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Abstract

Iron homeostasis dysregulation has been regarded as an important mechanism in neurodegenerative diseases. The H63D and
C282Y polymorphisms in the HFE gene may be involved in the development of sporadic amyotrophic lateral sclerosis (ALS)
through the disruption of iron homeostasis. However, studies investigating the relationship between ALS and these two
polymorphisms have yielded contradictory outcomes. We performed a meta-analysis to assess the roles of the H63D and
C282Y polymorphisms of HFE in ALS susceptibility. PubMed, MEDLINE, EMBASE, and Cochrane Library databases were
systematically searched to identify relevant studies. Strict selection criteria and exclusion criteria were applied. Odds ratios
(ORs) with 95% confidence intervals (Cls) were used to assess the strength of associations. A fixed- or random-effect model
was selected, depending on the results of the heterogeneity test. Fourteen studies were included in the meta-analysis (six
studies with 1692 cases and 8359 controls for C282Y; 14 studies with 5849 cases and 13,710 controls for H63D). For the
C282Y polymorphism, significant associations were observed in the allele model (Y vs C: OR=0.76, 95%CI|=0.62-0.92,
P =0.005) and the dominant model (YY +CY vs CC: OR=0.75, 95%Cl=0.61-0.92, P=0.006). No associations were found for
any genetic model for the H63D polymorphism. The C282Y polymorphism in HFE could be a potential protective factor for ALS

in Caucasians. However, the H63D polymorphism does not appear to be associated with ALS.
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Introduction

The HFE gene, so named because of its dominant role
in iron homeostasis and preventing hemochromatosis
(i.e., iron overload in the blood) (1), is located on the short
arm of chromosome 6 at location 6p27.3 (2). Mutations of
HFE have been associated with iron overload. Loss of
iron homeostasis in the brain may lead to oxidative stress
and inflammation (3). HFE testing for the two main
mutations (H63D and C282Y) should be performed in all
patients with primary iron overload and unexplained
increased transferrin saturation and/or serum ferritin
values (4), which have been implicated in neurodegen-
erative diseases (5).

As the most common adult-onset neurodegenerative
disease, amyotrophic lateral sclerosis (ALS) is character-
ized by degeneration of lower and upper motor neurons in
the brain and spinal cord. ALS causes progressive muscle
weakness and paralysis. Patient mortality generally occurs
within 3 to 5 years after disease onset, due to respiratory
insufficiency (6-8). ALS is nonfamilial (sporadic) in 90 to

95% of cases (9). The etiology of ALS remains unknown,
and disease-modifying treatments are limited. However,
two mutations of HFE, C282Y and H63D, have been
associated with various clinical endpoints, including ALS,
and iron overload (10), leading researchers to speculate
whether iron accumulation might be a possible mechanism
contributing to its pathophysiology (11,12).

Recent studies have analyzed the effect of the C282Y
polymorphism on ALS, but the results have been
conflicting (13-17). Some of these studies involved only
a few hundred cases, too few for a reliable assessment.
Three previous meta-analyses (18-20) regarding the
H63D polymorphism and ALS yielded contradictory out-
comes and missed some important studies. Although
a few studies have sought to catalog the associa-
tion between various HFE polymorphisms and ALS,
most such publications lacked statistical power or did
not present data for combined genotypes (21,22).
Therefore, to address this literature gap, we studied the

Correspondence: Z.Y. Tang, Department of Neurology, The Second Hospital Affiliated to Nanchang University, Medical College,
Nanchang University, Nanchang, China. E-mail: jaomei206@sina.com

Received June 24, 2013. Accepted November 19, 2013. First published online February 18, 2014.

www.bjournal.com.br

Braz J Med Biol Res 47(3) 2014



216

combined effect of the C282Y and H63D mutations on the
risk of ALS, by conducting a meta-analysis of available
studies with a case-control or cohort design.

Material and Methods

Selection of eligible studies

Two reviewers independently scrutinized studies on the
associations between HFE polymorphisms and ALS. The
PubMed, MEDLINE, EMBASE, and Cochrane Library
databases, from their inception to September 26, 2012,
were searched to identify potentially relevant studies. The
following search strategy was used, which combined both
the medical subject heading (MeSH) and text words
(“hemochromatosis” or “HFE” or “C282Y” or “Cys282Tyr”
or “H63D” or “His63Asp”) and (“amyotrophic lateral
sclerosis” or “ALS”) and (“polymorphism*” or “variant*” or
“genotype” or single nucleotide polymorphisms “SNPs”).
The related articles of each included study generated by
PubMed and relevant reviews were also screened, to avoid
the omission of any potentially relevant study. When
necessary, the authors of abstracts were contacted to
obtain missing data. The search was done without restriction
on language, but we only included published articles written
in English.

Selection criteria

Two reviewers independently identified potentially
relevant studies and evaluated each trial according to
predetermined eligibility criteria. Studies were selected if
they met the following criteria: 1) association study, using
a case-control or cohort design, in sporadic ALS subjects
diagnosed by El Escorial World Federation of Neurology
guidelines; 2) available data for C282Y or H63D or HFE
mutations with risk of ALS; and 3) the genotype
distribution in the controls were in Hardy-Weinberg
equilibrium (HWE).

The exclusion criteria were defined as: 1) abstracts,
reviews, and animal studies; 2) useless data reported,
genotype number, or frequency not included; and 3)
genotype distribution in the control population was not
consistent with HWE. If the same author published more
than one study using the same case series, then only the
most recent study or the study with the largest sample
size was included in the meta-analysis.

Data extraction

After duplicate studies were removed and any addi-
tional studies were added, two investigators indepen-
dently extracted data from each study in a standard
fashion and entered the information into a common
database. When discrepancies arose, all investigators
assessed the data. The following information was
collected: first author, year of publication, country,
ethnicity, characteristics, study design, sample sizes of
patients and controls, genotype numbers, minor allele
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frequency and numbers, and P value for HWE. The article
by Praline et al. (13) used the review by Merryweather-
Clarke et al. (21) to select five French series and pooled
controls from those series. Therefore, we combined the
data and analyzed the pooled controls from those series
as one group and compared them with the cases.

Statistical analysis

Odds ratios (ORs) with 95% confidence intervals (Cls)
for genotypes and alleles were used to assess the strength
of association between HFE polymorphisms and ALS. The
ORs were calculated for the allele contrast, additive
genetic, recessive genetic, and dominant genetic models.

Heterogeneity, which was interpreted as the propor-
tion of the total variation that was contributed by between-
study variation, was examined with the I? statistic. The
effect of heterogeneity was measured with a quantitative
measure, I2=100% x (Q—d.f.)/Q. If there was a statistical
difference in terms of heterogeneity (P<0.10, />>50%),
then the random-effects model was used to estimate the
pooled OR (23,24). Otherwise, the pooled OR was
estimated by the fixed-effects model (25).

Because the frequencies of C282Y and H63D depend
on ethnicity, and this effect is more pronounced in men
than in women (26), subanalyses on ethnicity were
performed when assessing clinical heterogeneity. The
ethnic groups were defined as 1) people of continental
European ancestry, including the United States, France,
Germany, Ireland, Italy, or other; and 2) other ethnic groups
(Asian, African, or other). Turks, Arabs, and Hispanics
were not included in the European category. If hetero-
geneity still persisted after this stratification, the studies
included in the analyses were inspected post hoc manually.

Sensitivity analysis was performed by deleting studies
one by one to examine the influence of an individual data
set on the pooled OR. An asymmetric plot suggested
possible publication bias. The Egger test with a P value
less than 0.05 was considered to indicate statistically
significant publication bias (27). All statistical tests were
performed with STATA version 11.0 (StataCorp., USA).
All P values were two-sided. A P value less than 0.05 for
any test was considered to be statistically significant.

Results

Study characteristics

The literature search of the PubMed, MEDLINE,
EMBASE, and Cochrane Library databases resulted in
50 articles (Figure 1). After we excluded 17 duplicate
articles, we screened the titles, abstracts, and full texts of
the remaining 33 articles against the inclusion/exclusion
criteria, which resulted in 10 articles. Three articles were
excluded: one because the allele frequencies in control
subjects deviated from HWE (2), another because it had
no usable data (21), and the third because it was written in
Chinese. Despite our best efforts, such as searching other
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Figure 1. Flow diagram of study.

related references and e-mailing/faxing all of the authors,
we could not acquire usable data for the Merryweather-
Clarke study (21). Of the remaining articles, we verified two

217

primary articles with negative results by contacting the
authors. Finally, seven articles fulfilling the inclusion criteria
were identified and included in the meta-analysis (13-
18,28).

One article, by Goodall et al. (17), presented the
genotype frequencies separately according to studies in
Birmingham and Ireland. Therefore, each of these studies
was considered separately for the meta-analysis. In
another article, by van Rheenen et al. (18), cases were
recruited from seven different countries (the Netherlands,
Belgium, Germany, United Kingdom, Ireland, Sweden,
and Switzerland). Each country was considered sepa-
rately for the meta-analysis.

In total, 14 studies (six studies with 1692 cases and
8359 controls for the C282Y polymorphism, and 14
studies with 5849 cases and 1710 controls for the H63D
polymorphism) were included in the meta-analysis. The
main characteristics of the included studies are summar-
ized in Supplementary Table S1 and Tables 1 and 2. In all
the studies, minor allele frequencies were calculated for
the controls (all >0.05).

Quantitative data synthesis

Table 3 shows the results for the associations between
the risk of ALS and the C282Y and H63D polymorphisms in
the different models. We obtained evidence of an associa-
tion between a decreased risk of ALS and the C282Y
polymorphism in the allele model (Y vs C: OR=0.76,
95%CIl=0.62-0.92, P=0.005) and in the dominant model
(YY+CY vs CC: OR=0.75, 95%CI=0.61-0.92,
P=0.006). There was no significant difference between
study heterogeneity (/°=0.0%; Figure 2).

We did not observe evidence for an association of the
H63D polymorphism with ALS risk in any of the models (D
vs H: OR=1.14, 95%CI=0.98-1.31; DD vs HH:

Table 1. Distribution of C282Y (rs1800562) genotypes and allele frequencies among ALS cases and controls, and P values of HWE in

controls.
First author Total number Cases/frequency Controls/frequency Y allele HWE
(%) (%) [N (%)] P)
Cases Controls CcC CY YY CcC CcY YY Cases Controls ~ Controls
Praline (13) 824 1858 772 51 1 1679 176 3 53 182 0.468
(93.7) (6.2) (0.1) (90.4) (9.5) (0.2) (3.2) (4.9)
Sutedja (14) 289 5886 265 23 1 5089 630 20 25 670 0.915
(91.7) (8.0) (0.3) (88.5) (11.1) (0.3) (4.3) (5.7)
Yen (15) 51 47 49 1 1 45 2 0 3 2 0.882
(96.1) (2.0) (2.0) (95.7) (4.3) (0.0) (2.9) (2.1)
Restagno (16) 149 168 144 5 0 165 3 0 5 3 0.907
(96.6) (3.4) (0.0) (98.2) (1.8) (0.0) (1.7) (0.9)
Goodall (17) 213 208 167 46 0 165 40 3 46 46 0.748
(78.4) (21.6) (0.0) (79.3) (19.2) (1.4) (10.8) (11.1)
Goodall (17) 166 192 143 22 1 159 31 2 24 35 0.724
(86.1) (13.3) (0.6) (82.8) (16.1) (1.0) (7.2) 9.1)

ALS: amyotrophic lateral sclerosis; HWE: Hardy-Weinberg equilibrium.
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Table 2. Distribution of H63D (rs1799945) genotypes and allele frequencies among ALS cases and controls, and P values of HWE in

controls.
First author Total number Cases/frequency Controls/frequency D allele HWE
(%) (%) [N (%)] P)
Cases  Controls HH HD DD HH HD DD Cases Controls  Controls

Praline (13) 824 1732 601 208 15 1193 487 52 238 591 0.788
(72.9) (25.2) (1.8) (68.9) (28.1) (3.0) (14.4) 17.1)

Sutedja (14) 289 5886 208 74 6 4234 1423 120 86 1663 0.973
(72.2) (25.7) (2.1) (73.3) (24.6) (2.1) (14.9) (14.1)

Yen (15) 51 47 38 12 1 36 11 0 14 11 0.364
(74.5) (23.5) (2.0) (76.6) (23.4) (0.0) (13.7) (11.7)

Restagno (16) 149 168 106 41 2 143 25 0 45 25 0.297
(71.1)  (27.5) (1.3) (85.1) (14.9) (0.0) (15.1) (7.4)

Goodall [17) 213 208 136 67 10 161 44 3 87 50 0.998
(63.8) (31.5) (4.7) (77.4) (21.2) (1.4) (20.4) (12.0)

Goodall (17) 166 192 113 48 5 151 39 2 58 43 0.767
(68.1) (28.9) (3.0) (78.6) (20.3) (1.0) (17.5) (11.2)

He (28) 195 405 175 18 2 392 13 0 22 13 0.743
(89.7) (9.2) (1.0) (96.8) (3.2) (0.0) (5.6) (1.6)

Van Rheenen 1045 2548 752 261 32 1835 662 51 325 764 0.330

(18) (72.0) (25.0) (3.0) (72.0) (26.0) (2.0) (15.6) (15.0)

Van Rheenen 358 416 257 90 11 299 104 13 112 130 0.290

(18) (71.8) (25.1) (3.1) (71.9) (25.0) (3.1) (15.6) (15.6)

Van Rheenen 1110 742 833 266 11 542 185 15 288 215 0.865

(18) (75.0) (24.0) (1.0) (73.0) (25.0) (2.0) (13.0) (14.5)

Van Rheenen 189 337 126 59 4 260 101 10 67 121 0.96

(18) (66.7) (31.2) (2.1) (77.2) (30) (3.0) (17.7) (18.0)

Van Rheenen 506 267 364 132 10 195 64 8 152 80 0.335

(18) (71.9) (26.1) (2.0) (73.0) (24.0) (3.0) (15.0) (15.0)

Van Rheenen 558 548 435 117 6 422 115 11 129 137 0.341

(18) (78.0) (21.0) (1.0) (77.0) (21.0) (2.0) (11.6) (12.5)

Van Rheenen 196 214 147 45 4 156 54 4 53 62 0.787

(18) (75.0) (23.0) (2.0) (72.9) (25.2) (1.9) (13.5) (14.5)

ALS: amyotrophic lateral sclerosis; HWE: Hardy-Weinberg equilibrium.

OR=1.00, 95%CI1=0.79-1.27;

recessive model:
OR=1.00, 95%CI=0.79-1.26; dominant model:
OR=1.14, 95%CI=0.98-1.33; Figure 3). In subgroup

analysis by ethnicity, the differences between the allele,
recessive, and dominant models were not
significant in the Caucasian or Asian subgroup.

additive,

Table 3. Summary OR and 95%CI of the association between polymorphisms in the HFE genes (C282Y and H63D) and ALS risk.

Category Allele contrast Additive model Recessive model Dominant model
N OR (95%Cl) P N OR P N OR P N OR P
(95%Cl) (95%Cl) (95%Cl)
Cc282Y 6 0.76 0.005 6 0.64 0.397 6 0.65 0416 6 0.75 0.006
(0.062-0.92) (0.23-1.81) (0.23-1.84) (0.61-0.92)
H63D 14 1.14 0.092 14 1.00 0.983 14 1.00 0.994 14 1.14 0.086
(0.98-1.32) (0.79-1.27) (0.79-1.26) (0.98-1.33)
By ethnicity
Caucasian 12 1.09 0.233 12 0.99 0.954 12 0.97 0.862 12 1.10 0.211
(0.95-1.26) (0.66-1.48) (0.66-1.41) (0.95-1.28)
Asian 2 1.84 0.347 2 2.1 0.511 2 2.02 0523 2 1.78 0.349
(0.52-6.54) (0.23-19.5) (0.24-17.3) (0.53-5.94)

ALS: amyotrophic lateral sclerosis; OR: odds ratios; Cl: confidence intervals.
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Figure 2. Forest plot of the assocition between ALS and the HFE C282Y mutation. A, Y vs C; B, YY vs CC; C, YY vs YC+CC; D,

YY+CY vs CC.

Sensitivity analysis

We examined the influence of each individual data set
to the pooled OR in the meta-analysis. There was no
substantial modification of our estimates after we
excluded individual studies (data not shown), indicating
that the results were stable.

Discussion

It is plausible that the HFE gene could be a risk factor
for ALS (13,14,16,17). Many studies have explored the
relationship of the HFE gene with ALS across populations
worldwide. However, most of these studies have had
small sample sizes and inconclusive findings. To over-
come these shortcomings, meta-analysis can be used.

Meta-analysis is a powerful tool that can detect small
effects in human genetic association studies (29). By
increasing the sample size, this approach can reduce the
incidence of false-positive or false-negative associations
produced by chance. Previous meta-analyses have been
performed to investigate the relationship of the H63D
polymorphism of the HFE gene with ALS (18-20).
However, the association of ALS with other genetic
variants of the HFE gene awaits further analysis.
Considering previous association studies of the HFE
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gene with ALS (13-18,28), five studies suggested that
H63D mutations in HFE play a role in ALS pathogenesis
in various populations (13,14,16,17,28). Two studies
failed to find an association (15,18).

In the present meta-analysis, we used data from 14
observational studies. We found evidence for a significant
association for the C282Y polymorphism, especially in the
allele model, but no evidence for a relationship of the
H63D polymorphism with ALS risk. These results are
consistent with the findings of previous meta-analyses
(14,18) and may confirm that the H63D polymorphism is
not associated with ALS risk. One possible explanation is
that the HFE C282Y homozygous genotype is particularly
common in Northern European populations and, there-
fore, the HFE C282Y allele frequency was high (30).

Because all seven of the included studies were case-
control studies, we did not perform a subgroup analysis by
study design. We observed heterogeneity among the
studies, which led us to employ a random-effects model.
We performed a sensitivity analysis, removing each study
one by one and rerunning the model to determine the
effect on the overall estimate. The estimates changed
very little when a study was removed. This finding
suggests that the results were stable. Owing to the limited
number of included studies, we did not perform a
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Figure 3. Forest plot of the association between ALS and the HFE H63D mutation. A, D vs H; B, DD vs HH; C, DD vs DH+HH; D,

DD+HD vs HH.

publication bias test (31-34).

Compared with previous meta-analyses, our meta-
analysis has some specific strengths. First, the C282Y
polymorphism was added, and a larger sample size was
used to estimate its effect in the meta-analysis. To the
best of our knowledge, no previous meta-analysis has
explored the role of the C282Y polymorphism in the
development and progression of ALS. To achieve a more
reliable and comprehensive conclusion on the roles of
both variants, we performed a meta-analysis to assess
the association between H63D and C282Y polymor-
phisms and ALS risk. Second, we did not find any
significant between-study heterogeneity in our meta-
analysis. In contrast, significant heterogeneity among
studies was a limitation in the meta-analysis by van
Rheenen et al. (18). Moreover, we were able to perform a
stratified subgroup analysis for the H63D polymorphism to
explore the potential influence of ethnicity on the effects.
The results of the subgroup analysis suggested that the
H63D polymorphism was not a susceptibility factor for
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ALS in Caucasians or Asians. Because all five of the
included studies of the C282Y polymorphism were from
Europe (13-17), we did not perform a subgroup analysis
by ethnicity. These results have not been found in
previous meta-analyses. Third, we performed a sensitivity
analysis to estimate the influence of each study on the
overall estimate, the results of which suggested that the
result was stable. In view of these findings, we are
convinced that the results of our meta-analysis should be
more reliable than the results of previous meta-analyses.

In this meta-analysis, all of the available results from
case-control studies were pooled, which significantly
increased the statistical power of the study. Nevertheless,
to some extent, the results should be interpreted with
caution, in light of some limitations. First, ALS is a
multifactorial disease that involves complex interactions
between environmental and genetic factors (35). We did not
consider certain factors, such as living habits and employ-
ment, that could affect the significance of the independent
role of HFE polymorphisms in ALS development. Second,
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the number of studies of C282Y was relatively small.
Investigations involving large study samples of different
ethnicities are necessary for a more reliable evaluation of its
associations. Third, although we made every effort to find all
appropriate publications, we may have missed some
studies or retrieved some studies erroneously. Fourth, we
did not consider studies published in languages other than
English or data presented in abstracted form. This
procedure may have caused a disproportionate exclusion
of negative data, and may have biased our summary OR
toward significance. Fifth, we cannot exclude the possibility
that some of the positive results were biased, due to
undetected population stratification in the original case-
control samples, although the replication of these findings in
clinic-based samples would argue against this possibility.
In spite of these limitations, for ALS candidate genes,
we believe that the positive loci identified in our
systematic meta-analysis represent particularly promising
HFE mutations that warrant follow-up with high priority.
In conclusion, our data support the hypothesis that a
change in iron metabolism may confer susceptibility to
neurodegenerative diseases, such as ALS. The results of
this meta-analysis suggest that the C282Y polymorphism
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