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Introduction: Iron metabolism was found to be implicated in several cancers. Few 
epidemiologic studies; focusing on iron intake and lung cancer (LC), reported positive 
associations between heme iron and red meat. Based on estimates of iron contents in 
representative foods, we conducted the present study with the aim of analyzing dietary 
iron and its role on the incidence of LC in Uruguayan men, since this population has the 
highest meat intake worldwide.
Methods: A case-control study was performed on 843 LC cases and 1466 controls; 
using a specific multi-topic questionnaire including a food frequency questionnaire. 
This matched case-control study was designed according to age-frequency, urban/rural 
residence, and country region. Food-derived nutrients were calculated from available 
databases. Total dietary iron was calculated according to its animal, plant, heme and 
non-heme source after being adjusted by energy. Odds Ratios (ORs) were estimated by 
logistic regression; being adjusted for potential confounders. 
Results: Iron intake was associated with LC risk. Total (OR=3.26), animal (OR=3.73), 
heme (OR=2.94), and animal non-heme (OR=3.15) iron were positively associated 
with LC; whereas plant (OR=0.66) and non-heme fraction in total iron (OR=0.56) were 
inversely associated with LC incidence. Risks were very similar for all histological 
types of tumors. In addition, stratified analyses showed higher ORs for intense smokers 
and intense “maté” drinkers.
Conclusions: The source and proportions of dietary iron might be of importance as a link to 
lung carcinogenesis; suggesting that low intakes of animal sources and high consumption of 
plant sources could be healthier. Further studies are needed to clarify this point.
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Lung cancer (LC) has been the most frequent 
malignancy in Uruguayan men but it is currently 
occupying the 2nd place of incidence after prostate 
cancer [1]. However, the adjusted incidence 
rate (~47/100.000 men) in the Uruguayan men 

population is still at top of the list in America which 
is slightly lower than West and South Europe [2]. 
Although smoking is elsewhere the major risk 
factor of LC (85% of attributable risk [3]), diet 
is also considered as a potentially modifiable 
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risk factor [4]. This fact has been analyzed in 
Uruguayan studies along the last two decades [5-
7]. The Uruguayan average diet is meat-based, 
with the world’s highest per capita beef intake [8]. 
Red and processed meat have been implicated in 
lung carcinogenesis which has been attributed to 
some of their components (own or added ones) 
as fats, cholesterol, heterocyclic amines (HCA), 
nitrosodimethylamine, iron, etc. [9]. A meta-
analysis suggested that a high red meat intake may 
increase LC risk even among non-smokers [10].
Iron is essential for many biological processes, 
however, too much or too little iron can derive 
into a wide variety of pathological consequences, 
depending on the affected tissue or cell type. Iron 
balance is achieved by careful control of its intake 
and recycling [11]. The approximate percentage of 
heme and non-heme iron absorbance is 30% and 
10%, respectively [12]. 
Because humans lack a mechanism for controlled 
iron excretion, regulation of body iron content (~4 
g in adults) depends on the control of dietary iron 
absorption [13]. Regulatory systems; controlling 
iron absorption, systemic transport, and cellular 
uptake and storage enable the body to control iron 
levels [14]. Iron accumulation during lifespan 
is potentially disadvantageous for men, because 
women experience periodical iron loss with their 
menses during the reproductive years, something 
that could operate as a balancing system against a 
dietary iron excess. Even both sexes could share 
similar dietary styles, different body iron levels 
might be expected near the age of 50.
Altered iron levels and/or dysregulated homeostasis 
have been associated with several lung diseases, 
including chronic obstructive pulmonary disease 
(COPD), LC, and asthma [15]. In particular, iron 
intake is associated with carcinogenesis aspects 
such as the formation of endogenous N-nitroso 
compounds and an increase in the oxidative stress 
[16]. Iron overload induces free radical formation, 
lipid peroxidation, DNA and protein damages; 
while iron metabolism plays a key role in epigenetic 
regulation of cancer cells [17]. In addition, higher 
body iron which is represented by higher iron and 
ferritin levels may be associated with cancer risk 
[18]  and particularly with LC incidence [19]. 
Nevertheless, recent evidence on iron load does not 
support a higher risk of LC [20, 21].
We have recently evaluated the proportions of 

dietary iron according to its sources and subtypes, 
and its possible association with breast cancer risk 
[22, 23]. These studies reported epidemiologic 
evidence of an animal/plant ratio [22] as well as a 
heme/non-heme ratio [23] of dietary iron in support 
of a direct association to the disease. Besides, only 
a few epidemiologic studies (all of them conducted 
in North American and European populations) 
have been published on the role of heme iron in LC 
risk [24-30]. Most of them tended to display a risk 
elevation by increasing heme iron intake. 
Uruguayans are the world’s highest “maté” 
consumers (9-10 kg/person/year of the herb and 
~400 liters/person/year of infusion) and more 
than 80% of inhabitants are “maté” drinkers 
[31]. “Maté” is the name of the infusion made 
from the Ilex paraguariensis herb, and according 
to International Agency for Research on Cancer, 
hot “maté” drinking is considered as a 2A agent 
(possibly carcinogenic for humans) [32]. High 
levels of several carcinogenic polycyclic aromatic 
hydrocarbons (PAH) were found in this drink 
[33, 34]. Phenanthrene and benzo[a]pyrene (BaP) 
that are found in both hot and cold “maté” [34], 
are considered as carcinogens to humans [35]. 
“Maté” intake was found positively associated 
with an increase in LC risk in the first evaluations 
[36]. Associations were significant for the amount 
(liters/day) and intensity (liters×years) of its 
consumption. A further multi-site study confirmed 
a positive association with intense “maté” intake 
and the incidence of LC [37]. Unlike cancers of 
the upper digestive tract origin (which has direct 
contact to the hot infusion), it was considered 
that LC may represent a good model for testing a 
chemical rather than a thermal effect of “maté”. 
Although Uruguay is a developing country, its 
population has a meat-based and western dietary 
style. Historically, livestock and meat production 
have been strongly related to Uruguay which is 
closely related to an early introduction of cattle 
even before European settlers landed. Livestock 
production became the most important economic 
activity and export product at least two centuries 
ago, leading meat to be reflected as traditional low-
cost food.
The aforementioned epidemiologic links among 
iron, red/processed meat, “maté”, and LC, justified 
doing additional studies in this regards. Therefore, 
we considered conducting a case-control study on 
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dietary iron and LC risk by applying a similar data 
analysis methodology as in our previous research 
and making special efforts in order to control for 
potential confounders such as smoking which is 
an important aspect in the diet–LC analyses. To 
our knowledge, this is the first Latin American 
epidemiologic study exploring possible roles of 
dietary iron and LC risk. 

METHODS

Selection of Cases and Controls
As a part of a multi-site epidemiologic research, 
during the study period (1996-2004), all newly 
diagnosed and microscopically confirmed cases 
of LC in men were considered eligible for this 
study. These cases were drawn from the four major 
public hospitals of Montevideo and Uruguay 
(Clinicas University hospital, Maciel, Pasteur, and 
Oncology Institute) which catch a large fraction of 
patients from the public system for diagnosis and/
or treatment of cancer. The public health system is 
centralized in Montevideo where less than 50% of 
the country population lives; while more than 50% 
of total cancer cases are diagnosed. In this period, 
896 LC cases were identified from who, 20 patients 
refused the review, and a total of 876 cases were 
remained to be included in the study (response 
rate 97.8%). Of them, 33 cases did not complete 
the questionnaire, delivering then a final number 
of 843 cases. Patients distribution by cancer cell 
type was as follows: squamous cell (300 patients, 
35.6%), adenocarcinoma (186, 22.1%), small cell 
carcinoma (88, 10.4%), other types including large 
cell carcinoma and malignancies not otherwise 
specified (195, 23.1%), and unclassified (74, 8.8%). 
In the same time period and the same hospitals, all 
male patients hospitalized for conditions not related 
to tobacco smoking or alcohol drinking and without 
recent changes in their diets were considered 
eligible to be considered as the control group for 
the study. One thousand and five hundred thirty-
four (1,534) patients were considered eligible. 
Forty (40) patients refused the interview leaving 
1,494 patients as potential controls (response 
rate 97.4%). From these potential controls, 1466 
patients completed the questionnaire and were 
included in the study. Controls were matched 
to cases with regards to age (10-year groups), 
residence (urban/rural), and region (Montevideo/
Other counties). Controls were classified as 

follows: abdominal hernia (292 patients, 19.9%), 
bone diseases (280, 19.1%), eye disorders (258, 
17.6%), skin diseases (148, 10.1%), injuries (138, 
9.4%), appendicitis (89, 6.1%), varicose veins (78, 
5.3%), urinary stones (66, 4.5%), hydatid cyst (48, 
3.3%), prostate hypertrophy (47, 3.2%), and blood 
disorders (22, 1.5%).
The planned study expected to obtain 2 matched 
controls per case. Regarding the correlation 
between exposure rates for case and controls, since 
prior data were not easily available, we followed 
what Dupont [38] suggested, assuming a value 
of 0.2. With a theoretical OR=2.5 for disease in 
exposed/unexposed individuals, we needed at least 
406 cases with 2 matched controls per case to reject 
the null hypothesis with a power=0.80 and with an 
α-error=0.05 [39, 40].
Trained social workers interviewed patients in the 
hospitals shortly after admittance without proxy 
interviews. Patients admitted to public hospitals 
were people with low incomes coming from all 
around the country and had free access to most 
medical services as a mandatory law of Uruguay. 
According to the features of the population, they 
were good representatives of a third world country, 
different from the population being admitted at the 
private health subsystem. We have not excluded 
any participants as outliers for iron or other dietary 
components.

Questionnaire
Participants answered a structured questionnaire 
which included socio-demographic variables 
including occupation, cancer history in the 1st- and 
2nd-degree relatives, self-reported height and weight 
5 years before the interview, smoking and alcohol 
consumption, and history of “maté”, tea and coffee 
drinking. A food frequency questionnaire (FFQ) 
containing 64 items that were representative of the 
Uruguayan diet and focused on food consumption 
during the last 5 years was also completed. Proxy 
interviews were not accepted. The FFQ was not 
validated but was tested for reproducibility [41]; 
allowing individual energy estimation. All dietary 
questions were open-ended. Local tables of food 
composition were used for estimating energy and 
nutrients [42].
Smoking habit was evaluated by 8 items: smoking 
status (No smoker, Ex-, Current), amount (Nº of 
cigarettes/day), type (blond, mixed, black), rolling 
(manufactured, hand-rolled), age at start, age at quit, 
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duration (age at quit – age at start), and intensity 
(pack-years, = the product of calculated packs of 
20 units smoked per day × smoking duration in 
years). Patients who reported quitting within the 
same year of their interview were considered as 
current smokers.

Estimation of Iron and Nutrients Intake
We estimated heme iron intake; using FFQ 
according to the previous dietary studies [43-
45]. Heme iron was estimated by calculating its 
percentage of total iron in the following foods: 
69% for beef, 39% for ham, bacon, mortadella, 
salami, hot dogs, saucisson and sausage, 26% for 
chicken, fish, eggs, and milk, and 21% for the 
liver. We calculated mean daily heme iron intake 
by multiplying consumption frequency by amount 
of total iron and the quoted percentages. Non-
heme iron intake was calculated by subtracting 
heme iron intake from total iron. Animal-based 
iron was calculated by addition of estimations from 
all animal foods; plant-based iron derived from 
subtracting animal-based iron from total iron. The 
so-called fractions were obtained as a percentage of 
total iron [23]. For the present study, we estimated 
the non-heme component of animal iron by using 
the below-mentioned formula: Animal non-heme 
iron=animal iron–heme iron. 
For analysis purposes and based on the original iron 
variables, an Animal/Plant iron ratio (APIR) and 
a Heme/Non-Heme ratio (H/NH) were assumed. 
In order to calculate energy and daily nutrients, 
an analysis program was compiled which made 
the sum of all individual values. Accordingly, the 
number of servings/year was multiplied by the 
ratio nutrient content or calories of the serving/100 
g of each individual, divided by 365 days. The 
typical average servings of solid foods are within 
the normal range of 100-150 g. Since iron intake 
showed a high correlation with energy, we 
calculated an iron density expressed as daily mg of 
the mineral/kcal × 1000. 

Statistical Analysis
Most questionnaire variables were originally 
continuous; when necessary, they were categorized 
for analysis purposes. In order to select variables 
to be entered in further regressions, preliminary 
univariate analyses (chi-square tests) were 
performed on a series of numerical variables of 
the database which were previously found to have 

some prognostic value for cancer risk estimation. 
Selected interest variables were presented as mean 
values±standard deviation (SD).
In order to analyze the association between exposure 
levels of iron types and LC, we estimated ORs and 
95% confidence intervals (95% CI) for each interest 
variable which were calculated by unconditional 
logistic regression [39], adequate for the matching 
design based on few socio-demographic variables. 
The dependent variable was cancer (binary, yes/
no). Reported p-values were two-sided and P<0.05 
were considered statistically significant. Potential 
confounders were included in the multivariate 
analyses. 
Independent variables included age, residence, 
education, body mass index (BMI), family history 
of cancer in 1st -degree relatives, energy intake, 
total meat intake, total plants intake, total fibre 
intake, calcium intake, “maté” intake, alcohol 
consumption, and a detailed list of smoking 
variables (smoking status, cigarettes amount, 
tobacco type, cigarette manufacturing, age at start, 
age at quit, duration of habit, and pack-years). 
Calculations were done with STATA software 
(Release 10, Stata Corp LP, College Station, TX, 
2007). 

RESULTS
Table 1 shows the distribution of cases and 
controls according to the selected variables. Due to 
the study design, urban/rural status and residence 
region (Montevideo/Other) had similar proportions 
in both groups. Although participants were not 
completely matched, no significant differences 
were achieved in terms of age distribution 
(P=0.22). Education periods were rather similar. 
Cases tended to display lower BMI than controls. 
On the other hand, cases had a significantly higher 
number of 1st-degree relatives with cancer as well 
as a higher numberof current smokers and current 
alcohol and “maté” drinkers.
Selected nutritional variables were analyzed and 
presented as mean values±SD in Table 2. All iron 
variables (12) displayed statistically significant 
differences between cases and controls. Higher 
mean daily intakes (expressed in mg/1000 kcal) of 
total iron (4.16 vs. 3.79), animal-based iron (3.30 
vs. 2.83), heme iron (1.99 vs. 1.69), total non-heme 
iron (2.17 vs. 2.09), and animal-based non-heme 
iron (1.31 vs. 1.14) were found among LC cases 
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Table 1: Distribution of Cases and Controls

Controls, No.(%) Cases, No.(%) Total, No.(%) P Value

Age Groups, y 0.220

≤ 49 196(13.4) 112(13.3) 308(13.3)

50-59 250(17.0) 171(20.3)  421(18.2)

60-69 560(38.2) 326(38.7)  886(38.4)

70-79 413(28.2) 213(25.3)  626(27.1)

≥ 80  47(3.2)  21(2.5)  68(2.9)  

Residence  0.970

Urban 1128(76.9) 648(76.9) 1776(76.9)

Rural 338(23.1) 195(23.1)  533(23.1)

Living Region  0.960

Montevideo 718(49.0) 412(48.9) 1130(48.9)

Other sites 748(51.0) 431(51.1) 1179(51.1)

Education Years 0.680

≤ 2 389(26.5) 227(26.9) 616(26.7)

3-4 417(28.4) 257(30.5) 674(29.2)  

5-6 486(33.1) 264(31.3) 750(32.5)

≥ 7 174(11.9) 95(11.3) 269(11.6)

Family History of Cancer in 1st Degree <0.001

None 1088(74.2) 548(65.1) 1636(70.8)

1 324(22.1) 248(29.4) 572(24.8)

≥ 2 54(3.7) 47(5.6) 101(4.4)

Body Mass Index, kg/m2 <0.001

≤ 18.49 21(1.4) 17(2.0) 38(1.7)

18.5-24.99 721(49.2) 498(59.1) 1219(52.8)

25.0-29.99 582(39.7) 252(29.9) 834(36.1)

≥ 30.0 142(9.7) 76(9.0) 218(9.4)

Smoking Status <0.001

Non Smoker 282(19.2) 17(2.0) 299(12.9)

Ex-Smoker 520(35.5) 223(26.4) 743(32.2)

Curr.Smoker 664(45.3) 603(71.6) 1267(54.9)

Alcohol Status <0.001

Non Drinker 407(27.8) 165(19.6) 572(24.8)

Ex-Drinker 236(16.1) 141(16.7) 377(16.3)

Curr.Drinker 823(56.1) 537(63.7) 1360(58.9)

Maté a Status <0.001 

Non Drinker 179(12.2) 41(4.9) 220(9.5)

Ex-Drinker 85(5.8) 42(5.0) 127(5.5)

Curr.Drinker 1202(82.0) 760(90.1) 1962(85.0)

Total patients 1466(100.0) 843(100.0) 2309(100.0)
a Maté is the name of the staple infusion in Uruguay, made from the Ilex paraguariensis herb.
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Table 3: Adjusted Odds Ratios (ORs) of Lung Cancer for Dietary 
Iron: Total, Animal-Based, Plant-Based, Animal/Plant (A/P) Ratio, 
Heme, Non-Heme, Heme/Non-Heme Ratio (H/NH), Animal Non-
Heme, and Fractions of Each One From Total Iron a, b

Iron Variables OR (95% CI) Trend 
(P Value)

Total <0.001

 ≤3.26 1.00 (–––)

 3.27-3.91 1.54 c (1.15-2.06)

 3.92-4.61 1.65 c (1.20-2.28)

 ≥4.62 3.26 c (2.26-4.70)

Animal <0.001

 ≤2.31 1.00 (–––)

 2.32-2.93 1.58 c (1.16-2.14)

 2.94-3.63 1.72 c (1.23-2.42)

 ≥3.64 3.73 c (2.49-5.58)

Animal Fraction <0.001

≤69.3 1.00 (–––)

69.4-77.8 1.59 c (1.15-2.18)

77.9-84.2 1.85 c ( 1.30-2.64)

≥84.3 2.88 c (1.90-4.36)

Plant 0.057

≤0.61 1.00 (–––)

 0.62-0.87 0.78 (0.59-1.02)

 0.88-1.22 0.81 (0.59-1.10)

 ≥1.23 0.66 c (0.44-0.97)

Plant Fraction <0.001

≤15.6 1.00 (–––)

15.7-22.1 0.64 c (0.48-0.86)

 22.2-30.6 0.55 c (0.40-0.76)

≥30.7 0.35 c (0.23-0.53)

Animal/Plant Ratio <0.001

≤2.11 1.00 (–––)

 2.12-3.31 1.59 c (1.14-2.22)

 3.32-5.17 2.06 c (1.43-2.96)

 ≥5.18 3.12 c (2.03-4.80)

Heme <0.001

 ≤1.32 1.00 (–––)

 1.33-1.74 1.34 (0.98-1.82)

 1.75-2.22 1.53 c (1.11-2.12)

 ≥2.23 2.94 c (2.00-4.32)

Heme Fraction 0.001

 ≤39.5 1.00 (–––)

39.6-46.2 1.16 (0.85-1.58)

46.3-51.6 1.55 c (1.12-2.15)

≥51.7 1.78 c (1.23-2.59)

Non Heme <0.001

≤1.77 1.00 (–––)

1.78-2.11 1.27 (0.96-1.68)

2.12-2.50 1.42 c (1.05-1.93)

≥2.51 2.08 c (1.45-2.97)

NonHeme Fraction 0.001

≤48.3 1.00 (–––)

48.4-53.6 0.87 (0.66-1.15)

53.7-60.3 0.65 c (0.48-0.88)

≥60.4 0.56 c (0.39-0.81)

Heme/Non-Heme Ratio 0.001

≤0.62 1.00 (–––)

 0.63-0.83 1.04 (0.76-1.43)

 0.84-1.05 1.42 c (1.02-1.99)

 ≥1.06 1.72 c (1.18-2.52)

Animal NonHeme <0.001

≤0.95 1.00 (–––)

0.96-1.16 1.46 c (1.07-1.98)

1.17-1.41 1.75 c (1.25-2.46)

≥1.42 3.15 c (2.13-4.68)
a Regression model including terms for cancer (binary, as depen-
dent variable), age, education years, body mass index, total meat, 
total plants, total fiber, calcium, cigarette amount, smoking dura-
tion years, smoking start, smoking quit, pack-years (continuous); 
residence, family history of cancer in 1st degree relatives, energy 
as kilocalories, “maté” intake, alcohol consumption, and cigarette 
type (categorical) as independent variables. 
b Includes range values for each category of the analyzed vari-
ables. Iron values calculated in mg/1000 kcal/day: total, animal, 
plant, heme, non-heme, animal heme, and animal non-heme. 
Animal fraction, plant fraction, heme fraction and non-heme 
fraction are expressed as a percentage. 
c Significant ORs
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compared to controls, respectively. Furthermore, 
animal iron fraction, APIR, heme iron fraction, 
and H/NH iron fraction were higher among cases. 
Conversely, controls displayed higher intakes of 
plant-based iron (0.96 vs. 0.86) and non-heme 
iron fraction (56.19 vs. 52.91) compared to cases, 
respectively. Additionally, cases showed higher red 
meat, pulses, bakery products, and calcium intake. 
Conversely, controls displayed a higher intake of 
white meat, total fruits, and fiber. Dietary energy, 
processed meat, and total vegetables did not show 
any differences. 
Table 3 shows the adjusted ORs of LC and their 
linear Trends for different iron types. Except 
for plant-based iron which showed a marginal 
inverse Trend (P=0.057), all risk estimations and 
Trends were significant. Whereas 9/12 estimations 
(75%, mostly related to animal sources) were 
positively associated with LC risk, the remaining 
3 estimations (mainly linked to plant sources) were 
inversely associated with the incidence of LC. 
We remarked that the highest quartile of animal-
based iron (>3.6 mg/1000 kcal/day) displayed the 
strongest positive association with the incidence of 
LC (OR=3.73, 95% CI 2.49-5.58, PTrend<0.001). In 
addition, a high plant-based iron fraction (≥30.7%) 
was inversely associated with LC (OR=0.35, 95% 
CI 0.23-0.53, PTrend<0.001).
Risk estimations for each iron type and main 
histologic types of LC are presented as continuous 
ORs in Table 4. Similarly to what was described in 
the previous Table, a major part of iron variables –
mostly related to animal sources—, were positively 
associated with LC risk. Both, positive and inverse 
associations were found for all cell types.
Table 5 shows continuous ORs of LC for dietary 
iron after performing analyses by dichotomized 
strata of smoking intensity and “maté” intake. Most 
iron variables related to animal sources showed 
a risk increase for the strata of higher intensity 
smokers or higher “maté” drinkers. On the other 
hand, the three iron variables linked to plant 
sources, tended to show slightly stronger inverse 
associations among higher consumers of tobacco 
and “maté”. Most of the risk estimations found 
among higher tobacco and “maté” consumers were 
statistically significant. However, estimations were 
not significant among the lower consumers.
Table 6 displays the ORs of LC, related to non-
heme iron variables (total non-heme, non-heme 

fraction and animal non-heme) by strata of the 
meat types (total, red and processed) which are 
major contributors in iron level. Each meat type 
was dichotomized by the median intake. ORs of 
highest quartile of non-heme iron were significantly 
high (positively associated) only for the highest 
intake of the total (OR=3.38), red (OR=2.98), 
and processed meat (OR=2.44), but not for their 
lowest intake (OR=1.37, OR=1.37, and OR=1.55, 
respectively). Conversely, the non-heme fraction’s 
ORs were significantly low (inversely associated) 
only for the lowest intake of the total (OR=0.47), 
red (OR=0.58), and processed meat (OR=0.39), but 
not for their highest intakes (OR=0.71, OR=0.79, 
and OR=0.85, respectively). The highest quartile of 
animal non-heme iron showed significant positive 
associations in both strata of all meat types; having 
always higher ORs in the highest strata of those 
meat types. 
Figure 1 describes a combination of data shown in 
Table 3. Risk classification is suggested according 
to the respective iron percentages from plant and 
animal sources with estimations made based on 
midpoints in each intake category. Animal non-
heme iron was calculated as previously explained, 
through subtracting heme iron from animal iron. 
Looking for correspondences with data on Table 3, 
when the animal iron, heme iron, and APIR were 
increased, the ORs were amplified as well. The 
same happened when plant iron decreased.

DISCUSSION
The present analysis is the first study on dietary iron 
and LC risk conducted in a Latin American country 
where epidemiologic features (highest LC incidence 
rates of America, highest meat and “maté” intake of 
the world) deserve to explore possible associations 
between the disease and iron intake.
All variables which assess dietary iron displayed 
significant associations with LC risk when 
comparing the highest vs. the lowest quartile, 
most of them positively associated and very few 
inversely associated. The highest total iron intake 
was positively associated with LC risk (OR=3.26, 
95% CI 2.26-4.70, PTrend<0.001). This differs with 
the findings of Ward et al., [30] where total iron 
lacked association with risk of LC incidence, and 
also differs with the study of Mahabir et al., [25] 
who reported a protective effect for the whole study 
population, even slightly better among women. 
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High heme iron intake showed the strongest 
association with LC(OR=3.73, 95% CI 2.49-5.58, 
PTrend<0.001). The risk increase for heme iron 
intake and LC is compatible with some studies 
[24, 28, 30] but differs from other reports [25-
27, 29]. Non-heme iron intake was found to be 
directly associated with LC (OR=2.08, 95% CI 
1.45-2.97, PTrend<0.001) which is in agreement with 
the study of Zhou et al., [29] who also found an 
inverse association for heme iron intake and LC. 
It can be hypothesized that a potentially beneficial 
role of heme iron intake might be attributed to 
other animal dietary sources. However, the exact 
mechanistic explanation for the protective effect of 
heme iron has remained unclear. 
Comparability among reports is somehow limited 
due to their different methodologies as well as 
dissimilar analyzed groups. Inconsistency of results 
between studies may be also due to different levels 
of dietary intake of minerals (including iron intake) 
across studies. In addition, the inclusion of dietary 
vitamin C (a facilitator of heme iron absorption) 
or HCA (carcinogens derived from the cooking 
method) in the regression models can generate 
differences among studies. Results reported 
by Lee et al., [24] were derived from a study in 
women, whereas our study was performed in men 
population. In the present study, we found opposite 
trends for high intakes of iron from animal and 
plant sources (OR=3.73 vs. OR=0.66, respectively) 
which was also expressed as an animal/plant ratio 

(OR=3.12 for the highest quartile). In addition, 
when considering their respective fractions from 
total iron, we found that ≥84.3% of animal iron 
was directly associated with an increased risk of 
LC (OR=2.88, PTrend<0.001). From the viewpoint of 
plant sources, when plant iron was ≥30.7%, there 
was a strong inverse association between these two 
variables (OR=0.35, PTrend<0.001).
Results coming from the heme or non-heme 
sources appeared not so clear, indeed. Estimates of 
LC incidence were positively associated with high 
intake of heme iron (OR=2.94, PTrend<0.001) as 
well as for non-heme iron (OR=2.08, PTrend<0.001). 
H/NH ratio was also directly associated with 
LC (OR=1.72, PTrend<0.001). Furthermore, their 
respective fractions displayed opposite associations: 
While ≥51.7% of heme iron was directly associated 
with LC (OR=1.78, PTrend<0.001), a high fraction of 
non-heme iron (≥60.4%) was inversely associated 
with LC (OR=0.56, PTrend<0.001). We think that 
further analysis the results of which are presented 
in Table 6 shed some light to this point: low intake 
of non-heme iron within low meat intake strata 
(total, red and processed) did not show a significant 
relationship with LC, whereas a significantly 
increased risks of LC was detected in patients with 
high meat intakes. At the same time, non-heme 
fraction –which was generally protective— lost its 
significance in patients with high meat intake, but it 
did not differ in those with low meat intake. 
 Since animal foods -mainly red and processed 
meat- contain some non-heme iron, we thought that 
differences between ORs of plant and non-heme 
iron might be explained through estimation of such 
non-heme iron derived from animal sources. The 
latter was then calculated by the formula already 
described in the Methods section. This iron type 
also showed positive associations with LC risk 
(OR for highest quartile=3.15, PTrend<0.001). 
Analyses performed on each cell type did not show 
remarkable differences among them. Significant 
risk increases for squamous cell, adenocarcinoma, 
small cell, carcinoma, and unclassified cancers 
were observed for total iron, animal iron, heme 
iron, and most of their derived variables. Plant 
and non-heme iron tended to show different 
associations, just as the observed ones for highest 
quartiles in the whole sample, but not among cell 
types. Our observations showed some coincidences 
and differences with previous studies. On one 

Figure 1: Graphic Expression of Results, Based on a Combination of 
Selected Data From Table 3
Regarding animal/plant ratio, the putative risk categories correspond to 
those appearing in the quoted Table. The existing differences between 
Table and Figure depend on a herewith calculation, done based on 
midpoint values of each category. For example, the animal/plant ratio in 
the first quartile (reference category) was ≤2.11 and for the Figure is 1.65. 
On the other hand, the highest quartile in the Table showed an animal/plant 
ratio of ≥5.18 and for the Figure is 7.40.
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hand, Ward et al., [30] reported a significant risk 
increase for heme iron in patients with small cell 
carcinomas. On the other hand, Muka et al., [26] 
found no risk differences regarding total iron intake 
and subtypes of LC. In fact, all subtypes tended to 
be associated in a protective sense. Zhou et al., [29] 
reported risk increase for total iron on squamous 
cell and adenocarcinoma subtypes.
We have done additional analyses on strata of 
smoking intensity and daily intake of “maté” 
infusion, which is presented in Table 5. Regarding 
the smoking intensity, the continuous ORs were 
slightly higher for potential risk variables and 
slightly lower for potential protective variables in 
a high-intensity category (≥34.1 pack-years). The 
same was observed among high “maté” drinkers 
(≥1 liter/day). Both habits involve potential 
biochemical links to cancer and iron metabolism 
which add complexity to any analysis. 
Dimethylbenz[a]anthracene (DMBA) -an 
environmental contaminant that participates in 
generating several oxidative stress-mediated 
diseases, including cancer- should be considered 
regarding its links with LC since it is present in 
barbequed meat, tobacco smoke, and overheated 
cooking oil [46]. Unlike the hot temperature 
of “maté” -accepted as a risk factor for upper 
aerodigestive tract cancers [47]-, the quoted 
components could be partially responsible for the 
association with cancer in organs which have no 
direct contact with the beverage such as lungs and 
genitourinary organs [37]. Interestingly, DMBA, 
like BaP, is also an indirect-acting carcinogen, 
requiring metabolic activation to yield its ultimate 
carcinogenic form [48], in particular, oxidation by 
CYP enzymes [49].
Free iron is known to play an important role in 
generating hydroxyl radicals in oxidative stress, 
which can directly attack biomolecules such as 
DNA, protein, and lipids [50]. The nonsignificant 
inverse associations of plant iron and its fractions, 
described in Table 5, are highly similar in both 
strata of “maté” drinkers. Concerning strata of 
smoking intensity, most iron types experienced 
modest increases in their continuous risks for the 
highest category (≥34.1 pack-years), mainly among 
some animal-based iron variables. Most of these 
estimates showed a significant association with 
the incidence of LC. Conversely, no remarkable 
differences were observed for plant-based iron 

variables and risk of LC.
Cigarette smoke contains iron particulates and 
toxic substances that can induce intracellular iron 
accumulation and alter iron homeostasis in the 
lung and as well as its systemic effects [51, 52]. 
A potential relationship between iron accumulation 
and inflammation in the progression of cigarette 
smoking-associated diseases -such as COPD and 
LC- has been suggested [15].
Observations suggest that when subjects have a 
regular diet low in plant-based foods, potential 
antioxidant compounds found in “maté” infusion 
could be counterbalanced and also overcome 
by its own pro-carcinogenic compounds. There 
is considerable epidemiologic support for the 
benefits of consuming plants (mainly fruits and 
vegetables) rich in antioxidants, in particular, 
polyphenols, since most polyphenolic compounds 
(e.g. flavones, anthocyanidins) have not only 
antioxidant properties, but they may also chelate 
iron [53, 54]. “Maté” can be included into this 
combined category, according to a recent study 
on healthy subjects receiving ferrous sulfate, 
showed that “maté” infusion reduced ~76% of 
the non-heme iron absorption [55]. Theoretically, 
modulating iron absorption could be convenient 
for individuals who have the habit of taking a 
meat-rich diet. Iron-chelating compounds possess 
anti-cancer activity, an effect largely attributed to 
ribonucleotide reductase inhibition in proliferating 
cells [56]. Nevertheless, potential protection linked 
to additional antioxidant load coming from plant 
sources (including vegetables, fruits, legumes and 
eventually tea infusions) is not likely to be expected 
in the present study, since analyzed subjects were 
not high plant foods consumers. 
Dietary styles of cases and controls deserve some 
additional comments. Differences in iron intake 
are mostly attributed to red/processed meat intake 
by LC cases. The control group had very high 
red meat intake (~1 serving/day) which was far 
from usual healthy recommendations. Processed 
meat intake was not different between cases and 
controls but the mean intake was high (~3 servings/
week). Among cases, red meat intake overcame 
vegetable intake in 50% (441/294 servings/year, 
respectively) and fruit intake in 15% of participants 
(441/385 servings/year, respectively). White meat 
(fish+chicken) intake was significantly lower 
among cases. Finally, cases also showed higher 
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alcohol and “maté” intake. 
From the viewpoint of iron intake, if dietary changes 
reduce red and processed meat consumption, 
while increases the intake of vegetables and fruits, 
animal iron would be reduced and plant iron 
consumption would increase. Results suggest that 
the best proportions of iron intake would be <69% 
of animal origin and >31% of plant origin. Taking 
into account that energy intake was very similar for 
cases and controls, the selected items suggest that 
the dietary style of LC cases is far from being a 
healthy one, nevertheless, such style is modifiable 
looking for the achievement of a modest reduction 
in LC risk. 
Our investigation has some limitations and strengths 
which are commonplace in case-control studies. 
Among the limitations, we recognized the lack of 
a validated questionnaire, although the instrument 
was tested for reproducibility and showed high 
correlations [34]. The validation was projected to 
be done, but due to sudden budgetary cuts, which 
took place in the early 2000s—reflecting the most 
severe financial crisis in the story of Uruguay—
it has never been performed later. Epidemiologic 
research on cancer in Uruguay continued with the 
remaining databases—like the one used for the 
present study—and without funds to update or 
improve them.
Another limitation was related to iron intake 
estimations. They might not have been as accurate 
as desirable because they were based on average 
serving sizes and not on actual food sizes. Iron 
supplements were not part of the FFQ. We cannot 
exclude the role of confounders by other dietary 
factors, such as other constituents of animal foods 
or the effects of different cooking methods.
Additional pathological information on epidermal 
growth factor receptor (EGFR) mutation would 
have been useful to analyze, nevertheless, such data 
were unavailable at the time of interviews, therefore 
we were unable to make deeper analyses looking 
for interrelationships among dietary iron and those 
molecular items. EGFR is a modulator of cellular 
iron homeostasis through promoting increased cell 
surface expression of Transferrin Receptor 1 which is 
essential for cancer development and progression [57]. 
Assessing potential links between EGFR with iron 
types is something to be considered in future research. 
LC has currently high incidence among Uruguayan 
women and it is rising, but during the years of data 

collection, women cases constituted a very small 
sample to be analyzed. Therefore, comparisons 
with men were not possible to be done. They would 
have been very useful regarding their biologically 
different iron level management during adulthood. 
As the strengths of the study, the analyzed 
population included subsets coming from the 
whole country, and times of data collection were 
coincident. Although age matching was not perfect, 
the distribution was adequate; also matching 
by the urban/rural residence and country region 
gave homogeneity to the analyzed sample. The 
potential for selection bias exists in our study, 
as in any case-control study, but it is unlikely to 
have substantial effects on our results due to the 
overall high participation rates achieved in this 
study (~97%). Since data collection was done until 
2004, no effect from wheat flour fortification with 
iron (established by law in 30 mg/kg at a national 
level in 2005) is expected in the population sample 
of the current study. A thorough adjustment 
performed by eight tobacco smoking variables is 
another strength, allowing us to reduce a potential 
residual confounding effect which was difficult to 
be completely ruled out. Although it is unlikely to 
completely avoid any kind of bias, we think that 
the results of the present study were not chance 
findings.
In conclusion, our study demonstrates consistent 
associations of dietary iron with LC risk. This 
applies for total iron and also for both heme and non-
heme subtypes; suggesting that the animal source is 
more relevant to increased risk of LC; while plant 
source was found to decrease such risks. Further 
epidemiologic and mechanistic research is needed 
to disentangle complex nutritional and biochemical 
interrelationships linked to the disease.
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