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Abstract

Background: We investigated the serological association of Chlamydia pneumoniae infection with age-related macular
degeneration (AMD).

Methods: A systematic review and meta-analysis was performed. PubMed, Embase, Web of Science and the Association of
Research in Vision and Ophthalmology abstracts were searched to identify studies investigating the serological association
of Chlamydia pneumoniae infection with age-related macular degeneration. The quality of original studies was assessed
using the Newcastle-Ottawa scale. Heterogeneity was explored with meta-regression. The odds ratios (ORs) and
standardized mean differences (SMD) of Chlamydia pneumoniae infection between AMD patients and controls were pooled.

Results: In total, 9 studies met the inclusion criteria using the Newcastle-Ottawa scale scores ranging from 4 to 9. There was
heterogeneity among studies due to a difference in the study designs and measurement of exposure to Chlamydia
pneumoniae infection. The overall OR of Chlamydia pneumoniae infection with AMD was 1.11 (95% confidence interval:
0.78–1.57, P = 0.56). The overall SMD of antibody titer between AMD and control was 0.43 (95% confidence interval: 20.12
to 0.99, P = 0.13).

Conclusions: Evidence from the current published literature suggested no statistically significant association between
Chlamydia pneumoniae infection and AMD.
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Introduction

Age-related macular degeneration (AMD) is a leading cause of

irreversible blindness worldwide. It is characterized by degener-

ation of photoreceptor/retinal pigment epithelium and, choroidal

neovascularization. Several genetic and environmental factors

have been found to be associated with the occurrence of AMD [1].

Age is by far the most important risk factor while smoking is

another confirmed environmental factor associated with AMD [2].

In 2005, a genome-wide association study discovered that

polymorphic variants in the complement factor H (CFH) [3] gene

was associated with AMD. Later on, genetic polymorphisms in

other factors in the complement pathway were also found to be

associated with AMD, such as complement component 3 [4],

complement factor B/complement component 2 [5]. Further-

more, serum level of C reactive protein was higher in AMD

patients compared to the controls [6]. These results suggested that

inflammation plays an important role in pathogenesis of AMD [7].

The hypothesis of association between Chlamydia pneumoniae
and AMD originated from the role of Chlamydia pneumoniae

infection in other inflammatory or autoimmune diseases such as

arthritis [8] and atherosclerosis [9]. Chlamydia infection may

trigger the activation of the alternate complement pathway,

therefore potentially increasing an individual’s risk of developing

AMD. Two studies in 2003 found a serological association

between AMD and anti-Chlamydia pneumoniae antibodies in

American [10] and Japanese [11] populations respectively.

However, the results reported from ensuing studies could not

replicate these findings and consequently the role of Chlamydia in

the causation of AMD remained controversial.

The purpose of this study was to systematically evaluate the

association of Chlamydia pneumoniae infection with AMD through

a meta-analysis of the published literature.

Methods

Inclusion criteria
We included studies that met the following criteria: 1) The study

included subjects with early or advanced age-related macular

degeneration and non-AMD controls; 2) The study investigated
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the association of Chlamydia pneumoniae infection with AMD; 3)

Status of Chlamydia pneumoniae infection was determined by

serology for measurement of IgG antibody or polymerase chain

reaction (PCR) for detection of DNA in the serum. We excluded

the following studies: 1) review articles or comments without

original data; 2) animal studies or histological studies without data

of serum infection; 3) studies investigating the association of

Chlamydia pneumoniae infection and progression of AMD.

Literature search
A comprehensive literature search was performed in four

databases, Medline in PubMed, Embase, Web of Science and

abstracts of the Association of Research in Vision and Ophthal-

mology (ARVO) annual meetings. Search strategies used were,

‘‘Chlamydia pneumoniae’’ or ‘‘Chlamydophila pneumoniae’’ and,

‘‘macular degeneration’’. The references of the included studies or

reviews were reviewed as additional references. The literature

search was performed for studies published until April 1, 2012 and

was further updated up to April 21, 2014. No language limit was

applied.

Screening of articles
All retrieved results were imported into the EndNote software

(version X3, Philadelphia, PA). Two independent reviewers (HC

and XC) assessed the titles and abstracts of all literature records

retrieved from online search. Duplicate records and unrelated

articles were excluded after the initial screening. Subsequently,

full-texts of relevant records were obtained and a detailed review

was performed. For multiple publications using all or part of the

same study population, the most recent report was used. A third

masked reviewer (VJ) was consulted when required in order to

resolve any discrepancy.

Risk of bias assessment
The risk of bias was assessed by two independent reviewers (HC

and XC) using a customized Newcastle-Ottawa scale [12]. The

Newcastle-Ottawa scale has been identified [13] as one of the best

tools for assessment of observational study designs. For our study,

this scale included the following 9 items: 1) adequacy of case

definition; 2) representativeness of cases; 3) community controls; 4)

definition of controls; 5) comparability of age; 6) comparability of

smoking; 7) ascertainment of measurement of Chlamydia pneu-
moniae infection; 8) same method employed for measurement for

cases and controls; 9) non-response rate similar for cases and

controls. One score was given to each item if the study met the

criteria. If the study did not meet the criteria or did not provide

clear information, zero score was given to this item. Any

disagreement was resolved by discussion with a third reviewer (VJ).

Data extraction
The data from each included article was extracted by two

reviewers independently, including characteristics of study popu-

lation, diagnostic criteria and phenotype of cases and controls,

sample size, and, measurement of Chlamydia pneumoniae
infection in cases and controls. The measurement of Chlamydia
pneumoniae infection was expressed as positive/negative, quintile

[10] or trisection [14] or mean/standard deviation, in different

studies. For quantitative data, we used the lowest quartile as

negative. For continuous data, there were two different units used,

titers [10,15] and index [11]. We converted the index to titers by

using the titer of 0.2 as a cut-off [16].

The primary outcome of interest in all the studies was

association of Chlamydia with early or advanced AMD.

Data synthesis
Stata Software (version 12.0, StataCorp, College Station, TX)

was used for the statistical analysis. The comparison of rate of

positive Chlamydia pneumoniae infection was evaluated using odds

ratio (OR) and 95% confidence interval (CI). Continuity

correction was applied to the study with zero-cell counts by

adding 0.5 to all cells of the study. The comparison of Chlamydia
pneumoniae infection titers was evaluated using standardized

mean difference (SMD) and 95% CI. Heterogeneity among the

studies was assessed by the Chi-square test and I2 statistic. Meta-

regression was used to explore the sources of heterogeneity if a

statistically significant heterogeneity was observed (p,0.1 or I2.

25%) [17,18]. In meta-regression, the relationship between effect

size and covariants including year, study design and method of

detection of Chlamydia pneumoniae infection were explored.

Random effect (DerSimonian and Laird) [19] models were used to

pool the ORs or SMDs from individual studies if a statistically

significant heterogeneity was found, otherwise, a fixed effect model

was used. Funnel plots were used to assess the any publication bias.

Egger’s test [20] was used to quantify the possibility of publication

bias.

Results

A total of 108 records were retrieved from online search,

including 22 articles from PubMed, 49 from Web of Science, 25

from Embase and 12 from the ARVO annual meeting abstracts.

During the initial screening, 41 records identified as ‘duplicate’,

and 48 identified as ‘unrelated topic’, were excluded. Full texts of

the remaining 19 records were retrieved and reviewed. Four

records published as comments or review [21–24], 1 animal study

[25], 3 histological studies [26–28], and 2 studies investigating the

association of Chlamydia pneumoniae infection with AMD

progression but not AMD prevalence [29,30], were excluded

(Figure 1).

The characteristics of the remaining 9 articles [10,11,14,15,31–

35] that were included for meta-analysis are shown in table 1.

Overall, the study population was from United States of America

(n = 4), United Kingdom (n = 1), Austria (n = 1), Australia (n = 1),

Japan (n = 1) and Turkey (n = 1). Seven studies [10,11,14,32–35]

were case control studies and the other 2 were nested case-control

studies [15,31]. The methodology quality scores of the included

studies ranged from 4 to 9 (Table 2).

The inclusion criteria of AMD were clearly defined in all studies

except 1 study [11]. However, the criteria were not consistent. Six

out of 9 studies [10,15,31–34] included both early and advanced

AMD, 2 studies [14,35] included only advanced AMD but both

geographic atrophy and choroidal neovascularization were

included, and 1 study [11] included only choroidal neovascular-

ization. There were 2 population based nested case-control studies

[15,31] and their cases represented the population well. One study

selected cases according the genotypes and was therefore likely to

have selection bias [34]. The controls were community controls in

the two population-based studies [15,31] but hospital controls in

other studies. Definition of controls was clear in all studies except

one [34]. The cases and controls were comparable for age in all

except three studies [10,34,35]. Matching for smoking was

reported in two studies [15,31].

Serology testing was used to measure Chlamydia pneumoniae
infection exposure in 8 studies, including ELISA in 7 studies

[10,11,14,15,31–33], and micro-immunofluorescent assay in one

study [34], whereas PCR was used in 1 study [35]. The

methodology was same in cases and controls in all studies. The

non-response rate was reported in all studies.
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Figure 1. PRISMA flow diagram showing the result of literature screening for meta-analysis.
doi:10.1371/journal.pone.0103466.g001
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Seven out of 9 studies [10,14,31–35] reported the categorical

data (Figure 2A), with a total 758 cases and 637 controls. The

individual ORs of having AMD with Chlamydia pneumoniae
ranged from 0.61 to 2.66. Of these, only one study reported a

statistically significant association of Chlamydia pneumoniae
infection with AMD [35]. The heterogeneity test showed a p

value of 0.13, I2 = 40%. It was found by meta-regression that the

method of measurement might be the source of heterogeneity

(I2 = 0, p = 0.065), but not the year of study (I2 = 48.7%, p = 0.796)

or the study design (I2 = 41.5%, p = 0.565).

We used a random effect model to pool the individual results.

The overall OR was 1.11 (95% CI: 0.78–1.57, P = 0.56),

suggesting no significant association between Chlamydia pneumo-
niae and AMD. We further performed a sensitivity analysis to

exclude the only study using PCR [35]. The results showed

I2 = 0% and the OR = 0.94 (95% CI: 0.728–1.23, P = 0.65).

Funnel plot did not suggest any asymmetry (Figure 2B). No

significant publication bias was found in Egger’s test (p = 0.538).

Three studies [10,11,15] reported continuous data (Figure 2C)

with a total of 249 cases and 473 controls. Significant SMD of

Chlamydia pneumoniae antibody titer between AMD cases and

controls were reported in two [10,11] out of these three studies.

The heterogeneity test showed P = 0.01, I2 = 80%. We used a

random effect model to pool the individual results. The overall

SMD was 0.43 (95% CI: 20.12 to 0.99, P = 0.13), suggesting no

significant difference of Chlamydia pneumoniae antibody titer in

serum of AMD cases and controls. It was found by meta-regression

that the study design (I2 = 0, p = 0.447) was the source of

heterogeneity. The two studies reporting a significant difference

were case-control studies and the third study with a negative result

was a nested case-control study. No significant publication bias

was found in Egger’s test (p = 0.181).

Discussion

In this systematic review and meta-analysis, we summarized the

current literature on the association of Chlamydia pneumoniae
infection with AMD. Nine studies with a total of 785 cases and 659

controls were identified. Neither the pooled results of OR of

infection positivity rate nor the MD of titers were statistically

significant. Therefore, the current literature does not support the

association of AMD with Chlamydia pneumoniae infection.

Of the nine studies that investigated the association of

Chlamydia pneumoniae and AMD, statistically significant associ-

ation was reported in 3 studies [10,11,35] whereas the remaining 6

studies did not find a significant association [14,15,31–34]. The

discrepancy in the results reported in different studies may be

attributed to a small sample size and/or heterogeneity across the

studies. Meta-regression suggested that study design as well as

methodology for detection of Chlamydia pneumoniae infection

were the major causes of heterogeneity. There were 7 case-control

studies and the two nested case-control studies. Eight studies

measured the IgG antibody [10,11,14,15,31–34] and only one

study used the PCR for DNA [35]. The category of AMD was also

inconsistent among studies. Some studies included cases with

choroidal neovascularization [10], while others included subjects

with advanced AMD [35] or both early and advanced AMD

[15,34].

Although our study found no association of Chlamydia
pneumoniae infection and prevalence of AMD, we believe that it

cannot completely exclude the role of Chlamydia pneumoniae
infection in the pathogenesis of AMD. In a previously reported

prospective study in an Australian cohort, the subjects in the upper

tertiles of Chlamydia pneumoniae antibody titers had two to three
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times higher risk of AMD progression than those in the lowest

tertile. [30] Furthermore, this risk might interact with the

genotypes of Complement factor H, which is a major associated

gene for AMD [29]. The pathological studies of Chlamydia
pneumoniae detection in human eyes add further controversy. In a

previous study on identification of Chlamydia pneumoniae within

human choroidal neovascularization tissues, Chlamydia pneumo-
niae was detected in four out of nine AMD choroidal neovascu-

larization tissues by immunohistochemistry and, two out of nine

tissues by PCR. Chlamydia was not detected in any of the 22 non-

AMD specimens [26]. However, in another study, Chlamydia
pneumoniae DNA was detected in 2/59 (3.3%) AMD samples and

in 1/16 (6.2%) control samples. [35] A later PCR report in 13

choroidal neovascularization cases did not detect Chlamydia
pneumoniae in any of the samples [27]. The relationship between

Chlamydia pneumoniae and AMD was also investigated in cellular

and animal studies. It was reported that Chlamydia pneumoniae
infection induced production of vascular endothelial growth factor

(VEGF) by human macrophages, and, IL-8 and MCP-1 by the

retinal pigment epithelium (RPE) cells [26]. In another study,

treatment of mouse RPE cells with Chlamydia pneumoniae antigen

induced expression of IL-6 and VEGF. Vitreous injection of

Chlamydia pneumoniae antigen increased the size of laser-induced

CNV in mice via Toll like receptor-2. [25]

There are some limitations of our study. Firstly, the quality of

original research was moderate in some studies. Secondly, pooling

results were based on high heterogeneity, with a small number of

included studies thereby limiting the exploration of sources of

heterogeneity. The characteristics of study subjects were also

variable in different studies and the original studies did not report

Figure 2. Meta-analysis of the serologic association of with Chlamydia pneumoniae and the prevalence of AMD. A: Forest plot
comparing the positive rate of Chlamydia pneumoniae infection between AMD cases and controls; squares indicate study-specific odds ratio (OR). B:
Funnel plots for positive rate of Chlamydia pneumoniae infection between AMD cases and controls; C: Forest plot comparing the IgG antibody titers
of Chlamydia pneumoniae infection between AMD cases and controls; squares indicate study-specific standardized mean difference (SMD). The size of
the box is proportional to the weight of the study; horizontal lines indicate 95% confidence interval (CI); diamond indicates summary OR or SMD with
its corresponding 95% CI.
doi:10.1371/journal.pone.0103466.g002
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the result of association in each AMD categories. Furthermore, the

prevalence of Chlamydia pneumoniae may vary according to the

geographical location [36]. Although we found that there was no

statistically significant association between Chlamydia pneumoniae
and AMD, this conclusion was based on data from cross-sectional

studies. Further prospective or functional studies may be required

to further investigate the role of Chlamydia pneumoniae in the

pathogenesis of AMD.
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