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Abstr¡ct

l. Vitamin A is known to have a number of functions and effects vhich

are related to susceptibility to infection, particularly of the respiratory

tract.

2. No previous systematic attempt appears to have been nade to

investigate vhether vitamin A status is a determinant of respiratory

morbidity in Western populations or, in particular, is causally significant in

individuals prone to respiratory infection.

3. The l-5 year old age group experiences peak respiratory morbidity,

and this is also a time when vitamin A reserves cao be expected to be lov.

A randomized controlled trial of vitamin À supplementation was carried

out in a group ol 147 preschool children who had experienced frequent

respiratory symptorns in the preceding 3 months. A 19% drop in number

of episodes, but not days of symptorns, uras associated vith

supplementation. The difference v/as observed particularly amongst

children vith a history of lower respiratory infection. Children who

experience lover respiratory infection in infancy have been shown in

maûy studies to experience higher than normal levels of respiratory

morbidity later in life and this group was selected for further study.

4. À group of 206 2-6 year old children vho had been hospitalized in

infancy with respiratory syncytial virus positive bronchiolitis were

identified. A randomized, controlled trial of vitamin À supplementation in

t'



this group showed no effect on respiratory symptoms. However plasma

vitamin A values vere unusually low and did not change with

supplementation. The relationship between vitamin A status and

respiratory morbidity in this group, particularly in the first year of life,

and the reason for the apparently low plasma values which did not

respond to supplementation, remaiû to be investigated.

5. Plasma retinol levels are independent of dietary intake and liver stores

in well-nourished persons. A tissue based assessment of vitamin A status

based on the vitamin A content of buccal mucosal cells was developed in

conjunction with the second study.



Chapter I

Introduction
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Respiratory ilþess is a major source of morbidity and mortality in

both the developed and devetoping world . Acute respiratory illnsss i5

thought to be the cause of a quarter to a third of all deaths in children

under 5 years in many countries of Africa, Asia and Latin America ( Pio et

al, 1985), q/hile in Australia,4 times as many people of all ages die from

respiratory infections than from all other communicable diseases combined

(Douglas, lgSt). The burden of morbidity is correspondingly hieh. A

longitudinal study ol 1707 residents of Manhattan found that 60t of illness

and 8l f of person-days of illness were due to respiratory illness and,

depending on age, persons were ilt 25% to 60f of the time (Lebovitz et al,

1972 a,b). Much of this illness is untreated or untreatable. Viruses, for

which there are fev effective treatments, are the maior cause of

respiratory infections in developed countries (Mufson, lgSi). A recent

conference on acute respiratory infections in childhood reported that even

known treatment measures vere not being applied in some cases and

pinpointed effective case management as a major priority for the

developing world (Pio et al, 1985; Final Conference communique, 1985).

An absence of effective treatment for upper respiratory illness has

focused attention on potential preventive measures as a means of control.

Ihe interaction betu¡een nutritional status and infection has been

demonstrated in many studies (scrimshav, 1968; Suskind, t977: Chandra,

1977:Chandra, 1983, Stinnett, 1983, Tupasi, 1985). Ïhat such an

interaction is complex was demonstrated by Scrimshaw ( 1968), who

revieved studies showing both synergistic and antagonistic interactions
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between malnutrition and infection, depending on the nature of the

invading organism and the host species. In virtually all human studies,

however, malnutrition increased severity or had no effect. Thus, Tupasi

(19S5) found an increased case-f atahty rate from acute respiratory illness

in children vith severe protein-calorie malnutrition. but not an increased

incidence of the disease. Barclay et al ( 19S7) reported that mortality from

measles was several times higher amongst marasmic than better

nourished, lor/ weight for age children.

Àn interaction between nutrition and infection is of particular public

health importance in developing countries. However it may also play an

important role as a contributor to morbidity in affluent countries.

Overnutrition as well as undernutrition can result in deficits in the immune

response (Chandra, 198 l, 19771. Nutrition may play a role in the

immuno-competence of nutritionally at risk groups, such as the newborn

and the elderly (Watson, l9S4). Low birthveight infants are at nutritional

risk at a critical time in the development of their immunocompetence

(Chandra, 1983). Chandra and Puri ( 19S5) found an improved response to

influenza vaccination amongst elderly with nutritional abnormalities, when

those abnormalities were corrected with nutritional supplementation. The

effects of infection itself on the metabolic state of the host (Chandra, 1977;

Beisel, 1979,1984) and the differences in metabolic consequences of

disease-induced malnutrition as compared vith starvation-induced

malnutrition (Beisel,l984), suggest that frequently ill persons in a

community may be at particular risk of a nutrition-infection interaction.

Few studies have investigated the influence of diet on morbiditv and
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mortality due to acute respiratory illness in Westerû communities,

hovever. A study on this subject, with particular importance in initiating

the presentresearchvas conducted byDouglas and Muirhead (1983).The

community investigated was the readership of the magazine Australian

Women's Weekly, a popular magazine vith a large, nation-vide circulation.

A questionnaire which sought information ot social, psychological and

environmental factors associated vith acute respiratory infections was

published in the magazine. The questionnaire collected information on

members of the family who were most and least prone to respiratory

infections, as well as the respondent. À total of 3495 questionnaires

concernine 8470 individuals were returned. A question on the type of diet

showed 7213 persons to have a normal diet, 322 individuals to have a

vegetarian or high fruit and vegetable diet a¡d 642 persons who had other

specified "special diets", and this was analysed in relation to number of

respiratory episodes during the preceding 12 months. The vegetarian and

high fruit and vegetable group had consistently fewer episodes of

respiratory illness over all age groups (age adiusted mean 1.95 episodes

during the preceding l2 months, sem 0.16 compared with 2.53 episodes,

sem 0.03 respectively): Fewer of the high fruit and vegetable eaters

(2J.7%) reported a tendency for colds to "go to the chest" compared with

the normal diet group Q9.5%). Individuals who supplemented their diet

with daily orange or lemon juice did not differ from those on normal diets

with respect to respiratory infections, while those who supplemented with

vitamin C reported higher mean episodes of infections.Ïhe families who

returned questionnaires are not necessarily representative of all Australian

families. However the consistency of these observations within the study

population. and particularly their consistency over all age Sroups,

t



suggested the possibility that vegetable eating was protective for acute

respiratory infections. If so, the question vas raised vith respect to the

current research, vhether there vere any constituents of vegetables,

which are not also major constituents of fruit, which have known functions

that could provide a theoretical basis for expecting a protective effect for

acute respiratory infections.

A subsequent study of the literature identified vitamin A as a nutrient

with known functions which could be directly related to resistance

mechanisms for respiratory infection. The role of this vitamin in the

maintenance of secretory epithelia of the respiratory tract and its effects

on cell-mediated immune function are well documented and described in

chapter 2 of this thesis. They provide a basis for expecting an interaction

between vitamin À status and susceptibitity to infection to occur, at some

point in the contitruun between optimal availability and clinical

deficienry.

Vitamin A deficienry is widespread throughout the developing world.

A recent meeting of the World Health Organization estimated a prevalence

of 250,000 cases of severe deficiency with blindness in 4 major Asian

countries, and as many as 8-9 million cases of mild deficiency (WHO,

1982,1985). In Western countries, vitamin À deficiency is not a significant

health problem, although surveys in the U.S.A. and Canada showed some

groups to be at moderate risk (Underwood, 1984). Lov income groups

such as Mexican Àmericans, black Americans in low income states and

Indians on reservations had lov serum vitamin A levels in the Ten-State

Nutrition Survey in the U.S.A., t972. Aee as well as socio-economic status

a
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is a determinant of vitamin À status. Vitamin A reserves are low in

neonates and subsequently increase, reaching adult levels by the age of 4

years (Qlson et al, 1984). Vitamin A levels are lower in premature than

full term infants (Shah and Rajalakshmi, 1984; Howells et al, l9S4).

Àmongst premature infants, Shenai et al ( 1985) reported plasma vitamin

A levets s¡ere lower in those who subsequently developed

bronchopulmonary displasia than in healthy controls of the same

gestational age, and remained low for 28 days postnatally. Dietary intake of

Australian children tenerally has been reported as adequate (Commission

of Inquiry into Poverty, 1975: Stuckey and Darnton-HilI, 1980), although

studies of sub-troups vho may be at risk, such as aboriginals, the

chronically ill and the elderly are lacking,

The age at which clinical vitamin A deficiency is most prevalent, I -4

years (Sommer, 1983: Tielsch and Sommer, 1984), is also the age atwhich

respiratory infections reach their peak (Buck, 1956: Dingle et al, 1964), and

thus provides a basis for expecting an interaction betveen the two to be in

this age group.

Despite the general interest in outrition and susceptibility to

infection, fev studies have examined the role of vitamin A deficiency as a

contributor to infectious morbidity, probably because of the difficulty of

separating its effects from those of protein-energy malnutrition. Sommer,

in three recent studies in Indonesia ( 1983, I 986a, 1986b), reported the

association of vitamin A deficiency vith increased mortality from all causes

in the preschool age group and with increased morbidity due to diarrhoea

and respiratory infections (section 2.4.2). The difficulties encountered by
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these workers illustrate why very little information is available oN the

impact of marginal vitamin A status on respiratory morbidity, even in

countries vhere vitamin A deficienry is endemic and morbidity and

mortality due to respiratory infections is high. No information is available

about such an interaction in Western communities. The following chapters

describe an attempt to obtain preliminary information on this relationship

in a population of pre-school age children, resident in the suburbs of

Àdetaide.

a



Chapter 2

The Biology of Yitamin A: Defi¡itio¡ and Sources of Yariability in

Yitamh A Statu¡



ll

2.0 Introduction

The foltowing chapter describes uptake, transportation, storage and

mobilization of vitamin A and the way in vhich variability is introduced

into these processes. The concept of vitamin A status, its relationship to

these factors and the use of the term in this thesis is then discussed.

Subsequently the way in which vitamin A status may interact with

infection in determining susceptibility to further infection is described.

2-l lúetabolism of Yitamh À

2-l-l Structure and Natural Sources of vitamin À

Vitamin A has been defined by thelUPAC-IUB as a Beneric descriptor

for all compounds comprisine 4 isoprenoid units ioined in head to tail

manner (termed retinoids) which have the qualitative biological activity of

retinol (Nomenclature Poliry,1984). These molecules have in common a

conjugated double bond system, vhich confers 2 important properties: a

high extinction coefficient necessary for its role in vision, and extreme

hydrophobicity- a property which plays a major role in determining how

retinol is handled by the body (Ong, 1985 ). Vitamin À is essential for

normal growth, reproduction, vision and maintenance of epithelial surfaces.

The most physiologically active, naturally occurring form of vitamin A is

retinol:

a
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Recent advances in organic chemistry have enabled over 1000 retinoids of

varying biological activity to be synthesized. These have been used

ertensively in therapeutic dermatology, oncology and io experimental

studies of cellular differentiation and proliferation. The development of

forms of vitamin A, the biological activity of which exceeds that of

retinol, has prompted some workers to suggest an alternative definition of

vitamin A based on binding specificity rather than chemical structure

(Sporn and Roberts, 1985).

Mammals are not capable of synthesizing vitamin A de novo, but must

rely on dietary sources. Dietary vitamin A is derived indirectly from

intestinal conversion of dietary provitamin A compounds. The latter

compounds are red and yellow, fat soluble pigments, called carotenoids.

Carotenoids are structurally related to vitamin À and are present in all

photosynthetic tissues. 0f the carotenoids, ß-carotene is the form most

efficiently converted to vitamin A and the one found in greatest quantities

in green and yellow vegetables and yellow fruits. Other forms, ¿ and Y

carotene and their derivatives, thç, x_4lho"nhVlls,-ar-c_Jeqs qigni$c4nt die!4ry

soufces vitamin A (Underwood, l9S4). Preformed vitamin A ( mainly in

the form of long chain fatty acid esters of retinol) is converted from

provitamin A compounds by herbivores and secreted in milk. The major

dietary sources of retinol are therefore milk, cheese and high-lal dafty

products. IÍestern diets provide approximately 50r of vitamin A as

preformed and 50% from provitamin A sources.

Retinol, the most active form of vitamin A is a highly reactive,

polar molecule, toxic in its unbound form, which is transported in the

body bound to protein (retinol transport proteins serve both a
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protective and regulatory functioni. Vitamin A is stored mainly in its

esterified form (retinyl palmitate). vhich is less polar and transported

in combination vith lipids in chylomicrons. Exchange between these two

forms occurs frequently as vitamin A is transferred between vater and

lipid-soluble fractions of the cell and plasma during the process of

uptake, storage and mobilization.

2.1.2 Àbsorption

Events taking place during the absorption of vitamin A have been most

recently reviewed by Goodman et at ( 1984). Intestinal absorption of

vitamin A is closely associated with that of dietary lipids. Hydrolysis of

intestinal lipids (triglycerides, cholesterol and retinyl esters) by pancreatic

eûzymes takes place in the lumen of the gut and the products of lipolysis

are emulsified vith the aid of bile salts to form mixed micelles. These

particles (containing a lipophyllic core of fatty acids, monoglycerides,

bile salts, cholesterol and fat-soluble vitamins, and a hydrated outer

surface) diffuse across the stationary aqueoús layer to the mucosal

surface, vhere they are taken up by a process of passive diffusion. This

is a saturatable process (Hollander, 1981) and there is evidence of

competitive antagonism betveen fat-soluble vitamins at high

concentrations (Weber,l gS I ).

Factors which affect the partitioning betveen the oily, micellar

and luminal cell membrane phases affect the uptake of fat-soluble

vitamins. Production of bile salts enhances this process by activating

hydrolytic enrymes and promoting micellar formation (Weber 198 I,

Kahan 1970). Solublizing factors in the diet, such as lecithin and fatty acids
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may also assist (Moore 19J7, Hollander l98l ). Dietary polyunsaturated

fatty acids, however, tend to decrease uptake of fat-soluble vitamins

(Ames 1969, Weber 1981), possibly by stablizing micelles and reducing

uptake by intestinal cells. Although a high dietary fat content promotes

vitamin A uptake efficienry by increasing the size and number of mixed

micelles (Veber 1981 ), any factors (such as reduced stomach acidity)

which are likely to increase the concentration of unhydrolysed triglyceride

in the gut will reduce efficienry of absorption.

Antioxidant activity in the gut may also increase uptake of retinol.

Simultaneous administration of vitamin E with oral supplements of

vitamin A have been shown to improve utilization, although it is not clear

whether this is due to enhanced absorption or post-absorptive effects

fiagadeesan and Reddy, 1978).

Efficienry of absorption of retinol has been reported as 30-80%

(Weber l98l), and that of ß-carotene as approximately 33Ë

(Underwood, 1984), depending on the factors described above. Although it

is unlikely that changes in absorption efficienry will affect vitamin A

status in children with adequate liver reserves, variability in efficiency

of uptake of vitamin A may be a significant factor in determining vitamin

A status io those with marginal stores (Roels et al, 1963).

2-l-3 Transportation to and Uptate by Liver

Within the intestinal mucosa, ß-carotene is cleaved to retinaldehyde

and further reduced to form retinal. Retinol from this source and from

dietary preformed vitamin A is then re-esterified and incorporated into

a'
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chylomicrons which are secreted into tymph and ioin the general

circulation via the thoracic duct (Goodman and Blaner, 1984). Small

amounts of retinol and retinoic acid are transported to the liver via the

portal vein (Ganguly, 1969), hovever the major portion of dietary retinol is

carried in chylomicrons. Retinyt esters are transported mainly bound to

lipoprotein in the VLDL fraction, hol¡ever substantial amounts of retinyl

palmitate may be associated vith LDL (schindler and Klopp, 1985) and

may possibly ptay a role in transporting vitamin A to peripheral tissues.

Transport of retinyl esters is reduced in patients with abetalipoproteinemia

(Goodman and Blaner, 1984).

Chylomicron remnants are taken up by the parenchymal cells of the

tiver and retinyl esters are hydrolysed. Retinol may then be reesterified

and stored in fat droplets vithin the parenchymal cell or transferred to

fat-storing non-parenchymal cetls elsewhere in the liver ( these are

thought to act as a storage sump). Alternatively, retinol may combine with

retinol binding protein^and be released into the general circulation. Tfhich

of these pathways is taken, depends on the vitamin À status of the

individual. If circulating levels are lov, most nevly absorbed vitamin A is

mobilized (even if liver stores are low). If circulating levels are adequate,

most retinol is reesterified and stored, although a portion of nevly

absorbed retinol is still thought to be mobilized (Undervood, 1984)

2.1-1 Plasma Transport of Vitamin À

Vitamin A is transported in plasma bound to retinol binding protein. a

low molecular weight protein, synthesized by liver parenchymal cells and

combíned with retinol before secretion into the blood stream. Plasma

t
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retinol levels are determined by the rate of synthesis of retinol binding

protein under conditions of dietary sufficienry, and are regulated at a

homeostatic set point (Loerch et al 1979 ), although dietary intake may

fluctuate videly. The retinol-RBP complex associates in plasma with a high

molecular weight protein called transthyretin, which also transports

thyroid hormones. A minor proportion of retinol is transported associated

with various serun lipoproteins (Schindler and Klopp 1985, Ellis et al 1986,

Schindler et al 1985).

Retinol is delivered to tissues via specific cell surface receptors for

RBP (0n9, l98t) and, after loss of its ligand, circulating apo-RBP dissociates

from transthyretin. The smaller molecular weight protein is filtered and

excreted by the kidney. Apo-RBP is not recycled throuBh the liver

(Goodman et al 1984), however apo-RBP may play a role in stimulating de

novo synthesis of RBP in response to increased tissue utilization (Loerch et

aL 1979).

Plasma retinol levels drop when tissue utilization rates are

reduced, q/hen liver reserves are exhausted because of inadequate dietary

intake, and in response to a number of physiological influences. Changes

in steroid hormone secretion vhich occur durinß the menstrual rycle. or as

a result of oral contraceptive use, change the homeostatic set point

(Undervood, 1984). Plasma levels increase in response to estrogen

secretion, probabty due to stimulation of hepatic RBP synthesis. Increased

secretion of adrenocortical hormones due to stress (physiological,

emotional or dietary) leads to a net lowering of plasma retinol levels in

vivo (Underwood,l984). Conditions which affect protein synthesis (such as

protein-energy malnutrition) or any of the enrymatic processes involved in
I'
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the hydrotysis and reesterification of retinol (such as zinc deficienry), vill

affect plasma retinol levels.

2.1.5 Intracellular Distribution of Yitamin A

Intracellular rctinol is found in the rytosol bound to a small molecular

weight polypeptide, cellular retinol binding protein (CRBP). CRBP and

closely related cellular retinoic acid binding protein (CRABP) have been

found in almost every organ of the body (Ong, 1985)' several other

transport proteins which are tissue specific have been found in the eye,

intestine and testes, The intracellular metabolic function of retinol is

unresolved, however CRBP has been shovn to transfer retinol to specific

binding sites on the nucleus. The number of such sites has been shown to

be dependent on vitamin A status (Ong,1985).

2-1.6 Ercretion

Retinol is excreted in bile as polar coniugates, some of which are

reabsorbed in an enterohepatic circulation (Anonymous, 1985a). Retinol is

catabolized irreversibly by oxidation to less active forms. Retinaldehyde

retains fnost of the biologicat activity of retinol, but its oxidation

product, retinoic acid, while supporting growth and differentiation of

epithelial tissue, cannot function in vision or reproduction (Goodman,

1980). Oxidation products of retinol are excreted by the kidney as well as

by the liver (Underwood, 1984).
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2.1.7 llefinition of Vitemin A 'ttatus'

Underwood ( 1984) refers to nutritional status of a nutrient as the

difference bets¡een uptake, utilization and excretion of that nutrient

over a period of time. Vitamin A status is the 'sum product over time of

the dynamic processqs involving uptake, storate, mobilization, utilization

and excretion' lUndervood, 1984). This would inply that al. any one point,

vitamin A status is most closely reflected in liver reserves. However liver

reserves do not necessarily reflect availability of vitamin A at the cellular

level. For many nutrients, the latter is closely related to dietary intake and

totat body stores. For vitamin A the distribution of retinol to tissues is

highly regulated. Many factors determine the rate of release from liver

(section 2.1.3, Z.l.4l, hovever total body stores does not appear to be

among them. Uptake by tissues is also a controlled process influenced by

lactors vhich are at present, largely unknown. The factors which influence

the level of vitamin A at the point of utilization are therefore many, and in

addition to those affecting intake and total body stores.

Vitamin A status is thus defined, and used subsequently in this thesis,

as a state or condition which results from the sum of the processes of

intestinal uptake, storage, mobilization, transportation and cellular uptake

of vitamin À and which determines the presentation of vitamin A in

optimal levels to meet requirements at the cellular level.

Conventional wisdom states that plasma retinol is not a sensitive

index of vitamin A status in marginally or well-nourished

persons, because it is independent of liver stores. Under the broader

definition, we note that it is not a sensitive index of vitamin A status
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because it does not var,rr closely with functional indices such as cellular

retinol binding protein (Anonymous 1985b), dark adaptation (solomons

et al, 1982 ) and risk of epithelial cancer (Friedman et al, 1986).

2.2 Effect of Disease State¡ on Yit¿min A Status

In addition to physiological variables, a number of disease states affect

the processes described above. Those vhich affect pancreatic function,

(such as cystic fibrosis) or biliary secretion,(such as cholestasis)

reduce absorption, as do conditions which directly affect the lining of

the intestine(such as celiac disease, diarrhoea, parasitic infestation,

tropical or non-tropical sprue or short bowel syndromeXAmadee-Manesme

et al, 1985, Mahalanabis et aL, t979, Krishnan and Krishnan 1976 and

Underwood, 1984).

Liver disease of various kinds (eg cancer, infectious hepatitis, alcoholic

cirrhosis) is frequently associated with lov plasma retinol levels, probably

due to reduced mobilization of retinol from stores (Underwood, 1984). Drug

admínistration has been associated vith low plasma retinol levels and low

liver stores of vitamin A, possibly due to enhanced catabolism of retinol

(Leo et al, 1984). Segava et al ( 1986) reported lower plasma retinol levels

for patients with pancreatic cancer, calcified pancreatitis, inflammatory

bovel disease and liver cancer.

Conditions vhich increase metabolic rate, such as hyperthyroidism.

febrile and afebrile acute infections and stress, are also associated with low

plasma retinol levels (Underwood, 1984). The drop in plasma retinol with
a'
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infection is quite marked and persists for some time (Arroyave and

Calcano, |979;Bhaskaram et al, 1986). It is associated with a drop in

circulating retinol binding protein, but the mechanism for the rapid change

is not known (Anonymous, 19S I ). Sequestration of iron, another acute

phase response during infection, is thought to have benefits in inhibiting

bacterial growth (Beisel, t979). Ttrc potentially adaptive role of changes in

plasma vitamin A during infection has not been considered in the

literature.

Infection may also affect vitamin À status generally through

decreased absorption (Sivakumar and Reddy, t972; Mansour et al,1979 and

Mahalanabis et al, 19791and increased utilization secondary to the

anabolic response and tissue repair (section 2.4.t1

2-3 Physiological Functions of Vitamin A

Vitamin A is involved in a wide range of physiological processes:

grovth,reproduction, hematopoiesis, bone deposition, fetal growth.

vision and maintenance of epithelial and mesenchymal tissue. Deficiency

in experimental animals causes elevation of cerebro-spinal fluid pressure,

sloving of growth, histological changes in mucosal structures, defects in

cell mediated irnmunity,dark adaptation, rerosis and xeropthalmia. The

presence of a cellular retinol binding protein in almost every organ

system attests to the universality of vitamin A function. Whether this is

achieved through regulation of cellular differentiation and proliferation

or other mechanisms is unknovn (Sporn and Roberts 1985, Anonymous,

1985c). The exact biochemical pathways involved, and the mode of action

in controlling gene expression, remain to be determined.

I
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The functions most closelv related to susceptibilitl' to respirarorl'

illness relate to immunitv and maintenance of mucosal surfaces. The

function of vitamin A in vision illustrates how closelv the structural and

functional aspects of vitamin A activitv are intertwined. and how thev both

interact in determining susceptibilitv to infectiou.

2.3.1. Vision

The role of vitamin A in vision is one of its earlíest known functions. It

has a role in maintaining both the structural integritv and normal

function of the eve. Vitamin À is involved in the svnthesis of complex

polysaccharides. important in maintaining the integrity of the cornea. the

\¡ettabilitv of the corneal conjunctival epithelium. tear duct function and

lysoarme production lreviewed bv Inua.l9S3).

Vitamin A deficienry results in coniunctival xerosis lstage XlA.

WHO.1976) . Bitot's spot formation. and subsequentlv corneal xerosis

lstage X2). Drving of the cornea is followed bv loss of substance of parr or

whole of the corneal thickness (WHO.1976). Keratolmalacia - total loss of

structure of the cornea and extrusion of the lens - is the end stage of

deficienw. This process is often accompanied bv local infection and the

extent to which changes are due to vitamin A deficiency or infection. or a

synergistic interaction betveen the two. is not clearly determined lsection

2.4.11. An interaction betveen vitamin A deficienc.v and the severity of

histopathology of the eve in experimental Herpes simplex infection has

been shown by Nauss et al I 198-5a.b ). simlartv, vitamin A deficienry and

local infection may interact to enhance corneal lesions resutting fom



measles virus infection (Bhaskaram et al.l986).

The role of vitamin A in night blindness r/as one of the first

described functions of the vitamin (Wald. 1935).The photosensitive

retinoid I I -cis-retinaldehyde is the prosthetic group of the lieht

sensitive pigment, rhodopsin. Excitation with light converts the cis form

to all-trans retinaldehvde. subsequently reduced to free all-trans

retinol. The process of recovery of cis-retinaldehyde is not completely

understood (Bridges, 1984). The absorption maximum of rhodopsin gives it

maximum sensitivity in dim lieht. Recovery of vision in dim tight. after

bleaching (dark adaptation). forms the basis of a sensitive test of vitamin

A availabilitv.

Vitamin A is stored as retinyl esters f both I I -cis and all trans

forms) in retinal pigment epithelial cells. Considerable quantities of

vitamin A are stored in this way, however this does not appear to be a

potential source for the rest of the bodv and is retained during vitamin A

deficienry (Bridges. 1984). It is interesting that all special sensory

cells (eg olfactory, gustatorv, hair cells of the inner ear) are dependent

on vitamin A for normal function and store relatively large amounts (Chole

1978. Biesalski et al 1986). All such cells contain cilia or ciliary

remnants and demonstrate a common effect of vitamin A deficiencv on

their structure and function.

2.3-Z Immunity

Evidence for involvement of vitamin A in maior aspects of the immune

response is considerable. Beisel. in a comprehensive review ( 1979i, cited

t'



both enhancement and reduction of humoral and cell mediated immune

function in response to vitamin A adninistration and deficienry

respectively. Antibodv responses were diminished in vitamin A

deficient rats and chicks. and numbers of splenic plaque forming cells

reduced. T-cell transformation in rats was also reduced and restored with

vitamin A supplementation. Reduction in delayed dermal hypersensitivity

response and enhanced skin-graft rejection were other consequences of

vitamin A, deficienc,v reported in this review.

Later reports have been consistent with this work. Enhanced induction

of antibodv forming cells and antibody production occurred in human

tonsillar l]¡mphocyte cell lines (sidell et al. l9S4) and in mice and rabbits

(Ptetsitvi and Askerov, 1982) in response to vitamin A administration. High

doses of vitamin A (50,000 iu), given to patients with chronic pneumonia

resulted in increased numbers of T and B lymphowtes as well as increased

serum IgG and IgM. MitoBenic response to PHA was enhanced (Pletsityi et

al. 1982). Kitano observed similar effects in rats (l9St). Ptetsityi (1985)

concluded that vitamin A may block the generation of antigen specific

suppressors. Anti-immunosuppressive activitv was also reported bv

Nuwavri-Salti and Murad ( I 98 5 ).

Soppi and Lehtonen ( 1984) reported that different retinoids selectivelv

activate different components of the immune response Thus retinoic acid

stimulated mainly Igm antibodies, vhile its derivative TMMP-retinoic acid

increased IgG antibodies. Both affected response to T-dependent. but

not T-independent aotiBen.

t'
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Bane n972) found that vitamin A deficiencv in chicks reduced l-vmphoc.vte

populations in submucosal tissue. Infection with Newcastle disease virus

resulted in 100 times more virus being collected from throat swabs of

deficient chicks compared vith normal controls. Sirisinha et at ( 1980 )

reported lou¡er secretory IgA levels in the intestinal fliud of vitamin A

deficient rats, while serum levels were unaffected. and attributed the

effect to reduced svnthesis of secretory component, Mildly vitamin A

deficient rats. infected ocularly vith Herpes simplex virus. shoved reduced

cervical lymph node (and splenic) lymphoryte transformation and natural

killer cell cytotoxicity (Nauss and Newberne, 1985: Nauss et al, l985a,b).

Disease onset was more rapid and severe than in pair-fed controls resulting

in epithelial ulceration and necrosis. Vitamin A deficieno/ was not severe

enough to affect growth in these animals, nor were systemic antibodv titres

affected.

Non-specific immune responses are also modulated by vitamin A.

Goldman (1984) reported enhanced phagorytic activit]¡ in macrophage-like

cell lines in response to retinoids. Retinoic acid was more potent in this

regard than retinol or retinvl acetate. Rhodes and Oliver 11980)

found suppression of phagocytic activity with vitamin A deprivation in

human macrophaße cell lines. Vitamin A supplementation increased the

bacteriacidal activity of neutrophils in humans. particularly lung cancer

patients, although it did not affect their ability to capture microbes

(Davydova et al, 1985 ). Snith et al ( 1986 ) found that topical vitamin A

increased vound-healing in cortisone treated rats. The mechanism

proposed for this action was an enhancement of the inflammatory

response. possibly by lysosomal labilization.

r'
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Enhanced resistance to infection by Listeria monorytogenes was

reported by Hof (1977,1979), after intraperitoneal or oral administration

of high (toxic) levels of vitamin A. Cohen and Elin fi.9741also reported

enhanced host resistance with administration of lower amounts of vitamin

A in mice infected vith Pseudomoûas aeruginosa, Listeria monoryto8enes

and Candida albicans. Vitamin À deficienry has been reported to affect host

resistance to protozoa and other parasites: vitamin A deficient rats

innoculated with Plasmodium berghei developed more severe parasitemia

than pair fed normal controls (Krishnan and Krishnan 1976).Darip et al

( 19791 attributed more severe infection with Angiostrongylus cantonensis

in vitamin A deficient rats. to altered penetrability of the intestinal

mucosa.

This summary does not attempt to be a comprehensive review of

recent work on the immunoregulatory effects of retinoids. This subiect

and the effects of vitamin A on tumorigenesis have been reviewed

comprehensively by Vyas and Chandra (1984). Nevertheless, the diversity

of effects, encompassing antibody production, T-cell function, phagorytic

activit)' and other non-specific aspects of immune function is remarkable.

Nauss ( 1985a) reported that effects of vitamin A deficienry on

cell-mediated immunity occurred early during deprivation, before effects

on growth could be detected. It seems reasonable to expect an interaction

between vitamin A status and resistance to naturallv acquired infection

and for this effect to occur at levels of vitamin À status which precede

signs of clinical deficiency in marginally nourished subjects.

I
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2-3.3 Cellular Differentiation and Proliferation

Many of the physiological effects of vitamin A, may relate to its role in

controlling cell differentiation and proliferation. These effects were

first reported by Wohlbach and Howe n92Jl who recorded replacement of

columnar epithelium with úquamout, keratinizing cells in vitamin À

deficient rats. Subsequently, the effects of retinoids on many different

tissues - of ectodermal. endodermal and mesodermal origon - have been

demonstrated. Loss of toblet cells and squamous metaplasia of epithelium

with vitamin A deficiency, has been reported for cornea, boniunctiva,

gastrointestinal, urinary and Benital tracts, salivary gland and

pancreatic ducts (Olson, lg72; Undervood,l gS4) and in the respiratory

tract. middle ear and eustachian tube epithelium lChole,l979l and trachea

(Wong and Buck,l97l ). Because of the striking changes in differentiation,

such cell systems have become the basis for a number of assays of

biological activitv of retinoids (Sporn and Roberts,l984). Such systems

are sensitive to small changes in vitamin A availability. Clark and

Marchok ( 1979) found that the quantity and characteristics of mucin

produced in rat tracheal organ culture was changed in deficient animals.

vell before histological changes r/ere apparent. Zile et al ( 19811 found a

reduction in DNA labelling index in trachea of rats while growth was still

normal. although liver reserves r/ere depleted. Biesalski et al ( 1986 )

found a reduction in numbers of ciliated cells with depletion in guinea

pig epithelium. before squamous metaplasia was evident.

Retinoids are thought to exert their effects by controlling gene

expression. through direct action on the cell nucleus (Roberts and Sporn.

1984 ), however the mechanism by which this happens is poorl¡r
t'
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understood. Roberts describes the effects of retinoids as a 'switching

action' - the turning on of a succession of events. the nature of which

depends on the cell system in which they are operating. Thus in some

systems, retinoids stimulate growth, while in others they suppress it. This

tissue specificity of effect has led sorne workers to propose that retinoids

be defined on the basis of their ability to combine with a particular

receptor, rather than according to their chemical structure (Sporn and

Roberts, 198t).

The action of retinoids in inhibiting neoplastic transformation and in

promoting differentiatioû of futty transformed cells has stimulated

intense interest in the potential therapeutic role of retinoids.

The role of vitamin A in carcinogenesis has been reviewed recentlv by

Olson f 1986).

2-1 hte¡actio¡s Betveen Vitamin À and Infection

Although experimental evidence of modulation of the immune

response gives us a basis to expect an interaction between vitamin A status

and infection. it cannot tell us what impact such an interaction would have

on the probability of aquiring infection or how it would determine the

course of naturally acquired infection. This section looks at evidence of a

modulating effect of vitamin A status on the course of naturallv or

experimentally acquired infection. Such an interaction could take two

forms:

l. modification of the effects of infection by poor vitamin A status.

2. modification of the effects of poor vitamin A status bv infection.

a
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There is evidence that both types of interaction occur. Tlhen present

simultaneously, both types of interaction are likely to be cyclical, leading

to a rapid deterioration in health. Both interactions are probably of

public health significance in developing countries where both low vitamin

A status and frequent infection are prevalent, although coexisting

malnutrition makes this a difficult problem to assess. In developed

countries, where vitamin A deficienc,v is virtually unknown, the pattern of

interaction is likelv to be different. Infection is unlikely to precipitate

deficienry when vitamin A status is good. However the level of vitamin A

availability at which interaction occurs and other mediating factors,

notably the presence of other conditions which affect vitamin A status (see

preceding sections), may determine whether vitamin A status in turn

affects incidence of infection in these populations. The r/ays in which

vitamin A status and infection may affect host susceptibility to further

infection are summarized in figure 2.1.

2.1.1 Effect of Infection on Vitamin A status

Infection has long been known to influence nutritional status (Brovn

and Black.198 l: Scrimshaw 1968 ) and to contribute to malnutrition in

disadvantaged populations (Mata et al. 1972,1977; Martorell, 1980 i.

Anorexia, decreased absorption of nutrients. increased catabolic losses

and alterations in metabolic pathways are postulated mechanisms (Brown

and Black. 198 I ). Vitamin A status in particular is affected in this way

fsection 2.1.2.2). It u¡outd thus be expected that infection would

precipitate overt symptoms of deficiency, such as epithelial keratinization.

xerophthalmia and death in hosts whose vitamin A status is marginal.

Vitamin A deficient rats in a germ free environment survive
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Figure 2.1

Interaction betveen Yitamin A Status, Infection and

Susceptibility to further Infection

considerably longer than deficient rats in a conventional environment

(Rogers et al, 197 L). Experimental innoculation of vitamin A deficient

chicks with Newcastle Disease Virus caused squanous metaplasia of nasal

mucociliated epithelia, keratinization of bursal epithelia and depletion

of mucosal lymphocyte populations compared vith A-deficient, uninfected

controls (Bang et al,1972). The authors emphasize that focal keratinization
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of chick nasal mucosae occurred only in areas where NDV had destroyed

the epithelium and suggest that vitamin A deprivation may pfevent

normal differentiation of residual basal cells. Such keratinization may also

follou¡ mechanical injury to epithelium (Wilhelm, 1954). Bang noted that

the effect was organism specific - caused by NDV, but not influenza virus.

Such organism specificit)¡ mav be important in the interaction

between measles infection and vitamin A status. Measles is often quoted as

a precursor of xerophthalmia (Oomen, 1969; Franken,I974: Inua,1983). The

association may be so common that they may both occur together

in'epidemic waves' (Oomen,l969), but is less common where vitamin A

deficienry is not endemic (lnua,l9S3). Measles is associated with acute

depression of serum retinol levels (Inua, 1983: Bhaskaram,1986). Children

with post-measles lesions have lower plasma retinol than those without

(lnua,l9S3), although Bhaskaram repofted no association between type of

eye lesion and plasma retinol.

A controversy centers on vhether corneal lesions, often but not

alvays presenr with infection in deprived populations, could be due either

to the effects of measles virus or of vitamin A deficit (Bhaskaram, 1986),

The argument against vitamin A involvement asks why, if vitamin A

deficienry alone is responsible, blinding lesions do not occur as frequently

in other childhood infections such as whooping cough, bronchopneumonia.

chicken pox, etc. Moreover there is strong evidence of direct viral

involvement in corneal lesions in measles (lnua,l983: Lancet.1987). It

would be reasonable to expect both factors to be important, however. If

marginal vitamin A deficiency prevents normal regeneration of such a

virus-specific lesion. then an organism-specific interaction would occur.
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Decreased tear production due to a vitamin A deficit nay enhance virallv

initiated tissue breakdown and encourage necrosis due to secondary

infection. The combined immunodepressant effects of protein-energy

malnutrition. measles infection itself and marginal vitamin A deficiency

may enhance the likelihood of such secondary infection. Thus an

interaction between vitamin A deficienry and measles infection, rather

than the presence of either, separately, may contribute to lesions.

The high mortality from measles in developing countries could

be the result of a similar interaction (Dossitor et al,1977; Barclay et

al. 1987). Superimposed vitamin A deficienry may hamper recovery from

complications of measles, such as pneumonia, for similar reasons. This may

increase mortalitv to a greater extent than when either vitamin A

deficiency or measles infection is present alone. However the difficulty of

demonstrating simple, first-order risk factor relationships for measles

mortality has resulted in recent controversy and downplaying of the role

of malnutrition in favour of less explanatory factors such as crowding

and inadequate primary care (Anonymous 1983,1984).

2-4-Z Effect of Vitamin À Status on Infection

Ïhe form in which an interaction between vitamin A status and

infection may be expressed, is determined by the stage in the infectious

process which is affected. Thus a risk factor for an infectious disease can

influence its outcome if it affects exposure, transmission, viral attachment,

viral spread and the systemic response or recovery. Based on the evidence

cited in section 2.2 and 2.3, vitamin A deficienry could be expected to

affect all stages subsequent to transmission. Thus, in conditions of vitamin
a'
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A deprivation, an animal may be

a. more likely to acquire infection due to deficits in mucosal structure and

function and in local immunity

b. infection is more likely to spread due to deficits in T-cell function, in

macrophage and neutrophil activation

c. systemic infection is likely to last longer and be potentially lethal due

to: delaved and reduced specific immune response, both humoral and

cell-mediated (reduced numbers of T and B-cells, reduced rates of

proliferation in response to antigenic stimulation, reduced antibody

production)

d. pathology is likely to be more severe and recovery slower. due to

effects on differentiation and reduced rates of proliferation of

damaged tissue

An interaction could therefore be expressed in terms of incidence and

duration of infection. mortality and long term sequelae.

Many early workers attempting to study the pathology of vitamin A

deficiency were struck by the frequency of infection in their test

animals and patients (Green and Mellanby, 1928; Chole. 1979: Bichfer and

![ieser, 1982). Green and Mellanby reported frequent infections of tongue.

intestine (associated with particularly hieh mortality), kidney, bladder,

prostate, nasal sinus, niddle ear and lung in deficient rats compared with

controls and coined the term 'anti-infective vitamin'. Bloch ( 1928 ), in

selecting children admitted to hospital vith either vitamin C or vitamin A

deficienry, found 80% of vitamin A-deficient children with infections

(pneumonia. bronchitis. otitis media, pyuria or pyoderma) compared vith

30r of vitamin C-deficient children. Mclaren ( 1965) found more infections

in children admitted to hospital with rerophthalmia than with kvashiorkor
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or marasmus alone. Scrimshaw ( 1968) reviewed a large number of studies

which described circumstantial evidence of a relationship between vitamin

A and resistance to infection.

However the tacit assumption of universal protection from infection

arnoflgst workers at the time, and the simplistic model implied in the term

'anti-infective vitamin'were soon undermined. Barenberg and Lewis

(1932i reported that increasing the amount of vitamin A in the diet of

infants receiving adequate diets did not reduce the number of respiratory

infections. Likewise, halving the vitamin A content of milk did not increase

the number of infections (total vitamin A intake not giveû). Lewis and

Haig (1939) reported no inmease in infections in infants on tl12 normal

dietary intake of vitamin À, but with normal dark adaptation responses.

Disillusionment with the 'magic bullet' theory of vitamin A action was

expressed as recently as 1979 by Hof and Wirsing. The)¡ found no

difference in the immune response of vitamin A deficient and control mice

in response to intravenous infection with Listeria moûocytogenes, but

found increased resistance to infection in normal mice given high doses of

vitamin A. ïhe authors state 'anti-infective vitamin does not hold

absolutely true for vitamin A, although certain anti-infective properties

cannot be denied'.

It can be predicted that any interaction between vitamin A status

and susceptibility to infection is unlikely to be a simple, first order

event because of the number and complexity of the multiple regulatory

systems which govern both the immune response and the availability of

vitamin A. Comptexity of interaction can also be expected if the

relationship is a non-linear one. for exampte if it operates only at lov
a
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levels of vitamin A status, or in the event of high frequenry of infection.

If these conditions vere true, children on adequate diets or without

recurrent infection would show no correlation between vitamin A status

and respiratory morbidity, Thus anthropmetric indices of nutritional

status are related to mortality risk in measles, only below certain

threshotds (Nieburg and Dibley, 1986).

Similarly a universal protection model would not be appropriate

for an interaction involving a multistage process where only one stage is

involved, eg intraperitoneal innoculation of test organisms will not allow

expression of an interaction if breakdown of mucosal barriers is the stage

at vhich the interaction is operating.

A magic bullet theory vill not fit if a factor operates at one

stage, but is not normally rate-limiting for that stage. Thus less-than-

optimal vitamin A availability may reduce T-cell mitogenic response, but

sufficient reserve proliferative capacity may exist so that no difference is

observed in outcome. Under these circustances, an effect may only be

observed when a third factor comes into play which removes that reserve

eg prior infection, measles, protein-energy malnutrition (lnua,t983),

immuno-suppressive drugs, injury or metabolic stress.

The source and type of infecting organism would also be likely to

add variabilitl¡ to an interaction between vitamin A status and

susceptibility to infection. Thus Rogers and Bieri n97l ) found naturally

acquired multiple infection was lethal in vitamin A deficient germ-free

rats, while oral innoculation of E.coli was benign.

t
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Faced with an infinire series of variable combinations, the question of

vhether vitamin A status interacts significantl]¡ with susceptibility to

infection is best asked for a defined Eroup of people, with knovn

vitamin A status and morbidity, so that the significance of such an

interaction in terms of its impact on incidence and morbidity of the group

can be assessed. Given the large body of evidence relating vitamin A

status to immune function and infection resistance. the absence of studies

in this area is remarkable. The only community studies assessing the

impact of vitamin A status on infectious disease morbidity and mortalit)¡

have been carried out by Alfred Sommer's group in Indonesia.

In a prospective study of 4,600 children in West Java, children

between 3 months andT years of age were examined three monthly over a

period of eighteen months (sommer et al l983a,b). Chitdren were

examined every three months for signs of ocular disease, general health

status, height and weight and parents questioned about medical history

during the interval. In an uûusual method of analysis, the authors

compared mortality during 3-month intervals considered by vitamin A

status at the beginning of that interval They found higher rates of age

specific mortality in ocular disease inititated periods then in those

chitd periods where vitamin A status vas 'normal'initially. Each child's

mortality experience was thus counted more than once. Justification for

this type of comparison was a high rate of night blindness and Bitot's

spots vhich underwent spontaneous regression. A period initiated with eye

symptoms'was designated a vitamin A deficient period, and those without.

designated vitamin A adequate. Mortality rates per 1000 child intervals

were compared. The impticit assumption that the mortality experience of

children recovered from eye lesions is the same as those in which lesions

i'
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had never occurred is questionable. Vitamin A deicienry develops over a

long period of time. Children vhose eye lesions regress are probabl]¡ in a

very similar deficiency state in the three months after remission.

Likevise in the period before they appeared, there is a high probability

of marginal vitamin A deficiency. Aittrough this effect is conservative,

it would be expected to cause a significant loss of discriminatory pover in

the study.

A second serious problem is the confounding effect of malnutrition.

Sommer found no difference between norrnaL a¡d xerophthalmic child

periods in weight for age. Some veight plateau and slowing of Browth is an

early effect of vitamin A deficienry. This, again suggests that his test and

comparisoû groups were very similar with respect to their vitamin A

status. The use of anthropometric indices as indicators of malnutrition,

when they are also directly affected by vitamin A status seems pointless.

This was not noted by Sommers critics, (Dibley el aI,l983) who suggested

he use height for age, instead of weight for height to control for pem.

Other indices exist which are independent of vitamin A status, for example

serum albumin. However in areas where vitamin À deficiency is

prevalent, the very close association with protein energy malnutrition may

make assessing the effect of vitamin A deficiency separately, very difficult.

Despite the limitations of the study, namely that the difference in

vitamin A status between the test and control child periods is probably

minimal, and the effects of a potentially serious confounder have not been

adequately controlled for, Sommer's data on respiratory illness in relation

to ocular status is very interesting. The number of examinatiofis in which

upper respiratory illness was present varies from 7 .9 per 100 child
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examinations in the normal group, I1.2 in those vith night blindness to

14.9 in those with night blindness + Bitots spot lchildren with frank

xerophthalmia and life threatening respiratory illness were excluded from

the study). Thus increasing prevalence of mild respiratory illness was

associated with increasing severity of vitamin A deficiency ( or with

malnutrition).

In a subsequent paper,(sommer et al,l984) Sommer deals to some

extent vith these criticisms. He compares child intervals vhich were

normal for ocular status at the beginning and end with those which were

symptomatic at beginning and end and thus chooses comparisot groups

with more stable vitamin À status. Age specific prevalence rates of

respiratory illness were significantly higher in all vitamin A deficient

intervals except those in the over 5years age group. 'Relative risks' ranged

from 1.9 to 2.4 (Since these figures are measures of relative point

prevalence rather than incidetce, relative risk may not be an appropriate

term). It is of interest that the' relative risk'for diarrhoea was even

greater (3.1 to 3.4) than that for respiratory infection. Among those

children of adequate weight for length, more respiratory illness and

diarrhoea was consistently found in the xeropthalmic groups (the same was

true for children with weight for length (9.0%, however malnutrition is

potentially greater in its effect as a confounder in this group, so less veight

can be put on the comparison).

It is not possible to determine to what extent increased diarrhoeal

and respiratory illness contributed to overall mortality in this study,

because cause of death information is not available, Hovever the increase

in mortality with vitamin A deficienc1¡ seems relatively greater than that

a'
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in illness incidence for these diseases. Thus a 2 fold greater prevalence

of respiratory illness and diarrhoea was associated with a 4 fold higher

mortality amongst three year olds.

In a subsequent intervention study of vitamin A and preschool

mortality, conducted by Sommer's group, (Sommer et al, 1986) 450 viltages

were randomly assigned to receive vitamin A supplementation (2 capsules,

20,000 iu) or to serve for one year as a control. The authors reported 49j'

overall lower mortality in the preschool age group, the difference

expressed mainly in males. The study suffered a number of problems,

however, most notably the lack of baseline mortalily daLa. Moreover

baseline morbidity data suggested that the control group contained sicker

children, throwing doubt on the comparability of prospective illness

experience of the two groups. An atypical pattern of age-specific

mortality suggested that enumeration problems may have been significant

in the control group (Gray, 1986; Costello, 1986).

In a third study (Barclay et al, 1987), 180 children vho were

admitted to hospital with measles. were randomly allocated to receive

vitamin A (2 doses of 200,000 iu) or to receive standard treatment.

Mortality was recorded over a period of one month following onset of rash.,

Groups were comparable for age, nutritional status, interval between rash

onset and admisson. 0f the 88 children who received vitamin A,7lo died,

compared with 13% of lhe 92 who received standard treatment. ïhis

difference was not significant and was only observed in children under 2

years. It is unlikely that the power of the study was adequate to detect a

difference in mortality, and the effects of supplementation on the incidence

a'
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of pneumonia, one of the complications of measles documented in the

study, is not given.

The problems encountered by Sommer and his colleagues illustrate

some of the difficutties of assessing vitamin A impact at the commuaity

level, and are possibly the main reason r¡hy, apartfrom his vork , very

little has been done.

a'
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Measurement of Vitamin A Status:

Aaalysis of Buccal Cells
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3.0 Introduction

Plasma retinol is not a particularLy useful measure of vitamin A

status for a number of reasons. Its independence of dietary vitamin A

intake oace liver stores are adequate means it is a sensitive index of

vitamin A status over only a limited range (marginal and clinical

deficiency, <30u9/dl). While this range may be physiologically important

from the point of view of clinical deficienry, there are indications that

increasing vitamin A status above this level continues to affect function

and disease resistance. Thus, increasing dietary intake of vitamin A

reduces the risk of epithelial cancer in normally nourished populations

(Ziegter et al, 1984,1986 ), while no clear relationship exists between

serum retinol and risk of cancer (Friedman et al, 1986). Similarly, a

relationship was found between dietary intake of vitamin A and dark

adaptation in normally nourished Guatamalan children (plasma retinol

>30ug/dl), vhile no correlation r¡as found with serum values (Solomons et

aL, 1982Llncreasing dietary intake is reflected in liver stores. in

adequately nourished individuals, and assessment of liver stores mav

provide a better rneasure of vitamin A status. ïhe relative dose response

is a technique for assessing liver stores (Loerch et al 1979 , Flores et al.

1984). Liver reserves. themselves however, may be independent of the

cellular availability of the vitamin (section 2.L7). The release of vitamin A

from liver is determined by factors which are independent of vitamin A

stores (section 2.1.41. A direct measure of availabitity at the cellular level

would therefore seem particularly desirable for vitamin A.

A number of studies have measured proteins which bind retinoids
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intracellularly. These cellular retinoid binding proteins(CRBP) are present

in a number of different species and in a wide range of different tissues

(Chytil and Ong, 1984; Ong, 1985). However the e¡act function of CRBP and

its relationship to cellular utilization of vitamin A is not knovn. Few

studies have looked at tissue levels of retinol itself as a measure of vitamin

A status. For the purposes of the study, an ideal tueasure vould be cellular

levels of retinol in respiratory tirsue, or tissue closely related to it. The oral

mucosa is continuous with the lining of the respiratory tract and displays

similar sensitivity to vitamin A status. Deficiency cau$es the normally

stratified squamous epithelium to keratiniee (Baume et al, 1970). Ttris

effect can be reversed by topical application cf vitamin A (Mill et al.

1982), and high vitamin A concentrations can cause mucous metaplasia in

the tissue (Wong, 1975), Although it is not possible to quantitatively

establish the relationship, it seems reasonable to predict that the buccal

mucosa may reflect changes which ocçur in the rerpiratory mucosa vith

variable availability of vitamin A. Because of the non-invasiveness of the

colleclion method. and the ease of obtaining large quantities of material,

this tissue seems particularly suitable for epidemiological studies,

A method of sampling this tissue, and extraction of lipids vas

pioneered by McMurchie et al (1983,1984) who were interested in the

fatty-acid composition of phospholipids, The cell collection and extraction

procedures described by these workers were modified, a reference

standard chosen, and nev procedures for separation and detection by high

performance liquid chromatography developed, based on those already in

use for plasma retinol determinations. Because of the relevance of

a-tocopherol to retinol stabilitv and utilization, and because of the ease of

r'
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coextraction of this fat-soluble vitamin, cellular a-tocopherol levels were

deter mined sim ultaneou sly.

This work took place after the first randomized, controlled trial of

vitamin A supptementation and was sufficiently advanced for cheek cell

collections to be incorporated into the second ffial. It was undertaken in

collaboration with the Department of Chemical Patholoqy al the Adelaide

Children's Hospita[ who carried out and were responsible for the

development of alt biochemical procedures. The analytical method was

reported by Badcock et at, 1986. The stages in development of the method

were as follows:

l. Analytical Method Development

a. collection procedures

b. extraction procedures

c. separation and detection procedures

d. reference standard development

e. stability testing

2.Validity and Reliability ïesting

3. Use in the Second Vitamin A supplementation trial.

The results of this work are described below.

a
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3.1. Analytical Method llevelopnent.

3-l.t Collection Procedures

The procedure which yielded most cells was vigorous rinsing of the

mouth three or four times vith a small amount of distilled water. prior to

eating that day (mechanical scraping was avoided as it may induce

bleeding). The procedure is outlined in instructions to participants in the

Cheek Cell Study (appendix 3.1 ). Up to 4 to I mg ulet weiEht cells could be

collected from adults in this way, however, the yield from children was

sometimes considerabty less. The cell washings (approximately 20 nl)

r/ere coltected in a tight-protected vial containing butylated hydrox¡r

toluene (BHT) to prevent o¡idation, and kept at 5 C until transported to the

laboratory for analysis. Sample were fittered through a sintered glass filter

to remove any pafiLcles of food or debris (relatively few in fasting

collections) and the filtrate centrifuged at 2000g for 10 minutes. The

resulting pellet was washed by resuspending in isotonic saline and

centrifuging twice more. Subsequently the pellet was either frozen al -20

C or resuspended in 2 nl of distilted vater vith successive vortexing and

sonicating for 30 seconds for immediate analysis:

3 -l -Z Ertraction Procedures

Aliquots of 1.2 ml were taken for retinol analysis. To this 3 ml of

I -naphthol ( l00nn0l/t in methanol) was added as internal standard and

1.5 nt of chloroform. After sonication ( l0s) and vortexing (60s) further

water (1.5 nt) and chloroform (1.5 ml) were added to remove remaining

a
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traces of water soluble material and the fat soluble phase removed and

evaporated to dryness. Vitamin A standards of 0 to 50 pmol/mg protein

were prepared by adding known amounts of all-trans retinol to the cell

suspension.

Extraction for vitamin E determination was similar. To 0.4 ml aliquots

of cell suspension, 0.4 ml of pyrogallol solution (50 mnol/l), an antioxidant,

a¡ld 2 ml of tocol solution (internal standard) were added. Tubes were

sonicated and vortexed (60s) as before and further vater (l ml) and

chloroform ( I ml) added and the organic phase evaporated to dryness as

before.

3.1.3 Separation and Detection

Retinol and a-tocopherol were subjected to high performance liquid

chromatography on two separate columns. For retinol a silica gel column

eluted with hexane-dioxane (92:8 v/v) vas used, for a-tocopherol a

reversed phase column eluted with methanol.

Fluorescence detection provided the sensitivity required to detect

the low cellular vitamin A concentration. The excitation wavelength was

326 ¡m for retinol,295 nm for a-tocopherot while emitted light was

detected at 470 nm for retinol and 330 nm for a-tocopherol. Details of

columns and elution times have been reported by Badcock et al (1986) .

Peak height ratios of vitamin standard to internal standard were used to

calculate sample retinol values. The detection limit, defined as a signal

t
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twice the noise level, was approximately 0,5 pmol retinol per mg protein

and 5 pmol a-tocopherol per mg protein.

3.1.1 Choice of Refereûce Standard

À reference standard vas needed to quantify the amount of material

being analysed. For this purpose wet veight, dry weight, cell count,

phospholipid, protein and DNA/RNA were considered. Practical difficulties

were encountered in weighing the very small amounts of material and

protein proved to be a more reproducible measure of biomass (coefficient

of variation-]%). Protein vas correlated with dry weieht by a factor of 0.8

(n- 18).

3-1.5 Stability

Stability r/as an important consideration given the susceptibility of

retinol to oxidation and destruction by light. The cheek cell pellet was

stable when stored for up to 10 weeks al -20 C. Stability during collection

and analysis, determined by recovery of added vitamins A and E. was

greater than 89% for both vitamins. It was üecessary to add pyrogallol

during extraction of vitamin E to achieve this level of recovery.
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3.2. Retiability and Validity Testing

3.2.1 Background

The question of validity testing is an interestinß one. Ïo u¡hat ertent

buccal retinol measured in this way represents true availabilitv of vitamin

A within the cell or within cells of the respiratory tract i.e. internal validity

cannot be determined, as there is no independert measure of this. The

correlation of buccal retinol vith plasma retinol, for example, vould not be

erpected to be high if buccal retinol is a true fneasure of tissue level

availability, since plasma retinol is such a rneasure over only a limited

range. It could well be that within that range (<30ug/dl), some correlation

vould be expected, however.

The face validity of the measure is high i.e. the quantity of retinol

within the cell could be deemed a good estimate of its avatlabllitv within

the cell. However this depends on vhether the amount present within cell

at any one time, fluctuates widely . This 'biological constanry'is thus

fundamental to the validity of the method.

The reliability of the method refers to the repeatability of the

estimate on different occasions , and thus to the variability inherent in the

analytical procedure. This is comprised of error in the collection procedure

('sampling variation') as well as error occurring during extraction and

detection procedures.

An analysis of validitv and reliabilitv of the ethod would therefore
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involve assessmeflt of the error derived from variation within one person

over time (biological constanry) and on different occasions at any one time

(reliability). The size of this relative to between person variability vould

give an estimate of the usefulness of the method as a measure of

individual vitamin A status,

1.2.2 Method

Nine repeated collections s'ere made at two day intervals on I I

subjects. Each collection was analysed in duplicate. This design allowed

measurement of three components of variability, namely analvtical error.

error due to changes over time vithin individuals and error due to

between person variab ility.

Subjects were adults between the ages of 20 and 5l years, who

volunteered to take part in the study. Instructions to participants are

shown in appendix 3.1 . Mouth washings were collected in a darkened

plastic screw-cap jar upon rising in the morning , immediately refrigerated,

and transported in cool boxes to a collection point, where transfer q/as

arranged to the laboratory. Samples were filtered, spun and stored as the

washed pellet aI -20o C and analyses performed as described above.

3-2-3 Results

A total of 159 plasma retinol determinations were made on I 1 sub jects

with an overall mean of _5.4 pmol/mg protein. Individual means ranged

t'
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from 2.4 - t 1,7 pmol/mg protein. Examples of individual distributions are

shou¡n in figure 3.1. A nested analysis of variance was used to partition

variability. Results are shovn in table3.1.

Trble 3.1 '

Anelysis of Yerirnce ia 159 Deterni¡rtions of Buccrl
Csll Retinol

Source Degrees

ofFreedom

Sums of

Squarcs

Mean

Square

F

Betveen

Subjects

Betveen

collections

Error

4J

t0

73

76

1611

332

109

161.l

1.4

35.t**

3.16"*

Total lte

"Betveen subjects" refers to the variability due to the I I different subjects

tested. "Between collections" refers to intra-individual variability over the

9 different occasions on which collections were made and "error" refers to

the remaining variability which corresponds to measurement error. Both

subject (interindividual variability) and collection (intraindividual) effects

are statisticatly significant, that is to say variability from these sources is a

significanr contributor to overall variability. Application of a componenrs

of variance model allovs comparison of the magnitude of their contribution

to the overall variance. The sources of variabilitv in the model can be

a'
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related in the following way:

Yijk- U * Si . Cj(i) . Ek(ii)

where Y is the observation on the ith subject, jth collection and kth

duplicated. S is the subject effect, C is the collection effect and E is the

analytical error as measured by duplicates. lThe model assumes both

subjects and collections are random effects i.e subjects are chosen at

random from a much larger population of subiects and the collections

within those subjects are arandom sample of alt possible coltections).

Variance calculated in this wav is shown in table 3.2,

frb1e 3. e

Crymeots of rari¡¡ce in 159 Deterrintims of Bt¡ccal

Ccll lctf¡nl
Source Variance %

)
)U

Suhjects

Collections

Error

E.7

1.6

1.4

74.J

13,3

t2.?

|.7 100

It can be seen thal 74.5% of the variability in the 1-59 measurements can

be attributed to between subiect variability, while only l3% of the

variability is due to variation over time vith different collections, 12% is

due to variability in the analytical method. The small size of the

measurement emor, compared with the between person variation suggests



53

that this ma]' be a useful estimate of vitamin A status.

Sources of this measurernent variability (2J.5% in total) not already

mentioned. include loss of cell contents during the collection process ,

instability of retinol in the cell suspension and loss of material during

filtration and extraction . These sources of error are probably not

independent of sample siee. At very low yields, the opportunities for loss of

material may be much greater. This increased source of error at low yields

may be a problem in small children, where due to difficulties in

understanding the procedure (eg swallou¡ing the vashings), yields ma¡r be

quite low.

3-3 Vitamin À Supplementation Trial

An opportunity for examining the distribution of buccal cells in a Broup

of children vas provided by the second supplementation trial. Buccal

collections were made on children 4 years and above at the beginning of

the study, and l2 months later at its conclusion. The method of collection

T¡as the same as used in adults, but smaller volumes of T¡ater r/ere used,

and frequently the first rinse was ommitted. With children 4 years or

younger, cooperation y¡as a problem, because of difficulty understanding

vhat was required. The washing procedure was demonstrated. and the

child invited to imitate, but frequently, the temptation to swallow once

water vas held in the mouth, was just too great. This meant that yield was

lov, particularly at the initial collection, and provided quantities of

material which were either inadequate or at the limits of sensitivitv of the
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method. The results of these collections are described in the follovin8

sections.

3-3.1 Distribution of Buccal Retinol-

Buccal retinol determinations srere made on 135 children at the beginning

of the study and 100 children at the end. Mean, standard deviation and the

25th percentiles of the distribution are shovn in table 3

ftble 3.3
Dirtrihrtim of Et¡ccal lcti¡ol ad a-Ibcqb¡rol i¡ frilürco i¡

tüc Secd Ëtaün À filmlcmutatim ffial. '

Var-

iable

N Moan SD

(pglmg prot)
Percentiles

ïJTo ,0%

nin. Max

TJTo

BuccalA 135

initial
BuccalA 100

final
BuccalE l2l
initiat
BuccalE t4l
final

161 13t 6.e 61 t22

188 t67 t7.z 6J t25

701

730

227

214

6,E 6.t 0.2t 2.1 t.t 7,e 33.?

4,e 3,2 0.t{ 2,J 4.3 6,J 17,7

Mean buccal retinol was similar to that in adults (overall mean 154pg/mg

protein), however the variability vas considerably greater in the sample of

children (CV 88% compared to 66 % in adults and children, respectively),

a
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and s'as reflected in the wide range of values encountered (maximum 452

in adults, 705 in children). This variation may be related to larger

measurement error in children than observed in adults, or it may reflect

the difference in size of population measured ( N-11 in adults, N-100 in

children). Alternatively, it may represent a true difference in distribution

of buccal retinol betveen adults and children. The distribution is skewed

to the right, slightly (table 3.3) and somewhat truncated at the lower end.

3.3.2 Correlation Betveen Initial and Final Measurements

An assessment of the repeatability of measurements is provided. to some

extent by the correlation between initial and final buccal determinations. If

buccal vitamin A is a stable index of vitamin A status, some long term

consistency between determinations would be expected. Table 3.4 shows

correlations between initial and final determinations for both vitamin A

and vitamin E. Correlations in sub-groups of the population, based on

initial plasma retinol values are also shown, because these subgroups are

important in the comparison of buccal and plasma retinol described in the

following section.

t
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thDla 3.{
læociatim Drtra¡a LEitiiI rrrl firl Detcrrintimr of Et¡ccal
rtttarl¡ I rrrl ntarl¡ I (Epann's CorreLatlm Coef flcltots)

Association TotalPop-

ulation

Plasma Â

< 40 ug/dl

Plasna A

< 30 ugldl

Buccal Vit¿min A

( N, significance)

Buccal Vitamin E

(N, significance)

0.24'

lJ7,0,02)

0,20*

(96,0,02)

0,39**
(36,0,009)

0,31*

(39,0,03)

0.3E

( 13,0,10)

0,26

( 130.20)

A weak, but significant correlation betveen initial and final measurements

was found for both vitamin A and E, in the total population and in the

subgroup with plasma retinol < 40 ug/dl.

3-3.3 Àssociation betureen Buccal Vitamin À and Plasma

Vitamin A

No correlation was anticipated between buccal vitamin A and plasma

retinol in the total population because in populations with adequate

vitamin A status, plasma retinol is independent of dietary intake (section

3.0). However plasma retinol levels in the second trial were lower than the

first, and included a group of children who could be considered at risk of

marginal deficiency (chapter 5). If buccal retinol is to be considered an

I
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index of vitamin A status. then some correlation with plasma retinol would

be expected in this group (those with plasma retinol < 40ug/dl, section

5.4.6). Spearmann's Correlation coefficients for the variables in the total

population and in the tvo subgroups are shou¡n in table 3.5.

ÊDle 3.5
broci¡tiro Dttæto Euccal YitËri¡ I rrl BIod Yitåri¡ ¡

($pcatrn' I Correlttlm Coaff lcients)
Total Popul- Plasma A Plasma A

ation <{0 ug/dl <30 ug/dl

Initial
(N, Significance)

Final
(N, Significance)

-0,01

(1r2,0.43\

0,13

(E7.0,11)

-0,03

(61,0.39)

0.27*

(43,0,041)

-0.07

(20,0,3E)

0,49*

( 16,0,026 )

As expected, no statistically significant correlation was observed in the

overall population. However if groups of children vith plasma retinol < 40

ug/dl are considered separately, the correlation was stronger and

sþnificant (r=0.49,n= 16, p<0.05). This was observed in the final collections,

but not in the initial ones. It is possible that our experience with the

technique and ability to standardise procedures and thus minimize

variability, and the greater quantity of material gathered from older

children improved results during the second set of buccal collections, and

that this therefore gives a better representation of the correlation.

(Vitamin A supplementatiolr is unlikely to contribute to this effect since

the correlations with final plasma retinol were the same in treatment and



5E

placebo groups).

3.3-4 À¡sociatior betveen Buccal Yitamin À and Dietary

Yitamin A

Dietary intake was rneasured in two ways - a frequency questionnaire at

the beginning and end of the study, and a three day diet diary half wav

through the follow-up period. Dietary intake of vitamin A estimated in

these va)¡s was then combined with the treatment variable to give total

intake of vitamin A including the supplementary dose. Correlations were

examined within sub-groups as before. Results are shown in table 3.6.

t'
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ftDte 3.6
Corral¡üim Coafficiatr for trü¡

trsosiËtim Datruco h¡ccal Yitäri¡ t td Dictart Yittri¡ ¡

Dietary Vitamin A

Variable

Total Popul-

ation

PlasmaA

<40 ugldl

Plasma A

<30ug/dl

Frequency :initial
(N, significance)

Frequenry: final
(N,significance)

Diary: correlation

vith inital buccal

Diary: correlation

vith fioal buccal

-0,08

(9E,0,20)

0,06

ß4,0,2q)

-0,01

( 101,0.44)

-0,01

(96,0,46)

-0,19

(4t,0.10)

0,13

(41,0,21)

0.03

u6,0.43)

0.01

(42,0,38)

-079**
( 1t,0.00)

-0,3t

( 17,0,10 )

-0,14

(1t,0.30)

-0.67**

( 17,0.002)

No significarrt associations were seen betr/een dietary intake of vitamin A

and buccal retinol in the total population or in the subgroup with plasma

retinol <40u9/dl. In the sub-group with lowest plasma retinol, a significant

negative correlation was seen between initial buccal retinol and initial

frequency dietary intake, and final buccal and the dietary estimate of

vitamin A intake. Other associations were also negative, but not

significantly so. Examination of dietary correlations with plasma retinol in

this group did not show the same consistenry and strength of correlation. It

is difficult to explain negative correlations with diet unless it could be

postulated that vhile dietary intakes increase with age in this group, tissue

levels decline. This would occur in the event of difficulties of utilization of

vitamin A (uptake, mobilization and transport) which are postulated in
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connectiofi with this group in chapter 6.

Mean buccal retinol in supplemented and unsupplemented groups is

shown in table 3.7. Mean buccal retinol did not change in the

supplemented group. This is consistent with the lack of association vith

dietary vitamin A in the total population.

DDIc 3. ?

[Ër Bt¡ccal lcti¡ol i¡ $ryplrlnattd .'rl lbarypleruntd Groqts

(gtg Drotai¡)
Placebo Supplenented

Mean SD N Mean SD N

Initial
Fhal

l6E

2t0

160

194

lól
172

161

1t3

17

49

44

37

Lack of an association with dietary intake is surprising. Some

correlation vith diet would be expected if dietary intake affects cellular

levels of retinol in this population. Independence of cellular vitamin A

from dietary intake, may however reflect the special nature of this

population (chapter 5) .Plasma retinol also did not increase in response to

supplementation in this group, even at lov initial plasma vitamin A levels

and the question is raised vhether the population is responsive in any Ítay

to dietary intake of vitamin A (chapter 5).

3.{ Conclusions

Buccal retinol determinations during the second vitamin A

supplementation trial established that:

I'
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l. There is a correlation between measurements taken one year apart.

2. Amongst children vith low levels of plasma retinol. there is evidence

that buccal retinol is correlated with plasma retinol.

3. In this ßroup of children (chosen on the basis of hospitalization for RSV

positive bronchiolitis in infanry), buccal retinol levels are not correlated

with dietary intake.

Further work on this method should look at the relationship between

buccal retinol and functional measures of vitamin A status over a broad

range including levels of clinical deficiency. Normal ranges for buccal

retinol, relating to functional measures of vitamin A status, could then be

developed, and the sensitivity and specificty of the measure as a test of

adequary of vitamin A status, determined.

Retinyl palmitate, the storage form of vitamin A, frequently exists in

higher quantities in tissue, and measurement of vitamin A in this form

may provide and index which has a lower measurement error. The

existence of significant between person variability relative to measuremeût

error, the non-invasiveness of the test, and the ease with u¡hich it can be

performed in primaty age children and above, suggest that buccal cell

vitamin A assessment is worth further development as an epidemiological

tool.

t'



Chapter 4

The Pilot Study
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{.1. Introduction

The pilot study was conducted to investigate three key relationships

vithin the contert of vitamin A status and respiratory proteness. Ïhese

were:

l. Ihe relationship betveen dietary vitamin A and the number of

respiratory events.

2. The relationship between blood vitamin A and the number of

respiratory events.

3. The relationship between dietary and blood vitamin A.

An opportunity to do this vas provided by a stud)¡, at the time underr/av

in the Department of Community Medicine, in which respiratory symptoms

u¡ere being measured prospectively over a three year period (Vaccine

studv). This was atrial of a pneumococcal vaccine in pre-school age children

and involved sampling blood to determine antibody levels and a

questionnaire on respiratory history of participants. It is discussed further

in section 4.3.t. A cross-sectional survey was therefore possible linking the

number of respiratory events with the level of vitamin A determined from

blood samples and dietary vitamin A intake determined by interviev. The

association described above was consequently examined using Spearmann's

Rank Order Correlation Coefficients.

a
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{.2 Method

Questionnaires requesting information on the number of respiratory v'

episodes during the preceding l2 months were collected for all children at

the beginning of the vaccine study. À random sample ol, 49 1-5 year old

children was chosen from the vaccine study . Serum vitamin A

determinations were carried out by the Institute of Medical and Veterinary

Science using a fluorometric nethod, on btood samples also collected as part

of the trial. An estimate of dietary intake of vitamin À was obtained from

a diet frequency questionnaire, administered to parents at interview. Ïhis

requested frequenry of consumption oî, 2l vitamin A- rich foods. in

designated serving sizes on a weekly basis.The foods included were liver,

spinach. carrots, tomato, broccoli, brussels sprouts, lettuce, celery, orange,

bananas, apricots, peaches, pumpkin, beans, peas, milk, eggs, butter, cheese,

cream, ice cream. Dietary vitamin A was expressed as daily iûtake of

retinoids (preformed vitamin A), ß-carotene (provitamin A) and total

number of vegetable serves per day (variable ALLVEG).

{.3 Results

Mean values of dietary and serum vitamin A are shown in table 4.1.

Results showed that:

L Vitamin A intake was divided approximately equally between sources of

preformed vitamin A (retinoids) and provitamin A {carotenoids}.

2. Dietary intake was high and well above the recommended daity

allowance, even when based on the restricted food list chosen.

l'
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3, Mean serum vitamin A levels were well above levels at vhich symptoms

of deficiency are seen.

4. Dietary intake was weakly, but siBnificantly associated with serum

vitamin A in the case of total vegetable intake I c-0.27, ¡-{J,p<0,0-5;

ß-carotene intake t-0.23, n=45, p>0.05), but not q¡ith retinol intake.

5. Results of simple comelations between respiratory episodes, dietary and

serum vitamin A are shown in table 4.2. Associations were found between

dietary and serum vitamin À and episodes of respiratory illness.

lbble {-1
üEa¡ Ëtr¡as of Diat nrrl Senl Yitari¡ I I¡ r Crocs-Sectiml

Srtftrt of {9 Prcrcùnolarr-

Variable Meao St¿nd¿rd Devi¿tion

Dietary retinol
(ug re/dayi

Dietøry ß-carotene

(ug relday)

Total DietaryVitaniÂ A

|ugrc/day)
Serum vitanin 

^4,

(us /l00ml)

Serum carotenoids

(ug /100n1)

{0t

t8

{0t

450

876

67.9

l0t

t77

331

18.7

Dietary vitamin A was not correlated with respiratory episodes in the

overall population. However inspection of a scatterplot of the bivariate

distribution showed an apparent curvilinear relationship. À negative

correlation occurred above 5 respiratory bouts in the previous 12 months

(respboutsl, a positive correlation below this level. While neither was
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significant at the 5i6 level, the same curvilinear relationship was evident

between serum vitamin A and number of respiratory events. This time the

negative correlation above 5 respiratory bouts was strorger and significant

(r-0.43, p<.05). The correlation below 5 episodes r/as not as strong, but

significant also. Thus both dietary and serum vitamin A were related to

respiratory episodes in a similar way. In children with frequent

respiratory episodes, the relationship was an inverse one.

Table {.2 Association between Respiratory Episodes and Dietary
arrl Sen¡l Yitari¡ å (Pearsm's Correl¡tim

Coafficiotr)

Allveg Total

Dietary A

Dietary B

Carotene

Dietary

Retinoids

Serum

Vitamin A

All cases

N=47

RespbouÞ5

N=33

Respbouts<)

N=1E

0.07 0,18

0,31 -0.18

0,2t 0.20

0,0e

-0.2e

0.22

0,14 -0,0t

0.14 -0,43*

0,04 0,31*

* p<0,05

4.4 Discussion and Conclusions

The pilot study illustrated a number of problems in methodology and study

design which were particularly relevant to vitamin A and shaped thinking

for the remainder of the project.

t'



oi

a. Measurement of blood vitamin A

Vitamin A exists in three major forms in blood: ß-carotene, retinyl esters and

protein-bound retinol. Both ß-carotene and esterified retinol are

post-absorptive forms and their levels fluctuate diurnally, depending on

intake. Protein-bound retinol is much rnore constant, bein8 homeostatically

maintained if tiver stores are adequate. It represents vitamin À status when

the latter is marginal, and therefore is the preferred form of vitamin À in

blood to measure. The fluorometric method of vitamin A determination used

in the pilot study, did not distinguish between post-absorptive and

protein-bound forms of the vitamin. Since blood samples were non-fasting,

this may explain why mean levels were quite high (68ug/dt). It dravs

attention to the importance of measuring only the protein bound form of

vitamin A in non-fasting btood samples, and a method of doing this using

high-perfor mance liquid chromatography was subsequently developed by

the Chemical Pathology Department of the Adelaide Children's Hospital.

b. Study Design

A number of problems with cross-sectional studies are particularly relevant

to vitamin A. The difficulty of distinguishing cause and effect is important

because respiratory illness itself can affect vitamin A status in manv

different \¡ays. Thus serum vitamin A drops as a result of infection. and

frequent infection is likely to reduce dietary intake and the efficiencT¡ vith

which vitamin A in the diet is used (seclion2.2.2). These factors vould be

likely to cause an inverse association between vitamin A status and episodes

of respiratory illness in a cross-sectional study. A positive association would

be caused if parents concerned about perceived frequent illness offer rnore

fruit and vegetables, or merely report more. A combination of these factors

could cause a curvilinear relationship between vitamin A status and

a'
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episodes of respiratory illness, or, alternatively such a relationship could

represent the partial obscuring of an underlying causal relationship betveen

low vitamin A status and susceptibility to respiratory illness. The possibility

of many different factors causing associations of the type seen in the pilot

study meant that an alternative design was needed.

This thesis is particularly concerned with the effect of vitamin A status on

susceptibility to respiratory illness, rather than the reverse relationship.

Causal direction in an association can only be demonstrated by a design

vhich changes the independent variable (in this case, vitamin A status) and

measures the effect on the dependent variable (episodes of respiratory

illness). Oral supplementation is the most direct way to achieve a change in

vitamin A status, and a double blind, randomized trial is a design which

eliminates bias as much as possible in the assessment of outcome. This type

of study design was therefore used during the remainder of the project.

Ïhe pilot study gives preliminary evidence of an inverse correlation

betveen dietary and serum vitamin A and episodes of respiratory illness in

children with frequent respiratory infections. This group of children is of

particular interest because of the possibility of a ryclical interaction between

vitamin A status and susceptibility to infection in this group (section 2.41 -

low vitamin A status contributing to frequent respiratory illness, and

frequent infections, in turn, depleting vitamin A stores. Such an interaction

would be particularly important in countries where vitamin Aris endemic

and at ages where respiratory infections arc aI their peak ( both vitamin A

deficiency and acute respiratory infections are most prevalent during the

preschool years). This group of children I later termed 'respiratory prone'

and defined in other ways) therefore became the focus of further

investigations.
t'



Chapter 5

Vitamin A Status and Respiratory Illness in Respiratory Prone

Children in the Commudty

a



5.1 Introduction

The underl]¡ing hypothesis of interest to the thesis is that vitamin A

status is causally related to respiratory morbidity. As discussed in chapter 4.

such a directional hypothesis can only be investigated vith an intervettion

study design: that is, one in which vitamin À status is changed, and the effect

observed on respiratory morbidity. In this case the intervention choseû vas

oral supplementation with vitamin A. The specific hypothesis investigated,

therefore, is whether changing vitamin A status by supplementation can

reduce respiratory morbidity. It was proposed to caffy out an intervention

trial in vhich a group of children in the community who had experienced

frequent episodes of respiratory infections during the period immediatelv

preceding the trial vere given a dietary supplement of vitamin A.

Respiratory symptoms would be monitored over a 12 month period and the

number of symptom episodes compared with those in an equivalent group of

children, given an identical supplement, but which did not contain vitamin A.

Both participants in the trial and investigators would be blind to which

children received or did not receive the vitamin.

Whether the specific hypothesis is a test of the underlying hypothesis is

determined by whether vitamin A supplementation. at the level chosen. can

change vitamin A status. The level of supptementation chosen was 450ug

retinol equivalents per day, the Recommended Daily Allowance (Food and

Nutrition Board. 1980). The dose level chosen was conservative for two

reasons: high dietary intake, approximately l0 times this figure, is toxic

(section -5.3.3.3), and it vas necessary to leave an adequate safety margin to

allov for dietary fluctuations. The second consideration was that the

underlying hypothesis was concerned with variability in vitamin A starus.

a'
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normally encountered in the community. Thus a change on a dietary, rather

than pharmacological scale, was called for.

Other factors of importance in the study were the measurement of only

the protein-bound form of the vitamin in blood, thus eliminating variation

due to post-absorptive fluctuations in retinyl esters, and the measurement of

fanily history and environmental factors which are knovn risk factors for

respiratory illness. The latter was necessary, not only to gain some idea of

how significant the dietary contribution would be, but also to control for

potential confounding f actors.

J.2 Sample Size Determination

In order to estimate parameters necessary for sample size

determination, cases in the upper one-third of respiratory symptoms

frequenry for the first six months of diaries collected as part of the vaccine

trial were examined. Mean episodes (EPSARI) and days (DAYSRSP) of

respiratory symptoms and days of cough (COFDAYS) in this group are shown

in table 5.1. The number of subjects required to detect a difference of 20 Í
Itype I error=0.05, type II error-0.80) is given.

Trble 5.1

Senple Size l[eeded to Detect r.2O7 Difference
viSh tOi Power (Z-lziled test)

Mean SD N (in each group)

EPSARI
(r 3)

2,0

DAYSRSP
b24)

44,9 22.J

,J4 JZ

98

499COFDAYS 2I.O 23,7
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It can be seen that a total study population size of 200 vould be

adequate to detect a difference in the variables episodes and days of acute

respiratory illness, but not the symptom variable, days of cough. A

minimum of 100 vould be necessary to detect a difference in episodes of

respiratory symptoms only. It was decided to aim for a population size of

200.

5.3 Method

5.3-l The Study Population.

The study populatiotì. r/as drawn from children who were already

participatint in a three-year randomized, controlled trial of a pollrualent

pneumococcal vaccine (Vaccine trial) directed by Dr R.M. Douglas in the

Department of Community Medicine, University of Adelaide. Subjects in the

vaccine trial, initiated in 1980, s/ere drawn from three group general

practices located at Ingle Farm and St Agnes Health Centres in the

north-eastern suburbs of Adelaide and included 1273 children between the

ages of six and 54 months at the time of entry. The trial had been in

progress for l2 months when the vitamin A study was initiated . Subsequent

analysis of the trial showed no consistent evidence of benefit to vaccine

recipients for any period of the triat (Douglas et al, 1983; Douglas and Miles,

l es4).

J.T-Z Selection of Subiects and Organization of Procedures

Subiect remuitment for the vitamin A trial began in August 1981 vith

a circular to all participants in the vaccine trial (Appendix 5.1 ). All children
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1-4 years of age who had registered on symptom diaries as having more

than l5 days of cough or three or more separate episodes of respiratory

symptoms in the past three months r/ere eligible for inclusion in the study.

Participants in the study who responded to the nevsletter were visited by a

nurse who further explained the study and distributed an information sheet

(Appendix 5.2) and informed consent form (Appendix 5.3). A questionnaire

(Appendix 5.5), designed to obtain nutritional medical history, family

history, home environment and sociological information, was explained and

left with parents, who were asked to bring the completed form to the first

examination.

Two extensive interview-examinations with parents of children were

conducted by the author, one at the beginning (ia September, 198 I ) and one

at the end of the supplementation period (March, 1982). 
"During 

these visits

(at Ingle Farm and St Agnes Health Centres), children r/ere weighed, height

was measured, fingerprick blood samples were taken by the nurse, and the

diet/general questionnaire was reviewed with the parent .

Supplement bottles s'ere distributed at the initial interviev and at an

additional short interviev in mid December. At this interview, parents were

questioned about the general health of the child. A summary of procedures

is shown in Fig. 5.1. After each 6 month period, the project staff for the

vaccine trial distributed and collected respiratory symptom diaries , and

maintained a vigorous telephone follov-up to ensure return of the latter.

Coding of respiratory diaries for the variables, episodes and days of

respiratory symptoms was camied out by the fietd director (as part of the

vaccine trial). Alt other coding and analysis of respiratory diaries, general

questionnaires and diet diaries was carried out bv the author.

a'



74

Figure 5.1

Summary of Procedures

April 19El Oct, l9E1 Dec, lgEl March 19E2 Sept,1982

lst botùle dist,

Diet history

General quest.

Blood sanple
I

Znd botrle dist,

Supplemontation Period

Bottle retrieved

Diet hisæry

ï-day diet diary

Blood sample
I

Period 3 To 4Period T1 Period J

5.3.3 Vitamin À Supplemeûtation Procedures

5.3.3.1 The Supplenent

The vitamin A supplement and placebo were prepared by

Faulding & Co., Thebarton, SA. Retinyl palmitate was dissolved in

propylene glycol and made up to strength with a glucose syrup base to

which raspberry essence had been added to improve palatability. No

preservative was added, to maintain simplicity of formulation in case

of side effects. Some problems with crystallization of sugar occurred

tovards the end of the storage period, however this was found not to

affect the content of vitamin A by the manufacturer. Ïhe placebo was

identically labelled and bottled, and consisted of syrup and raspberry

essence. No difference in taste could be detected.

{
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t.3.3.2 Dose Regimen

The dosage regimen vas designed to delivery a mean daily dose of

450 ug retinol equivalents (the recommended daily allovance for this

age Broup - Food and Nutrition Board, 1980) to recipients of the active

preparation. This was achieved with a three times weekly dose of 2.5

ml of syrup. The bottle contained 97.5 ml, and thus was expected to

last three months. Only two bottle distributions were therefore

required for the full six-month supplementation period. Some fatl-off

in activity r¡as expected during the period of the shelf life of the

supplement, and the initial dose was formulated aI49l ug/ml retinol

equivalents (re) to allow for this.

J.3.3.3 Toricity

Toxic levels of vitamin A for infants have been quoted as 5500

ugre/day over a period of three months (Persson et al, 1965). The

American Academy of Pediatricians has advised against use of

preparations containing more than 1800 ugre/dose, however, while the

Canadian Pediatric Society quotes 750 ugre/day as the recommended

dose (Fomon, 1974). The level of dosage in this study was thus well

below these maxima. A check on reactions to the supplement was

made during the third interview when parents were asked the

question "Has your child been vell since takin8 this medicine?" Replies

were recorded and compared vith symptoms of hypervitaminosis A as

follows:

a



Acute:

Chronic:

7o

transient hydrocephalus and vomiting;

fatigue, malaise, lethargy, abdominal pain, bone or joint pain,

severe throbbing headache, insomnia, restlessness, emotional

lability, night sweats, constipation, scaly, rough skin,

peripheral oedema, brittle nails.

5.3.4 R andomizatloo, Procedures

Vitanin A supplement and placebo bottles r/ere randomized in the

fotlowing way. Identically labelted supplement and placebo bottles were

received from the manufacturer in two separate boxes. A person who was

unconnected with the study was assigned to number the bottles. Each box

was arbitrarily assigned to an odd or even category and a table of random

numbers consulted sequentially. Botttes, taken in order from the boxes

according to whether the random number was odd or even, were numbered

serially from one to 147 a¡d the source box recorded, The randomized

bottles s¡ere then distributed sequentially to children coming to their initial

interview.

5.3.5 Blood Procedures

t.3.5.1 Finger Prick Samples

0.2 ml of blood was collected by finger prick method in heparinieed

tubes. Samples were placed in a tight tight container at 5oC. They r/ere

subsequently (within six hours) transferred to the Adetaide Children's

Hospital where they were centrifuged, and the plasma stored at -20oC.

t
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5.3.5.2 Biochemical Ànalyses

All biochemical analyses r/ere carried out by the Department of

Chemical Pathology, Adelaide Children's Hospital. Plasma retinol and

a-toc :opherol r¡ere determined by high performance liquid chromatography

using a method based on that of Bieri n979). Plasma samples r/ere

prepared by heptane ertraction and injected into a reverse phase column:

the analytical column r/as a pre-packed 250 x 4.6 (i.d.) mm Ultrasphere ODS,

average particle size 5um and the guard column vas 50 x 4.6 (i.d.) mm dry

packed vith Ultrasphere ODS 20um (Beckman Instruments Inc.). All-trans

retinyl acetate and d-a-tocopheryl acetate were used as internal standards.

Plasma samples as small as 25ul were measured using this method. Use of

an Alte¡ 165 variable wavelength detector allowed monitoring of

a-tocopherol and retinol at the vavelength at which their absorption is

maximum (292 nm and 326 mm respectively), thus reducing the volume of

plasma required.

A minimum of 25ul of plasma for ß-carotene determination was

extracted into heptane to which an equivalent volume of S-chloto-Z

(methytamino) benzophenone was added. ß-carotene was detected at 4J0

n.m. ïhe samples were injected onto an Ultrasphere Si 250 x 4.6 mm

analytical column with guard Ultrasphere Si pre-column and eluted

isocratically with hexane-dioxane (92:8, v/v) at a constant flow rate of

1.5 nl/min.

In order to determine whether vitamins A and E were stable during the

conditions of storage and transport in the study, several determinations

r/ere made in plasma under the following conditions of storage:
t'
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l. ?4 hours at room temperature in the dark.

2. !,2,4, 5, 8 days at 4oC in dark amber vial.

3. Monthly for 6 months at -20oC in dark amber vial.

Retinol and a-tocopherol were stable under all these conditions.

Several determinations wçrÊ also made on the vitamin A syrup supplement

stored at 4oC in an amber bottle over six months. Vitamin A content

declined by 8% and I 1% over this period in the two samples measured.

5.3.6 Measurement of Respiratory Symptoms

Symptoms of acute respiratory illness r/ere recorded for the vaccine

trial using a diary method based on that of Calabrese ( 1980). Diaries

comprised six sheets on each of which the presence or absence of si¡

symptom types could be recorded by parents daily, for a period of one

month (appendi¡ 5.7). Information oû visits to general practitioners was

recorded by the parent in a separate box in the diaryand doctors who sav

the child completed a special sticker vhich was included in the child's

medical case-notes (appendir 5.9).

Six-monthly summaries of diary and sticker information were prepared

by nurses for the vaccine trial according to the coding schedule outtined in

appendix 5.10. The variables of interest in the vitamin A trial were

equivalent to those used in the vaccine trial, but were summed separately

because they covered different time periods from those used in the vaccine

trial. They were as follows:

NOSE/THROAT: number of days of nose a¡d/or throatI

a
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z

3

4. EPISODES:

COUGH:

CHEST:

5. DAYS:

soreness/pain in the sinus area a¡d/or runû]¡

nose

number of days of hoarseness and/or cough.

number of days of deep chest cough,

vheezing and I ot breathlessness.

number of discrete episodes of acute

respiratory illness. A discrete episode is

defined as one or more days of nose, cough or

chest symptoms, preceded by and succeeded

by at least oûe symptom-free day.

the total number of days on vhich one or

more of the symptoms nose, cough and chest

were noted.

Respiratory symptoms srere recorded and summacized for the

pre-supplement, supplement and post-supplement periods (see fig.5. I ).

J.3.7 Diet Methodology

Three methods were initially considered to assess dietary intake

of retinol and ß-carotene. They were: diet diary, diet history and food

frequency questionnaires. Diet histories provide means of averaging

nutrient intakes over a long period of time; however, the range of foods

reported is subjective and proûe to recall bias. In the food frequency

method, the range of foods is specified, but because of the limited number of

foods, an estimate of the total daily intake of a nutrient cannot be made in

absolute terms. The range of foods recorded in diet diaries is more complete;
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recall is not a problem and total intakes estimated. However, they represeût

only one point in time and are subject to bias from seasonal and other kinds

of temporal variation. The relative merits of these methods for use in

epidemiotogical studies have been discussed by Morgan et al (1978) and

Abramson et al ( 1963 ). The results of the diet diary method were used in

the analysis reported here.

5.3.E Data Eandliag and Orga¡ization

Data were entered and organised on the Cyber computer at the

University of Adelaide using the Scientific Information Retrieval (SIR)

package. Analysis was performed using SPSS statistical procedures package.

Data for each child included:

l. Blood analysis results: plasma retinol, a-tocopherol and

ß-carotene.

(a) initial, at the beginning of supplementation (To)

(b) final, at the end of supplementation (T1)

2. Dietary data: results of diet diary

General medical, family history, social and environmental

information derived from the general questionnaire.

Height, weight and compliance data derived from dose cards

(a) initial (To)

(b) final (Tt )

Re spiratory infor mation derived from diaries.

Data from Periods 3, 4 and 5 vere summarised as pre-supplementary,

3

4

5

s
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J-month and I 1-month follov-up periods respectively. Dietary dala were

coded and analysed using the CSIRONET dietary analysis package with

assistance from the Division of Human Nutrition, CSIRO, Kintore Avenue,

Adelaide.

5.4 Results

Signed consent forms were received from parents of 153 children. 0f these,

six were excluded upor subsequent interview because of regular dietary

supplementation with vitamin A during the preceding si¡ months, or failing

to meet the respiratory miteria. A total of 147 children were intervieved

and entered into the trial.

,-4 -l Number of Participants and their Àttrition

5-4-l.l- Randomizatioo, and Comparability of Groups at Different

Points in the Study

Table 5. 2 shovs the composition of treatment and placebo groups

with respect to the main potential covariates, after randomization. at five

months (after completion of supplementation) and at tl months (after

completion of recording of respiratory symptomsl. Treatment and placebo

groups were similar after initial randomization when compared by mean age,

set, history of allergy and mean days of pretreatment respiratory symptoms,

height for age and weight for height. A higher proportion of children with a

history of lover respiratory illness (LRI) and frequent upper respiratory

illness (URI) (appendix 5.5, Q20) were included in the placebo group (50r of

placebo, 34x oî supplemented group). Hovever, this difference was not

significant (p = 0.13).

i !i'

t'
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The supplement/placebo group ratios for mean age, sex, history of

LRI, URI and days of pre-treatment symptoms remained the same at both

five and I I months, indicating that no significant changes in the structure of

the two groups had taken place over the trial period. A small increase (from

47Io 46?6l was observed among those reporting history of aller8y in the

placebo population at I I months. None of the differences observed between

supplemented and placebo groups were significant at either five or l1

months.

a
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T¿ble ).2

Conprnbility of Trertnent r¡d Plrcebo Groups

N Mean Sex
Ase (M)

History
of Allergy

History
of LRI

History
of URI

Mean
Presupplemeñary

Days of
Respiratory
SYmPtoms(Mths) (%) (%) (% ) (%)

tnitial

Supplement

Placebo

76 ïe.Z 38(50)

71 3e.4 3t(4e)

30(3e)

29U1',)

26ß4)

36(50)

2Jß3)

35(4e)

77.7

7r.3

147 3e,3 73

( 1007" )

ls 62 60 74,1

5 Months

Supplement

Placebo

69 39.9

6J 37.5

34(48)

32(t0)

27ße)

27G2)

z3ß3)

32(50)

2Zß3'

32$0)

n.6

72,)

134 38,7 66 J4

(el% )

tt J4 71,t

1l Months

Supplenent

Placebo

te 40,7

48 36,0

28(47)

23U8)

22rß7)

2ZU6)

le(32)

24(t0)

18(31)

24(t0)

79.8

76,6

107 3E,{ ll 44

ß6%')

43 4? 78.?

a'
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J.4-1.2 Causes of Attrition

Dropouts s¡ere defined as those not completiag 4/5 months of

respiratory diaries at five-month follov-up, and those not completeing

L0/ ll months of diaries at I 1-month follov-up. Tabte 5.3 shows the

number of dropouts by cause.

Trble 1.3

IÍunber of Dro¡louts by Cruse

Cause

Discontinued

Moved ùway

Failed to retum, diaries at J mooths

Failed ûo roturo diaries at ll ¡nonths

The dropout rate of 8% during the first five months of the study

(supplementation period) and 27% during the second six months was largely

due to failure to return diaries. A vigorous effort was made through

repeated telephone contacts vith mothers to encourage their return.

However, because of the demands of the vaccine trial, this period was the

fourth 6 month period in which parents had been requested to keep diaries,

and although they r/ere highly motivated and a good rapport vith staff was

maintained throughout the trial, some falt-off in participation was inevitable.

J.4.2 Side Effects of Supplementation

t
2

6

Ng-

27

Five children discontinued participation in the vitamin A study
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because of illness believed b)¡ parents to be associated vith the supplement.

Symptoms reported were diarrhoea, vomiting and irritability. 0f these

children, four had been taking placebo. The fifth, although taking the

vitamin A supplement, had a low plasma retinol value ( 1.03 unol/l) when

starting supplementation. It vas concluded that for these reasons, and the

non-specific nature of the symptoms reported, the illnesses were due to

other causes coincident with supplementation and not due to

hypervitaminosis A,

In order to detect any side effects amongst those continuing in the

study, parents were asked the question "Has this child been well since

helshe began the medicine?" during their visit to the Ingle Farm Health

Centre to collect their second bottle of supplement. Tvelve parefits reported

a range of childhood illnesses. 0f these, only one case of irritability vas

continuous over the period of time in which the vitamin A syrup was taken.

Plasma retiûol values for this child at the end of the supplementation period

were vell vithin the normal range (1.54umol/t). It was concluded that the

problem was due to other causes.

5.4.3

J.4.3.1

Compliance and Yatidity of Yariables

Respiratory Symptom Diaries

As discussed above, the number of completed respiratory diaries

dropped from 91% to 68r at the conclusion of follow-up. It was of interest

to deternine vhether the quality of recording also declined and, if so. if it

was comparable in both Broups. As part of the vaccine trial. nurses classified

diaries as they vere being coded according to quality of record keeping in
I'
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the following categories:

l. Record keeping excellent

2. Some problems with consistenry and completeness

3. Major problems with consistenry and completeness.

Trble I.4
Assessnen3 of Respiretory Di¿ry Quelity

% of Diaries J Monùhs

Placebo Supplernent Suppleneot

1l Months

Placebo

Vaccine Trial*

N

E¡cellent

Some problens

Major problems

6J

97.4

1,3

1,3

69

100

0

0

4E

97,4

0

0

j7

100

0

0

t273

E9

l0

2

* described in sectioo J.3,1

As shovn in Table 5.4, the quality of recording in both supplement

and placebo groups was very high and similar in both groups. In the placebo

group, only two diaries with some problems r/ere reported at 11 months and

none in the treatment group, indicating little fall-off in quality over the trial

period.

5.4.3-2 Yitamin A Supplementation Schedule

In order to ascertain what percentage of the dose children s¡ere

actually taking, parents received acard for each child (appendix 5,6), on

vhich they were asked to record a tick for each dose administered. Mothers

were asked to bring dose cards and supplement bottles when visiting Health
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Centres to receive their second supplement bottle and again at their

concluding visit. The level in the bottle was checked against the number of

ticks on the card, and any discrepancies queried. The percentage of the total

dose taken was calculated from the card. Results are shown in Table 5.J.

Trble I.I
Conplimcs vith Yit¡ni¡ Ä Su¡lplenent¡tio¡ Sclsdule

% dose received Nunber of children

03
J0-74 E

7J-ee 6

100 1I9

L6
ïhis method of assessing compliance relies on voluntary

co-operation of parents. Although it is possible that dose cards may have

been ticked indiscriminately and bottle contents discarded. the level of

motivation in this voluntary population argues that the reporting was done

honestly and a high level of compliance vith the dosage schedule was

maintained. Those taking 50s or more of the dose of vitamin A syrup (alt of

the vitamin A supplemented group)were included in the analysis as having

received supplementation.

J-4-3-3 Diet Diaries

Of t34 diet diaries vhich were distributed to participants (diaries

were distributed at 5 months), 122 (91%) were completed and returned. The

quality of recording ulas Bood. Ninety-nine per cent of diaries contained
I'
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records over three days, complete descriptions of foods including brand

names in many cases and estimates of quantities which were appropriate to

the food and age of the consumer. The experience of filling out two previous

diet history forms plus the prompts for easily forgotten foods and food

desmiptions provided at the two subsequent interviews may have

contributed to the high quality of recording.

It should be noted that most diaries srere filled out over a

three-day period (Sunday, Monday, Tuesday), two weeks after Easter.

Consequently the intake of sweets and chocolate was high. Thus the diet

recorded may be biased towards lov representation of so-called "healthy"

foods. However, the recording of frequent intake of these and many other

types of low nutrient value snack foods was a feature of this method, and

argues for its presenting a truer picture of the diet than the history or

frequenry methods .

Mean values of the major nutrients estimated from the diet diaries

are shown in Table 5.6. Comparison with mean daily intake values for

energy, total protein, fat, carbohydrate, iron, vitamin C, vitamin 86, vitamin E

and A from other studies shows close agreement. Comparison vith the

recornmended daily allowances for these nutrients shovs that the study

population was consuming, on âveraSe; an adequate diet with respect to

these nutrients.

t'
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Trble 5.6

He¡n drily i¡trte of nrior nutrients estinrted fron 122 ilia¡ dirries

in this study, con¡lered vith results of other suffeys rnd RDA

Nutrient This study
(l-t yrs)

RDAIl] EAMESI2I
(l-3 yrs)

OYEN etal[3]
(2-3yrs)

STUCKEY eùal[4]
(3-7 yrs)

M, Joule

Protein (g)

Total fat (g)

Total CHO (s)

Iron (mg)

Vit, C, (ng)

Vit, 86 (mg)

Vit. A (ugre)

(ûotal)

Vit, E (ng)

t,6

44.4

14.2

173,2

6,6

84,5

0,84

763

t.t

23

15

4'

0,9

400

6.2

J4,6

7.7

80,6

764984

t'1

40

t0

tE0-200

6-7

70

1020

7.7

,e

79

230

10,6

90

2.96 5

ul

l2l

t3I

t41

Recommended Daily Allov¿nces, Food Nutrition Board, Ninth Edition, 19E0,

National Research Council, National Academy of Sciences, Yashington DC,

Health and Nutrition Examination Survey, l97t-74, United St¿tes Dept, of

Health, Education and Velfare, Hyattwille, Marylan d, 1977,

Ove¡, G.M,, Kram, K,M,, Garry, P,J,, Love, J,E, and Lubin, A.H, A study of
nutritional status of preschool children in the Uniþd States, 196E-70,

Stuckey, S,K,, Darnton-Hill, L Dietary intakes of five-year-old children in an

ouùer Sydney suburb, Food and Nutr. Notes &Revs, 37, No, 3, 109-114, 1930.

Mean daily intakes of vitamin E and iron, however, s¡ere below

the recommended daily allowances. Vitamin E in the diet is measured as

a
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total tocopherols in this study. ïhe intake of a-tocopherol, the most active

form, is likely to be lower than this, to an extent depending on the dietary

source of the vitamin - largely vegetable oils. Thus, corn oil contains total

tocopherols at l00mg/100g, of which only l0% is a-tocopherol, while 90% of

the total tocopherol content of safflower oil is a-tocopherol. Other

tocopherols have only l0-50r of the activity of this form. Since different

types of vegetable oils are not coded separately in the dietary analysis

programme, it is not possible to reliably estimate the vitamin E intake from

these data.

Mean daily intake of vitamin A in the unsupplemerted group is

well above the recommended daily allovance, although it is below intakes

found in other studies. The relative contribution of the supplement and

dietary ß-carotene to total vitamin A intake is considered in Section 5.4.5.2.

5.4.4

5.4-4-t

Blood Ànalyses

Mean Yalues of Plasma Retiaol, 8-carotene aad

a-Tocopherol

Results of blood analyses are shown in Tabte 5.7. Blood samples

were obtained from 95tl ( l22l of children at the beginning of

supplementation and 89% f^31 at the end of supplementation. Plasma

retinol values for all children in the study (range 25-97ug/dl) vere in the

normal to high range as defined by the United States Interdepartmental

Committee on Nutrition for National Defence (ICNND) and above that level at

which exhaustion of liver stores prior to a drop in plasma levels can be

inferred (10-40ug/dl) (Flores er al, 1984).
t'



Ihe range Q3-I45ueldl) and mean levels (66ue/dl) of plasma

ß-carotene were low when compared vith the "normal" range quoted by

0'Brien ( 1969) for this age group ( 100- l5Oue/dt) and compared with mean

values for I -L?-year-old children reported by Farrell ( 107ug/dl, 1978 ).

However, plasma ß-carotene fluctuates diurnally depending on dietary

intake. These samples were taken prior to the main meal of the day.

Trble J.7

He¿n Phsnr Yit¿oi¡ Yolues in Sup¡llenented

e¡d Unsupplemonted Groups

9t

To
(SE)

Ti
(sE)

Retinol
ug/100 ml,

1o(1) Ti
1g¡¡(2) (SE)

ß-Carotene
ug/100 ml,

a-Tocopherol
(mg/l00nl,)

To Ta(sE) (sE)

Placebo

Supplemeot

0verall

48,7
(l,4)

67,t
ß,2)

48.4
( l,{)

63,9
ß,2

18,7
(l,4)

66,0
(2,1)

e3 tz3

4e,3
0,7J

48.41
( 1,4)

{9,00
(l,1)

taE

tt,8
(3,2)

63.e
Q,7t

0.1e7
(0,01e)

0.5E8
(0,0lE)

0,te3
(0,0r3)

0.t87
(0,025)

0.t83
(0,030)

0,t85
(0,017)

60,12
Q,t)

t0N 126 e3

tl1 fq = pfesupplenent

1i = postsupplement

SE = st¿odard error of the meaût21

Mean a-tocopherot (0.59m1/d| was similar to that observed by

Farrelf fi978) in inner city children (0.55mg/dt) and suburban children

(0.63me/dl), although the minimum observed in this study was lower

a'
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i0.19mg/dl Çompared with 0,3mg/dll. Farrell reports a lower range of

tocopherol values in children than in adults. Because of the high correlation

betveen plasma tocopherol and total lipids. some authors have argued the

necessitv of expressing plasma tocopherols as a function of the latter.

Farrell. however. found a much weaker correlation between the two in

children k=0.4. p= 0.05)than in adults ft=O.71, p= 0.001) possiblv reflecting

different dietary patterns in children.

5.4.4.2 Correlation Between Plasma Levels ¿nd Dietary Intake of

Yitamins A and E

Plasma levels of vitamins were correlated with dietary sources

only in the case of vitamin E (r-0,22, p-0.012, N- 102). This is in agreement

with other reports (discussed earlier) that plasma retinol is independent of

dietary sources, except in clinical deficienry ß20u9/ I 00 ml),

5.4.5

5.4.J.1

Respiratory Symptoms

Correlation Between Periods

Nose/throat, cough and chest symptoms were measured

consecutively over three 6-month periods encompassing tvo winters and a

summer. Correlations between symptom variables measured over these

three time periods are shown in Table 5.8. For the same symptom type, data

from different periods were hiehly correlated. Pearson product moment

coefficients ranged from 0.4 to 0.7. Seasonal differences did not change the

strength of the relationship as summer-winter associations were as strong as

winter -u¡inter as sociation.

t
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Correlations between symptoms of different types vere also

significant, although weaker. Thus cough symptoms in period 3 were

correlated with nose symptoms in period 4 (r-.24,p(001) and period 5 (r=.15,

p-.047).

Table J.t

Associ¿tio¡ Between Respirstoqf Synptons in Perio¿ 3(l)
¡¡d Thoss in Subsoquent Tino Periods (Porson's Correlrtion Cosfficients)

Period 4(2) Periodl(3)

rNrN

Nose/throat

Cough

Chest

0,41

0,40

0,6E

lJ4

1t3

lt3

0.{9

0,47

0.67

t?t

t?3

12?

All correlations are significant at p(.00L
(t) 6-nonths prior !o supplementation

Q) Supplementation period
(3) 6 nonths post-supplementation.

The possibility must be considered that the consistency of a child's

experience from period to period represents a recording bias on the part of

parents. However, the same relationship was observed in the more objective

measures of number of GP visits and days of prescription drug ingestion and

argues that it does represent a true consistency of morbidity from one

period to the next. This finding has the folloving implications:

( I ) a child experiencing frequent respiratory illness is likely to go on
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experiencing it (it is not the result of a 'bad'winter);

a population of children at risk or highly susceptible can be

identified:

up to 50t of the variance in these symptoms can be accounted for

by factors which are continuous between periods. This has

important aetiological implications, suggesting that factors such as

genetic susceptibility, pre-existing underlying disorders and

long-term nuffitional and environmental factors play a hiehly

significant role in determining morbidity, thus downgradinB the

relative importance of seasonal changes in exposure to infectious

organisms.

J.4-5.2 Effects of Supplemeûtary Vitamin A

In assessing the effects of vitaminA supplementation, three questions have

been considered:

l. lfas the dose successful in significantly changing dietary intake of

vitamin A?

2. Was supplementation reflected in a change in plasma retinol values?

3. Did the supplemented group experience a drop in mean days or episodes

of respiratory symptoms when compared with the placebo group?

5.4.J-2-l Effect of vitamin a suppremertatiori on Mean Daily

Intake of Yitamin A

A comparison of mean daily intake of retinol, ß-carotene and total

vitamin A in supplemented and unsupplemented groups is shown in Table

I
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5.9. Total retinol intake for each case is equal to dietary retinol plus %

compliance (proportion of vitamin A doses taken as indicated on the dose

card) times daily dose of vitamin A (450ue retinol equivalents).

Trble J.9

Tot¿l DietrrT Int¿le of Retinol rnd ô-crrote¡e

Mean daily iot¿ke of Vitamin A (ug retinol equivalents)

Retiaot[l] ß-carotene Tot¿l Vitamin A

Placebo

Supplement

% difference

394

7ol,

44

36e

401

8

763

I 106

3r

[1] includes supplemetrtary retinol

Ïotal daily intake of vitamin A io the placebo group was found to

be derived equally from preformed retinol sources and ß-Carotene sources, a

result which has been found for other Western populations (Goodhart and

Shils, 1973). Vitamin A supplementation vas effective in almost doubling

the daily intake of retinol and increasing the total vitamin A intake (retinol +

ß-carotene in retinol equivalents) by one-third.

,.4-r-2.2 Effect of Vitamh A Supplementation on Plasma Values

Table 5.7 shows meaû plasma retinol values before and after

supplementation. Plasma retinol vas unchanged in the supplemented group

at the conclusion of supplemenration, although the placebo group

a'
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experienced a slight (non-significant) drop. This result indicates that plasma

values were independent of diet and, by inference, suggesting that liver

stores were adequate. ïhe high mean plasma retinol of 48ug/dl also

supports this.

J-1.5-2-3 Effect of Supplementary Vitamiû A on Respiratory

Symptoms

Mean days of respiratory symptofns over I I months are shown

for Vitamin A supplement and placebo groups in Table 5.10. Days of nose

symptoms and chest symptoms were 12j" and 9% lower (respectively) in the

supplement group. Ïhe differences were not significant, however. Days of

cough symptoms were l2% higher (again not significant). In the summary

variables, episodes of ail respiratory symptoms were l9% lower (significant

at the 5% level) but there r¡as no difference in days of all symptoms.

a
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T¿ble l.l0
Conperison of Respiretory Synptons in Yit¿nin A SuBplone¡ted

rnd Pl¿cebo Groups

Nose
(days)

Cough Chest Episodes of(days) (days) all Symptons
Days of

all symptoms

Placebo

N

Vitamin A J4.7

N51

Overall tE.t

102

62.1 2E,3 rt,r

l1 l1 tl

N

32.Z

t1

30,3

l0z

13,7

tl

14.4

t02

E,0

72

6.5

t3

7.2

t07

72,7

v

72,7

53

72,4

107

7o change -lZ .l? -9 -19* +J

* 
= significartai J% level (T æst)

5.4.5.3 Effect of Stratification by Respiratory Morbidity Eistory

Ïhe hypothesis central to the selection of children for the trial was

that those with increased frequenry and severity of respiratory infection

nay benefit more from vitamin A supplementation than those with lower

levels of morbidity. Frequent infections, may exacerbate marginal vitamin A

status, which in turn contributes to more frequent infections. It was

therefore of interest to stratify children according to their prior experience

of respiratory morbidity and to examine the effectiveness of vitamin A
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supplementation within these sub-groups. ïhe study population r/as

stratified by pretrial morbidity (recorded as part of the vaccine trial) and by

history of lower respiratory illness and asthma,variables derived from the

general questionnaire.

Stratification by days of symptoms during thc 6 months prior to the

study showed no modification by pre-trial morbidity of the effectiveness of

supplementation. However the study population was selected on the basis

days of more than l5 days of cough symptoms (or three episodes of

respiratory illness) during the three month period prior to the study. Pretrial

morbidity measured in this way would thus be uniformly high and may not

provide enough variability to show an effect.

The population vas further stratified on the basis of prior experience

of bronchitis, pneuüonia, persistent cough, croup, whooping cough (termed

lower respiratory illness in this thesis) and of asthma, hayfever, eczma or

food allergy (termed allergy) . A difference in response to vitamin A

between children with and without a history of illness then emerged (Table

5.ll).

Children vith a history of allergy and lover respiratory illness showed

greater reduction in symptoms associated with vitamin A supplementation

than children without such a history. Children with a history of allergy had

reductíons of I 6 - 29j" in episodes, days, nose, throat and cough ( although

none vas significant the power of the study to detect significant differences

in these variables r/as very lowì. Children with a history of LRI had a 25l"

reduction in number of episodes significant at the 5r level. No reduction was

observed in children without such a history. Children with and without LRI
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histor¡r had sinilar mean days of symptom morbidity 02.6 SEM 6.7 and 72.8

SEM 8.0 respectively).

T¿ble 5.ll
Percent¿ge Differo¡co betvee¡ Supplonented t¡d Plrcebo

Group Herûs, Stretified by History of Lovor Ros¡riretory lllaess & Allergy

Ilistory of

AllergY(l)

No Yes

History of

¡¡y (2)

No Yes

Toøl

Population

N

Episodes

Days

ot

-11

17

4

-2J

-16

68

-2)"

t07

-19

0

3s

0

4 I

Nose/Throat

Cough

Chest

-29

-27

4 -10 -t4

-2 ?1

EI -29

-12

*12

-9

17

-2J 1

(1) Asthna, hayfever, eczema or food allergy
(2) Bronchitis, pûeumooia, croup, vhooping cough, persistent cough.

Source: parent questionnaire.
*p <.05

Stratification, by reducing the effective sample size, reduces the

power of the study to detect a significant difference. It also increases the

possibility of differences betweer treatment groups in infrequent variables.

However, comparison of the rnaior poteûtial confounding factors of age, days

of pre-supplementary morbidity, allergy and frequent upper respiratory

illness showed no differences between treatnent and placebo groups in LRI

and no LRI children.

a'
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Thus there appears to be a consistent benefit derived from

vitamin A supplementation for children with a history of lower respiratory

illness expressed as a reduction in incidence of all respiratory symptoms.

5..f.5.{ Correlation Between Plasma Levels of Vitamins A and E

and Respiratory Outcome Variables

Table 5.12 shows the correlation between plasma retinol,

ß-carotene and a-tocopherol and episodes and days of respiratory

symptoms. No significant correlations were found between retinol,

ß-carotene and respiratory symptoms, either at the beginning or conclusion

of the supplementary period, suggestilrg that plasma vitamin A is not

affected by increasing frequency of respiratory symptoms, nor does it

cotrtribute to it.

Episodes of respiratory synptom.s vere weakly, but significantly

correlated u¡ith plasma vitamin E levels at the conclusion of the

supplementary period however, suggestirig that increased frequency of

infections may have reduced plasma a-tocopherol. This was confirmed vhen

change in plasma a-tocopherol vas plotted against episodes of respiratory

infection. The association had a Pearson's Correlation coefficent of -0.27

(p=0.009, N=72), Neither of these associations were found with days of

respiratory illness. Possible mechanisms for this effect include increased

utilization due to the turnover of membrane lipoprotein with replacement of

virus-destroyed respiratory mucosal cells or increased utilization due to the

anti-oxidant role of vitamin E. The absence of an association with plasma

retinol or ß-carotene suggests that overall dietary intake of vitamin A is not

associated with respiratory morbidity.



10t

T¿ble J-12

Pearson's Correlation Coefficients for the Associatioa betveen

Plasma Yitamins and Episodes and Days of Respiratory Symptoms

at the Beginning and End of Supplemeatation.

J

Plasma

Vitamins

Initial

Episodes Days

Final

Episodes Davs(N) (N)

Retinol

ß-carotene

a-tocopherol

r03

98

100

0.13

0.04

0.t l

0.04

0.t2

0.06

76

69

76

-0.07

-0.02

-0.22*

-0.02

-0.01

-0.11

* p=0.033

J.4.6 Social and Environmental Factors: Multivariate

Regression Analysis

A study of other potential co-variates of respiratory symptoms

vas made vith the purpose of detecting factors which could confound a

nutritional effect, and of estimating the magnitude of the correlation of

respiratory variables with vitamin A relative to other knovn correlates,

Information on a number of socio-economic, environmental,

medical and family history variables which have been shown in other

studies to be related to respiratory illness r¡as derived from the

questionnaire (Appendix 5.5). These variables were in the categories of

respiratory history of the child and family, environmental and

socio-economic factors, factors relating to exposure (contact with potential

I'
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sources of virus transmission), familv composition and the behaviour of

parents in seeking treatnent for respiratory symptoms in their chitd. The

variables and their type were as follows:

Type

A Medical:

l. Histor)¡ of Frequent Upper Resgiratory lllness:

persistent runny nose, sinus trouble, tonsillitis,

frequent ear infections.

2. History of Lower Respirator)¡ Illness :

bronchitis, pûeumonia, croup, whooping cough,

persistent cough.

3. History of allergy :

asthma, hayfever, eczema or food allergy.

4. History of measles

5. Are.

Dichotomous

Dichotomous

Dichotomous

Dichotomous

Continuous

B. Family History:

Histor]¡ of adult lover resoiratory illness : Dichotomous

history of persistent cough, wheezing, bronchitis,

pneumonia, emphysaema or other chest illness prior to last 12

months amongst adults.

I

2. Histor]¡ of sibling lover resgi-rator)¡ illness : Dichotomous

history of persistent cough, wheezing, bronchitis,

pneumonia. croup or other chest illness amongst siblings.

a'
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C. Environmental:

t, Tyoe of heating/cooking (gas or notì

3. No. of smoking parents durine lst 2 years of life.

4. No. of Barents cumently smokine

5. AirconditioninB :presence or absence

Socio-economic:

l. Mother's education: years full-time

2. Father's education: years full-time

3. Mother's occupation : Congalton 7-point scale

4. Father's occupation : Congalton 7-point scale

Dichotomous

Continuous

Continuous

Dichotomous

D

Continuous

Continuous

0rdinal

0rdinat

E. Exposure:

l. Episodes of adult upper respiratory illness : Continuous

episodes of sore throat, runny nose or cold-like symptoms

in past 12 months amongst adults at home.

2. Presence of adult lower respiratory illness : Dichotomous

persistent cough, wheezing, bronchitis,

pneumonia. emphysaema or other chest illness during the last 12

months amongst adults. Dichotomous

3. Episodes of sibling upper respiratory illness : Continuous

episodes of sore throat, runny nose or cotd-like symptoms

in past l2 months amongst siblings this year.

4. Presence of sibling lower respiratory illness : Dichotomous

persistent cough, wheezing, bronchitis, pneumonia,

croup or other chest illness during the last 12 months

amongst siblings.
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Help Seeking Behaviour - Tendency to seek treatment for: Score

1. Continuous runny nose 0, 1, 2

Z. Sore throat 0, 1,2

3. Frequent coueh 0, l, 2

4, Clears throat 0, l, 2

5. Irritated and tired 0, 1, 2

6. Repeats words. 0, t,2

vhere a score of 0 - regards as normal part of growing up

I - applies home remedy or something from chemist

2 - consults doctor

Family Composition:

l. Number of siblinss 0-2 vears Continuous

Continuous

Continuous

Continuous

G.

2

3

Number of siblinË.?-4 years

Number of siblinss 5- l0 vears

4. Number of siblings I 1- l8 years

These variables were entered into a multiple linear regression

model with backward elimination: after entry of all variables, those with the

largest probability of F were then removed sequentially, if the latter

probability was greater than 0.05. Residuals were tested using a normal

probability distribution. The variables entered into the model, and their

coefficients are shown in table 5.13 and 5.14.

a
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Trble 5.13

Uedicrl rnd Frnily Eistory, Socid r¡d E¡viro¡neatrl
Yrrirbles selected il r Brctvrrds Hulti¡rle Linerr Regression [odel vith

E¡risodes of Res¡riretory Synptons ¡s the Depeadent Yari¿ble.

Variable Regression

Coefficient

T-

St¿tistic

Significance Partial Correl-

ofT ation Coeff.

VitA Supplem,ent

History of Adult LRI

Presence of Adult LRI

Episodes of Adult IIRI

Episodes of Sib URI

Me¿sles

Airconditioning

Treat Nose Symptoms

-2,07

2,Jr

-2.JJ

0,43

-0,3e

2.EJ

-3.37

1,73

-211

2,e0

-3.00

2.n
-2,0t

2,03

-4,16

2,30

0.00E

0,001

0.004

0,007

0,04E

0 046

0.000

0,024

-0,31

0,33

-0.34

0,32

-0,24

0,24

-0,4t

0,27

The model explained 37j. of the variance in respiratory episodes

(R-square=0.44, adjusted R-square=0.37). A similar model, using stepwise

entry of variables resulted in fever variables being included, but explained

less of the variance (adiusted R-square= 0.25). The results of backwards

multíple regression using days of respiratory symptorns as the outcome

variable is shown in table 5.14.

The model explained 35% of the variance in symptom days

(R-square--0.44, adjusted R-square=0.35). Stepwise linear regression resulted

in a similar, but less explanarory model (adiusted R-square= 0.18 ).
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T¿ble 5.1{
lledicd rnd Femily f,istory, Socirl rnd Enviro¡ment¿l

Yrri¿bles selectsd in r Brctvuds fulti¡llo Liner Regrossion todel vith
Drys of Respire;lÐrr¡ Sym¡ltons ¡s the Do¡londont Yuirble.

Yariable Regression

Coefficient

T-

Statistic

Significaoce PartnLCorrel-

ofT ation Coeff.

Mother's Education -9,9

Father's 0ccupation -9,4

Mother'sOccupation -13,0

No of Preschool Sibs 21,8

No of Adults at Home 82,3

Ilistory of Adult LRI 40,3

Presence of Sib LRI -2E.6

Gas Heating or Cookin e-29,6

Treat lrritabitity -14,3

TreatThroatSynptoms 31.1

Treat cough Sympt,ons 30,9

-3,0

-2,2

-3,3

l,E

2,3

3,5

-2,2

-2.3

-l,9
t,73

2.0

0,00{

0,034

0,001

0,073

0,021

0 001

0,032

0,026

0,0t6

O,OEE

0,048

-0,35

-0,26

-0.3E

0,22

0,26

0,3E

-0.26

-0,?7

-0,23

0,21

0.24

5.4.6-l Yitamin À Supplementation

The treatment variable was entered into the multivariate analysis, in

addition to the variables rnentioned above, for two purposes: to check that

the difference betr/een the tr¡o groups in the confounding factors history of

LRI and URI (section 5.4.1.1 ) vas not contributing to the treatment effect

observed, and secondly to determine the magnitude of the contribution of

the treatment variable to overall variability.
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Vitamin A supplementation was a significant predictor of respirator-v

episodes after all major potential confounding factors had been included in

the regression. 0f those differences which remained between groups after

randomization, none were responsible for the difference in outcome

observed between treatment and control groups (there remains the remote

possibility of unmeasured confounding differerces between the two groups,

as in all randomized controlled trials). The contribution of the supplement

variable to the overall variance, however is not great. In the stepwise

regression model, vitamin A supplementation contributed 5% of the overall

variance. Vitamin A supplementation therefore, while it may have

significantly influenced respiratory episodes, was just one of many factors

also correlated vith this outcome. As observed earlier, symptom days of

respiratory illness r¡ere not associated with the treatment variable. again,

indicating that the effect of vitamin A supplementation on respiratorlr

norbidity in this population is minor. In conclusion, multiple regression

including the major knovn social and environmental confounders for URI

confirmed a significant effect of medication on episodes but not davs of

respiratory illness, The magnitude of the effect of supplementation is only

modest compared with contributions from other variables.

,-4-6-2 Socio-economic, Behavioural Factors and Family History as

Predictors of Respiratory Symptoms-

Only one third of the risk factors listed in the categories described above,

proved to be significant contributors to variability of respiratory symptoms

in this population. Variables in the category of socio-economic status were

the most consistent predictors. Mother's 0ccupation and Education and

Father's 0ccupation vere contributors to days of symproms (parrial

I
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correlation coefficients, r- -0.38, -0.35 and -0.26 respectivety). The direction

of the relationship was consistently negative, and this is accordance with a

large body of literature vhich reports a strong social class gradient for

respiratory illness (Lee and Holland, 1978; Monto and Ross, 1977). The

apparent protective effect of air conditioning on episodes of symptoms is

difficult to explain unless, in this relatively homogeneous population,

presence or absence of air conditioning is a proxy for socio-economic status.

0f the exposure variables, Presence of Adult LRI and Episodes ofAdult URI

and Sibline URI in the past 12 months were contributors to respiratory

episodes, however they were not consistent in the direction of their effect

and no exposure variables were contributors to days of respiratory

symptoms. History of Adult Lower Respiratory lllness was a consistent

contributor to both episodes and days (r-0.33, r=0.38, respectivety). Sibling

history of LRI did not reach significance as a predictor in this model. Parent's

history of LRI (chronic bronchitis, asthma) has been reported as a predictor

of chronic bronchitis in children by Higgins and Keller (lgr5). It is
interesting that neither the current smoking habits of parents, or those

during the first two years of life, were predictors of episodes and days of

respiratory illness in this population.

The 'tendency- to- seek- treatment'variables (see general questionnaire,

appendir 6), reflect a parent's tendenry to see minor symptoms as important

and worthy of seeking external help. They therefore reflect a parent's

awareness of the child's state and perception of the importance of

respiratory symptoms relating to his or her health. This perception is

relevant to the study, because the outcome used in the trial was a symptom

variable reported by parents. The tendenry- to- seek- treatment variables
I'
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should be a measure of the extent to which the outcome variable was

influenced by differences in parents perception of the importance of

respiratory symptoms. The tendenry- to- treat- nose symptoms was a

predictor of episodes (r-0.27) and the tendenry-to-treat-throat and cough

symptoms r/ere predictors of symptom days (r-0.21,0.24 respectively),

suggesting that some variation in these variables was due to differences in

their perceived importance amongst parents, The negative contribution of

tendency to treat irritability to symptom-days, may reflect an inclination of

parents to ignore behavioural symptoms as noteworthy indicators of

ill-health,

5.5 Discussion

The objective of the study was to determine vhether changing

vitamin A status by oral supplementation would affect respiratory morbidity

amongst children who experíenced frequent respiratory symptoms {i.e.were

'respiratory prone'). The underlying hypothesis assumes three conditions:

l. that these children would be marginally vitamin A deficient

(inadequate vitamin A reserves to provide a minimal protective

period - WHO, 19761

2. thattheir vitamin A status would benefit from increased

dietary intake

3. that the benefit would be expressed in a reduction in episodes

and days of respiratory symptoms.

0n the basis of both dietary intake and plasma retinol levels, it is unlikelv

that the population is marginally vitamin A deficient. Thus mean daily
l'
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intake of vitamin A in the placebo group was 763 ug retinol equivalents(re),

almost twice the recommended daily allowance for this age group. This

margin seems adequate to allow for an increased requirement due to

frequent infections, unless a major problem in absorption was encountered,

A mean plasma retinol of 49ug rcldl also is above levels

associated with marginal liver reserves (<3Oug/dl: Flores et al, 1984). No

change vas observed in the supplemented group at the conclusion of

supplemenation, despite an increase in total vitamin A intake of 45%. No

change would be expected if dietary intake was already high and liver

reserves were adequate.

Given that the two prior conditions of the underlying hypothesis

r/ere not met, it was surprising lhat a third - namelv a reduction in

respiratory morbidity in response to supplementation- appeared to occur.

Thus a 191" reduction (significant at the 5x levet) was observed with vitamin

A supplementation. The effect was observed in episodes of respiratory

symptoms, however not observed in symptom days. This apparent

inconsistency ma]¡ be a result of the limited size of the study population.

Retrospective power calculations showed that in a study population of this

size, there r¡as a 9l % chance of detecting a ZJj. difference in episodes

(a=0.0-5), but only a 64x chance of detecting a similar difference in symptom

days. A larger population size was therefore necessary in order to be able to

detect an effect in symptom days. In a multiple linear regression model,

vitamin A supplementation remained as a predictor of episodes of symptoms

when major medical and familv history, socio-economic and environmental

risk factors were included, although its contribution to the overall variance

was small (5t).
a
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Children with a history of allergy and lower respiratory ilfness

appeared to benefit more than those with no such history ( again, possibly

due to problems of power, significant reductions occurred in episodes and

not days of respiratory symptoms) The variable 'lower respiratory illness' as

used in this study is very diverse- including bronchitis, pneumonia, croup,

whooping cough and persistent cough ( croup and whooping cough are not

normally considered as affecting the lower respiratory tract) It is a parent

report of a doctor's assessment and therefore subject to problems of recall

bias and differential diagnosis. Nevertheless, it does point to a group who

may have a greater requirement for vitamin A.

A number of studies have shown long term sequelae (increased

incidence of respiratory symptoms and deficits in lung function) in groups of

children who suffered LRI in infancy (reviewed by Samet,l984). Severe

viral respiratory infection is known to cause extensive damage to the

muco-ciliary lining of the respiratory tract. If such damage is responsible

for enhanced susceptibility to respiratory infection subsequently, then

increasing vitamin A availability at the tissue level may interrupt this cycle.

A reduction in plasma levels of vitamin E after frequent respiratory illness

as observed in this study may further increase vitamin A requirements in

these children.

It must be emphasized that this study was not designed to test

differences in response to vitamin A supplementation between children

with and vithout a history of lower respiratory illness. Although, as far as

could be determined, major confounding factors were equally represented in

both groups with and without history of LRI, other factors such as unknown
I'
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confounders. variability in parental recall, disease definition and small

sample size may have influenced the observed results. These findings were

regarded as preliminary, but worthy of investigation. As a result of this

study, the focus of investigation changed from that of the respiratory prone

child, as defined by frequenry of recent infection, to respiratory proneness

as defined by early history of LRI. A study was planned in which this group

of children was more tightly defined, and their vitamin A status examined.

5.6 Sunmary and Conclusions

5.6.1 A randomized, controlled trial of vitamin A supplementation was

carried out on 147 preschool children who had experienced more than 3

episodes of respiratory symptoms and 15 days of cough during the

preceding 3 months. The hypothesis tested was that children in this age

group who have experienced multiple episodes of respiratory illness may be

in a state of marginal vitamin A deficienry and that this contributes to

continuing susceptibitity to ARI.

5.6.2 A dose of 410 ug retinol equivalents (re)/day of retinyl palmitate was

provided over a period of 5 months and respiratory symptofns recorded on a

daily basis by parents for a further 6 months, HPLC analysis of plasma

retinol. ß-carotene and a-tocopherol was performed on fingerprick blood

samples taken at the beginning and end of supplementation. Dietary vitamin

A determination was by parent-completed 3-day food record.

5.6.3 Mean daily intake of retinoids was 394 ug re/day in the placebo group

and 701 ug relday in the supplemenated group after adjustment for

compliance. Total vitamin A intake in the placebo group was763 ug relday,
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indicating that even u¡ithout supplemenation, vitamin A intake vas vell

above the levels generally considered necessary to maintain health (450 ug

rcldayl.

5.6.4 At the conclusion of supplementation, plasma retinol was 48.4 and

48.7 ue/dl in the supplemenated and placebo group respectively. Plasma

retinol did not change with supplementation and vas not correlated with

total dietary intake of vitamin A.

5.6.-t Respiratory symptoms r/ere highly correlated from one 6 month

period to the next, confirming the notion of "respiratory proneness" reported

in other studies. Ihis finding suggests that respiratory episodes are not

independent events, but are a result of one or more underlying factors which

are continuous from period to period.

J.6.6 vitamin A supplementation was associated with a significant, l9%

reduction in the total number of episodes of respiratory symptoms (p<0.05).

Reductions in days of nose and chest symtortrs of lZli and 9%, respectively

r¡ere non-significant. 
^ 

12 % increase in days of cough in the supplemented

group was also non-significant.

5.6.7 Stratification of syrnptoms in the placebo group by 6-month pre-trial

morbidity did not shov an enhanced effect of supplementation on

respiratory symptoms in sicker children. Stratification by history of lower

respiratory illness and allergy did show a greater benefit to such children. A

2516 reduction in the number of episodes of respiratory illness (significant at

the 5% level )was observed in 63 children vith a parent reported history of

prior lower respiratory illness (bronchitis, pneumonia, croup, whooping
a'



114

cough or persistent cough)

5.6.8 Multipte linear regresssion was performed examining the relationship

of medical history, family medical history, passive smoking, socio-economic

status, family composition and other factors to acute respiratory morbiditv.

0f these, parental history of lower respiratory illness, family composition

and some environmental factors were most strongly correlated with

symptoms. The treatment variable remained a significant predictor of

respiratory episodes after entry of all other variables into the model.

Conclusions related to vitamin A status and respiratory morbidity are as

follows:

5.6.9 Evidence from dietary estimates and response to supplementary

vitamin A indicates that these chitdren are not in a state of marginal vitamin

A deficienry.

5,6.10 supplementation was nevertheless associated with a reduced

incidence of respiratory syrtrptoms, particularly in children with a history of

lower respiratory illness (as defined in this study).
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C[apter 6

Yitamin A Status aad Respiratory Morbidity in Children vith a

History of Lower Respiratory Illne¡s in Infancy
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6.1 Introduction

The previous study established that respiratory- proûe children in the

community - defined by the frequency of recent respiratory symptoms -

are not marginally vitamin À deficient. Nevertheless a subgroup of that

population, loosely defined as those vith a parent-reported history of

pneumonia, bronchitis, vhooping cough, croup and persistent cough -

appeared to benefit from supplementatioll. Similar, but not significant

results y¡ere found for those with a history of asthma, hay fever, eczema

and food allergy. That children with a history of early lover respiratory

tract infection constitute a special group who are particularly prone to

respiratory illness has been shovn in a number of studies. Samet ( 1984) in

a review of the origins of chronic air flov obstruction in adults summarized

reports which showed that children who experienced bronchitis,

bronchiolitis and pneumonia in infancy have evidence of deficits in small

airways function, reduced airflow, airtrapping and increased bronchial

reactivity lthe latter independent of history of atopy), 1-10 years later.

Subsequent studies have confirmed inmeased bronchial reactivity and

diminished ventilatory function in these children (Breese Hall et aL, 1984,

McConnochie and'Roghman, 1984, Mok and Simpson, 1984a,1984b) Mok

and Simpson report more cough, tendenry for colds to 'go to the chest', days

off school for respiratory illness in the past year and general practitioner

consultations in this group. The similarity of these effects in groups of

children with bronchitis, bronchiolitis or pneumonia as the inder diagnostic

classification lead them to suggest that the category of LRI is not important

in determining its long-term outcome (Mok and Simpson. 1984a). Possible

a
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mechanisms for these effects are aî underlying susceptibility to respiratory

illness, present at birth, or injury due to viral infection during a period of

rapid lung development, vhich consequently has long lasting effects.

Vitamin À has been shown to play a role in lung development. Both

cellular retinol binding protein and cellular retinoic acid binding protein are

present in foetal rat and human lung (Chytil, 1985) and levels peak during

periods of maximum differentiation in rat lung (Ong and Chytil, 1976).

Serum vitamin A levels are lower in preterm than futlterm infants (Shah

and Rajalakshmi, 1984: Shenai et al, 198 1; Brandt et al, 1978; Howells et

al, 1984). They have been shown to be lower at birth in preterm infants

who develop brochopulmonary displasia than those who do nol and to

remain low for an extended period postnatally (Shenai et al, 1985). The

authors speculate that the necrotising bronchiolitis and squamous

metaplasia of vitamin A deficienry may influence repair of lung injury due

to mechanical ventilation. Sub-optimalavatlability of vitamin A may

enhance epithelial necrosis as a result of viral attack, and thereby

contribute to its long term consequences.

Many of the studies of the long term effects of lower respiratory tract

infections cited above used Respiratory Synrytial Virus infection or

bronchiolitis as the index illness (Pullan and Hay, 1982: McConnochie, 1984;

Mok and Simpson, 1984; Henry et al, 1983; Kaltanet al, t977; Sims et al,

1978). The long term sequelae of this illness and hence the respiratory

prone state of children who experience it is thus well documented.

Moreover, children hospitalised with bronchiolitis can be easily defined and

identified using laboratory and hospital records. It was therefore proposed

a
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to confirm the findings of the previous study in a population of children

chosen on the basis of hospitalization for Respiratory Synrytial Virus

infection in infanry.

A double blind, randomised, controlled trial of vitamin A

supplementation was deemed again to be the study design of choice,

because of the need to distinguish cause and effect in the relationship

between vitamin A status and respiratory illness. The hypothesis tested

vas that changing vitamin A status (through oral supplementation) in these

high risk children would reduce episodes of respiratory morbidity. Large

numbers of 2-6 year old children had been hospitalized in infancy at the

Adelaide Children's Hospital with RSV positive bronchiotitis and these could

be selected from records provided by the Institute of Medical and

Veterinary Science ( I.M.V.S. ).

6.2 Sample Size Considerations

Desirable sample size estimates were based on parameters from the

previous study and are given in table 6.1. It was proposed to select a total

population size of 250, thus giving a 95% chance of detecting a 25?l.

difference in episodes, and 80% chance of detecting a 25?r, difference in total

days of respiratory symptoms. Approximately 120 RSV positive cases of

hospitalized LRïl were identified by IMVS each year over the required time

period (197S-19S2ì.

t
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Trble 6.1

Senplo Size Required to Detect 25f Differeûcs (r=0.05) in ller¡
Episodes end lhys of Rcspintory Synptons

V¿ria.ble Difference Standard

Deviation

Sanple

Size (each group)

Pover
(%)

Episodes 1.E

Total days 18,1

Nose/throaù

(days)

Cough

(days)

l{.6

7.6

3,E

13,7

46.2

32.6

EO

r21

158

t21

lE0

r21

330

t2:

E]

95

E5

71

E]

70

85

45

6.3 Method

6.3.1 Selection of t[e population

Records \¡ere obtained from the I.M.V.S. of rrasopharyngeal swabs from

children admitted to the Adelaide Children's Hospital during the years 1978

to 1982. All those vhich were positive for Respiratory Synrytial Virus by

either culture or RSV-antigen immunofluorescence r/ere selected. Hospital

casenotes were searched to confirm the identity of the child, exrract

addresses and identify conditions vhich would lead to exclusion on medical

grounds (section 6.3.2.1 ). Recruitment letters were sent out (appendix 6.1 ).

Replies wete followed with an initial teiephone call in vhich the aims of the

study were explained. An information sheet, general quesrionnaire and
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informed consent from (appendix 6.3 - 6.5) were sent out and then a second

telephone call made to arrange the first appointment. Home visits were

made to respondents without telephones. At the second contact, a

questionnaire was administered to determine any recent reasons for

exclusion (appendix 6.6), Letters r/ere sent to general practitioners of

children vho vere entered into the trial (appendix 6.7).

6-3.2-l Erclusions

Conditions which were considered reasons for exclusion from the trial

were as follows:

Conditions likely to cause chronic respiratory symptoms, eg, cystic

fibrosis

Cardio- p ulmonary abnor malities

Major brain dysfunction eg, epilepsy, Down's syndrome

Vitamin A supplementation at >RDA more than 3 times weekly over

past three months

Liver eaten more frequently than once per month

6.3-2 Study Plan

lt was proposed to supplement children and follow up respiratory

symptoms using a parent completed diary for a period of a vear. At clinical

examinations at the beginning and end of this period, children were

weighed, measured, finger prick blood samples were taken, buccal

a'
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washings collected and tung function measurements made. A skin test,

measuring respoûse to challenge with a standard range of allergens was

administered at the beginning of the study, Every three months

subsequently, respiratory diaries r/ere collected and supplement bottles

reissued. This occurred at the ÀCH in a brief interivew, at which time

parents were asked whether the child had been well. Home visits r¡ere

arranged for those vithout transport. Telephone contacts were made in

between visits to the hospital, so that contact with parents of participants

was made evefy 6-8 weeks. The study plan is summarieed as follows:

Nov,'85 Feb.'E5 May,'85 Aug,'85 Nov,'E5

Initial
clinical

eram

Znd bottle

distribution

3rd bottle

distribution

DietDiary

distribution

4th bottle

distribution

Final

clioical

ENATtr

6.3.3 The Supplement

The supplement vas formulated by Faulding & Co. Ltd., to deliver aû

average daily intake of 600ug retinol equivalents (re) of retinyl palmitate

as a veekly dose of 4.2mg. A weekly rather than daily dose was chosen to

improve compliance and to simplify distribution of supplement bottles,

The dose was too low to be associated with side effects (section 5.3.3.3),

however it is possible that proportionally more vitamin A may be absorbed

or utilized u/hen delivered as a dai$ rather than weekly dose. This

a



122

advantage s'as balanced against the problems of maintaining daily

supplementation over a one year period in a population of young children

who frequently reject medication of any kind. The practicality of the

distribution of large numbers of bottles was also a factor in the decision.

The formulation is given in appendi¡ 6.9.

6.1.1 Randomizatior

Vitamin A supplement was randomly allocated 4 of I batch numbers and

placebo was allocated the remaining 4 numbers. Supplement bottles u/ere

labelled vith the appropriate batch numbers and the batch number code

was retained by the manufacturer. The bottles were distributed

sequentially according to batch number as children presented for the initial

clinical examination.

6-3-J Measurement of Respiratory Symptoms

Respiratory symptoms were measured using a parent completed diary

as before, however the list of symptoms was expanded (appendix 6.10).

Symptom variables derived from respiratory diaries comprised total days

and episodes of the following symptoms:

Nose sneezing

runny/blocked

Throat: hoarse
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sore/scratch)¡

Cough: dry

chesty/moist

Breathing: wheery

short of breath

rapid

Systemic: fever

vomiting

diarrhoea

muscle ache

Illness variables measured were:

At home sick

Dr. or outpatient visits

Hospital admissions

A similar list had been used in a trial of interferon prophylaxis of

respiratory virus infection among adults (Douglas et al, l9S5)where

efficary of treatment was assessed using daily recording of symptoms.

Based on the constellation of symptoms present and their duration. shown

diagrammatically in appendix 6.11, episodes had been designated as

'probable', 'uncertain' and 'doubtful'. Validation of this classification as an

index of respiratory infection had been provided by viral culture of blood

samples and serologicatly determined antibody response to a range of viral

respiratory pathogens. 0n this basis,29ì6 of the probable episodes, 18% of

the uncertain and l0% of the doubtful had shown evidence of viral

infection bv the pathogens tested.

In the present study, in addition to classifying episodes as 'probable',
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'doubtful' and 'uncert¿in', days and episodes of symptoms were coded

individually (appendi¡ 6.1 l, 6. 12, 6.14). This was felt to be important in

case reduction of symptoms occurred at only one anatomic site (eg, nose or

throat). In comparing the outcome in treatment and placebo groups,

Mann-Whitney and median tests were used for allvaúables except total

episodes and probable infections, for which a t-test was used.

6.3.6 Compliance

6.3.6.1 R,espiratory Diaries

Parents were interviewed on receipt of each diary. This was checked

for completeness (every day checked), consistency (eg, antibiotic taken but

no doctor visit entered and evidence of casual entry (eg, every entry alike)

and the parent questioned about any problems. Each month was then

graded as follovs: l. good

2. some problems

3. not reliable/inadequate

6.3 -6 -Z Supplementation

Parents were issued with dosecards with the date of each weekly dose

entered (appendix 6.15). This was ticked by the parent when the dose was

actually taken, At interviev, the number of ticks was compared with the

level in the bottle and inconsistencies queried. It was emphasized that anv

lost or spilt medication should be recorded.
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6.3.7 Dietary Assessment

Dietary intake was determined by 24 hour recall, diet frequency and 3-day

diet diary methods. The 24 hour recall and frequency questionnaire were

administered at initial and final interviews by the author. Food models

used vere 170 nl glass, 240 ml cup, a 9 cm square representing a cheese

sfice, a block of cheese with 0.5 and 1.0 cm slices indicated and a rice bowl

Q40 mL capacity). These models had been found to be most useful in the

previous study. The 3-day diet diary was identical in format to that in the

previous study and was administered only once, mid-way through the year.

These methods were chosen in order to have both absolute and relative

measures of vitamin A intake and to detect any change in intake,

particularly in the placebo group over the period of the trial. Because of

the high day to day variability in vitamin A intake (one serve of liver

provides the RDA for l0 days), an averaging method was selected for the

baseline and final measurement. Estimates of total intake are derived from

the three day diet diary.

6.3.E Biochemical Ànalyses

Analyses of plasma retinol were carried out as in the previous study. It

was decided not to measure plasma ß-carotene because of the additionat

volume of blood required and the difficulty of obtaining it using the

finger-prick collection method.

t
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6.3.9 Pulmonary Function and Skin Tests

Lung function measurements were made at the beginning and end of

the study. Forced vital capacity (FVC), Forced expiratory flow in I second

(FEVI), Flov at2J|' and 50|"vitalcapacity (V25, V50), Forced expiratory

flow at ?J-75% vital capacity (FEF25-75) and Flow at functional residual

capacity (VFRC) were obtained from forced expiratory manoeuvres before

and after administration of bronchodilator. All children were subjected to

skin tests as a measure of atopy. Response to ventolin inhalation

OJ-I?Jmgl l00ml) and to histamine challenge (0.03-t0mg/ml) were taken

as measures of bronchial hyperreactivity. A change of 10% predicted in

FEVI after bronchodilator inhalation and 20% of baseline FEVI after

histamine inhalation were taken as positive indications of hyperreactivity,

Children were tested by skin abrasion for responses to the following

antigens: Ryegrass, Cocksfoot grass, Yorkshire fog grass, cat fur, dog hair,

house dust and house dust mite (CSL Allergen Extract, D strength). A vheal

' of I mm or more to one or more antigens was considered a positive

response.

6-1 Results

6-4-l Selection and erclusions

t'

All IMVS records of nasopharyngeal swabs taken from patients who
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vere admitted to the ACH with bronchiolitis betveen 1978 (the first year

that records were kept) and 1982 vere examined and those who were

either culture positive or had positive immunofluorescence tests were

selected. Children selected in this way r/ere excluded if they did not live in

the metropolitan area, had underlying medical conditions (section 6.3.1) or

were ineligible because of vitamin A supplementation. A list of medical

conditions causing exclusion is given in appendix 6.15,

Table 6.2

Seloctions rnd E¡clusions

No of records selected as above

not eligible: out of ûos¡n

medical exclusions

deceased

Initial recruitneut letters sent

641

9S

33

4

not. eligible

losses:

vitA inøke criteria
untraceable

refusals

unable t,o atteod

It
lJ7

t?8

?

t0E

2t6Tot¿l number of acceptances

etigible for randomization

6-4-2 Compliance

The study protocol demanded compliance by parents in two activities:

daily recording of symptoms and weekly supplementation of the child.

a'
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Compliance was assessed using criteria of diary quality and proportion of

total dose taken.

6-4-2.1 Diary Quality

Each month of recording was assessed on a three point scale as follows:

l. good

2. some problems

3. unreliable

A list of problems which caused a ratinB of 2 is included in appendir

6.17. The quality score was summed over three months to give an averafle

quarterly index of quality, Thus a perfect score for diary quality per

quarter would be three. If only one month out of three had some

problems, then the quarterly score was 4 and deemed acceptable. Scores

higher than 4 in any one quarter were deemed unacceptable, The number

of diaries of acceptable quality is shown in Table 6.3.

a'
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Table 6.3

Quality of Respiratory Diary Recording

Quarter QI Q2 Q3 Q+

Acceptable

Unacceptable

Missing

161

2l
20

t73

L3

20

17e

l9
E

t7t
26

9

206 206 206 206

6-4.2.2 llosage of Vitamin A

The number of doses actually consumed during each three month period

was estimated from the dose record card kept by the parent and the

amount of supplement remaining in the bottle at the conclusion of the

period. A minimum of greater than or equal to 10/12 doses in the first and

second quarter, 9 / tZ doses in the third quarter and 8/ 12 in the 4th

quarter was deemed acceptable. The number of subjects whose compliance

with the dosage schedule was deemed acceptable is show in table 6.4.

a'
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Teble 6.{
Conplience vith Supplenont¡3ion ProSocol

Quarterl?14

Acceptable

Unacceptable

Missing

t79

9

1E

t73

l0

?3

167

6

142

27

Jt34

206 206 206 206

6.4.2-3 Criteria for inclusiotr in study

Subjects r/hose mearr diary quality or dosage of vitamin A were

unacceptable according to the above criteria were deemed to have dropped

out at the beginning of that quarter. Subjects r/ho had taken 36148 doses

in total, and vhose diary quality, averaged over 4 quarters was betveen

3.0 and 4.0 were considered to have completed the study. Frequencies

were as follows:

Teble 6.5

Dro¡louts rfter Rrndonizetion

Total Number (Tn)

Conpleted Study

Unacceptable diaries/dosage

Failed to returÃ diaries/dosecards

149

20

37

ç2,3)
(8,7)

( 1E,0 )

t

206 100.0
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6-4-3 Comparability of treatment groups

During the period of the study, the number of subjects eligible for

inclusion in the study fell from 206 to 149, based on the criteria for

elieibility already described (of those ineligible, 20 returned inadequate

diaries, while 37 dropped out of the study). It is therefore important to

ensure not only that groups vere comparable at randomization, but that

there vas no selectiveness amongst dropouts which changed the relative

composition of the treatment groups during the study. Groups were

compared for age, sex distribution, socio-economic, medical history and

smoking variables (table 5.5). The mean age of children in the

supplemented group s/as significantly lower at randomizatLon

(supple mented=4.6yrs, placebo=5.Oyrs, p=.00 9 ) b ut this difference was

smaller and non-significant at the conclusion of the study. The total study

population contained initially more males than females (59%), as would be

expected in a population selected in this way. The proportion of males vas

62% a¡d 579 in supplemeoted and placebo groups, respectively. At the

end of the study, this was reduced to J2% and 60% respectively, indicating

that, overall, a higher proportion of males than females had dropped out.
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Trble 6.6

Chæcteristics of Su¡l¡llenented r¡d Plrcebo Groups

rt Rr¡doniertioa
Supplemented Placebo

N

Age nths (SEM)

104

t{,1(L{)
102

60,2( LE )*

Sex (%M)

>6 episodes IIRI io past 12 months

>3 episodes LRI in past 12 months

History of asthma

History of bronchitis

Fathers occupatioor

class: 4 - 6

7 -9
Mothers education:

primary only

high school

Home tenure: rented

Trust hone

Current smokers at home

Smokers during lst 12 months

77

t4

17

:.{

42

44

t5

69

23

E

77

33

42

66

7J

62

JZ

l0
4l

5t

1

7J

30

44

67

70

IJRI = sor€ throat, runny nose, cold-like symp0oms

LRI = ptreumooia, bronchitis, vheeze, persistent cough
*p 

= û,009

i'
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T¡ble 6.7

Cher¿cteristics of Supplenented r¡d Plrcebo Groups rt the conclusion of
the study rftsr o¡clusion of 3hoss friling to moe3 cri3erir for conplience

Supplenented Placebo

N

Age nths (SEM)

79

J6,2n,6)

70

60,3(2,Ð*

Sex (%M)

>ó episodes IIRI in past 12 months

>l episodes LRI in past 12 nonths

History of asthma

History of bronchitis

Fathers occupatioo:

class: 4- 6

7-9
Mothers education;

primary only

high school

Home ûenure: rented

Trusthome

Current smokers at home

Smokers during lst 12 months

60

,7
44

44

1+

12

47

47

43

J7

7E

L2

I
T2

30

43

64

68

73

23

7

69

34

43

67

74

IIRI = sore throat, ruony nose, cold-like symptoms

IllI = pûeunonia, bronchitis, vheeze, persistent cough
* not significant

a
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6.4-4 Characteristics of the population

The population, selected in the way described in sections 6.3 and 6,4

appeared to be unusual in several respects (tables 6.5 and 6.6). The study

population was predominantly male (5gf ). A majority of families ß4x)
reported curreût smokers in the home, vhile 70% reported at least orie

parent smoking at home during the first tvelve months of life of the child.

This u¡as considerably higher than the smoking history found in the first

study, q¡here J5% of families had current smokers and 44T had smokers

during the first l2 months of life. Measures of socio-economic status

indicated a preponderailce of lov socioeconomic groups. The population

comprised 77x lalher's occupation classes 4-6 (similar to the previous

study), while 74l' ol mothers had primary school education only. Housing

Irust u..otrodution was reported by 43l' of parents (these data were not

able to be compared between the two groups).

Perhaps the most significant characteristic of the population was the

heavy burden of illness reported at the initial interviev. Thus 50% of

children were reported to have had 6 or more episodes of sore throat,

runny nose or cold-like symptoms during the preceding l2 months, while

4l% had had three or more episodes of lower respiratory illness

(pneumonia, bronchitis, wheeze and persistent cough) during that period.

As reported in other studies (section 6,I ), a high proportion of children

reported a history of asthma G3%1, while yet more (5<t) reported either

histor¡r of asthma or wheery bronchitis. Not many parents I I I ?6 ) reported

their children as currently taking asthma medication, although a
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considerable proportion (45%)reported signs of current illness (wheezing

apart from colds), Almost three quarters of the population reported

wheezing with colds. These figures are consistent with a considerable

amount of untreated asthma and undiagnosed bronchial hyperreactivity in

this population.

Children who did not report a history of asthma or wheery bronchitis

G6%) tended to have a lower frequency of all respiratory symptoms: only

30t had 6 or more episodes of upper respiratory illness in the preceding

l2 months, compared with 55r in the asthmatics group. Only I1.5% had

more than three episodes of LRI in the preceding 12 months compared with

53r in the asthmatic group. As expected, conditions which could be related

to asthma were more frequent in the hyperreactive group.

The non-asthmatic group had a similar mean age and socio-economic

status when considered by father's occupation and education of mother,

although home tenure variables indicate a smaller proportion of rented

Q3%) and housing trust homes Q7%l in this group. Smoking history of

parents vas the same in both groups, however medical history showed a

higher frequenry of bronchitis, pneumonia. asthma and hay fever in the

asthmatic group.

Ïhe mean number of respiratory episodes ( 12.3) was higher than that

recorded in the previous study 0.21. The total days of nasal syrnptoms was

similar in the two studies (58.5, 58.0, first and second respectively).

However days of deep chest cough and wheezing were higher in the second

study ß2.0) than the first (14.0).

a
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Ïhus, to summarize, there is a high prevalence of both prospective and

retrospective respiratory illness in the population and this appears to be

associated mainly with children who report a history of asthma. Such

children do not appear to differ in social and environmental variables, but

do have a higher frequenry of allergic conditions and parental history of

LRI.

Teble 6.t
Conprrisor of First rnd Sscond Study Populrtions

Variable Study I Study 2

N

Age months (SD)

Se¡ (%M)

Fathers 0ccupatioo

l-3
{-6

Unemployed

Father's Education

Matric

High School only

Mother's 0ccupation

Yorking

Notvorking
Mother's Education

Matric

High School only

t27

38,7 UZ,4)

50

t7

77

7

l4
4J

9

206

t7,r (16,7)

J9

t7

65

E

E

72

20

3J

65

z)

/>

7t 74
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Table 6.9

Mean Daily Intake of Maior Nutrients (SD)

Study I Study 2 RDA (Aus) Stuckey Magarey

N

Age (mooths)

Mjoule
(Kjoule/Ks)

Protein (gm)

(gn/Kg)

Total Fat (gm)

TotalCHO (gm)

Iron (ng)

VitC (mg)

Total VitA (ug re)
(ug re/Kg)

Carotenoids (ugre)

Ileight (cn)

Feight (Kg)

149

J7 (.J7)

te0( 1,{)

324( lE4

45 (11)

2,J rc,7)

6l (le)

lE2

7,t Q,Ð 
.

46 (40)

612ß67)

!4(22')

297Q72)

106,8(e,9)

lE,8(4.1)

t22

3E,7Í2)

t,6 fl,3)

376( l0s)

{{ û{)
3.0 (l.1)

54(17)

t73

6,6 (2.2)

El (61)

670(634)

46 (3e)

3E7(3t0)

e),E(e,7)

15,4(3,6)

36-E4

7,2

38e

?J-JI

1,3-2.E

7

30

350

le

lE,5

t9

t20

67

7,7

79

230

10,6

90

764

t7E

4E

5,e

320

t0
2.8

J7

tE7

7.3

77

6.{.5 Dietary intate of vitamin A
6.4.5.1 General Adequacy of the Diet

Dietary intakes of major nutrients in the two studies and other surveys

of comparably aged children and the RDA are shown in table 6.9. Estimates

are based on data from 3-day diet diaries in both studies reported here.

Energy intakes in the second study group are low compared with the

previous group, when the difference in mean age is taken into account.

a'
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They are also low in absolute terms, in comparison with the results of

Stuckey and the RDA for this age troup. Magarey and Boulton (1984) also

found low energy intakes in Australian children and speculated that it may

represent low energy expenditure due to restricted recreational activity.

Protein intakes were similar to other studies and adequate in terms of the

RDA.

Mean Browth indices for males and females are shown in table 6.10.

T¿ble 6.10

Grovtñ Indices by Sor

Males(Percentile) Fenalos(Percentile)

N

Age (nonths)

Height
(sD)

Yeight
(SD)

t2?

60

10E,3

( 10,1)

19.4

(4,4)

E4

53

102,e

( l0,l )

t7,3

(4.0)

Growth in females r¡as adequate, corresponding with the 50-90 percentile,

however that in males, for both height and weight was in the 25-50

percentile. Mean energy intake did not differ between males and females

ß24 and 323 Kiovle/Kg. day respectively). The poorer growth

performance of males may therefore represent their higher frequency of

illness.
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6-4.J.2 Intake and Sources of Vitamin A

Total dietary intake of vitamin A vas above both the Australian RDA

of 350ue/day and the US RDA of 500ug/day. It was lower in absolute

terms than the first study, despite the difference in üean age. Intake of

carotenoids vas lover in the second study (l5.8uS relkg) compared with

the first QJ.l3ue/ks). Carotenoids represented 49% of total dietary

vitamin A intake in the second study compared with 54% in the first group.

Table 6.1 I shows the contribution of the supplement to overall vitamin

A intake, The supplement contribution is calculated from the number of

doses actually received by each child (determined from dose cards) times

the amount of vitamin A present in the supplement at the time

(determined by stability testing). Overall dietary intake of vitamin A

refers to both retinol (preformed vitamin A) and ß-carotene (provitamin A)

in the diet.

I
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Table 6.ll
Dietrry rnd Supplenentery l¡trte of Yit¡nin À (ug teldr;y)

Supplement Placebo

N

Total Diotary vit¿min A

Giary method)

Dietary * Supplementary A

(diary method)

Total Dietaryvitamin A

(frequency method)

Diet¿ry * Supplementary A

(frequency method)

Supplenentary vitamin A

10e3 (320) 661 (411)

15e6 (eeo) 126t (Et3)

2120 lese) t26t (E13)

123

79

J70 ß20)

70

661 (411)

000

t, Diet Diary method 2, Diet frequency method

Total dietary intake of vitamin A vas similar in supplement and

placebo groups. The supplemented group received an additional mean

daily intake or J4 ug re. This is considerably less than the 600ug/day

initially targetted. Compliance with the dosage schedule was good - 68% of

children (102) received the total number of doses, vhile 92l^ cttildren (138)

received 46/48 doses. The activity of the supplemert was less than

expected hovever, delivering 530ug/dose on a daily basis. This dose

resulted in a treatment: placebo increase in mean total vitamin A intake of

1.6 times, based on diary dietary assessment and 1.7 times based on the

frequenry diary assessment. The difference in intake is not great in

pharmacological terms, but is in accordance with change in intake

a'
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achievable by dietary manipulation.

6.{-5.3 Comparison of Dietary Intake of Yitamin A using Diary

and Frequericy Methods

Dietary intake of vitamin À was measured in two ways: by 3-day

diet diary, and by a frequeûcy method. TraditionalLy, a diary method has

been thought to estimate absolute intake, and the frequenry method only a

relative estimate. However daily intake of vitamin A is highly variable -

l/2 carrot can supply the entire recommended daily allowance of a child

and I / 4 cup liver supplies l0X the recommended daily allowance. Major

sources of vitamin A are restricted in number, and many A-rich foods, eg,

liver, carrot/vegetable soup and spínach may be eaten only once per

month. Such infrequent intake is still beneficial, because vitamin A can be

stored and mobilized during periods of dietary restriction. A method which

averages intake over a long period is therefore more likely to reflect

diet-related vitamin A status, than one which measures it over 3 days. The

latter method would be expected to yield a much lover estimate of average

daily intake, and this was observed in this study (table 6.t21. Stuckey

reported a similar intake of vitamin A when using a Z-day diet diary.

Correlation between the two different methods of estimating intakes

was deter mined non-parametrically. Spear man's correlation coefficients

between mid-study diary, and frequency estimates at the beginning and

end of the study were 0.34 (p=0.000) and 0.21 (p=0.006) respectively. The

measures were thus weakly but significantly correlated. Mean intakes and

I'
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ranges are given in table 6.12 and emphasize the variability achieved from

use of different methods,

Table 6.12

Comparison of Dietary vitamin A Intake Estimates Using Diary

and Frequency Methods (ugre/day)

Mean SD Minimum Maximum

TOTALVITAMINA

Dirry
Frequency initi¿l

" final
TOTALß-CAROTENE

DIARY

Frequency initial
" final

6tz

1480

1440

2e7

It4J
t07l

JO/

976

922

EO

t7t
7

2nJ
63eI

4742

1409

6226

4618

270

948

E43

2t

T3

I

It can be seen that using both methods, some individuals were

potentially at risk in terms of adequacy of intake of vitamin A, even though

mean intakes for the whole population r¡ere well above recommended

daily allowances.

Frequenry estimates were made at the beginning and end of the study

to determine whether intakes changed. This could well happen through

increasing awareness of diet, due to the study itself. Vitamin A intake did
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not change in the trealment group. In the placebo group, reported intake

dropped (by l7g)over the period of the study. This difference was not

significant, however

6.4-6 Distribution of Plasma Retinol in the Study Population

Plasma retinol was normally distributed with meaû 39.18 (sem 0.8721

ug/dl. Initial plasma retinol was correlated with finat plasma retinol

(r=0.55, p=0.000), and the distribution vas similar in spread (SDl 10,7, SDz

12.0), however the mean decreased to 36.17 ueldI. The difference was

significant (T=3.25, p=0.001). A scatterplot of change in ptasma retinol

against initial plasma retinol shoved that this drop was due mainly to

reductions in initially high values, rather than an overall reduction in low

and high values. This would suggest that the observed effect represents

regression to the mean.

Mean plasma retinol in the second study vas significantty below that

of the first study (table 6.13) despite the younger age group of the first

study, and its selection on the basis of frequent recent respiratory illness.

I
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Table 6.13

Hsrn Pl¡snr Reti¡ol rt the Boginning rnd Conclusio¡ of Tvo Studies

Ioitial
nÊtn

Final

SEM N neatr SEMN

Study I

Study 2

128

176

49,00

39.TJ

1,1

0.9

e3

1t3

4E,7

36,7

1,4

0,7

Although the mean of 39 ug/dl is well above the level at vhich

xerophthalmic changes commonly occur (<l0ug/dl, WHO, 1974\, the range

of values observed fiL,7 -73.9 ug/dl) were such that abnormalities due to

marginal deficienry could be expected in a proportion of cases. Two

published studies have examined the relationship between plasma retinot

and marginal vitamin A deficienry at plasma levels of between 20 and 40

ug/dl. Flores ( 1984) measured relative dose response (RDR) in a group of

mildly undernourished Brazilian children, This method assesses liver

reserves of vitamin À by measuring the proportional increase in plasma

retinol following a challenge dose of vitamin A 1450 ugre). When adequate

reserves are present, no increase occurred. At plasma retinol levels of less

than 20 ug/dl, a positive response was observed in all children. At levels

above this, progressively fewer children were positive, until at >40 ug/dl,

onl)¡ 3j6 responded (table 6.141, A similar relarionship was found by

carney and Russel ( 1980) when studying dark adaptation in adults

{vitamin A deficiency was secondary to liver disease, gastrointestinal

disease and chronic alcoholism). Abnormalities occurred in similar
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proportions of subjects above 20 ug/dI. Other dark adaptatioû studies

contain results consistent with these observations (Fulton, 1982:

Garrett-Laster 1984).

Table ó.1{
Rel¿tionship betveen Pl¡smr Retinol Levels rnd Herginrl Yit¿min A

deficiency (fron previous studies)

PlasnaVit¿min A

(ug re/dl)

Relativo Dose Response*

% Abnormal (N)

Dark Adaptation**

% Abnormal (N)

>,{0

30-40

zI-2e

<20

3 (3e)

26 0e)
86 (21)

100 (12)

4 (271

32 (le)

n n2)
67 $)

* Flores elùL,19E4.
** Carney and Russel, l9S0

The relationship between plasma retinol level and the proportion of

abnormal test results which is shovn in table 6.1 5 vas applied to the

populations of study I and study 2 in order to determine the numbers of

children porentially at risk of marginal deficienry. The results are shown in

table 6.15
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Trble ó.lI
Illunbers of Childrsn Predicted vith Atnornrl Rel¡tive Dose Respo¡se

(RDR) rnd Drrt Adeptrtion Res¡lonser

Plasma Vitanin A
uS/dl N

Study I

RDR

Study 2

RDRDA N DA

)4.0

30-40

?t-2e
(20

2,)

9.9

{,3

0,0

3.3

t2.l

3,E

0,0

2.1

18,t

23,2

8,0

?.E

22.7

20.0

5,6

E3 70

7t

27

I

38

t
0

Total

% Abnormal

126 20,7

16,4

19,2

lJ,2

176 t1,8

2e,4

t0,3

2E,J

Thus, on this basis, 29% of children in study 2 would be expected to

have ar abnormal relative dose resporse (inadequate liver reserves of

vitamin A) and the same proportion would be expected to shov a deficit in

dark adaptation. The assumption that the relationship in the tvo studies

quoted can be extrapolated to the current studies may not necessarily hold.

Different metholology of plasma vitamin A determination, for example, may

alter the quantitative relationship. The HPLC method used in the currenr

studies measures only bound vitamin A and not the unbound,

postabsorptive form. The RDR and DA studies used spectrophotometric and

fluorometric methods which measure toral vitamin A. However the

t



147

difference betveen the two would not be expected to be large - less than

l0% of vitamin A present in plasma is in the esterified form (Underwood,

t9741,

Correlates of plasma retinol which could contribute to the difference in

blood vitamin betveen the first and second trials were considered. Plasma

retinol tends to increase with age (Underwood, li74; Mejia, 1984) and

thus age difference between the two trials could not account for the

difference, but would have a reverse effect to that observed (plasma retinol

vas not correlated vith age at all in the second study, and only weakly

correlated with iritial plasma retinol in the first ( r=0.16, p-0.01)).

Socio-economic status has been correlated vith plasma retinol in US

studies (Oven et at, t974; Underwood, 1984). A comparison of the

variable Father's Occupation in the two populations indicated that the

second study population comprised a lower socio-economic group. However

correlation between father's occupation and plasma retinol within the studl¡

populations was weak, and only occurred with initial plasma retinol

(r=-0.13, p=0.11: r=0.18, p=9.18 for study I and 2 respectivety). Itis
unlikelv that the difference between the two study groups in plasma

retinol levels could be attributed to differences in socio-economic status.

Mean dietary intake measured by diet diary was 20ll lover on the

second study, however it was stilt wetl above the recommended daily

allowance.
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6-4.7 Plasma Retinol in Supplement and Placebo Groups

There was no significant difference in plasma retinol between the

supplemented and placebo groups at the beginning of the study and none

at the end of the study (table 6.16),

Toble 6.16

fern Pl¡snr Retinol in Su¡lplensats ¡nd Plrcebo Groups rt the
Beginning rnd Conclusio¡ of 3he Study

N

Initial
Mean SEM N

Final

Mean SEM

Placebo

Vit¿min A
)o

7l
37,0

40,E

t,4

1.4

0e

1.0

62

6E

3t)
36.J

Mean plasma retinol, as stated above, decreased in the whole group

over the period of the study, probably due to regressior to the mean. The

decrease occurred in both supplemented and placebo groups, hou¡ever it

was greater in supplemented group (3.6 ug/dt) than in the placebo ( 1.79

ug/dl). The change in plasma retinol in the supplemented group was not

significantly different to that in the placebo group, leading to the conclusion

that supplementation with vitamin A had no effect on plasma retinol

values. This is consistent with four hypotheses:

l. The supplement was not taken

2. The supplement was taken but made no difference because :

t'
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(l ) vitamin A levels r¡ere adequate.

Q) the dose was too small

Power of the study u¡as not adequate to detect a difference in

plasma retinol values

The supplement was taken but made no difference because

vitamin A was not absorbed or mobilized.

Because of bottle checking and dosecard procedures, this result is

unlikely to be due to large-scale non-compliance (hypothesis 1). It is more

difficult to distinguish between the second two hypotheses. However if

studies on relative dose response and dark adaptation can be extrapolated

to this work, a large proportion of the population (29%) would be expected

to have below optimal levels in the range l0-40 ug/dl and thus to respond

to supplementation (Flores et at 1984). The size of the dose (the

recornmended daily allowance) is that expected to sustain optimal levels in

children vith normal uptake and mobilization of vitamin A.

The power of the study to detect a change of 20% in plasma retinol

(a=.05) is72%, hovever 11 a change occurred only in a sub-group

comprising 29% of the population, the power would not have been adequate

to detect it. Nevertheless a plot of change in plasma retinol versus initial

retinol values showed no differential increase at lower blood retinol values.

Plasma retinol did not increase even in those with initiallv low values.

In conclusion therefore. the failure to respond to supplementation may

indicate that in this population, the blood vitamin A levels measured are

3

4

I
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adequate. Alternatively it may indicate difficulty in utilizing additional

dietary vitamin A in this group of children, because of reduced uptake or

nobilieation infection, or other conditions.

6.4.E Pulmonary Function

Pulmonary function tests were performed to see if the range of

lung function indices in the study population was normal, and to determine

if a change in bronchial hyperreactivity could be detected vith
supplementation.

Results of lung function tests on 134 children at the initiation and

conclusion of the study are shown in table 6.t7. Forced vital capaclty

(FVC), forced expiratory volume in one second (FEV 1), flow rale at 25% and

50x6, vital capacity (V25 and V50), functional residuat capacity and forced

expiratory flow between 25% and 75% were within the normal range.

Mean values for tests done one year later are similar.
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T¡ble 6.17

f,orn Ydues of Pulmoarry Function I¡dices rt the Initiation rnd
Conclusio¡ of the Study (f Predicted)

Initial sem Final sem

FVC

FEVl

e8,5

96,8

E7,9

n.6
84.E

74,4

74,0

t.6
6,3

t.l
t.7

6.0

1,9

2.2

el,7

89,9

EE.O

7J.4

76.1

82,J

70,7

1.2

1,2

1.6

2.0

âEa,)

1,9

2,3

PF

v50

vzJ

FEF 2t-7t
VFRC

Bronchial hyperreactivity vas determined by response to inhaled

bronchodilator and to histamine challeoge. Results for children who

completed the study are shovn in table 6.18. À positive response was

taken as a 10S reduction in FEVI after bronchodilator inhalation, or 20:¿

reduction after histamine. At the beginning of the study, 24% of children

were positive, while 45% were positive at either the beginning or end of the

study and would suggest ar even higher proportion if three or four

determinations were made. Pullan and Hey ( l gBZ) also reported a 24%

response to e¡ercise challenge in a cross-sectional study (one

determination) of 10 year-old children with a history of RSV infection in

infanry.
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Ïhe histamine challenge test required much more cooperation from

children over a longer period of time (1hr), so relatively few of the study

population u¡ere able to complete this. 0f the children tested, 80% shoved

evidence of hyperreactivity on the first occasion, and 100% on either

occasion (Table 6.lS).

T¿ble 6.lt
Rosponse to Broachodilrtor r¡d Eist¿mine Chrllorge ¡t the Initirtion

rnd Co¡clusio¡ of the Study

Bronchodilaûor

% positive (N)

Hist¿mine

% positive (N)
Skia Test

% positive (N)

Ioitial
Fiaal

Initial or Final

90

EO

00I

24

3?

41

(JJ)

(75)

(69)

(le)

05)
(l7'/.

3? (143)

This high proportion is consistent with the rerospective information

given by parents on the initial questionnaire. In the entire population, 80%

of parents reported a history of either asthma, wheery bronchitis, wheeze

with colds or wheeze apartfrom colds (N=149), However the results of the

histamine challenge should not be extrapolated to the vhole population

because of the highly selected nature of the sample tested.

A positive response to the skin test vas taken as a wheal of > l mm

diameter in response to I or more antigens. Of I$ children tested. 32%

responded positivety (Putlan and Hey, 1982, using stricter criteria.
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reported 16% and 25% in children who had RSV in infancy and controls,

respectively). Proportions of hyperreactive and skin test positive children

were similar in treatment and placebo groups (table 6.19).

Trble 6.19

Eyperreectivity rnd Atopy in Trertnsnt rnd Plrcebo Groups

BD Positive

% (N)

Hist positive

% (N)

Skin Test positive

7" (N)

Placebo

Treatnent
47 ß2).

43 ß7
100 (t)
100 02)

3r (6t)

3J QE)

6.4-9 Respiratory Illuess in Supplement and Placebo Groups

over the study period of l2 months, the population experienced a

mean total of 12.3 episodes of respiratory symptons (Table 6.20). 0f these,

39% (4.8) vere of probabte infectious origin according to the symptorn

classification discussed in section 6.3.5. The preponderance of

non-infectious symptoms reflects the high proportion of children reporting

symptoms of chronic illness in the questionnaire. Days of runny nose and

chest cough were dominant symptoms in the group vith 50% of the

population experiencing 246 days of runny nose and 50f of the population

experiencing 4l days of chesty cough. Surprisingly, the median number of

days of vheezing was only I (mean l2.s) and the median number of

prescriptions of asthrna medication was only 1. Thus the respir atory

a'
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burden of the population appears to have been mainly associated with

upper and lower respiratory tract symptoms which T/ere not consistent

with either acute, recurrent infection or frank asthma. The distribution of

all respiratory symptom and illness variables was skewed to the right

(tables 6.21,6.221. The summary vaÅables episodes of probable, unclear

and doubtful infections had similar but less skewed distributions with the

exception of episodes of probable infections and total episodes which vere

approximately normally distributed.

Tables 6.20-6.22 show sumrnary and symptom variables in

supplemented and placebo groups after 12 months of follow-up. 0f the 7

summary variable comparisons, 2 differences r/ere found to be significant

at the 5% level (Mann-IFhitney test). In both of these hiehly

intercorrelated variables (number of doctor visits and number of antibiotic

prescriptions), the supplemented group reported more events than the

unsupplemented group. 0f the 7 symptom variable comparisons, days of

sore throat were significantly lower in the supplemented group (p<.05,

Mann-IVhitney test), but the total number of episodes of sore throat was

not significantly different, Because of the number of comparisons, one or

two 'significant'comparisons could occur by chance. It seems reasonable to

conclude, therefore, that there vas no difference in respiratory illness

experience in the two treatment groups.

Three asthma-related variables (months of asthma medication, and

days and episodes of chesty cough and wheery breathing) were found to be

non-significantly lower in the treatment group. However the effect was not

significant even vhen only children with a history of asthma r/ere

t'
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compared, and the di.fference was not evident when medians rather than

means were compared.

Trble 6.20

[er¡ Episodes of Ros¡lintoty lllness in Supplensntcd r¡d Plrcebo
Groups: Sunnary Y¿rirbles

Placebo Supplemeo.t

mean sem meatr sem

Statistical

Significance

Probable Infectio¡s
Uoclear Infections

Doubtful Infecùions

4.71

3,16

4,36

0.40

0,33

0.Jz

{.Et

3,24

4,92

0.32

0,26

0,tt

os

trs

ns

Tot¿l 12.26 0.E1 t?,.34 0.7e ûs

a
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T¡ble 6.21

Respintory Illaess in Su¡rplenented rnd Pl¡cebo Groups: Hedirn
Episodes rnd l¡terquertile Rrnge

N

Placebo

Mediau IQ Rangel

70

Supplenented

Median IQ Range

7e

St¿tistical

Significoce

Prohable

Infections

Unclear

Infections

Doubtful

Infections

Scripts of

Antibiotics

Months of

Ästhma Med.

Doctor Visits

SUMMÁRY AND ILLNESS VARIABLES

4,0 2-6 4,0 3-7

2.0 t-2

3,0 t-2

00 0-1

30 z,J

30 l-t

2.0 t-3 p=.026 MF2

0 trs

p=.049 MW1-5

trs

fIs

fts

0.0

2.0

0-1

0-2

0.0

2.0

Sneezing

Runny Nose

Sore Throat

Chesty cough

Ear Pain

Vheezing

Fever

SYMPT0M VARLIBLES

0-2 2.0

3-r2 7.0

0-l 3,0

2-6 3'o

0-3 t,e

0-3 0.0

t-4 2.0

2.0

7,J

1,0

3,0

1,0

t.0

2.0

l-6

4-It
z-6

z-6

0-2

0-3

l-3

ns

ns

P=.Û46 MY

ns

fts

ns

fts

I inter-quartile ra¡rge

2 Mann-Whitney test

t'
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Ta;ble 6.22

Rospiretory lllness in Sup¡llenen3ed r¡d Plrceto Groups: f,odign Deys of
Syn¡rtons t¡d Interqurrtite (IQ) Rrnge

N

Placebo

Median IQ Rangel

70

Supplenented

Median IQ Range

7e

Statistical

Sigrificance

Sneezing

Runny Nose

Sore Throat

Chesty Cough

Ear Pain

Yheezing

Fever

t,0

1?,0

3,)

lE,0

2,0

1,0

4.0

SYMPTOM VARIABLES

0-14 t.0 z-te
l{-8{ 3t,0 17-SS

l-E t,0 z-r4
9-43 21,0 8-40

0-E 0.0 0-7

0-7 0,0 0-s

l-E 4,0 t-tz

o12

os

ns

os

fts

ns

os

I InÞr-quartile range

2 Mann-Yhitney Test

6-4-9.1 Retationship Between Plasma Retinol Levels and

Respiratory lllûess in Supplement and Placebo Groups

We have shown that supplementation with vitamin A did not change

episodes and days of respiratory symptoms, and also that plasma retinol

levels in the population were relatively low. If these low levels were

contributors to the amount of respiratory illness suffered. then some

correlation betr/een initial plasma retinol levels and subsequent illness

would be expected, even if only at the lower end of the plasma retinol

range. An association between illness and plasma retinol at the end of the

study could be a result of illness itself. A positive correlation could indicate
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greater utilization and then nobilization of vitamin A, associated with more

illness. A negative correlation may mean inability of vitamin A reserves to

sustain plasma retinol levels in the face of increased demand. A negative

correlation could also reflect the short term reversible drop in plasma

retinol which occurs during febrile illness.

With these possibilities in mind, initial, final levels and change in

plasma retinol r/ere tested for correlations with respiratory outcome

variables in those children with values of plasma retinol <40ug/dl. Results

are shovn in table 6.?3. Episodes of probabty infection was significantly

correlated vith plasma retinol (r = -0.20, p<0,05)for range less than

4Oug/dl as was days and episodes of runny nose (r=-Q.1, p=0.01).

However for each of initial, final and change in plasma levels, there vere 6

comparisons. In order to allow for the increase in Type I error with

multiple comparisons, a significance level of a-0.05 is more appropriate,

giving a family vise Type I error role of 0,03 (Bonferroni test). Using this

significance level none of the correlation of respiratory outcome variables

vith plasma retinol level were statistically significant.

a
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Tr;ble 6.21

Correlrtion Betvee¡ Pl¡.sne Reti¡ol (<40 Ug/Dl) cnd Respiretory
Yrrirbles

Plasma

Retinol

Probable

Infections

Unclear

Infections

Doubtful

Infections

Scripts

Asthma

Doctor

Visits

Hospital

Visits

Initial

Final

Change

-0,20*

(,048)

0,03

0,37

-0.16

(0 l6)

-0,1)

(0,r1)

-0,02

(0,4e)

0,08

(0,32)

0,00

0,10

(0,16)

-0.6e

(0.32)

-0,03

(0,{0)

-0,03

(0,30)

-0,04

(0,{0)

-0.t2

(0,lt)

-0,06

(0,28)

0,21

(0,10)

-0.11

(0,r6)

-0,11

(0.0E)

-0.16

(0,16)

Pearson's correlation coefficient
( statistical si gnifican ce )

6-1.10 Multivariate Ànalysis of Medical, Social and

Environmental Factors

Analysis of medical history, socio-economic and home environmental

factors was undertaken both to control for confounding factors and to

determine the relative contribution of factors other than vitamin A status

to respíratory morbidity. The dietary vitamin A variables used q/ere total

vitamin A intake (ALLA), supplementary vitamin A (SUPPRET), and the

dichotomous treatment variable (MED). The medical, social and

environmental factors (Table 6.241r¡ere derived from a questionnaire

administered at the beginning of the study. Brochial hyperreactivity
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variables vere derived as described earlier from lung function measures at

the beginning and end of the study, The strategy used in the analysis

differed from that in the first study, in that, because of the larger number

of variables, analysis was done in tvo stages. In the first stage, bivariate

correlations betveen the variables described above and tvo dependent

respiratory symptom variables were examined. In the second stage, those

variables significantl'1r associated vith the outcome variables in bivariate

analysis r/ere entered into a multiple regression model.

The dependent variables examined in this way were total episodes of

respiratory illness and episodes of probable respiratory infection. Both

dependent variables r/ere approximately normally distrib uted. Bivariate

analysis of continuous variables was done using Pearson's Correlation

Coefficient, and of categorical variables using one r/ay analysis of variance.

Analysis at this stage was on the entire, unselected study population.

Variables tested in this way are shown in Table 6.24, results of the analysis

are shown in Table 6.25,6.26.

I
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Ta;ble 6.21

Yrriebles included i¡ Bivrrirte Anelysis of Socid & Enviroanent¿l
Frctors with RespiretorT 0utcome Vrrirbles

Variable Description Type

l, Medical History Model

BRON

PNEU

}IEAS

SINUS

vH0

CROUP

ECæMA

RASH

COFHIS

VHZBRON

ASTHMA

AÙfED

CIIRMED

HAY

EARINT

TUBES

TONSAD

URI

LRI

YKSPREM

BRTHYT

BRSTMTH

AGEMTHS

History of Bronchitis

History of pneumonia

Hisøry of measles

Hislory of sinus trouble

History of vhooping cough

History of croup

History of eczema

Historyof hives, allergy rashes

History of cough lasting 3 months

Hisù0ry of vheezy broochitis

History of asthma

Asthma medication t¿ken for > I month

Asthma medication taken currently
Hisù0ry o{ Hay Fever

Frequent ear infections, 0-2 yrs

Ever required ear tubes

Ever had operation for tonsils/adenoids

Episodes of IJRI in past 12 nonths
Episodes of LRI in past 12 months

Feeks premature

Birthveight

Moqths breastfed

Age at entry to study

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d

o

o

r
f

f

f

I



2, Family Hisûory Model

MOTBRON

MOTPNET]

MOTASTH

MOTHAY

FATBRON

FATPNEU

FATASTH

FATHAY

3, HomeEnvironment Model

SMOKNOY

SMOKEND

SMOKPREV

HOMCON

INSUL

AIRCON

AIRTYP

c00K

Itr.AT

GASK

SHARE

ROOMS

4, Socio-Economic Model

MOTED

FÄTED

M0T0cc

FATOCC

HOMÏEN

TRUST

ADLTS

162

Maternal history of bronchitis

Maternal history of poeumonia

Maternal history of asthma

Matcrnal history of hayfever

Pater¡al hisü0ry of bronchitis

Paternal history of pneumonia

Paternal history of aståma

Paternal hisù0ry of hay fever

Smokers at home currently (beginning) d

Smokers at hone currently (end) d

Smokers ¿t hone, first.year of life d

Construction type of house o
Home insulation o

Airconditioning d

Type Gvaporative or refrig,) Â

Type ofcooker tr

Home Heæing d

Gas heating or cooking d

Shared bedroom o

No, of rooms in hone o

Highest maternal education level

Highest paternal education level

Maternal occupatioo (7 pt scale)

Pateroal occupatioo (7 pt scale)

Hone tenure

Housing trust home

No. of adults living at home

d

d

d

d

d

d

d

d

o

o

o

0

o

o

r

a



5. Hyperreactivity Model

BREACTI

BREACTz

BRE.AúT3

REACTQ

SK

163

Response to broochodilator, beginning d

Respoose to bronchodilator, end d

Response ùo BD, beginniag or end d

Hyperreactivity based on questionnairc d

(History of asthma, vheery bron., s/heeze

vith colds or apart from colds)

Response t¡o skin allerget ùest d

Y øriable type : d=dichoüomous, n =nominal, o =ordinal, i=interval, r=ratio

a
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Table 6.2J

Àssocirtion between Socirl, Hedicrl Eisþry r¡d Environment¿l Frctors
end Episodes of RespiretorT lllness: Bivrriete Anelysis of Dichotonous

Yerirbles

Variable Moan SD N F P

l. Total Episodes of Respiratory Infection
History of:

Croup No

Yes

Eczemø No

Yes

Rashes No

Yes

Cough No

Yes

Hayfever No

Yes

Tubes No

Yes

Skin test No

positive Yes

2, Episodes of Probable Respiratory Infection
History of

Sinus No

Yes

No

Yes

No

Yes

Eczema

l0.E

13,2

t0.7

13,3

10,e

r3.1

11,0

13,8

10,{

1{.5

11.1

13,t

10,e

13,3

4.1

5.4

4.2

t,'{
4.1

J.4

6,9

6.4

6.8

6,1

6,3

7,8

6,E

7,2

6,2

E,6

6.9

6,6

6,0

E,3

2.9

3.2

2.e

3.0

2.9

3.6

t07

6E

130

47

t23

)o

140

36

10e

ZE

l4l
4l

t27

t0

l3t
36

130

47

t23

t6

1,9 0,02E

t.1 0.026

{.9 0 02E

4.6 0,033

E,3 0,005

4Jt 0.043

4,7 0,031

).4 0,02

5,5 002

Rashes l.e 0.011
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Mean SD N F P

Cough No

Yes

Asthna No

Yes

Asthma No

nedicat, Yes

Hayfever No

Yes

Ear No

iofectioo Yes

Tubes No

Yes

Sex (m) No

Yes

4,1

J,7

{,0

t,3
4,1

J,4

{,0

5,8

3,s

J,4

4,2

1,6

4,6

4.E

2,e

3.3

z,e

3,4

2,7

3.9

2,8

3,7

2,7

3.6

3,0

3,0

7.2

6.7

l{0
36

102

76

)e

51

10e

2s

104

77

141

4t

69

114

6,3 0,005

7.3 0,00E

4,3 0,04

7,9 0,006

e,t 0,002

),s 0,017

0,1 0,77

Te;ble 6.26

Frctors end Episodes of Respiretory lllaess: Bivrrirts Anelysis of
Continuous Yerirbles

Variable Pearson's Corr, PN

1, Total episodes of respiratory infection
IJRI O.2I

LRI 0.19

2, Episodes of probable respiratory infection
TIRI 0,26

LRI 0,29

lEl
181

0,003

0,00t

181

181

0,000

0,000

t'



l60

Variables in only the medical history and hyperreactivity categories

reached significance in the bivariate analysis. Two from the family history

model were weakly significant (maternal bronchitis and maternal hayfever,

p(0.1 ) and these were included in the multiple regression analysis. It is

noteworthy that neither age nor ser were significantly correlated with

respiratory episodes, when considered on their own, however because of

their importance as correlates of respiratory illness in other studies, they

vere included in the final regression analysis. 0f the socio-economic

variables, only fathers occupation was weakly negatively correlated (a

reversal of the traditional relationship). Lack of correlation between

respiratory and socio-economic variables may be due to homogeneity in

socio-economic status within the study population.

For the nultiple regression analysis, a composite score was derived for

respiratory illness history. This was the sum of the l6 unweighted

dichotomous medical history variables shown in Table 6.24 (MEDHIS).

History of cough lasting 3 months (a component of MEDHIS), LRI, URI,

maternal history of bronchitis and skin test reactivity were also included in

the regression, together with the vitamin A status variables already

mentioned. Variables were introduced stepwise u¡ith criteria for inclusion

being a change in R2 having a significance of p=0.05. Natural logarithmic

transformations of the dependent variables improved the fit of the model.

Results are shown in Table 6.27.
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Ta,ble 6.27

Yrri¿ble Included in e Stepvise lÍultiple Regressio¡ ltodel vith E¡risodes

of RespiretorT Syn¡ltons rs the Ilependent Yrrirbles

Dependent Variable Independent

Predictor

Bp2 T P

Episodes of

Probable Iofection

Episodes

all Symptoms

COFHIS

AGETITHS

ûverall

MEDHIS

Overall

0,3r

-0.01

0,03

0,017

0.051

0.108

0,0{5

0,01?,

2,7

_2.1

G) 7,0

2,3

(F) 6,t

0.00E

0.012

0.00r

0,02

0.013

0f the variables entered into the regression, only history of cough and age

for episodes of probable infection, and medical history score for episodes of

all symptoms, proved to be predictors. Dietary vitamin A variables,

including the supplementation variable, and plasma retinol did not

contribute significantly to respiratory episodes experienced by children

during the course of the study. Because it is possible that vitamin A status

affects respiratory morbidity only vhen suboptimal (for example when

plasma retinol is less than 3Oug/dl), interaction terms for ALLA and plasma

retinol were also entered into the model. However these did not contribute

to overall variability.

It is noteworthy that only a small proportion of the variance (:-tO%)was

explained by the model (table 6.271and thus its predictive and hence

aetiological significance is limited. Nevertheless some conclusions can be

t'
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drawn. In general, variables which were indicators of prior respiratory

illness or atopy r/ere the strongest predictors of respiratory illness over the

period of the study. This was confirmed in both bivariate and multivariaLe

analysis. The lack of predictive power of the traditional risk factors

probably reflects the uniqueness of the study population and to some

extert its homogeneity, for example in social,class. Selection of a

population hospitalized in infancy and than the defacto selection which

results in the reduction of potential membership from 643 to 206,

produced a group of highly respiratory prone children - both on the basis

of previous respiratory history (section 6.4.3) and prospectively measured

symptoms (mean l2 episodes of respiratory symptoms in 12 months

compared with 6.8 episodes reported for a slightly younger age group by

Douglas and Miles, 1984). The major predictor of respiratory illness within

the population therefore appears to be an underlying respiratory proneness

or recurrent condition. The high proportion with bronchial hyperreactivity

(assessed as 45% by response to bronchodilator, 83,5 % by history of

wheeze with colds or asthma) would suggest this as a major contributor,

however in the multiple regression analysis, these were less strong

predictors than total respiratory illness history (MEDHIS for episodes of all

s]¡mptoms and COFHIS for episodes of probable infection).

6.5 Discussion

The hypothesis tested in the second study was that oral vitamin A

supplementation of children with a history of RSV positive bronchiolitis in

ínfanry reduces episodes of respiratory symptoms, No benefit was

t
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associated with supplementation, a result which is inconsistent with the

results of the first study.

Much of the methodology is the same in the two studies, although the

basis on which the populations were selected is different. Thus respiratory

symptoms were measured by parent-completed diaries in both studies and

the quality of recording r¡as similar. The mean daily dose received was

approximately the recommended daily allowance in both cases, although the

dosage regimen differed: in the first study, doses were given daily over a

period of 5 months, in the second, doses \¡ere given three times veekly over

a period of a year. It could be postulated that daily dosing was more

effective because newly absorbed vitamin A is used preferentially to the

stored vitamin (Underwood, 1984). It is possible that the study population

was not large enough to detect the 25% difference in episodes observed in

the first study (retrospective po\rer calculation indicated that a difference of

30-40% could be detected with a probability of B0% , a=0.05, in the second

study). However the absence of an association betveen any indicator of

vitamin A status (supplementation, total dietary intake or plasma retinol)

and respiratory morbidity suggests that vitamin A status does not affect

and is not affected by respiratory morbidity in this population.

The second study population differed from the first and from the

general community in several respects. It was notable particularly for the

high frequency of retrospective and prospective symptoms of chronic

respiratory illness and bronchial hyperreactivity, also low energy intake,

relatively poor Erowth indices and low socio-economic status. However the

feature of most interest was the low mean plasma retinol recorded in the

a
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group, both relative to children in the first study, and in comparison vith

other studies (section 6.{.t). Although the study was not designed to make

comparisons of this type, the magnitude of the difference (20f ), its stability

over the 12 month period of the study, and the absence of other confounding

covariates of plasma retinol which could explain the difference, raise the

question of vhether low plasma retinol levels aÍe a characteristic of children

who have been hospitalized with respiratory syncytial virus bronchiolitis in

infanc,v.

6.6 Summary and Conclusions

6.6.1 A randomized, controlled trial of vitamin A supplementation was

conduction in a population of children who had been hospitalized in infancy

with re s pir atory syncytial vir u s - positive b ronchiolitis.

6.6.2 The study population had a history of frequent respiratory iltness and

continued to experience an unusually high frequency of respiratory

symptom episodes over the period of the trial. A hish proportion of the

population either reported symptoms of asthma or responded positively to

tests of bronchial hyperreactivity.

6.6.3 0f 206 participants in the trial, 149 compteted l2 months of

supplementation and diary keeping and vere included in the analysis. Ths

supplemented group (N=79) was cornparable to the placebo group (N=70)in

age, sex, socio-economic, respiratory history and smoking variabtes.

I
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6.6.4 Mean daily dietar;r vitamin A intake vas 670u9 re in the total

population, well above the Recommended Daily Allowance (600 ug re),

although minimum intakes indicated that some individuals had marginal

intakes. Energy intakes s/ere relatively low and growth indices were in the

25-50 percentile for males, Supplementation increased dietary intake by

85%.

6.6.5 Supplementation with vitamin À was not associated with a reduction

in episodes or days of respiratory symptoms. Plasma retinol did not change

in response to supplementation.

6.6.6 Plasma retif,ol levels were significantly lower in the second study

population than the first and remained lov for the duration of the trial. The

range observed Ol.7-73.9 ugre/dl) was low enough to include a proportion

of children at risk of marginal vitamin A deficienry.

6.6.7 l[hen all major risk factors (socio-economic, environmental, medicat

history, fanily medical history, dietaiy) were considered in bivariate and

multivariate analysis, history of prior respiratory illness and atopy emerged

as the major predictors of episodes of respiratory syttrptorns,

6.6.8 It is conctuded that low-level vitamin A supplementation does not

affect the respiratory morbidity of this poputation. However plasma retinol

levels appear to be unusually lov and unresponsive to changes in dietary

intake. The origin of these low levels and the reason for the lack of response

to oral supplementation remains to be determined.

t
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Respiratory illness covers a raûge of conditions which can be classified

in many different s¡ays: by anatomic site (tracheitis, bronchitis,

pneumonia), by pathotogy (asthma, emphysema. empyema), by infectious

agent (measles, tuberculosis, histoplasmosis) and by patterû of onset

(acute, chronic, recurrent acute). Conditions vith widely different aetiology

have s]¡mptoms in common (cough, purulent nasal discharge, congestion,

pulmonary function abnormalities) and most symptoms cannot be

specifically associated with one disease. Two major aetiological categories

of respiratory illness - infectious and noninfectious - disptay important

interactions. Thus, the single most impo'rtant precipitating factors for acute

asthma has been reported to be respiratory viral infection (Carlsen, 19S4).

Chronic bronchitis sufferers often experience eracerbation of conditions as

a result of viral infection (Crofton and Douglas, l9S I ). Chronic bronchitis

itself is thought to result from a pattern of recument respiratory iltness,

often initiated vith an acute infectious episode early in childhood (Samet,

1984). For these reasons, a symptom-based approach to the measurement

of respiratory illness has been used in these studies. No attempt is made to

distinguish episodes of infection for non-infectious events. with the

exception of a method of symptom classification described in section 6.3.5.

All conclusions from these studies therefore refer to conditions with a

broad aetiological base, but with common functional. anatomical and

clinical conseq uences.

The purpose of this work vas to investigate whether vitamin A status

is causally related to susceptibility to respiratory infection. In chapter l,
the public health significance of such an interaction in countries vhere

vitamin A deficienry is endemic and morbiditv and mortalitv due
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respiratory infections is very high was discussed and the coincidence of

peak prevalence of respiratory morbidity and vitamin A deficiency in the

preschool years was noted. Studies by Sommer et al in Indonesia have

examined the impacl of vitamin A deficiency on respiratory morbidity and

mortality and found a two- fold increase in respiratory morbidity in mildly

vitamin A deficient children (sommer et al, l9S4).

Vhether or not such an association contributes to morbidity and

mortality in Western countries, vhere vitamin A deficienry is virtually

unknown depends on the level of vitamin A deficienqy aL which an effect

occurs and on the existence of subgroups in the community who are

particularly at risk of vitamin A deficiency or susceptible to respiratory

illness. Although the relationship which is of particularl interest in this

thesis is the effect of vitamin A status on respiratory illness, the reverse

relationship is well documented and is also important for tvo reasons.

Firstly, it becomes necessary to chose a study design which enables the

direction of the causal association to be determined, that is distinguishes

cause and effect. Secondly, it establishes the possibility of a reciprocal

relationship between marginal vitamin A status and respiratory illness

which may extend and perpetuate the effects of a vitamin A- respiratory

illness association.

The pilot study provided preliminary evidence, vithin a

cross-sectional context, ofan association betveen vitamin A status and

respiratory illness susceptibility in preschool-age children vho experienci

frequent respiratory infections. This study introduced the concept of the

respiratory-prone child , a subgroup in the community particularly

t
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susceptible to respiratory infections, and an age at which vitamin A

reserves are likely to be low. This cross-sectional study could not

distinguish cause and effect in the relationship, hovever, and a different

approach to the problem was taken at the next stage of the investigation.

In the ensuing study, a group of 'respiratory-prone' children was

given a vitamin A supplement in a randomized, controlled study design,

and the effect on respiratory symptoms was measured prospectively. This

group of children r/ere recruited from the community and their respiratory

proneness had been defined in terms of frequency of respiratory

symptoms during the precedine 3 months.

In the second study, respiratory proneness was found to be a stable

characteristic of children, in that the frequency of respiratory symptoms

was highly correlated from one 6 month period to the next. In the

multivariate analyses of family history, medical, social and enviromental

factors, the single strongest prediclor of respiratory symptoms vas

symptom frequency during the preceding 6 months.

It was also concluded from that study that supplementation was

associated'with some reduction in episodes of rymptom in these children,

and that the individuals who appeared to benefit most from

supplementation were those vho had experienced lower respiratory illness

earlier in childhood. Early history of chest illness, particularly in infanry

has been extensively studied and well documented in the literature as

being associated with respiratory symptoms and deficits in lung function,

later in childhood and in adulthood. The theoretical basis for expecting an

I
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association betveen vitamin A status in this group was strengthened by

the fact that marginal vitamin A status modulates proliferation and

differentiation of bronchiolar epithelial tissue. This tissue is also

particulady susceptible to damage from respiratory viral infection early in

life. It was decided, therefore , on the basis of some evidence of an effect

of vitamin A supplementation in this group, and the plausible theoretical

basis on vhich an effect could be expected, that it was vorthwhile

examining this group further. A study population in which 'lower

respiratory illness'ry'as more tightly defined vas sought.

The third study concentrated, therefore on a relatively homogeneous

group of 'respiratory prone'children, namely children who had been

hospitalized in infanry with Respiratory syncytial virus-positive

bronchiolitis. Again a randomized controlled trial of a low dose of vitamin

A was tested and respiratory symptoms measured over a period of a year.

This time, no supplementation benefit was observed - a resurt

inconsistent with the results of the previous study. The supplementation

regime had been equally effective in increasing dietary intake over the

supplemented group (by a factor of l.B times in the first study and 1.7

times in the second) and other procedural differences between the two

studies seemed inadequate to explain the difference in results (section 6.5)

Both the l9% difference in episodes in the total population and the 25%

difference in sub-group analysis were statistically significant alonly the

5% level and no difference was observed with supplementation in total

days of symptoms. These results are therefore at the limits of significance

and it is possible that the difference observed was due to chance and does

a'
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not represent a real effect of supplementation. In the second randomized

controlled trial, no difference was observed with supplementation in

either total episodes or total days of symptoms, or episodes and days of

symptoms considered individually. The power to deteqt a difference in

episodes was not as great in the second study, as in the first (section 6.5),

and it is possible that a difference of 2J% was not detected in this study by

chance. However no association between total dietary vitamin ,{ intake

and respiratory episodes could be found in either study. It seems

reasonable to conclude that dietary vitamin A intake ( and hence

supplementation)vas not a significant determinant of respiratory

morbidity in the tvo populations.

The second trial population was very different to the preceding one.

It was not a community-based group, but rather selected on the basis of an

early episode of hospitalization. It proved to be a group with high

frequency of upper and lower respiratory illness, and hyperreactive

respiratory illness in particular. Moreover, vhen their vitamin A status

was examined, plasma retinol was 20% lover than in the previous study -

an unusual finding in a Western population and when dietary intake is

adequate. Use of the community based group of children in the first study

as a comparison poses problems since it ís not comparable on the basis of

age, ser, socio-economic status and illness history. Most of these differences

would have had a conservative effect, however and thus conparison with a

group of children which was not only comparable with respect to major

confounding factors, but also experienced normal respiratory morbidity
(i.e. not respiratory prone) may have produced an even bigger difference.

It seems reasonable to conclude that plasma retinol was lower than

t'
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normally expected in the group of children chosen on the basis of lower

respiratory infection in infancy.

Plasma retinol did not change with supplementation. This could be

due to wholesale non-compliance, or to too low a doseage, but such an

explanation would not account for low inital values in the face of adequate

dietary intake. An alternative explanation is that dietary vitamin A is not

readily utilized in these children due to problems of absorption,

mobilization or metabolic changes secondary to recurrent infection or

chronic illness (discussed in chapter 2l and thus an adequate diet, or

vitamin À supplementation is ineffective in maintai¡.ing vitamin A status.

Frequent episodes of illness may conkibute to lower plasma retinol levels

in this 8roup. The lack of response to oral supplementation with vitamin A

may explain why no change in respiratory morbidity occurred with

supplementation.

The major ongoing questions relating to vitamin A status and its role

in determining susceptibility to respiratory illness arise from the second

study. If vitamin A status is low in this group of two to sir year old

children, and did not change over a twelve month period, vhen did it
become low? Was it low at birth, and if so, could it have contributed to the

original episode of respiratory illness which established a pattern of

proneness in these children? A study which e¡amines low neonatal vitamin

À status as a risk factor for illness in the first year of life could well answer

some of these questions. The importance of ctarifying some of these issues

is clear in the face of the mafor role of respiratorv illness as a contributor

to morbidity, both in the developed and developing world. The

t
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establishment of a pattern of disease characteristic of the individual at and

early age (respiratory proneness), and the unique position, if effective,

that vitamin A could take as a preventive agent in the control of

respiratory illness in the developed and developing world, suggest that

further studies of the relationship between vitamin A status and

susceptibility to respiratory illness would be well worthwhile.

{'
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