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• Abstract

An imbalance of the oxidant - antioxidant equilibrium has been associated with disease

progression in HIV-seropositive individuals. ln vitro and in vivo studies have

demonstrated the efficacy of antioxidant supplementation in reducing the concentrations of

oxidative stress markers. The objectives of the present cross-sectional sludy were to

evaluate the dietary intake and nutritional supplementatiol1 practices of 24 HIV-seropositive

persons in Montréal and explore the relationship between dietary intakes of antioxidant

micronutrients (ascorbic acid, vitamin E, ~-carotene, zinc, selenium), oxidative stress

(plasma malondialdehyde 1MDAJ, leukocyte glutathione 1GSHJ) and immunological indices

(absolute CD4+ counts, polymorphonuclear leukocytes IPMNJ). Unexpectedly, and

paradoxically, a tendency to higher MDA concentrations in subjects with higher CD4+

counts was observed (1' = 0.39, P < O. JO). Moreover, supplementation with vitamin E \Vas

associated with significantly higher MDA concentrations (p < 0.05). Ascorbic acid intake,

even atlevels in excess of the tissue saturation (200 mg / d) did not significantly lower

MDA concentrations. Neither GSH concentrations nor CD4+ counts were significantly

different bet\Veen supplement users and non-users. In general, the small sample size of this

sludy may have been in part responsible for the failure to detect statistieal significance in

some associations, however, trends were noted. These included the observation that

vitamin supplement users \Vere more likely to have a history of a c1inical event associated

\Vith HIV infection (opportunistic infection, neoplasm, unintentional weight loss), have a

longer duration of HIV-seropositivity and have significantly higher MDA concentrations (p

< 0.05). In this study, it appears that antioxidants, and vitamin E in particulaI', were

ineffective in reducing the elevated levels of reactive oxygen species (ROS) associated with

HIV infection.



•• Sommaire

Un déséquilibre entre oxydant-antioxydant a été associé avec une progression de la

maladie chez les individus porteur du VIH. Des études in vitro ct in vil'o ont démontrées

l'efficacité des suppléments d'antioxydants pour réduire la cûncentratiùn des marqueurs de

stress d'oxydation. Les objectifs de la présente étude transversale étaient d'évaluer les

pratiques de la consommation alimentaire et de la prise de suppléments nutritionnels chez 24

personnes séropsitives à Montréal, ct d'explorer les relations entre la consommation

alimentairede micronutriments antioxydants (acidc ascorbique, vitamin E, ~-carotène, zinc

et sélénium) le stress causé par l'oxydation (malondialdéhyde IMDAI sanguin, glutathion

de leucocytes IGSH]) et les indices immunologiques Icompte absolu de CD4+, leucocytes

polymorphonucléaires (PMN)]. D'I1!1c manière imprévue et paradoxalement, les

concentrations de MDA étaient plus élevées chez les sujets ayant un compte élevées absolu

de CD4+ cellules x la" / L (r = 0.39, P < 0.10). De plus, la consommation de suppléments

de vitamin E était associée avec une concentration plus élevée statistiquement significative

de MDA (p < 0.05). La consommation d'acide ascorbique, même à des niveaux excédant

la saturation tissulaire (200 mg / j), n'a pas fait dimuner la concentration de MDA de façon

significative. Les concentrations de GSH et de comptes de CD4+ n'étaient pa~. différentes

de façon significative entre les sujets utilisateurs et non-utilisateurs de suppléments. En

géneral, la petitesse de l'échantillon utillisé pour cette étude po:mait avoir été, en partie,

responsable de l'échec du depistage d'un effet significatif; par contre, des tendances ont été

remarquées. Celles-ci contenaient certaines observations, entre autres, selon lesquelles les

utilisateurs de suppléments vitaminiques seraient plus enclin à vivre des événements

cliniques reliés à l'infection par le SIDA (infection opportuniste, néoplasme, perle de poids

involontaire), à avoir une période plus longue de séropositivité et à avoir des concentrations

de MDA plus élevées de façon significative (p < 0.05). Dans cette étude; il semblerait que

les antioxydants, patieulièrement la vitamine E, n'ont pas été capable de diminuer les

niveaux élevés des spécimens d'oxygène réactive (ROS) associés avec l'infection du VI H.
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1. Introduction

1.1 Natural Course of HIV Infection
Acquired immunodeficiency syp.drome (AlOS) is a disease characterized by

profound immunosuppression accompanied by diverse c1inical conditions associated with a

chronic immunosuppressed state, including opportunistic infections, malignancies and

central nervous system degeneration. The etiological agent of AlOS is the human

immunodeficiency vims (Ill V). It is classified as a member of the lentivims family of

retroviruses based on its genomic sequence homologies, morphology and Iife cycle. A

unique feature of lentiviruses is their ability to produce short-term cytopathic effects or

long-temllatent infection in cells, however, HIV infection in humans is slowly progressive

and ultimatelyfatal.

The primary target of HIV is the c1uster of differcntiation four (CD4+) subset of T

lymphocytes. This subset ofT cells is defined phenotypically by the presence of the CD4

molecule on the cell surface. Monocytes also express the CD4 receptor and any celI

expressing this molecule is capable of infection by HIV. HIV replicates extensively within

monocytes but with relatively low cytopathicity. Consequently, these cells may act as

reservoirs of infection and play a role in the process of extensive viral dissemination

throughOl·tthe body (Fauci and Lane, 1994; Meltzer et al., 1990). Despite macrophage

resistanceto HIV-induced cytolysis, they exhibitfunctional impairments mostlikely related

to abnormal activation of these cells in vivo by cytokines (A bbas et al., 1994; Falici and

Lane, 1994; Panl<1leo et al., 1993). Cytokines are soluble polypeptide growth factors

which regulate normal functioning of immunocompetcnt cells. They are responsible for

essential roles in the communication network that links inducer and effector cells during

immune and inflammatory responses (Wang and Watson, 1994).

The natural course of HIV infection follows a common pattern of development,

although the length of c1inicallatency and the specific c1inical symptoms experienced varies

between individuals (Figure 1). After exposure to HIV there is an initial period between

two to 12 weeks in duration where the level of HIV antibodies increases and the individual

seroconverts to a HIV antibody-positive status. Within this period. approximately 20 ­

70% of individuals experience an acute HIV syndrome. This mononucleosis-Iike condition

is associated a high level of viremia, fevers, headaches, sore throat, gcneralized

12



• Iymphadenopathy and skin rashes persisting up to 14 days (Abbas et al., 1994: Levasseur

and Lecorps, 1993; Pantaleo et al., 1993). There follows a HIV-specific immune responsc

with a reduction in extracellular viral load and the individual rcturns to a c1inically

asymptomatic stage. This c1inically latent period has the greatest variability in duration.

lasting months or several years with a median duration of 10 years, prior to thc diagnosis of

illness indicative of AlOS (Appendix 2) (Centers for Disease Control, 1987: Centers for

Disease Control, 1993). During this time, there is a quantitative and qualitative deficiency

of C04+ cells and eventually the level falls beneath a critieallevellIess than 200 cells per

microlitre (fIL)] which is associated with a high risk of developing a variety of

opportunistic diseases, particularly infections and certain neoplasms (Abbas ct al., 1994;

Fauci and Lane, 1994; Levasseur and Lecorps, 1993; Pantaleo et al., 1993). Oxidative

stress has been implicatedas a contributorto disease progression by acting as a stimulalory

factor in the induction of viral replication (Legrand-Poels ct al., 1990; Schreck cl al., 1991)

and as a mediator of apoptosis or programmed ccII death (Bullke and Sandstrom, 1994;

Sandstrom et al., 1993; Sandstrom et al., 1994).

1.2 The Role of Oxidative Stress in HIV Pathology
Oxidative stress is a collective term describing the pathological consequences or an

imbalance between the systems producing reactive oxidative species (ROS) and the

antioxidative defense systems. This imbalance may occur when an absolute or relative

excess of free radicals exceeds the capacities of the antioxidant defense system to neutralize

these molecules, thereby initiatingfrec radical-generatingchain reactions (Halliwell, 1989).

Endogenous and exogenous sources of free radicals may both contribute to an imbalance in

the oxidant-antioxidant equilibrium (Figure 2).

Due to their high reactivity, ROS will readily react with cellular macromolecules

causing damage directly or indirectly through the initiation of free radical-generating chain

reactions (Bullke and Sandstrom, 1994; Halliwell, 1989). The major cellular and

extracellular targets for ROS damage are protein and free amino acids, nucleic acid

constituents, the polyunsaturated fally acid (PUFA) components of lipids and lipoproteins,

carbohydrates and connective tissue macromolecules. The damage and functional

consequences are unique to each target component and the relative importance of the

damage depends on the degree of oxidative stress inflicted, by which mechanism it is

imposed, the length of time exposed to oxidative stress and finally, the nature of the system

stressed (Table 1) (Rice-Evansetal., 1991; Halliwell, 1987; Halliwell, 1993).

13



1. 2.1 Viral Activation
Upon cellular infection with HIV, the viral reproductive cycle is activated. Viral

ribonucleic acid (RNA) is transcribed by reverse transcriptase to produce viral

deoxyribonucleic acid (DNA). The viral DNA is then integrated within the host cell

genome. This perrnanently integrated forrn of DNA, known as provirus, is capable of

remaining transcriptionally inactive for months or yeaTS with Iimited production of new

viral proteins or virions (Abbas et al., 1994; Fauci and Lane, 1994). The rate of provirus

transcription and replication is highly variable as anatomically different sites support

different rates of proviral repli cation with the Iyrnph nodes being a particularly active site.

There are also interindividual differences in viral replication rates as sorne individuals

exhibit elevated rates very early in the disease. The causes of the individual and anatornical

differences have not yet been explained (Fauci and Lane, 1994).

Initiation of proviral gene transcription depends upon the interaction of a nurnber of

cellular and viral factors, including T-cell activation and imrnunoregulatory cytokine

stimulation (Figure 2) (Fauci et al., 1991; Fauci and Lane, 1994; Poli and Fauci, 1992).

Various T-cell activation signaIs will initiate HIV transcription: for exarnple, coinfectious

viruses, cytokines and physical agents, ail of which share the ability to cause oxidative

stress (Laurence, 1990; Revillard et al., 1990; Rosenberg and Fauci, 1989; Rosenberg and

Fauci, 1990; Rosenberg and Fauci, 1990; Stanley et al., 1990). In two in vitro studies, the

addition of ROS have been shown to directly increase HIV replication. Legrand-Poels et

al. (1990) dernonstrated oxidative stress frorn expomre to hydrogen peroxide (H20z) in a

promonocytic ceilline (U 1) elevated reverse transcriptase activities and transactivation of

the viral long terminal repeat (LTR) at24 h post stress. Schreck et al. (1991) confirrned

these results in Jurkat T-cells stressed with 150 pM H20z.

Thc molecular rnechanism by which oxidative stress induces viral replication is

unknown. However, evidence irnplicates a redox-sensitive step in the signal transduction

leading to nuclear factor kappa B (NFKB) activation and HIV transcription. NFKB is a

promoter factor of viral transcription whose action is controlled by inhibitor kappa B (IKB).

Whcn stimu1ated by oxidative stimuli, NFKB dissociates from IKB allowing viral DNA

transcription and production of progeny virus (Schreck et al., 1991).

Tumor necrosis factor-alpha (TNF-a), a cytokine produced prirnarily by

monocyte, macrophage and T lymphocytes norrnally plays a role in monocyte and

macrophagc-rnediated killing of tumor cells. However, TNF also induces the expression of

14



• H[V in the chronically infected promonocytic line (U 1) (Poli et al., 1990) and a chronically

infected T-cell clone (ACH-2) (Folks et al., 1989; Poli et al., 1990) as weil as primaI)'

human macrophages (Mellors et al., 1991). The mechanism by which TNF-a exerts its

action may be through the utilization of oxidative stress as a second messenger, thus

contributing to the dissociation of the NFKB - 1KB complex (Schreck et al., 1991). The

suggestion thatTNF-a may play a role in viral activation was supported in a reeent cross­

seetional study by Zangerle et al. ([ 994). They reported increased serum concentrations of

soluble TNF-a receptors were associated with immune activation in 61 HIV-positivc

individuals at ail stages of infection. Immune activation was measured by significant

increases in urinary neopterin and serum ~,-microglobulin. Elevated levels of thesc

immunological markers have been validated as prediclors of disease progression in HIV

infection (Fahey et al., 1990).

1. 2. 2 Programmed Cell Death
Oxidative stress leading to programmed cell death (PCO) or apoplosis may be an

etiological factor in the C04+ cell depletion which typifies HIV infection (Greenspan and

Aruoma, 1994; Laurent-Crawford et al., 1993). [t has been suggested thal at certain times

or conditions, for example during T-cell activation, a ccII may arrive at a critical juncturc

with two possibilities; cellular proliferation or apoptosis (Gougeon and Montagnicr, 1993).

Apoptosis is a morphologicallydistinctform of ccII death characterized by compaction and

marginalization of nuclear chromatin into dense masses, and by condensation of cytoplasm

with ccII surface blebbing (Buttke and Sandstrom, 1994; Larrick and Wright, 1990;

Schwartz and Osborne, 1993). The ability of the cell to maintain an oxidant-antioxidant

balance may determine which of these possibilities is favoured (Bullke and Sandstrom,

1994).

Studies in vitro have demonstrated that exposure to various ROS or the depletion of

antioxidants, such as glutathione peroxidase (GPx), will result in apoptosis (Buttke and

Sandstrom, 1994; Sandstrom et al., 1993; Sandstrom et al., 1994). In an oxidative

environment, TNF-a alone, or combined with additional metabolic or immunological

factors, will promote apoptosis.

15



1.3 ln Vivo Evidence for Oxidative Stress in HIV
Infection

The direct measurement of ROS in biological systems is difficult. Consequently,

the detennination of oxidative stress in vivo is frequently assessed by measuring the

degradation products of free radical injury in body fluids and tissue. Currently, the

tecbniques which are most developed are those which measure Iipid peroxidation

byproducts. The primary degradation products of lipid peroxidation are lipid

hydroperoxides. These products have the ability to decompose into secondary byproducts

such as malondialdehyde (MDA), thiobarbituric reactive substances (TSARS) and

conjugated dienes (CD). The free radical byproducts of oxidative injury to proteins or

DNA can only be measured with techniques which are not easily accessible, such as mass

spectrometry. As a resuIt, the effects of ROS damage in nomlal or pathological states are

commonly assessed by measures of lipid peroxidation. In addition to the reaction

byproducts offree radical damage, oxidative stress may also be evaluated by measuring the

status of the antioxidant defenses. However, the degree of specifici ty, reliability and

reproducibility for aIl of these laboratory estimates of oxidative stress have been challenged

(HaIliwell, 1989; Pryor, 1991).

Interest in the contribution of free radical to disease causation and disease

progression has recently increased. Free radical-initiated or -mediated reactions have been

implicated at sorne point in the pathogenesis or pathology of over 50 diseases (Greenspan,

1993; HaIliweIl, 1987), including atherosclerosis, carcinogenesis and aging. At the present

time, a small number of studies have explored the potential role of oxidative stress in HIV

pathology.

1. 3.1 Lipid Peroxidation Products
There has been five studies measuring the level of circulating lipid peroxidation

breakdown products in subjects with HIV; they are summarized in Table 2. InitiaIly,

Stinnerborg et al. (1988) compared oxidative stress parameters in 30 HIV-seropositive

subjects at various stages of disease progression to a seronegative control group. They

observed a significantly higher mean plasma concentrations of MDA in the HIV-
~. 'L-

seropositive group (0.62 f.lmol) when compared to the control group (0.46 f.lmol) but they

did not detect any difference in TBARS. Coutellier et al. (1992) and Malvy et al. (1994)

both confimled the significantly higher MDA in disease stages II - IV as defined by the

Centers for Disease Control [Appendix 2. Centers for Disease Control surveillance case

definition for AIDS (1993)] compared to controls (Table 2). Other investigators have
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• detected significantly higher TBARS and lipid hydroperoxides (HPO) in CDC \1 versus

seronegative controls (Table 2) (Revillard et al., 1'992; Sappey et al., 1994).

In ail studies, oxidative stress concentrations were significantly higher in CDC Il

versus controls indicating early increases in lipid peroxidation; however, CDC IV did not

consistently show significant differences compared to controis. However, neither MDA

nor TBARS concentrations were correlated with the degree of immunodeficiency as

measured by C04+ lymphocytes. Consequently, it remains to be deterrnined if elevated

oxidative stress concentrations are a consequence of the stage of HIV infection and

therefore acting as a marker of disease progression or if oxidative stress precedes disease

progression and thus, is contributory to HIV pathology.

Recent preliminary resulls, available only in a non-refereed abstraet, examined the

effects of supplemental B-carotene (250 mg 1d) and selenium (100 mg 1 d) on plasma and

red blood cell (RBC) MDA concentrations (Peuchant et al., 1995). Allhough the actual

concentrations of MDA were not published, significantly higher concentrations of basclinc

MDA were reported in the HIV-seropositive groups compared to seronegative controls. A

significant reduction in plasma and RBC MDA concentrations in the selenium supplemented

group (p < 0.04; p < 0.003, respectively) and a non-significant trend towards decreased

MDA in the B-carotene group was reported. These preliminary results need to he

interpreted with caution due to the smail sample size (n = 15 controls, 15 selenium, 10 B­

carotene) and the factthat neither supplementation compliance nor randomized assignment

to intervention groups were described. If dietary intake was simultaneously evaluated it

would be possible to deterrnine the potential effect of otber antioxidants on the outcome

measured. Different dietary intakes of the other antioxidant micronutrients, for example,

high intakes of ascorbate, a-tocopherol and zinc may partiail y account for their results

showing a beneficial association between the intervention and outcome measurement, in

this case a reduced lipid peroxidation product, MDA. Il is weil established that the

antioxidant defense system does not function in isolation, but rather as a complex system of

synergistic reactions between different antioxidants (Figure 3).

1. 3. 2 Antioxidant Micronutrient and Glutathione Status
As a resull of the cytotoxic damage which ROS are capable of inflicting, a defense

or protective system has evolved naturally. In healthy individuals a tight control of free

radical production and antioxidant defenses is maintained. This is crucial to the very

survival of the cell. The protective and repairfunctions are mediated by both enzymatic and

non-enzymatic antioxidants (Table 3). Specifically, an antioxidant may be defined as any



• substance which prevents the transfer of electrons to and from molecular oxygen and

organic molecules, stabilizes organic free radicals and / or terminates organic free radical

reactions (Bray and Bettger, 1990). The enzymatic antioxidants are comprised of three

superoxide dismutases, glutathione peroxidase (GPx) and catalase. The non-enzymatic

antioxidants are vitamins E (a-tocopherol) and C, 13-carotene and glutathione (GSH, the

tripeptide y-glutamyl-cysteinyl-glycine). Finally, the extracellular antioxidants inc1ude

1actoferri n, ceruloplasmin, albumin, haptoglobin, hemopexin, uric acid and transferrin

(Diplock, 1994; Halliwell, 1989).

ln addition to the individual function each antioxidant micronutrient possess as

described in Table 3, they also interact synergistically with each other (Figure 3). Animal

studies and in vivo evidence suggest a GSH-sparing role for ascorbate. lnitially, this was

supported by an animal study from Mârtensson and Meister(1991). On the other hand, an

experiment by Henning et al. (1991) in eight healthy subjects consuming an ascorbate

deficientdiet(S - 20 mg / d) for nine weeks demonstrated low plasma GSH, both plasma

and leukocyte ascorbic acid. However, DNA scission levels were not affected. These

deficiencies were restored upon cross-over to a diet with either 60 or 2S0 mg / d ascorbate

for four weeks. A study to determine the effects of supplemental ascorbic acid on RBC

GSH by Johnston et al. (1993) demonstrated 500 mg 1d of supplemental ascorbic acid in

nine healthy subjects consuming vitamin C-restricted diets was sufficient to maintain

reduced RBC GSH and improve the overall antioxidant capacity of the blood. There

appeared to be a threshold effect to the effects of vitamin C as there were no significant

differences in mean plasma ascorbic acid or red blood cell GSH with 2000 versus 500 mg 1

d supplementary ascorbic acid. Since SOO mg 1 d ascorbic acid is over eight times the

recommended nutrient intake (RN!) for the average man (Health and Welfare, 1990), a

minimum level required to achieve GSH-sparing needs to be reported.

Not only has ascorbate been shown to spare GSH, but GSH will spare ascorbic

acid. Martensson et al. (1993) demonstrated that a standardized ascorbate-deficient diet

supplemented with GSH monoethyl ester (1.25 nmoll kg body weight t.i.d.) fed to male

Hartley guinea pigs was capable of sparing ascorbate. This sparing effect may have been

mediated through an increase in the reduction of dehydroascorbate (DHA), which otherwise

would have been degraded and irreversibly lost, or the sparing of ascorbic acid may be due

GSH acting as an antioxidant.

Collectively, results from this group of studies suggest GSH and ascorbate are

essential in physiological functioning and regeneration of the other. Metabolic redundancy
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• and overlap of antioxidant functions for these antioxidants are apparent. The c1inical

implications of this synergistic reaction remain unclear as concentrations of GSH and other

antioxidant micronutrients have been observed to be low in the HI V-seropositive

population. Table 4 provides a global summary of several studies estimating the nutritional

status of the antioxidant micronutrients and GSH at different stages of HIV disease

progression.

To assess whether decreases in antioxidants and increases in oxidative stress are

related to disease progression, Favier et al. (1994) conducted a six month longitudinal

study in asymptomaticsubjects COC Il and COC IV. From preliminary results, Favier el

al. (1994) concluded there is a progressive decline in antioxidant levels (retino\.

carotenoids, zinc, selenium and vitamin E) related to HIV progression, with the exception

of selenium leveI which was normal at COC Il (Table 4). Of these antioxidants, the most

dramatic decrease was serum carotenoids. At COC Il, concentrations were only 50% of

controls [mean serum carotene ± SO (standard deviation) =0.94 ± 0.46 vs. 1.76 ± 0.40

f1moll L, respectively]. Oespitethe overall higherlevels of antioxidants at CDC Il, Favier

as a co-author, observed significantly higher concentrations of lipid byproducts at COC Il

compared to COC IV in the same population (Table 4) (Sappey et al., 1994). Regardless of

the principal mechanism, oxidative stress appears to be evident early in the course of

infection and precedes the severe micronutrient deficits resulting from wasting which occur

more frequently in the later stages of disease progression. This may indicate oxidative

stress is a factor in HIV pathology and not simply a consequence of secondary

malnutrition, although further investigation is needed to fully elucidate this temporal

relationship.

The validity of reports indicating the nutrient status of HIV-seropositive persons

must be considered for each nutrient. For example, the association between dietary intake

and serum concentrations of ascorbic acid may be altered in subjects with acute stress,

elevated temperatures, chronic inflammation, acute and chronic infections and cigarette

smoking (Sauberlich et al., 1974). These factors are present in HIV infection and will

affect the interpretation of serum ascorbic acid measurements. Although leukocyte

measurements may provide a more reliable index of slowly changing tissue stores (Loh,

1972; Omaye et al., 1979; Tumball et al., 1981), they are not commonly assessed.
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1.4 Pathophysiological Consequences of Antioxidant
Depletion

The etiology of the depletion of antioxidant defenses may be due to increased

antioxidant expenditure and / or inadequate replenishment of tissue stores. For example,

GSH, once oxidized to glutathionine disulfide (GSSG) is normally regenerated to the

reduced form via the GSH reductase pathway. However, irreversible loss of GSH occurs

under conditions of intense oxidative stress. The GSH reductase pathway becomes

overwhelmed or incapable of coping with the increased concentrations of GSSG.

Consequently, the accumulation of toxic GSSG is exported from the cell and thus, it is lost

to the reductase pathway (Deneke and Fanburg, 1989; Reed, 1990). This loss is

irreversible as GSSG can not be reduced extracellularly or taken up by cells (Uhlig and

Wendel, 1992)

Ex novo synthesis of GSH can replace lost GSH but it is dependent on the

availabilityand transmembrane transport of cysteine, the rate-limiting substrate in GSH

biosynthesis, into the cell (Sakamoto et al., 1983). However, de Quay et al. (1992)

reported significantly lower mean (SO) plasma and mononuclear cell levels of cysteine

(plasma = 6.9 ± lA versus 12.0 ± 3.1 flmol / L, p < 0.001; mononuclearcells = 0.24 ±

0.07 versus 0.35 ± 0.10 nmol / mg protein, p < 0.03) in nine H1V-seropositive subjects

compared to a seronegative control group. The decreased levels of cysteine in peripheral

blood mononuclear(PBMN) cells were related to stage of HIV infection (controls = 0.35 ±

0.09; early stage = 0.28 ± 0.07; late stage = 0.19 ± 0.04 nmol / mg protein). They

speculated that inadequate extracellularcysteine, and the resulting low levels of intracellular

cysteine, was a likely cause of intracellular GSH deficiency. Similar observations were

reported by Eck et al. (1989). In this study, the decreased plasma cysteine was associated

with a significant decrease in intracellular GSH in both PBMN cells and monocytes.

Glutamate and cystine compete for the same active transport sites and Eck et al. (1989)

demonstrated a high extracellular concentration of glutamate exacerbated the intracellular

cysteine / GSH deficiency in peritoneal macrophages.

Diminished GSH and other antioxidants may be a consequence of long-term

oxidative stress from many sources including stimulated pro-inflammatory cytokines, such

as TNF-a, exposure to viral or opportunistic pathogens and certain drugs (Schreck et al.,

1991; Jariwallaand Harakeh, 1994). Human T cells can be separated into cells with high

or low concentrations of GSH. Staal et al. (1992) hypothesized the induction of

inflammatoT'jcytokinescauses selective depletion of GSH in those C04+ and C08+ cells
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with high intracellular concentrations of GSH. They observed changes early in HIY

infection as asymptomatic subjects with nom1al C04+ cell counts had a significant decrcasc

in the number of T-cells with high GSH concentrations in both C04+ and CD8+

phenotypes.

Sorne of the pathological consequences of HIV infection have been hypothesized to

be caused by a glutathione deficiency. Intracellular GSH has been shown to be critical for

T-cell functions such as IL-2 dependent activation of T-cells (Meister, 1988; Staal et al.,

1992), formation of CD8+ cytotoxic cell blasts (Droge et al., 1986; Hamilos and Wedncr,

1985), activity of cytotoxic and natural killer cells (Droge et al., 1986) and mixed

lymphocyte reactions (Meister, 1988). Levy et al. (1992) demonstrated an impaim1enl in

T-cell colony-foming cells harvested from both HIV-seropositive and HIV-negativc

controls subsequently subjected to artificial thiol depletion, particularly GSH, by buthionine

sulfoximine (BSO), cyclohexene-l-one (CHX) and copper phenanthroline (CuP). HIV­

infected cells exhibited an increased vulnerability to experimental depletion, perhaps due to

decreased initial intracellular thiol concentration. Staal et al. (1993) observed a similar

regulatory effect on T-Iymphocyte function and viral transcription and replication in vifro

with intracellularGSH. Using highly purified T-cells from PBMN cells donated by healthy

volunteers, Suthanthiran et al. (1990) suggested that GSH can directly modulate

proliferation of these T-cells, perhaps at the level of DNA synthesis since GSH is required

as a reducing equivalentfor glutaredoxin during DNA-synthesis (Holmgren, 1990). GS H

deficiency has been observed early in HIV infection prior to CD4+ cell depletion (Staal et

al., 1992) and perhaps sorne of the immunological consequences whicb occur early in I-IIV

infection may be explained by this GSH deficiency.

There is evidence that GSH deficiency may contribute to the progression of HIV

infection. Depleted intracellular glutathione enhances the activity of NFKB, which, in turn,

permits the initiation of a viral transcriptional sequence (Kalebic et al., 1991). The

depletion of antioxidant defenses also diminishes the ability of cells to withstand oxidative

stress and electrophilic aggression leading to progressive deterioration and eventually

programmed cell death (PCD) (Buttke and Sandstrom, 1994; Greenspan and Aruoma,

1994; Ruffman et al., 1991). In summary, the hypothesized effects of oxidative stress in

HIV are 1) impaired T-cell colony formation, 2) increased activation of NFKB leading to

viral activation and 3) apoptosis induction.

During HIV infection, ascorbic acid may fail to provide sufficient defense against

free radicals for several reasons. Firstly, depletion of this antioxidant may be directly
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related to its primary role as an electron-carrier similar to other non-enzymatic radical

scavengers (Cathcart, 1991). Secondly, in the presence of GSH-deficiency, ascorbic acid

will compensate and act as an essential antioxidant, consequently, as the concentration of

GSH decreases, the demand for ascorbic acid increases (Cathcart, 1991; Martensson et al.,

1991). Thirdly, in a normal situation the oxidized form of ascorbic acid, dehydroascorbate

(DHA), is reduced by GSH. However, when DHA is unable to be regenerated due to

GSH deficiency, it is degraded and ascorbic acid is irreversibly lost. Consequently, this

extra burden in an environment of increased oxidative stress may overwhelm the capacities

of ascorbic acid, resulting in oxidative stress damage (Jariwalla and Harakeh, 1994).

Finally, as the requirements for vitamin C, and other antioxidants are yet to be defined

throughout HIV infection, the recommended and actual dietary intake may be inadequate to

meet the demand. This may have indirect implications on GSH status considering the

synergistic interactions between these nutrients (Figure 3).

Relatively few studies have measured plasma ascorbic acid levels in HIV­

seropositive subjects (Table 4). These have demonstrated normal plasma levels of ascorbic

acid at ail disease stages. Frei et al. (1989) has shown that ascorbate is the only plasma

antioxidant which is capable of completely protecting plasma lipids against detectable

peroxidative damage inflicted by extracellularaqueous peroxy! radicals. Secondly, ascorbic

acid is involved in the production and normal functioning of mononuclear and

polymorphonuclear (PMN) leukocytes, thereby affecting cel1-mediated immunity. Many

independent studies have demonstrated the important role of ascorbate in the regulation and

function of the immune system including protection from anaphylactic shock, enhancement

of delayed hypersensitivity and graft rejection, enhanced phagocytic motility and function,

increased T cel1 response to mitogens and increased production of interferon, in addition to

antibacterial and antiviral effects (Jariwalla and Harakeh, 1994).

1.5 Antioxidant Intervention Studies
The ubiquitous nature of free radical-mediated processes which have been

implicated in the pathology of numerous conditions has led many investigators to explore

the feasibility and potential of antioxidant intervention clinical situations (Harats et al.,

1990: Wartanowicz et al., 1984). Intervention trials in healthy individuals at risk of an

immunocompromised state and increased infection-related morbidity, such as the elderly,

have shown a role for antioxidant micronutrients in the immune response (Boxer et al.,

1976; Joffe et al., 1983; Kennes et al., 1983; Penn et al., 1991; Shilotri and Bhat, 1977).
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1.5.1 Effects of Antioxidants on Immune Response
At this time, the intervention studies which have examined the effects of antioxidant

supplementation specifically on the immune system are not conclusive. Weak study design

including inadequate sample size and Jack of double blinded placebo-controlled trials limit

any conclusions. Consequently, the results reported may be due to the effect of

inappropriately controlled confounders or the truc effect may be underestimated due to

inadequate power to demonstrate an association.

ln a double-blind placebo control trial (n = la control, la intervention), healthy

elderly adults [mean (SD) age = 81 (7) yeaTS] at risk for decreased immune competence

were suppJemented with intramuscular injections of ascorbic acid (500 mg / d) (Kennes et

al., 1983). In the elderly, the observed diminished immune competence is principally due

to impaired proliferative responses of human blood lymphocytes to T mitogen stimulation,

most likely asa result of an intracellular defect with imprecise origins (Adler and Nagel,

1981; Doggell et al., 1981; Goodwin et al., 1982; Makinodan and Kay, 1981). Arter a

period of one month, the intervention group was compared to baseline data and the control

group. The results indicate an enhanced cell-mediated immune response as indicated by in

vitro increase of the proliferative response of blood lymphocytes to mitogens and the in

vivo tuberculin skin hypersensitivity test. Although improvement in cell-mediated

immunocompetence was demonstrated with intramuscular ascorbic acid injections, a more

detailedstudy to determineoptimal oral doses is needed. The bioavailability of oral doses

of ascorbate may be affected by absorption kinetics, especially in the presence of the

maldigestiveand malabsorptive disorders common in H1V infection (Watson, 1994).

A study by Boxer et al. (1977) described beneficial effects in immune response as

demonstrated by improved stimulation of neutrophil chemotaxis with pharmacological

doses (200 mg / d) of ascorbic acid in children with Chediak-Higashi disease, a congenital

disorder characterized by drasticallyaItered phagocytic function. Of course, as this study

was conducted in a small sample of children with pre-existing conditions affecting their

immune system unparalleled to H1V infection, the generalizabilityor extrapolation ability to

HIV infection is limited. Nonetheless, a positive immune enhancing effect was

demonstrated.

However, not ail reports have observed beneficial immunological enhancement

(Shilotri and Bhat, 1977). In this cross-over intervention trial conducted in five healthy

su~jects, the effects of high dose ascorbic acid supplementation on the bactericidal activity

of Jeukocytes (100 mg / d b.i .d. for 15 d then 200 mg / d q.i.d. for 14 d) were examined.

Results indicated no significant differences in bactericidal activity with the lower dose
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aseorbie aeid, but there was signifieantly impaired aetlvlty with the higher dose

supplementation. This effeet was reversible and retumed to normal levels after withdrawal

of supplementation for four weeks. Although the authors did not provide a conclusive

explanation for the impaired bactericidal activity, perhaps it was due to a maladaptive shift

of the oxidative / antioxidative balance, towards the latter. Leukocytes depend on free

radicals to destroy invading pathogens (Cumutte and Babior, 1987) and excessive ascorbic

acid and its free-radical quenching capability may have interfered with this process

(Halliwell, 1987).

1. 5. 2 Effects on Oxidative Stress
ROS and antioxidants exist in a tightly controlled balance in the normal, healthy

individuaI. An imbalancefavoring the oxidant state is a consequence of a relative increase

in ROS production or decrease in antioxidant defenses. A study by Wartanowicz et al.

(1984) investigated the relationship between antioxidant supplementation and lipid

peroxidation in the elderly, as free radicals have been implicated in the degenerative process

of aging. One hundred subjects, mostly women between 60 - 100 years old, were divided

into three treatmentgroups receivingeithervitamin E(JOO mg, b.i.d.), vitamin C (200 mg,

b.Ld.) or both for a duration of one year. Their control group consisted of 20 women who

were not supplementing with any vitamins. They observed statistically significant

differences (p < 0.001) in mean concentrations ofTBARS in aIl supplementation groups at

12 months compared to baseline concentrations [TBARS nmol / mL at baseline vs. 12

months, mean ± standard deviation (SD): vitamin E group = 3.05 ± 0.37 vs. 2.26 ± 0.55;

vitamin C group =2.73 ± 0.45 vs. 2.37 ± 0.35; both C and E group =3.05 ± 0.55 vs.

2.30 ± 0.3 1J. These differences became more significant as tissue saturation increased and

an apparent synergistic effect between vitamin C and E was observed. Their control group

showed no significant differences in lipid peroxide levels (TBARS nmol / L at baseline vs.

12 months, mean ± SD: 3.26 ± 0.43 vs. 2.94 ± 0.52). A clinical perspective was not

provided as c1inical endpoints were not assessed, nor was there any indication of subjective

improvement in the status of these subjects.

Parallel studies in HIV-seropositive individualswhich assess the safety and efficacy

of antioxidant micronutrient intervention on both immunological and oxidative stress

parameters are lacking.

1.6 Antioxidant Intervention in HIV Infection
Prior to the implementation of intervention trials in HIV-seropositive subjects,

consideration to the following is necessary. Given a nutritional deficiency, it needs to he
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determined to what extent correction of this deficiency should be made. What arc the

biochemical and c1inical endpoints which should be set as goals for repletion therapy? The

aberrations which influence the nutritional status of an individual can be functions of the

disease itself, the associated infections and their concurrent treatments and 1 or the

individual's dietary intake (Canadian Dietetic Association, 1994; Winick, 1988). Sorne

causes of deficiency may be more responsive than others to repletion therapy.

There are four levels of nutrient supply, eaeh associated with c1inieal and

immunologicalconditions. A scale of four stages has been described by Schmidt (1991):

1) deficient supply, 2) sufficient supply, 3) optimal supply, and 4) overoptimal supply.

For example, zinc deficiency results in characteristic immunological abnormalities and

increased susceptibility to bacterial infection (Cunningham-Rundles ct al., 1990; Schmidt,

1991). These abnormalities include decreased numbers of circulating T-eells, atrophy of

lymphatic tissues, leukopenia, reduced antibody responses, reduced production and release

of cytokines, impaired cytotoxicity of immune cells and other alterations. On the other

hand, at the overoptimallevel zinc has immunotoxic consequences including, blocking of

membrane receptors, inhibition of cytoskeletal function, inhibition of calcium transport and

changes in membrane fluidity (Schmidt. 1991). Functional tests to assess the c1inical

implications are needed to more precisely define the parameters of sufficient and optimal

supply and the two detrimental stages of deficiency and oversupply (Schmidt, 1991).

This seemingly paradoxical nature of antioxidant nutrient status. with both

beneficial and detrimental effects depending on nutrient supply, combined with the

synergistic antioxidant effects which occur between nutrients (Figure 3) increases the

complexity of this problem. For many nutrients there appears to be a large margin of

safety. usually many times the normal daily intake, before toxic effects are observed from

excessive nutrient intakes (Elias, 1993). However, this information is based on

observations in healthy individuals who are neither immunocompromised nor

malnourished.

The presence of either malnutrition or immunosuppression in an individual may

narrow the margin of safety in both directions. Figure 4 iIlustrates for different nutrients

there may be different ranges of optimal intake which in turn, influence the degree of

pathology of HlV infection. For example, zinc may follow the (D) curve because of the

apparent detrimental effects in HIV for both deficiencies and excesses. In a study with

three groups of 54 HIV-seropositive subjects, low levels of serum zinc were related to

progression to AlOS (Graham et al., 1991). A low serum zinc level predicted progression

to AlOS [Odds Ratio (OR) = 0.30 120 Jlg 1dL increase; 95% Confidence Interval (CI) =
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0.14 - 0.66], independent of C04+ lymphocyte levels, age, and calorie-adjusted intakes of

zinc. In this study mean dietary intakes of zinc were not significantly different between

progressors and non-progressors (mean:!: SD, 24.1 :!: 22.9; 20.9:!: 25.4 mg 1d, p> 0.30,

respectively) and did not predict progression to AlOS (OR =1.03, CI =0.85, 1.25; P =
0.73). However, in a study by Tang et al. (1993) excess dietary zinc intake (> 20.2 mg 1

d) predicted progression to AIDS [for highest vs. lowest quartiles, Relative Hazard (RH) =
2.06; 95% CI = 1.16 - 3.64]. Moderately elevated zinc intake (> 14.2 mg 1 d) remained

predictive of progression to AIDS, even in their multinutrient model (RH = 1.85; CI =
1.03, 331). Both studies utilizedsimilardietary intake measurement methodology.

A theory which may explain the findings from Tang etaI. (1993) originates from an

in vitro study by South et al. (1990). Ali retroviruses encode a gag gene product which

plays a key role in viral packagingand assembly. Prior to viral budding, gag proteins are

processed by a retroviral protease, thereby allowing the processing of several major

structural proteins, including nucIeocapsid protein (NCP). NCP apparently acts as a RNA

stabilizer in the viral core through non-specific NCP-RNA interactions (Karpel et al.,

1987). Using HIV-l (MN strain) cellsgrown from H9 cells, South et al. (1990) observed

two sites which may function physiologically as zinc-binding domains in NCP.

Consequently, it appears the availability of intracellular zinc is necessary for HIV-l

nucIeocapsid protein assembly. In other studies it has been observed in mutant gag

proteins with defective retroviral-type zinc finger arrays an inability to package genomic

RNA (Aldovini and Young, 1990; Gorelick et al., 1990). South et al. (1990) has

suggested that zinc may be associated with the NCP in virus particIes, in addition to

functioning in retroviral gene recognition at the gag protein level. These findings suggest

excessive zinc may negatively influence HIV pathology.

Referting to Figure 4, l3-carotene, vitamin E and vitamin C may be more similar to

curve (B) because of their apparent low level of immunotoxicity and hypothesized

beneficial effect in HIV pathology at high doses. To support this hypothesis, vitamin C

intake at the highest quartile (> 715 mg 1 d) has been significantly associated with a

protective effect against progression to AlOS (RH =0.55; 95% CI =0.34, 0.91) (Tang et

al., 1993). However, there may be a threshold level of intake where higher doses provide

little advantage in reducing HIV pathology like curve (C) illustrates. There needs to be

further investigations to more precisely define and confirrn these relationships throughout

the course of HIV infection.
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At this point, the sufficient or optimal nutrient intake levels for HlV infected

persons throughout ait stages of disease progression have not yet been established. The

level of nutrient intake suggestedby the RNI (Health and Welfare Canada, 1990) may he

sufficient for the general healthy population, but inadequate for the HIV-infected person

who may have higher requirements due to the stress of chronic infection and metabolic

aberrations associated with HIV infection (Watson, 1994). Evidence from three separate

studies are suggestive of the need to further test the hypothesis that ascorbic acid intake,

from food and supplements, may be inadequate to meet increased metabolic demands. In

the first study by Sharkey et al. (1992), there were no significant differences between the

weighed seven day food records of 28 HIV-seropositive subjects at various stages of

infection versus eight seronegative subjects. No differences were reported to be significant

for the nutrients measured, including ascorbic acid (means ± SEM; HIV+ = 102 ± 12 and

HIV- = 115 ± 31 mg Id ascorbic acid). The second study by Abrams et al. (1993) also

reported adequate nutritional intake in a prospective cohort of 296 recently diagnosed HIV-

seropositive men. They evaluated nutritional intake data from a self-administered nutrition

questionnaire in relation to the 1989 Recommended Daily Altowances (RDA) (Food and

Nutrition Board, 1989). Intake for ail nutrients was above the RDA, except zinc, which

was 88% of the RDA. However, in both studies biochemical assessment of nutritional

status was not perfonned in conjunction with these dietary intake data.

On the other hand, plasma ascorbic acid was reported to be deficient in 27% of

subjects in a cross-sectional survey of 30 HIV-seropositive subjects at various stages of

disease (Bogden et al., 1990). This estimate of ascorbate deficiency was based on the total

group combined and was not separated into disease stages Isix asymptomatic, 17 AIOS­

related complex (ARC) (Appendix 3), seven AIDS]. This presents difficulty in interpreting

the significance of this estimate as eight subjects reported a mean weight loss of 8.5 kg in

the previous six months, while ait other subjects had lost less than 1,4 .kg or had stable

weights for the same period. Twenty-seven percent deficiency represents eight subjects

from this combined group and it would have been helpful to report the dietary intake of

subjects and if those with weight loss were also hypoascorbemic. This hypothesis

warrants testing in future studies which examine the two nutritional assessment methods

within the same population.

1.6.1 ln Vitro Intervention
ln vitro evidencefor the anti-HIVactivitiesof ascorbic acid has stimulated particular

interest in the potential therapeutic role against HIV disease progression. In two studies by
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Harakeh et al. (1990 and 1991) the action of ascorbic acid (150 Jlg / mL) on HIV-l-infected

cells (H9 and H9/HTLV-IIIB) was investigated. In the first study (Harakeh et al., 1990),

extracellular reverse transcriptase activity and p24 antigen level were reduced by 99 and

90%, respectively. However, removal of ascorbic acid from the cellular medium caused

the resumption of viral replication. As the continuous presence of ascorbic acid was

necessary to maintain the antiviral activity in vitro, this could prove a challenge for the

pharmacological delivery of non-toxie doses of ascorbic acid in vivo. In the second study

(Harekeh et al., 1991), non-cytotoxic concentrations of ascorbic acid, calcium-ascorbate,

GSH and N-acetylcysteine(NAC) were comparedfor anti-HIVactivity. Again, the action

of ascorbic acid required the continuai presence of the antioxidant. The combination of

ascorbic acid and NAC showed synergy and the greatest inhibition of viral activity. Further

investigation of combination therapies in vivo is required to confirm and interpret the

c1inical challenges and significance of this type of therapy.

ln cytokine-stimulated cells, ascorbate blocked the transcriptional activity of a

reporter gene linked to HIV LTR (Staal et al., 1993). This inhibitory effect was ascribed to

inhibition of the activation of the transcription factor NFKB. However, experiments

examining the mechanistic action of ascorbate have provided a clue that HIV inhibition is at

the level of post-translational impairment of enzyme activity in infected unstimulated cells

(Harakeh et al., 1994). Measurement of HIV RNA molecules synthesized in chronically

infected cells (HXB) in the presence of ascorbate (0, 150, 200 Jlg / mL) demonstrated that

nucleic acids were not the main target of ascorbate inhih;tion. In addition, ascorbate (0,

100, 150 Jlg / mL) did not interfere with the synthesis a: ,rocessing of intracellularHIV

proteins in HXB cells. However, a dose-dependent inhibiL n of B-galactoside in 293.27.2

cells (containing an integrated copy of bacterial!af: Z fused tl "-jIV LTR) resulted in an 89%

reduction in enzymatic activity, relative to contrais, in the presence of maximum non­

cytotoxic ascorbate levels (200 Jlg / mL). This supports the interpretation that impairment

may be related to the selective modification of susceptible sites in the secondary / tertiary

protein structure that influence catalytic activity. At this time, further studies utilizing site

directed analysis of model proteins are necessary to elucidate the precise mechanism of

ascorbate inhibition.

1. 6. 2 ln Vivo Intervention
Unfortunately, the very limited in vivo evidence for ascorbic acid supplementation

in HIV-infected subjects must be interpreted with caution due to poor study design
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• (Cathcart, 1984). Based on a report from a group of 90 AIDS subjects self-supplementing

with high doses of ascorbic acid (unreported amounts) and an additional non-randomized

group without controls, (12 subjects with AIDS, six of whom were given an unreported

amount of intravenous ascorbic acid for a short time), Cathcart recommended very high

doses of ascorbic acid in HIV-infection. The recommended dosages of between 40 - 100 g

/ d in the absence of opportunistic infections and greater than 100 g / d are based on a

theory that the dosage required to achieve beneficial effects is directly related to the severity

or toxicity of the disease state. Ascorbate acid levels are titrated according to individual

bowel tolerance with optimal dosage levels just below the level which causes diarrhea. The

criteria for efficacy of this treatment was not well-defined and utilized reports of subjective

improvement only. The safety is unknown as side-effects were neither reported nor

measured. In any case, CD4+ cell counts remained suppressed.

1.6.3 Prevalence of Self-Supplementation
A significant number of reports have investigated the prevalence of self­

supplementation of antioxidant micronutrients in the HIV-seropositive population. Studies

investigating this practice have reported various levels of intake, depending on the nutrienl

considered (Abrams et al., 1993; Beach et al., 1988; Drolet, 1993; Mantero-Atienza el al.,

1991; Parisien, 1993; Rakower and Galvin, 1989). To provide perspective for the

prevalence of supplementation in the HIV-seropositive population, a number of recent

surveys have been completed in the general American population. The Second National

Health and Nutrition Examination Survey (NHANES Il) determined that 23% of the total

sample consumed supplements with vitamin C (Dickinson et al., 1994). In the 1986

National Health Interview Survey(NHIS) (Moss et al., 1986), observed 85% of

supplement users consumed a product with vitamin C. This was represented by a median

of 120 mg / d in women, 150 mg / d in men and a 90th percentile of one g / d. In the 1987

NHlS, Subar and Block (1990) reported the majority (75%) of supplement users were

consuming a multivitamin and the median intake of vitamin C from supplements was 60 mg

/ d and the 90th percentile intake was just greater than 600 mg / d.

The HIV-specific data c1early show a higher prevalence and dosages of ascorbic

acid self-supplementation than the general population. The Baltimore/Washington, OC

Multicenter AlOS Cohort study interviewed 281 participants and observed over 75%

consumed greater than 250% of the RDA for ascorbate (Tang et al., 1993). This high

intake was due primarily to vitamin C supplement consumption. Beach et al. (1988)

reported in 25 male subjects diagnosed with HIV, 85% had made major post-diagnosis
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• dietary modifications and 57% had begun supplementing with high dose vitamins /

minerais. Of these subjects, the vast majority were consuming greater than 10 times the

RDA for ascorbic acid. In a more recent study by the same author (Mantero-Atienza et.

al., 1991), 75 subjects were interviewed and 80% changed their diet at the time of, or

subsequent to, diagnosis of HIV infection. Sixty-eight percent of subjects were consuming

nutritional supplements at the time of diagnosis, however, of these subjects, 59% reported

increasing the dosage after a HIV-seropositive diagnosis. The mean ascorbate intake from

supplementation aJone was 873 mg / d (standard deviation = 620 mg). In another study by

Martin et al. (J99I), a voluntary survey of 76 HIV-seropositive persons indicated a mean

consumption at the megadose level of 905 mg / d representing a mean level 15 times the

RDA (range 0 - 6,000 mg / d, JOth and 100th percentile =50 and 20,000 mg / d,

respectively). In the prospective cohort with 296 subjects by Abrams et al. (1993), the

median intake of vitamin C from food atone was 300% of the RDA, and from food and

supplements combined the intake was approximately 875% of the RDA. As ail studies

recruited volunteers a volunteer bias may have influenced the reported results.

A combination of disease-related, therapy-related, societal, patients and physician

characteristics influence the type of treatmentchosen in many diseases. In the case of HIV

infection, many of these favour the choice of unproven nutritional therapies (Figure 5)

(Dwyer et al., 1988). According to Congressional hearings, a projected estimate of $1

billion was to be spent on unproven or fraudulent AlOS therapies in 1987 (Segal, 1987).

As AlOS is an incurable, fatal disease surrounded by fear and ignorance, HIV-infected

persons are particularly vulnerable to the c1aims of unproven nutritional therapies. Il

appears there is a considerable amount of nutritional ignorance which may contribute to the

choice of unproven therapies. Few of the supplement users in the surveys by Mantero­

Atienza et al. (1991) and Beach et al. (1988) were aware of the RDA nor the possible toxie

consequences of high dose self-supplementation. This is supported by a more recent

survey by Meyer (1994) of 164 clients of two non-profit AlOS organizations who

voluntarily participated. Thirty nine percent of the participants fell the more vitamins

consumed the more they would benefit. Perhaps sorne of this ignorance stems from the

observation that more people receive their information from f:iends and the media (17 and

28%, respectively) than qualified professionals who are bound by a professional code of

ethies to provide reliableadvice, such as dietitians and doctors (10 and 24%, respectively)

(Martin et al .. 1991). The remaining 20% obtained their information from parents, self or

other sources. Other surveys have consistently identified media and friends as more

30



frequent sources of nutrition information than health care professionals (Bandy et al., 1993:

Mantero-Atienzaet al., 1991)

The amount of Canadian data estimating the extent of nutritional self­

supplementation is limited. Referring to Figure 5, many of the variables which influcnce

treatment choice will be similar between Canadian and American HIV-seropositive

individuals. However, there are important differences in the delivery of health carc

between these countries which may influence the decision-making process. The Canadian

health care system, theoretically providing equal access to ail persons regardless of

economic or employment status, may reduce the reliance on alternative therapies. On the

other hand, similar literature and products are accessible to thc Canadian public which

strongly promote the usage of high-dose nutritional supplementation. To asscss the

Canadian-specific prevalence of self-supplementation, there is a nccd for a comprehensivc

national survey, with consideration of potential regional and cultural differences unique to

Canada.

A study by Verhoef et al., (1990) estimated the prevalence of alternative therapy

usage among outpatients in a gastroenterology clinic in Calgary, Alberta. Of the 395

subjects interviewed, 36 (9%) had used alternative therapies. Unfortunately, the precisc

proportion using nutritional therapies cannot be ascertained as the data for various

alternative treatments were grouped together. In addition these were not HIV-positive

subjects and as Figure 5 suggests, disease- and treatment-specific characteristics will

influence choice of therapy. According to the influence of the variables in Figure 5, HIV

would be expected to have a stronger influence favouring the choice of alternative

nutritional therapies than was ohserved in the Verhoef et al. (1990) study.

Two M. Sc. thesis projects from the University of Montreal have investigated the

nutritional status of HIV-seropositive subjects. The first project (Drolet, 1993) examined

nutritional status in 117 subjects between CDC stages III - IV. A 24 h dietary recall and

seven day food record estimated the extent of supplement usage. In this sample, 76% of

subjects supplemented on a regular basis, and 38.5% supplemented with 2-5 different

supplementation products. The most popular supplements were multivitamin with mineraIs

(56.4%) and natural supplements (41 %) including ginseng, lecithin, wheat germ and garlic

capsules. In eomparison to the RNI standards, 67% of subjects were consuming greater

than five times the RNI and 27% were consuming greater than 10 times the RNI. Once

again, the principle source of information was friends / relatives or self-medication (II and

43%, respectively) versus physicians or dietitians (30 and five percent, ·respectively). The
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second project (Parisien, 1993) investigated a smaller sample of subjects (n = 37) in CDC

Il -IV. Twenty-nine percent of the subjects consumed pharmacological doses of ascorbic

acid (> 10 x RNI). Although the two Canadian studies did not demonstrate

supplementation prevalence levels as high as the American data, additional studies are

needed to confinn or dispute their observations.

1.7 Deficiency and Excess: A Precarious Balance
Ali pharmacological agents have side-effects (Compendium of Phannaceuticals and

Specialties, 1995). When nutrients are consumed at pharmacological levels, 10 times

greater than the RNI (Food and Nutrition Board, 1989), it is unlikely side-effects aré

absent. Potential side-effects of high-dose supplementation with vitamin C, although

speculative atthis time, need to be ascertained before an informed decision with regards to

the risk-benefit ratio is possible. There is evidence that ascorbate will operate as a

prooxidant in the presence of transition metals (Cu2+ and Fe3+), promoting the fonnation

of ROS, thereby damaging cellular macromolecules (Stadtman. 1991). Under normal

physiological conditions, trace elements exist almost entirely sequestered in protein

complexes (ceruloplasmin, albumin, transferrin, ferritin, lactoferrin and hemoglobin).

Although Stadtman et al. (1991) suggests there is currently little evidence that ascorbate acts

as a prooxidant under nonnal physiological conditions, perhaps this is not the case in HIV

infection. Tissue damage results in the release offree metal ions from sequestered sites and

release of heme proteins (Halliwell et al., 1989). There are factors promoting tissue

damage which may be especially relevant in HIV infection, primarily chronic infection,

trauma and radiation therapy. Interestingly, serum copper (Beach et al., 1992) and iron

(Beck et al., 1990) have been shown to be significantly higher in HIV-seropositive subjects

versus controls and elevated plasma copper was associated with advancing disease stage

(Bodgen et al., 1990). Furthennore, a high serum copper concentration predicted

progression to AlOS in a study by Graham et al. (1991). The c1inical relationship, if any,

between these transition metals and ascorbic acids role as an antioxidant or prooxidant is

unknown.

Intervention trials using antioxidant therapy should include the monitoring of

oxidative stress, antioxidant levels and immunological markers. The beneficial effects from

low levels of ROS are the desired outcome, but deleterious effects from excessive

antioxidant protection may occur if this balan:e is shifted too far towards the antioxidant

state. An intervention study requires significant commitment in tenns of research

participation, personnel and finances. Before a trial of this magnitude is undertaken, it is



• prudent to c1early assess the presence and strength of an association between antioxidant

mieronutrient intake and oxidative stress parameters in HIV-seropositive individuals. The

current cross-sectional study will allow this type of association to be characterized.
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2. Hypotheses and Objectives

2.1 Hypotheses
2.1.1 Primary Hypothfsis

Ascorhic acid from food and! or supplements at levels greater than tissue

saturation (" 200 mg ! d) is associated with lower plasma ~lT)'-\ and higher

leukocyte GSH concentrations in HI\' -seropositive individuals.

2.1.2 Sfeolldary Hypothfsis

DictaI)' intakes of antioxidant micronutlients fi-carotene. \'itamin E. zinc and

selenium are associated with lo\\'er plasma "mA and higher leukocyte GSI-I

concentrations in HI\' -seropositive supplement users compared to non-users.

2.2 Objectives
2.2. 1 Gfll 1'1-'11 Ohjl'ctiH'

The present desclipti"e swdy will desClibe and ch:U'actelize the dietary illlake of

111\'-seropositive men and \\·omen. These nutlitional variables will be relaled

10 midative stress (pi:t'ima 1\1D.-\ and leukoeyte GSH) and immunologiea!

labsolute [,D-I+ ccII and polymOll'honuclear (P~I:\) leukocytes] par:uneters to

provide a hasis for fUlltrl· analytical researeh in antioxid:mt supplementat;on

therapy.

2.2.2 l'rimary Ohjfcti\'fs
1. '1'0 ch:U'acterize the dietary intake of ascorhic acid.

, '1'0 explore the relationship hetween nutlitional intake of aseorbie aeid.

midative stress measurements (plasma 1\ IDA and leukocyte GSH) and

indicators or immunodcficieney. ahsolutl' C,])-I+ and P:-'I'\ Icnkoeyte

counts.

2. 2.3 SfCondary ObjfCt i\'fs

1. '1'0 deSCtibe the dietary intake of the antioxid:ult micronuttients. !)-carotene.

vitamiu E. zinc and selenium. according to the Recommended Nutlient

Intakes for Canadi~11s.

, '1'0 desclibe prevalence. type and dosage of nuttitional supplementation in

HJ\' -seropositive 111'rsons.
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3. Methods

3.1 Study Design
ln selecting the mosl appropriate study design. consider.ttion was gi\'en 10 the

CUITent state of knowledge and feasibilily of the research project. for this reason the cross·

sectional design was chosen. This design emphasizes a rep0l1ing of chm'al'leristil's of

person. place or time for the outcome of inlerest. Il C'lI1 identify potential associations

betll'een lisk or protection factors and outcomes. as weil ,IS elllcilhlle p,ll1el1lS ,ullong

pal1icular populations. In the present study. this refers to the risk or protecti\'e exposure of

antioxidantnut1Ïent supplementation. and the outcoml' of in1l'resl. le\'els of oxidatin' sln'ss.

As exposure .1I1d outcome are measured simultaneously, cross·sectiom~ studies are mosl

useful for assessing and characlelizing the presence of an association ratlll'r than tesling a

hypothesis or detenllining the temporal relationship betll'een the exposure and oulCClllle

(Shen·y. 1992),

3. I. 1 Study Population
l'hl' target population of this study ll'as ail HI\' ·seropositi\'e adults. The populalion

sal11pled was HI\' ·seropositire men and WOIllen of the legal age of consent in (Jul'iw<"

Prospecti\'e subjects II'cre ,lsscssed for eligibility by independent sereening physicians at

the i\Iontré'll Chest Hospital ImmunodL'ficiency Unit. Complet ion of a screening

qucstiolUlaire (Appendix -1) was used'to assess the folloll'ing inclw;ion" exclusion criteria:

• Karnofsky scnre ~ X(J, 1'11<' Kal1lofsky l'erfilllll'lIlce Sl'all' was lIsed 10 estimate tlll:

le"e1 of perf0ll11.ulCe as a l'rude estimate of health (Kall1ofsky et al.. Il)-IX). This

scale cl11phasizes the physical aspects of pelfonmll1cc r.tther than social and

psychological aspects. Subjects ll'ere assigned a notational percentage score (1 (JO =

nonnal: 0 = dead) for each cOl11ponent of the scale by the ·p'lrtidpating physician.

These scores were then sUl11l11ed 10 pl'Oduce the o\'crall score (Bowling. 199 J ),

• Absence of medical conditions unrelated to HlV infection which independenlly

increase oxidati,'e stress lerels. Atherosclerosis. heal1 discasc. diabell-s,

hemophilia. neoplastic discase or inDanlln'ltory disorders ll'ere criteria for

exclusion.
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• • Absence of c1inica! sYlllptollls of Illcdical conditions related to HI\' infection which

independcntly increase oxidative stress levels for at least six weeks plior to swdy

cntry. Oral candidiasis, fe\·er. dialThea (defined as three or more unfonned stools

pel' day) and weight loss (defined as 1055 of greater than lOC,i of usual or pre-HI\'

infection body weigbt within prerious three months) were also clitelia for

exclusion.

•

3.1. 2

Oral comprehension of French or English .

Rccl"uitmcnt

3.1.2 . .1 Subject Source.\'
Recruitlllent was continuous l'rom the last week of Octobel' 1994 through April

1995. inclusive. SUhjl'ct recl1litlllenl inl'Olved ad\'eI1ising strategies designed to reach a

hmad audience of prospecti\'e subjects. Announcelllents were placed on bulletin boards of

physicians' offices and c1inics known to l'rnvide care to Hl\' infectc:d l'ersons in the

l\ lonlréal region. ('omlllunity sUPP0l1 groups l'roviding supl'0l1 for Hl\'-seropositive

persons also selTed as places of advel1isement. These included groups offering sen'iCl: to

French- or English-speaking clients (.-\IDS Community Care 1\ lontréal. Comité des

Personnes atteintes de \'IH. Centre d'Action sn lA "Iontréal-Fenmws) indigenous persons

(l'.nive Friendship Centre) or persons of I-Iaitian oligin (GAP-SIDA) and a spc:cialized

food bank with distlibution 10 HI\'-5erop05itivc: persons (.\IDS l\Jontréal Dirc:ct ,-\ssislanet·

Foundalion). 1\ lonthly nc:wsletter advel1isemc:nts were placed in community group

Iww5letter, and in the l\JcGill ,-\IDS Centre "ewsleller. I~adio and newspaper

,ldvel1isements \\'ere made at 10C'll uni\'ersities and colleges (1\JcGill. University of

1\lontré'll. Concordia, Dawson Collc:gl·). Finally. word-of-Illouth rc:cl1litment l'rom subjects

who had completed lhe sludy was encouraged.

3.1.2.2 StlldJ 111 celltil'e.\·
'1'0 encourage pal1icipation. a nutlition counseling session was offered by a

registered dietilian and lOok place subsequent ta the collection of 5tudy data. Il was

designed to allow the subject ta freely enquire about indi\'idual nutlitional questions or

concems. This session was stlict!y for the benefit of the subject and was not related in any

way to the collection of data.
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3.2 Data Collection
Data collection consisted or a one and a hall' hour interl'iew :md blood te,;1. ..\11

nutritional and demographical data WeIl' collected hy two re,;earch dietitian,; trailll'd ill

intel'\'iewing techniques. Ali sample preparation was perrollned by the ,;ame re,;earL'11

laboratory technician, Fach of the two oxidatil'e stress measurenwnts \\'l'rl' allalyzed ill

batch fashiol1 by one research laboratory techllician,

3.2.1 Demogl'aphieal-l\Iedieal Illl'onnation
Questionnaires were designed to otHain a general subject prolile (..\ppendix Sand

6). Basic demographical l'ariables inclnded gender and age, Anthroponwtril'

measuremenlS consisted of self·reponed height. current weigbt and usual or pre-I'II\'

infection weight. ?vledie,\1 inl'ollnation was collected on medic,ltirlll usage. date nI' initial

HI\' seropositi"ity and the presence nI' .-\IDS-indicatorneopht,ms and tbe three most reCl·nt

,-\lDS-indicator 0ppol1lll1istic infections, Finally, smoking status was de1crmined and

subjecls wen' c1assified as either a smokL-r, non-smoker or fort1wr smo!;l'!'. including d:lll'

of smoking cessation.

3.2.2 Dil'tary .-\ssessment
The dietary assessment was cOll1pr;sed of two compollenls. The fi l'st part lia, a

nutl;tional supplement freqlll'ncy <]lIl·stionnain· (.\ppendi~ 7) specifically desigrll'd for tlll'

plilvoses of tbis study. This questionnaire CDnsisled of :\ series of question,; desiglled 10

elicit quantitatiH' information abnut indi"Îdual IHltritional supplenll'ntation paul'Ills

including types:' brand-names of nutrients supplemented. dosages and duration,

The second pal1 of the nultitÎon int('J'\'iew IVas a diet history (..\ppl:ndi~ X). 'l'bis

researcb tool is useful in asse,;sing usual or al'emge dietary intake of indil'idual, alld Il a,

based on the fi l'st diet history conceil'ed by Burke (1 'J-I7), Tbe fi 1',1 'e.:lion of Ihe

questionnaire Il'as a 2-1 bour recall nI' actu,li intake and cnlll'ciion of gelll'rai information ""

the o"el~lll eating pattel11 throughout the prel'ious 2-1 hours. The second section include,;

lists of foods and groups \,'ith similar nutr;ent '·,liues. their frequency of consulllplioll and

usual pOl1ion sizes (Gibson. 19'J0). The diet history and standardized food models used 10

estimate por1ion sizes were specifïcally designed hy Santé (Juéhec for use in the (Juéhl:(

population (Santé Québec. 199-1). \Yeighted :II'crage daily nutl;ent content IVas dc!ennined

using the data entry software c:\~DJ (e.-\~DI: \' ersion -1.0. l-Iealth Canada: OUall ,\

\ larch 199-1). This cOlllputer system is col11ptised of a nuttient databasc based on food

consulllption in the Canadian population. Il conlaius standardized recipe, l'or comlllon



•

CClmbination food dishcs. and an intemal l'ccipc program allo\l's the l'l'cation of paJ1icular

food items not listed in the nlllrient datahase.

3.2.3 Oxidatin Stress .·\ssessment
'I\renty of 22 blood samples were taken on thl' S:Ulle day as the nutritional

interTiell'. (wo of 22 blood samples \l'ere taken \l'ithin one or t\l'O days ancr the nutritional

interl"iew. Samples were obtained from the antecubital rein and collected into eracua1t'd

(\'acut:liner) tubes. Blood \l'as immediately sent hy cOUlier 10 the Je\l'ish General Hospital

for preparation and storage at -RO C for a mean of Il \l'eeks (range = 0 - 26 \l'eeks) until

assaycd.

3.1.3.1 1.l'1I1WC.l'Ii' (ill1lalhillai'

Sample Preparation: .·\11 sample preparation \l'as perfolllled atthc Je\l'ish General

Hospital (Dr. \1. \\·ainberl;. \IcCiill ..\IDS Cel11re. Jewish ('l'm'rai Hospital. \ Iontrëal).

S:lInples for lymphocyte (,SH analyses were collccted in hepaliniz.ed (\'acutainer) tubes.

Pdll'Is Il l'n' obtained hy centriflll;ing :11 800 x g l2000 rel"olutions pel' mi11l11l' (RP\ l}J
(Sorl"all I~T (,(JOO!) Centtifugl') l'or 10 minutes (min) al room tempemture. l'sing a

disJlosahll' widl' hore gradllated pipel1l'. thl' supematant and lmffy coat Il'l're remol"ed. 1'11['

supl'Illatant Il as diluted \l'ith 1: 1 I"olume or phosphate buffered saline (PHS) (pl-l 7A) at

:'7 C. The supl'matl' and l'BS Il l'IV tl1('n layerl'd on top of l'icoll (l'hallllacia #170X-IO(2)

to a ratio or 1 I-'ieoll::' s:lI11plL'. This mi:\ture \l'as cellll'ifuged at-lOO:\ g (1500 Rl'\l) for

-10 mill at 25 C. The lymphocyte layer \l'as resuspl'nded in ]() ml. of PBS at -1 C.

Centrifugation at -100 :\ g (2000 RP\ 1) for 10 min at ·r C followed. The pellet \l'as

resuspendl'd in 10 ml. l'BS 1.\ (plI 7.-1) :md a Cl'II count using a l-IematoC)1ometer \las

performed according to estahlished procedure..-\t this poinl. the cells \l'ere suspended to a

concentration of 1 x 10" cells .' tube and œntrifuged at-lOO .:\ g (2000 RP\!) fur la nùn at

-l C. The pellet \l'as then resuspended \l'ith 970 fiL ice cold \l'ater (Hz() and \'m1exed for

one min. Finall\'.:'O Ill. SS.-\ (5' slIlfosalic\'lic acid F. \YI. 25-1.2 Sigma #S-06-10) \l'erl'
'" 1 .. ...

added to each tube and this mixture \l'as incubated for 15 min on ice. The sample \l'as

subsequently centlifuged at 5000 x g for 5 . 10 min at -1' C. The supematant \l'as remm'cd

and frozen at-ROC until GSH determination.

(iSH Assa\': .\11 (,SH :m:llyses Wl'n' petfOlllled 3t tlll' \ Jontreal Childrl'n\

Hospit:ll (Dr. S. !lal1lchel. \Jontrëal Children's l-IoSpit.l! Research Institute. \Iontrëal).
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The GSH assay was canied out by the DTl\'B-GSSG rcductasc rccycling assay (Anderson.

1985). This mcthod combines the usefulness of tbe colOlimettic l'l'action of DT\:!1 (S,S'·

dithiobis-2-nitrobenzoic acid) with the specificity of GSH·rcductasc and ol'fcrs high

sensiti"ity for ClSH, One hundred pl. of sample wcre addl'd t<> 700 1'1. of tlll' \\orking

buffer containing 0.3 mM nicotinamide adenine dinuclcotide phosphate (!\'·\DPH) (pH 7.-1)

after diluting in stock buffel' [0,143 \ 1 sodium phosphate containing (,.3 m\ 1 cthylelll'

diamine tetraacetic acid (EDTA)(pH 7.-1)J and 100 l'L of tetraethylammonium (TEA) (1 :--1

pH 8.0). One hundred 1'1. of DTI'i13 solution «(, m\1 in stoek buffer) wcre .](Ided with

mixing and the assay was initiatcd by thc addition of la l' Lof non-diluted CiSI-I reductase

(l20 U ; mg) dilutcd stock buffcl'. The ratc of l'NB fonnation was then followed

spcctrophotomcllically at412 tlI11 for 2 minutes and compared to a standard cur"c of known

quantitiesofClSH. \'alucs wen' calculated as nanomol,'5 of GSI-I and cxpressed in nmol

GSH ;' 10- cclls .

3.1.3.1 l'ùlnllll MlIlflfldialdehyde
Ali \IDAanalyscs wcrc peffol111ed at Stc·Justine Hospital (Dr. (i, I.epage, Pediatrie

Rcscareh Centre, Ste-Justi11l' Hospital. \Iontreal). Samples for \1]),-\ analysis l\'l'H'

collectcd into 0.1 c; ED'!'.-\ (\'acutainer) tuhes. Ali glassware and stifTing hars II-cre arid

washed in hydrnehlOlid,· (HCI) 1'\. Tn 100 Il 1_of bu!yl.lled h",lrowtolllelll' (Ill 1'1')
• 0' ""

[O.Ose; mcthanol «'H})I-I)J. 200 l' 1. plasma, 500 l' 1. of trichloroacctie aeid ('l'C:\) (123)

H:") and a stilTing bar Il'cre added and this mixture was hcated for 30 min at 100-c' Artel'

hcating. the mixt1l1'e Il',lS transfel1'ed to eoolcd Eppendorf conie tubes and centrifuged for 10

min (13 OOU RP\I: 4-C). The filtered supematant [.·\erodise l.CB l'\'DF, B mm x O.:!

!'m high-pelfollllancc Iiqtud chromatography (I-II'LC)-CCI1ified l'illerJ was comhined with 1

ml. thiobarbinllie acid (l'BA) solution (1 g l'BA in 100 mL H20). The l'vIrn:I'B.-\

cOlllplex was hcatcd at 100 "C for (,U min. Thereafter, thc tubes wcre coolcd and 200 l' l, of

Hel 51' and 1 ml. of butanol wcrc added and ccnuifugcd for 10 min (2 900 lœ\l: 20C).

Tbe top sol "l'nt was mixcd witb SOU l'L II-butanol and ccntJifuged. l'ooll:d butanol was

complete1y e"aporated al 37- C undcr nitrogcn. Finally. the residuc was dissoll'cd Il'ith 500

1'1. H
2
0 and 1'011exed, 'J'wcnly 1'1. of the sample wcre injectcd into the 111'1.(' (I1ypersil
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• cms Cl R 100 X -l.(, mm. :; l'm) and the peak of the :-- [D.-\-TBA complex detel111ined hy

HPLC (I-!ewlel1-Packard 1(90). The gra(tient was pre"ioll';ly described in Lepag(' cl al.

(1991). To1:11 plasma:" [DA was expressed as 1111101 ! L.

3.2.4 IlI\lI\lInological Assessment
Lymphocyte subset emu11eration was deten11ined according to standard procedure of

the Special Hematology (Cell !\Iarker) Laboratory of the Royal Victoria Hospital. Two 12

x 75 Eppendorf micl'Otubes with either !\lslgG2b-ECD!!\[sIgGI-RDl!!\lsIgGI-ATC or

C[r;-EDrr4-I~DlrrR-FrrCwere labeled. l'en ,,1. of the appropliate antibody were added

to each tube. then 100 III. of weil mixed EDTA whole blood. These samples were

subsequently \'0I1exed gently :md incubated for 10 min at 1'00m temperat1l1"e. Sampk­

processjng followed on I\lulti-Q-Prep (Couiter) and the sampies were run ou nO\1

cytoll\eter «"oulter :\1.-1'>lCL 1'10\" Cylomcter) according to established protocol. AbsolulL'

CD-I+ cuunts were expressed as number of cells x la" "Land P!\L'''; as number of cells ,\

1lf' ! 1..

3.2.:: Statistical Analyses
'\uuitionaJ. oxidatil'e stress. immunological and c1inieal ! demographical differences

betwecn supplement nsers :l11d nOI1-lISL'rS I\('re el'aluated using pat~mlellic melhods, Il'ith

Ihe exception of one nonparametrie eOlTelational analysis. ,-\11 Illicronutlienl total intakes

represenl tlw sum of the dajly al'erage inlake l'rom food and, if eonsumed. I11jeronuttien!

supplements, I-!owcl·er. d:lla for selenium and l'itamin E are based on suppl<:mcntatiou

intakes onl)'. This is hased on IWO l'casons, th(· firsl is tl)(' nulriel1l database files used in

this study eontain incomplete nullient composition analyses for these panieular

mieronutri('nts and tll(' second is the inherenl \'arjahilit)' due in pat1to regional differences in

thl: selenium content of Canadian soil and seasonal \'aliability whieh may signifieal1lly

influence the rep0l1ed l'alu(' of these nutlients in a cross-sectional study (AI1hur. 1972:

Bauel11feind. 19RO: Thompson el al .. 197:;),

• 'l'Il(' Stud('nl's '-lest was used to deteet differences hetween two sample means in the

following data sets:

l, Supplement users and non-users were compared to deteet differences in the

mean total int:lh of each of the fj"e antioxidant mÎcronutrients. energy. amI

protein.
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, Differences bet\l'een the sample mean plasma ~ IDA. leukocyte GSH and C'I )-1+

cancentrations \l'cre comp:ued in tHe follO\\ing dichotomized groups: lolal

ascorbic acid > or < 200 mg ! ct: supplemental \'it:unin E intake > or < ~o 1\':

users and non-users of supplementa! ascorbic acid: and nsers and non-users of

supplemental \'itamin E.

3. !\lcan le\'els of plasma ~·m.-\. leukoeyte GSH. C])-I+ counts and tolal aseorbatc

intake in indi\'iduals with CD-I+ counts > of < 200 x 10" ccIls i L.

4. Differences in the mean plasma MDA. leukocyte GSlI and duration of

seropositi\'ily between users and non-users of any nultilional supplement.

including the non-antioxidant micronutlients. were assessed. The sanll'

parameters \l'ere compared \l'hen users were reslticled la those supplementing

with \'itamin C or E.

5. The demographic \'ariables gender and language (French-speaking or English­

spcaking). \l'cre each dichotOlnized :lIld differences betll'een mean le\'c1s of

energy. protein. total ascorbate. plasma 1\1D.\. lellkocyle (iSII. and ('))-1+

cOllnls were assessed. Smoking st:lt1IS (smoker or non-smoker) was compared

in only Ihe three later indicies.

• The SnHlent's paired '-test was used to de!Cct differences bctween IIsllal or pre-illness

weighl cOl1Jpared to l'lifTent weight.

• For anal\'ses with grcater than two sam!1le means. :lIlal\'sis of l'aliance (.·\1'0\'.\) \l':IS. - .
employed. Data were stratified 011 the basis of mean total ascorbate intake « 100. 100-

200. >100 mg : d) and assessed for differences between the mean plasma 1\ ID.\.

lellkocyte GSH and (,D-I+ counts. A second stmlifïcation based on CD-I+ collnls «

100. 100-200. > 200 x 10" cells :' L) was assessed for differences betweell me:U1

plasma 1\ID.-\ conccnlt·ations. howe\'er. duc to the smal1 sample size and non-norm:llity

of these strata. Speannan's rank correlation was subsequentl)' used to assess possible

associations. This cOiTClation was testcd for signifïc:mce IIsing the Stlldent's '-lest.

• The potential interacti\'e and synergistic effect of l'itamin C and E was explored using

analyses of co\'ariance (.-\NCO\' A). The mean nnhient intakes of \'itamin (' or E (> or

< 10 x R?\'l) were adjusted for the possible interacti\'e effect of either \'itamin (' or E

and mean concentrations of l~ach of plasma 1\IDA.lellkol'yte GSH and ahsolllte ('))-1+

collnts \l'cre el'ahmted. The same cOl'ariates \l'cre utilized in a second analysis stJ':ltilïed

on the basis of supplementation with either (' or E.
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• Proportions were compared using the chi-squared (/) test. These included the

proportion of euch of supplement users und non-users who hud experienced u clinic:u

e\'ent ussociuted with HIV infection followed by ull<llysis of the proportion who Iml

CD..J+ counts > or < 200 x 10'; eells ; L.

• Lineur corrciution unulyses, using Peurson's product moment correlution, were used to

quuntify the degree to which two continuous dependent variables were related. Prior ta

correlational calculations, ail data were plotted in scatter diagrams to visually inspect for

the presence of non-fincar associations. Associations were assessed in the following

correlational analyses sets:

1. Euch of the fi\'e antioxidunt micronutrients [total inmke (food plus

supplements): vitamin C. zinc. !"l-carotene: food only: \'itamin C. zinc, p-

caratcne; supplement only: \'immin C. E. I)-carotene, zinc, selenium]. protein.

energy. the oxidatÎ\'e stress measurcmenls (plasma f\U)'-\, leukocyte GSH)

and the Înullunological marker (ahsolute CD..J+ ccII coun!) were cOiTelated

with each of plasm:l :'\ IDA. leukocyte GSH and :lbsolu1c CD..J+ counts.

1;sers and non-users of supplements (each of vit:lmin C. I)-carotene, zinc and

:lny nutlitional supplement) were con'e1ated with concl'ntrations of each of

plasma i\[DA, leukocyte GSH and absolute CD..J+ counts.

3. The mean tol:ll intakes of vimmin C or E were stratified on the basis of> or <

1() x R:'\! and intakes within each stratu were con'elated with each of plasma

:'\ [1)'-\, leukocyte GSH and CD..J+ counts.

..J. The demographicaJ obsen'ations body mass index (lli\ li) and agl' were each

con'elaled with plasma MDA, leukocyte GSH, CD..J+ und the diet.11"y indices

total ascorbate, energ)' and protein.

5. Smoking status (smoker or non-smoker) was correlated with plasma f\IDA.

leukocyte GSH and CD..J+ counts.

(" Neutrophils were con'elated with diemry inmke (total: vimmin C. zinc. p­
caratcne: supplementa!: vit.1n1În E, selenium). CD..J+ counts and oxidati\'l'

stress markel, (p[asma i\ U)A and leukocyte GSH).
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Ali analyses. excepl covatiale an::lyses. were pelfOlllled using i\ licrosoft Exccl

(?\ Jicrol'Soft. Cambridge. :\lassachu5c1ts: "crsion S. O. 199..1.). Co\'atiatl' analYSl'S \l'l'n'

perfolllled using Slalislicai Analysis Syslem (SAS) (SAS Inslinlle. Cary. N0I1h CU'olina:

Version .'U 8. 1988). The minimum level of significance requircd 10 rejec! Ihl' mill

hypolhesis was O.OS and lesls of siglùficance were one-tailed.

3.2.6 Ethics

Ali aspect<; imolving research design. conducl. rcpOJ1ing and inlerpretation "'cre

made according to Ihe Guidelines on Research In\'Ohing Human Suhjects (I\ledical

Research Council of Canada. 1987). The expetimental protocol was submilled to

independenl Research Ethics Boards at the Royal Victoda Hospital 1 Montréal ehest

Hospital and Macdonald Campus of McGill University. Individual freedom of choicc to

participale was infolllled and \'Olunt:1I'Y and subjects were made aWarl' of thcir right to

decline or withdraw l'rom Ihe study at any time. ",ithout prejudice. The invitation to

participate was proffered hy independen! health l'arc professionals. cOlllmunity groups 01'

advertisemenls and not by thc invesligator. Communie'llion of Ihe final decision to

pal1icipate was made only artel' prospeclil'e subjecls study-speeilïc questions were

ans",ered by the rese.u'Ch in,·cstigator. \Vrit1cn infonned ('onsent ",as obtained and subje('ts

were pl'Ovided "'ith a penllanent record of consent and an infoll1l<l1ion fOll11.

Conridentiality was mainlained by implemeuting the follo"'ing measures: tlll' only l'olln

wilh personally identifying infollllation. the rewrd of wnsen!. was stored in a locked

cabinet al the i\lontréal Ches! Hospital and ail other rep011s and an:llyses inc1uded wded

(anonymous) data only.
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4. Results

4.1 Subject profiles and clinicaJ details
Twenty four subjects were recruited m'er a period of se,'en months and the

characteristics of this sample population are summarized in Table 5. The group \Vas

primarily male (79':0 and French-speaking (5-1'}). The mean (SE) age \Vas 41 (1.8)

years. RegulaI' cigarene smokers complised 46,} of This group.

At the time of study pal1icipation. the meclica! history and physical exam rel'ealed

ail subjects ta bc in generally good hcalth \Vithout c!inical el'idence of aclÎ\'e HIV-relalcd

conditions. This was supp0l1ed by a high mean Kamofsky score 93 (1.8). a cl1lde

indicator of ol'crall hcalth. FUl1hemlOrc. thc majorit)' (91 q.) of 13l'dl scores \Vere grcatcr

th.m 20 kg .' m2
• which is a l'.!luc associatcd with decreased health lisks withill a hcalthy

population (He.ùth :md Wclfarc Canada. 1988b). Thc remaining nine percent of subjects

had I3~U scorcs of 19.5 kg im2
• just below This lower cutoff ,·alue. The mean (SE) self~

rcportcd usual or pre-illness wcight \Vas 67.6 (1.8) kg \Vhile the CUITent weight was 66.7

(1.9) kg. rcprescnting a non-signilïcant (p = 0.21) weight loss of 0.9 (1.1) kg since the

timc of HI\' seropositi\'ity ('l'able 5).

COIl·cl.ttionai analyses for thc dcmographical \'ariables dcmonstratcd unifollnly

weak andnon-significant relationships bctwecn age or B~II and oxidati\'c strcss (GSIl.

~lDA). inllllllIlologieal (CD-l+) and dietary (ascorbic acic!. energy. protcin) paramcters

(l'ab'" 6). Language.•tS .t cl1ldc proxy for culnlrally-influenccd differcnces in dil'lary

consumption betwecn Frcnch-speaking and English-speaking subjects. \Vas not associated

with mean (SE) daily intakcs of ascorhatc [+11 (19-1) ,'ersus 737 (2-18) mg: p = 0.18J.

energ)' [3111 (319) ,'ersus 34-11 (251) kcal: p = 0.21) and protcin [122 (10.9) ,'ersus 139

(l-l.-l) g: p = 0.18] in French and English-speaking suhjects. rcspcctil'cly. Gender had a

significant influence onmcan (SE) daily intakes of energy [3-108 (2-11) ';ersus 2710 (287)

kcal: p = 0.(5) and protein [135 (10.8) \'ersus 110 (6.2) g: [(''''>0.(>:1) as \Vould be

cxpectcd. but the mean total intakc of ascorbic acid [454 (135) \'e."us 10-15 (503) mg: p =

0.15) was not l'elaled. The high mean ascorbie acid intakc in fêm3Jes \Vas affectcd by 2 .: 5

(60r~) suhjects consuming greaterthan 10 times the RNl while in men only 2 :' 17 (12r~)

consumed doses at titis Ic\'e!. CD4+cOWlts [221 (57) l'ersllS 270 (10-1) cells x 10';.' L: p =

0.~~5] or the oxidati"e stress measurements GSH [17.7 (1.7) \'ersus 20.9 (7.5) nmol i x
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107 cells: p = 0.35] and IIlDA [585 (lIS) versus 1058 (313) lUuol , L: P = O. Il] were not

significantly different in males and females. respectil·ely.

4.2 Dietary intake
Nutrient intakes are summmized in Table 7. The general qualily of the diel or

supplement users and non-users "'as compared using the dietary markers of energ,y and

protein. the Student's l-test rel'ealed no significanl differences (Tablc 7). Thc anlioxidant

supplemcnt users consumed a mean (SE) of 132.0 (l1.1) g protein l'el'SUS 125.7 (15.2) g

in the non-users group. Energy intake ",as 3315 (238) kcal i d in the users and 3174 (399)

kcal i d in the non-uscrs. The most commonly supplemented antimidants "'cre ascorbie

acid and l'itamin E (50'c) followed by ~-carotene and selenium (.lI %) and zinc (39C~). To

detel1nine the influence of supplementation on total dietary inta!;c. this samplc "'as dil'idl'd

inlo antioxidant supplement users and non-users Cl'ablc 7). For 1"'0 of 24 snbjects who

werc supplcmenting ",ith antioxidants. the l'l'ccisc intakl' could not be qnantiril'd. This \Ias

due to inadcquate product infol1nation. consequently these subjccts wcre exclnded l'or

relel'ant analyscs. Significant differences bl'l",ecn uscrs and non-nsers Werc obsl'rl'l'd l'or

thc mean (SE) total intake of ascorbic acid [9S(,,() (269.7) l'crsus 221.7 (37.X) mg: Il ,;:

0.(1) and zinc l3(,.7 (..I.D) l'erSllS 1(,.1 (1.X) mg: l' < D.DOl). Tabll' X lists tlll' types or

nutritional supplcments consumed by each suhject and ililLstratcs thc major;ty «(,7',-: 1() "

24) of suhjects ",crc consuming sornc fOlln of nutlitional supplcmcn1.

The conll;blllion of dictaI')' supplcmcntation is cxprcssed as perccntagc of thc 19911

Recommcnded ~utlient Inta!;es (R:'-il) for Canadians. male and rcmale aged 25 - 74 ycars.

in Figure 6 (Health and \\'clfarc Canada. ]990). It is apparent lIw R~ls for Ilwse

antioxidantmicronutl;ents werc exceeded by both the mcan intake l'rom dict alone and with

supplementation combincd. For dcscriptirc 1'11I1)OSI'S only mther than to suggest :llil'quacy

of the RJ'-ls for the l-llV -seropositire population. thc percent of supplement users

consuming greater than or equalto 10 times the Ri':] IVas calculatcd Cl'able 7). Only users

of supplemental ascorbic acid (3('Cf-: 4 i 11) or ri1:nnin E (4SC~; S i Il) excecded ICI'els

greater than ] () times the R?'\l whereas IWO suhjects (lsri·: 2 i 13) exceeded this Icrel for li·

carotene l'rom food sources alone. The consumption of high lel'els of dicta!')· tI-carotenc

alone is feasible as this nutlient occurs naturally in ccl1ain foods at high concentrations.

whereas for othcr micronull;cnts. the doses reqnin'd tn achil'I'l' this lel'l'I are typically onl)'

al'ailable through die1:l!')' supplements. 1I10reOl'Cl'. the rcpolted l'j-carntene in1;lke \l'as



chcckcd for crcdibility and accuracy by thc rescarch dictitian. Inclusion or exclusion of

thcsc two high I~-cm'otcnc COnSlUllerS did not signi/ïcantly change the groupmean intake.

thcrcforc. thcy rcmained within thc supplcmcnt non-users group for subscquent analyscs.

Since "itamin C and E are known ta ha\'c s\llergistic cffL>cts (Bendich. 1990). the\'. - .
\Vcre analyzed as co\'ariates. Using ANCOVA, thc mcan intakc of \'itamin C at le\'cls

greatcr than and less than 10 timcs thc R!\'l was slratified and thc mcan plasma ~IDA.

Icukocytc GSH and absolute CD4+ counts betwccn the two strata wcrc comparcd.

controlling for ,·it.1Il1in E intakc. Thc samc parameters were assessed with \'itamin E intake

stratified at le\'els greater than or less than 100 IlJ. controlling for "italllin C intake. .-\

sccond cm'aliatc analysis was pcrfol1llcd on thc basis of whether a subjcct was a

supplcmcnt uscr of \'italllin C and mcan ~IJ)A. GSH and CD4+ Icnls \Vcre colllparcd.

contmlling for "it:ullin E intakc. Thc samc analysis was rcpcatcd on the basis of whether a

suhject W:1S a user of \'itamin E. contmlling for "itamin C intakc. These analyses also

showed no signifïcant differences hctwcen groups in this sample.

Ta explore associations bctwccn supplcmcnt usage and intclllai or extelllai cucs

indicati\'e of diseasc progression. the prop011ion of supplemcnt uscrs who had prc\'iously

expelienced a c1inical e"ent associated with HI\' infection was compared ta non-users. In

this regard. a c1inical crent was defined as a dOClUllCnted history of HI\'-related illncsscs or

self-rep011ed unintcntional weight loss. Supplcment uscrs included suhject, who

wnsumcd any f01l1l of nutJitional supplemcnt (antioxidants and; or nanu'al supplements

like ginscng. cyanob:lctciÏ:l. coenzymc Q. etc.). rOI' desC1ipti\'e purposes onl)'. rather than

ta suggest the \'alidity of thesc indices as markcl's of disease progression. extcl11al cucs

were defined as those indices typicaIiy known ta the suhjcct. for cxample. CD4+ le'·els.

dinical crents and duration of HI\' scropositirity. On the otller hand. intel11al cucs were

included those typically unknown ta the subject. for cxample. oxidati"e stress lenIs.

ln standm'd pmcticc. CD4+ counts are frcquently asscsscd and thc paticnt is

in.fol1lled of thei!' St:ltuS. Comlts beIow 200 x 10" ;' L are indicatire of AIDS according ta

the most reecnt dcfinition of Ams in the United States (Centers for Discase Control. 199:~)

and these pcrsons are at a high risk of dc\'cloping HI\!-rcIated complications (Fauci and

L.1I1e. 1994). The preralence of supplement use was obser\'ed in 42% of those with CD4+

comlls less than 200 and 56% in those with CD4+ counts grcater than 200 cells x 10" : L.

Thl's\~ propOl1ioll5 were not signi/ïcantly different (/ = 037: p = > 0.2S).

Dichotomi7.ation betweell supplement use and non-use re\'ealed a tendency towards higher

mean (SE) absolll1e CD4+ counts illuscrs analyzed hy the Student's '-test [274 (66) "ersus



162 (67) x la' ; L P =0.12. respectil"ely]. When tlùs dichotomization was resU;ded to

users of vitanùn C or E only. CD-I+ counts did not ilJ(ticate diffcrcnccs exist in this samplc

[mean (SE) = 267.0 (71) versus 18·U «(,3) x la"! L; p = 0.20J. rcspccti\'c1y. Of thuse

persons who were snpplcment users. 75<'0 (6 i 8) had exp"ticnced a dinical cl"ent. whcre:ls

in the non-users gronp only 36% (-Ii 12) had experienced a c1inical e\'cnt (/ = 2.8: p = <

o.] 0). Duration of HI\' seropositil"ity rel"ealed a trend indicating supplement users were

HIV-seropositÎ\'e for a longer petiod than non-users but this did not achicl"e signific:Ulce

[mean (SE) = -12.6 (9.0) I"ersus 32.8 (8.2) months: p = 0.21). respecti\·ely.

The intemal cues did not indicate a consistent paltem. Interestingly. the mcan (SE)

l\IDA concentration of supplement users was significantly !ùgher than non-users IXK,
(191) versus -198 (lIS) nmol ; L: p = 0.05). On the other halJ(l. mean (SE) GSH IC\'els

showcd no signifïcant differences between supplement users :1I1d non-users. respectin'Iy

[17.5 (2.5) I"ersus 19.6 (-1.1) lUnoI i x 10' l'l'Ils: p =0.33). RCSlI;ction of the supplement

users group to only consumers of \'itamin C or E demonstrated significantly highcr l\IDA

but not different GSH concentrations in users comparcd to non-users [mean (SE) = l\1I l..\

913.1 (209) vcrsus -193.0 (92) nmol:' L: p = a.05: GSH17.5 (2.5) I"ersus 19.1, (3.5) nmol

..' x JO" l'l'Ils: p = 0.33 J.

To explore fm1her the finding of signifïcantly higher l\IDA concentr:ltions in

supplement users. supplemcntation usage was separated into !hose pcrsons consuming

either I"itamin C or E ("l'able 9). The l'l'l'l'ct of supplementation with ascnrbic acid indicated

a non-significant inverse association with :-'lIJA concentrations whiil" users of \'it:unin 1·:
had siglùficantly higher pl:\sma :-'ID.-\ concentrations..-\ similar panem was el"ident when

mean daily intakes of ascorbic acid l'rom food and il' applicable. supplements, were

dichotomized into lel"els greater than or l'quai to and less than the tissue satlu·:ltion lel"c1 for

ascorbic acid (200 mg: d) (Fsiedman et al.. 19-(0) and abon' or belo\\' the median \'itamin

E intake (30 lU). As the upper tissue saturation point for ascorbic acid has been reported

to hal"e a range between 100 - 200 mg ! d (Fsiedman et al.. 19-(0) dat:\ for mean 1\lD.\.

GSH and CD-I+ concentrations were stratified on the basis of less than ]00, 100 . 200 and

greater than 200 mg ! d mean ascorbic acid intake. ANOV A analyses re\'caled no

significant differences betwcen groups for :my of the paramelers. It should be noted that

the stratum with mean intake less than 100 mg ! d ascorbate acid had OIU)' one or two

subjects. therefore the first dichotomy is more appropriate for this particular analyses.

Consistent trends were not apparent for either leukocyte GSH or absolutc CD-I+ munts

('l'able 9).

4'1



• 4.3 Oxidative stress and immunologieal determinations

4.3.1 Compar'isolls

Table JO sbows the sample means for oxidative stress parameters (plasma MDA.

leukocyte GSH). CD-1+ counts and total ascorhate intake. The means of these four indicies

were compared on the basis of the dichotomy of CD-I+ counts (greater than or less than

CD4+ cells x lOG.' L) and smoking status (smoker or non-smoker). Differences between

groups did not achieve statistical significance. however a tendency towards higher 1\IDA

concentrations \Vas observed in the group \Vilh CD-I+ cOUllls higher than 200 x lOG ;' L as is

illustrated in Figure 7. As this finding was unexpected and could be due to chance alone

since statistical significancc was not detected. additional analyses were pelfOlmed. The

Speannan's rank correlation detected a positil"e association between plasma l'vIDA and

CD-I+ counls approaching significance (1' =0.39. P < 0.10) while the A.:'\JOVA did not

reveaJ a similar trend (groups = > 200. 100-200. < 100 ceIls x 10'-' ! L. P = 0.33).

Finally. as elel':lled oxidative slress concentrations have been associated \Vith

smoking (Halli\Vell. 19R9). differences in ~ID.-\. GSJ-l. CD-I+ and dail" ascorbic acid. .
intakes were cnmpal'ed in smokers and non-smokers (Table JO). In concmTence \Vith the

findings of olht'rs. mean (SE) plasma ~I])A \Vas significantly higher in s1110kers compared

10 non-smokers [RR-I.-I (193.8) l''el'sus -181.-1 (93.3). respectivelyJ.

4.3.2 Correlations

The presence and strength of significant associations between dietary intake and

oxidatire stress and inununological detenninations \Vere assessed hy linear cOiTelational

analyses Crable Il). '1'0 assess the possibility that food or supplements alone could hare a

st ronger ,lssol'Îation \Vith oxidath'e stress or immmlOlogical measurements than the tolal
.... .... 0.

combined intake. ail mean illtakes l'rom food only. supplement only or the total intake

(food and supplement comhined) \Vere comlated with each of ~IJ)A. GSH and (1)-1+

counts Crahle JI). As significant correlations \Vere not l'rident. total nutlient intake \Vas

ulilized in analyses \Vhere applicable.

Table 11 suggests oxidatire stress (lI'IDA. GSJ-l) and the immunological parameter.

CD4+. \Vere nol associated. The rclationship bet\Vecn anothcr immune cell.

POlY1110rphonucIear (Pli' L'I) leukocytes. \Vas also explored. Thcse cells utilize l'rel' radicals

dming phagocy10sis (J-laIliwcll. 1989) and could be in paJ1 responsible for the tendency 10

higher 1\ ID.\ concentrations in subjects who were Jess iI1l111U1lOCompromised as indicated

by highcrCD-I+counts. In t1ùssanlplc. thcmean(SE)P}'ll'\leve1 IVas 1.91 (0.13) x 10".'
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•

Land within the nonnal range. Correlational analyses re"ealed p~ IN cells were nol

associated with plasma ~lDA.lenkocyteGSH. CD~+Cünnts or the antioxid:mt nntrients.

In Table 13. mcan total nutrient intakes \\'ere stratified on the b:lsis of use of each of

"itamin C. zinc and l'l-carotene supplements. A second stratification used me:1II l'nergy

and protein intakes based of the usage of any antioxidant supplemcnt (\'it:unin C or E or

zinc or !">-carotene or selelùum). Lastly. mean total intakes of each of ,'it:nnin C and 1:

were stratified on the basis of conswnption of \'itamin C or E at Ic\'c1s greater than or equal

to 10 times thc R!\TJ. AlI strata wcrc con'elated with cach of },ll)A, GSH :lIId CD~+.

Generally, these analyses re"ealed wcak correlations \\'hich were not statistically

significant. with the cxccption of~1DAand \'itamin E in!.1ke less th:1I1 10 x RN! (1' = n.'!:!:

p < 0.05). Howe\'er. it is likely this could he significant hy chance al one consideling the

largc number of cOlTelational analyses pelfonncd.

Since the Sl1ldent's I·test sho\\'ed significantly higher MD.\ concenlrations III

smokers. ~IDA.GSH. CD-I+ and total intake of ascorhic acid were cOirelaled \\'ith ~ Il J. \.

GSH and CD-I+ counts in both sI110kers and non-smokcrs (Table 1-1). Only ~ ID.\ and

C;SH conccntrations in smokers \\'ere positi"c1y associated. As oxidati\'e stress has heen

sho\\'n to he associated \\'ith smoking. the lack of significancc may. once more. re!lecl the

prohlem of the small samplr si7.e in :Ichie\'ing sl:uistical significance.



•
5. Discussion

This is the first rcportcd study to cxplore thc rclationship bctwecn dictm-y intakes of

fi\'c anlÎoxidant micl"Onutricnts and oxidati\'e stress le\'els in HIV-seropositi"c men and

womcn. FUl1hen11orc, aS'l descripth'C snldy. it augmcnts thc limited knowledgc cLUTent1y

a\'ailable rcgarding thc dictaI')' intakc and nutritional supplementation practices of Canadian

pcrsons li\'ing with HI\'.

The multifactOlialmcchanisms which initiate and promote HIV disease progression

are complex and remain to he l'ully undcrslood. In this regard. a particular1y intriguing

obscr\'ation l'rom the prescnt study walTants furtber ill\·estigation. Plasma ~ fi)..,

conCt'ntralions \l'CrC found to han' a tcndency towards highcr concentrations in those

indi"iduals with higher absolute CD-H counts (Figure 7). E"idcnce of oxidatil'e stress

carly in HI\' infection has imp0l1ant iml'Iic'llions sincc oxidati\'e strcss has becn lillkcd 10

l'irai replication and apoplDsis of CD-t+ l'clis which may contribute to the profound

immullodcfïciency characlerislic of HI\' infcction (Fauci ct al.. 1991: P.mlaleo el al..

1<)93). ~ !oreol'er. this obser\'ation suggests that oxidati\'e stress likely precedes the

secombry opp0l1unistic infections. ncopl.tsms and sel'cre malnutrition charactelistic of

.-\IDS. Like the CUITent study. other in\'estigators assessing adclitional oxidatil'e stress

m'lrkers. inc!uding plasma ~U).\ (Sonnerborg et al. 1988). plasma TB..\H S .md plasma

lipid hydropcroxides (Sappey el al. 199-t) obserl'ed a tendency to higher concentrations in

stage Il "crsus 1\' suhjccts (Table 2). On the othcr hand. Rcl'illard l't al. (l9<)2) found

plasm'l ~ ID.-\ 10 be signific.mtly hi gher in the HIV -seropositil' e stage IV l' ersus Il subjects.

hOlverer. methodological diffcrenccs may be in pal1 responsible for this discrep.mcy.

Re\'illard et al. (1992) employed the fluorimetric assay to eslÎmate plasma }\IDA \'ersus the

m'Le methods uscd by SonJlerborg ct al. (1988), Sappey ct al. (l99-1) and the present

study. According to Bird and Draper (l98-1), the fluorometric method is not widely usee!

bccause other components that fluoresce may be present and fluorescent deri\'ati"es ha\'ing

the S'II11e excitation and emission maxima arc f0I111ed by compounds other than }\U).-\.

thereby reducing the specificity of this method compared to HPLC.

In addition, studics ha"e consistentl)' demonstrated oxidatil'e stress concentrations

of I-ll\' -seropositil'e subjects. irrespeclÎ\'e of disease stage. exceed those of seronegati"e

he'llthy controls (C'outellier ct al.. 1992: Fa"icr ct .11.. 199-1: l\Jah'y et al.. 199-1: S'lPPCY ct
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al.. 199-1: Re\'iIlard ct al.. 1992: Roederer et al.. 199:1: Sonnerhorg ct ;11 .• l 'JXX) (T;lh\e 1),

The samplc mean (SE) plasma !\ nJA concentration of the cun-ent study was ;11 a compar;lhk

le\'el (Table 10) ta that obsel'l'ed by Sonnerborg ct al. (1 9XR) «(, 1:1 (1R) nmol' 1.).

Although classification according ta disease stage indicates carly ciel'ali(ln (lI'

oxidatÎ\'e stress. markers of disease progression and immune acti\'ation Im\'e not shown a

strang con-e1ation. Neither !\IDA nor GSH were found to he signific;mtly cOll'el;ltcd wilh

CD-I+ le\'els in the cun-ent study (Table Il). on the other hand a trend tel grealer !\ U), \

concentrations \Vith higher CD-I+ was demonstrated in Figure 7. Similarly. corrciali(ln

between leukocyte GSH or plasma !\IDA and ahsolute CD-I+ counts (!\hù\'y et al .. 199-1:

Roederer ct al.. 199:1: Sonnerborg ct al.. 1988). senlln B2-microglohulin. IgG and Ig.\

concentrations (!\Jah'Y et al.. 199-1) has not been demonslraled. In this reg;\I'(1. Ihe absence

of e\'idence for a strong cOlTelation may pro\'ide a clue iJl(licating tl!l'se immllt1l· markers

are not the appropriate cOITelates and there are other. as yel. unidentified factors \\'hich arc

more c10sely be related to oxidatil'e stress concentrations;1I the different disease stages. ()n

the other haml. it may indicate the association between oxidali\'C stress and

immunosuppression is weak. and \\'ould remain weak el'en with ;\ larger sample. therehy

diminishing the predictil'e ability of these \·aliables.

()ne possihle cxplanation for ele\';tted oxidati\'e stress is related tllL' rolt· of transi lion

metal ions in the initiation and promotion of lipid peroxidation \'ia the l'enlon reaclion

(Hal!iwell. J989). I-1ydrogen pel'oxide wiIl l'eact with coppel' (Cu') or iron (l'e") 10

producc hydroxyl radical (OH"). thc most highly reacti\'e oxygen fn'e r;ldiL';d. This Imy

h;l\'e pal1icular rele\'ance in HI\' infection ;IS Beck ct al.( 1990) obserl'ed -I7t'i Il:mge:

mean: SI) =O.6X - 19.1: 5.51: 5.R pg: mL) ;md 22er (range: mean: SD = n.n - :lX ..'i:

6.51; 7.-1 pg : mL) of 59 Hl\' -seropositil'e subjects in al! stages of disease progression

with elel'ated senml coppel' and iron concentralions. respectil'ely. In a pr<Jspeclil"(' cohorl.

Graham et al. (1991) reported signific;mtly higher serum coppel' in HI\'-seropositi l'e

progressors compared to non-progressors. Howel'er. thc homeost;\sis of transition metal.,

is complex. pal1icularly in disease states. !\Ioreo\'er. there is not any e\'idence linking

dietan' intake of these micronuuients and serum lel'els in HI\' infection as a possiblt'

etiology of the elel'ated lel'els.

High oxidati\'e stress le\'els could also be due in pal1 to the nonnal immullological

process of phagocytosis. Actil'ated ph;lgocytic cl'!ls produce 0/ in order tl) destroy

in\'ading pathogens (Cul11ut1e and Babinr. 19S7) and ncutrophils or pl)lynlO'1Jhnlluciear
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• Jeukoeytes (l'~I~) also utilize the enzyme myclopero~idase to produee H101 l'rom the

dismutation of 0/ Hydrogen peroxide is then used to o~idjze dùoIide i,yn, intel

hypoehlorous aeid (I-IOCI), a po\l'erful antibacterial agent (\Yeiss, 19X9), Since a

trademark of carly HI\' infection is :1 hyperacti\'ated immUlll' system (.c\bbas cl al .. 199-1),

this additional source of endogenOlLs free radicals could contIibute ta the early ele\'ated

o~idatÎ\'e stress conœntratÎons \l'hieh ha\'e been obser\'ed, Accordingly, a positin'

crmelation bet\l'een l'MN and IIIDA would be expected but this \l'as not e\'ident in the

current study Cl'able 12), I-Io\l'e\'er, Bandres ct al. (l993) obserred incre:lsed

phagocy10sis and ROS gener:l1ion by P!\IN leukocytes of asymptomatic Hl\'-seropositi\'e

men (stage 1. \l'ithout pre\'ious history of bacterial or fungal infections) compared to

seronegati\'e controls, They suggested the enhanced production of ROS ImlY reOect a

systemie rclcase of agents \l'hich induce functional mann'ation or aeti\'ation of circulating

leukocytes or it may be an attempt for the IIIV \'il1ls to erm1l' the' most fa\'orabJc­

en\'ironment for the \'iral replieation that acti\'cly continucs in Iymphoid tissue dUling the

e:lrly stage' ol'infection, ln an in ,'ilro st\1(ly by Allen ct al. (l9ï2), the eontilllied \'iabiJity

and consequently, the e~cessi\'e production of superoxide anion \l'as negati\'c1y alTeeted in

hype'rslimulated l'~l~, l'~IN functional acti\'ity \l'as ex:ullined in HI\'-infected subjecls

\\'ith more ad\':U1ced stages of disease progression (L-\S. ARC. ,~IDS - Centers for

Disl'ase Control. !9X2) (( ,ahli Jo\' ich l'I al., 1\)9-1), ,-\ reduct ion in acti \' ity \\'as obser\'cd in

ail groups compared to a seroncgati\'e control group, \l'ith a tendency tO\\'ards inereased

suppression in AIDS subjects, This may suggest a mechanism\l'hich eould e~plain in lxu't

the diminished oxidatin' stress concentrations in latcr disease', hO\l'en'r, it remains

specnlati\'c and fUl1hcr in\'estigation is rcquircd,

..\ dear l'elationship bet\\'l'l'n thc immunologiea! status, as cstim:l1ed by :lbsoll1te'

CD-I+ l'Ounts, and antioxidant micronlltlient int:lkc \l'as not c\'idcnt in the currelll study

CI':lblc' Il), Impaired leukllcyte fllnctioning in HIV infection has bel'n obselTed (Fanci et

al., 1991: l'antaleo et al., 1993) and these functional impainllents may exist long beforc

cnumcrati\'e impaillllcnts arc detectcd (Vedhara ct al., ]995), For c~amplc, Bcndich

( 1993) suggested the protcctÎ\'c functioning of immunocompctcnt ceUs may be impaired by

cellular membra11l' lipid pero~idation, Lipid peroxidation aitcrs membrane fluidity \l'hich

h:ls bccn directly related ta .1 decreased ability of lymphocytes ta respond ta challengcs to

thc immunc system dcfenses, Consequently, dietary intakl' may hm'e :l gre:lter effect on

immune function r:lthcr th:lnthe :lbsolute ceU counts :lnd :lssessment of fUl1ctiomùity could

prO\'i de :l Ill'Iler l'l'present:ltion of the dTect, of di l'l'l'Iing al1tio~idant intakes,
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Limited number of studies ha"e assessed immune function or ccII counts, ,-\ cross-
,

o\'er trialusing l'l-carotene (180 mg ! d x 28 d'lYs) did not demonstrate a signifit'alll efkct

on the absolute CO-++ count, howerer. the total white blood ccII COlUlI. % change in CI)-++

count and '1- changl' in CD-++ .: CO::':+ ratios were signifk:mtly improred (Coodll'y el al..

J993). Garewal et al. (1992) prorided t>-caratene (60 mg i d) la J J subjects for -+ months

and obserred little change in tot:ll T ccII numbers or CO-++ i C08+ ratios. howcl'cr. th,'

number of natural killcr (!'-il<) cclls was significantly increased. In c1inicalhi:ùs of hcalthy

HI\' -seroneg:\tire suhjccts. improrcments in ccll-mcdiated immunity in suhjcl'ts

supplemented with ,'it:unin C. A and! or E hare been rcp0l1ed, Both Icukocylc flUlctional

tests (Kenncs ct al., J983) and absolutc CO-++ counts were cnhanced. most signilicantly

with the combination of l'itamin C. E and A (penn ct al.. 1991).

III \'i/ro and ill l'iI'() studies ha"e c1carly dcmonstratcd frce radical-mcdialed

peroxidation is inhibited by supplemcntal :mtioxid:mt int:lkc, Supplcmcntation with l'ilamin

E (200 mg! d) and! or C (400 mg': d) for one year was shown to supprl'ss lipid pero.xide

concentrations in heallhy eldcrly indi,'iduals (\raJ1anowicz el al.. 198-+), Thesc lerels

cOiTClated with the degree of tissllL' satm:ltion and the cffcct was slrnngl'st with tlw

combination of ,'itamin E and C. followcd hy ,'itamin E. then C alonc, Likcwise, l'cuchanl

et al. (1995) demonstrated a significant reduetion in l'cd hlood cell and plasma 1\ID,\ in

HI\'-sernpositire suhjccts (CDC J\') with selcnium supplemcnlalion (100 mg .: d) and a

trend to ;-, IDA reduction with l',-caratene (250 mg: d), Howcl'er, c:lLItion musl hl' excised

when inlc'l'reling thl'se findings as the aclual \erels of [\11)/\ were not puhlislwd and

plasma 1\ IDA may he independcntly associaled adl'anccd disease, In addition. the selenium

dosage significantly exceeds the R;-\I of appraxim>l1ely 70 l' g : d and :Idl'erse elTcels from

selenium toxicity :11'1' suspccted, although this was not rep0l1cd.

Antioxidant supplemcntation has also prol'en cfficacious in dccrc:\sing indices of

lipid peroxidation associated with smoking. Smoking incrcases oxidatil'e stress Icl'cls

directly from the ROS present in cigarette smokc and indircctly hy local pulmomu)'

activation of leukocytes which produce ROS during the inflmnmatory response. Eren

chronic cigarette smoke exposure. likcly including second-hand smokc, has the cffcct of

lowering lymphocyte functions. proliferation and antibody production. Jncrcased risk of

infections. decreascd !'-il< actil'ity and incrcased prccmlcerous lesions ha,'c bccn ohscrl'cd

in chronic smokcrs (H:ll1iwcll. ]987). A study in hC:llthy smokcrs (BrOlIll ct al.. 199-1)

dcmonstratcd a significant reduction in plasma 'l'BARS. LPO and conjugatcd dienes lercls
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in smokers afler "itamin E supplcmentatÎon (2RO mg ; d dl,a-tocophernl acetate x lO

weeks). In a second study. plasma 'l'BARS were again signifïcantly reduced in healthy

smokers al'ter supplementation with "itamin C (:'iOO mg; d x 2 or 4 weeks) or E (200 mg ;

d dl a-tocopherol acetate x 4 weeks) (Harats et al .. 1990).

Like Brown et al. (1994) and Harat et al. (1990). the results of the present study

demonstrate smokers had significantly higher le"els of plasma l\IDA than non-smokers

(l'able 10). On the other hand, leukocyte GSH was nol significantly different between

smokers and nonsmokers, In the cUlTenl stndy. blood W.1S sampled l'rom the anlecubil.t!

vein and perhaps measuremenls of pulmonary GSH concentrations. the primaI")' exposure

site of cigarette smoke. would h'1\·e shown a signifïcant decrease. Buhl (1994) has. .
repol1ed a signifïcantly reduced GSI-I in the lung epitheliallining nuid and plasma of HIV­

seropositive (CDe Il) subjects versus seronegative conlrols. The clata dicl reveal a

significant positi"e conelation between GSH and li IDA (1' = 0.78. P < 0.05) in smokers

Cl'ablt- 1-1.) This association could be slalislically significa111 clue to the large IHllnber of

correlations perfollned as the scatter plot of the dala does not enable conclusions 10 be

made al Ihis linw (Figure R).

Taken togelher. these studil'S pro"ide strong eviclence for the efticacy of

antioxidall1s in reducing oxiclatiH' slress concentr'lIions. Paracloxically. in th l' CUITent

study users of vit.unin E supplements had significanlly higher li IDA levels which increasecl

wl1l'n tl1<' cliet'lI") int.lkl' of "itamin E exccecled 3D Il.' ; d (Table 9). Ascorbic acid

suppleme111ation users dicl not hare significantly different ]\IDA concentrations compared 10

non-users and there was linle difference when ascorbic acid int.1ke exceedecl the tisslll'

saturalion le"el (21l1l mg 'd). As the fun cl ions of micronutJients may change as the dosage

inere'lses. p'1l1icularly beyond 10 x Rè\l. dosages in excess of these levels may acquire

phallnacological propel1ies. HoweH'1'. in the CUITenl study the intell,retation of Ihe results

l'rom cOIl'e1ational analyses IHay be resnicted due to the limited data a,'ailable as a

consequence of S'ImpIe si7.e (l'able 13).

One possible explanation for Ihis paradoxical effect obserred is related to the

hypolhesized slate of Ihe oxick1nt - antioxidant balance in HI\' infection. In this case. an

imbalance may be shifled towards the oxiclant stale in exccss compensatory capacities of

lhe anlioxidant defenses. A relatÎ\'e excess concentration of oxiclants. whelher l'rom

increased production or decreased inacli"ation by antioxidants will fm1her propagate l'l'cc

raclieal-genl'rating l'l'actions (Figure 2). E"iclence for th l' later W.15 not suppOJ1ed by tl1<'

nuuient analyses in Ihis slucly as the dictai")' inlake of the fi"e anlioxidants exceecll'cI the
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R,';ls. However. studies assessing the biochemical status of antioxidanlS have sho\\'n

eridence of deficiencies. eHn carly in Hl\' infection (Tah1l' -1). ..\lthough COIllp1l'1l'

agreement between slUdies is not consistent. a general trend towards decreasing Il'''c1s of- - -
antioxidants as }ll\' progresses is l'vident. High oxidati"e stress conccnlrations l'arly in

the infection could account for the initial decrease in anlÎoxidm\l concentr.ltion and as lll\'

progresses. the influence of nUllition~l1 factors such as anorexia. malahsOIvtion and drug­

nutlient interactions which become more prevalent as the disease progresses may contribull'

to the mltioxidmll decline (Winick. 1989).

NutIitional analyses and assessment of demographical "aliables did not suggest the

Clll1'ent sample was nutlitionally compromised at the time of sludy pal1icipation.

Compmison to Canadian studies revealed sampIes with simihlr age, height and BMI (Hogg

ct al.. 1995: Sharkey et al.. 1992). ln the currenl study. neither agl' nor B7\1I \\l'rl'

significantly cOI1'elated with oxidati ve slress conccntl~ltions (7\ IDA, GSH), CD-I+ counts or

dictai'}' intakes of ascorhate. energy or prot('in Crable 6), Other sludies have delllonslralL'd

an independenl relationship between B7\ Il or weight loss and CD-I+ levcls in the prediction

of diseasl' progression (Chlebowski cl al.. 1995: Sullman ('1 al., 1,)95), Conlrarily.

Sharkey ct al. (19Y2) found CD-I+ lercls 10 be colTelated with energy and weight loss,

pallicularly at CD-i+ levels be1O\v 100 cclls x 10" i L. This finding W~IS conlirllled in a laler

stmly by Risser ct al. (1995). Ho\\'ever. BM1 or weighl loss measurements ~lI'l' HO!

sensiti"e to quantitati"e changes in body composition of HIV -seroposilire indiriduals.

Although body composition was not 'directly Illeasured in the presenl study. subjl'CIS \\ilh

weight loss gre~lter than 10 % of usual body weighl in the prerious three Illonths were

excluded from pal1icipation.

ln contrast to B7\ Il ~l\1d age. the mean CUITent \\'eight was approximatc1y (l.-i kg

(9'n lower lhan those repOlled by Sharkey ct al. (1992) Imean (SI-:) = 7:1.2 kg (0,-1) in

HI\' -seropositi"e subjects CDC II-! V l'l'ce from enteric pathogensJ and Hogg cl al. (1995)

[median (SE) = 77 kg (03) in HJ\'-seropositire. AIDS-free snbjecIs, according to the

CUITent definition of AIDS in Canada (Centers for Disease Control, 1987)J. howercr.

direct compmison with these stmlics is impossihle as their samples wcre exclusil'c1y maIL-.

Weight may be considered a crude proxy for the general nUllitional stalus of

indiriduals and low weights may identify a greater lisk of nUIl'itional deficiency. In HI\'

infection. unintentional weight loss has been associated with malabsol1l1ion. melabolic

changes and anorexia (Winick. 1989). hen though a mean weight loss of 0.9 kg since the

lime of Hl\' seropositirily was obscl'\'ed in this sampk an incrcased risk or nutritional

deficicnc\' duc 10 weioht loss is unlikeh for threc re~lsons. First. B~II corrclales with.. e ..
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many health-related indices such as mortality nsk (Waalcr. 198-+), This parameter takes

into account IlCight and weight and provides a standardized \'alne for men and women,

The major drawback to using BMI in a HI\' -seropositive group is this measnrement is

based on data l'rom a heallhy population and does not account for differences in body

composition, Nonetheless. in the present sample. which included 21 'le women. the

average BI\·n was within the ideal range associated with the lowest nsk of iJlness for most

people (Health and We!fare Canada. 1988b) and was comparable to the BMI levels of

HI\' -seropositive subjects as reportcd by Hogg ct al. (1995),

Secondly, individual weight histones revealed a non-significant weight loss sincc

the time of I-ilV-seropositi\'ity Crable 5), 'i\llen detelll1ining Îndividual weight histories,

the reference parameter chosen. for example usual (pre-illness) weight versus % ideal body

,wight. is important for assessing weight changes over a long penod. This is especially

relevant for a population which may differ in a nUTnber of ways compared to the standard

reference population, Estimating weight changes according to pre-illness weight. as was

the case in the cUITen1 study, allows compaJ;son of weight changes relative to thl'

indil'idual. Ideal body weight is defined as the percentage of cnJl'ent weight Cûmpared to

life insll1~lIlce industry sta1istic;;, howl'ver. these tables prm'ide \'alues l'cialcd 10 height and

frame size and are based on longe\'ity rates l'rom healthy individuals and are therefore

ina'!<:quall' for Canadian I-II\' -seropositil'e persons, Firstly, they arc based on tlll'

predicli\'e 10nge\'Ïly of healthy persons measured in their early twenties and followed to

their death. Secondly. Ihe tables predominantly renecl data l'rom AmClican upper middle

c1a;;s Caucasian groups (Pi-SunYl·!'. 1988) which may limil the comparability in etlmically

diverse HI\' -seropositive samples. This is supp0l1ed by e\'idence l'rom a large Amelican

coh0l1 indicating HlV-seronegalil'e homosexual males may have belml a\'emge weights

(Hoo\'er cl al.. 1992). Average weights in 198... and 1990 of Hl\'-seronegatÎl'e and HI\'­

seropositive homosl'xual ml'n were compared, They obsen'ed a significan1 increa;;c in

weights (3,7 kg) in the seronegative group between this time peJiod, A similar trend was

observed in the HI\' -seropositÎ\'e men between 198.+ to Jate 1988. hut there was ~l

significantly sm~lller increase in this group artel' 1989, most likely around the time of

seroconversion.

Thirdly, insufficient energy intakes. a con11110n cause for weight 1055. is unlikely in

this sample. Common symptoms of inadequate energy intake include fatigue and genel~ll

apathy. Although aC\Îvity le\'els were not directly measured in this srudy, a very high meaJ1

Ka1110fsky score was observed. This implies an excellent quality of life pert.1ining to thl'

physical dimensions of daily li\'ing. The strongest e\'idence that insufficient encrgy intakes
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were not connibuting to the lower obser\'ed weights is the me;\II (SE) energy inlake of

3262 kcal (20(,). This represents an a"erage intake of 48 kcal ! kg of usual wl'ight. whic-h

is weil above the 30 kcal ! kg suggested as adequate to maintain usual weight in l-Il\'·

seropositi"e persons [predominantly male (94ci-); asymptomatic or with minimal

symptoms] (Chlebowski et al.. 1995). Theil' estimate was based on ;\ se,'en day food

record of energy intake. however. this method may ha\'c underestim;lted their "truc" energy

intake and consequently. underestimated the required le"el to maintain ,wight.

The rep0l1ed intakes of both energy and protein were dearly higher cOlnpared to lIw

other Canadian studies. The most likely explanation OIiginates l'rom differenees hetween

the dietary intake methodologies that \Vere employed in each study. In the lïrst study

(Hogg ct al.. 1995), only one self·implemented 24 hour recall \Vas used to estimate dietary

intake of 139 Hl\' ·seropositi\'e males. The l11ean (SE) energy in!:lke rep0l1ed was 2 231)

kcal (73) and protein was I)l'l g (4). As the suceess of the 24 hour l'l'cali is highly

dependent on the suhject's moti\'ation. memory and ahility to pro\'ide :\ccurate portion sil.L'

estimates (.-\cheson ct al.. II)I)(). il is most commonly implemented hy a tmined

interviewer. ln addition. a single 24 hour l'l'cali can he affectcd hy intnlindividual "arhltion

in nutricnt int'lkes. FIIl1henllOll·. this method assesses l'l'cent intake and is nol appropriall'

for estimating usualnuttient intakes of indi\'idlWls (l-[ankin. 11)')2). Sharkey ct al. (11)')2)

utilized se'-en day wcighed food n'cords to estimate the dielary int;lke of 2l'l [[1\'.

seropositi\'e male rolunteers [mean (SE" l)for energy (kc:ù) = 2725 (143): protein (g) = l)7

(7)]_ This method l'l'qui l'eS moti'-ated and lilerate m\lmteers who may not he represl'ntali\'l'

of thc gcm:ral study population. 11 is particularly affected hy atypical rep0l1ing periods. for

examplc dllling times of illness. App:u-ently. this was the caSl' as 25 ('f' of their sample did

not complete food records.

ln the CUITent study. the diet history. in conjunction with food models. was

implemented hy trained research dietitians to estimate dictary intake (Appendix l'l). This

tool is useful for estimating the usual intake of indi\'iduals O'"Cr a long periml of time.

although precision is somewhat reduced as a consequence. The die! history and food

models de\'e[oped by Santé Québec (Santé Québec, 1994) wcre spl'Cifically designed to

assess the eating panems of persons in Québec. In addition, the supplement questionnaire

(Appendix 7) \Vas designed for this study. Howe\'er, the diet history. like the prcviously

desctihed l11ethodologies. is affected by respondent and recorder errors, inten'iewer and

re\'iewer errors and nu1Jient database e'Tors C\Yitschi. 1990). Nonethcless. Hankin C19')2)

suggested diet histoties ;lre likely more representatÎ"e of the "truc intakc" evcn though they
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• pro\'ide estimates grealer than lhose of 24 hour recalls or food records, This may explain

in pan the comparati\'ely higher dictai}' intakes ohsen'ed in lhis sample,

The dictai)' inlake methodology differences most likely accounted for the apparent

discTepancies in macronu1Jient intakes, Howe\'er. in light of lhe large difference in

reponed caloric inlakes. consideration of Ihe possible influence of hypcmlelaholism in this

sample is warranted, Preliminal)' dala on Hl\' and resting energy expenditure (REE) has

heen contradictory and there ha\'e not been sttldies concurrenlly assessing oxidati\'e stress

concentmtions, Hommes ct al. (1991) rep0l1ed an early increase in the REE hy sc;. in

CDC]] subjects \'ersus a seronegati\'e control group (1' < 0,05), '\\llCn subjects with ail

stages of disease were assessed concUlTenlly, the intellllediate stages of infection exhibited

the highest REE (Slusarczyk, 1994: Sutlman et al .. 1991) but this was contradicted by

Cirunfcld ct al. (1992) (compared to seronegati\'e contrais: Hl\'+ li c;., ,-\IDS 25'1-, ,-\IDS

with secondai)' infection 29'">-), Onth\' other hand, Kotler et al. (1990) obsel'\'ed subjects

with c1inically stable ,-\IDS were hypometabolic compared ta both seronegatÎ"e controls

and with the predict,'d metaholic rate based on the I-hll1is-Benediet equation, It has heen

suggested that dllling the initial stages of the syndrome \'iral replication may cause ;m

increase in I~EE, I.eanmuscle mass is an Împ0l1ant infJuencing factor on the REE and as

the disease progresses lean muscle mass is lost with a decline in REE (Slusarczyk, 1994),

Interestingly, the carly increasl' in J~EE, and comparatil'ely lower le\'eJ in c1inically stable

.-\ IDS subjects. p;u~lllcls the pallelll of plasma "IDA as suggested by the results of the

CUITent study, As energy ml'l:lbolism increases, sa does the endogenous production of

ROS \'ia the uncoupling of th,' c1ectron lranspon chain dUling the oxidatil'e

phosphol)'lation reaction (stl)'er. 19~~), Unf0l1umitely, in the CUITent sludy, the degrec 10

which c1L'\'ated energy met:lbolism may han' inlluL'nced either oxidali"e stress le\'c1s on

caloric intake is impossible to assess,

ln accordance with the macrouU1Jient inlake compaJisons, large differences exist

between the obserl'ations of lhe cUll'ent study and the Iimited published data a,'ailable

descJibing anlioxidant intakes of Hl\' -seropositi\'e Canadiaus, Compared la lhe ascorbate

intake rep0l1ed hy Slmrkey ct al. (1992) [mean (SE) = 102 (2.3) mg], the present slmly

estimated much higher 10tal ascor!Jic int.1ke (Table 7), On the olher hand, Amelican sttldies

l'rom 1\ lanlero-Atienza ct al. (1991) and Abrams et al. (1994), obser\'ed mean (SE) ascorbic

acid intakes c10ser 10 lhis study [ascorhate (mg) = 873 (71): 1219 (8(,) (supplement uscrs

only). respecti\'e1y]. Againmean (SE) dielal)' intakes of \'ilmnin E and zinc were similar in

this study (Table 7) as rep0l1ed by :'-\antero-Atie117aet al. (1991) [\'itamin F = 224 (37) mg:

zinc = 3(,,4 (3,2) mg]: ho\\'e\'er, lower selenium le\'els [23.5 (9.5) !'g] \Vere rep011ed in
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• the American stud)'. Since selenium intake in both the CUITent and the !\ lantero-.-\tien/,a el

al. (l 991) stud)' were based solel)' on suppleme'nt intake. recent changes in multi\'ilamin

fomllllations to inciude higher concentrations of antioxid:U1t \'itmuins and mineraIs ma)'

account for this difference. Interestingl)'. \'er)' similar dietar)' intake methodology (dil'I

history by trained nutrilionist and a request to bring supplements to Ihe inter\'iew \l'ith

follow-up telephone calls for missing supplement data) were used in the cUITent study :\Ild

the study by l\lantero-Atienzaet al. (1991).

There arc se\'eral possible explanations which m,l)' account for thl' differences

between the dieL.1l)' intake of ascorbic acid in the Canadian studies. These inciude seasonal

\'atiations (Vanderslice. 1991). indi\'idual mriations (Gal1:lgher ct al.. 1992) and nutrienl

database differences (BatT et al .. 1994), howe\·er. consideling the large discrepanc)'. il is

possible that the lower inL.1ke is duc 10 misclassilication b)' an error of omission. Biock cl

al. (1994) suggested misciassification hl' omission has the most serious implications for

\'it:unin C or E. This conciusiou was based on infonmltiou collecled l'rom Ihe "II.-\"'ES 1

(1971-1975) (Block et al .. 19NK). NmS (19R7) (Subar. Block. 199()) and NIL\"ES Il

(197(,-!9NO) (l\lllI])h)' ct al.. 199()). ,-\t that time. supplements did not nonnally conlain

added antioxidants and it is lil-<cIy thal simii:u' caution should no\\, apply for 11lL' olher

antioxidant micronutrients. The NCl-1 'SDA (National Cancer Institute- l 'niled Slales

Depal1111enl of .-\gliculture) stlldy suggestcd pl:lsma concentrations of \'itamin E mal' no!

increase notahl)' until single-nutlient supplements are consumed (orten 10- 20 times higher

than multi\'Îtamin supplements) (Sinh:1 cl al .. 19(X~). Olwiousll'. misclassification hl'

omission of antioxidantmicronUllient supplementation increases the dirticulty in achie\'ing

significant and wnsistent resulls. especially those sllldies which explorl' the relationship

bet\\'een dietary intake and disease outcomes.

Analyses of the results re\'eal the majorily of SUhjl'CIS in this s:unple \1 cre using

some l'onu of nutritional supplement (l'able 8) and many subjects \\'ere supplenwnting \l'ilh

ascorbic acid, \·iL.1nlin E. ~-carotene. selenium and.' or zinc (Table 7). DicholOmization on

the basis of specific supplement usage sho\\'ed signifïcantll' higher mean intakes of rit:unin

C and zinc in users compared to non-users (Table 7). Similarly, Abr.uus cl al. (1994)

obser\'ed siglli fi cant differences in ascOlNc acid. zinc and \'itamin E inlake bel\\,el'n

supplement users and non-users. Ho\\'e\'er, caution should be used when generalizing

supplementation pre\'alence l'rom the cUITent study since subjects \\'ere recntited \'oluntarily

and there is a strong possihility of \'olunteer hias resulting in o\'er- or under-estimalirJl1 of

the 1I11l' prl>\·alence. Suhjects \l'ho \lwe interested in nutrition mal' ha\'e been morc likely

10 pat1icipate. on the other hand. those \I"ho \\'erc supplementing with unorthndox nutrienl
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• doses and nUllitional products may hal'e been reluctant ta participate due to fc"r of

judgment or the desire ta maintain anonymity.

As comprehensil'e data 00 the antioxidant supplementation practices of HI\'­

seropositil'e persons is quite limited at this time. extrapolation. with caution. may pro\'ide

an indicator of expected pre\'alence. In a healthy population. 23 - 35Cf. reported daily

supplcmentation with multil'itmnins and this percentage l'anes accordiog to the

demographic group (Block et al., 1988: Kim et al., 1993: Koplan et al., 1986: Subar et al.,

1990). For example, white Amencans were more likely than black Amencans to

supplement with singte nutrient sources. In 1992, nine percent of the popwation took

more than one supplement and thrcc percent took more than two (Slesinski ct al., 1995).

Consumer repOJ1s l'rom \'itamin l'etaiters indicate a 19% increase in retail sales of ail

supplements between 1937 and 1992jCouncil for Responsible Nutlition. 19(3) which is

consistent with data l'rom the NI-I.IS repDl1s. suggesting an ol'erall 17cj.. inerease in tlll'

number of persons consuming daily supplements (Subar and Block. 19(0). J-ffi' -specifie

dat;l suggl'Sl 50.8 and 1>1.9 Cf. of .-\IDS-progressors and non-progressors. respectil'ely.

conslllned a d;lily multil'itamin in a prospecti\'e cohol1 (Abrams et al., 1993). These (4lta

'l'cre not quantified with regards to the usage of single nutlients which knd to hal'e higher

dosages. Howe\'er, it is likely that a number of subjecls were taking considerable dosages

as infe'Ted hy tlll' large mean differences and standard del'iations of nutlienl intakes \\'hen

selxu'atcd into intakes l'rom food and supplements. particularly for l'it.lmin C and E. I-ligh­

dose supplementalion pre\'alence has beell rep0l1ed as high as 57% (Beach et al., 198:-1).

Togelher these slUdies suggest nutritiollal supplementation in bath the HJ\'-seropositil'l'

population and the nOl1l1al healthy popldation is Ilot only likely. but must be quautified in

order 10 accu ratel\' assess and characterize diet;u'\' intakes of antioxidantmicro'lUtlients.
~ ~ .,

The results l'rom this study ill(ticate of those persons who were consuming \'itamin

Eor C supplements. 31, and -ISri. respectil'ely. were eonsuming doses in excess of 10

times the RNI ('l'able 7). ObseT\'ations l'rom Iwo I....laster's theses b\' Drolet (1992) and

Palisien (1992). showed lower contlibutions l'rom high-dose supplementation (l'itamin C>

10 x RNI = R. 21 Cf.: l'itamin E > 10 x RNl = 7, 19%, respectil'ely) in Montreal-area HI\'­

seropositil'l' subjects. st;lges Il-I\'. HOI\'e\'er, interpretation of the c1inical significance of

int;ùœs eompared to the R.,,"ls must be cautioned in the HI\'-seropositil'e population. 111e

R"-l for Cana(tians arc standards established for a healthy population. In the case or
\'itamin C. it is notew0l1hy that the Amelican reconunended daily allowance (RDA) for

;\scorbk acid is based solcly on its function in colJagen synthesis (Lel'ine. 1986) and not

on its antioxidant actil'ity (Frei et al.. 1989). l1pon assessing the efficacy of the role of
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ascorhate as an antioxidant. Frei et al. (19R9) suggested the RDA should be incre,lsed l'rom

the Ciment (,0 mg i d to approxima1ely 150 mg i d to maximize the total hody pool and

prol'ide antioxidatil'e henefits to human health. ln any case. el'en this estimale does not

consider the added oxidatil'e stress burden of chronic infection \Vith Hl\' and HI\' -rela1l'd

ilInesses (Baruchel and Wainherg. 1992: Fal'ier et al.. 1994: Greenspan. 1993:

Sonnerhorg cl al.. 1988). Consequently. the l'alue required to maint'lin nutritional

adequacy and an oxidant-antioxidant balance may be much higher for l'Îlamin C .md the

other antioxidants aud this may explainthe appm'ent inefficacy of the antioxidanls to reduc<'

oxidatil'e stress !el'els in the ClllTent study.

ln addition to the prel'alencc of micronulrient supp!ementation. c1inical l'm'iab\Los

associated with supplement usage were considered. Some studies have shown a

relationship hetween the use of unpro\'en therapy. including high-dose microillillieni

supplementation. and diminishing CD-l+ cell counts (Senterfitt ct al .. l ')'JO). increasing

sel'elity of illness (Cohen et al.. 1990) or longer duration of HIV seroposilil'ity (Anderson

et al.. 1993). ln the Cllll'ent study. supplement users did show differences in CD-l+ connls

or duration of HI\' seropositÎl'ity hut tended to he more likcly to hal'e experienccd a c1inical

e\'ent associated with HI\' infeclion. From these proxy indicies of immIUlodeficic\1(·Y.

conclusions about supplement use and disease progression are difficult to make. Firstly.

duration of seropositi\'ity is only an estima1l' of the !ength of timl' sincc seroconversion.

Some cases present sh0l11y .tfter serocol1\'ersion while others present at the time of dinic.~

symptOllls indicatil'e of AIDS. secondly. the temporal sequencl' betwecn initiation ,,1'

supplementation and the de\'elopmenl of c!inical e\'enl, can not be detellnined \Vith the

cross-sectional study design. Perhaps supplement user~ hegan supplementing artcr Ihl'

appearance of symptoms which \Vamulted consultation with a he;~th professional

recommelHling this practice. On the other hand. in a study by tlhuuero-Atienza ct al.

(1991). 80'1- of rep0l1ed making positi"e changes to their diets soon arter diagnosis.

including 59c~ who reported increasing thcir micronuttient intake. tlloreol'er. Sutherland

and Verhoef (1995) found the se\'etit)' of symptoms was not significantly associated with

the use of altematil'e medicine. primarily being herhalism and nutritiona! therapies.

tllDAand GSH. both measurements typically unknown to subjects. did not appear

consistent!y associated with supplement usage. tImA was signifïcantly higher in users

while GSH showed little difference. A possibility exists that those \Vith higher tI nJ\

concentrations were expcriencing a greater feeling of malaise which subsequently prompted

initiation of snpp!ementation. Ho\Vel'er. this study suggests MDA may Ill' higher in

indi\'iduals at an ear!ier disease stage. thus more !ikely asymptom'ltic. .-\S there arc Ilot
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• reports in the literature Iinking these \'ariables. the explanation is speculatÏl'e and needs 10

be conlinned hy additionaJ investigation,



•
•

•

6. Prirnary Findings of This Study
ln accordance with prel'ious studies. malondialdehyde (t\'IDA) conccntratlons \\W,'

elcl'ated and titis was e\'ident carly in tilt: disease. Possible explmlations frOln the

litcrature which SUPP0l1 this fimiing include tht production of reacth',' oxygen spcci,"

(ROS) dming tlle immune response of polymorphonuclear leukocytes, the catalysis of

tilt Fenton reaction by tnmsition metals, cytokine dysregulation \\'ilh prodnction of RO~

as second messengt:rs, ROS produced during increased oxidati l'e phosphorylation as a

consequence of an e1e\'ated tnergy metabolic rat t' i:Uld a relative insufficitllCY (~f

mllioxidants to maintain ml oxidmll - antioxidant equilibrium.

Dietary mllioxidant intake at the It\'ds consumed by s<unplc lhclnot appear tlïicaciolls III

redllcin~ oxiclati \'t stress COllCeI11mtiolls. Smoking, èî kno\\"ll tX0f't'JWll~ sO\ln.\: ('If I~(l~

was associattd ",itil hi gbe]' malondialdehydt: concentrations.

• Nutlitiollal. dt~11l0~nlphici11 and c!inical \'C:uiables inchcll1t" l!lis smnpk \\W:- (Il lll'1'\\ j,\"

heal thy at the tnn t 01 study paru ci pau on The mean cli etary intakes mel and eX ce"llctl

the Recomlll cnded :"lI1ri enl 1nt akes lor Canad iails l'rom di cl 'iionl' and \l'III 1

slippl elll ent ml on.

• EIlt'rgy intakt \\'as comparati\'dy higll for a population clf this \\'dghl. Dit'tary illl'lkl·

mtthodology or 811 dtrakd tl"lt.:rgy Illtli:lbolic rak may accollnl for tllc:st dincrtIJCt·~.

• r"':uttitiol1al suppkmtntatioll \\',1':\ praclice([ by the majority of SlJ1J.iL'cb. Thl' prc\,a!I:Ili.'I.: of

hi gh-dose supplelll cntation was COlli parati \'ely lo\\'er than prel'ioLlsly pllbl ished AIII cricall

sllIdil:'s, but llightr t.ll<l11 ratts 1'l.~'porlt:c1 in !\'lol1tr~al. Althnugll many félClC'l'''i IILt:\

innll~nce tllis pmcttce, snj1plclllent USérs \\'(;l'é mon: likdy to ha\'e ltigher 1\11),\

concenU'ations mIel a tendency to ha\'e cxperienceel a ciinical e\'ellt assow1lcd \l'lth III \'

infection while duration of HIV seropositi\'ity, C04+ counts nor GSH concentration,

appem'cel 10 ha\'e aIl inflnence on suppltlllentation usage.
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7. Conclusions
This study was designed to explore the relationship belween dictaI')' antioxidmll

micronutlients and oxidalice slress in HI\' infection. The results l'rom this srudy indicate

oxidati\'e slress is elecated carly in HI\' infeclion. howecer. anlioxidant le\'els do not

appear strongly cemelated in this sample. Immunological paramelers were not related to

oxidatice stress concentr;\tions Bor dietary intakes. wilh the a trend to greater tvmA le\"Cls

with higher absolute CD-I+ counts. Many of the associations may not hace achie\'ed

stalistic~ll signific~U1ce due to a small sample size. Furthennore. a more comprehensire

numher of oxidatice stress. imn1Unological and biochemical market:; of nuttitional statlL~

n1:lY hare contrihuled to f1ll1her understanding of lhe relationships incestigated.

Analyses of the dietary intake rerealed a high mean in!:lke of energy and protein in

an other\l'ise healthy sample. which may he indic:ltin' of increased energy metabolism.

For the most 1':111. micronul,;ent intakes exceeded the Reconunended 1\utlient Intakes

(R\'I) and the majority of suhjects \l'ere consuming sOlne fonn of nutritional supplement.

Nonetheless. the pre\'alencc of high dose supplementalion was comparably lower than

.c\melican eslima1t's. This may he dlll' ln demographicaI. sociocultural or geographical

differences innuencing supplementation practices.

The lïndings of this study procide an interesting foundation for f1ll1her rese:trch.

Imesl;gation into the eli ology of the clerated oxid:llicc stress concentrations. whether l'rom

a relalire insuffit'iency of :U1tioxidants. an elerated energy metabolism or other mech:lI1isll1.

may proride c1ues regarding disease progression. Elucidation of the pathophysiological

consequences of oxidatire stress in HI\' infection would ailow therapeutic strategies 10 be

appropriately designed. Although the apparent inefficacy of antioxidant micronultients to

decrease oxidatice stress concentrations is puzzling. it is likely they are beneficiaI. Studies

ex:unining the cOlTelation between the dictaI'\' inlake and lissue concentrations of- .
antioxidants will assist in understanding this paradox and further define the timing and

dosages required for maximum effecth·eness. Finally, HIV infection aud All)S incolre

cytokine dysregulation, immune dysfunction. oxidatice stress and nuttitional abelTations.

consequenlly future research must rellect these dimensions to meet the challenge.
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• Tahle 1. CYIOlOXicily of oxidarive .l'lreH

Target

DNA/RNA

Protein

Polyunsaturated
Lipid

Damage

Base modifications. base-free sites. single­
and double-strand breaks. crosslinks and
enhanced expression of oncogenes

Aggregation and cross linking:
fragmentation and breakdown;
modification of thiol groups

Loss of unsatllrated bonds; formation of
reacGve metabolites

Consequences

Mutalions. lranslalional
eITors and inhibition of
protein synthesis

Modification of enzyme
activity. ion transport
and intracellular
calcium homeostasis

Altered li pid fluidi ty.
membrane permeability
and membrane - boulld
enzyme activity

•
Source: Adapted from Halliwell (1987) and Riec-Evans et al. (1991) .



• Tuhle 2. Indiculor.l' ,{tipidperoxidution in HIV injection

Study Indientor Controls CDC 11* CDCIII CDCIV CDC Il-IV

S<inncrborg cl al.. 19RR 0.46 ± O.OR'
, ,

0.60± 0.11'0.72 ± 0.24 0.58 ± O. JO
P/nsn1<1 malondialdchydc n:::: :::!O n=6 n = lY n=5
(MDA) (1'0101/ L)

Coulcllicr cl ,,1.. 1992 0.90 ± 0.30 d
1.48 ± 0.34

Plasl11" MDA (l'mol : L) n = 30 n= 2Y

Rc\'ill"rd cl al .. 1992 2.51 ± 0.15
,

3.32 ± 0.242.Y3 ± 0.20
Plasma thiobarbituric n:::: 32 n= 26 n = 35
rC<.lcli,'c substances
(TBARS) (l'mol : L)

Sappey ct al,. ]994

PI"sn", TBA RS (l'nlfll 2.51 ::: 0.31 f 2.liR ± OAn2.73 ± 0.35
U

127 ± 14 176 ± 5~r 155 ± li7
Plasma hydropcro'idcs n = in n = IR
(HPO) (l'mol! L) n= 25

Mal"y cl al .. 1994

Plasma TBARS (l'mol :.3' ± {).X5~ n.31 ± J.~7~

Ll n = 10 n = 10

n

Mean ± standard deviation.

Difference œtween controls vs. CDC 11 or CDC III: p < 0.00 1: Student's Hest.

Difference between controls vs. CDC IV: p < 0.01: Student's t-test.

Difference between controls vs. CDC 11: p < 0.001: Student's t-test.
Difference œlween controls or CDC IV vs. CDC II: p < 0.001; one-way ANüVA.
Difference between controls vs. CDC Il: p < 0.05: one-way ANüVA.
Difference between con troIs (H1V-seronegative hemophilic children) vs. H1V­
seropositive hemophilic children: p < 0.001; Wilcoxon test.
Centers for Disease Control (1986: 1987) classification system of HIV infection ­
Appendix 1.
Sample size.
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• Tahle 3. The an!ioxiJal11 Jefense -,-,"-,lem: The an! ioxiJalII mÏL.,.ollulrielll.1 ail" glulalhi"lle

Defense

Ascorbic acid

Mode of Action

Facilitates the quenching of reaclive
oxygen species (ROS) by acting as a
carrier or source of eleclrons.

Comments

Superior intra­
cellular
antioxidant.

and extra~

hydrophilic

carotenoids may
antioxidunl

n-tocopherol

B-carotene

Breaks free radical-chain reactions
by trapping peroxyl and other
reactive radicals and thus, protecting
the polyunsaturated fatty acids
(pUFAs) in cell membranes and
Iipoproteins.

Effective singlet oxygen and free
radical-trapping antioxidant.

Major. possibly only. lipid-
soluble chain-brcaking
antioxidant in humaI;
plasma.

Other
possess
capabilities.

Selenium glutathione
peroxidase
(GPx)

Catalytic function of GPx depends
on presence of selenium. Catalyzes
reduction of 1-1202 and lipid
hydroperoxides.

Primaril)' Interferes
level of free
initiation.

at the
radical

Zinc (Zn 2+)
ICulZn-superoxide
dismutase (SOD)J

Glutathione
(GSH)

Zinc most likely does nol function in
the catalytic process directly. but
rather as an enzyme stabilizer. This
enzyme catalyzes a reaction which
reduces superoxide radicals.

Scavenger of hydroxyl radicals and
singlet oxygen. Aiso provides
reducing equivalent for GPx.

Cytoplasmic antioxidant.

Major inlraCcllul"r
antioxidant and main
defense against 1-1202.

Sources: Bendich (1990); Diplock (1994); I-Ialliwell (1987); Wang and Walson (1994).
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• Tahle4. NutritiolUll statu.\ ri the antioxidantlllicmnUlrients and glutathione (GSH) during
the el'olUlion of HIV infection

Ascorbic acid status, according to diITcrcnt autbors.

Sludy Sample Subjects Plasma 1serum Percent
size ascorbate' Deficient

(mg 1dL)
N = 0.2-2.0

Bogden et al., 1990 6 Asymptomatic' 0.52±0.16 27
17 ARC 0.88 ± 0.18 for ail slages
7 AIDS 0.9J ±0.17 combined

Javier el al., 1990 70 CDC III 0.93 ± 0.07 7

Beach et al.. 1992 42 Control 1.10 ± 0.05 0
100 CDC III 1.02 ± 0.06 7

Coodley cl al.. 1993 15 CDCIV (W)
,

0.87 ± 0.16 ?~_::>

Il d 1.11 ± 0.28 12
21

CDC IV (NW)
1.09 ± 0.11 6CDC 111 (NW)

,.

.1

N

Mean ± standard error (SE).
Discase staging according to the Cenlers for Disease Control (CDC) classification system
of HIV infection. Appendices 1 - 3.

W = involuntary weight loss grcater than 10% of baselinc body weight.

NW = absence of wasting.
Normal reference range according 10 Monsen. 1987.
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• Tah/e .J. Co1lti"ut:d.

Carotenoid status, according to differcnt authors.

Study Sample Subjects Plasma 1 Plasma! Percent
size serum B- serum Deficient

caroteneJ carotenoidsa

(Jlmol! L) (Jlmol! L)
N = 0.9 - 4.6 N = 0.9 - 4.6

Bogden et al .• 6 Asymptomatic' 2.83 ± 0.24 31
1990 17 ARC 1.81 ± 0.06 for ail

7 AlOS 2.04 ± 0.00 stages
combined

Coodley et al.. 30 HIV + 2.74'
1993 (0.37 - 11.8)

Coodley et al .• 15 CDC IV (W)' 0.66 ± 0.17 85
1993 11 CDC IV (NW)" 1.24 ± 0.24 42

21 CDC III (NW) 1.43 ± 0.13 20

Sappey et al.. 16 Control 0.56 ± 0.07 1.76 ± 0.10
1994 25 CDCII 0.24 ± 0.03 0.94 ± 0.09

18 CDCIV 0.21 ± 0.05 0.42 ± 0.09

1'IIrich et al.. 33 Control 1 01.37
1994 (O.BS - 2.92)

116 HIV + 0.48 77

(0.06 - 1.69)

Mean :t standard error (SE).
Disease staging according to the Centers for Disease Control (CDC) classification system
of HIV infection. Appendices 1 -3. HIV+ indicates unspecified disease stages.
Mean (range).

W = involuntary weight loss greater than 10% of baseline body weight.

NW = absence of wasting.
Median (range).

N Normal reference range according to Monsen. 1987.
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• Tahle 4. Continued.

Vilamin E slatus, aeeording to dilTcrcnt authors.

Sludy Samplc Subjeets Plasma 1serum Percent
size (mg 1 L) Deficient

vitamin Ea

1\' = 5-20

Javier el al.. 1990 70 CDC Ill' 8.20 ± 0.04 27

Bogden el al.. 1990 6 Asymptomatie 9.30 ± 0.10 12
17 ARC 1.09 ± 0.15 for ail stages
7 AIDS 0.87 ± 0.13 combined

Beach et al.. 1992 42 Control 9.80 ± 0.73 0
100 CDC III 8.90 ± 0.48 19

Coutellier el al.. 30 Controls 13.00 ± 0.47
1992 29 HIV+ 9.60 ± 0.52

Coodley el al .. 1993 15 CDC IV (W)' 14.40 ± 1.30 0
Il d 16.80 ± 1.78 0
21

CDC IV (t\'W)
13.70 ± 0.92 0CDC III (NW)

L1Ck el al .. 1993 120 Asymptomalic 7
for ail ARC * Il
stages AIDS 50

combined

Baum el al.. J995 108 HIV+ 8.64 ± 0.46

N

*

Mean:!:: standard error (SE).
Disease staging according to the Centers for Disease Control (CDC) classification system
of HIV infection. Appendices J -3. HIV+ indicates unspecified disease stages.

W= involunlary weightloss grealer than 10% of baseline body weight.

NW = absence of wasting.
Normal reference range according to Monsen. 1987.
Values not published.
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T"h/~ .J. CoJltiflued.

Glutathionc (GSH) status, according to difTcrcntauthors.

Study Sample Subjects Plasma 1serum Lung ELF l'ercenl
size GSH' (Jlmoll L) GSII' Deficient

N=57-80 (IImol 1 L)

Buhl et al .. 19 Control 183.9 ± 29.8 270 ± 14
1989 14 COC Il' 60.5 ± 12.5 170 ± 23

de Quay et 6 Control 181.3 ± 73.7
al.. 1992 9 HIV + 116.7 ± 0.9

Coodley et 15
,

68.7 ± 8.3 14COCIV (W)
al.. 1993 11 COC IV (NW)" 64.3 ± 17.5 25

21 COC III (NW) 64.2±13.! 30

Mean ±slandard devialion (SO).
Oisease staging according ta the Centers for Oisease Control (COC) classification
system of HIV infection. Appendices ! and 2. HIV+ indicates unspecified disense
stages.
W= involuntary weight loss greater than 10% of baseline body weight.

NW = absence of wasting.
N Normal referenee range nccording to Coodley et al.. 1993.
ELF Epithelial lining fluid.
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• Tahle 4. Colllilllled.

Zinc status, according to different authors.

Sludy Sample Subjecls Plasma 1serum Percenl
size zi nc' (pmol 1L) Deficient

N = 11.5 - 18.5

Fal UlZ et al., 1989 23 Heterosexual HI V- 17.3 ± 2.3
25 Homosexual HIV- 18.2 ± 2.0
29 Homosexual CDC II' 16.8 ± 2.8
47 CDC III 16.6 ±3.3
24 COCIV 13.0 ± 2.4

Beck et al., 1990 26 Heallhy 17.9 ±3.5 0
59 HIV+ 18.1 ±4.9 2

Bogden et al., 1990 6 Asymplomatic 11.9±2.4 30
17 ARC 12.5 ± 2.7 for ail
7 AIDS 11.9±4.2 stages

combined
Waller el al.. 1990 14 Control 9.6 ± 0.3

7 Asymplomatic 12.7±1.2
16 ARC 11.5 ± 0.8
13 AIDS 13.3 ± 1.7

Conri et al., 1991 Controls 19.1±1.9
29 CDC Il 10.2 ± 2.6
14 COC III 10.2 ± 3.2
42 CDCIV 9.8 ±3.2

Gmham et al.. 1991 54 Control 13.7 ± 2.1
54 Stable HIV+ 13.5 ± 1.8
54 Progressor HIV+ 12.6 ± 1.7

Beach et al., 1992 42 Homosexual HIV- 12.9 ± 2.5 17
100 Homosexual HIV+ 12.6 ± 1.9 26

Coodley et al., 1993 15 CDC IV (W)' 17.4 ± 6.4 0
Il , 14.8 ± 4.6 20
21

CDCIV (NW)
17.6±3.8 0COC III (NW)

Sappey et al., 1994 16 Control 12.3 ± 2.5
25 CDCIl 10.5 ± 2.7
18 CDCIV 7.8±1.4

Baum et al .. 1995 108 HIV+ 13.7 ± 6.3

N

Mean ± standard deviation (SD).
Disease staging according to the Centers for Disease Control (CDC) classification system
of HIV infection, Appendices 1 -3. HIV+ indicates unspecified disease stages.

W= involulllary weight loss greater than 10% of baseline body weight.

NW = absence of wasting.
Normal reference range according la Monsen, 1987.
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• Tahle 4. COlllil/lled.

Selenium status [plasma, serum and erythroc)·te selenium, plasma and erythrocytc
glutathione peroxidase (GPx)J, according to different authors.

Study Sample Subjects Plasma 1 Erythro- Plasma Erythro- Percent
size serum cyte GPx' cYle Deficient

selenium' seleniuml (LI 1L) GPx'
(Jlg 1L) (Jlg/L) (li 1g Hb)

Zazzo et 10 Control 87 ± 12
al.,1988 10 AIDS 59 ± 21

Beck et 26 Healthy 76 ± 15 7
al., 1990 59 HIV+ 62 ± 15 17

Javier et 70 COC JIJ 108 ± 18 18
al.. 1990

Cirelli et 15 Control 103 ± 6
al., 1991 7 COCII 69 ± 9

7 COC III 68 ± 13
30 COCIV 65 ± 17

Olmsted 28 Control 195±20
et al., 26 ARC 126±38
1991 24 AIDS 123 ± 30

COlltellier 30 Controls 88 ± 17 334 ± 41 26.0 ± 4.0
et al.. 29 COCII 84 ± 16 285 ± 46 29.7 ± 9.2
1992

Sappey et 16 Control 72 ± 12 375 ± 78 42.4 ± Il
al.. 1994 25 COCII 70 ± 14 31O±71 47.0 ± Il

18 COCIV 44± 19 238 ±81 44.2 ± 23

,

Hb

Mean ± standard deviation (SO).
Oisease staging according to the Cemers for Oisease Comrol (COCj classification system
of HIV infection, Appendices 1 - 3. HIV+ indicates unspecified disease stages.
Hemoglobin.



• Tah/d. ChartJcleri.l'lic.I'in 24 HIV-.I'eropo.l'ilive men andwomen

Characteristic Mean (SE) Range %

Age (years) 41.0 (1.8) 30-61
Gender

male 79
female 21

Weight
usual weight' (kg) 67.6 (1.8) 50.0-83.0
currenl weight' (kg) 66.7 (1.9) 47.5-80.0
weioht chanoe'·b.< (ko) (-)0.9(1.1) (-) 18.3-(+) 9.7

" " "Body mass index' (kg.m') 22.7 (0.6) 19.5-30.0
Karnofsky score 93 ( 1.8) 70 - 100
Current cigarette smoker 46
Language

French 54
English 46

,.

SE

D;:lla m'ailnblc for ~~ suhjccl~.

Group wcight change =2: (inùi\'itlual \\'cightusu.d Iph:.iJlnc~1 - indi\'idual \\'eighl~urrclll)'

Dirrerence bel""CC" men" mmal wcight and menn CUITent \\'cight \\'as not significant bascd on
Siudenl's paired /-Iesl; p = o." 1.

Daia a\'ailable r,"'" 1 subjecls,

Slandard emlf.
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• Tah!e 6. Linearcorre!alionl1!<lnaZ\'ses: Auoâalion helween houy lIIas.\' index (BM/) or
age and oXiu<llil'e slre,I'S, illlmllno!ogicu! wul nlllriliona! l'ariab!es in HIIl­
seropositÏ\le men und ~V()11len

Parameter

Plasma malondialdehyde (MDA)
(nmol IL)

Leukocyte glutathione (GSH)
(nmol 1x 10' celIs)

CD4+
(cells x 10" 1L)

Ascorbic acid
(mg)

Energy
(kcal)

Prolein
(g)

P =< 0, 10,

r CoclTicicnt or correlation.

n Samplc size.

BMI Age
(kg 1m') (ycars)

r (n) r (n)

---- ---

-0.23 (IS) -0.19 (20)

-0.16 (15) -0,31 (17)

0.00 (19) -0.12 (22)

-0.13 (19) -0.14 (22)

0.35' (21) -0.10 (24)

0.34' (21) -o.OS (24)
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Tahle 7. Compari.mn of H1V-seropo.,ilil'e anlioxiJanl supplemenl users and nOl/-user."
wilh respecl 10 mean daily inlake.' of anlioxidanl micronwriem.\, energy and
prnleïn

Nutrient Ali Subjects Supplement Supplement Non- p value'
Users Users

Ascorbic acid (mg)'
mean (SE) 589.0 (157.1) 956.6 (269.7) 221.7 (37.8) < 0.01
n (% of n) 22 (100) 1J(50) J J (50)
%> 10 x RNI' 19 36 0

Zinc (mg)'
mean (SE) 23.8 (2.7) 36.7 (4.0) 16.1 (1.8) < 0.001
n(%ofn) 23 (100) 9 (39) 14 (61)
%> 10 x RN! 0 0 0

I~-carotene (RE)'
mean (SE) 3323.8 (824.6) 2060.7 (337.3) 2934.1 (1275.1) 0.26
n(%ofn) 22 (100) 9 (41) 13 (59)
%> 10 x RN!' 9 0 15

Energy (kcal)'
mean (SE) 3262.0 (206.1) 3393.0 (223.6) 3174.4 (333.3) 0.38
n 24 16 8

Protein (g)'
mean (SE) 130.0 (8.8) 127.7 (11.0) 125.7 (15.2) 0.37
n 24 16 8

Selenium Ülg)'
mean (SE) * 68.9 (27.4) * *
Il (%01'11) 22 (100) 9 (41) 13 (59)
% > 10 x RNl * 0 *

Vitamil1 E (lU)'
mean (SE) * 193.5 (69.6) * *
11(%01'11) 22 (100) Il (50) 11 (50)
% > 10 x RNI * 45 *

DilTcrcnccs bcl,,"ccn antio"\idant supplement uscrs & non-U5crs ba.;cd on Studcnt's 1-test.

Value represents combined flXld and supplement intake.
Source: Health & Weil'arc Canada. Nutrition Reeommendations. 1990.
1 RE (retinol equindent) = JO lU (international unit) fl-carotene. RNI ("itamin A) = 1000 (males);
HOO (females) RE 1d

Value represents food intake only.
Value rcprcscnts supplcrncntution inli.lkc onl)'.

SE StallJard ormr; n =sample size; RNI =Recommended Nutrient Intnke; * =datn unavailable.
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TahleS. Supplementatinn profile of 24 HIV-serop".\itve melllllltl WIII/len

Subject Nutritional Supplement'
(known)

Nutritional Supplement'
(unknown)

vitamin C. E, B-carotene, zinc. selenium.
iron, magnesium. B-complex. super C
and rosehips

*

*
garlic. yarrow. power lime B. vitamin B.
E

*
*•

•
*

acidophilus. garlic. lecithin, folic aeid­
cyanocobalamin. coppel'. ubiquinone.
folic acid.

*
gi nseng. energy powder

plus

plus

plus

minerais

minerais

minerais

vitamin C
multivitamin
antioxidants

*
multivitamin 1 minerais plus
antioxidants. vitamin C

multivitamin
antioxidants

*
multivilamin
antioxidants

*180
184
188

150
159

196
232

168
175

011

•

*
•

1 nlinerals plus
vitamin E. p-carotene.

*
affalfa
•

*

primonol. bionavinoid, Siberian
ginseng, yogurl
relaxen. Chinese herbai: composition A

algae
•
spirulina (cyanobacteria). yogurl
•
yogurt. garlic. wheat germ oil

*
*
garlic. horsetail extl'actmulti vitami n

antioxidants.
selenium
vitamin C

*
multivitamin minerais plus
antioxidants
vitamin C. E. B-complex. B-complex­
antioxidants. folie acid. zinc
multivitamin 1 minerais plus
antioxidants
•

*
vitamin E. A. B. D-calcium. magnesium
multivitamin 1minerais
•

963

704
775
302

835

877

325
342
398
461
468
486
512
660

•

Nutritionai supplements with kno",n compositions and average daily do~gcs.

Nutritional supplements with unknown antÎoxidant compositions, Of u\'cragc duily dosages.
Subject didnot report supplcl11enlation usage.

Source: Canadian Pharmaceutical Association: Compendium of Pharmaceuticals and
Specialties. 1995; Self-Medication Product Information. 1993.
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Table 9, Compari.wm 0/ dichotomi:ed groups with respectto plasma lIlulondialdehyJe
(MDA), leukol.',\'te glutathione (GSH) and absolllle CD4+ concentration.\ in
HIV-seropo,\'itiw! men und wOl1len ._-

P".munctcr ASl:orbic Adda Vilamin E" Ascorbk AdJ Vitamin E

(mg / d) (lU) (mg / d) (lU)

~ :!OO < :!OO ~30 < 30 User Non-User User Non-User
----.---...-----. ---------._--- -------------- ---------_.---

Malondialdehyde(MDA)

(nmol / L)

rncun lili7 R:!5 1155 R:!4 n:!! R:!1i 971' 4R3

(SE) (177) (:! 11) (4:!7) (:!43) (l31i) (:!:!9) (:!:!4) (R4)

n Il 7 4 5 1:! R 9 Il

G1utmhione (GSH)

(nmol / .\ 10' cells)

mmn IliA ::.8 ~:!.I 15.5 :!0.3 1liA IRO 18.9

(SE) (:!.1) (5.1) (:!.Ii) (3$) (3.:!) (:!.5) (:!.7) (3.:!)

n Il 5 3 5 9 8. 8. 9

CD4+

(\ lIT'; L)

• mcan :!53 144 197 351 179 :!KR :!R7 11i8

(SE) (73) (38) (50) ( ,:!n) (53) (8:!) (74) ($)

Il 14 li 5 7 Il Il 1:! ln

Value represents combined fmd and, if applicable, supplement intake.

Value rcprcscnts supplement inlakc only.

p < 0.0.5 fnr the dilTcrcnccs bct,,"ccn groups \ri thin dichotomi7cd categories bac.;cd on the Studcnt's
'-test.

lU Inlcmatinnalunits.
SE Stand,,,,j elmr.

n Sampie sile.
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Tahle J(). CO/llparison of dichot()mi~edgroups wirh respecr ro !,laslIla lIlaltmdialdehyde
(A/DA). leukocyre gllllurhione (GSH). uh.l'olllle CD.++ collccllfrurioll.l alld IIIcall
duiZ" mcorhic acid inrake in HIV-sero!,osirive lIlen alld WOlllell

Parameter Sample C04+ Smok~r

mean (x 10' 1L)

> 200 < 200 Yes No
-----------------------. --------------._----

Malondialdehyde (MDA)
(nmol IL)
mean 703.1 937.6 578.8 884.4' 481.4
(SE) (121.0) (200.3) (167.5) (193.8) (93.3)

n 20 8 10 9 9
G1utathion~ (GSH)

(nmol 1x 10' cells)
mean 18.5 13.7 20.5 18.0 19.2
(SE) (2.1) (3.6) (2.9) (3.4) ( 1.8)

Il 17 5 9 7 10
CD4+
(x 10'"{ L)
mean 232.7 422.3' 79.8 215.6 244.8

• (SEI (48.9) (78.6) (17.5) (49.6) (77.0)

n 22 10 12 9 13

Ascorbate intake'
(mg)
mean 589.0 619.9 608.8 496.5 653.1
(SE) (157.0) (24.1 ) (228.1) (267.9) (197.8)

Il 22 9 12 9 13

Value represents eombined food and. if applicable. supplement intake.
p < 0.05; f P < 0.001 for diffcrcnccs bctwccn groups within dil:hntomi/cù categories bas<.'ù on the
Studcnt's ,-tc!'t.
It should he noled this is slalislically significanl duc ln lhe dicholomy criteri.. cswblished by the
inycstigator and is nnt rncant to imply c1inical significancc.

SE Swmd~deITo~

n Sample size.
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• Tahle Il. Linear corre/alional anal\'.les: Mean dail\' miL'f'(}/llllrielll illlakes,
malondialdehyde (MDA), leùkocYle gllllalhiol1e (GSH) wul CD-I+ l<'l'el.l l·er.II/.1

oxhul1ive slre.1'S (MDA. GSH) and immlll1ological ([0-1+) pammelers il1 H1\'-
sernpw'iilive men and vl-'omen

Plasma MDA Leukocyte GSH Absolute CD-I+
(nmoll L) (nmol 1 10' cells) (x 10"IL)

r' (n) r (n) r (n)

Dietary
Total (supplement & food) intake:

Ascorbate (mg) 0.33(18) 0.03 (15) -0.05 (20)
~-carotene (RE) -0.19 (18) -0.35 (16) -0.23 (21)
Zinc (mg) 0.12 (19) 0.20 (17) -0.07 (21)

Supplement intake only:
Ascorbate (mg) 0.46 (8) 0.26 (8) -0.18 ( 11)
l~-carotene (RE) -0.46 (7) 0.01 (7) -0.10(<))
Zinc (mg) -0.35 (6) • 0.32 (9)
Selenium (fIg) -0.52 (7) -0.11 (6) 0.07 (9)
Vitamin E (lU) 0.17 (9) 0.32 (8) -0.16 (II)

Food intake only:
Ascorbale (mg) 0.08 (20) 0.01 (17) -0.28 (22)
Il-carotene (RE) -0.11 (20) -0.33 (17) -0.20 (22)

• Zinc (mg) -0.11 (20) 0.32 (17) -0.27 (22)
Energy (kcal) -0.13 (20) 0.17 (17) -0.31 (22)
Protein (g) -0.10 (20) 0.28 (17) -0.30 (22)

Oxidative Stress
Plasma MDA (nllloi 1L) 0.17(16) 0.13(18)
Leukocyte GSH (nmolll 0' cells) 0.17(16) -0.48 ( 15)

Immunological
Absolule CD4+ (x 10"1 L) 0.13 (18) -0.48 (15)

Ali "alues \l'cre not slatistically significant at p = (1.ll5

r Coefficient of correlation.
n Sample size.
RE Rctinol cquinllcnts.
• Ali subjects \l'ilh GSH measurcmenLs supplemented \l'ith the ;ame lel'el 01' zinc, therel'nrc

correlational analysis is nnt applicable.
lU International units.

Not applicable.



Tahle /2. Linear correla/ional af/(JZ\'.I'es: Polymorphonuc!ear (PMN) leuko(yte.1 versus
plasma IlUllondialdehyde (MDA), leukocy/e glUlathione (G5H), ahsolUle CIJ.++

COl/nts andthefive antioxidant lIlicronUlrients (vitClinin C, E, (J-camtene, :inc,
.l'e/enium) in HIV-.I'erop0.l'itive men and women

Parameter Polymorphonuclear leukocytes
(cells x 109 1L)

r (n)

Plasma malondialdehyde (MDA)
(nmol 1L)

Leukocyte glutathione (GSH)
(nmol 1x 10' cells)

CD4+
(cells x 10" 1L)

Vitamin E - supplemental
(lU)

Selenium - supplemental
(fIg)

Ascorbic acid - tota'
(mg)

Zinc - total
(mg)

Il-carotene - total
(RE)

r Cocrficicnt of correlation.
n Samplc si7.c.
RE Rctinnl cquivalcnK
lU Imcmalinnal units.

95

0.10
(17)

-0.46
(12)

0.37
(21 )

-0.48
( 11)

-0.54
(9)

-0.13
(20)

0.20
(20)

-0.08
(20)



• Tahle 13. Linear correlatinnal analyses: DietQl)' intakes. II/alolldialdehydc (IIIDA).
glutathione(GSH) andCD4+ lel'els venu.' oxidatil'e .l'Ires.' (MDA. GSH) alld
immul1nlngical (CD4+) paramelers in stratified groups of HII'-seroposilil'c
men and women

Strata Dependent Plasma MDA Leukocyte GSH Absolute CD-++
Variables (nmoll L) (nmol 1 10' cclls) (x 10" 1L)

r (n) r (n) r (n)

Vitamin C Total ascorbate
(mg)

user 0.42 (8) 0.31 (8) -0.25 ( Il)
non-user -0.24 (J 0) -0.29 (8) -0.28 ( 10)

fl-carotene Total Il-carotene
(RE)

user -0.01 (9) 0.17 (7) -0.21 (9)
non-user -0,29 (13) -0,48 (9) -0.32 ( 12)

Zinc Total zinc
(mg)

user -0.59 (6) 0.25 (6) -0.02 (8)
non-liser 0.12 (12) 0.36 ( 10) -0.19 (I~)

Supplement' Energy
(kcal)

e- user -0.28 (12) 0.32 (10) -0.29 ( 15)
non-user 0.07 (8) 0,12 (7) -0,42 (7)

Supplement' Protein
(g)

user -0.21 (12) 0.38(10) -0.29 ( 15)
non-user -0.05 (8) 0.27 (8) -0.32 (7)

Vitamin C Total ascorbate
(mg)

::: 10 x RNI 1.00 (2) -0.18 (2) 1.00 (3)
< 10 x RNI -0.12 (16) 0.04 (14) -0.07 (18)

Vitamin E Supplemental
vitamin E (lU)

::: 10 x RNI -0.09 (4) -0.14 (4) -0.72 (5)
< 10 x RN! 0.92' (5) 0.50 (5) 0.58 (6)

,
r

n

RE
lU

Supplcment is defined as the cnnsumptinn nI' any anlin.xidant supplement (vitamin C. E, fI­
carotenc. selenium. 7jnc).

Value \\,us st<ttislic.t1ly significant at p < 0.05

Cncfficient of cnITclatinn.

Sam pie size.
Rctinol cquivalents.
International units.
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• Tahle 14. Linearcorrelalionalanalyses: Mean pla.mUJ MDA, leukocyle GSH. ah.\OlWe
CD4+ and lolal a.l'corhic add intake ver.I1I.I' oxidalive slress (MDA, GSH) and
imlllllnologicai (CD4+) paramelers slralified on Ihe ha.\'Ï.V of sllloking .l'talus in
HIV-seroposilil'e men and wOlllen

Strata D~pendent Plasma MDA Leukoeyte GSH Absolute CD4+
Vadablcs (nmol / L) (nmol / 10' ecUs) (x 10' 1L)

r (n) r (n) r (n)

Smoker
MDA (nmol 1L) 0.78' (7) 0.41 (9)

GSH (nmol 110' ecUs) 0.78' (7) 0.15 (5)

CD4+(x 10"IL) 0.41 (9) 0.15 (5)

Total aseorbalc (mg) 0.51 (9) 0.33 (6) -0.04 (8)

NOI1-Smoker
MDA (I1mol 1L) -0.34 (9) 0.17 (9)

GSH (I1mol 110' eeUs) -0.34 (9) -0.54 (l0)

CD4+(x 10"IL) 0.17 (9) -0.54 (10)

Total aseorbate (mg) -0.22 (9) -0.13 (10) -0.07 (13)

Value \\'as slatislically signiricant al p < n.os.
r CoclTicicnt or correlation.

n Sample sile.

Nol applicable.
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FiMure 1. EI'o!lItiOJl Of tlzt! typicu! course (1'Hl\' inft!ction

After abolit 12 weeks post-infection. blood~borne virus (plasma viremia) is undelectable.
However. CD4+ cell levels steadily decline during Ihîs c1inical lalency period. probably
because of aClive viral replication and T·cell infection in Iymph nocles. When CD4+ lev('1 s fall

~

·below a critical level (about 200 / mm ). there is a high risk of infeclion.

Source: Abbas et al.. 1994; Pantaleo et al., 1993.
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Figure 2. Mechanisms of oxidative .\'tres,H'ru1uced viral replù.:aJionandapoptosù'
T cells maintain a suitable redox equilibrium by balancing intracellular levels of oxidants and

antioxidants. Free radicals and the calcium influx resulting from cellular membrane lipid

oxidation may cause the dissociation of NFKB from lKB allowing translocalion to the nucleus.

Ultimately, these factors are associated with long terminal repeat (LTR) activalion leading lo

HIV replîcation and programmed cell dealh or apoptosis,

Source: Adapted from Buttke and Sandstrom, 1994; Larrîck and Wright 1990,
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Fi/lure 3. Anfioxidanr micronutrienl interactions

Source: Machlin and Bendich. 1987
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A.) B.)

RNl c.) RNI D.)

•

lncreasillg Nutrient lntake

Figure 4. Differentialre.\ponse 10 mic:ronutrient suppl)'
Hypothesized pathological responses to various nutrient intakes. The micronutricnt A
provides the maximum protection it can afford against HIV at an intakc at, or even slighlly
below, the Recommended Nutrient Intake (RNI) (Health and Welfare Canada, 1990). For
micronutrient B, increased protection is provided at and beyond the RNI. For micronutrient
C, however, the protection afforded against HIV pathology continues only to a certain point,
therefore demonstrating a threshold effect. Finally, micronutrient D shows benefit at or close
to the RNl, but detrimental effects against HIV ~;,,;;shown both at very low or high intakes.
Source: Adapted From Pryor. ]991.
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Disease

severily, chronicily,
morbidily, mortality

erratic course

Patient Physlclan
demographical, sociocultural 1- demographical, sociocultural

social support system, locus 01 control education & training, communication skills
health beliels, attitudes, knowledge attitude towards unproven therapies

Therapy Socletal
efficacy 01 convenlional therapy 1- social stigma or diSC!Ïminalion

availability 01 investigational therapy cost, availability and access to care
availability 01 unproven therapy mass media atitudes

Cho/ce of Therapy
conventional

unproven

Figure 5. FacTors conlrihUling To unprovenTherapy cl10ice

Unproven therapy is defined as therapy with insufficient evidence to establish efficacy or
safety. while conventional therapies have evidence and experience attesting to their safety.
efficacy and palliative qualities. The social stigma associated with HIV infection combined
with the wide variety and availability of unproven nutritional therapies favours the choice of
unproven therapies.

Source: Adapted from Dwyer et al., J988.
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Figure 6. Mean dai/y intakes of al11ioxidant nUlrienls expressed as a percel7! (1 Jl)C)O
RecommendeJ Nurrient Intakes (RN/) for Canadians in HIV-seroposilil'e
supplemenT mers and non-users

'" Difference between total mean ascorbate inlake of supplement users vs. nOI1-

users: p < 0.01; Student's l-tesl.
'" * Difference between total mean zinc intake of supplement users vs. non-uscrs:
p < 0.00 1; Student's t-test.
***1 RE (retinol equivalent) = 10 lU ~-carotene. RNI (vitamin A) males = 1000
REId; females 800 REId.

Source: Health and Welfare Canada, 1990.
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Figure 7. Comparisnn of mean plasma malondialdehyde (MDA) concentrations with
respect to ahso/ure CD.++ ce" counts in HIV-seroposilive men and women
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Plasma Malondialdehyde vs. Leukocyte Glutathione
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FigureR. Scarter plot diagram of plasma malondialdehyde (MDA) concentration and
ahsolute CD4+ cell COli/US in HIll-seropositive men and women
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APP(!Jdi-r 1. Centersfor Disease Controt d:7.'s((icnlfoll sysf('/II of JJI1,' i"(ectio,,

•
.-\ euh- HI\' S) ndron1l"
·\symptoll1atÎc ini'cctÎpn
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>~~'llrulo~ictl di:::l'aSl'
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Appendix 2. Cenlers jor Disease Conlrol surveillance case dejinilion jor .4lDS (]993)

'.

J.

,

" Indic,lIor dj!icasc'i (l1:l~lln!>cd dclillili\"cly in the :lhSCllCC of
nther c",uscs of imlllllnodclicicllCY ami v,:ilholll lilhor:tlor:'
C\'IUCllCC 01 Hl\' illl(,-Clioll

1 Cmdidiasis of the csoph;'tglls. lrache:\. bronchi or
lunl!:ç
Cr)'pLcx:o.:..:osis. eXlmpulmüliiU)'

CI) JlIOSJ!Olidiosis wilh tJiarl"lu:'1 Ill::nisljlJg'~ 1 lllonlii

C';.'lolllc;!"!(l\"ims di~casc of ;11l;.' or:;:<lll c',dudin;
Ij\'cl', spleen ;1!Ir1 Iymph !lOnl'S flaljent :- J IIlnnth of
;J~\'

JkJr~.' ~il1ipk:. vi:"): ilifù::i';>l; "::.-"::>ll::.: ;1
rnIlCOl:III,HlCOII,> IIkcr pcrsislill'? mont!J: or
trl\lli":lUll:i, PllCUlllOll:a ur c:;o;.'ha:':lü~. 1:; =: ~·:ltiCl:l
monlt; nf :l:;C

tl. K.'p(Jsi's s.1rcoma i/lOl p.'Iicnl ~ hO ycars of Olge
LYlIlphuma ot' Ihe brui" (primar;.') in a pallelll .: l)l) years of a~e

J. L)'llliJllOid ilHcr:>tllial PUClllllOlllJ aud or pulmollar:'
JYlIIrh{)irt !IYP"r'ï'!;)';i;) ::1 :1 .:hil·! 1.' Y":lr', of ô1;C

:! .'hc(lI/(lC/I'ri"rn 07dum o:omrlcx or ,\1. ho71r.uuii
i.lj~I:;1 ~I: (dl~~c:lllIlJollc;:il i

C, lndicator disc;I:;CS di:lguosed Prcstlllll"ltÏ\'ely in the prcSCll':'
of laroratory cvÎdcncc of HlV Înreclion

1. CaurJidia:;i:; of tilt: esophagus
Cytollleg;tlo\'jrus retinitis with loss of vision

3, K.1po..i'~ S:lrcom;t

~, Lymphoid interstiti31 pncumonia and 1 or pulmonary
I)lllphoid h:.'pclJllûsiû in a child ;;: 13 )"cars of age

5. ~l:;.:ohaclerial riiscas(:, disscmilJaIC(\
/'; rl!l"llm(lr::~'i.~ c((riJJiiJ'I1~urJJnllh

To,",oplaslltosis of thc hmil! il!:J paticIII :-- 1 mO/tIlt 0 l'
a~c

"~, l'/I"If/fl(lf'y:!i~ a:riJ' if P:1CH11l0ni;l

Toxopl<lsmo'>is of the hmÎn in a p<lticlIl
,q!.ç

llllonlhof

P, Indl':;llor .Ii';c;l'.,,', 1!i:t211n.,crl dclinitl\.::!·; rCZO'lrIllc:>s ot' lhe
l'T'CSCIICC of olher cau5c"s of inlmllllorlel~ciell':~' anri in thc
l-'n:,~çlJ~'c: \"1 i.lt·\.']',Hl'l)' ~.\ id"'Il~'c \..( lUY Il!ll.:I.'\lt·u

! :\~":: (!:·;~:': ..c h..,<,·l i:' ;-(,,·li·,:,.1.

0, lllclic:tmr dj~e:t~e~ ni";:llo~ctl defilli:I\·cl:. in the :lb":;l1CC "f
olher callses of immllnoricticiency ;tml in thc prescnce of
Il''';':',:!l\\:' IC~l\ltS Il'!" iil\' illll:,;tit\::

1 l'TIr·:'''!'::i";·::i" ("r.rbftipn':-i:mt'1:i:1

E. 11lc 199.~ c:"pandcd definilioll in..:l11dc.·.~:

1. ."'Jl Hi\'·iniected persons wjlO have <. 2~JI) Cr.4~ ï
J:;IlIl-"ill...·:.I~' .;:OU1Il:, pel" Iô I Î..r'Jli:rc. ,.\;' ;1 C1';~.

lymphocyte pcrccntn:?c of tOI.,llymphoc:'·fCS of I~

2. PulmolJar;: tIIbcrculosis
3. Rccul1l.::n pllcullllJ:li~

.j Ll\';l',j·,< .:, r~i ....;d C"ll.~';.,

,

~.

9.

1"
11.
12,

P~'cleri;'J1 inrecli.-1II5 /mll1fil'lc or rccurrcnll in
l,,:lllldt'''I.'';' 1J !I:<l. > ut ;I~C: ~'1l1>c:\1 t,., IÙI"/lllJjlIÜil •.>.

~','r",·'r(l.·('c{'11:, or olher r:;r':!cn:: !':lclcri:l

C"occklioidomyco:>is. di5"scmiJmlcri

Hl\' ellceplJalopath~'

I1J5IOpla:;lllo5i:;. c.!i:>5cm lIJa:.. rJ
I·: .....:l',n:l';i:> wilh di:ll'diC:: J'c:,~i~'i:;~ ) p·"'lI'h 0f :•.:r

K.'ro~i's s;tl'corm ;'JI 'IllY ;tge

!'joll·HorJ~KlIl·S 1)'lIlpholllJ 01 B ccII 01" unKllOWIl
l'tll'\lnl~J'l" .l1l1i ll.,\jll': lli)lllll',;;i< I.'l'l "i :.111,1;' II','''"
cle"\',,d lymphollla or jll1rullll(..hl;I~lil' S:,ll"':Ol1101
Ail)' mycohaclerial dis:case, disscrnlllo1lcd. cxelllciing
.\1, lllb,'rl'lIillJù

.\l 7ilb("rcu!C':is c':!r.1l'trhn"Il.l:::
Sn!mollrlln fnolllyphoidl sepficeOli:l, rccllrTcnf

H..IV wasting' syndrome

,
Orher iudÎ..:;tlor diseascS" li51Cd in sccliOll :\ ;11I11 C[)~­

'll!ll.l'ho..:!'I~ ";Ulllll..;,, ..l!)\1 ~l 1II1";lulitp;

Source: Ctnltrs for Dista~é Control 1(}S.... ; 1993
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Appel/dix 3. Criferia/or AIDS'-I'clah"d c'of/lple.\ (AR(,)

Th.:- C'enter... fc'l' Di:'.t:l'-.t Contl\A dot:'. nn! prr,\'idt ;~l prel.~i~t: dt:finition of /\F~C.i hlil 1",:1:1"1*-.'1"
(;!:J"sifi('-J il ;;h ,ln A1D~:':' likt ,.;,ynl1iY1lïJt. n(ltirlg th:l1 il j:=, ."~TI(JnYJTI('lh with pr(' AIDS ilJü\

Ï'l",-,(:r'.ïJi.:,l :\!DS Th;;- Ïlltdic:I1I2C'lnilHîllil:; h,"l" ~ldùr,itd lb (l\'.n .!t-:il-IÎl: .... j; kl~l..:d \'111 \;~;~IIl ... I\,,:
cl;:ju;;t-s in tht CDCddïnitj,'lrt ':Jf .\lDS

F\:-r~l()n~ '.'1::11"1 !!l\' illî"ù1lclH :,:;1-t"-i h:l':t '\.:()I~~,iitu1i(lrl.:tl "Yl1lpidll:"" ('l' .. l~llJ~.l:
ilhn':'rlnzditi\:.;, iLiiÎ :r,,:ù:Jjj(!.:IL:. 1:. ïj'li,:'I:Il":;:"Ïll'Ï':I:hy :1I(' I.:è".:rih.:.i': ,'1" p:llitrli'" \\-Îil'I /\I~C' ';'lll.'".l
irJ..:.ll1d~ p:11ICTi~,~ ',;;itL<1 feïcr J;;::r"'i':'~jlJt: 1(.'1' i1]('i\. ~h.:ln "Ill:; m(.>nlh, in·,·(':lm:;lr~, "'citll~ L, ....,
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Physician:•
Date:

Study:

:lp/!I'lu/ix -1. S''''''''IIillg (jlll'S/mlllllli,..'

Subject Code:

Oxidative stress and ascorbic acid self-supplementation in HIV infection.

_/_/­
(YI MI Dl

Medical Checklist:

HIV positive:

Date of initial HIV seropositivity:

Karnofsky score:

3 most recent AlD5-indicator 0.1.:

y N

#1

#2

#3

Are AIDS-indicator neoplasms present?

Date (yIM/D):

y N

If "yes", specify:

date of diagnosis: _1_1­
rIl MI Dl

Are any of the following conditions currently present?

oral candidiasis (more than a seant amount)

fevers in last 3 weeks

diarrhea (defined as 3 or more unformed
or liquid stools 1day)

for how long?

atherosderosis/heart disease

diabetes

active neoplastic disease, (unrelated to AlOS)

Any other condition which is associated with
obvious signs of inflammation?
(e.g., widespread skin rashes, swollen joints, fever)

111

y

y

y

y

y

y

y

N

N

N

N

N

N

N



APl'('lIdix 5. Medical Questionnaire

• Subject Code:

Medications:

acetominophen
dose:

aspirin
dose:

ALL medications used in the previous 6 weeks:

y

y

N

N

•

NAME DOSE FREQUENCY DATE STARTED

An

DDI

DOC

SEPTRA
(or other
combinations of
sulfonamide-
trimethoprin)

OTHERS:
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•
Appl'lldi.r 6. Delllo.~raphic QuesTiolll/aire

Date:

Dietitian: Subject Code:

Study: Oxidative stress and ascorbic acid self-supplementation in HIV infection.

Weight history

usual or pre-illness weight

current (date)

> 10% weight Ioss over 3 months

height

Date of birth

Gender

Smoking status
smoker, non-smoker, former smoker (date)

113
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•
Al'l'l'lIdix 7. Supplemelllatioll Questiollllaire

Date:

Dietitian:

Subject Code:

NUTRITIONAL SUPPLEMENTATION QUESTIONNAIRE

1. In the PAST 3 WEEKS, have any MULTlvitamin/mineral supplements been
consumed?

1. No. Proceed to Page 2.

2. Yeso

Brand Name of: Number of pills Number of weeks,
per day OR week? months, OR years

that you've been
taking the
supplement?

Mu1tivitamin/mineral:

1. / day weeks
/ week months

years

2 . / day weeks
/ week months

years

3 . / day weeks
/ week months

years

4. / day weeks
/ week months

years
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In the FAST 3 WEEKS, have any of, the following SINGLE nutrient
supplements been consurned?

1. No

2. Yeso

•

•

Type Brand Name mg, lU, or Number per # of wks,
mcg per day or mo, or yrs
pill/dose? week? that you've

been taking
the suppl?

Beta-carotene - / day -- wks

- / wk - mo
yrs

vitamin C -- / day -- wks
- / wk -- mo

- yrs

Vitamin E -- / day -- wks
-- / wk -- mo

yrs

zinc - / day - wks
-- / wk - mo

- yrs

Selenium - / day -- wks
- / wk - mo

- yrs

Copper - / day - wks

- / wk - mo
_yrs

Cysteine -- / day -- wks

- / wk - mo
_yrs

Cod liver oil, -- / day -- wks
Halibut liver oil - / wk - mo

yrs

- / day -- wks
Glutathione - 1 wk - mo

__ yrs

Iron - 1 day -- wks
-- / wk - mo

__ yrs
-
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•. 3 . In the PAST 3 WEEKS, have any Other nutritional supplements been
consurned?

Type Brand Name mg, lU, or # per day # of wks,
mcg per or week? mo, or yrs
piU/dose? that you've

been taking
the suppl?
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.'ppl'fldl.\ S. 1)il'1 lIislory QI/t'SI ;tJ1lJ1f1irt'

• Nom: Taille: Poids:

Qui prépare les repas

Régime spécial suivi:

Nombre de repas pris à l'extérieur: Mangez-vous seul?

•

•

DIETARY HISTORY

24 Hour recall

Momlng meal Noon meal Evening meal

Collation CollatIon Collation



1 Grosseur Portion Fréquence de
consommation

Groupes alimentaire et Quantité Métrique Par Par jour Commentaires
Description habituelle semaine

Lait et prod. laitiers

lait % M.G.

Milk Drinks

Fromage % M.G.

crème glacée/lait glacée

Yogourt aux
fruits

nature

Pouding/Costard
(dessert au lait)

soupe Crème
avec lait ou crème

'\

viande et substitues
abâts foie...

Sandwich
viande
charcutrie
autres





• ~grosseur des portions Fréquence de
consomation

groupe alimentaire pallia" Melrique par par jour Commentaires
et habiluelle semaino

description

Légumes verts
~. cuit

non cuit

jaune

Autres

Pomme de terre
purée. bouilli. au four avec
ou sans beurre

pomme de terre frites

Soupe aux légumes

Fruits citrins
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e e
Céréales: Sucrées

non-sucrées..

~ines et suppléments

nls diététique

Riz sans ou
avec beurre

Pâtes

sauce tomates sans viande
sauce tomate avec viande
sauce blanche + fromage
avec beurre ..

;

Beurre d'amchld9 -

noix

Bière
régulière
.05

vin

alcool



e e·
Grosseur des portions Fréequence de

consomalion

Groupes d'aliment et Portion Mélriquo Par Par jour Commentaires
habiluollo somaino

Description

Gras
Beurre
Margarine

sorte:

Huile
sorte:

VinaigreUe
régulière
lègère

Mayonnaise
régulière
légère

Crème % gras
Crème sûre % gras

Gâteaux

Tartes

Patisseries

Beignes

Shorbet
Jello

----_ .._.~ ..



tL,
autres .
Crêpes

(avec ou sans sirop)

Confiture

Gelée

Miel

Sucre

Sirop

Friandises (bonbons)

Chocolat

Popcom
avec beurre
sans beurre

Chips

Bretzels

Boisson gaseuse
(rég. ou diète)

Gomme à machée
régulière sans sucre




