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ABSTRACT.

There is still no agreement on total plasma homocysteine (tHcy) role in age-related

macular degeneration (AMD), the leading cause of new blindness in industrialized

countries. We performed a systematic review and meta-analysis of the published

data on the correlation between tHcy and AMD. MEDLINE/PubMed and ISI

Web of Sciences searcheswere performed according toMOOSEguidelines. Case–
control studies were eligible for inclusion. Participants and controls were AMD

patients and subjects without AMD. The main outcome measure was wet AMD.

Homocysteine level was the main exposure variable. Data were pooled using a

random-effectsmodel. Twelve case–control studies were identified: 10 assessed wet
AMD, four dry AMD, one early AMD, one late AMD, and one any AMD. As for

wet AMD, there was a total of 453 cases and 514 controls. Mean tHcy was on

average 1.1 lmol/l (95% confidence interval [CI] = 0.96–1.25) greater in wet

AMD cases, but there was evidence of extreme between-study heterogeneity

(p < 0.001, I2 = 91.8%). In a model homogenous for age, including six wet AMD

studies (214 cases, 274 controls), mean tHcy was on average 0.58 lmol/l (95%

CI = 0.35–0.73) greater in the case group, a not statistically significant result

(p = 0.144) associated with moderate heterogeneity (I2 = 39.2%). Our meta-
analysis indicates that there is some weak evidence that increased tHcy might be

associated with wet AMD; however, this result should be interpreted cautiously,

because of a marked between-study heterogeneity and the possible effect of

publication bias. Future studies, preferably of cohort design, are necessary before

any firm conclusions on the putative role of increased tHcy on AMD can be drawn.
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Introduction

Age-related macular degeneration
(AMD) is the main cause of new cases

of blindness in the Western countries
(Friedman et al. 2004). Early AMD, a
clinical condition without overt func-
tional loss, is said to be present when

drusen and/or retinal pigment epithe-
lium alterations are seen in the macular
area (Age-Related Eye Disease Study
Research Group 2001). The late-stage
manifestations of AMD include neovas-
cular (wet AMD) and geographic atro-
phy (dry AMD). The hallmark of wet
AMD is the presence of choroidal neo-
vascularization (CNV). Any distur-
bance of the Bruch’s membrane (e.g.
drusen and thickening of the inner
aspect) can increase the likelihood that
a break will occur, allowing buds of
neovascular tissue from the choriocap-
illaris to perforate the outer aspect of the
Bruch’s membrane.

The exact pathophysiological mech-
anisms behind AMD remain to be
determined, but genetic predisposition
and environmental factors, such as
oxidative stress and tobacco smoking,
are believed to play an important role
(Beatty et al. 2000; Despriet et al.
2006; Khan et al. 2006; Yang
et al. 2006; Yates et al. 2007; Schmidl
et al. 2015; Hong et al. 2016). It has
been postulated that increased total
plasma homocysteine (tHcy) is a risk
factor for AMD (Axer-Siegel et al.
2004; Vine et al. 2005; Coral et al.
2006; Kamburoglu et al. 2006; Seddon
et al. 2006a; Rochtchina et al. 2007;
Javadzadeh et al. 2010; Mulero et al.
2014); however, several studies have
failed to demonstrate such a relation-
ship (Heuberger et al. 2002; Wang
et al. 2008; Obeid et al. 2013; Pinna
et al. 2016).
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Hcy is a potentially cytotoxic sul-
phur-containing amino acid produced
during methionine metabolism.
Methionine, an essential amino acid
from dietary protein, donates methyl
groups to vital transmethylation reac-
tions generating important molecules,
such as phosphatidylcholine and
creatine, and allows methylation of
DNA, RNA and neurotransmitters
(Finkelstein 1990). In the remethyla-
tion pathway, Hcy is an essential
intermediate in the transfer of activated
methyl groups from tetrahydrofolate to
S-adenosylmethionine (SAM). The
enzymes involved in DNA methylation
depend on the availability of vitamin
B12 and folate. If they are abundant,
DNA methyl transferases (DNMTs)
readily transfer methyl groups to cyto-
sine residues. On the other hand, if they
are scarce, methionine is converted into
S-adenosyl homocysteine (SAH) and
Hcy. Excess SAH inhibits DNMTactiv-
ity, thus reducing/preventing DNA
methylation and compromising gene
silencing.

There are a significant number of
studies with contrasting results on the
role of plasma tHcy as a risk factor for
AMD (Axer-Siegel et al. 2004; Vine
et al. 2005; Coral et al. 2006;
Kamburoglu et al. 2006; Seddon et al.
2006a; Rochtchina et al. 2007; Javad-
zadeh et al. 2010; Mulero et al. 2014;
Heuberger et al. 2002; Wang et al.
2008; Obeid et al. 2013; Pinna et al.
2016). A recent meta-analysis reported
that AMD is associated with elevated
tHcy, thus suggesting that this plasma
thiol may be a modulator of the risk
for AMD (Huang et al. 2015). How-
ever, this meta-analysis has several
controversial aspects, concerning the
study inclusion process and the lack of
analysis for appropriate age matching
between cases and controls, a crucial
confounding factor when assessing
plasma tHcy role in vascular disorders
(Nygard et al. 1998). Taking into
account these considerations, we
decided to perform a new, updated,
systematic review and meta-analysis of
the published data on the correlation
between tHcy and AMD. The discov-
ery of a conclusive link between tHcy
and AMD risk could lead to preventa-
tive measures, because folate and vita-
min B12 supplementation, decreasing
tHcy levels (Woodside et al. 1998),
might also reduce the risk of AMD
development.

Patients and Methods

Eligibility criteria for considering studies

for this review

Studies were considered eligible for this
systematic review if they met the fol-
lowing criteria: (1) included laboratory
assessment of plasma tHcy concentra-
tions, (2) compared human subjects
with or without AMD (case–control
studies), and (3) had been published
as articles or letters in peer-reviewed
journals.

Search methods for identifying studies

Literature review was performed
according to MOOSE guidelines for
Meta-Analyses and Systematic Reviews
of Observational Studies. Eligible stud-
ies were identified by searching MED-
LINE/PubMed using this strategy:
(‘explode “homocysteine”[All Fields]
AND “age related macular degenera-
tion”[All Fields]’) and (‘explode “ho-
mocysteine”[All Fields] AND “age
related maculopathy”[All Fields]’). A
similar strategy was used in searches on
ISI Web of Science: search (homocys-
teine) AND (age related macular degen-
eration OR maculopathy). On each
database, the search was limited to
studies on humans published up to and
including January 2016.

Study selection

Abstracts were screened independently
by three investigators (AP, FZ and FB)
to establish whether studies were likely
to provide relevant data based on the
above-mentioned eligibility criteria. If
the abstracts were considered to be
relevant, full articles were obtained and
examined. Any disagreement between
the reviewers in the abstract review or
following article selection for full-text
review was resolved by discussion.
Furthermore, the reference lists of all
relevant articles were screened for
additional articles.

Data collection and risk of bias assessment

Eligible studies were assessed indepen-
dently by three reviewers (AP, FZ and
FB) using a structured form to extract
information about the study (country
and year of publication), study subjects
(number of cases and controls, selec-
tion of cases and controls, age) and

tHcy data. We used the Newcastle–
Ottawa Scale (NOS; available at:
http://www.ohri.ca/programs/clini-
cal_epidemiology/nosgen.pdf) to assess
the quality of each study. A number of
possible quality indicators were also
extracted, including closeness of age
matching, use of fasting samples and
prestatement of exclusion criteria. The
extracted data sets were cross-checked
before meta-analysis was performed.

Data synthesis and analysis

The difference in mean tHcy between
the AMD and control groups and 95%
confidence intervals (CIs) were calcu-
lated for each study. In two studies
(Seddon et al. 2006a; Obeid et al.
2013), the mean and standard deviation
were estimated from formulas using the
median and range (Hozo et al. 2005).
Meta-analysis was then performed on
the combined standard differences.
Individual and combined standard dif-
ferences were plotted on a graph with
95% CIs. Standard differences with
95% CIs that included a value of zero
were not significant. Random-effects
models were used to calculate pooled
estimates. Chi-square tests were used to
formally test for heterogeneity. Statis-
tical heterogeneity between studies was
evaluated using I2 statistic (I2 = 0–
25%, no heterogeneity; I2 = 25–50%,
moderate heterogeneity; I2 = 50–75%,
large heterogeneity; and I2 = 75–100%,
extreme heterogeneity). Statistical anal-
ysis was performed with commercial
software (STATA S/E 14.0 for Windows;
StataCorp, College Station, TX, USA).

According to the Italian law, no
institutional board review was required
for this systematic review.

Results

The PRISMA flow chart of the selec-
tion process is shown in Fig. 1 (Moher
et al. 2009). Using the above-men-
tioned criteria, we retrieved 35 records
for tHcy and AMD. On individual
examination of each of these, four were
duplicate publications of the same data
set (Nowak et al. 2004; Seddon et al.
2006b; Javadzadeh et al. 2012; Man-
resa et al. 2015b). After removal of
duplicates, 31 records were screened; of
these, nine were excluded, because four
were cohort studies (Robman et al.
2004; Christen et al. 2009, 2015;
Gopinath et al. 2013), two were review
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articles (McCarty 2000; Wong et al.
2015), one was a meta-analysis (Huang
et al. 2015), one was a cell culture
study (Roybal et al. 2005) and one was
about Eales’ disease (Bharathselvi
et al. 2013). Twenty-two full-text arti-
cles were assessed for eligibility; of
these, 10 were excluded, because two
were commentaries (Evans 2013;
Kawada 2013), two provided no data
on plasma tHcy concentrations
(Parmeggiani et al. 2007; Sa�a et al.
2014) and six did not report suitable
or sufficient data for calculation (Heu-
berger et al. 2002; Vine et al. 2005;
Rochtchina et al. 2007; Wu et al. 2007;
Keles et al. 2014; Manresa et al.
2015a). In total, 12 of 35 (34.3%)
initially identified studies met selection
criteria and were finally selected for
qualitative synthesis (Table 1): 10
assessed wet AMD, four dry AMD,
one early AMD, one late AMD and
one any AMD (224 early, 54 late).

Healthy subjects were used as con-
trols in five studies (Coral et al. 2006;
Kamburoglu et al. 2006; Ates et al.
2009; Javadzadeh et al. 2010; Mulero
et al. 2014), whereas three studies used

cataract patients without AMD (Axer-
Siegel et al. 2004; Obeid et al. 2013;
Pinna et al. 2016). Other control
groups included healthy outpatients
with refractive errors (Nowak et al.
2005), atherosclerotic cardiovascular
disease-matched patients without
AMD (Ghosh et al. 2013) and patients
without AMD (Seddon et al. 2006a;
Wang et al. 2008). In eight studies,
blood samples were obtained in a
fasting state (Axer-Siegel et al. 2004;
Nowak et al. 2005; Coral et al. 2006;
Kamburoglu et al. 2006; Javadzadeh
et al. 2010; Ghosh et al. 2013; Mulero
et al. 2014; Pinna et al. 2016); in nine,
subjects with decreased renal function
were excluded (Axer-Siegel et al. 2004;
Coral et al. 2006; Kamburoglu et al.
2006; Ates et al. 2009; Javadzadeh
et al. 2010; Ghosh et al. 2013; Obeid
et al. 2013; Mulero et al. 2014; Pinna
et al. 2016). In seven studies, plasma
tHcy was determined by high-perfor-
mance liquid chromatography (HPLC)
(Axer-Siegel et al. 2004; Nowak et al.
2005; Coral et al. 2006; Seddon et al.
2006a; Kamburoglu et al. 2006; Ates
et al. 2009; Ghosh et al. 2013), whereas

in five surveys, other laboratory meth-
ods were used, including fluorescence
polarization immunoassay with IMX
analyzer (Wang et al. 2008), ELISA
(Javadzadeh et al. 2010), gas chro-
matography–mass spectrometry (Obeid
et al. 2013), intensifying immunoneph-
elometric particle test with BN Pro-
Spec� analyzer (Mulero et al. 2014)
and capillary electrophoresis (Pinna
et al. 2016).

Overall, there were a very small
number of studies assessing dry
AMD, early AMD, late AMD and
any (both early and late) AMD. As a
result, meta-analysis was performed
only on the 10 studies investigating
wet AMD (Table 2), which represents
28.6% of the initially identified articles.
A total of 453 cases and 514 controls
were included.

The forest plot for tHcy and wet
AMD is shown in Fig. 2. There was
evidence of a greater mean tHcy in the
cases compared with the controls in the
majority of studies. Overall, the mean
tHcy was on average 1.1 lmol/l (95%
CI = 0.96–1.25) greater in wet AMD
cases, but there was extreme between-
study heterogeneity (p < 0.001,
I2 = 91.8%), thus suggesting the need
for cautious interpretation. As most
studies were homogenous for fasting
state and renal function, we hypothe-
sized that age could be a potential
moderator variable accounting for the
extreme heterogeneity. Therefore, we
tried to identify subsets of participants
homogeneous for age. After exclusion
of the surveys with higher age hetero-
geneity, meta-analysis was performed
on the remaining six studies (Fig. 3). In
this model, including 214 cases and 274
controls, the mean tHcy was on aver-
age 0.58 lmol/l (95% CI = 0.35–0.73)
greater in wet AMD patients, a not
statistically significant result (p =
0.144) associated with moderate
between-study heterogeneity (I2 =
39.2%).

Marked heterogeneity persisted
despite reanalysis in the following sub-
groups: (1) European studies (n = 4,
p < 0.001, I2 = 95.9%; Nowak et al.
2005; Obeid et al. 2013; Mulero et al.
2014; Pinna et al. 2016), (2) non-
European studies (n = 6, p < 0.001,
I2 = 81.1%; Axer-Siegel et al. 2004;
Coral et al. 2006; Kamburoglu et al.
2006; Ates et al. 2009; Javadzadeh
et al. 2010; Ghosh et al. 2013), (3)
studies awarded six or seven stars in

Fig. 1. PRISMA flow chart outlining the selection process for the inclusion of the studies in the

systematic review and meta-analysis.
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the NOS (n = 6, p < 0.001,
I2 = 94.6%; Nowak et al. 2005; Javad-
zadeh et al. 2010; Ghosh et al. 2013;
Obeid et al. 2013; Mulero et al. 2014;
Pinna et al. 2016), (4) studies awarded
five stars in the NOS (n = 4, p < 0.001,
I2 = 88.6%; Axer-Siegel et al. 2004;
Coral et al. 2006; Kamburoglu et al.
2006; Ates et al. 2009), (5) studies using
HPLC for tHcy determination (n = 6,
p < 0.001, I2 = 81.6%; Axer-Siegel
et al. 2004; Nowak et al. 2005; Coral
et al. 2006; Kamburoglu et al. 2006;
Ates et al. 2009; Ghosh et al. 2013),
and (6) studies using an assay different
from HPLC (n = 4, p < 0.001,
I2 = 96.1%; Javadzadeh et al. 2010;
Obeid et al. 2013; Mulero et al. 2014;
Pinna et al. 2016).

Discussion

We performed a meta-analysis to deter-
mine the association between tHcy and
AMD risk. In contrast to a similar,
recent study merging all AMD forms
(Huang et al. 2015), our investigation
was focused only on wet AMD, due to
the small number of reports addressing
dry AMD, early AMD and late AMD.
We found a statistically significant
correlation between increased tHcy
levels and wet AMD risk; however,
this result must be interpreted cau-
tiously, because of extreme between-
study heterogeneity.

In their recent meta-analysis, Huang
et al. (2015) reported that AMD is
associated with elevated tHcy. In spite
of the evidence of extreme between-
study heterogeneity (I2 = 92%), they
concluded that tHcy may be a modu-
lator of the risk for AMD. In their
study, patients with early and late
AMD or with wet and dry AMD were
pooled together. This strategy is rather
questionable, as wet and dry AMD are
different clinical entities with different
natural histories, and therefore, their
analysis should ideally carried out
independently. Indeed, although wet
and dry AMD share some common
underlying pathological features and
causes, there are unique drivers for
each form (van Lookeren Campagne
et al. 2014). To this regard, after sub-
group analysis, Huang et al. (2015)
found that wet AMD patients showed
higher levels of tHcy than ‘all AMD’
patients, whereas there was no differ-
ence between dry AMD and ‘all AMD’
patients. Overall, these results confirmT
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the need for separate analysis of the
different AMD types, while assessing
plasma tHcy. Another controversial
aspect regarding the study by Huang
et al. (2015) is the meta-analysis per-
formed on dry AMD, including only
four studies for a total of 147 patients
and 165 controls, too small a sample to
draw any conclusion. Furthermore,
these authors did not perform sub-
group analysis for age, on the assump-
tion that all the eligible studies were

age-matched and the mean age of the
participants was >60 years.

Age is an important confounderwhen
analysing the potential role of plasma
tHcy in vascular disorders. Indeed, age-
ing is associated with increasing tHcy
(Nygard et al. 1998; Pinna et al. 2016).
In a recent survey on AMD, Pinna et al.
(2016) found a ~2 mmol/l increase in
tHcy values for every 5 years of increas-
ing age. Although many of the studies
identifying tHcy as a risk factor for

AMD state that patients and controls
were age-matched, the precision of
matching and a statistical test of the
outcome of matching are rarely pre-
sented. It is noteworthy that in the
survey by Seddon et al. (2006a), the
controls were on average 4 years
younger. Similarly, Coral et al. (2006)
reported that their controls were signif-
icantly younger (p < 0.001). In these
studies, the use of controls younger than
patients could account for the finding of

Table 2. Characteristics of studies examining plasma homocysteine (tHcy) and wet age-related macular degeneration (AMD) included in quantitative

synthesis.

Study Year Origin

Fasting/

non-fasting

state

Renal

function NOS†

Cases Controls

No. of

patients

tHcy,

lmol/l

mean � SD

Age,

years

mean � SD

No. of

patients

tHcy,

lmol/l

mean � SD

Age,

years

mean � SD

Axer-Siegel 2004 Israel Fasting Checked Six stars 59 16.4 � 11.9 78.4 � 8.4 56 12.5 � 3.5 77.3 � 8.2

Nowak 2005 Poland Fasting Not

reported

Five stars 30 14.88 � 6.23 66.2 � 3.6 20 8.72 � 3.34 65.8 � 5.2

Coral 2006 India Fasting Checked Five stars 16 18.39 � 5.29 66.9 � 7.5* 20 6.7 � 1.81 62 � 5*

Kamburoglu 2006 Turkey Fasting Checked Five stars 30 14.19 � 3.11 69.7 � 7.2 30 10.79 � 2.56 69.9 � 6.8

Ates 2009 Turkey Not

reported

Checked Five stars 40 11.6 � 2.9 63.3 � 5 40 9.8 � 1.5 61 � 4

Javadzadeh 2010 Iran Fasting Checked Six stars 45 15.4 � 7.2 71 � 7 45 10.7 � 3.7 69 � 5

Obeid 2013 Germany Not

reported

Checked Six stars 31 16.3 � 4* 78 � 4.8* 47 15.4 � 0.9* 74 � 5.3*

Ghosh 2013 India Fasting Checked Six stars 12 18.3 � 3.39 67.4 � 6.5 32 14.53 � 4.08 66.5 � 5.9

Mulero 2014 Spain Fasting Checked Seven stars 163 13.66 � 1.47 71 � 7.3 170 10.35 � 1.72 71 � 6.68

Pinna 2016 Italy Fasting Checked Six stars 27 14.5 � 5.24 79.1 � 6.9 54 13.8 � 5.39 77.2 � 5.4

* Mean and standard deviation (SD) were estimated from formulas using the median and range (Hozo et al. 2005).
† NOS: Newcastle–Ottawa quality assessment scale for case–control studies.

Author, year SMD (95% CI)

0.44 (0.07, 0.81) 59, 16.4 (11.9) 56, 12.5 (3.5)

20, 8.72 (3.34)

20, 6.7 (1.81)

30, 10.8 (2.56)

40, 9.8 (1.5)

45,10.7 (3.7)

47,15.4 (0.9)

32,14.5 (4.08)

170, 10.4 (1.72)

54, 13.8 (5.39)

30, 14.9 (6.23)

16, 18.4 (5.29)

30, 14.2 (3.11)

40, 11.6 (2.9)

45, 15.4 (7.2)

31, 16.3 (3.99)

12, 18.3 (3.39)

163, 13.7 (1.47)

27, 14.5 (5.24)

1.17 (0.55, 1.78)

3.10 (2.12, 4.09)

1.19 (0.64, 1.74)

0.78 (0.32, 1.23)

0.82 (0.39, 1.25)

0.34 (–0.20, 0.79)

0.97 (0.28, 1.67)

2.07 (1.80, 2.33)

0.13 (–0.33, 0.59)

Cases Controls
N, mean tHcy (SD) N, mean tHcy (SD)

tHcy in controls

Heterogeneity chi-squared = 109.94 (d.f. = 9)  p <0.001,
I-squared (variation in SMD attributable to heterogeneity) = 91.8%

tHcy in cases

Axer-Siegel, 2004

Nowak, 2005

Coral, 2006

Kamburoglu, 2006

Ates, 2009

Javadzadeh, 2010

Obeid, 2013

Ghosh, 2013

Mulero, 2014

Pinna, 2015

–4.09 0 4.09

Fig. 2. Forest plot of studies examining plasma homocysteine (tHcy, lmol/l) and wet age-related macular degeneration (AMD), ordered by date of

publication. SMD = Standard mean difference; CI = confidence interval; SD = standard deviation.
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significant differences in tHcy concen-
trations. These results re-emphasize the
need for precise age matching when
planning studies on the effects of plasma
tHcy (Nygard et al. 1998; Pinna et al.
2016).

Quantifying heterogeneity is one of
the most troublesome aspects of meta-
analysis. Some possible sources of
heterogeneity may be the clinical dif-
ferences between studies, such as inclu-
sion criteria, patients’ and controls’
characteristics, baseline disease severity
or others.

A crucial issue in case–control stud-
ies is the control-group selection. An
ideal control group will be as similar as
possible to the cases, apart from not
having the disease under investigation.
In our systematic review, we found
quite a variety of control groups, which
could partly explain the elevated
heterogeneity of the results. The con-
trols usually consisted of healthy vol-
unteers or patients attending hospital
(cataract patients without AMD or
healthy outpatients with refractive
errors), whereas in some studies, the
source of controls was not clearly
stated (simply ‘patients without
AMD’). Actually, tHcy tends to
increase in cardiovascular disease, and
the use of healthy controls (e.g. exclud-
ing those with cardiovascular disease)
may enhance mild associations with a
phenomenon known as the ‘healthy
participant effect’ (McGimpsey et al.
2009). Even though the NOS recom-
mends the use of community controls,
the use of hospital-based controls is

more appropriate in this context,
because their characteristics may be
closer to those of the case group.

Our combined estimates, as well as
the meta-analysis by Huang et al.
(2015), showed a positive correlation
between increased tHcy and wet AMD
risk, but there was evidence of extreme
between-study heterogeneity. When
heterogeneity is present, one should
question whether and how to generalize
the results. To overcome this problem,
we tried to identify homogenous sub-
groups of participants (Haidich 2010).
As most studies were homogenous for
fasting state and renal function, but
heterogeneous for age, we assumed that
the latter could be a potentialmoderator
variable accounting for heterogeneity.
In a model assessing studies homoge-
nous for age, heterogeneity changed
from extreme (I2 = 91.8%) to moderate
(I2 = 39.2%) and the mean tHcy,
althoughon average 0.58 lmol/l greater
in wet AMD patients, became not sta-
tistically significant. We also tried to
reduce heterogeneity by considering the
geographic origin of the studies, classi-
fying them as European and non-Eur-
opean, but this approach was
unsuccessful. A similar outcome was
found after categorization of the studies
on the basis of their quality according
the NOS.

There are a number of methods for
determining tHcy, including HPLC,
capillary electrophoresis, ELISA,
immunonephelometry, fluorescence pol-
arization immunoassay and mass spec-
trometry. In our systematic review, we

found that HPLC was used in seven
studies, whereas five other studies used a
different assay. This is an important
aspect, because the use of different
laboratory tests may result in different
tHcy levels and contribute to hetero-
geneity. However, our attempt to reduce
heterogeneity by considering the type of
test for tHcy (HPLC or other assay) was
unsuccessful.

Overall, the results from our meta-
analysis do not support a sufficiently
robust link between tHcy and wet
AMD risk.

Folate and vitamin B12 play a piv-
otal role in Hcy metabolism, as they
are essential for the conversion of Hcy
into methionine in the remethylation
pathway (Pinna et al. 2006). It has
been shown that dietary levels of folate
and vitamin B12 are inversely related
to plasma tHcy levels (Selhub et al.
1993). Therefore, the discovery of a
conclusive link between increased tHcy
and AMD risk could lead to preventa-
tive measures, because folate and vita-
min B supplementation can decrease
serum tHcy levels (Woodside et al.
1998). As reported by Huang et al.
(2015), there are only three studies
assessing folate and vitamin B12 in
AMD (Nowak et al. 2005; Kam-
buroglu et al. 2006; Obeid et al.
2013). Their meta-analysis revealed no
difference in the serum folate and
vitamin B12 levels between the ‘all
AMD’ patients and the controls. When
subgroup analyses were performed,
they found that folate and vitamin
B12 were significantly lower in the

Axer-Siegel, 2004

Ates, 2009

Javadzadeh, 2010

Obeid, 2013

Ghosh, 2013

Pinna, 2015

–1.67 1.670

Author, year SMD (95% CI)
Cases Controls

N, mean tHcy (SD) N, mean tHcy (SD)

0.44 (0.07, 0.81) 59, 16.4 (11.9) 56, 12.5 (3.5)

40, 9.8 (1.5)40, 11.6 (2.9)0.78 (0.32, 1.23)

45,10.7 (3.7)45, 15.4 (7.2)0.82 (0.39, 1.25)

47, 15.4 (0.9)31, 16.3 (3.99)0.34 (–0.12, 0.79)

32, 14.5 (4.08)12, 18.3 (3.39)0.97 (0.28, 1.67)

54, 13.8 (5.39)27, 14.5 (5.24)0.13 (–0.33, 0.59)

tHcy in controls tHcy in cases

Heterogeneity chi-squared = 8.23 (d.f. = 5)  p = 0.144,
I-squared (variation in SMD attributable to heterogeneity) = 39.2%

Fig. 3. Forest plot of a subgroup of studies homogeneous for age, examining plasma homocysteine (tHcy, lmol/l) and wet age-related macular

degeneration (AMD), ordered by date of publication. SMD = Standard mean difference; CI = confidence interval; SD = standard deviation.
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wet AMD group, but there were only
91 cases and 97 controls, too small a
sample to draw any conclusion about
the role of these nutrients in AMD.

It is well established that plasma
tHcy levels are lower in women than in
men (Nygard et al. 1998). Women’s
tHcy concentrations increase after
menopause, possibly due to decreased
oestrogen production. In our system-
atic review, we found two studies
showing tHcy concentrations higher
in male than in female patients (Axer-
Siegel et al. 2004; Pinna et al. 2016),
whereas two other studies reported no
gender differences (Kamburoglu et al.
2006; Obeid et al. 2013). Gender sub-
group analysis was not possible
because of the limited data.

Cigarette smoking and the use of
drugs such as carbamazepine or
phenytoin are other possible causes
of elevated tHcy (Cahill et al. 2003).
In our systematic review, we found
only one study analysing the impact
of tobacco smoking on tHcy (Ates
et al. 2009), which failed to show any
statistical difference between non-
smoking and smoking patients. In
four surveys, smoking was considered
an exclusion criterion (Nowak et al.
2005; Coral et al. 2006; Javadzadeh
et al. 2010; Mulero et al. 2014). Fur-
thermore, four more studies stated
that data about smoking habits had
been collected, but they did not pre-
sent any results (Axer-Siegel et al.
2004; Kamburoglu et al. 2006; Ghosh
et al. 2013; Obeid et al. 2013).
Regarding the use of drugs affecting
Hcy metabolism, there was no infor-
mation available.

An intrinsic limitation of our study
is that we restricted our meta-analysis
to reports using a case–control design.
The case–control design, as well as the
cross-sectional design, is often unable
to determine the temporal relationship
of exposure and disease, and therefore,
it can be unclear whether elevated tHcy
is a potential cause of AMD, a conse-
quence of AMD and its underlying
mechanisms, or simply a correlate of
other factors associated with AMD.
Prospective data can provide more
reliable evidence to evaluate a possible
causal relationship between tHcy and
AMD, but they are limited to just two
cohort studies from Australia and the
USA (Gopinath et al. 2013; Christen
et al. 2015). Gopinath et al. (2013)
examined the association between

serum tHcy and the 10-year incidence
of AMD in an Australian cohort of
1760 men and women aged 55 years
and older. In that study, each one
standard deviation increase in tHcy
was associated with a modest 33%
increased risk of early and any AMD,
but no significant association was
found with late AMD. In a more recent
study from the USA, Christen et al.
(2015) evaluated the relationship
between baseline levels of plasma tHcy
and the 10-year incidence of AMD
among 27 479 apparently healthy
women aged 40 years or older. These
authors found that elevated tHcy at
baseline was associated with a modest,
but statistically non-significant,
increased risk of AMD after adjust-
ment for AMD risk factors. Overall,
the findings from both cohort studies
do not support a major role for ele-
vated tHcy as an independent risk
factor for the development of AMD,
a result consistent with our meta-
analysis.

It is well known that studies yielding
inconclusive or contrary results are
more likely not be published, leading
to publication bias. This is a potentially
serious limitation of a meta-analysis.
Publication bias can be estimated using
a number of tests, such as the Egger
regression asymmetry test and funnel
plots (Egger et al. 1997; Sterne et al.
2000). However, in meta-analyses with
<20 studies, such as ours, the sensitivity
of these tests is low, and funnel plots
and Egger tests performed on the small
number of reports included in our
study were inconclusive (data not
shown).

Despite the inclusion of one addi-
tional case–control study (Pinna et al.
2016) and restriction of the meta-analy-
sis to the most numerous subgroup (i.e.
wet AMD), we were still unable to draw
firm conclusions on the relationship
between tHcy and the risk of AMD.
The majority of studies published have
tended to conclude that an association
between tHcy and AMD risk exists, and
our meta-analysis would seem to sup-
port this view through the finding of a
significantly increased pooled estimate.
However, the presence of marked
heterogeneity and likely publication
bias makes direct comparison and pool-
ing of the results unreliable.

In summary, there is some weak
evidence suggesting an association
between tHcy and wet AMD; yet,

because of the presence of extreme
heterogeneity and likely publication
bias, this association remains tentative.
High-quality epidemiologic studies,
preferably of cohort design, are neces-
sary before firm conclusions on the
putative role of elevated tHcy on AMD
can be drawn. At this stage, as well as
in retinal vein occlusion (McGimpsey
et al. 2009), no recommendation can be
made with regard to routine investiga-
tion and treatment of elevated tHcy in
wet AMD.
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