
     Alzheimer’s disease (AD) is the leading cause of dementia in
the elderly, and its etiology is still not fully understood.
mutations in the amyloid precursor protein (APP), presenilin 1
(PS1), and presenilin 2 (PS2) genes cause familial AD1. 
     The more common late onset form (loAD) of the disease is
more complex in nature with proposed combined genetic and
environmental risk factors. The well-replicated genetic
association for loAD is the ε4 variant of the APoe gene2.
However, the APoeε4 allele is neither necessary nor sufficient
for the expression of AD, suggesting that there might be other
genetic factors. With the advent and ongoing improvement of
genome-scanning technologies, the search for the remaining
genetic risk factors for loAD is still ongoing3.
     Transferrin (TF), a component of senile plaques4, is a
candidate susceptibility gene of AD since its C2 variant has been
reported significantly higher occurrence in AD patients. The
defective binding of iron and aluminum by the TF C2 variant
was postulated to contribute to the development of AD5. 
     Transferrin is the major circulating glycoprotein involved in
iron transportation. Several allelic isoforms of TF have been
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identified with the most common ones being C1 and C2 (C1 Pro
570; C2 Ser 570). C1 and C2 have different iron binding
properties5. Higher brain iron levels have been correlated with
greater cognitive impairment in AD6. It has been proposed that
excess iron in AD leads to oxidative damage7.  
     Since an association between TF C2 and AD was first
proposed in 19938, there have been 22 studies focused on this
association9-30. However, contradicting data were published on
the association between the TF gene rs1049296 polymorphism
and AD. To get a clear picture, we performed a meta analysis on
existing studies to examine allele frequencies at rs1049296 of
the TF gene in patients with AD.
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MATERIALS AND METHODS
Search strategies 
     We searched meDlINe (1966 to April 2012), embASe
(1966 to April 2012), and Cochrane Collaboration Registry for
Randomized Controlled Trials (1966 to April 2012). As a search
criterion, we used the following: “transferrin gene” or “TF gene”
or “TF polymorphism” and “AD” or “Alzheimer’s disease”. No
language restriction was applied. 

Selection criteria 
     We limited our search to full text, published articles and
human studies. Abstracts, case reports, editorials, and review
articles were excluded. We also retrieved relevant references of
included studies for our search. When a report overlapped with a
more detailed publication, only the latter was used. All studies
that investigate the association of the TF gene rs1049296
polymorphism with AD using a case-control design were
considered. 
     Clinical diagnosis of probable AD were established according
to the Diagnostic and Statistical manual of mental Disorders Iv
(DSm- Iv)31, the National Institute of Neurological and
Communicative Disorders and Stroke–Alzheimer’s Disease and
Related Disorders Association (NINCDS-ADRDA) working
group criteria32 and the Consortium to establish a Registry for
Alzheimer’s disease (CeRAD) working group criteria33.
Controls were defined as subjects not meeting the dementia
criteria with intact cognitive functions. All populations except
the sample in the Robson’s study18 were consistent with the
Hardy-Weinberg equilibrium. 
     The study protocols for all populations were reviewed and
approved by the appropriate institutional review boards in each
country. Written informed consent to participation was provided
by all subjects or, in cases of substantial cognitive impairment, a
caregiver, legal guardian or other proxy. genotyping methods for
each data set were described in the original publications.

Data abstraction
     Two researchers independently extracted the data and
disagreements were resolved by discussion. Characteristics
abstracted from the studies included the name of first author,
publication date, country origin, ethnicity, control characteristics,
genotyping methods, total number of cases and controls, and
numbers of cases and controls with TF gene rs1049296 alleles
and genotypes, respectively. Different ethnicity descents were
categorized as Caucasian, Asian and African. 

Data analysis methods
     The primary analysis was conducted by comparing the C2
allele with the C1 allele. This meta analysis examined the
contrasts of C2/C2 vs C2/C1+C1/C1 and C2/C2+C2/C1 vs
C1/C1, corresponding to the recessive and dominant effects,
respectively of the A allele. We also examined the association
between C2 allele and AD risk compared with that for g allele
(C2 vs C1). We used StataSe 12.0 statistical software packages
to analyze our data. The odds ratio (oR) with 95% confidence
interval (95% CI) was calculated to assess the association of the
TF gene rs1049296 polymorphisms with AD risk. Heterogeneity

between studies was assessed by using the chi-square-based Q-
test and was considered statistically significant if p < 0.134.
Heterogeneity was quantified with the I2 metric, which is
determined by the formula (Q − df)/Q, where df is the number of
degrees of freedom (1 less than the number of combined data
sets). I2 is considered large for values above 50% (I2 < 25%: no
heterogeneity; I2= 25%–50%: moderate heterogeneity; I2 = 50%–
75%: large heterogeneity; I2>75%: extreme heterogeneity)35. The
pooled oR was calculated by the fixed-effects model (the
mantel-Haenszel method) when there was no or moderate
heterogeneity among studies36. otherwise, the random-effects
model (the DerSimonian-laird method)37 was used. 
     The galbraith plot was used to spot the outliers as the
possible major sources of heterogeneity38. Publication bias was
assessed by visual inspection of begger’s funnel plots. Funnel
plot asymmetry was assessed by the method of egger’s linear
regression test, a linear regression approach to measure funnel
plot asymmetry on the natural logarithm scale of the oR. The
significance of the intercept was determined by the t-test (p <
0.05 was considered statistically significant publication bias)39. 

RESULTS
Characteristics of included studies
     The literature review identified 23 articles with detailed
assessment, among which three articles19-21 were excluded
because they were derived from the same study population as
other reports and another one was excluded because there was no
detailed data provided12.
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Figure 1: Forest plot of AD risk associated with rs1049296 under C2C2
vs C2C1+C1C1 contrast in different ethnicity. The squares and
horizontal lines correspond to the study-specific OR and 95% CI. The
area of the squares reflects the study specific weight. The diamond
represents the pooled OR and 95% CI.
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     our final analysis included 19 case-control studies, enrolling
6,310 cases and 13,661 controls. Fourteen out of the 19 studies
involved Caucasian populations, 3 studies involved Asian
populations, and the other 2 were conducted in African
populations. genomic DNA was extracted from blood samples in
all the studies, and depending on the centre, a broad range panel
of technologies were used to genotype SNP. Detailed
characteristics of the included studies are shown in Table 1. 

     Table 2 shows both genotype and allele frequencies of AD
patients and controls in the selected studies. The allele
frequencies are calculated from the corresponding genotype
distributions. 

Meta analysis results
     The overall oR with its 95% CI showed statistical association
between the TF gene rs1049296 polymorphism and the risk of
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a: UlSAm, Uppsala longitudinal Study of Adult men; b: AAo, Age at onset.

Table 1: Clinical characteristics of the populations from studies included in the meta analysis

Table 2: Distribution of TF allele and frequencies among AD cases and controls in the included studies
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ph, p-value of Q-test for heterogeneity test; poR, p-value of Z-test for oR; pe, p-
value of t-test for egger's test.

Table 3: Main results of heterogeneity, pooled ORs, stratification
analysis and Egger's test of the TF gene rs1049296 polymorphisms
on AD risk in the meta analysis.

Figure 2: Forest plot of AD risk associated with rs1049296 under
C2C2+C2C1 vs C1C1 contrast in different ethnicity. The squares and
horizontal lines correspond to the study-specific OR and 95% CI. The
area of the squares reflects the study specific weight. The diamond
represents the pooled OR and 95% CI.

Figure 3: Forest plot of AD risk associated with rs1049296 under allele
contrast C2 vs C1 in different ethnicity. The squares and horizontal lines
correspond to the study-specific OR and 95% CI. The area of the squares
reflects the study specific weight. The diamond represents the pooled OR
and 95% CI.
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AD (Table 3). The overall oR for C2C2 vs C2C1+C1C1 was
1.23 by fixed-effects model with 95% CI of 1.03 to 1.47
(p=0.021) (Figure 1), 1.13 with 95% CI 1.06 to 1.21 (p=0.001)
for C2C2+C2C1 vs C1C1 (Figure 2), 1.11 with 95% CI 1.05 to
1.17 (p<0.001) for C2 vs C1 (Figure 3). In the stratified analysis
by race, p value was greater than 0.05 in all three genetic
contrasts (Table 3).

Heterogeneity 
     In the contrast of C2C2 vs C2C1+C1C1, no heterogeneity
among combined populations (p = 0.667, I2= 0%), Caucasian

subgroup (p = 0.704, I2= 0%), Asian subgroup (p=0.504, I2= 0%)
or African subgroup (p = 0.964, I2= 0%) was observed (Table 3).
Neither was it observed in the contrast of C2 vs C1 (Table 3).
In the contrast of C2C2+C2C1 vs C1C1, large heterogeneity
among Asian subgroup (p=0.041, I2= 68.6%) was observed. And
there was no heterogeneity among combined populations (p =
0.184, I2= 22.4%), Caucasian subgroup (p = 0.717, I2= 0%) or
African subgroup (p = 0.734, I2= 0%) (Table 3). 
     The main cause of heterogeneity in the Asian subgroup was
unclear, shown in the galbraith plot for heterogeneity (Figure 4
and Figure 5). 
     The sample in the Robson’s study18 was not consistent with
Hardy-Weinberg equilibrium. After excluding this study, the
results were similar and still reached a positive association (data
not shown). 

Bias diagnostics
     begg’s funnel plot and egger’s test were performed to assess
the publication bias of the literature. The shapes of the funnel
plot for the contrast of the C2C2 vs C2C1+C1C1 seemed
approximately symmetrical (Figure 6), and egger’s test did not
show any evidence of publication bias (t=1.77; p=0.094). This
was also the case for the contrast of the C2C2+C2C1 vs C1C1
(t=1.55; p=0.139) and the contrast of C2 vs C1 2.21 (t=2.21;
p=0.041) (Table 3).

DISCUSSION
     It has been estimated that the APoe locus may account for
20% or less of loAD risk. Thus additional genetic factors may
act independently or in concert with the APoe ε4 allele in the
manifestation of AD40.
     An increasing number of studies have suggested that
oxidative stress may be at the basis of AD
neurodegeneration41,42. Iron has been shown to be a key factor in
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Figure 4: Galbraith plot of associations between TF gene rs1049296
polymorphisms and AD risk, produced by first dividing each estimate by
its standard error (se) to generate z-statistics (b/se(b)), which is then
plotted versus 1/se(b) for each of studies. Inner line represents pooled
effect and outer lines represent 95% limits. Each author represents the
respective study included in the meta analysis (shown in Table 1) for the
indicated association by C2C2 vs C2C1+C1C1.

Figure 6: Begg’s funnel plot of publication bias in TF gene rs1049296
polymorphism studies. Log OR is plotted versus standard error for each
of studies in this meta analysis. Each circle represents a separate study
for the indicated association by C2C2 vs C2C1+C1C1.

Figure 5: Galbraith plot of associations between TF gene rs1049296
polymorphisms and AD risk, produced by first dividing each estimate by
its standard error (se) to generate z-statistics (b/se(b)), which is then
plotted versus 1/se(b) for each of studies. Inner line represents pooled
effect and outer lines represent 95% limits. Each author represents the
respective study included in the meta analysis (shown in Table 1) for the
indicated association by C2 vs C1.
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biochemical reactions that produce free radicals, leading to
peroxidation of cellular lipids and to neuronal damage or
death5,43. elevated iron concentrations are found in specific brain
areas of AD patients6. Iron also interacts with Aβ in the
extracellular space; induces aggregation of hyper-
phosphorylated tau and neurofibrillary tangle formation44.
Increased iron accumulation was found in the specific brain
areas of the pre-clinical AD cases with increased glial
accumulations of redox-active iron in the cerebellum45,
indicating that iron dysregulation and oxidative stress are the
causes of AD pathogenesis.
     Transferrin plays a major role in iron metabolism46. The
original report showed TF as a candidate gene and TF C2 allele
as a risk factor of AD8. However, subsequent studies have
reported contrasting data on the association between TF C2
allele and AD25-29. While it was found associated with AD in
both a Sweden population25 and a Chinese population26, TF C2
failed to show association with AD in a study with a Korean
population27,28. Although most studies have been negative, the
Alzgene meta-analysis of the allele (www.alzgene.org/)47 has
shown a significant, although low, odds ratio of AD: 1.2 (95%
confidence interval, 1.06–1.3) (1 June 2010). Another large
family-based study48 also supported such association.
     This meta analysis confirmed the association between TF
gene rs1049296 polymorphism and AD with data pooled from 19
independent studies consisting of 6,310 AD patients and 13,661
normal controls. However, the association is significant but
relatively weak with oR around 1.2 (p<0.05). This weak
strength of association might explain the contradicting data from
previous small independent studies that trend could be easily
skewed by any bias in the sample. With more data being
generated and incorporated into further analysis, the association
or the lack of association between TF C2 and AD will be clearly
confirmed.
     During analysis of genetic contrast of C2C2+C2C1 vs C1C1,
a significant heterogeneity was observed with the Asian
subgroup. However, the heterogeneity was not observed in the
overall population or in other genetic contrasts of the Asian
subgroup. Whether there is heterogeneity requires further studies
with much larger sample sizes to confirm.
     In conclusion, this meta analysis confirmed that the
rs1049296 in TF gene is associated with the risk of AD and TF
C2 is a risk factor. Additional well-designed studies with larger
sample sizes are warranted to validate these findings.
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