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Abstract
Background: It has been reported that polymorphisms of transferrin (TF) G258A and transferrin receptor (TFR) A82G might be
associated with susceptibility to Parkinson disease (PD).

Objective: Owing to limitation of sample size and inconclusive results, we conducted a meta-analysis to clarify the association.

Methods: By searching PubMed, Embase, Chinese National Knowledge Infrastructure, China Biological Medicine Database, and
Wanfang Databases, the published articles about studies of the association of the TF G258A, TFR A82G gene polymorphisms with
the risk of PD were collected. Q-statistics and I2 statistics were calculated to examine heterogeneity and summary odds ratios (ORs)
and 95% confidence intervals (95%CI) were evaluated the association.

Results: Five studies assessed the relationship between TF G258A and risk of PD. A significant increased protective of A allele and
AA genotype was observed in allele model and recessive model (the allele model A vs G: OR=0.54, 95%CI 0.40–0.72, P< .001; the
recessive model AA vs GA + GG: OR=0.32, 95%CI 0.20–0.52, P< .001). The remaining models of the TF G258A genotype showed
no significant association with PD risk, while the protective tendency were increased (the heterozygote model GA vs GG: OR=0.93,
95%CI 0.61–1.43, P= .75; the homozygous model AA vs GG: OR=0.47, 95%CI 0.21–1.04, P= .06; the dominant model GA + AA
vs GG: OR=0.75, 95%CI 0.50–1.11, P= .15). There was also a lack of association between TFR A82G polymorphism and PD (the
allele model G vs A: OR=0.92, 95%CI 0.75–1.13, P= .43; the heterozygote model AG vs AA: OR=1.17, 95%CI 0.79–1.71, P= .43;
the homozygous model GG vs AA: OR=0.91, 95%CI 0.60–139, P= .66; the dominant model AG + GG vs AA: OR=1.05, 95%CI
0.73–1.49, P= .81; the recessive model GG vs AG +AA: OR=0.80, 95%CI 0.59–1.09, P= .16).

Conclusion:Our study suggests that TF G258A polymorphism may be associated with PD, while TFR A82G polymorphism may
not contribute to PD based on the current evidence.

Abbreviations: 95%CI = 95% confidence intervals, HWE = Hardy–Weinberg equilibrium, ORs = odds ratios, PD = Parkinson
disease, pH = pondus Hydrogenii, TF = transferrin, TFR = transferrin receptor.
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1. Introduction

Parkinson disease (PD) is acknowledged as the second most
neurodegenerative disorder after Alzheimer disease, with an
overall prevalence in the general population of 0.3%.[1] It is a
debilitating neurological disorder characterized by resting
tremor, muscular rigidity, bradykinesia, and postural instabili-
ty.[2] The main pathological feature is the progressive loss of
dopaminergic neurons in the substantia nigra and presence of a-
synuclein containing Lewy bodies.[3,4] Previous studies have
shown that the accumulation of iron in the brain plays a key role
in the pathogenesis of PD.[5] Iron increases oxidative stress,
induces neuronal degeneration,[6,7] and accumulates in the
substantia nigra of PD patients.[8] In view of this, genes coding
proteins involved in iron metabolism could be considered as
potential susceptibility genes for PD.
Transferrin (TF) is primarily involved in iron uptake through the

transfer receptor (TFR).[9,10] TF-iron (TF-Fe) first binds to TFR on
the cell surface and then the TF-Fe- TFR complex is rapidly
endocytosed by cells, which eventually bud off to form coated
vesicles, called endosomes. The endosomes pondus Hydrogenii
(pH) is lowered to about 5 to 6. At this time, TF-Fe- TFR complex
releases its bound iron, and the TF-TFR returns to the cell surface.
At physiological pH, TFR dissociates and TF returns to the
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circulatory system and binds iron. Loss of transferrin receptor 1,
involved in iron uptake, caused neuronal iron deficiency, age-
progressive degeneration of a subset of dopaminergic neurons, and
motor deficits.[11] There was gradual depletion of dopaminergic
projections in the striatum followed by death of dopaminergic
neurons in the substantia nigra. Although the functional
significance of the TF G258A polymorphism is unclear, current
studies suggest that the A allele encodes the mature serine and
replaces the usual glycine,[12] and that TF G258A variants may be
associated with the total value of the iron-binding capacity.
Recent studies have also shown that single nucleotide

polymorphisms in TF and TFR have a functional impact on
PD. There are some reports on the correlation between TF
G258A, TFR A82G gene polymorphism, and PD in different
populations, but the results are contrary.[13–17] There is no review
that has attempted to synthesize the total available evidence of the
TFG258A and TFRA82G gene polymorphisms in the risk of PD.
The purpose of the present paper is to investigate the association
of the TF G258A and TFR A82G gene polymorphisms with the
risk of PD by meta-analysis.
2. Materials and methods

2.1. Study collection

We search for relevant papers that had been published in English
or Chinese through PubMed, Embase, Chinese National
Knowledge Infrastructure (CNKI), China Biological Medicine
(CBM) Database, and Wanfang Database (up to December
2019). The search strategy was limited to the following keywords
(Transferrin or TFG258A), (Transferrin receptor or TFRA82G),
and (Parkinson disease or PD).
2.2. Inclusion and exclusion criteria

All papers included in this meta-analysis must be meet the
following criteria: investigating the association TF G258A and
(or) TFR A82G gene polymorphism and PD, human studies and
case-controlled studies, the number of studies of genotypes must
be completely provided in both case and control groups directly
or indirectly. On the contrary, studies without control, abstract,
review, comment, unsuitable genotype frequency data (not TF
G258A or TFR A82G), and duplicate publication are excluded.
2.3. Data extraction

Data were extracted by 2 independent reviewers. Extraction of
literature, including: first author, year of publication, country of
study, and the numbers of genotyped cases and controls. Any
disagreements on data extraction were resolved through
discussion with other researchers.
2.4. Ethical approval

All data in this meta-analysis were extracted from the previous
published studies, no ethical approval or patient consent was
required.
2.5. Statistical analysis

Review Manager 5.3 software (Cochrane Collaboration, Ox-
ford, UK) was used for meta-analysis as following: five different
2

odds ratio (ORs) were computed: allele model (A vs G for TF
G258A and G vs A for TFR A82G); heterozygote model (GA vs
GG for TF G258A and AG vs AA for TFR A82G); homozygous
model (AA vs GG for TF G258A and GG vs AA for TFR A82G);
dominant model (GA +AA vs GG for TFG258A and AG +GG vs
AA for TFR A82G); recessive model (AA vs GA + GG for TF
G258A and GG vs AG + AA for TFR A82G). Heterogeneity
between studies was assessed using the Chi-square-based Q test
and the I2 test. If the I2 was>50%, the pooled study OR estimate
of the study was calculated using a random-effects model.
Otherwise, the fixed effects model was used. P< .05 was
considered statistically significant. Stata (version12.0) was used
for this article as follows: Hardy–Weinberg equilibrium (HWE)
test, Begg test, and Egger test for publication bias.
3. Results

3.1. Characteristics of studies

According to the above retrieval methods, a total of 130 relevant
studies were selected. After reviewing the full text, 125 studies
were excluded due to duplicated studies and irrelevant articles
(Fig. 1). Finally, 5 studies[13–17] were included, 3 published in
English[13–15] and 2 in Chinese.[16,17] The main characteristics of
the eligible studies are presented in Table 1. All 5 studies
evaluated the association between TF G258A and PD suscepti-
bility,[13–17] and 4 of them evaluated the roles of TFRA82G in the
risk of PD.[13,15–17] The 5 case–control studies included in this
meta-analysis encompassed a total of 708 PD cases and 619
controls on the TF G258A polymorphism, and 4 of them
included 433 PD cases and 459 controls for the TFRA82G
polymorphism. The genotype for each study and HWE of
controls are summarized in Table 1.

3.2. Meta-analysis results

Five studies assessed the relationship between TF G258A gene
polymorphisms and PD. The I2 value was lower 50%, indicating
no heterogeneity. Therefore, a fixed-effects model was used in all
genetic models. The combined results suggested that TF G258A
polymorphism could be associated with PD (the allele model A vs
G: OR=0.54, 95%CI 0.40–0.72, P< .001; the recessive model
AA vs GA + GG: OR=0.32, 95%CI 0.20–0.52, P< .001)
(Table 2, Supplemental Digital Content [Figure S1, http://links.
lww.com/MD/F264, Figure S5, http://links.lww.com/MD/
F268]), and A allele and AA genotype showed significant
protective. Although the heterozygous model, homozygous
model and the dominant model did not show a significant
association with the risk of PD, the protective tendency increased
(the heterozygote model GA vs GG: OR=0.93, 95%CI 0.61–
1.43, P= .75; the homozygousmodel AA vs GG:OR=0.47, 95%
CI 0.21–1.04, P= .06; the dominant model GA + AA vs GG:
OR=0.75, 95%CI 0.50–1.11, P= .15) (Table 2, Supplemental
Digital Content [Figures S2, http://links.lww.com/MD/F265, S3,
http://links.lww.com/MD/F266, and S4, http://links.lww.com/
MD/F267]). One study with a small number of cases was
eliminated for sensitivity analysis, and the other 4 studies were re-
analyzed. The results showed that the lack of cases still had no
effect on the results of the meta-analysis in these 4 studies (data
are not shown).
The association between TFR A82G polymorphism and the

risk of PD was analyzed in 4 independent studies. Fixed-effects
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Figure 1. Flowchart of study selection for the present study.
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model was used in all genetic models. When all eligible studies
were pooled in this meta-analysis, no significant association was
seen in all genetic models (the allele model G vs A: OR=0.92,
95%CI 0.75–1.13, P= .43; the heterozygote model AG vs AA:
OR=1.17, 95%CI 0.79–1.71, P= .43; the homozygous model
GG vs AA: OR=0.91, 95%CI 0.60–1.39, P= .66; the dominant
Table 1

The characteristics of the included studies in the meta-analysis.

Study Area No. of cases No.

TF G258A
Borie et al, 2002 France 133
Ezquerra et al, 2005 Spain 210
Greco et al, 2011 Italy 181
Xiao et al, 2015 China 117
Xiao et al, 2018 China 67

TFR A82G
Borie et al, 2002 France 68
Greco et al, 2011 Italy 181
Xiao et al, 2015 China 117
Xiao et al, 2018 China 67

HWE assumes that allele and genotype frequencies in population will remain constant from generation to ge
where each organism produces male and female gametes at equal frequency, and has 2 alleles at each gen
genotype of the same generation according to the expected contribution from the homozygote and hete
HWE=Hardy–Weinberg equilibrium, TF= transferrin, TFR= transferrin receptor.
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model AG + GG vs AA: OR=1.05, 95%CI 0.73–1.49, P= .81;
the recessive model GG vs AG +AA: OR=0.80, 95%CI 0.59–
1.09, P= .16) (Table 2, Supplemental Digital Content [Figures S6,
http://links.lww.com/MD/F269, S7, http://links.lww.com/MD/
F270, S8, http://links.lww.com/MD/F271, S9, http://links.lww.
com/MD/F272, and S10, http://links.lww.com/MD/F273]). A
of controls Cases Controls P for HWE

GG GA AA GG GA AA
116 122 8 3 98 12 6 <.001
103 190 20 0 95 7 1 .06
180 165 16 0 159 21 0 .41
140 6 31 80 5 13 122 <.001
80 2 19 46 2 8 70 .01

AA AG GG AA AG GG
59 15 36 17 15 26 18 .37
180 47 96 38 50 89 41 .91
140 12 25 80 12 26 102 <.001
80 3 11 53 3 8 69 <.001

neration in the absence to other evolutionary influences. Consider a population of monoecious diploids,
e locus. The allele frequencies at each generation are obtained by pooling together the alleles from each
rozygote genotypes.
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Table 2

Meta-analysis of TF G258A/TFR A82G polymorphism and risk of PD.

Genetic comparison Begg test (z, p) Egger test (z, p) I2 (%) Fixed model OR [95%CI] POR

TF G258A
A vs G 0.73, 0.462 1.36, 0.266 33 0.54 [0.40, 0.72] <.001
GA vs GG 0.24, 0.806 1.48, 0.235 14 0.93 [0.61, 1.43] .75
AA vs GG 0.00, 1.000 0.43, 0.744 0 0.47 [0.21, 1.04] .06
GA + AA vs GG 0.24, 0.806 0.18, 0.870 0 0.75 [0.50, 1.11] .15
AA vs GA + GG 0.00, 1.000 1.84, 0.316 0 0.32 [0.20, 0.52] <.001

TFR A82G
G vs A 1.02, 0.308 -2.33, 0.145 0 0.92 [0.75, 1.13] .43
AG vs AA -0.34, 1.000 0.32, 0.781 0 1.17 [0.79, 1.71] .43
GG vs AA 0.34, 0.734 -1.21, 0.351 0 0.91 [0.60, 1.39] .66
AG + GG vs AA 0.34, 0.734 -0.87, 0.478 0 1.05 [0.73, 1.49] .81
GG vs AG + AA 1.70, 0.089 -2.94, 0.099 0 0.80 [0.59, 1.09] .16

The values in bold represent that there are statistically significant differences between cases and controls.
CI= confidence interval, OR= odds ratio, TF= transferrin, TFR= transferrin receptor.
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consistent result was obtained when the sensitivity analysis was
used to evaluate the association between TFR A82G polymor-
phism and PD susceptibility (data are not shown).
3.3. Publication bias

Begg test and Egger test were performed to evaluate the
publication bias. No evidence of publication bias was existed
in all genetic models (Table 2).
4. Discussion and conclusions

PD is considered a multi-factorial disease, in which iron overload
and alterations of iron-related genes play an important role.
More recent studies showed an involvement of iron-mediated
oxidative stress in the pathogenesis of PD.[18] Increased levels of
iron deposits have been described in the substantia nigra and
globus pallidus by both postmortem and imaging studies.[19,20]

Meanwhile, human studies investigating various genes involved
in iron metabolism or homeostasis for associations with PD have
been reviewed.[21]

Previous studies have evaluated the association between the
genetic polymorphisms TFG258A and TFRA82G and the risk of
PD with controversial results. In this meta-analysis, we have
observed a significant increase in protection of the A allele and the
AA genotype between TF G258A genetic polymorphisms and
susceptibility of PD. These results are consistent with 3 previous
studies,[13,16,17] contrasting the results of 2 others.[14,15]

However, the TFR A82G genotype models did not show a
significant association, consistent with previous research
results.[13,15–17]

In the present meta-analysis, 5 case–control studies with total
of 708 PD cases and 619 controls on TF G258A polymorphism
were finally identified to be eligible studies. And 4 studies
including 433 PD cases and 459 controls for TFR A82G
polymorphism were identified. As the I2<50%, the fixed-effect
model was used to calculate the pooled OR in this meta-analysis.
These pooled results demonstrated a protective effect on TF
G258A polymorphism, while analysis of the TFR A82G
polymorphism in PD patients did not revealed a significant
association. Not all studies conformed to the HWE. In the
sensitivity analysis, eliminating a study with a small number of
cases gave a similar result. There was no evidence of publication
4

bias in our meta-analysis. However, it should be noted that the
power of the Egger regression test and Begg test to detect bias will
be low with a small number of studies. The Begg test is
nonparametric, which reduces its power.
There were some limitations in our study. First, our research

only focuses on English and Chinese articles, which could bias the
result. Second, the results of this study are subject to large sample,
multicenter collaboration, and more randomized controlled trials
for validation. Due to limited data, we did not perform a
subgroup analysis for another factor that may contribute to PD.
Moreover, the study may be influenced by gene–environment
interactions and intergenic interactions.
In summary, the results of this meta-analysis indicate that TF

G258A polymorphism was associated with genetic susceptibility
of PD, while TFRA82G polymorphismmay not contribute to PD
base on the currently published studies. We need more high-
quality, well-designed studies with large sample sizes to confirm
these findings.
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