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Abstract Although some studies have reported the

associations between specific metal element intake and risk

of Parkinson’s disease (PD), the associations between

specific metal element intake such as iron intake and PD

are still conflicted. We aimed to determine whether intake

of iron, zinc, and copper increases/decreases the risk of PD.

PubMed, Embase, Web of Knowledge, and Google Scholar

were searched. We pooled the multivariate-adjusted rela-

tive risks (RRs) or odds ratios using random effects. Study

quality was evaluated by the Newcastle–Ottawa Scale. Five

studies including 126,507 individuals remained for inclu-

sion, pooled RRs of Parkinson’s disease for moderate

dietary iron intake was 1.08 (95 % CI 0.61–1.93,

P = 0.787), and for high dietary iron intake was (1.03,

95 % CI 0.83–1.30, P = 0.766), respectively. The pooled

RRs of Parkinson’s disease for the highest compared with

the lowest dietary iron intake were 1.47 (95 % CI

1.17–1.85, P = 0.001) in western population and in males

(RR = 1.43, 95 % CI 1.01–2.01, P = 0.041). The pooled

RRs of Parkinson’s disease for moderate or high intake of

zinc, and copper were not statistically different (P[ 0.05).

PD increased by 18 % (RR 1.18, 95 % CI 1.02–1.37) for

western population by every 10-mg/day increment in iron

intake. Higher iron intake appears to be not associated with

overall PD risk, but may be associated with risk of PD in

western population. Sex may be a factor influencing PD

risk for higher iron intake. However, further studies are still

needed to confirm the sex-selective effects.
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Introduction

Parkinson’s disease (PD) is the most common serious

movement disorder in the world [1]. Some evidence sug-

gests that PD is a multifactorial result of age, ethnicity,

environmental factors, and genetics [2–6]. Metal elements

such as iron, zinc, and copper—which contribute to the

function of metalloenzymes that participate in free radical

control and antioxidant defense—have been associated

with the development of neurodegenerative disorders [7–

9]. Some studies have shown that varied iron levels in

independent brain areas in PD [10, 11]. Therefore, as the

daily dietary intake of metal elements largely depends on

meal composition, [12–14] differences in the dietary intake

of metal elements may have an effect on the development

of PD.

Several studies [15–19] have reported the associations of

dietary metal elements, especially ion intake and PD risk

with mixed conclusions. For instance, two studies [15, 18]

suggest a high intake of iron is related to risk for PD, one

study [16] supported no association between dietary iron

intake and PD risk for both men and women, one study [19]

found a high dietary iron intake increased PD risk in men but

not in women, while another study [17] suggests higher

intake of iron may be protective against PD [17]. Also, the

dose–response relationship for iron intake and PD risk was

not analyzed. Giving these facts, there is a requirement to

clarify the associations between dietary iron intake and risk

of PD. Here, we used a meta-analysis method aiming to

evaluate dietary intake of iron, zinc, or copper, and the risk of

PD. In addition, dose–response relationship was evaluated.

Methods

Data sources and searches

PubMed, Embase, Web of Knowledge, and Google Scholar

were searched without language restrictions. We used the

search following search terms: (‘‘iron’’ OR ‘‘zinc’’ OR

‘‘copper’’ OR ‘‘diet*’’ OR ‘‘food’’ OR ‘‘nutrient*’’) AND

(‘‘Parkinson*’’ OR ‘‘Parkinson’s disease’’ OR ‘‘PD’’).

Other potential articles were identified by consulting the

previous reviews and reference lists of retrieved records.

Study selection

Studies were included if they met the following five cri-

teria: (1) dietary intake of iron, zinc, copper, or selenium

was clearly addressed; (2) PD patients were diagnosed by

neurologists according to the specific canonical diagnostic

criteria. (3) multivariates were controlled with appropriate

statistical methods such as age, sex, education, or BMI; and

(4) odds ratios (ORs) or relative risks (RRs) and their

corresponding 95 % confidential intervals (CIs) were

provided.

The exclusion criteria were as follows: (1) reviews; (2)

experimental studies; (3) patients with a diagnosis of sev-

ere dementia or those who were unable to complete the

questionnaire; and (4) PD with mental illness (with the

exception of gene-related depressive PD studies, which

were included). Two reviewers verified all potentially

suitable studies by the aforementioned inclusion and

exclusion criteria, and a third author served as an arbitrator

of disagreements.

Data extraction and quality assessment

Log relative risks (RRs) for cohort studies or odds ratios

(ORs) for case–control studies were extracted from the

included studies. The quality of the included studies was

evaluated by the Newcastle–Ottawa Scale (NOS), stud-

ies achieving seven or more stars were considered to be of

higher quality [20–22]. Any disagreement as to study

quality or data extraction was resolved by discussion.

Data synthesis

Log RRs for cohort studies or ORs for case–control studies

were weighed by the inverse-variance (1–5) method to

obtain pooled relative risks. Etminan’s classification

method was used to categorize moderate or high dietary

intake of iron, zinc, and copper [23]. ‘Moderate intake’ was

defined as a pooled effect size of the second, and third

quartiles or the second, third, and fourth quintiles, while

‘high intake’ was defined as the fourth quartile or the fifth

quintile. We then pooled the ORs and RRs for each metal

element by moderate or high intake. One study [15] con-

tained two sets of multivariates’ controlled ORs, one is age,

sex, race, smoking, and BMI; the other one is age, sex,

race, smoking, and total Kcal; to obtain more conservative

results, we used the combined value of these two multi-

variates’ controlled ORs.

All five studies provided data on dietary intake of iron

[15–19] with two case–controlled studies providing data on

dietary intake of zinc and copper [17, 18]. Among the

included studies, two mentioned that their studies were

based on a population from the Group Health Cooperative

Health Maintenance Organization (HMO) in western

Washington State, USA [18, 19]; thus, we selected the

most recent data for our pooled analysis [19].

We pooled the remaining four studies with data on

dietary intake of iron [15–17, 19]. An I2 of 25, 50, and

75 % represented low, moderate, and high heterogeneity,

respectively [24]; we used a random effects model for

pooling ORs or RRs. One study was on an Eastern Asian
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population [17], while the other three studies were on a

western population [15, 16, 19], so we did a sensitivity

analysis to explore whether geography/ethnicity influences

dietary iron’s effect on the risk of PD.

Two studies provided relevant ORs or RRs of moderate

and high dietary intake of iron and the risk for PD in both

men and women [16, 19]. So, we performed separate

subgroup analyses on men and women.

We conducted a dose–response meta-analysis using the

method proposed by Greenland and Longnecker [25] and

Orsini et al. [26] to compute the trend from the correlated

log RR estimates across categories. For each study, the

median or mean intake of metal elements for each category

was assigned to each corresponding RR. When the median

or mean intake in each category was not provided, we

assigned the midpoint of the upper and lower boundaries in

every category as the average intake. If the upper boundary

for the highest category was not reported, we assumed that

the boundary had the same amplitude as the nearest cate-

gory. While for the upper exposure category, we used 1.2-

fold, its lower limit [27]. Publication bias was assessed

using Egger’s test [28]. The analysis was conducted by

STATA, version 12 (StataCorp, College Station, TX).

Results

Five studies [15–19] including 126,507 individuals

remained for inclusion in this meta-analysis (Fig. 1). The

characteristics of the included studies are shown in

Table 1: one 16-year cohort study [16] and four case–

control studies [15, 17–19]. Four studies [15–17, 19] with

data on dietary intake of iron with non-overlapping indi-

viduals. Two studies [17, 18] provided data on dietary zinc

and copper intake. Two western population-based studies

[16, 19] provided dose–response related data on dietary

iron. One study [17] scored 9 stars and the other four

studies [15, 16, 18, 19] scored 7 stars, all of them were

considered as high-quality studies.

Primary outcome

The pooled RRs of Parkinson’s disease for moderate

dietary iron intake were 1.08 (95 % CI 0.61–1.93,

P = 0.787), and for high dietary iron intake were (1.03,

95 % CI 0.83–1.30, P = 0.766), respectively (Fig. 2;

Table 2).

Secondary outcome

The pooled RRs of Parkinson’s disease for the highest

compared with the lowest dietary iron intake in western

population were (RR = 1.47, 95 % CI 1.17–1.85,

P = 0.001) (Fig. 2; Table 3). The pooled RRs of Parkin-

son’s disease for moderate or high intake of zinc, and

copper are shown in Table 3. The pooled RRs of PD for

high dietary iron intake in men were 1.43 (95 % CI

1.01–2.01, P = 0.041), while those in women were 1.22

(95 % CI 0.89–1.66, P = 0.217) (Fig. 2; Table 3).

Dose–response relationship

Linear dose–response analysis indicated a positive associ-

ation between iron intake and PD risk (P = 0.028); PD

increased by 18 % (RR 1.18, 95 % CI 1.02–1.37) for every

10-mg/day increment in iron intake. Non-linear dose–re-

sponse analysis also indicated a positive association

between iron intake and PD risk (P\ 0.01) (Fig. 3).

Publication bias

There was no significant publication bias for either mod-

erate intake of iron and PD risk (P = 0.255) or high intake

of iron and PD risk (P = 0.302).

Discussion

Metal ions such as iron, zinc, and copper are essential trace

elements responsible for the function of many cellular

enzymes and proteins; however, the same elements become

toxic in the event of excessive intracellular accumulation.

Fig. 1 Flowchart of study selection
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[29] The zinc, copper, and iron levels in the brain are

stringently regulated by the transport of metal ions across

the blood–brain barrier (BBB), and their dysregulation has

been increasingly implicated in interactions with the key

protein actors in several neurodegenerative diseases [7, 30,

31]. For example, previous evidence [32] suggests the

elevated iron levels in the basal ganglia of PD patients as

well as decreased copper and increased zinc levels in the

substantia nigra of PD patients.

This meta-analysis including five studies was based on a

large scale of population, the results revealed that a mod-

erate or high intake of iron displays no association with the

risk of developing PD. However, through a subgroup

analysis, high intake of iron was positively associated with

the risk of PD in western population (RR = 1.47, 95 % CI

1.17–1.85, P = 0.001). There is evidence [33] suggesting

that the incidence rate of PD for non-Hispanic Caucasians

is higher compared with Asians. Based on our results,

geography/ethnicity may be an influencing factor on iron

intake’s effect on PD risk. As a result of this subgroup

analysis, the I2 for the overall relative risk for high iron

intake was originally 82.4 and decreased to zero, so we

consider this population-based difference may be attribu-

table for this high heterogeneity. In addition, no publication

bias was found between the included studies.

There is evidence [33] showing that the incidence rate of

PD is greater in men than in women. Our sex subgroup

result suggests that high intake of iron is positively associ-

ated with the risk of PD in men (RR = 1.43, 95 % CI

1.01–2.01, P = 0.041), but not associated with the risk of

PD in women. Menstrual blood loss is an important factor

influencing iron status in women [34, 35]. Thus, based upon

our results, sex seems to be a factor influencing iron intake

and PD risk. According to the result of our meta-analysis,

dose–response meta-analysis indicated that a 10-mg/day

increment in dietary iron intake was associated with a 18 %

augmentation in PD risk for the western population.

Study limitations: First, smoking history, coffee drinking,

and alcohol [36] are all important factors influencing PD

risk. However, when we confined these multivariates, the

results remained persistent. Second, there was only one East

Asian population study [17] showing that higher iron intake

reduces the risk of PD; thus, the study power in this popu-

lation was limited without pooling. Third, we did not find

any data on the serum concentrations of iron or any other

metal element in the included studies, so we could not

analyze any possible associations between serum concen-

trations of metal elements and the risk of PD. Fourth, the

interpretation for the results should be cautious, although the

results showed that higher dietary iron intake is associated

Fig. 2 Forest plot of relative risks (RRs) for high intake of iron and

PD risk. a Forest plot of relative risks (RRs) for all studies of high

iron intake and PD risk. The overall RR was not statistically

significant (P = 0.787). b Forest plot of relative risks (RRs) of high

iron intake and PD risk for western population. The overall RR was

statistically significant (P = 0.001). c Forest plot of relative risks

(RRs) for the men subgroup of high iron intake and PD risk. The

overall RR was statistically significant (P = 0.041)

Table 2 PD risk associated with moderate and high intake of metal elements

Primary outcome Relative risk (95 % CI) P value (*P\ 0.05) P value for heterogeneity I2 for heterogeneity (%)

Iron

Moderate intake 1.03 (0.83–1.30) 0.766 0.114 49.6

High intake 1.08 (0.61–1.93) 0.787 0.001 82.4

Zinc

Moderate intake 0.89 (0.36–2.18) 0.797 0.000 92.2

High intake 0.69 (0.39–1.23) 0.211 0.164 48.4

Copper

Moderate intake 0.94 (0.47–1.87) 0.866 0.006 86.9

High intake 0.96 (0.65–1.42) 0.845 0.322 0
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with stroke risk for men. However, in the light of limited

power, the differences by sex in the results may well rep-

resent random variation. Fifth, only two studies provided

copper- and zinc-related data. Hence, the results still need to

be further confirmed. Sixth, there are exposure assessment

limitations of individual studies, because four studies used

food frequency questionnaire (FFQ) and one study used diet

history questionnaire (DHQ) to estimate the metal elements’

intake. Hence, there may exist potential recall bias.

Conclusion

Higher iron intake appears to be not associated with overall

PD risk, but may be associated with risk of PD in western

population. Sex may be a factor influencing PD risk for

higher iron intake. However, further studies are still needed

to confirm the sex-selective effects.
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