence database, the approaches to 

maintain an adequate NS in CF patients immediately after LT are based on 

the standard recommendations for the population of general surgical patients 

and patients who underwent transplantation of other organs [60]. The oral 

diet in patients extubated on the 1
st
 or 2

nd
 day after surgery should be 

gradually expanded, depending on food absorption and digestion by the 

patients with a mandatory enzyme replacement therapy. Appetite is usually 

improving with the recovery of respiratory function and intestinal motility, 

with early activation of the patient [61]. 

Anorexia, taste alterations, nausea, vomiting, diarrhea, or constipation 

can be caused by drug therapy (drugs for the prevention and treatment of 

graft rejection, antibiotics, antifungal medications, etc.). If these 

complications develop or if a prolonged use of non-invasive/mechanical 

lung ventilation is necessary, a supplemental enteral nutrition (through 

gastrostomy, tube feeding) is used. One of the criteria to consider the 

gastrostomy closure is the achieved BMI over 19 kg/m
2
 that is maintained 

for more than 3-6 months without supplemental nutrition [62]. 
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The results of two studies demonstrating a significant increase in 

vitamin A and E levels in the post-LT patients served the basis for 

recommending the regular monitoring of fat-soluble vitamin levels in this 

patient population, depending on the results, dose adjustment, or withdrawal 

of an additional vitamin therapy [63, 64]. 

The immunosuppressive therapy and the treatment for acute 

pulmonary graft rejection, in particular the use of high doses of steroids, are 

associated with an increased risk of secondary diabetes mellitus or the 

decompensation of CF-related diabetes mellitus, and also increase the risk of 

osteoporosis [65, 66]. 

The most common gastrointestinal complications of the early 

postoperative period include oropharyngeal dysphagia, stomach bezoars, 

gastrostasis, gastroesophageal reflux disease, distal intestinal obstruction 

syndrome, constipation [67-70]. 

According to B.S. Quon et al. (2012), the CF patients undergoing LT 

have an increased risk of the renal injury development [71]. 

The immunosuppressive therapy increases the risk of foodborne 

infections such as salmonella and listeriosis [72, 73]. 

The use of dosed physical exercise to rehabilitate the patients with 

chronic pulmonary insufficiency has established itself as an effective and 

safe method of treatment. The need to develop an individual program of 

physical activity of a patient before and after LT is also beyond doubt, 

considering the tolerance of physical activity (resistance exercises, aerobic 

exercise, balance and flexibility training, etc.). Achieving the optimal level 

of strength and endurance helps to retain/increase LBM and contributes to 

the improvement of the postoperative treatment outcomes [74]. 
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Thus, the correction of impaired nutrition status in CF patients, 

including the BMI kept at 22-23 kg/m
2
 (giving the priority to increase the 

LBM values), an adequate enzyme replacement therapy, and the 

compensation of deficient micro- and macro-nutrients make the crucial tasks 

which solution would improve the quality of life, reduce the incidence of 

fatal complications, and improve patient survival after LT. 

The authors state there is no conflict of interest to declare 
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