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Abstract

Background: Increased rates of death from asbestos related diseases have been reported for
people previously employed in the mining and milling operations at Wittenoom (Western
Australia), and people who lived in the nearby town, where they were environmentally exposed to
crocidolite.

Methods: Annual measurements of forced expiratory volume in | second (FEVI) and forced vital
capacity (FVC) and plasma concentrations of retinol, carotene and vitamin E have been made since
1992. Mixed effects models were used to examine the associations between lung function and the
plasma vitamin levels of retinol, carotene and vitamin E.

Results: After adjusting for potential confounders, higher plasma retinol and carotene
concentrations were significantly associated with higher levels of lung function at entry into the
study, while vitamin E concentrations were associated with lower entry lung function. Retinol was
associated with a less steep decline of lung function over time, while carotene concentrations were
associated with an increased decline of lung function over time and vitamin E levels were not
associated with changes of lung function over time.

Conclusion: These results support a beneficial relationship between plasma concentrations of
retinol on the levels and rates of change of lung function, while showing no such consistent
beneficial effect for plasma levels of beta-carotene or vitamin E.

Introduction tudinal studies have shown that greater intensity and
Respiratory impairment is an important cause of disabil- ~ duration of asbestos exposure are associated with greater
ity in asbestos-exposed people. Cross-sectional and longi-  impairment of pulmonary function [1]. A protective effect
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of fruit and vegetable consumption on lung function has
been reported, and a number of studies have found posi-
tive associations between pulmonary function and dietary
intake and blood levels of both carotenoids and retinoids
[2-4].

Crocidolite (blue asbestos) was mined at Wittenoom,
Western Australia from 1943 until 1966. Approximately
7000 workers were employed in the mining and milling
operations [5]. In addition, about 5000 people, who did
not work in the production of asbestos, are documented
to have lived in the nearby town, where they received
environmental exposure to asbestos [6]. Former workers
and residents were also frequently cigarette smokers, and
increased risks of asbestos- and smoking-related diseases
have been shown in these populations [6].

Cohorts of former workers and residents of Wittenoom
have been followed up continuously since 1975, and
since 1990 some of them have participated in an interven-
tion program including supplemental vitamin A in an
attempt to reduce the occurrence of malignant mesotheli-
oma and lung cancer [7,8]. The Program also included
advice on diet, stopping smoking and physical exercise. As
no beneficial effect was reported for beta-carotene after
five years [7,8], and other studies showed increased risks
of developing lung cancer in subjects taking beta-carotene
supplements [9,10], all participants have been provided
with retinol since 1997.

The aim of this analysis was to examine the relationships
between lung function and plasma levels of retinol, caro-
tene and vitamin E, after controlling for potential con-
founders, in people exposed to crocidolite in Wittenoom
who have participated in the Vitamin A Program. In ana-
lysing the relationships between plasma vitamin concen-
trations and lung function, we are not intending to assess
of the efficacy of the Program, which will be described in
a separate report (Musk et al, in preparation). The predic-
tors of the levels and the rate of change of lung function,
as well as the assessment of the efficacy of the Program,
have been described in separate reports ([11,33]).

Subjects

Cohorts of former workers and residents of Wittenoom
have been followed up continuously since 1975. In 1989,
all ex-residents or ex-workers that could be located were
invited to participate in the Vitamin A Program, and the
Program has commenced accepting in July 1990. Each
participant attends a clinic annually to receive a year's sup-
ply of the vitamin supplement. Annual spirometric meas-
urements and plasma vitamins determinations have also
been taken since 1992. All participants who had at least
one spirometric measurement and a blood test for plasma
vitamin concentrations performed on the same day were
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included in the present study. Participants were followed
from the time of their first test, until the last result availa-
ble before 23 September 2002. People younger than 25
years old were excluded from the analysis, because growth
in lung function continues until this age [12].

Methods

Plasma vitamin concentrations

On the same day as the spirometry was performed, a non-
fasting blood sample was collected and the plasma con-
centrations of retinol, total carotene, alpha-carotene, beta-
carotene and alpha-tocopherol (vitamin E) were deter-
mined by reverse-phase high performance liquid chroma-
tography (HPLC) [13]. Total carotene was measured from
July 1990 to May 1994, but subsequently, alpha- and
beta-carotene were measured separately. For this analysis,
after May 1994, total carotene was assumed to be the sum
of alpha-carotene and beta-carotene. For measurements
whose plasma values were undetectable by laboratory
methods, a value midpoint between zero and the labora-
tory's minimum detectable value was used (42% in alpha-
carotene measurements, and 19% in beta-carotene)
[14,33].

Pulmonary Function Testing

FEV, and FVC measurements were performed by trained
technicians according to the guidelines of the American
Thoracic Society (ATS) [15] and adjusted for body temper-
ature and pressure-saturated with water vapour. The high-
est of at least three technically satisfactory attempts was
selected. Only measurements in which the two highest
attempts fulfilled the ATS criteria for reproducibility (an
agreement within 5%) were included in the analysis.

Asbestos Exposure Assessment

Category of exposure (former worker or resident of Witte-
noom), age at first exposure, cumulative asbestos expo-
sure and radiographic asbestosis at first visit were the
indicators of crocidolite exposure used in the present
analysis. The three first indicators were obtained from the
Vitamin A Program records.

Methods describing the assessment of cumulative asbes-
tos exposure for workers have been described previously
[16,33]: job histories were obtained from employment
records, and fibre concentrations for all job categories
were estimated from the results of a survey of airborne
respirable fibres of crocidolite that was carried out at vari-
ous work sites at Wittenoom in 1966, and particle counts
performed by the Mines Department of Western Australia
throughout the period of operation of the mining indus-
try. Each subject's cumulative exposure was calculated by
adding over all their different jobs the product of fibre
concentration and the length of time in that job.
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For ex-residents, the estimation of individual asbestos
exposure levels has also been described in detail elsewhere
[6]. Subjects not working directly with asbestos were
assigned an intensity of exposure of 1 fibre/millilitre (f/
ml) from 1943 to 1957, when a new mill was commis-
sioned and the town was moved, and then 0.5 f/ml
between 1958 and 1966, when the mining operation
ceased. Since then, interpolation between periodic
hygiene surveys using personal monitors assigned expo-
sures from 0.5 f/ml in 1966 to 0.01 f/ml in 1992. Dura-
tion of residence was obtained from a questionnaire
completed at the time of attending the Vitamin A Pro-
gram. Individual cumulative exposure was calculated by
combining the duration of residence and the intensity of
exposure for each person. These calculations have been
demonstrated to be internally valid on the basis of lung
fibre determinations and dose-response characteristics for
mesothelioma, lung cancer and asbestosis [6].

To assess radiographic asbestosis, without knowledge of
exposure status, a panel of trained and experienced read-
ers read the plain chest radiograph at the first visit accord-
ing to the International Labour Office’s (ILO)
classification of the chest x-ray manifestations of pneumo-
conioses [17], utilizing the standard films provided by the
ILO for side by side comparison. For the purpose of this
study, radiographic asbestosis was defined as a profusion
score of 1/0 or greater, as indicated in the ILO guidelines
[17].

Smoking History Assessment

Smoking history was obtained from a questionnaire
administered at entry to the Program. Information on
smoking status (never-smokers, ex-smokers and current
smokers) was evaluated as a categorical variable. The his-
tory over time of smoking was not available for this
analysis.

Statistical Analysis

To assess the relationships between lung function and
plasma vitamin concentrations, the dependent variables
(FEV, and FVC) were regressed on time, controlling for
demographic characteristics (sex, age and height), asbes-
tos exposure and tobacco smoking. Plasma levels of reti-
nol, carotene and vitamin E (as quartiles) were included
in the model, both separately and at the same time. A lin-
ear trend was also evaluated by including the raw values
(continuos variable) of each plasma vitamin concentra-
tion. The main effect of each vitamin concentration was
interpreted as the level of lung function at entry into the
study, while the interaction of each vitamin concentration
with time of follow up (in years) was interpreted as the
annual change of lung function over time [18]. Specifi-
cally, levels of lung function at entry into the Program cor-
respond to the values of lung function (or differences
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between groups) when time of follow up was zero. The
analyses were performed initially for each vitamin sepa-
rately, and then by including simultaneously the three
vitamin values into the model.

The data were modelled by a general linear mixed-effects
model, using SAS PROC MIXED [19]. Random-effects
models are most appropriate for unbalanced longitudinal
data or when the intervals between measurements for
each subject are not equally spaced [18]. The model-
building process was performed following the steps sug-
gested by Verbeke and Molenberghs [18]. Initially, a
model with all the explanatory variables and their biolog-
ically plausible interactions was applied in order to
remove any systematic trends. In the second step, random
effects were included in the model; the best model was
selected according to a likelihood ratio test. Thirdly, sev-
eral residual covariance structures were tested and the best
was selected according to the Akaike Information Crite-
rion (AIC). Finally, the model was simplified by deleting
non-significant terms. Estimation was made by the
restricted maximum likelihood method, and tests were
performed using the 5% level of significance. Model vali-
dation was carried out by checking normal distribution of
residuals.

Results

A total of 5,750 determinations from 1,378 subjects who
had at least one test of both spirometry and plasma vita-
min concentrations were analysed. The demographic
characteristics and exposure histories at the first visit
showed that former workers had lower levels of FEV, and
FVC than ex-residents (Table 1). Workers were more likely
to be male and residents were female. Workers were
exposed to higher cumulative amounts of asbestos
(median 6.40 fibres/ml per year, interquartile range 1.92-
26.01), and included a higher proportion of participants
with radiographic asbestosis. Although ex-residents were
exposed to asbestos for longer periods of time, their
cumulative asbestos exposure was lower, as the intensity
of exposure was much higher in the mining and milling
processes. Ex-residents tended to be exposed to asbestos at
ayounger age than workers. In addition, workers included
a higher proportion of ever-smokers. Initial levels of
plasma vitamins were similar between workers and ex-res-
idents. At the first visit, plasma retinol concentrations
were not significantly correlated with plasma carotene
concentrations (r = -0.006, p = 0.84); plasma concentra-
tions of retinol and vitamin E were highly correlated (r =
0.33, p=<0.0001); and carotene and vitamin E concentra-
tions tended to be correlated (r = 0.047, p = 0.08).

Twenty-four percent of participants had one visit at which
lung function and plasma vitamins were measured, 21%
had two measurements, 17% had three, 14% had four,
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Table I: Demographic characteristics of participants at first visit 2
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Residents Workers
Participants, n (%) 567 (41.1) 811 (58.9)
Male, n (%) 270 (47.6) 749 (92.4)
FEV,, litres 2 2.9 (0.9) 2.7 (0.7)
FVC, litres 2 3.7 (1.1) 3.6 (0.9)
Age, yr2 50.8 (12.5) 59.2 (7.7)
Height at baseline, cm 2 168 (9.5) 171 (7.5)
Cumulative asbestos, f/ml-year 2 6.9 (7.5) 24.5 (47.8)
Age at first asbestos exposure, yr 2 13.9 (12.7) 248 (6.1)
Radiographic asbestosis, n (%) 8 (1.4) 143 (17.6)
Current-smokers, n (%) 114 (19.6) 182 (21.8)
Ex-smokers, n (%) 183 (31.5) 452 (54.2)
Never-smokers, n (%) 284 (48.9) 199 (23.9)
Plasma retinol, (umol/L)? 2.70 (0.70) 2.70 (0.69)
Plasma carotene, (umol/L)? 1.38 (1.57) 1.38 (1.52)
Plasma vitamin E, (Lmol/L)? 38.13 (13.85) 35.43 (11.40)
amean (SD) range
Table 2: Characteristics of the follow up of the study cohort 2

Residents Workers
Total lung function and blood tests, n (%) 1942 (33.7) 3898 (66.2)
Measurements per person, 2 3.43 (1.5) 4.7 (2.5)
Follow up, years, 2 3.0(1.7) 54 (3.3)
Months between measurements,? 14.0 (4.8) 16.5 (9.7)

2mean (SD

10% had five, and 14% had more than 5 measurements
during the period of observation. The Vitamin A Program
initially gave preference to enrolling workers, who were
mostly males, because of their greater risks of developing
asbestos-related diseases. Therefore they had more spiro-
metric measurements per person and a longer follow-up
time (Table 2).

After adjusting for confounders, plasma retinol concentra-
tions (as a single vitamin in the model) at entry into the
study were not associated with levels of lung function
(Table 3), (p-value for linear trend = 0.36 for FEV1, p =
0.50 for FVC). For example, people in the third quartile
(Q3) have, on average, 4.4 ml more of FEV1 and 6.6 ml
more of FVC, compared to those in the first quartile (Q1).
However, these differences were not statistically signifi-
cant as the confidence intervals contain negative values.
However, higher concentrations of plasma retinol were
associated with a lower rate of decrease in lung function
over time: the annual decline in people in the highest
quartile of retinol concentration was 11.3 ml (95% CI =
4.8-17.7) of FEV1 and 18.6 ml (95% CI = 10.4-26.8) of

FVC less steeper than those in the lowest quartile. The lin-
ear trends were significant for FEV1 and FVC (not shown
in table 3).

Higher plasma carotene concentrations (as a single vita-
min in the model) were associated with higher levels of
lung function at entry into the study (Table 4). On the
contrary, higher plasma carotene concentrations were
associated with a steeper decline of lung function. The
annual decline in people in the highest quartile was 9.3
ml (95% CI = 2.6-15.9) of FEV1, and 8.3 ml (95% CI =
0-16.5) of FVC less steeper than those in the lowest quar-
tile (Table 4). Linear trends were significant for both levels
and rates of change of lung function (not shown).

Higher plasma vitamin E concentrations (as a single vita-
min in the model) were associated with higher levels of
lung function at entry into the study (Table 4). However,
higher plasma vitamin E concentrations were associated
with a steeper decline of lung function. The decline in
people in the highest quartile was 7.9 ml (95% CI = 14.3-
1.6) per year in FEV1, and 13.9 ml (95% CI = 21.9-6.0)
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Table 3: Relationships between plasma retinol concentrations and lung function levels and annual rate of change*

Quartiles FEVI 95%Cl FvC 95%Cl
Level at entry into program (ml) Ql 0 0

Q2 5.5 -15.5,26.6 -8.9 -35.8,17.9

Q3 4.4 -19.8,28.7 6.6 -24.4,37.6

Q4 2.6 -25.5,30.9 -16.8 -52.7,19.1
Annual change (ml/year) Ql 0 0 0

Q2 4.1 -1.8,10.1 10.3 27,179

Q3 7.1 1.0,13.4 1.1 3.2,19.1

Q4 1.3 48,17.7 18.6 27,103

*Adjusted for age, sex, height, asbestos exposure and smoking history

Quartile |: Retinol concentrations lower than 2.5 umol/L; Quartile 2: concentrations more than 2.5 and less than 3.0 umol/L; quartile 3:
concentrations more than 3.0 and less than 3.5; and quartile 4: concentrations equal or greater than 3.5 umol/L.

Table 4: Relationships between plasma carotene concentrations and lung function levels and annual rate of change*

Quartiles FEVI 95%ClI FvC 95%Cl
Level at entry into program (ml) Ql 0 0

Q2 21.4 -3.2,46.1 0.06 -31.431.6

Q3 478 19.1,76.4 30.6 -5.8,67.0

Q4 67.3 38.0,96.6 59.5 22.6,96.5
Annual change (ml/year) Ql 0 0 0 0

Q2 -1.1 -6.54.3 3.04 -3.8-9.9

Q3 -6.0 -123,03 -6.6 -14.6-1.5

Q4 -93 -16.0,-2.7 -8.3 -16.8-0.1

Adjusted for age, sex, height, asbestos exposure and smoking history.

Quartile |: Carotene concentrations lower than 0.45 umol/L; Quartile 2: concentrations more than 0.45 and less than 0.8 umol/L; quartile 3:
concentrations more than 0.8 and less than |.3; and quartile 4: concentrations equal or greater than 1.3 umol/L.

per year in FVC, compared to those in the lowest quartile
(Table 4). Linear trends were significant for both levels
and rates of change of lung function (not shown).

Including retinol, carotene and vitamin E plasma concen-
trations in the same model, and adjusting for potential
confounders, higher plasma retinol concentrations were
associated with higher levels of lung function, as well as a
slower decline in the annual rate of change of lung func-
tion (Table 6). Plasma carotene concentrations were asso-
ciated with higher levels of lung function at entry, but
with a steeper decline in lung function over time. Plasma
vitamin E concentrations were associated with lower lev-
els of lung function at entry into the study, but not associ-
ated with changes over time.

The analysis was also performed for alpha- and beta-caro-
tene. As was reported for total carotene concentrations,
both alpha- and beta-carotene concentrations were associ-
ated with higher levels of lung function, and inversely

related to the change of lung function over time (not
shown).

Discussion

After adjusting for potential confounders and the joint
effect of the plasma vitamin levels, plasma retinol concen-
trations were associated with higher levels of lung func-
tion as well as a slower rate of decline over time; plasma
carotene concentrations (or alpha and beta-carotene)
were associated with higher levels of lung function, but
with a steeper decline in lung function; plasma vitamin E
concentrations were associated with lower levels of lung
function at entry, but not associated with amount change
of lung function over time. The observed tendency in the
separate analysis for each vitamin (Tables 3 to 5) was sim-
ilar to the results obtained when the three variables were
jointly included in the model, except for the effect of
plasma retinol concentrations, which became positively
associated with levels of lung function at the entry in the
Vitamin A Program. We have previously shown that mor-
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Table 5: Relationships between plasma vitamin E concentrations and lung function levels and annual rate of change*

Quartiles FEVI 95%Cl FvC 95%Cl
Level at entry into program (ml) QI 0 0

Q2 235 -1.9,49.0 335 1.0, 66.0

Q3 384 12.0, 64.8 67.0 33.4,100.6

Q4 359 8.1,63.7 823 47.1,117.5
Annual change (ml/year) Ql 0 0

Q2 -6.8 -10.1,0.9 -4.4 -11.4,27

Q3 -4.6 -12.7,-1.0 -7.8 -15.3,-03

Q4 -7.9 -143,-1.6 -13.9 -21.9,-6.0

Adjusted for age, sex, height, asbestos exposure and smoking history.

Quartile |: Vitamin E concentrations lower than 31 umol/L; Quartile 2: concentrations more than 31 and less than 37 umol/L; quartile 3:
concentrations more than 37 and less than 45; and quartile 4: concentrations equal or greater than 45 pmol/L.

Table 6: Relationships between lung function and retinol, carotene and vitamin E concentrations, when the three vitamins were

simultaneously included in the model*

Plasma vitamin concentrations (UMol/L) FEVI (ml) Estimate (SD) p-value FVC (ml) Estimate (SD) p-value
Retinol Level 13.9 (7.5) 0.06 16.6 (9.5) 0.08

Change 3.5 (1.5) 0.02 5.7 (1.9) 0.00

Carotene Level 14.6 (3.6) 0.00 13.1 (4.5) 0.00

Change -2.6 (1.0) 0.0l -3.5(1.3) 0.01

Vitamin E Level -1.0 (0.4) 0.0l -2.0 (0.5) <0.01

Change 0.07 (0.09) 0.38 0.2 (0.1) 0.13

* Adjusted for age, sex, height, asbestos exposure and smoking history. Only results for linear trend are shown.

tality in subjects with asbestosis was inversley related to
plasma concentrations of retinol and vitamin E (at first
visit and during the follow up period), while carotene
concentrations at the first visit were associated with lower
mortality but not during the follow up period [33]

The positive effect of plasma retinol on lung function has
been recognised in previous cross-sectional and prospec-
tive studies [3,4], but not in longitudinal studies with
multiple measurements per participant. This positive
effect is consistent with the multiple biologic functions of
retinoids, including regulation of cell proliferation, cell
differentiation and morphogenesis [20]. In contrast to
carotenoids, retinol is not a potent free radical scavenger;
therefore other mechanisms have been advocated for
explaining its possible beneficial effects [2]. For example,
retinoids have a variety of effects on the cell membrane,
involving altered glycoprotein synthesis and changes in
membrane receptors for various hormones, including
those mediated by c-AMP. The actions on these receptors
may influence cell-cell interactions, cell adhesion, and cell
membrane permeability. In a recent animal model, sys-
temic administration of all-trans-retinoic acid (ATRA)

reversed manifestations of elastase-induced emphysema
[21]. Similar results have now been replicated by Belloni
and colleagues with both ATRA and 9-cis-retinoic acid
[22]. This is a promising finding, although is not possible
to draw a close parallel between an elastase-induced
emphysema murine model and the pathogenesis of
human chronic obstructive pulmonary disease.

The positive association between blood carotene concen-
trations and the levels of lung function has also been pre-
viously recognized in cross-sectional and prospective
studies [3,23,24]. The biological plausibility for a protec-
tive effect of carotenoids on lung function is associated
with the multiple biological actions of these micronutri-
ents, in particular their role in scavenging oxidised
products [2]. It has been postulated that antioxidant
defences play a critical role in the respiratory tract where
high exposure to endogenous and environmental oxi-
dants occurs, which may impair ventilatory function by
inducing inflammation and destruction of the alveolar
walls [25]. However, our results showed that plasma car-
otene concentrations were associated with a steeper
decline of lung function. This disappointing effect mirrors
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the results obtained in this Vitamin A Program and other
intervention studies, in which higher-than-expected rates
of lung cancer were found in people taking beta-carotene
[9,10].

Several observational studies have consistently showed
that individuals who eat more fruits and vegetables tend
to have lower risk of developing various cancers and other
chronic diseases [26]. Several studies have found positive
associations between pulmonary function and dietary
intake and blood levels of both carotenoids and retinoids
[2]. From the many potential nutrients in fruits and vege-
tables, beta-carotene was credited as the most important
nutrient likely to be responsible for this beneficial effect,
especially following the influential paper from Peto and
colleagues [27]. However, results from at least 8 trials have
shown that beta-carotene supplementation has essentially
no significant role in decreasing cancer risk [28]. No pre-
vious studies have been reported on relationships
between supplemental beta-carotene and lung function.

Two alternative explanations have been proposed to
explain the conflicting results between observational and
intervention studies: first, that beta-carotene is not the fac-
tor responsible for the beneficial effect of fruit and vegeta-
ble intake on cancer [28]; second, that the supplemental
synthetic all-trans-beta-carotene does not reproduce the
effect of the natural counterpart [29].

It is possible that many of the studies suggesting that die-
tary beta-carotene is protective were confounded [28].
Observational studies do not permit causal relationships
to be established. Hundreds of carotenoids and thousands
of nutrients exist in foods. Researchers are only able to
examine and study a few hundred of them, and the syn-
ergy among these numerous nutrients may play a larger
role that any single compound [28]. Although the reasons
remain unclear, current wisdom indicates no role for syn-
thetic beta-carotene supplementation for preventing can-
cer or improving lung function.

Despite being considered a powerful anti-oxidant, we did
not find a consistent effect of Vitamin E on lung function.
Whether the inverse relationships reported in the univari-
ate analysis of this study reflects real relations peculiar to
the subjects studied, or are the result of sampling variation
or chance may be clarified by future studies.

Due to self-selection into the Vitamin A Program this pop-
ulation may not be representative of the whole cohort
exposed to crocidolite at Wittenoom. People who partici-
pated in the Program were younger and had higher cumu-
lative asbestos exposure [7]. The results from this study,
may not apply to subjects with lower exposure to crocido-
lite or older age groups.

http://www.nutritionj.com/content/4/1/16

An additional difficulty in interpreting the results of our
study may be that we examined vitamin levels in a popu-
lation in which the vitamin levels were artificially
increased and did not adjust for their assigned dose.
Although the arm of the study to which participants had
originally been assigned was known, we had no precise
way of measuring their actual intake of vitamins, nor their
dietary intake of fruit and vegetables. However, epidemi-
ological theory [30] postulates a hierarchy of exposure
measurement from available dose in the general environ-
ment (assigned vitamins), to administered dose (number
of tablets taken), to absorbed dose (dose taken up from
the gastrointestinal tract), to active dose at different target
sites. The closer that the measurement is to the active
dose, the more likely it is that a study will disclose any real
relationship. Since we were able to measure the serum
level of vitamins, adjusting for the assigned dose does not
make theoretical sense, and would possibly artifactually
decrease any relationship observed.

One problem in longitudinal studies is the occurrence of
missing data due to withdrawals, which may result in fol-
low-up bias [31]. Ninety subjects (6.3% of all partici-
pants) dropped out of the study, and 142 participants
who during the follow up period. The people who died
were not counted as dropouts as they had complete data
[18]. People who abandoned the Program had lower lev-
els of FEV,, FVC and FEV, /FVC, compared to those who
remained. We have assumed a 'missing at random pat-
tern', implying that any withdrawal from the study did not
depend on the level of lung function itself, although it
may depend on some covariates. With a missing at ran-
dom pattern, methods based on likelihood will produce
valid inferences, if the model specification is correct [32].
Applying an available case analysis, using PROC MIXED
of SAS, the reported relationships may be interpreted as
the response conditional on the subject remaining in the
study [18].

The present study has the advantage of having both cross-
sectional and longitudinal components in the analysis of
the data, which make efficient use of all the available
information and explores hypotheses unable to be tested
with cross-sectional approaches alone [33]. However, the
accurate evaluation of tobacco smoke exposure in this
report, as in most others, has some limitations because it
was based on self-reporting. This report analyses the
smoking status at the beginning of the follow up, and
does not include the analysis of changes in smoking hab-
its over time.

This longitudinal study demonstrates a beneficial rela-
tionship between plasma levels of retinol and level and
rate of decline of lung function as measure by FEV1 and
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FVC, while showing no such beneficial effect for plasma
levels of beta-carotene.
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