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ABSTRACT  Past epidemiological observations and recent molecular studies suggest that chronic obstructive
pulmonary disease (COPD) and lung cancer are closely related diseases, resulting from overlapping genetic
susceptibility and exposure to aero-pollutants, primarily cigarette smoke. Statistics from the American Lung
Association and American Cancer Society reveal that mortality from COPD and lung cancer are lowest in
Hispanic subjects and generally highest in African American subjects, with mortality in non-Hispanic white
subjects and Asian subjects in between. This observation, described as the “Hispanic paradox”, persists after
adjusting for confounding variables, notably smoking exposure and sociodemographic factors. While
differences in genetic predisposition might underlie this observation, differences in diet remain a possible
explanation. Such a hypothesis is supported by the observation that a diet high in fruit and vegetables has been
shown to confer a protective effect on both COPD and lung cancer. In this article, we hypothesise that a diet
rich in legumes may explain, in part, the Hispanic paradox, given the traditionally high consumption of
legumes (beans and lentils) by Hispanic subjects. Legumes are very high in fibre and have recently been shown
to attenuate systemic inflammation significantly, which has previously been linked to susceptibility to COPD
and lung cancer in large prospective studies. A similar protective effect could be attributed to the consumption
of soy products (from soybeans) in Asian subjects, for whom a lower incidence of COPD and lung cancer has
also been reported. This hypothesis requires confirmation in cohort studies and randomised control trials,
where the effects of diet on outcomes can be carefully examined in a prospective study design.

@ERSpublications
High fibre (bean-based) diet may reduce COPD and lung cancer risk through inhibition of systemic
inflammation http://ow.ly/u6tlc

Introduction

From a public health perspective, the burden of lung cancer and chronic obstructive pulmonary disease
(COPD) is significant. Lung cancer accounts for ~25% of annual deaths from cancer in the USA and COPD is
the fourth leading cause of death (around 160000 and 130000 deaths per annum, respectively) [1, 2]. While
cigarette smoking accounts for 80-90% of all COPD and lung cancer cases, only 15-20% of smokers are
affected by these diseases [3, 4]. Indeed, COPD and lung cancer are relatively rare in the absence of a smoking
or alternate aero-pollutant exposure. Established risk factors underlying these diseases are age, degree of
smoking exposure, family history and diet [1-4], where the regular consumption of fruit and vegetables has
been shown to have a protective effect [5, 6]. This protective effect is relatively strong, even after correction for
other variables like smoke exposure, and suggests diet may modify, to some degree, the harmful effects of
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smoking. Although the underlying basis of this protective effect is not known, it is believed to stem from the
collective antioxidant effects derived through consuming a diet rich in fruit and vegetables [5, 6].

The COPD-lung cancer link

Recent molecular studies support past epidemiological observations suggesting COPD and lung cancer are
linked by more than just smoking exposure [7]. Using spirometry, COPD has been found to predate lung
cancer in 50-70% of lung cancer cases, two-to-three-fold the observed prevalence of COPD in age and
smoking matched groups [8, 9]. Indeed, when age and smoking are accounted for, the presence of COPD
(characterised by a reduced forced expiratory volume in 1 s % predicted) is the strongest predictor of lung
cancer [9]. Interestingly, the risk variables of age and pack-years have been shown to have a strong
interactive effect on disease risk, with an exponential rise in disease prevalence observed in smokers
compared with nonsmokers, above the age of 45 years in COPD and 65 years in lung cancer [10, 11]. While
there is growing evidence that the genetic factors underlying susceptibility to COPD and lung cancer are
overlapping [7, 12, 13], there is also evidence for both diseases that the consumption of fruit and vegetables
is protective [5, 6]. This raises the question: what mechanism that links susceptibility to COPD and lung
cancer might also be influenced by diet?

Systemic inflammation in the COPD-lung cancer link

Smoking is recognised as a critical initiating insult to the bronchial epithelium, triggering a strong
pulmonary innate immune response, in those who develop COPD and lung cancer [14—-16]. However, there
is also evidence that systemic inflaimmation plays a primary role in the development (and possibly
progression) of these diseases [15, 16]. This conclusion comes from numerous prospective studies showing
that markers of systemic inflammation, notably elevated interleukin (IL)-6 or C-reactive protein (CRP), are
consistently associated with an increased risk of COPD and lung cancer in both population and cohort
studies [17-24]. In several prospective studies, elevated markers of systemic inflammation have been
repeatedly associated with a decline in lung function in young adults [17-19] and COPD in adults [20-22].
Similarly, in numerous prospective studies of cancer, elevated systemic markers have been associated with
the development of lung cancer 5-15 years later [23-27]. Further evidence supporting a role for systemic
inflammation in COPD and lung cancer comes from animal studies showing overexpression of IL-6 is
linked to the development of COPD and that systemic inflammation in a nonsmoking murine model is
linked to innate immune response-mediated DNA damage in the bronchial epithelium [28-31]. This
increase in systemic inflammation may result from either an overactive bronchial epithelial response to
smoking or an underlying primary hyper-immune response of the innate immune system, or both [28-31].
Support for the latter comes from studies showing systemic inflammation is linked to many cancers, where
smoking (or obesity) are known risk factors, although the link is strongest for lung cancer [23-27]. Systemic
inflammation, to varying degrees, affects between 50% and 70% of those with COPD and lung cancer
[20, 22, 26]. There are then bidirectional effects between smoking-induced airway inflammation and
"inherent" systemic inflammation, where the latter may be responsible for persisting neutrophilic
inflammation in the lungs [16]. This, in turn, contributes to the aberrant repair-remodelling processes
underlying COPD that result from a protease—antiprotease imbalance, excessive oxidative stress and
progressive DNA damage [16]. In such a microenvironment, rich in metalloproteases and growth factors,
both epithelial remodelling (epithelial turnover, and mucous gland hyperplasia and metaplasia) and
mesenchymal remodelling (small airway fibrosis, emphysema and epithelial-mesenchymal transition) may
contribute to the development or progression of lung cancer [16]. Therefore, we propose that attenuation of
systemic inflammation might be one of the critical pathophysiological processes linking diet with smoking-
related lung disease. Indirect support for this hypothesis comes from numerous studies showing that
3-hydroxy-3-methylglutaryl coenzyme A (HMGCoA)-reductase inhibitors (statins), which are powerful
inhibitors of systemic inflammation, confer strong protective effects in COPD and lung cancer [16, 31-33].
The question then arises, what other factors, apart from a diet rich in fruit and vegetables, have been
associated with a reduced susceptibility to COPD and lung cancer?

The Hispanic paradox

Statistics from both the American Lung Association and American Cancer Society show that in the USA, the
incidence of lung cancer is greatest in African American subjects followed by non-Hispanic white subjects and
Asian subjects, with Hispanic subjects having consistently the lowest incidence (table 1 and fig. 1) [37-39].
These inter-ethnic differences in susceptibility to lung cancer persist after correction for many leading
confounding variables such as smoking and low socioeconomic status [40, 41]. These studies consistently
report a 40-50% reduction in the risk of lung cancer in Hispanic subjects compared with white subjects, a
finding recently confirmed in a large prospective study of lung cancer screening in 53 000 current or former
smokers [41]. In this study, after adjustment for age, smoking history and educational level, the risk of lung
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TABLE 1 Basis of the Hispanic paradox based on incidence, prevalence and mortality figures for chronic obstructive pulmonary
disease (COPD) and lung cancer in USA and South American populations comparing Mexican/Hispanic with other ethnicities

Disease Clinical phenotype Comparison Outcome % Risk First author
reduction % [ref.]
COPD COPD prevalence (%) over 2007-2009 Mexican versus non-Hispanic white 2.6 versus 5.7 54 AKINBAMI [34]
among adults aged >18 years
Mexican versus Puerto Rican 2.6 versus 6.9 62
COPD prevalence unadjusted (GOLD) Mexican versus non-Hispanic white 14.9 versus 29.5 50 BRusE [35]
Prevalence of rapid FEV1 decline
Mexican versus non-Hispanic white 21.6 versus 31.6 32
COPD prevalence in two Latin Mexico City versus Montevideo 12.7 versus 20.3 37 MENZES [36]
American cities (adjusted for smoking
and ethnicity)
COPD mortality rates (2006) Hispanic versus Caucasian (males) 21.2 versus 50.5 58 American Lung
(age-adjusted per 100000 per year) Association [37]
Hispanic versus American Indian (males) 21.2 versus 32.2 34
Hispanic versus Caucasian (females)  13.1 versus 39.1 66
Hispanic versus American Indian (females] 13.1 versus 28.6 54
Lung Lung cancer incidence rates 2002-2006 Hispanic versus Caucasian (males) 43.2 versus 77.6 44 American Lung
cancer (age-adjusted per 100000 per year] Association [38]
Hispanic versus American Indian (males) 43.2 versus 51.6 16
Hispanic versus Caucasian (females)  24.7 versus 54.8 55
Hispanic versus American Indian (females) 24.7 versus 39.8 38
Lung cancer incidence rates 1999-2003 Hispanic versus Caucasian [males) 52.7 versus 88.8 41 Howe [39]
(age-adjusted per 100000 per year)
Hispanic versus Caucasian (females)  26.7 versus 56.2 52
Lung cancer mortality rates 2002-2006 Hispanic versus Caucasian (males) 33.9 versus 69.9 52 American Lung
(age-adjusted per 100000 per year) Association [38]
Hispanic versus American Indian (males) 33.9 versus 41.2 18
Hispanic versus Caucasian (females)  14.4 versus 40.9 65
Hispanic versus American Indian (females]) 14.4 versus 28.3 49
Lung cancer mortality rates 1999-2003 Hispanic versus Caucasian (males) 37.2 versus 73.8 50 Howe [39]
(age-adjusted per 100000 per year)
Hispanic versus Caucasian (females)  14.7 versus 42.0 65

GOLD: Global Initiative for Chronic Obstructive Lung Disease; FEV1: forced expiratory volume in 1 s.

DOI: 10.1183/09059180.00000814

cancer (odds ratio), relative to Caucasians, was 1.48 in African American subjects, 0.63 in Asian subjects and
0.48 in Hispanic subjects [41]. Although these observations in lung cancer provide the basis for the “Hispanic
paradox”, they may also be relevant, to a lesser degree, in other smoking-related cancers (e.g. bladder and
oropharyngeal) (fig. 2) [39]. As this racial/ethnic effect persists after careful adjustment for important risk
factors for lung cancer, like age and detailed smoking history, it suggests to the authors that the Hispanic
paradox cannot be readily explained by differing rates of smoking [40, 41]. Moreover, the Hispanic paradox
appears to extend to increased survival from nonsmall cell lung cancer in Hispanic compared with African
American and non-Hispanic white subjects, despite comparable lung cancer histology and staging at diagnosis
[42]. Such a finding suggests the factors underlying this paradox may be implicated in both initiation and
progression of lung cancer.

Interestingly, similar inter-ethnic differences have been reported for COPD (prevalence and mortality) in a
comparison of ethnic groups in the USA (table 1, and figs 1 and 3) [34, 35, 37, 43]. Comparable to the data
for lung cancer, statistics for the USA suggest Hispanic subjects have lower COPD prevalence and mortality
rates, even after adjustment for smoking and socioeconomic status (suggesting the Hispanic paradox
extends to COPD as well as lung cancer) (table 1 and fig. 1) [34, 35, 37, 44, 45]. In one study, the reduced
rates of COPD in Hispanic subjects, compared with other ethnic groups, was most marked in those of lower
socioeconomic status suggesting factors other than genetic factors are relevant (see below) [34]. The finding
that a low socioeconomic status in Hispanic subjects is associated with a greater protection from COPD
contrasts strongly with data from other ethnic groups where the opposite is the case [37]. Such a finding
suggests that other exposures traditionally linked to socioeconomic status, from occupational and/or
domestic aero-pollutants, are unlikely to account for the paradoxical effect observed in Hispanic subjects.
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Importantly, when lung function decline in Hispanic subjects was compared with other ethnic groups in
nonsmokers, the paradox was no longer present [44, 45]. Similarly, in a study of female nonsmokers, lung
cancer mortality rates were highest in Asian and Hispanic subjects [46]. These studies suggest the protective
effect underlying the Hispanic paradox may be highly dependent on there being exposure to smoking, but
much less on smoking exposure dose per se [40, 41, 44, 45].

One popular theory to explain the Hispanic paradox is that genetic factors underlie this finding [35, 44, 45].
Indeed, when the prevalence of COPD is compared among various “Hispanic” subgroups in the USA, it is
notable that COPD prevalence is lowest in Hispanic Mexicans compared with Hispanic subjects from
Puerto Rico and Cuba (Caribbean Hispanic), where the prevalence is closer to that observed in African
Americans (fig. 3) [35]. This is perhaps not surprising, as Hispanic subjects of Caribbean origin have more
African American genetic (and cultural) ancestry than the Mexican Americans who have predominantly
Caucasian and Native American (Amerindian) ancestry [35, 44, 45]. However, in a recently published large
cross-sectional study examining lung function and smoking in the USA, POWELL et al. [47] failed to find
supporting evidence for the Hispanic paradox. In this study, the Hispanic group was only 52% Mexican and
the remainder of the subjects were predominantly Caribbean Hispanic, in whom, as suggested above, there
is higher COPD prevalence (fig. 3) [34] and greater African American ancestry [47, 48]. After careful
matching of smoking exposure and sub-classification of Hispanic subjects by Mexican and Caribbean
origin, no difference in lung function was found [49]. These data suggest that, in regards to susceptibility to
COPD, the Hispanic paradox is not as consistently reported as it is for lung cancer and requires clarification
in further prospective studies.

Another observation critical to unravelling the origins of the Hispanic paradox is the significant variation in
COPD prevalence in Central and South America, where the rates are lowest in Mexico compared with many
of its Amerindian South American neighbours [36]. As these countries share similar genetic ancestry and
sociodemographic backgrounds, this finding suggests something other than genetic factors may underlie the
Hispanic paradox. When genetic ancestry data are examined in detail, they show that Mexicans, like people
from South American countries, have a greater proportion of Amerindian (Native American ancestry) genes
than European or African genes [50]. This raises the possibility than Native American genetic ancestry may
be “protective” and contribute to the lower rates of COPD in Hispanics [35]. We note for both COPD and
lung cancer mortality rates, Hispanic subjects have a ~30% lower rate than American Indians, substantially
less than the 50-60% reduction compared with non-Hispanic white subjects (table 1 and fig. 1) [3, 4]. As
Mexican Hispanic subjects share their genetic ancestry with Native Americans, it remains possible that there
is some genetic protective effect. However, Native Americans and Hispanic subjects also share some dietary
preferences (cultural ancestry), such as a high consumption of legumes, so further studies will be necessary
to separate these inter-ethnic effects. A study comparing Alaskan Indians with American Indians concluded
that, despite similar genetic and cultural back grounds, lower smoking rates in the latter (39% versus 21%,
respectively) could not explain the five- to seven-fold lower rates of lung cancer [51]. Instead, a diet low in
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FIGURE 1 Inter-ethnic differences in mortality and/or incidence for chronic obstructive pulmonary disease (COPD) and
lung cancer per 100000, the basis of the “Hispanic paradox” [37, 38].
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fruit, vegetables and fibre in Alaskan Indians was implicated as possibly contributing to the marked
increased lung cancer rates [51].

While some have suggested the Hispanic paradox results from a differential pattern of healthy Hispanic
people emigrating to the USA and older unhealthy Hispanic people returning to their home country,
the evidence for this is lacking [35, 44]. Moreover, although genetic ancestry from the Iberian Peninsula
(Spanish and Portuguese) is common across Central and South America, it has not been linked to lower
rates of COPD or lung cancer elsewhere in the world. These observations suggest to the authors that
something other than genetic factors may be at play here. An alternative hypothesis to explain the Hispanic
paradox is that Hispanics have reduced COPD and lung cancer due to a protective “cultural factor” shared
by the majority of smoking Hispanic subjects [44]. While two possible hypotheses have been suggested to
explain the Hispanic paradox, namely a difference in genetic predisposition or difference in environmental
factors [44, 48], the evidence for the former appears to be weak. In particular, the genetic ancestry of
Hispanic Mexicans (a combination of Native American, South American Amerindian and Spanish gene
pools) does not confer any clear-cut protective effect elsewhere in North America (Alaskan Indian), South
America (Amerindian) or Europe (Spanish) [35, 36, 51].

Here we present data to suggest that the increased consumption of high-fibre foods such as legumes, primarily
in the form of beans, may provide an alternate explanation for the Hispanic paradox [43, 48, 52—67]. Data on
bean consumption shows that Hispanic subjects, who represent 11% of the USA population, are the largest
consumers of beans (accounting for 33% of all consumption) [52]. Not only do a greater proportion of
Hispanic subjects regularly consume beans compared with other ethnic groups (twice that of non-Hispanic
white and African American subjects) (fig. 3) [53], but individually they consume up to four- to five-fold
more beans per head of capita than white subjects (14.24 kg (31.4 lbs) versus 2.51 kg (5.5 lbs) per year,
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FIGURE 2 Age-adjusted incidence rates (per 100 000) for several cancers for 1999-2003 according to sex and ethnicity in
the USA for a) males and b) females [39].
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FIGURE 3 Lung cancer incidence per 100000 [38], adjusted lung cancer risk [41], chronic obstructive pulmonary disease
(COPD) mortality per 100000 [37], COPD prevalence in adults [34] and percentage consuming bean [43] in the USA
according to ethnicity. *: odds ratio x 100; *: % x 10.

respectively) [43]. The key question now becomes, how might an increased consumption of beans affect a
smoker’s susceptibility to COPD or lung cancer?

Legumes/beans and systemic inflammation

As stated above, the consumption of fruit and vegetables has been shown to be protective against COPD and
lung cancer [5, 6]. This has been attributed to an antioxidant or anti-inflammatory effect according to many
epidemiological, animal and in vitro studies [5, 6]. However, the specific food group and biological
mechanism underlying this effect has not yet been clearly identified. Several studies have linked a lower
incidence of lung cancer to the consumption of phyto-oestrogens, suggesting that the oestrogenic effect of
this food group may confer hormonal protective effects [54-58]. In a very detailed analysis of the dietary
intake of lung cancer cases compared with controls carefully matched for age, sex, ethnicity and smoking,
SCHABATH et al. [54] reported that consumption of phyto-oestrogens reduced lung cancer risk in a dose—
response relationship. Further analysis of this observation revealed that it was due to differences in
consumption of soybean in particular, over that of fruit and vegetables, or lignin containing (tea and coffee)
sources [54]. While this apparent “protective effect” was evident in lifelong nonsmokers, it was two-fold
greater in current and former smokers [54]. This suggested to the authors that an important diet-smoking
interactive effect was at play that partly attenuated the adverse effects of smoking on the lungs. We have
observed a similar effect with statin therapy in several large observational studies [16, 32]. The diet-smoking
effect we describe, mediated through attenuation of systemic inflammation, might also explain why the
Hispanic paradox is most obvious across several smoking-related diseases (ie. lung cancer, COPD and
bladder cancer) (fig. 2), and why the protective effect on lung function decline and lung cancer mortality
was reduced or lost in nonsmokers [45]. Interestingly, the diet—smoking effect in the study by SCHABATH
et al. [54] was strongest in males compared with females, suggesting an oestrogen-based modifying effect.
However, in contrast to SCHABATH et al. [54], we suggest that the consumption of high fibre legumes,
primarily from bean-based sources, best explain their observations. We also suggest that it is the anti-
inflammatory effect of legumes that explain their observation (rather than phytoestrogenic effects) and that
this effect underlies the Hispanic paradox. However, it remains a possibility that other sources of
antioxidants (e.g. quercetin from apples) are important in the Hispanic paradox, although data to support
such a hypothesis are currently lacking.

Legumes are very high in fibre and have been previously linked to a reduced risk of COPD and lung cancer
through the antioxidant properties of fibre [59-61]. Although previous epidemiological studies have
implicated the antioxidant effects of flavonoids (especially from apples, tea and pears) in reducing lung
function decline [62, 63], increased dietary fibre has been linked to reduced respiratory symptoms [64],
better lung function [59, 60] and reduced respiratory mortality [65, 66]. Surprisingly, in the study on
mortality [65], the protective effect conferred by a high fibre diet was greater for respiratory deaths than for
cardiovascular disease and cancer, further implicating an anti-inflammatory mechanism [66]. Importantly,
the beneficial effect of fibre on lung function and respiratory mortality was independent of smoking, sex,
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ethnicity, vitamin (carotenoid) intake and other potential confounding variables [60, 65]. Consumption of
legumes has recently been linked to a significant reduction in systemic inflammation [67, 68]. In a cross-
sectional study of 486 females, reductions in both IL-6 and CRP were noted in those taking a diet rich in
fruit, vegetables, tea, grains and legumes [67]. When this dietary effect was explored in greater detail in a
subsequent analysis, high legume consumption (lentils, peas, chickpeas and beans) was found to be
associated with reductions in IL-6 and CRP of 30-50% in the highest tertile compared with the lowest tertile
of legume consumption [68]. This finding is supported by prospective interventional data from a
randomised crossover feeding trial showing a high-legume based diet significantly lowered CRP levels [69].
This legume-mediated reduction in CRP (and IL-6) is clinically significant and comparable to that seen with
statin therapy [16]. That this anti-inflammatory effect is mediated through the high fibre content of legumes
is supported by numerous cross-sectional and longitudinal studies that have shown high-fibre diets are
associated with lower systemic inflammation [70-72]. We conclude that there is substantial evidence
supporting the proposition that high legume consumption has an anti-inflammatory effect that is probably
mediated through its high fibre content.

We have previously noted that an increase in systemic inflammation, characterised by elevated IL-6 or CRP
levels, has been linked to an increased risk of both COPD and lung cancer (fig. 4) [15-27]. Moreover, a
reduction in IL-6-mediated systemic inflammation, through the use of HMGCoA reductase inhibitors
(statins), has been closely linked to improved outcomes and reduced mortality in COPD, and to reduced
mortality and prevalence of lung cancer [16, 32]. We propose that the Hispanic paradox results in part from
a high consumption of dietary fibre (primarily from legume consumption) causing attenuation of systemic
inflammation [59, 60]. Diets high in fibre are known to increase the concentration of small-chain fatty acids
(SCFAs) in the blood (notably acetate, propionate and butyrate) [73, 74]. These SCFAs have established
anti-inflammatory effects, lowering systemic inflammation (IL-6 and CRP levels) through their inhibition
of HMGCoA reductase, with downstream inhibition of the pro-inflammatory transcription factor nuclear
factor (NF)-kB (fig. 4) [73-78]. That statins and a diet high in fibre (promoting SCFA formation) both
appear to effectively attenuate systemic inflammation through HMGCoA reductase inhibition [16, 73, 74, 78],
and reduce lung cancer incidence by nearly 50% [16], is both surprising and potentially of considerable public
health interest. While past epidemiological studies have spuriously associated high intakes of vitamins
(B-carotene and a-tocopherol) with a lower risk of lung cancer [61], it may have been the high fibre in these
vitamin-rich diets and not the vitamins that actually conferred the protective effect. The anti-inflammatory
and anti-neoplastic effects of colonic SCFAs are thought to underlie the protective effect of fibre in bowel
cancer [78]. However, SCFAs found in the systemic circulation, and derived from the combined effects of
dietary fibre and colonic bacteria [73, 74], may have several relevant protective functions in COPD and lung
cancer. These include attenuation of innate immunity through effects on the regulation/migration of
neutrophils [73, 74], epithelial protection against bacterial infection [76] and anti-proliferative effects through
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FIGURE 4 Schematic of the relationship between smoking and legume consumption (smoking—diet relationship) in
relation to pulmonary inflammation, systemic inflammation, chronic obstructive pulmonary disease (COPD) and cancer
(both lung and extrapulmonary). M®: macrophage; PMN: polymorphonuclear neutrophil; IL: interleukin; TNF: tumour
necrosis factor; CRP: C-reactive protein.
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inhibition of histone deacetylase [73, 75, 77]. Given the bidirectional effects of smoking-initiated airway
inflammation and systemic inflammation driving aberrant repair processes and lung remodelling (fig. 4), it is
conceivable that diet-induced suppression of systemic inflammation could have wide reaching effects on the
lung, particularly in lighter smokers (e.g. Hispanic Mexicans). We suggest these mechanisms provide the most
plausible explanation of how a diet high in legumes (or fibre) might partially protect against smoking-induced
respiratory disease, although other possibilities have been proposed [54, 60, 68]. We conclude that, while more
research is needed to better understand the link between high fibre (legume or bean) consumption and the
lowering of systemic inflammation, we favour an anti-inflammatory or immune-modulatory effect mediated
through inhibition of the NF-kB/IL-6/CRP inflammatory pathway. Our final question is: are there any other
ethnic groups where the risk of COPD or lung cancer may be affected by diet?

Other ethnic groups and the consumption of legumes

Lower rates of COPD and lung cancer have also been observed in Asians in the USA (figs 1-3) [3, 4] raising
the possibility that diet may also be relevant to this group [34, 37-39, 40]. The lower risk of lung cancer in
Asians was confirmed in a recently published lung cancer screening study (odds ratio of 0.63 compared with
Caucasians), where age, smoking history and sociodemographic variables were carefully accounted for in
the analysis (see earlier) [41]. Moreover, USA data on bean consumption suggests Asians are also high
consumers of legumes, in particular soy products [43, 52-55, 59, 79]. This is because soy products (e.g. tofu)
are derived from the soybean and may confer the same protective effect as legumes (attenuation of systemic
inflammation as outlined above) [54, 55]. We, therefore, suggest that the lower incidence of both COPD
and lung cancer in American Asians (figs 1-3) may also result, in part, from the beneficial effects of a high
fibre and legume (soy-based) diet. By contrast, for African Americans, where low intake of fruit and
vegetables has been reported, the increased prevalence of COPD and lung cancer cannot be explained by a
difference in bean consumption [51, 52]. Although other dietary or lifestyle factors may contribute to an
increased risk of COPD and lung cancer in African Americans [35, 47], genetic effects linked to elevated
systemic inflammation remain a possibility [80].

Conclusion

This article has proposed that there are several lines of indirect evidence supporting the hypothesis that
consumption of fibre, and specifically beans or bean-based products (soy and tofu), might have a beneficial
effect in Hispanic subjects (and possibly Asians) who smoke, explaining, in part, their lower mortality of
COPD and lung cancer. The data, to date, suggest this effect might result from the anti-inflammatory effects
of this food group, specifically the attenuation of systemic inflammation implicated in COPD and lung
cancer. This “systemic inflammation hypothesis” [15, 16, 31, 33] is supported by the observation that
Hispanic subjects, compared to non-Hispanic white subjects, have improved survival from lung cancer,
colon cancer and breast cancer [1, 2, 37-39]; the latter two are linked to systemic inflammation through
obesity. However, this beneficial effect does not extend to liver or stomach cancer (fig. 2) [39]. Hispanics
also have better survival from cardiovascular disease, which is known to be linked with elevated systemic
inflammation [15, 16].

As described above, an interesting observation that provides indirect evidence linking lowering of systemic
inflammation with lower rates of COPD and lung cancer comes from several studies on the use of
HMGCOoA reductase inhibitors [16]. These drugs are potent inhibitors of systemic inflammation and have
been strongly linked, in observational studies, to reduced mortality in COPD and reduced prevalence of
lung cancer [16]. We propose that a similar protective immune-modulatory effect may occur with regular
consumption of legumes (fibre) and that this effect might also be mediated through the same underlying
mechanism, inhibition of the HMGCoA reductase enzyme. In addition to lowering cholesterol, inhibition
of HMGCoA reductase blocks signalling molecules called guanosine triphosphatases (Rho, Ras and Rac)
that control NF-kB-based inflammatory pathways underlying IL-6 mediated systemic inflammation [16].

Our hypotheses can be tested in large prospective cohort studies and clinical intervention trials where
accurate dietary intake is recorded and outcomes carefully documented. We suggest that this hypothesis
should be examined as the public health implications of such a finding are considerable. While cigarette
smoking remains a tolerated, albeit increasingly marginalised, lifestyle choice in developed countries, its
legacy in both current and former smokers will persist long into the future in the form of COPD and lung
cancer. This is important because the risk of COPD and lung cancer remains high in ex-smokers even
decades after quitting. The increasing burden of these diseases in developing countries remains a concern.
While diets high in fruit, vegetables and fish are generally recommended, it may be that legumes (with a
high fibre content) in particular confer specific protective effects in current or former smokers. We believe
this hypothesis requires investigation in prospective studies.
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