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calculated using Cox regression models while adjusting for 
potential confounders.
Results During a follow-up period of 22 years, we iden-
tified 211 incident cases of LC. A higher zinc intake was 
associated with 42 % reduction in risk of LC (top ter-
tile vs. first tertile: HR 0.58, 95 % CI 0.35; 0.94, P-for 
trend = 0.039). Similarly, high intake of iron was associ-
ated with reduced risk of LC (top tertile vs. first tertile: HR 
0.58, 95 % CI 0.37; 0.92, P-for trend = 0.021). There was 
no association between dietary intake of calcium, copper, 
magnesium and selenium and LC risk.
Conclusions Our results suggest that dietary zinc and iron 
intake are associated with reduced risk of LC. No evidence 
was found for an association between calcium, copper, 
magnesium and selenium intake and LC risk.

Keywords Zinc · Iron · Calcium · Copper · Magnesium · 
Selenium · Lung cancer

Abbreviations
BMI  Body mass index
DHD  Dutch healthy diet
FFQ  Food frequency questionnaire
ICD  International classification of disease
LC  Lung cancer
RS  Rotterdam Study

Introduction

Lung cancer is the leading cause of cancer mortality world-
wide and incurs the highest economic burden of all cancers 
[1, 2]. Lung cancer is a disease for which environmental fac-
tors (e.g., smoking, gender, asbestosis and pollution) play 
an important role [3]. Besides smoking, emerging evidence 

Abstract 
Objective Limited data are available on the role of min-
eral intake in the development of lung cancer (LC). We 
investigated whether dietary calcium, copper, iron, mag-
nesium, selenium and zinc intake were associated with LC 
risk.
Methods We analyzed data from 5435 participants of the 
Rotterdam Study, a prospective population-based cohort 
study among subjects aged 55 years and older. At base-
line (1990–1993), diet was measured by a validated food 
frequency questionnaire. LC events were diagnosed on 
the basis of pathology data and medical records. Hazard 
ratios (HRs) on LC for energy-adjusted mineral intake were 

Taulant Muka and Bledar Kraja have contributed equally.

Electronic supplementary material The online version of this 
article (doi:10.1007/s00394-016-1210-4) contains supplementary 
material, which is available to authorized users.

 * Bruno H. Stricker 
 b.stricker@erasmusmc.nl

1 Department of Epidemiology, Erasmus Medical Center,  
PO Box 2040, 3000 CA Rotterdam, The Netherlands

2 Department of Biomedical Sciences, Faculty of Medicine, 
University of Medicine, Tirana, Albania

3 University Clinic of Gastrohepatology, University Hospital 
Center Mother Teresa, Tirana, Albania

4 Department of Internal Medicine, Groene Hart Hospital, 
Gouda, The Netherlands

5 Department of Respiratory Medicine, Ghent University 
Hospital, Ghent, Belgium

6 Health Care Inspectorate, The Hague, The Netherlands
7 Leiden University College, The Hague, The Netherlands

http://crossmark.crossref.org/dialog/?doi=10.1007/s00394-016-1210-4&domain=pdf
http://dx.doi.org/10.1007/s00394-016-1210-4


1638 Eur J Nutr (2017) 56:1637–1646

1 3

also suggest that dietary factors may have an impact on the 
risk of lung cancer [3]. To date, limited evidence exists on 
the role of dietary mineral intake, such as calcium, copper, 
iron, magnesium, selenium and zinc in the development of 
lung cancer [4–8]. Copper, magnesium, selenium and zinc 
are essential dietary minerals for maintaining the integrity 
of DNA by preventing oxidative DNA damage [9–12]. On 
the other hand, iron deficiency, as well as iron overload, may 
lead to oxidative DNA damage [13]. Evidence from in vitro 
and experimental studies suggests that DNA damage and 
defects in DNA repair mechanisms can predispose to cancer 
development [14]. Likewise, epidemiological studies have 
shown that DNA repair capacity is associated with increased 
lung cancer risk [3, 15, 16]. Calcium is another important 
mineral involved in processes of cell proliferation and car-
cinogenesis through cell signaling and cell cycle regulation 
[17]. However, previous studies evaluating the relationship 
between dietary mineral intake and lung cancer risk have 
shown inconsistent results [4, 5, 18]. Moreover, the most 
recent report from the World Cancer Research Fund con-
cluded that current evidence is still insufficient to allow any 
dietary recommendations for calcium, copper, iron, magne-
sium, selenium and zinc to reduce the risk of lung cancer [3].

The present study aimed to investigate whether dietary 
intake of these minerals was associated with lung cancer 
risk in a prospective population-based cohort study in the 
Netherlands.

Subjects and methods

Study population

This study was embedded in the first cohort of The Rot-
terdam Study (RS), a prospective population-based cohort 

study that started in 1990 with the aim to examine the fre-
quency and determinants of diseases in elderly [19, 20]. 
The rationale and design of the RS are described elsewhere 
[19, 20]. Trained research assistants collected data on cur-
rent health status, use of medication, and medical history, 
lifestyle, and risk indicators for chronic diseases during an 
extensive home interview at baseline (1990–1993). Subse-
quently, the participants visited the study center for detailed 
clinical examinations and assessment of diet. Follow-up 
visits were held every 3–5 years [19]. The Medical Ethics 
Committee of the Erasmus Medical Center approved the 
study, and written consent was obtained from all partici-
pants. Out of the initial cohort (N = 7983), 6521 who vis-
ited the study center at baseline were eligible for a dietary 
interview. We excluded 1086 (17 %) participants without 
reliable dietary data (i.e., no dietary data were collected 
from nursing home residents, and dietary data were consid-
ered as unreliable by the dietician, e.g., when subjects did 
not fully cooperate during the dietary interview). There-
fore, 5435 participants were included in the final analysis 
(Fig. 1).

Assessment of dietary intake

During the first home interview (1990–1993), participants 
completed a checklist that included foods and drinks they 
had consumed at least twice a month during the preced-
ing year, as well as dietary habits, use of supplements, and 
prescribed diets. Next, during their visit to the research 
center, they underwent a standardized interview with a 
dietitian based on the checklist, using a 170-item semi-
quantitative food frequency questionnaire [21]. A valida-
tion study comparing this questionnaire with a 2-week food 
diary demonstrated reproducible and valid estimates; Pear-
son’s correlation after adjustment for age, sex, energy and 

Fig. 1  Flow chart of partici-
pants in the study, the Rotter-
dam Study, 1989–1993

Participants Eligible for Dietary 
Interview in the First Wave of the 
Rotterdam Study (1990- 1993) 

(n = 6,521) 

1,086 Participants Excluded 
  No information on nutrition intake  

or Unreliable data  

Participants with Baseline Information 
about Nutritional Intake and Lung 

Cancer Follow-up 

(n = 5,435) 
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within-person variation were between 0.44 and 0.85 for 
macro- and micronutrients as described in detail previously 
[21]. Specifically, adjusted Pearson’s correlation coefficient 
was 0.44 for iron, 0.54 for zinc, 0.71 for selenium and 0.72 
for calcium, while the result for copper was not reported. 
Energy and nutrient intake were estimated based on fre-
quency of consumption and standardized portion sizes and 
using Dutch food composition table of 1993 and 1998 [22, 
23] (heme and non-heme iron was not included in the 1993 
table; therefore, the 1998 table was used). Data on zinc, 
iron (total iron, heme and non-heme iron), magnesium, 
selenium, copper and calcium were available.

Follow‑up and case identification

Follow-up of each participant began on the date at which 
baseline dietary intake was assessed (1989–1993) and 
ended on the date of lung cancer diagnosis, death, loss 
to follow-up or administrative censoring (31 December 
2011), whichever occurred first. Two research physicians 
independently assessed the diagnoses and the type of lung 
cancer on the basis of pathology data and medical records. 
All events were pathology proved and classified according 
to the International Classification of Disease (ICD), tenth 
edition.

Covariates assessment

The following covariates measured at baseline were con-
sidered as potential confounders: age; sex; smoking status 
(never smokers, former smokers <15 pack-years, former 
smoker ≥15 pack-years, current smoker <27.5 pack-years, 
current smoker ≥27.5 pack-years), use of alcohol (grams 
of ethanol per day); education level (low: primary educa-
tion, intermediate: secondary general or vocational educa-
tion, or high: higher vocational education or university); 
income level (low, intermediate or high), unprocessed 
red meat intake; processed red meat intake; total energy 
intake; use of hormone replacement therapy and use of 
minerals supplements (self-reported at baseline home 
interview); diabetes mellitus (defined as a fasting serum 
glucose level ≥11 mmol/L or the use of glucose lowering 
drugs); family history of cancer and Dutch Healthy Diet-
index (DHD-index) (to take into account the overall dietary 
quality, DHD-index represents compliance to the Dutch 
Guidelines for a Healthy Diet as assessed from the FFQ at 
baseline [24]). Baseline physical height and body weight 
were measured with the participants standing without shoes 
and heavy outer garments. Body mass index, calculated as 
weight divided by height squared (kg/m2), was also consid-
ered as confounder. Physical activity, assessed in the third 
round (1997–1999) of the Rotterdam Study by an adapted 
version of the Zutphen Physical Activity Questionnaire and 

the LASA Physical Activity Questionnaire [25, 26], was 
considered as confounder as well.

Statistical analysis

Age- and sex-adjusted (crude) and multivariable Cox pro-
portional hazards models were computed to estimate haz-
ard ratios (HRs) and 95 % confidence intervals (CIs) for 
each tertile of mineral intake compared with the lowest ter-
tile as the reference category. All dietary intake data were 
energy-adjusted by using the residual method [27]. In addi-
tion to age and gender, multivariable models were further 
adjusted for body mass index (BMI) (continuous), smok-
ing (never smokers, former smokers <15 pack-years, for-
mer smoker ≥15 pack-years, current smoker <27.5 pack-
years, current smoker ≥27.5 pack-years), alcohol intake 
(continuous), education level (low, intermediate, high), 
income (low, intermediate, high), energy-adjusted unpro-
cessed red meat (continuous), energy-adjusted processed 
red meat (continuous), total energy intake (continuous), use 
of hormone replacement therapy (HRT) (yes vs. no), preva-
lent diabetes mellitus (yes vs. no), family history of can-
cer (yes vs. no), Dutch Healthy Diet-index (DHD-index) 
(continuous), minerals supplemental use (yes vs. no) and 
physical activity (continuous). Due to significant correla-
tions between dietary minerals (Supplemental Table 1), 
we mutually adjusted for the other selected minerals in the 
multivariable model. To examine whether the association 
between dietary minerals intake and lung cancer differed 
by sex and smoking status, we tested for statistical inter-
action by adding a multiplicative interaction term (min-
eral intake x sex/smoking) to the age- and gender-adjusted 
model. In case of significant effect modification, results 
were presented stratified by sex or by smoking status (for-
mer/current smokers and ever smokers). All the values pre-
sented were two-sided, and P < 0.05 was considered sta-
tistically significant. To adjust for potential bias associated 
with missing data, a multiple imputation procedure was 
used for missing covariates (N = 5 imputations). For the 
pooled regression coefficients (β) and 95 % CIs, we used 
Rubin’s method [28].

Since high correlations between zinc and iron intake 
with red and processed meat were present (Table 2) but 
red meat intake has also been reported to be associated 
with an increased risk of lung cancer [29], we did a sensi-
tivity analysis by excluding red and processed meat from 
the multivariable model. To look if different sources of 
iron had different role, we further examined the association 
between heme and non-heme iron with lung cancer risk. To 
evaluate whether change in diet due to early signs of lung 
cancer may have influenced our results and whether miner-
als supplementation could have influenced our results, we 
repeated the analysis by excluding subjects who developed 
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lung cancer in the first 2 years of follow-up and by exclud-
ing subjects that used any mineral supplementation. To 
investigate whether the results are different for the dif-
ferent subtypes of lung cancer, we examined the associa-
tion of mineral intake with non-small cell lung cancer and 
other histologic subtypes. Also, a sensitivity analysis was 
preformed substituting smoking status categorized in five 
categories with smoking status categorizes into ever/form-
ers versus current smokers. Furthermore, we restricted the 
main analysis only to subjects who reported to be ever or 
former smokers. All the P values presented were two-sided, 
and P < 0.05 was considered statistically significant. All 
analyses were done using SPSS statistical software (SPSS, 
version 21.0; SPSS Inc, Chicago, Illinois).

Results

During a mean follow-up time of 15.2 years, a total of 
211 subjects developed lung cancer (128 cases in men and 
83 cases in women). Baseline characteristics are listed in 
Table 1. Mean total dietary intake of minerals was as fol-
lows: zinc: 10.6 ± 2.7 mg/day; iron: 11.9 ± 2.9 mg/
day; magnesium: 306.2 ± 74.8 mg/day; selenium: 
32.7 ± 10.5 µg/day: copper: 1.2 ± 0.5 mg/day; calcium: 
1125.5 ± 402.8 mg/day.

Specific dietary food intakes that significantly con-
tributed to zinc, iron, magnesium, selenium, copper and 
calcium intake are shown in Table 2. The Pearson (r) cor-
relations of 0.51, 0.45 and 0.42 were found between zinc 
intake and, respectively, processed and red meat, total dairy 
and wholegrain (Table 2). The correlations of iron with the 
specific dietary foods intake (Table 2) showed the highest 
correlations for wholegrain and processed and red meat 
(r = 0.51, 0.45, respectively). The main food contributor 
for magnesium, selenium, copper and calcium were who-
legrain (r = 0.57), fish (r = 0.62), processed and red meat 
(r = 0.28) and total dairy, respectively (r = 0.86). The 
overall variance explained by these food items for zinc, 
iron, magnesium, selenium, copper and calcium intake var-
ied from 27 % for copper to 80 % for calcium (Table 2).

Dietary intake of minerals and lung cancer risk

A higher zinc intake was associated with 42 % reduction 
in the risk of lung cancer (top tertile vs. first tertile: HR 
0.58, 95 % CI 0.35; 0.94, P-for trend = 0.039, Table 3) 
after adjustment for age, sex, alcohol intake, BMI, smok-
ing status, physical activity, DHD-index, processed and 
unprocessed red meat, energy intake, HRT, presence of 
diabetes mellitus, socioeconomic status, family history of 
cancer and dietary intake of other minerals. Similarly, high 
intake of iron was associated with reduced risk for lung 

cancer (in multivariable adjusted models: top tertile vs. first 
tertile: HR 0.58, 95 % CI 0.37; 0.92, P-for trend = 0.021, 
Table 3). No significant hazard ratios were found in the 
fully adjusted models for the association between dietary 
magnesium, calcium selenium and copper intake and the 
risk of lung cancer (Table 3).

Effect modification by gender and smoking

Significant interaction terms with gender were observed 
for dietary iron intake (P-interaction = 0.027) and 

Table 1  Selected characteristic of study participants (n = 5435)

DHD-index Dutch healthy diet-index
a Mean ± SD (all such values)
b Median; interquartile range in parentheses (all such values)

Characteristics Value

Age, years 70.5 ± 5.9a

Female, n (%) 59.1 (3210)

Smoking status, n (%)

 Never 1838 (33.8)

 Former smokers 2334 (42.9)

 Current smokers 1263 (23.3)

 Physical activity (min/week) 2550.50 ± 1133.1

 Alcohol intake, g/day 3.44 (14.7)b

Education level, n (%)

 Low 2830 (52.1)

 Medium 2140 (39.4)

 High 465 (8.6)

Income, n (%)

 Low 1265 (23.3)

 Medium 2415 (44.4)

 High 1755 (32.3)

BMI (kg/m2) 26.33 ± 3.64

DHD-index 48.24 ± 10.10

Unprocessed red meat (g/day) 74.37 ± 47.80

Processed red meat (g/day) 21.94 ± 18.75

Total energy intake (kcal/day) 1974.2 ± 502.6

Hormone replacement therapy n (%) 85 (1.6)

Diabetes mellitus 517 (9.5)

Mineral supplemental use, n (%) 101 (1.9)

Family history of cancer, n (%) 2804 (51.6)

Zinc intake (mg/day) 10.6 ± 2.7

Iron intake (mg/day) 11.9 ± 2.9

Heme iron intake (mg/day) 2.3 ± 0.98

Non-heme iron intake (mg/day) 8.8 ± 2.4

Magnesium intake (mg/day) 306.2 ± 74.8

Selenium intake (µg/day) 32.7 ± 10.5

Copper (mg/day) 1.2 ± 0.5

Calcium intake (mg/day) 1125.5 ± 402.8
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copper (P-interaction = 0.029). After stratification by 
gender, the inverse association between dietary iron 
intake and lung cancer was only observed in men (top 
tertile vs. first tertile: HR 0.49, 95 % CI 0.28; 0.85, P-
for trend = 0.016, Supplemental Table 2–3) but not 
in women (Supplemental Table 2-3). No consistent 
results were found for dietary copper in either gen-
der (Supplemental Table 2–3). No statistically signifi-
cant interactions were observed between dietary zinc 
intake (P-interaction = 0.49), magnesium (P-interac-
tion = 0.42) or calcium intake (P-interaction = 0.34) 
and gender (Supplemental Table 2–3). Also, no signifi-
cant interaction terms were observed for any of the min-
erals and smoking status (P-interactions varied from 
0.16 to 0.97) (data not shown).

Additional analysis

When the results were not adjusted for red meat, the inverse 
associations between zinc intake (top tertile vs. first tertile: 
HR 0.68, 95 % CI 0.44; 1.08, P-for trend = 0.12,) and iron 
intake (top tertile vs. first tertile: HR 0.65, 95 % CI 0.42; 
1.02, P-for trend = 0.06,) and the risk of lung cancer were 
not significant. Heme iron intake was inversely associated 
with lung cancer risk (in multivariable adjusted models: top 
tertile vs. first tertile: HR 0.58, 95 % CI 0.39; 0.87, P-for 
trend = 0.01, Fig. 2), whereas no association was found 
between non-heme iron and lung cancer risk (in multivari-
able adjusted models: top tertile vs. first tertile: HR 0.94, 
95 % CI 0.59; 1.51, P-for trend = 0.84, Fig. 2). Additional 
analyses showed that the association between heme iron 

Table 3  HRs of lung cancer 
by categories of dietary mineral 
intake

HR hazard ratio, CI confidence interval

Model 1: Adjusted for age and sex

Model 2: Model 1 + alcohol intake(continuous), body mass index (continuous), smoking status (never 
smokers, former smokers <15 pack-years, former smoker ≥15 pack-years, current smoker <27.5 pack-
years, current smoker ≥27.5 pack-years), physical activity(continuous), Dutch healthy diet-index (continu-
ous), dietary processed meat intake (continuous), dietary unprocessed red meat intake(continuous), total 
energy intake (continuous), hormone replacement therapy (yes vs. no), diabetes mellitus (yes vs. no), edu-
cation status(low, intermediate, high), income status (low, intermediate, high), total energy adjusted sum of 
other minerals (excluding the mineral under investigation) (continuous) and family history of cancer (yes 
vs. no)

N = 5435 Tertile 1 Tertile 2 Tertile 3 Continuous P trend

Dietary zinc intake

Cases, n 83 77 51

 Model 1 HR, 95 % CI 1.00 0.93 (0.68, 1.27) 0.57 (0.40, 0.81) 0.89 (0.83, 0.96) 0.002

 Model 2 HR, 95 % CI 1.00 1.02 (0.72, 1.46) 0.58 (0.35, 0.94) 0.88 (0.80, 0.98) 0.039

Dietary iron intake

 Cases, n 85 65 61

 Model 1 HR, 95 % CI 1.00 0.73 (0.53, 1.01) 0.60 (0.43, 0.84) 0.94 (0.89, 0.997) 0.003

 Model 2 HR, 95 % CI 1.00 0.80 (0.56, 1.15) 0.58 (0.37, 0.92) 0.94 (0.86, 1.04) 0.021

Dietary magnesium Intake

 Cases, n 88 60 63

 Model 1 HR, 95 % CI 1.00 0.68 (0.49, 0.95) 0.66 (0.47, 0.91) 0.997 (0.994, 0.999) 0.011

 Model 2 HR, 95 % CI 1.00 0.80 (0.57, 1.14) 0.84 (0.56, 1.27) 0.998 (0.995, 1.001) 0.38

Dietary selenium intake

 Cases, n 70 62 79

 Model 1 HR, 95 % CI 1.00 0.94 (0.67, 1.32) 1.16 (0.84, 1.61) 1.008 (0.993, 1.023) 0.35

 Model 2 HR, 95 % CI 1.00 1.06 (0.74, 1.52) 1.39 (0.97, 1.99) 1.011 (0.996, 1.027) 0.07

Dietary copper intake

 Cases, n 75 67 69

 Model 1 HR, 95 % CI 1.00 0.95 (0.68, 1.33) 0.97 (0.69, 1.34) 1.17 (0.999, 1.37) 0.83

 Model 2 HR, 95 % CI 1.00 1.33 (0.93, 1.91) 1.23 (0.84, 1.81) 1.20 (0.91, 1.06) 0.28

Dietary calcium intake

 Cases, n 90 64 57

 Model 1 HR, 95 % CI 1.00 0.79 (0.57, 1.08) 0.72 (0.51, 1.004) 1.000 (0.999, 1.000) 0.047

 Model 2 HR, 95 % CI 1.00 0.89 (0.59, 1.33) 0.76 (0.40, 1.45) 0.996 (0.889, 1.115) 0.42
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intake and lung cancer risk was not significant when the 
results were not adjusted for red meat (top tertile vs. first 
tertile: HR 0.75, 95 % CI 0.53; 1.07, P-for trend = 0.11). 
Substitution of smoking status as five categories into smok-
ing categorized as ever/formers vs. current smokers or 
restriction of the main analysis among subjects who were 
ever/former smokers (total number = 4172, number of 
lung cancer cases = 90) did not materially affect any of the 
associations (data not shown).

All associations that were statistically significant in the 
main analysis remained unchanged in terms of statistical 
significance in sensitivity analyses when excluding subjects 
who used mineral supplements (n = 101) (data not shown). 
Similarly, exclusion of lung cancer cases that occurred dur-
ing the first 2 years of follow-up (n = 24) from our analy-
sis did not substantially affect our results (Supplemental 
Table 4). Furthermore, the associations were not signifi-
cantly different when the subtypes of lung cancer were 
examined separately (Supplemental Table 5–6).

Discussion

In this prospective population-based cohort study, we found 
that dietary intake of zinc and iron was associated with a 
decreased risk of lung cancer. In contrast, we found no evi-
dence that dietary intake of calcium, copper, magnesium 
and selenium was associated with lung cancer risk. Epi-
demiological studies evaluating the role of dietary mineral 
intake on lung cancer risk have reported inconsistent results 

[4–7, 18]. As a result, no consensus has been reached by 
the WCRF [3].

In our study, the highest tertile of zinc intake was asso-
ciated with 42 % reduction in the risk for lung cancer, 
suggesting a beneficial role of dietary zinc intake on lung 
carcinogenesis. Similar to our findings, three large case–
control studies reported an inverse association between zinc 
intake and lung cancer risk with risk reductions in the same 
magnitude [5, 6, 16]. Moreover, a recent observation from 
Hashemian et al. [30] showed that zinc intake can reduce 
the risk of esophageal cancer. However, findings from two 
prospective studies investigating the association between 
zinc intake and lung cancer were inconsistent; one prospec-
tive study based on 482,875 subjects with a mean follow-up 
of 7 years showed no beneficial role of dietary zinc intake 
on lung cancer [4], whereas another study conducted in 
34,708 postmenopausal women with 16 years of follow-up 
showed that there was no association between zinc intake 
and lung cancer overall, but a high dietary zinc intake may 
decrease the risk of lung cancer among women who con-
sume high-dose vitamin C supplements [7]. In contrast 
to our study, the previous two prospective studies did not 
adjust for red meat, which can explain the difference in the 
reported results. As shown in our sensitivity analysis, when 
the results were not adjusted for red meat, the beneficial 
inverse association between dietary zinc intake and lung 
cancer was not significant. These results may imply that 
zinc from food sources other than red meat may be protec-
tive against lung cancer. Several mechanisms may explain 
the beneficial role of zinc on lung carcinogenesis. Zinc has 
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Fig. 2  Multivariable HRs of lung cancer by categories of dietary 
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by using Cox’s proportional hazard model adjusted for age, gender, 
alcohol intake (continuous), body mass index (continuous), smok-
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smoker ≥15 pack-years, current smoker <27.5 pack-years, current 
smoker ≥27.5 pack-years), physical activity (continuous), Dutch 
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energy intake (continuous), hormone replacement therapy (yes vs. 
no), diabetes mellitus (yes vs. no), education status (low, interme-
diate, high), income status (low, intermediate, high), total energy 
adjusted sum of other minerals (excluding the mineral under investi-
gation) (continuous), family history of cancer (yes vs. no) and heme 
or non-heme iron (according to the exposure under investigation). HR 
hazard ratio, CI confidence interval
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been shown to protect against free radicals and retard oxi-
dative processes [31]. Also, zinc plays an important role 
in DNA repair, protein synthesis and immune functioning  
[10, 31].

We observed a beneficial role of dietary iron on lung 
cancer risk, which was mainly driven by heme iron inde-
pendent of red meat intake. Epidemiological results of total 
dietary iron and heme iron intake and lung cancer risk are 
mixed. Our results for dietary iron intake are in agreement 
with the findings from the NIH-AARP Diet and Health 
Study, a prospective study with 7052 lung cancer cases, 
which showed that the higher intake of dietary iron was 
associated with a significant reduced risk of lung cancer 
of 13 % [4]. A risk reduction ranging from 19 to 34 % for 
total iron intake was found in a case–control study with 
1139 cases [16]. In another case control study, dietary iron 
intake was associated with an increased risk of lung can-
cer, whereas heme iron was associated with a decreased 
risk [5]. Similarly, in our study, heme iron was associated 
with a lower risk of lung cancer. However, a meta-analysis 
of three prospective studies on heme iron and lung cancer 
did not find any clear evidence for a beneficial role of heme 
iron [32]. Several factors may explain the discrepancies 
among reported results on dietary iron intake and lung can-
cer in epidemiological studies. First, the variation could be 
partly due to the complexity of assessing heme iron intake. 
A recent review on heme iron and lung cancer risk reported 
that from the total number of studies evaluating heme iron 
intake and lung cancer risk, only two studies used a spe-
cific food composition database [33, 34]. Second, different 
animal sources of heme iron such as poultry or fish have 
been associated with a decreased lung cancer risk [35, 36], 
whereas red meat is associated with an increased risk [33]. 
In the current investigation, we adjusted for red meat; there-
fore, it can be speculated that the observed beneficial role 
of heme iron may be due to other animal dietary sources. 
In addition, no association with heme iron was found when 
results were not adjusted for red meat. However, the exact 
mechanism for this observed protective effect of heme iron 
remains unclear. Last, inconsistent results between studies 
may be also due to different levels of dietary intake of min-
erals across studies, including iron intake [5, 18].

We found no role of dietary calcium, copper, magne-
sium and selenium intake on lung cancer risk. The asso-
ciation between these minerals and lung cancer has been 
investigated in few prospective studies with conflicting 
results. Our finding of no association of dietary magne-
sium intake and lung cancer risk is in agreement with the 
results of two previous cohort studies [18, 37]; however, 
others described an increased risk of lung cancer in sub-
group analyses [4]. The relation between dietary copper 
intake and lung cancer risk has been rarely reported among 
cohort studies. Similar to our results, only one cohort study 

reported no association between dietary copper intake and 
lung cancer [4].

Evidence has shown that selenium is a potent antioxi-
dant and may have anti-carcinogenic activity as well as 
selenium compounds are reported to induce toxicity and 
DNA damage [38]. However, our study and other previ-
ous prospective studies could not provide any support for a 
beneficial role of selenium on lung cancer risk [4, 39, 40]. 
Similarly, a selenium and lung cancer meta-analyses did 
not observe protective effect in studies assessing serum or 
dietary selenium but only in studies involving toenail sele-
nium [41]. Also, a recent study showed a nonlinear associa-
tion between selenium intake and esophageal cancer [30]. 
Furthermore, animal studies reported a different distribu-
tion of selenium between organs which suggest that benefit 
or risk differs from organ to organ [42]. In addition, data 
from previous studies show the influence of single-nucle-
otide polymorphisms in selenoprotein genes in lung cancer 
[43].

Our study is the largest cohort study to date with a long 
follow-up period (22 years) and which mutually investi-
gate the association between dietary zinc, iron, calcium, 
copper, magnesium and selenium and lung cancer. In com-
parison with previous studies, our population was relatively 
homogenous with regard to external air quality, since all 
participants lived in the same district. Another strength 
is that we adjusted for a broad range of confounders tak-
ing into account also overall dietary quality and socioeco-
nomic status (as a proxy also for occupational exposures). 
Furthermore, we were able to examine the associations of 
mineral intake with subtypes of lung cancer which did not 
show any difference. Nevertheless, there are several limita-
tions that need to be taken into account. FFQs are known 
to have measurement errors. This mainly leads to biased 
results toward the null in estimating diet–disease risk. In 
addition, diet and supplement intake were assessed once at 
baseline and might not reflect long-term dietary exposures 
as would be expected from repeated assessments of diet 
during follow-up. However, it has been shown that although 
dietary intake may change due to development of diseases 
over time, using baseline diet instead of repeated measures 
of diet usually leads to an underestimation instead of an 
overestimation of the true association [44]. Furthermore, 
while dietary intake of selenium has been shown to alter 
plasma levels of selenium, it is not certain to which degree 
the intake of other minerals examined in this study reflects 
their status in the human body [45]. Also, we did not have 
biomarkers of mineral status in the body, which may be 
optimal to elucidate the role of minerals in the etiology of 
lung cancer. Moreover, due to limited number of lung can-
cer cases, we could not perform comprehensive subgroup 
analysis by smoking status to elucidate any potential inter-
play between mineral intake and smoking. Therefore, we 



1645Eur J Nutr (2017) 56:1637–1646 

1 3

cannot exclude residual confounding by smoking. We stud-
ied 6 different minerals in relation to lung cancer. However, 
it can be argued that this may lead to type I errors since 
we did not adjust the significance level for. Hence, cautious 
interpretation of P values is necessary.

In conclusion, our results suggest that a diet rich in zinc 
and iron may be associated with a decreased risk of lung 
cancer, whereas no evidence was found for other minerals. 
However, dietary mineral intake and the risk of lung cancer 
remain an understudied area of research, and further pro-
spective studies are needed to better understand the possi-
ble role of minerals in lung carcinogenesis.

Author contributions The contributions of the authors were as 
follows: TM and BK wrote the manuscript. TM, BK, OHF and JCK 
participated in the manuscript conception, statistical analyses, data 
interpretation and manuscript revising; RR, LL, CEK and BHS par-
ticipated in the data collection and acquisition of data on lung cancer. 
JCK participated in the data acquisition of dietary mineral intake. AH, 
BHS and OHF designed the Rotterdam Study. All authors read and 
approved the final manuscript. The authors thank Dr. Bastiaan Maes, 
the study participants, the staff from the Rotterdam Study, and the 
participating pharmacists and general practitioners.

Funding BK has been financially supported by Erasmus Mun-
dus Western Balkans (ERAWEB), a project funded by the European 
Commission. TM, BK, JCK and OHF work in ErasmusAge, a center 
for aging research across the life course founded by Nestlé Nutrition 
(Nestec Ltd.), Metagenics Inc., and AXA. These funding sources had 
no role in design and conduct of this manuscript; collection, manage-
ment, analysis and interpretation of the data; and preparation, review 
or approval of this manuscript. The authors declare that they have no 
conflict of interest.

Compliance with ethical standards 

Informed consent All participants gave informed consent to partici-
pate in the study and to obtain information from treating physicians and 
pharmacies, separately. The Rotterdam Study has been approved by 
the medical ethics committee according to the Wet Bevolkingsonder-
zoek: ERGO (Population Study Act: Rotterdam Study), executed by 

the Ministry of Health, Welfare and Sports of the Netherlands.

Open Access This article is distributed under the terms of the 
Creative Commons Attribution 4.0 International License (http://crea-
tivecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided you give 
appropriate credit to the original author(s) and the source, provide a 
link to the Creative Commons license, and indicate if changes were 
made.  

References

 1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D 
(2011) Global cancer statistics. CA Cancer J Clin 61(2):69–90. 
doi:10.3322/caac.20107

 2. Muka T, Imo D, Jaspers L, Colpani V, Chaker L, van der Lee 
SJ, Mendis S, Chowdhury R, Bramer WM, Falla A, Pazoki 
R, Franco OH (2015) The global impact of non-communica-
ble diseases on healthcare spending and national income: a 

systematic review. Eur J Epidemiol 30(4):251–277. doi:10.1007/
s10654-014-9984-2

 3. Ohno M, Miura T, Furuichi M, Tominaga Y, Tsuchimoto D, 
Sakumi K, Nakabeppu Y (2006) A genome-wide distribution of 
8-oxoguanine correlates with the preferred regions for recom-
bination and single nucleotide polymorphism in the human 
genome. Genome Res 16(5):567–575. doi:10.1101/gr.4769606

 4. Mahabir S, Forman MR, Dong YQ, Park Y, Hollenbeck A, 
Schatzkin A (2010) Mineral intake and lung cancer risk in the 
NIH-American association of retired persons diet and health 
study. Cancer Epidemiol Biomarkers Prev 19(8):1976–1983. 
doi:10.1158/1055-9965.EPI-10-0067

 5. Zhou W, Park S, Liu G, Miller DP, Wang LI, Pothier L, Wain 
JC, Lynch TJ, Giovannucci E, Christiani DC (2005) Dietary iron, 
zinc, and calcium and the risk of lung cancer. Epidemiology 
16(6):772–779

 6. Mahabir S, Spitz MR, Barrera SL, Beaver SH, Etzel C, Forman 
MR (2007) Dietary zinc, copper and selenium, and risk of lung 
cancer. Int J Cancer 120(5):1108–1115. doi:10.1002/ijc.22451

 7. Lee DH, Jacobs DR Jr (2005) Interaction among heme iron, 
zinc, and supplemental vitamin C intake on the risk of lung can-
cer: Iowa Women’s Health Study. Nutr Cancer 52(2):130–137. 
doi:10.1207/s15327914nc5202_3

 8. Huang Z, Zhang ZP, Jiang YC, Zhang DC, Chen JN, Dong L, 
Zhang JF (2012) Targeted delivery of oligonucleotides into 
tumor-associated macrophages for cancer immunotherapy. J 
Controlled Release 158(2):286–292

 9. Mahabir S, Wei Q, Barrera SL, Dong YQ, Etzel CJ, Spitz MR, 
Forman MR (2008) Dietary magnesium and DNA repair capac-
ity as risk factors for lung cancer. Carcinogenesis 29(5):949–
956. doi:10.1093/carcin/bgn043

 10. Ho E (2004) Zinc deficiency, DNA damage and can-
cer risk. J Nutr Biochem 15(10):572–578. doi:10.1016/j.
jnutbio.2004.07.005

 11. Uriu-Adams JY, Keen CL (2005) Copper, oxidative stress, 
and human health. Mol Aspects Med 26(4–5):268–298. 
doi:10.1016/j.mam.2005.07.015

 12. Patrick L (2004) Selenium biochemistry and cancer: a review of 
the literature. Altern Med Rev 9(3):239–258

 13. Walter PB, Knutson MD, Paler-Martinez A, Lee S, Xu Y, Viteri 
FE, Ames BN (2002) Iron deficiency and iron excess damage 
mitochondria and mitochondrial DNA in rats. Proc Natl Acad Sci 
USA 99(4):2264–2269. doi:10.1073/pnas.26170879899/4/2264

 14. Altieri F, Grillo C, Maceroni M, Chichiarelli S (2008) DNA 
damage and repair: from molecular mechanisms to health impli-
cations. Antioxid Redox Signal 10(5):891–937. doi:10.1089/
ars.2007.1830

 15. Wei Q, Cheng L, Amos CI, Wang LE, Guo Z, Hong WK, Spitz 
MR (2000) Repair of tobacco carcinogen-induced DNA adducts 
and lung cancer risk: a molecular epidemiologic study. J Natl 
Cancer Inst 92(21):1764–1772

 16. Mahabir S, Forman MR, Barerra SL, Dong YQ, Spitz MR, Wei 
Q (2007) Joint effects of dietary trace metals and DNA repair 
capacity in lung cancer risk. Cancer Epidemiol Biomarkers Prev 
16(12):2756–2762. doi:10.1158/1055-9965.EPI-07-0324

 17. Peterlik M, Grant WB, Cross HS (2009) Calcium, vitamin D and 
cancer. Anticancer Res 29(9):3687–3698

 18. Takata Y, Shu XO, Yang G, Li H, Dai Q, Gao J, Cai Q, Gao YT, 
Zheng W (2013) Calcium intake and lung cancer risk among 
female nonsmokers: a report from the Shanghai Women’s 
Health Study. Cancer Epidemiol Biomarkers Prev 22(1):50–57. 
doi:10.1158/1055-9965.EPI-12-0915-T

 19. Hofman A, Murad SD, van Duijn CM, Franco OH, Goedegebure 
A, Ikram MA, Klaver CCW, Nijsten TEC, Peeters RP, Stricker 
BHC, Tiemeier HW, Uitterlinden AG, Vernooij MW (2013) The 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.3322/caac.20107
http://dx.doi.org/10.1007/s10654-014-9984-2
http://dx.doi.org/10.1007/s10654-014-9984-2
http://dx.doi.org/10.1101/gr.4769606
http://dx.doi.org/10.1158/1055-9965.EPI-10-0067
http://dx.doi.org/10.1002/ijc.22451
http://dx.doi.org/10.1207/s15327914nc5202_3
http://dx.doi.org/10.1093/carcin/bgn043
http://dx.doi.org/10.1016/j.jnutbio.2004.07.005
http://dx.doi.org/10.1016/j.jnutbio.2004.07.005
http://dx.doi.org/10.1016/j.mam.2005.07.015
http://dx.doi.org/10.1073/pnas.26170879899/4/2264
http://dx.doi.org/10.1089/ars.2007.1830
http://dx.doi.org/10.1089/ars.2007.1830
http://dx.doi.org/10.1158/1055-9965.EPI-07-0324
http://dx.doi.org/10.1158/1055-9965.EPI-12-0915-T


1646 Eur J Nutr (2017) 56:1637–1646

1 3

Rotterdam Study: 2014 objectives and design update. Eur J Epi-
demiol 28(11):889–926. doi:10.1007/s10654-013-9866-z

 20. Hofman A, Brusselle GG, Darwish Murad S, van Duijn CM, 
Franco OH, Goedegebure A, Ikram MA, Klaver CC, Nijsten 
TE, Peeters RP, Stricker BH, Tiemeier HW, Uitterlinden AG, 
Vernooij MW (2015) The Rotterdam Study: 2016 objectives and 
design update. Eur J Epidemiol 30(8):661–708. doi:10.1007/
s10654-015-0082-x

 21. Klipstein-Grobusch K, den Breeijen JH, Goldbohm RA, Gelei-
jnse JM, Hofman A, Grobbee DE, Witteman JC (1998) Dietary 
assessment in the elderly: validation of a semiquantitative food 
frequency questionnaire. Eur J Clin Nutr 52(8):588–596

 22. Dutch food composition table (nevo) (1996) The Hagues, Voed-
ingscentrum voor de voeding

 23. Dutch food composition table (NEVO) (1998) The Hague, Voed-
ingscentrum voor de voeding

 24. van Lee L, Geelen A, van Huysduynen EJ, de Vries JH, van’t Veer 
P, Feskens EJ (2012) The Dutch healthy diet index (DHD-index): 
an instrument to measure adherence to the Dutch guidelines for a 
healthy diet. Nutr J 11:49. doi:10.1186/1475-2891-11-49

 25. Caspersen CJ, Bloemberg BP, Saris WH, Merritt RK, Kromhout 
D (1991) The prevalence of selected physical activities and their 
relation with coronary heart disease risk factors in elderly men: 
the Zutphen Study, 1985. Am J Epidemiol 133(11):1078–1092

 26. Stel VS, Smit JH, Pluijm SM, Visser M, Deeg DJ, Lips P (2004) 
Comparison of the LASA physical activity questionnaire with 
a 7-day diary and pedometer. J Clin Epidemiol 57(3):252–258. 
doi:10.1016/j.jclinepi.2003.07.008

 27. Willett WC, Howe GR, Kushi LH (1997) Adjustment for total 
energy intake in epidemiologic studies. Am J Clin Nutr 65(4 
Suppl):1220S–1228S (discussion 1229S‑1231S)

 28. Rubin BD (1987) Multiple imputation for nonresponse in sur-
veys. In: Investigative radiology

 29. Xue XJ, Gao Q, Qiao JH, Zhang J, Xu CP, Liu J (2014) Red and 
processed meat consumption and the risk of lung cancer: a dose-
response meta-analysis of 33 published studies. Int J Clin Exp 
Med 7(6):1542–1553

 30. Hashemian M, Poustchi H, Abnet CC, Boffetta P, Dawsey SM, 
Brennan PJ, Pharoah P, Etemadi A, Kamangar F, Sharafkhah M, 
Hekmatdoost A, Malekzadeh R (2015) Dietary intake of miner-
als and risk of esophageal squamous cell carcinoma: results from 
the Golestan Cohort Study. Am J Clin Nutr 102(1):102–108. 
doi:10.3945/ajcn.115.107847

 31. Prasad AS (2009) Zinc: role in immunity, oxidative stress 
and chronic inflammation. Curr Opin Clin Nutr Metab Care 
12(6):646–652. doi:10.1097/MCO.0b013e3283312956

 32. Fonseca-Nunes A, Jakszyn P, Agudo A (2014) Iron and cancer 
risk—a systematic review and meta-analysis of the epidemiolog-
ical evidence. Cancer Epidemiol Biomarkers Prev 23(1):12–31. 
doi:10.1158/1055-9965.EPI-13-0733

 33. Tasevska N, Sinha R, Kipnis V, Subar AF, Leitzmann MF, Hol-
lenbeck AR, Caporaso NE, Schatzkin A, Cross AJ (2009) A pro-
spective study of meat, cooking methods, meat mutagens, heme 
iron, and lung cancer risks. Am J Clin Nutr 89(6):1884–1894. 
doi:10.3945/ajcn.2008.27272

 34. Tasevska N, Cross AJ, Dodd KW, Ziegler RG, Caporaso NE, 
Sinha R, Project PCST (2011) No effect of meat, meat cook-
ing preferences, meat mutagens or heme iron on lung cancer 
risk in the Prostate, Lung, Colorectal and Ovarian Cancer 
Screening Trial. Int J Cancer 128(2):402–411. doi:10.1002/
Ijc.25327

 35. Yang WS, Wong MY, Vogtmann E, Tang RQ, Xie L, Yang YS, 
Wu QJ, Zhang W, Xiang YB (2012) Meat consumption and risk 
of lung cancer: evidence from observational studies. Ann Oncol 
23(12):3163–3170. doi:10.1093/annonc/mds207

 36. Song J, Su H, Wang BL, Zhou YY, Guo LL (2014) Fish con-
sumption and lung cancer risk: systematic review and meta-anal-
ysis. Nutr Cancer 66(4):539–549. doi:10.1080/01635581.2014.8
94102

 37. Li K, Kaaks R, Linseisen J, Rohrmann S (2011) Dietary cal-
cium and magnesium intake in relation to cancer incidence 
and mortality in a German prospective cohort (EPIC-Heidel-
berg). Cancer Causes Control 22(10):1375–1382. doi:10.1007/
s10552-011-9810-z

 38. Brozmanova J, Manikova D, Vlckova V, Chovanec M (2010) 
Selenium: a double-edged sword for defense and offence 
in cancer. Arch Toxicol 84(12):919–938. doi:10.1007/
s00204-010-0595-8

 39. Knekt P, Jarvinen R, Seppanen R, Rissanen A, Aromaa A, 
Heinonen OP, Albanes D, Heinonen M, Pukkala E, Teppo L 
(1991) Dietary antioxidants and the risk of lung cancer. Am J 
Epidemiol 134(5):471–479

 40. Kromhout D (1987) Essential micronutrients in relation to car-
cinogenesis. Am J Clin Nutr 45(5 Suppl):1361–1367

 41. Zhuo H, Smith AH, Steinmaus C (2004) Selenium and lung 
cancer: a quantitative analysis of heterogeneity in the current 
epidemiological literature. Cancer Epidemiol Biomarkers Prev 
13(5):771–778

 42. Longtin R (2003) Selenium for prevention: eating your way to 
better DNA repair? J Natl Cancer Inst 95(2):98–100

 43. Meplan C, Hesketh J (2014) Selenium and cancer: a story that 
should not be forgotten-insights from genomics. Cancer Treat 
Res 159:145–166. doi:10.1007/978-3-642-38007-5_9

 44. Hu FB, Stampfer MJ, Rimm E, Ascherio A, Rosner BA, Spiegel-
man D, Willett WC (1999) Dietary fat and coronary heart dis-
ease: a comparison of approaches for adjusting for total energy 
intake and modeling repeated dietary measurements. Am J Epi-
demiol 149(6):531–540

 45. Hambidge M (2003) Biomarkers of trace mineral intake and sta-
tus. J Nutr 133(Suppl 3):948S–955S

http://dx.doi.org/10.1007/s10654-013-9866-z
http://dx.doi.org/10.1007/s10654-015-0082-x
http://dx.doi.org/10.1007/s10654-015-0082-x
http://dx.doi.org/10.1186/1475-2891-11-49
http://dx.doi.org/10.1016/j.jclinepi.2003.07.008
http://dx.doi.org/10.3945/ajcn.115.107847
http://dx.doi.org/10.1097/MCO.0b013e3283312956
http://dx.doi.org/10.1158/1055-9965.EPI-13-0733
http://dx.doi.org/10.3945/ajcn.2008.27272
http://dx.doi.org/10.1002/Ijc.25327
http://dx.doi.org/10.1002/Ijc.25327
http://dx.doi.org/10.1093/annonc/mds207
http://dx.doi.org/10.1080/01635581.2014.894102
http://dx.doi.org/10.1080/01635581.2014.894102
http://dx.doi.org/10.1007/s10552-011-9810-z
http://dx.doi.org/10.1007/s10552-011-9810-z
http://dx.doi.org/10.1007/s00204-010-0595-8
http://dx.doi.org/10.1007/s00204-010-0595-8
http://dx.doi.org/10.1007/978-3-642-38007-5_9

	Dietary mineral intake and lung cancer risk: the Rotterdam Study
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Subjects and methods
	Study population
	Assessment of dietary intake
	Follow-up and case identification
	Covariates assessment
	Statistical analysis

	Results
	Dietary intake of minerals and lung cancer risk
	Effect modification by gender and smoking
	Additional analysis

	Discussion
	Author contributions 
	References




