
Antioxidants and respiratory disease:
the uric acid paradox
Seif O Shaheen

For humble individuals like myself, there
is one poor comfort, which is this, viz.
that gout, unlike any other disease, kills
more rich men than poor, more wise
men than simple. Thomas Sydenham.

In clinical practice, high blood concentra-
tions of uric acid (UA) are generally
thought to be a bad thing—primarily
because of the risk of gout, but also
because individuals with high UA concen-
trations are at increased risk of cardiovas-
cular disease, metabolic syndrome and
hypertension1; these associations may
reflect the fact that, under certain circum-
stances, UA can be pro-oxidant.2 Perhaps
less appreciated are the potentially benefi-
cial antioxidant properties of UA.3 UA is
present in the epithelial lining fluid (ELF)
of the airways and contributes, along with
other endogenous antioxidants, such as
reduced glutathione, and dietary antioxi-
dants, such as ascorbic acid, to antioxi-
dant defences.4 Oxidative stress is thought
to play an important role in the pathogen-
esis of asthma and COPD5 and may also
be involved in the pathogenesis of lung
cancer by causing DNA damage.6 This
raises the interesting possibility that high
concentrations of UA in the ELF may, by
boosting antioxidant defences, reduce oxi-
dative stress in the airways, thereby
decreasing the risk of developing obstruct-
ive pulmonary disease and lung cancer;
such beneficial effects of UA (and other
antioxidants in the ELF) would be
expected to be greatest in individuals with
a high oxidant burden in the airways,
such as smokers and those exposed to
high levels of pollution.

To date, epidemiological research into
the possible aetiological role of antioxi-
dants in obstructive lung disease and lung
cancer has focused particularly on the
antioxidant vitamins, in the hope that pre-
ventive dietary interventions might be
devised. However, this hope has not been
realised. For example, despite evidence
implicating a low intake of vitamin C in
asthma,7 adults with asthma derived no
clinical benefit from vitamin C

supplementation compared with placebo.8

Similarly, although observational data
have suggested that a diet rich in carote-
noids may prevent the development of
lung cancer,9 trial data have indicated that
β carotene supplementation increases the
risk of lung cancer in smokers.10 There
are a number of possible explanations for
the discordance between the observational
evidence and findings from randomised
clinical trials. First, the observational find-
ings may have arisen as a result of bias or
confounding. The latter is particularly a
problem in nutritional epidemiology;
dietary habits are strongly socially pat-
terned (with higher antioxidant intakes in
higher socioeconomic groups) and nutri-
ent intakes are highly correlated, thus the
chances of spurious non-causal associa-
tions arising through residual or uncon-
trolled confounding are high.11 Second,
the pulmonary oxidant/antioxidant para-
digm may be over-simplistic (some antiox-
idants also have pro-oxidant properties)
or fundamentally flawed. For example,
the dogma that oxidants always contribute
to inflammatory lung injury has been chal-
lenged,12 and in animals, antioxidants
appear to accelerate progression of lung
cancer.13 These observations can be
viewed in the broader context of findings
that challenge the free radical theory of
ageing; a meta-analysis of randomised
trials showed that antioxidant supplement
use is associated with increased adult all-
cause mortality,14 and in an animal
model, oxidative stress increased longev-
ity.15 Third, it may be that the observa-
tional findings are correct, but for
antioxidant nutrients to have beneficial
effects they must be consumed in combin-
ation in food, thus enabling interactions,
and not as single nutrients in pill form. In
keeping with this idea, there is some epi-
demiological evidence that a ‘prudent’
diet, rich in antioxidants, is associated
with higher lung function and a lower
prevalence of COPD, especially in male
smokers,16 and limited trial data suggest
that short-term improvement in adult
asthma might be achieved through a food-
based intervention to modify dietary anti-
oxidant intake.17

Given that few epidemiological studies
have investigated the role of endogenous
antioxidants such as UA in the aetiology

of respiratory disease, the paper by
Horsfall and colleagues is to be wel-
comed. Exploiting a large primary care
database, they retrospectively identified a
cohort of individuals who had had serum
UA measured, and set out to investigate
the relation between serum UA and inci-
dent COPD and lung cancer, and whether
associations were modified by smoking.18

After controlling for potential confoun-
ders, they found weak negative associa-
tions between serum UA and incident
COPD and lung cancer, overall. However,
stronger associations were seen among
smokers, especially between UA and lung
cancer in heavy smokers. A major strength
of this study is its size, which enabled the
capture of sufficient incident diagnoses,
especially for lung cancer that has a low
incidence rate, and gave sufficient statis-
tical power to confirm an interaction
between UA and smoking. Also, the
authors showed in their analyses that
reverse causation was an unlikely explan-
ation for their findings.18 However, they
acknowledge two limitations. The first,
which is common to all primary care
research databases using routinely col-
lected data, is that information on poten-
tial confounders is often missing or
incomplete. For example, in this study, it
was not possible to control for socio-
economic status at the individual level.
More importantly, given that UA concen-
trations are lower in smokers, detailed
information on lifetime smoking history
(pack years) was not available; hence,
there is a real concern that residual con-
founding may, at least partly, explain the
associations found. The second limitation
is that the cohort of individuals selected
for study was a subset of the total popula-
tion, who had had serum UA measured
for clinical reasons, such as symptoms sug-
gestive of gout; hence the findings may
not be generalisable to the wider popula-
tion. Also, a key assumption in this study
is that serum UA concentration is a reli-
able biomarker of UA concentration in the
ELF; it would be interesting to know how
strongly the two are correlated.

So where next with UA and respiratory
disease? While attempts to replicate these
latest findings in other prospective cohorts
with more detailed information on con-
founders would be of interest, a poten-
tially more informative and rigorous
approach would be to use Mendelian ran-
domisation (MR); this can strengthen
causal inference by eliminating bias, con-
founding and reverse causation, which
can thwart the interpretation of observa-
tional studies.19 Serum UA status is
strongly influenced by genes, and a
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meta-analysis of genome-wide association
studies has identified a number of
common gene variants that predict serum
UA concentrations.20 These variants can
therefore be used as lifetime proxy mea-
sures of UA to determine whether UA is
likely to be causally related to respiratory
outcomes, although it is now appreciated
that studies need to be very large in order
to use the MR approach effectively. MR
was recently used to investigate the rela-
tion between another endogenous antioxi-
dant, bilirubin and lung function, and
provided supportive evidence for a posi-
tive causal association.21 By contrast, the
MR approach has been used to show that
associations between UA and ischaemic
heart disease and blood pressure found in
observational studies are unlikely to be
causal, and may be confounded by Body
Mass Index which is likely to be causally
related to UA.22 Horsfall and colleagues18

make the interesting suggestion that, even
if serum UA is not causally related to
respiratory disease, it might be capturing
(through confounding) causal effects of
risk factors such as adiposity and, there-
fore, could still be a useful biomarker in
clinical practice to identify smokers who
are at most risk of developing disease.

Ultimately, the only way to definitively
establish whether higher UA concentra-
tions are causally linked to a lower risk of
respiratory disease is to carry out a rando-
mised clinical trial. Horsfall et al18 suggest
that trials involving supplementation with
UA itself might be the way forward. The
problem, of course, is that a high UA status
may be a double-edged sword; even if
raising serum UA concentrations were to
achieve some benefit with respect to
respiratory diseases such as COPD and
lung cancer, it is also likely to increase the
risk of gout. Dietary strategies to increase
UA status, such as increasing consumption
of purine-rich foods or fructose-rich fruits,
run the same risk.23 24 Interestingly, obser-
vational studies have suggested that a high
consumption of apples might protect
against asthma,25 COPD26 and lung
cancer27; if causal, this is likely to reflect
the high fructose content of apples which
increases plasma UA concentrations and
antioxidant capacity, and not the high fla-
vonoid content, as was previously
assumed.28 Given that the prevalence of
gout has been rising in the UK and the
USA in recent decades,1 one might ques-
tion the wisdom of interventions to
increase UA status. On the other hand, by

adopting a stratified prevention approach,
it might be possible to avert an increase in
gout, through initial screening and inter-
vening to increase UA status only in indivi-
duals with low serum concentrations at
baseline. I would argue, though, that we
might do better to focus our efforts on
trials to assess whether food-based inter-
ventions, aimed at increasing dietary anti-
oxidant status, could safely improve the
lung health of smokers, especially those in
whom attempts at smoking cessation have
failed.
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