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Abstract
Background—Patients with cystic fibrosis
(CF) have significantly decreased plasma
concentrations of nutrient antioxidant
vitamins, especially of â-carotene, which
is thought to result from fat malabsorp-
tion and chronic pulmonary inflamma-
tion. The aim of this double blind, placebo
controlled study was to investigate the
eVect of oral â-carotene supplementation
for six months on clinical parameters.
Methods—Twenty four patients with CF
were randomised to receive â-carotene
1 mg/kg/day (maximum 50 mg/day) for
three months (high dose supplementa-
tion) and 10 mg/day for a further three
months (low dose supplementation) or
placebo. At monthly follow up visits the
plasma â-carotene concentration, total
antioxidant capacity, malondialdehyde
(MDA) as a marker of lipid peroxidation,
and clinical parameters (Shwachmann-
Kulczycki score, body mass index (BMI),
height, and lung function (FEV1)) were
assessed. The number of pulmonary
exacerbations requiring antibiotic treat-
ment (in days) three months before and
during the study were evaluated.
Results—The plasma concentration of
â-carotene increased significantly to the
normal range during the three months of
high dose supplementation (baseline
0.08 (0.04) µmol/l to 0.56 (0.38) µmol/l;
p<0.001) but decreased to 0.32
(0.19) µmol/l in the period of low dose
supplementation. Initially raised plasma
levels of MDA fell to normal levels and the
total antioxidant capacity showed a non-
significant trend towards improvement
during high dose supplementation. Anti-
biotic treatment decreased significantly in
the supplementation group from 14.5
(14.9) days/patient during the three
months before the study to 9.8 (10.3) days/
patient during high dose supplementation
(p=0.0368) and to 10.5 (9.9) days/patient
during low dose supplementation, but
increased in the placebo group. The
Shwachmann-Kulczycki score, lung func-
tion, and BMI did not show any changes in
either of the treatment groups. No adverse
events were observed during the study
period.
Conclusion—Oral â-carotene supplemen-
tation in a dose of 1 mg/kg/day only was
eVective in normalising the plasma con-
centration of â-carotene and resulted in a

decrease in pulmonary exacerbations.
These data suggest that patients with CF
may benefit clinically from supplementa-
tion with â-carotene and further studies
are warranted.
(Thorax 2001;56:48–52)
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Cystic fibrosis (CF) is characterised by its
genetically determined abnormalities of mucus
secretion, chronic bacterial endobronchial in-
fection, and a chronic predominantly neu-
trophilic inflammatory response combined
with exocrine pancreatic insuYciency in 85–
90% of patients.

In the presence of chronic lung inflamma-
tion, increased oxygen free radical generation
from activated neutrophils is assumed to
occur1–5 and is postulated to cause an increased
rate of turnover of nutrient antioxidants and
the enzymatic scavenger system, resulting in an
oxidant-antioxidant imbalance.4–10 In addition,
exocrine pancreatic insuYciency may cause
deficiencies in fat soluble antioxidants such as
vitamin E and â-carotenoids. The level of
nutrient antioxidants is therefore significantly
impaired in many patients with CF.7 11–13 It has
been suggested that oxygen free radicals, in
conjunction with impaired antioxidant protec-
tion, may be important mediators of the
chronic lung tissue damage in CF.10

Multivitamin supplementation, including
retinol 1–2 mg/day, tocopherol 3–14 mg/day,
and ascorbate 50–200 mg/day, in addition to
the average western European diet which
includes 2–5 mg â-carotene per day, does not
always normalise these deficiencies.6 8 11 For a
number of years supplementation with toco-
pherol (5–15 mg/kg/day) has been an accepted
part of the treatment of CF.14 15 However,
recent data have shown that patients with CF
adequately supplemented with vitamin E but
with an uncorrected â-carotene deficiency still
exhibit increased lipid peroxidation.7 8 16 In
addition to its function as provitamin A,
â-carotene also exerts biological properties as
an enhancer of immune functions.17 Since anti-
oxidants are thought to have the potential to
protect against tissue damage and immune
dysfunction,18 we hypothesised that, by correct-
ing the â-carotene deficiency, patients with CF
may benefit clinically through a reduction in
acute pulmonary exacerbations.
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The primary aim of our study was to assess
whether oral supplementation with â-carotene
normalises the plasma concentration of
â-carotene in addition to reducing the number
of pulmonary exacerbations in patients with
CF. Since long term studies of â-carotene sup-
plementation in patients with CF are lim-
ited,7 8 19 the dosage needed to achieve a
â-carotene level comparable to that in healthy
control subjects is not well defined. The second
aim of the study was therefore to assess
whether, after normalisation of the serum
â-carotene concentration has been achieved,
high dose supplementation can be reduced to
low dose supplementation to maintain the
â-carotene levels within the normal range.

Methods
Between July 1995 and October 1996 24
patients with CF (18 female) of mean age 11.7
years (range 6.7–27.7) were enrolled for six
months in a randomised, double blind, placebo
controlled study.

To conceal treatment allocation all patients
received capsules of identical appearance.
Thirteen patients (nine female) of mean age
12.8 years (range 6.8–27.7) were randomised
to receive â-carotene supplementation in a
dose of 1 mg/kg/day (maximum 50 kg/day) for
three months (high dose supplementation) fol-
lowed by a period of a further three months
with a weight independent low dose regime of
10 mg/day â-carotene in a single dose (all-trans
100% â-carotene was used and mixed with
starch 1:1). The prepared capsules had to be
taken in the morning with a fat containing meal
after the patients had taken their pancreatic
enzymes. Eleven patients with CF (nine
female) of mean age 10.5 years (range
6.7–17.3) received placebo for six months. The
placebo capsules were prepared with starch.

To assess compliance a bottle containing the
amount of â-carotene capsules necessary to
cover the period from one visit to the other was
handed over to the patients or their parents at
every visit including an explanation from the
doctor as to how it should be given. To
determine the intake the number of capsules
remaining was counted at each visit.

All patients had a typical history of CF and
the diagnosis was established from ionto-
phoretic sweat chloride levels of >60 mEq/l in a
pilocarpine induced sweat sample of
>100 mg.20 Eight of 13 patients in the supple-
mentation group and six of 11 in the placebo
group were chronically infected with Pseudo-
monas aeruginosa and/or Staphylococcus aureus.

Any previous supplementation with multi-
vitamins, á-tocopherol, or pancreatic enzymes
remained unchanged (daily intake of 1–2 mg
retinol, 50–200 mg ascorbate, 110–400 mg
á-tocopherol) during the study period.

At the beginning of the study and at monthly
follow up visits the clinical status was assessed
by the Shwachmann-Kulczycki score21 without
reviewing the chest radiographs to give a score
range of 0–75. Pulmonary function tests were
performed as follows: forced vital capacity
(FVC) and forced expiratory volume in one
second (FEV1) were recorded in the form of a

maximum expiratory flow volume curve (Mas-
terlab; E Jäger, Wuerzburg, Germany) accord-
ing to the American Thoracic Society (ATS)
standards.22 The best of the three eVorts was
used for calculations. The results are expressed
as percentage predicted normal values based
on accepted reference standards.22 23

At each clinical visit height and weight were
recorded for each patient and blood samples
were taken for measurement of â-carotene,
retinol, MDA, total antioxidative capacity, red
and white blood count, and serum chemistry.
Height was measured using a Harpenden
stadiometer, recording the mean of three
consecutive measurements, and was expressed
as age independent z score (delta height stand-
ard deviation score) with reference to the
population specific reference data of Prader et
al.24 Weight was expressed as body mass index
(BMI, weight (kg)/height (m2)).

Plasma concentrations of â-carotene, retinol,
and á-tocopherol were determined by HPLC
according to the method of Jakob and El-
madfa.25 The interassay coeYcient of variation
was <9%. The total antioxidative capacity was
measured by a modification of the photometric
method according to Rice-Evans and Miller26

with an interassay coeYcient of variation of
<5%. MDA as a marker of lipid peroxidation27

was determined by HPLC using the method of
Wong et al.28 The interassay coeYcient of vari-
ation was <8%.

To examine the potential beneficial eVect of
â-carotene supplementation on the frequency
of pulmonary exacerbations, the numbers of
days on which systemic (oral or intravenous)
antibiotics were used for the treatment of an
acute pulmonary exacerbation were evaluated
three months before and during the six months
of the study. In this study population antibiot-
ics were prescribed solely by the doctors at the
Vienna CF centre (SR, IE). Pulmonary exacer-
bations were defined by weight loss, anorexia,
increased cough, increased respiratory rate,
increased sputum production, fever with or
without evidence of new pulmonary infiltrates,
deterioration of oxygen saturation and of lung
function. Carotenodermia was assessed by
examining the palms and soles of the patients
and by questioning parents and/or patients
about any changes in skin colour.

Approval of the institutional review boards
was granted for the study and informed
consent was obtained from each patient and/or
their parents.

STATISTICAL METHODS

To examine the influence of treatment on FEV1,
total antioxidative capacity, antibiotic days, z
score of height, BMI, Shwachmann score, and
â-carotene concentration, baseline values and
mean values over the following two periods of
three months each were analysed. The diVer-
ences between baseline values and those follow-
ing treatment (12 weeks average minus baseline
value and 24 weeks average minus baseline)
were calculated. Analysis of variance (ANOVA)
with the grouping factor treatment (two levels:
placebo/supplementation) and the repeated
factor time (two levels) was performed for the
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diVerences between baseline values and those
following treatment for each variable separately.
Confidence intervals for the diVerence between
the supplementation and placebo groups in dif-
ferences between baseline values and those fol-
lowing treatment were estimated for 12 and 24
weeks.

Since the distributions of all variables
(except BMI) are optically symmetrical, no
transformation had to be done. However,
ANOVA was also performed on square root
transformed data. The results remained the
same qualitatively.

The baseline characteristics of the two
groups were compared using t tests and the
results expressed as mean (SD). No adjust-
ment for multiple testing was performed.

Results
The baseline characteristics are shown in table
1. There was no significant diVerence between
the supplementation and placebo group in the
â-carotene concentration (p=0.838), the main
variables (FEV1 % predicted, total antioxida-
tive capacity, antibiotic days) and the second-
ary variables (z score of height, BMI, Shwach-
mann score). The results of the main variables
are summarised in table 2.

The patients had significantly lower mean
(SD) plasma â-carotene concentrations (0.08
(0.04) µmol/l) than healthy controls (0.27
(0.14) µmol/l; p<0.001).29 After one month a
significant increase in plasma concentration
from 0.08 (0.04) µmol/l to 0.51 (0.30) µmol/l
(p<0.001) in the supplementation group was
observed. During the three months of high
dose supplementation the plasma concentra-
tion of â-carotene plateaued without further
increase (0.56 (0.38) µmol/l). During the
following three months of low dose supplemen-
tation the â-carotene concentration decreased
to 0.32 (0.19) µmol/l and remained at this

lower range until the end of the study (p value
of the group eVect <0.0001, p value of the
time/group interaction = 0.0476; fig 1). The
confidence intervals of the group diVerences at
12 and 24 weeks were 14.7 to 31.1 and 8.89 to
19.59, respectively.

In the three months before the study the
number of days of treatment with systemic
antibiotics necessitated by an acute pulmonary
exacerbation was 14.5 (14.9) per patient in the
supplementation group and 10.5 (11.2) per
patient in the placebo group (not significant).
During the 24 weeks of â-carotene supplemen-
tation a significant diVerence between the two
groups was detected. Patients in the â-carotene
group received systemic antibiotics to treat an
acute pulmonary exacerbation for 9.8 (10.3)
days in the high dose period and for 10.5 (9.9)
days per patient in the low dose period, while
patients in the placebo group received systemic
antibiotics for 24.8 (19.1) days in the first three
months and for 18.5 (15.8) days per patient in
the last three months (fig 2). This diVerence
was more pronounced after the first 12 weeks
of high dose â-carotene supplementation (CI
of group diVerence –35.5 to –2.23; p = 0.0368)
than after the following 12 weeks of low dose
supplementation (CI after 24 weeks –26.7 to
3.07, group p value = 0.050).

After three months of high dose supplemen-
tation there was a non-significant trend to-
wards improvement in the total antioxidative
capacity in the supplementation group from
0.85 (0.34) nmol to 0.96 (0.19) nmol. This
observed increase attenuated during the three
months of low dose supplementation (0.93
(0.22) nmol; table 2).

Table 1 Mean (SD) baseline data

Supplementation
group (n=13)

Placebo group
(n=11) p value

Age 14.6 (7.7) 10.5 (4.0) 0.115
FEV1 (% predicted) 72.2 (32.2) 83.7 (21.1) 0.324
z score of height –1.13 (1.08) –1.12 (0.75) 0.977
BMI (kg/m2) 16.8 (3.5) 16.8 (3.1) 0.979
Shwachmann-Kulczycki score 53.7 (13.0) 61.6 (6.2) 0.067
Number of antibiotic days 14.5 (14.9) 10.5 (11.2) 0.481
â-carotene plasma concentration (µmol/l) 0.08 (0.04) 0.07 (0.03) 0.838
Total antioxidative capacity (nmol) 0.85 (0.34) 0.86 (0.26) 0.844

FEV1 = forced expiratory volume in one second; BMI = body mass index.

Table 2 Main outcome variables before and after â-carotene supplementation

Baseline 12 weeks supplementation 24 weeks supplementation

Supplementation
group

Placebo
group

Supplementation
group

Placebo
group

CI of group
diVerence*

Supplementation
group

Placebo
group

CI of group
diVerence*

p value of
the group
factor**

FEV1 (% pred) 72.2 (32.2)
83.7
(21.1) 71.6 (34.0) 82.2 (15.1) –10.17 to 5.66 70.0 (33.3) 80.3 (19.1) –9.40 to 7.650 0.696

Antibiotic
days/patient 14.5 (14.9) 10.5 (11.2) 9.8 (10.3) 24.8 (19.1) –35.5 to –2.23 10.5 (9.9) 18.5 (15.8) –26.73 to 3.07 0.050

Total antioxidative
capacity (nmol) 0.85 (0.34) 0.86 (0.26) 0.96 (0.19) 0.87 (0.21) –0.003 to 0.607 0.93 (0.22) 0.90 (0.19) –0.204 to 0.346 0.196

*95% confidence interval for the group diVerence of the post/pre diVerences.
**p value of the group factor from the repeated ANOVA model.

Figure 1 Mean (SD) plasma concentrations of â-carotene
in patients with CF supplemented with â-carotene (L) and
those given placebo ([) during 12 weeks of high dose
treatment and 12 weeks of low dose treatment; p<0.001.
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At the beginning of the study MDA concen-
trations were significantly higher in the patients
than in the control subjects (1.6 (0.6) versus
1.1 (0.4) µmol/l, p<0.05).29 After three months
of high dose supplementation the MDA values
of the supplementation group decreased to
normal concentrations of 1.1 (0.4) µmol/l.
However, this positive eVect was not sustained
during low dose supplementation and MDA
concentrations increased to 1.3 (0.6) µmol/l.
No comparison between the groups was done
because of missing values.

A significant increase in height was observed
in both groups over the six month period (time
trend of the height z score: p = 0.045). The
height z score in the supplementation group
increased from a baseline value of –1.13 (1.08)
to –1.04 (1.00) and in the placebo group from
a baseline value of –1.12 (0.75) to –0.81 (0.63)
after 24 weeks.

FEV1 did not change significantly in either
group during the 24 weeks (table 2), nor did
the other secondary variables (BMI and
Shwachmann-Kulczycki score) show any sig-
nificant group diVerence or time trend.

Beta-carotene supplementation was well tol-
erated in all patients. None developed signs of
carotenodermia, although some patients re-
ported a better tanning after exposure to
sunlight. The plasma retinol concentration of
the CF patients was in the lower normal range
(0.8 (0.3) µmol/l) at the beginning of the study
and did not rise during supplementation (0.9
(0.2) µmol/l). Thus, no risk of retinol toxicity
even during high dose supplementation could
be detected.

Discussion
There are two major findings in this study.
Firstly, â-carotene supplementation appears to
be associated with a clinical benefit for patients
with CF and, secondly, normalisation of the
plasma concentration of â-carotene can only be
achieved and maintained with a high dose of
1 mg/kg/day. To our knowledge this is the first
double blind, placebo controlled study to
demonstrate a beneficial clinical eVect of
â-carotene supplementation in patients with CF.

In CF progressive lung disease is character-
ised by chronic endobronchial infection and a
chronic, predominantly neutrophilic inflamma-
tory response. Neutrophils—which are maxi-
mally stimulated as a result of ineVective phago-

cytosis with persistence of endobronchial
bacteria, mostly Pseudomonas aeruginosa or
Staphylococcus aureus30—release large amounts of
both reactive oxygen species and proteolytic
enzymes, overwhelming the existing protective
systems of both antioxidants and antiproteases.31

However, neutrophil inflammation was also seen
in patients with CF even in the absence of any
endobronchial infection.32 Patients with CF
therefore usually receive additional supplemen-
tation with the nutrient antioxidants
á-tocopherol and ascorbate. However, com-
pared with the levels of a healthy population,
they also frequently have a decreased plasma
concentration of â-carotene, another nutrient
antioxidant.9–11 29 33 The possible factors which
may explain this finding are malabsorption and
thus decreased fat soluble vitamin and provita-
min intake on the one hand,7 11 19 and chronic
pulmonary inflammation causing severe oxida-
tive stress which may increase the turnover of
nutrient antioxidants, possibly due to their reac-
tion with reactive oxygen derived species, on the
other,5 resulting in an oxidant-antioxidant im-
balance in favour of the former.1–3 8 10 34 It is
assumed that this imbalance leads to oxygen free
radical induced tissue injury mediated by an
attack on unsaturated fatty acids of lipid
structures as well as proteins, especially enzymes
and DNA.35 Evidence of increased lipid peroxi-
dation, the most frequently assessed aspect of
such an attack, was detectable in our study
population and has been published previously.29

It is speculated that, in patients with CF, lipid
peroxidation products, in addition to the large
amount of neutrophil elastase in the airways,
may overwhelm the neutralising capacity of the
proteinase inhibitor á1-PI due to oxidative inac-
tivation, as has been shown in an in vitro study.
This harmful eVect was prevented by addition of
various antioxidants including vitamins C and
E.36 The usual supplementation with retinol,
á-tocopherol and ascorbate, however, does not
appear to reduce the markedly increased para-
meters of lipid peroxidation suYciently.7–9 11 14 31

Recent clinical data show that patients with CF
who are suYciently supplemented with vitamin
E but with an uncorrected â-carotene deficiency
still exhibit increased lipid peroxidation.7 8 16

Our data show that only during the three
months of supplementation with 1 mg/kg/day
â-carotene could plasma concentrations be
maintained in a range that was associated with
a decrease in the initially raised levels of
MDA—a marker of lipid peroxidation—to
values equal to those of healthy individuals.
This positive influence of â-carotene supple-
mentation on parameters of lipid peroxidation
has already been reported in earlier stud-
ies.7 8 10 13 16 19 The main purpose of the present
study, however, was to asses whether normali-
sation of the plasma concentration of
â-carotene might also be associated with a
clinical benefit. We therefore evaluated the
number of antibiotic treatment days necessi-
tated by an acute pulmonary exacerbation.

The need for systemic antibiotics for treat-
ment of an acute exacerbation in the â-carotene
group was significantly lower than in the placebo
group and, indeed, the placebo group showed an

Figure 2 Antibiotic treatment days in the CF
supplementation group (L) and placebo group ([) during
12 weeks of high dose treatment and 12 weeks of low dose
treatment. Results are mean (SD).
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increase in the number of antibiotic treatment
days. This increase was not entirely unexpected
since the study period coincided with the cold
season and most of the patients were included
during autumn and winter months. We hypoth-
esise that, by normalising plasma concentrations
of â-carotene, together with improved lipid per-
oxidation, the antioxidative-oxidative imbalance
might be corrected, providing better protection
and thus reducing the susceptibility to pulmo-
nary exacerbations.

There were no changes in FEV1 during the
study period in either group and no changes in
the Shwachmann-Kulczycki score, with no sig-
nificant diVerences between the supplementa-
tion and placebo groups. These findings must
be interpreted with caution because of the
small number of patients. The frequent follow
up visits on a monthly basis and our strict
regime of treating pulmonary exacerbations
immediately with antibiotics according to the
results of microbiology tests may be another
explanation why no changes in lung function or
Shwachmann-Kulczycki score were detected
during the six months of the study.

No adverse events were observed during the
study and â-carotene was well tolerated. This is
in agreement with Winkelhofer-Roob et al who
also found no serious adverse eVects in their
â-carotene supplementation study over 16
months.19

Because of the small number of patients and
the high variability in clinical presentation, a
characteristic phenomenon in patients with
CF, our data must be treated with caution. Yet,
our first data from this pilot study appear to be
encouraging enough to justify further studies
to assess the clinical eVects of â-carotene sup-
plementation in a larger cohort of patients.
However, in the light of previous studies37 38

indicating an increased risk of lung cancer in
smokers after 5–8 years of dietary â-carotene
supplementation, any long term supplementa-
tion with â-carotene must be followed closely
and cautiously.

In conclusion, our data demonstrate that oral
â-carotene supplementation in a dose of 1 mg/
kg/day is eVective in normalising â-carotene
plasma concentrations and the parameters of
lipid peroxidation. This normalisation is associ-
ated with a clinical benefit by significantly
decreasing the number of days of antibiotic
treatment necessitated by acute pulmonary
exacerbations. Our data suggest that patients
with CF may benefit from oral â-carotene
supplementation.
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