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Abstract

A considerable proportion of patients with chronic obstructive pulmonary disease (COPD) are malnourished. Due to macronutri-

ent and micronutrient deficiency, alterations that further increase the severity of COPD may be generated. Thus, achieving an optimal

nutritional status arises as an important medical objective which can delay disease’s progression. This brief review provides an

overview of the consequences of malnutrition and highlights the role of nutrition in the effective management of patients with COPD.

It concludes that nutritional support should be initiated early in the illness and that further studies are required to investigate the

optimal nutritional supplements for patients with COPD, according to their disease severity.
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erate

Introduction

Nutrition is an important aspect of healthcare in any patient
with a respiratory disease since its relationship with respiration
is correlative. Many patients with lung disease suffer of malnutri-
tion, which weakens respiratory muscle contractility and affects
both muscle strength and respiratory mechanism [1]. In the case
of patients with chronic obstructive pulmonary disease (COPD),
malnutrition occurs in high proportion of cases, varying from 10 to
45% [2]. Low fat and low body index as well as obesity have a nega-
tive impact on patients with COPD, exposing them to higher risk of
acute exacerbations [3-5]. They are also affected by undernutrition
due to energy insufficiency, as a result of decreased dietary con-
sumption, caused by loss of appetite or dyspnea while eating but
also because of augmented work of breathing, which occurs as a
result of increased energy expenditure [5,6]. More so, humoral fac-
tors (i.e. inflammatory cytokines and hormones) have been identi-

fied as important factors of undernutrition in patients with COPD

[7]-

Achieving an optimal nutritional status arises as an important
medical objective which can delay the progression of this disease
and may also reduce the risks of morbidity and early mortality [8].
Thus, a growing number of studies looking at nutritional supple-
mentation in COPD patients have been performed and wished to
improve current clinical practice [9,29]. This brief review aims to
provide an overview of the consequences of malnutrition and to
highlight the role of nutrition in the effective management of pa-
tients with COPD.

Consequences of malnutrition

Reduction of lung elasticity and pulmonary function, loss of re-
spiratory muscle mass, force and resistance as well as alteration of
pulmonary immune mechanisms and breath control are the most
important consequences of malnutrition on the respiratory system
[10] (Table 1).

Decreased respiratory muscle strength
Altered ventilatory drive
Impaired immunological function

\: \ \

Hypercapnia Pulmonary edema Pulmonary infections

Table 1: Consequences of malnutrition on respiratory
function in patients with COPD.

Even though primary lung diseases do not seem to be statisti-
cally significant for malnutrition, they can increase exacerbations
in patients with acute respiratory failure. In the case of patients
with COPD affected by malnutrition, the lack of essential vitamins
and minerals as well as deficiency of carbohydrates, proteins and
fats lead to changes that augment the severity of disease. More
precise, protein and iron deficiency lead to low hemoglobin levels
and subsequently to decreased oxygen transport capacity. Lack of
vitamin C negatively influences collagen synthesis, which is funda-
mental in normal lung structure and function. Dyspnea may wors-
en in the spontaneously breathing COPD patients, while most of
them also develop hypercapnia [11]. Furthermore, malnourished
patients with COPD, as compared to normally nourished patient
with COPD, manifest more often hypercapnic respiratory failure

and/or difficulty in weaning from mechanical ventilation.

Reduced levels of calcium, magnesium, phosphorus, and potas-
sium also lead to deficient muscle function at the cellular level.
Alveolar collapse and increased respiratory effort occur due to
compromised function of the surfactant as a consequence of low
rates of proteins and phospholipids [12]. Pulmonary edema may
arise as a consequence of hypoproteinemia, due to the decreased

plasma colloid osmotic pressure with hypoalbuminemia [10].

Pulmonary infections are also a possible consequence of mal-
nutrition in patients with COPD. Precisely, atrophy of the lymphoid
tissue, principally affects cell-mediated immunity while there is a

reduction in the number of T-helper lymphocytes and of the T4/
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T8 ratio in the bronchoalveolar lavage fluid, along with decreased
production of lymphokines and monokines [13]. Malnutrition leads
to anorexia and loss of muscular mass while it alters the immune
system that complements the ability of antibodies and phagocytic
cells to clear microbes, thus promoting inflammation and damage

of the pathogen’s cell membrane [14].

The added value of nutrition

For the treatment of patients with COPD suitable nutrition in
both quantitative and qualitative terms is of fundamental impor-
tance for the treatment of patients with COPD [15]. Precisely, it
should focus on applying proper measures that can reduce the lev-
el of complications and prevent premature death while ensuring a
better quality of life [16,17].

21

When chronic respiratory insufficiency leads to hypercapnia,
the target of treatment should be directed toward reducing CO,. In
theory this could be achieved by reducing CO, production while in-
creasing its elimination. Although healthy individuals may increase
CO, elimination by increasing ventilation, patients with respira-
tory failure cannot achieve this because they have limited potential
for increased alveolar ventilation. Consequently, the objective of
nutritional support should only be directed to producing reduced
amounts of PCO,. Therefore, since the respiratory rate of fats (0.7)
is less than that of the other major energy sources (carbohydrates
1, protein 0.8), high fat and low-carb diet should be one of the main
goals [18] (Table 2). However, it should be stressed that severely
underweight patients receiving combined nutritional support (en-
teral - parenteral) are unable to use fat. Instead, they use carbohy-
drates, adding another problem to their already severe health con-
dition [18]. In this case, controlling hyperglycemia is considered to
be essential [19].

Relationship between nutrition and respiratory function in patients with respiratory failure

Efffect of high carbohydrate and fat content

Pulmonary Deficiency

Reduction of calories consumed

Increase of caloric requirements

Malnutrition

Tisue damage, which involves:
1. Deterioration of respiratory muscle function
2. Decreased response to hypoxia
3. Reduction of resistance to infections

4. Deterioration of pulmonary function

Administration of high carbohydrate diet
Increase of CO, production
Increase of respiratory rate

2

Inability to release CO,

CO2 retention

Respiratory Deficiency

High fat content diet

\:

Improvement of nutritional status without retention

Low carbohydrate content diet
\:

Increase CO, production and retention

Table 2: Role of nutrition in patients with COPD.
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In order to maintain and/or to improve muscle mass in patients
with COPD with malnutrition but also to hinder disease’s evolution,
nutritional supplement has proved to be of high importance [20-
22]. For healthy individuals, supplying high protein diet has been
found to increase breathing stimuli and air ventilation per minute.
However, in patients with respiratory problems, as it is the case
of patients with COPD, who have decreased alveolar reserves, the
increase in the stimulus entails an increase in the work of breath-
ing and an increase in the feeling of dyspnea. As the energy cost
of breathing in patients with COPD is 439 - 720 cal/day, meaning
ten times higher than in healthy people, specific individualized di-
etary measures with high calorie density should be applied [18,23]
(Table 3). Phosphorus administration proves to be beneficial as it
increases the reduced 2,3 DPG levels of erythrocytes and ATP, thus
helping to a better release of oxygen from the hemoglobin [24].
Fruits and vegetable reach in antioxidants, minerals, vitamins and
fiber as well as Omega-3 polyunsaturated fatty acids, vitamin C, D
and E supplementation have been found beneficial in chronic and
acute respiratory conditions [25-27]. Last, but not least, small fre-
quent meals that are dense in nutrient content with sufficient calo-
ries that meet basal energy expenditure and induce weight gain as

well as resting before meals are highly recommended [28].

Determination of daily energy requirements (total calories)
Substrate mix
Carbohydrates: 28%
Fats: 55%
Protein:17% of total calories

Phosphorus, vitamin C, D, E administration

Fruits, vegetables, Omega-3 polyunsaturated fatty acids

Table 3: Nutritional recommendations for patients with COPD.

Conclusion

During the last decades, COPD’s occurrence has increased while
its consequences due to malnutrition and/or undernutrition are
significant both in economic and social terms. Thus, evaluating and
applying effective individualized nutrition therapy proves to be of
crucial importance for the improvement of alterations both in the
respiratory muscle function and in the complement system of pa-
tients suffering from malnutrition due to COPD. More precise, they
should estimate or calculate total energy needs in order to prevent
either underfeeding or overfeeding. When spontaneous oral nutri-
tion is scarce, its supplementation with enteral nutritional formula
or complete nutritional support with parenteral feeding should be

considered.

In summary, protein-calorie malnutrition should be suspected
in any patient with COPD and acute respiratory failure. In order to
avoid preexisting nutritional deficits, aggressive nutritional sup-
port should be initiated early in the illness. Nutritional therapy
should be directed toward replacing deficits in addition to con-

serving body protein stores. A high-fat diet, the administration of

22

necessary proteins and phosphorus, maintaining reduced levels of
glucose, paying attention to fluid and electrolyte balance as well as
ensuring small but dense meals that lead to less oxygen consump-
tion and a better descent of the diaphragm represent the ideal so-
lution for patients with respiratory problems, as it is the case of
patients with COPD. Whether such therapy can improve morbidity

and reduce mortality should be the subject of future studies.
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