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There is an increasing interest in the relationship between nutrition and lung health.
Epidemiological studies suggest that dietary habits may have an influence on lung function and
the tendency to common lung diseases such as asthma, chronic obstructive pulmonary disease
(COPD) and lung cancer. In particular, a diet rich in fresh fruit and fish has been associated with
a salutary effect on lung health. End-stage COPD is associated with a state of nutritional depletion
which is refractory to conventional nutritional supplementation. In contrast, malnutrition
associated with cystic fibrosis is amenable to nutritional therapy, which has been shown to
improve prognosis in this disease.

Chronic obstructive pulmonary disease: Lung cancer: Cystic fibrosis: Nutritional therapy

Factors related to nutrition are implicated in the patho- of asthma, genetic factors and exposure to allergens have
genesis of a wide variety of diseases. Most attention hasbeen identified as playing a key role, whilst COPD and lung
focused on the now well-established link between diet, cancer are largely the result of cigarette smoking (Doll &
energy imbalance (obesity) and cardiovascular diseasePeto, 1976). The influence of genetic factors and atopy on
particularly coronary artery disease (World Health asthma, and cigarette smoking on COPD and lung cancer is
Organization Expert Committee, 1982). The critical role of so strong and ‘obvious’ that other factors such as nutrition
nutrition has been recognized also with regard to chronichave been subjected to less scrutiny than would otherwise
disease states of the other organ systems, e.g. the primacy diave been the case. Second, even in those respiratory
dietary measures in the management of metabolic disordersliseases like cystic fibrosis, where nutrition plays a
such as diabetes (Leanal 1991), the relationship between significant role in the manifestations and management of the
poor nutritional status and failure of the immune system disease, the relationship between nutrition and disease state
(Chandra, 1990), the value of nutritional support and dietaryis not directly causal, rendering study of the role of nutrition
modification in renal and liver failure (Lee, 1980), and the less attractive. However, interesting new evidence which
importance of special diets in the management of disordershas emerged over the past decade suggests that there might
of the gastrointestinal system (Cummings, 1993). The partbe a significant link between dietary intake of certain
played by nutrition in the pathogenesis of cancer has alsonutrients and lung health (Sridhar, 18R5In particular,
been the subject of extensive research (Doll & Peto, 1981). epidemiological studies point to an association between
In striking contrast to the situation pertaining to the other decreased risk of chronic lung disease and a high intake of
organ systems, the relationship between nutrition andfoods rich in antioxidant activity (Shahetral 1994). These
diseases of the lung and respiratory system has receivegtudies suggest that not only do high intakes of fresh fruits,
little attention. Major texts of nutrition often mention the vegetables and certain fish oils appear to offer protection
lungs only in passing, or not at all (Garrow & James, 1993). against lung disease, but also that these food items seem to
However, this relative neglect is easily explained. First, have a clear, if mild, salutary effect on lung function. At the
the three most common lung diseases (asthma, chronicame time, studies attempting to obtain insight into the
obstructive pulmonary disease (COPD; a term used tomolecular and chemical basis of lung disease have, using
describe chronic bronchitis and emphysema) and lungtechniques of molecular biology, identified oxidant—anti-
cancer) have a fairly well established aetiology. In the caseoxidant imbalances as the basis of lung tissue damage in
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these illnesses (Kondet al 1994), lending a biological The most striking observations on the effect of starvation
plausibility to the conclusions of the epidemiological on respiratory morbidity come from the studies by the
studies. Jewish physicians in the Warsaw ghettos (Winick, 1979).

Also receiving increasing attention is the other side of Under the leadership of Dr Israel Milejowski, a group of
the relationship between nutrition and lung disease, theinvestigators studied and described in remarkable detail the
deleterious effect of lung disease on a patient’s nutritional clinical and pathological consequences of food deprivation.
status (‘the pulmonary cachexia syndrome’) and the adversdt was noted that in severe malnutrition, minute ventilation
prognostic implication of this nutritionally-depleted state. decreased to half normal values and there was an increased
Patients with lung disease who begin to lose weight have a@endency to pulmonary infection, including tuberculosis
greater mortality and morbidity from their disease than their (‘death from starvation is death from pneumonia’).
weight-stable peers (Rogerst al 1992). Whilst the Most interestingly, starvation was described as causing a
mechanisms that result in weight loss in severe lung diseaseondition of ‘atony of the lungs’ which was described thus:
remain poorly defined (Sridhar, 1995 the profound ‘However, in the few cases where X-rays were available we
implications of nutritional depletion have prompted a could demonstrate radiolucency of the lungs, free
renewed interest in the subject. costophrenic angles, lowering of the lower lung borders, and

The aim of the present review is to summarize the decreased pulmonary mobility in the absence of tubercular
information currently available on the links between signs. This new syndrome of atony of the lungs, never
nutrition and lung health, addressing both aspects of thisdescribed before in hunger disease, was characteristic and
interesting relationship: the effect of nutrition (and dietary consistent in the lungs of our patients’. These features would
habits) on lung health and disease; the effect of lung diseaseow be readily recognized as characteristic signs of
on nutritional status. The present paper is broadly dividedemphysema. Stein & Fenigstein (1946), who carried out the
into two sections: the first, dealing with the impact of autopsies, reported that findings of emphysema were present
malnutrition and deficiency of specific nutrients on lung in fifty of the 370 cases. In twenty-six of those cases the
function and disease; the second, describing the nutritionalindividuals were less than 40 years of age, and the authors
consequences of lung disease. The articles following thedrew particular attention to the singular appearance of
present overview focus on more specific aspects of the link'senile emphysema’ in this young population. Even allow-
between nutrition and lung health: the links between dieting for the fact that the authors did not define precisely
and asthma and COPD (Smital 1999), the mechanisms their criteria for making a diagnosis of emphysema, these
and management of the pulmonary cachexia syndromeremarkable observations were the first to describe in any
(Congleton, 1999), and diet and lung cancer (Virtamo, detail the link between nutritional depletion and
1999). emphysema, a subject which was to command the attention
of investigators once again almost half a century later (see
Malnutrition as a cause of lung disease Wilson et al 1985).
The effects of starvation on lung function Dietary habits, lung function and chronic obstructive
In 1919 Benedickt al (1919) published the results of their pulmonary disease
starvation experiments on human volunteers. Various
physiological changes which accompanied the weight lossWhilst studies earlier this century were of the effects of
(about 10% of initial body weight) on this diet were starvation on global lung function, more recent studies have
measured. After weight loss the overall basal heatfocused on the association between lung health and dietary
production or, as it is now known, resting energy intake of specific food substances and nutrients. Analysis of
expenditure, fell by 20% and ,Gconsumption by 18%. data from a representative sample of adults in the USA,
Minute ventilation (the total volume of air breathed in examined as part of the Second National Health and
1min) was recorded to have fallen from an average of Nutrition Examination Survey, suggested that higher dietary
5-09litres/min to 4-49litres/min. The negative effect of intake and serum concentrations of vitamin C had a
nutritional deprivation on ventilatory function was con- protective effect against respiratory symptoms (Schwartz &
firmed by the Minnesota experiments (Kegfsal 1950). Weiss, 1990). Independent of cigarette smoking, there was
Vital capacity (the maximum amount of air expired by a an inverse relationship between bronchitis and dietary
subject after a maximal inspiration) fell by an average of vitamin C intake. Strachagt al (1991) in a study of 1502
390 ml, while minute ventilation fell from an average non-smokers and 1357 smokers with no history of
of 4-82litres to 3-35litres. Most interestingly, respiratory respiratory disease found that fresh fruit consumption in
efficiency, which was arbitrarily defined as the amount of winter, and by implication habitual fruit consumption, was
O, removed (in ml) per litre expired air, decreased by 16 % significantly related to ventilatory function not only in
during aerobic work and 11% during anaerobic work. While current smokers but also lifelong non-smokers. After
the vital capacity returned to baseline values after 12 weeksadjustment for differences in anthropometric measures,
of refeeding, measures of respiratory efficiency took longer socio-economic status and smoking habits, the forced
(20 weeks) to return to normal. Although no measure of expiratory volume in 1s (FEY of the group with a ‘low’
respiratory muscle strength was made, the conclusion wasntake of fruit was less than that of the ‘high’ intake group
that the deleterious effect of starvation on ventilation by about 80 ml. A cross-sectional study of over 2500 adults
resulted from weakness of the respiratory muscles. in Nottinghamshire (Brittoret al 1993) revealed that not

https://doi.org/10.1017/50029665199000415 Published online by Cambridge University Press


https://doi.org/10.1017/S0029665199000415

Nutrition and lung health 305

only was FEV directly related to habitual vitamin C intake disease and the predictive value of lung function are in some
(after adjustment for smoking habits), but also that the effectway related to dietary habits and habitual antioxidant
of vitamin C on FEVY was greater in the older age-group, vitamin consumption.
suggesting that vitamin C had a protective effect on lung
function. Analysis of the data collected for the First National
Health and Nutrition Examination Survey has lent more
support to this view (Schwarz & Weiss, 1994), as have If this is the case, is there a diet that can protect against
studies in children (Coolet al 1997). More recently, a obstructive lung disease? Should patients at risk of develop-
group of Dutch investigators (Grievinkt al 1998) have ing COPD, i.e. smokers, be advised to take supplements of
documented an association between a high intake of vitaminantioxidant vitamins? Association does not imply causation,
C orB-carotene and better lung function. In addition to these and all the studies cited suggest no more than an association.
cross-sectional studies, in a longitudinal study, anotherAlthough most of these studies have taken care to avoid
group of Dutch investigators (Miedenea al 1993) exam-  vitiation of results by well-recognized confounding factors
ined the relationship between diet and the incidence of(age, smoking, energy intake, socio-economic status), it is
chronic non-specific lung disease (a collective term still possible that there are other factors, including genetic
embracing the diseases of asthma, bronchitis and emphyenes, that may have a bearing on susceptibility to lung
sema) over a 25-year period, and found that after adjustmentlisease. There is as yet no evidence which bridges the gulf
for confounding factors, fruit intake was inversely related to between the community-based studies and laboratory-based
the incidence of lung disease. The other dietary componentstudies to show that decreased habitual consumption of anti-
that have received attention as a protector against tendencgxidant vitamins is accompanied by failure of antioxidant
to smoking-induced lung disease are th8 polyunsatu- defence mechanisms in the lung. Furthermore, more
rated fatty acids (Shahat al 1994; Britton, 1995). importantly, antioxidants given as supplements may not
In summary, whilst not showing causation, all these have the same effect as antioxidants obtained from natural
studies appear to show a consistent pattern, associatingources, and indeed, as in other situations, the use of anti-
better lung function and relative freedom from chronic lung oxidant vitamin supplements may be associated with
disease with intake of nutrients high in antioxidant (fresh harmful side effects (The Alpha-Tocopherol, Beta-Carotene
fruit) and anti-inflammatory (fish oils) activity. What is Cancer Prevention Study Group, 1994).
particularly interesting about the results of these
community-based studies is that, in theory, they fit quite
well with the evidence that techniques of molecular biology
are beginning to uncover about the pathogenesis ofAsthma is the commonest respiratory disorder affecting the
obstructive lung disease. It seems most likely that tissuegeneral population. Whilst genetic influences and tendency
damage in COPD is an inflammatory phenomenon relatedto atopy have long been recognized as significant influences
to oxidant-mediated damage (Heffner & Repine, 1989). on developing the disease, dietary influences have also been
Although antioxidant enzyme activity is increased in alveo- proposed, particularly to explain the well-documented
lar macrophages of young asymptomatic smokers (Hoidalincrease in the disease. Earlier studies appeared to suggest a
et al 1981), similar cells from elderly current smokers role for Na intake, with demonstration of a relationship
show decreased antioxidant enzyme activity, and profoundbetween the response of the airways to histamine and Na
oxidant—antioxidant imbalance (Kondet al 1994). It intake (Burneyet al 1986), and a correlation between
appears therefore that lung damage leading to obstructivencreasing mortality from asthma in males and table salt
lung disease results from unopposed oxidant activity. The(NaCl) purchases in the community (Burney, 1987). More
finding that fresh fruit and fish oils, with their high anti- recent studies have cast some doubt on this hypothesis
oxidant and anti-inflammatory activity, offer protection (Devereuxetal 1995), but other dietary elements, including
against such damage is thus in keeping with the currentlyMg (Britton et al. 1994) and Se (Flagt al 1990), have been
postulated mechanisms. postulated as having a role to play in the aetiology of
asthma.

Clinical implications

Dietary influences on asthma

Nutrition: the missing link?

It is well known that although most patients with COPD are Diet and lung cancer

smokers, only a minority of smokers proceed to develop Epidemiological studies suggest that a high intake of
severe lung disease, suggesting that amongst smokers theoarotenoid-rich vegetables and fruits is associated with a
are wide variations in the tendency to develop COPD (Pride,lower risk of cancer, particularly lung cancer (Doll & Peto,
1990). Some epidemiological studies have suggested thal981). However, studies which have assessed the role of
there are factors related to social class, but unrelated tesupplementation with specific agents considered responsible
smoking, that may determine susceptibility to lung diseasefor this protective effecto(-tocopherol ang-carotene) have
(Burr & Holliday, 1987). Studies have also shown measuresshown that not only are these vitamin supplements not
of lung function (FEVY in particular), independent of protective against lung cancer, but also that dietary supple-
smoking, to be predictors of all-cause mortality (Hetel mentation may, paradoxically, increase the risk of cancer
1996). On the basis of the foregoing studies, it is tempting to(The Alpha-Tocopherol, Beta-Carotene Cancer Prevention
speculate that the differing tendencies to develop lungStudy Group, 1994).
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Respiratory consequences of obesity anthropometric measures as well as inspiratory and

Breathlessness is a common complaint amongst the Obeséaxpwatory pressures, should be included in the evaluation of

" . . . Jatients with suspected nutritional impairment’.

In addition to global impairment of lung function the obese v A more recenft) study further highlri)ghts the problem of
also suffer from' a more specific d_|sord¢r of breathing dgrmg nutritional depletion in COPD patients (Wouters & Schols,
sleep. ObstrucUye sleep apnoea '? %dlser]a}se %haracterlzedti 93). These investigators assessed the body composition
snoring, intermittent cessation of breathing due to upper : . ;

. . . . of a group of 255 patients with moderate COPD (mean
airway obstrgctlon during sleep,_ and d_aytlme somnolence.FEV %S%Dpredictedpvalue) who were part of a pulm(onary
Whilst the disease does occur in a minority of non-obese 1

N S . rehabilitation programme. Arguing that body weight is not a
individuals, it is predominantly a problem of the obese sensitive measure of nutritional status or body composition,
(Douglas & Polo, 1994).

they estimated fat-free mass (FFM) in these patients using
the bioimpedance technique. Classification of patients on
Lung disease as a cause of malnutrition the basis of body weight and FFM revealed that not only did
underweight patients show evidence of depletion of FFM,
The fact that weight loss heralded a state of terminal declinebut that a significant proportion of normal-body-weight
in patients with chronic airways disease was known even inpatients too were depleted of FFM. These normal-weight
the late 19th century (Fowler & Goodlee, 1898). Although patients with low FFM exhibited greater physical impair-
the association between weight loss and mortality from lungment than underweight patients with preserved FFM.
disease was thus recognized, it was not until the 1960s thakt appears from this recent and important study that
attempts were made to investigate this relationship. A malnutrition may be more widespread a problem than
number of studies of this period, especially longitudinal hitherto believed.
studies aimed at predicting the prognosis of patients
with chronic airways disease, clearly demonstrated that a
significant proportion of these patients suffered from
malnutrition. Not only did these studies show that the group
that lost weight exhibited a more rapid decline in lung Although malnutrition has been recognized as a significant
function and exercise tolerance, but they were also moreproblem in patients with COPD, attempts to elucidate the
likely to die from their illness in comparison with their underlying pathophysiology of this phenomenon have been
weight-stable counterparts. Not much interest was evincedfew. Decreased dietary intake (Vandenbetgal 1967),
towards the link between malnutrition and lung disease untilincreased energy expenditure consequent upon an increased
the last decade, when workers, mainly in the USA, pointedenergy cost of breathing (Donahetal 1989), infections
out once more the high prevalence and significant clinical (Bates, 1973), tissue hypoxia (Sridhar, 1§9and drug
importance of malnutrition in patients with COPD. In therapy (Amoroscet al. 1993) have all been proposed as
contrast to the investigations of the 1960s, the studies of thébeing responsible for the state of negative energy balance.
1980s and 1990s that have followed the observations ofit is quite likely that these mechanisms are not mutually
these workers have largely been preoccupied with theexclusive and, to a degree, all of them contribute to weight
clinical rather than the pathophysiological significance of loss in patients with end-stage lung disease.
nutritional depletion. Hunteret al (1981) measured
nutritional status, dietary intake and immunological
responses in thirty-eight patients with COPD, and found
twenty-seven showed evidence of weight loss, although
their mean recommended intakes for nine vital nutrients The logical consequence of the identification of mal-
(and by implication their overall diet) were above the nutrition as an adverse prognostic factor in severe COPD
recommended daily allowances. Skinfold measurementshas been an attempt to improve prognosis by nutritional
revealed a depletion of both lean body mass and fat storesiepletion. However, in the main, studies of supplementary
although visceral protein stores, as estimated by serunfeeding in this situation have been rather disappointing.
albumin and transferrin, were normal. Nine of the thirty-two Weight gain and improvement in lung function have been
patients who underwent immunological testing (intradermal achieved at a considerable financial cost (Rogersl
injections of purified protein derivative and Candida 1992) or, anecdotally, with the addition of anabolic agents
antigens) showed anergy. Huntr al (1981) concluded  such as clenbuterol with an undetermined long-term safety
that malnutrition of the marasmic type was widely prevalent profile (Sridharet al. 1997). Simple supplementary feeding
in patients with COPD. Subsequent studies have confirmedin a routine clinical setting has been shown to be of no value
the prevalence of malnutrition in COPD patients, including in influencing nutritional status or lung function favourably
some studies examining the incidence of malnutrition in an (Sridharet al 1994), a situation quite in contrast to the other
outpatient population in order to avoid the confounding lung disease associated with malnutrition, cystic fibrosis.
effect of acute illnesses that hospitalized COPD patients
may exhibit. Wilsoret al (1985), in an extensive review of
the link between nutrition and chronic lung disease,
summarized these studies and various other studies andhe one disease amongst lung disorders that has been an
concluded ‘malnutrition is a common problem in patients exception to the rule of relative neglect from nutrition
with COPD, so that nutritional assessment, including experts is cystic fibrosis (Ramsest al 1992). Cystic

Pathogenesis of malnutrition in patients with chronic
obstructive pulmonary disease

Nutritional therapy for chronic obstructive pulmonary
disease

Nutrition in cystic fibrosis
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fibrosis is an autosomal recessive disease of exocrine glandBurr ML & Holliday RM (1987) Why is chest disease so common
that mainly affects the pancreas and the lungs. Malnutrition in South Wales? Smoking, social class and lung function: a
is a well-recognized feature of cystic fibrosis, and is séurvey 0f~eld|.?rly|r&inllzct)wgﬂed&umal of Epidemiology and
the result not primarily of the lung pathology, but of the _ Community Healtidl, 140-144. . .

pancreatic abnormality associated with the disease that lead§handra RK (1990) Nutrition and immunitmerican Journal of

: P e A Clinical Nutrition 53, 1087-1101.
to malabsorption. Although prognosis in _Cystlc fIbI’OS!S IS Congleton J (1999) The pulmonary cachexia syndrome: aspects of
related to pulmonary function, poor nutritional status is an

: c energy balanceProceedings of the Nutrition Societys,
independent predictor of poor outcomes (Kraemerml 321-328.
1978). Unlike the situation pertaining to COPD, nutritional Cook DG, Carey IM, Whincup PH, Papacosta O, Chirico S,
therapy, including judicious use of parenteral nutrition, has Bruckdorfer KR & Walker M (1997) Effect of fresh fruit
been shown to have a favourable impact on mortality and consumption on lung function and wheeze in childfémorax
morbidity from the disease (Corey al 1988). 52, 628-633.
Corey M, McLaughlin FJ & Williams M (1988) A comparison
of survival, growth and pulmonary function in patients with
Conclusions Cystic Fibrosis in Boston and Torontdournal of Clinical
The_rg is an increasing interest in the relationship betweenCuEﬁﬂﬁlg;mggw(Jigsgsg ?\lgultiritional management of diseases of
nutrition and lung health. the stomach and bowel. luman Nutrition and Dieteticgp.

(1) Dietary habits and nutritional status appear to have an 480-503 [JS Garrow and WPT James, editors]. Edinburgh:

; ; Churchill Livingstone.
influence on lung function and the tendency to common evereux G, Beach JR, Bromley C, Avery AJ, Ayatollahi SM,

lung diseases such as asthma, COPD and lung cancel (yiielt G PEAER B SIOROY &0 0, o, BV (1995)

The exact nature of the nutrients involved, the magni-  poes dietary sodium influence airway responsiveness and is it

tude of their influence .and the practical implications of  jmportant in"asthma epidemiologyhorax50, 941-947.

these influences remain unclear. Doll R & Peto R (1976) Mortality in relation to smoking: 20 years’
(2) End-stage lung disease, in particular emphysema, is observation on male British doctoBritish Medical Journal,

associated with weight loss and nutritional depletion.  1525-1536.

Patients with emphysema who begin to lose weight suf-Doll R & Peto R (1981) The causes of cancer: guantitative

fer a greater mortality and morbidity from their disease. gstlmatlesf OI: «':1\'/\?Id.ableI %sks of clanqeg tlhlegiJnitggSStates today.

Standard nutritional supplementation in these circum- _ Journal of the National Cancer Institué, 1191-1308.

stances has not been sﬁgwn to alter outcome. Donahoe M, Rogers RM, Wilson DO & Pennock BE (1989)

- . Oxygen consumption of the respiratory muscles in normal and in
(3) In contrast, nutritional therapy has a key role to play in malnourished patients with chronic obstructive pulmonary

the management of cystic fibrosis. Appropriate nutri-  giseaseAmerican Review of Respiratory Dised<s) 385—-391.
tional support is associated with decreased mortality andDouglas NJ & Polo O (1994) Pathogenesis of obstructive sleep
morbidity from the disease. apnoea/hypopnoea syndrorhancet344 653—-655.
Flatt A, Pearce N & Thomson CD (1990) Reduced selenium in
asthmatic subjects in New Zealafthorax45, 95-99.
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