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Objective. Epidemiological studies have shown a correlation between periodontal disease (PD) and age-related macular
degeneration (AMD). However, the results have been inconsistent, and no relevant meta-analysis has been performed on this
topic. Hence, we performed a meta-analysis to evaluate whether the two diseases are related. Material and Methods. The
PubMed, Embase, Cochrane Library, and Web of Science databases were searched up to April 20, 2020, for related articles. Two
authors independently conducted literature screening and data extraction and then used the Stata 15.1 software to calculate the
relative risk (RRs) and 95% confidence intervals (CIs) to assess the association between PD and AMD. Results. A total of 5
observational studies involving 112,240 participants and 5,005 AMD patients were included. The results of meta-analysis using
the random-effects model showed that the incidence of AMD in PD patients was 1.35 times that of non-PD patients; the
difference was statistically significant (RR = 1:35, 95%CI = 1:07 – 1:70, P = 0:011). Sensitivity analysis showed that the results
were stable. Conclusions. PD patients have a higher risk of AMD, but the causal relationship between PD and AMD has not
been confirmed. Further research should be carried out to verify the exact relationship between the two.

1. Introduction

Age-related macular degeneration (AMD) is an eye disease
characterized by central visual impairment and can cause
severe irreversible vision loss. It is an important cause of
blindness and central blindness in people over 55 years of
age [1]. In developed countries, AMD is the first cause of
blindness [2]. AMD has two main types of macular degener-
ation, that is, dry AMD (nonexudative AMD) and wet AMD
(exudative AMD). The main risk factors for AMD include
age, smoking, family history and genetic factors, diet and
nutritional factors, obesity, and cardiovascular disease
(CVD) [3]. The pathogenesis of AMD is still unclear, and
its formation mechanism may be the result of complex mul-
tifactor interactions between metabolic, functional, genetic,
and environmental factors [4]. The treatment methods cur-
rently used are mainly for wet AMD, and there is no effective
treatment for dry AMD, which accounts for the majority of
clinical cases. The future research direction of treatment

may be to prevent and regulate risk factors, so in-depth
research on the risk factors for AMD is important [5].

Periodontal disease (PD) is an inflammatory and destruc-
tive disease that destroys the periodontal support tissue (gin-
gival, periodontal ligament, alveolar bone, and cementum),
leading to the formation of periodontal pockets, loss of
attachment, and alveolar bone resorption. As the lesion pro-
gresses, teeth loosen, gums recede, and eventually tooth loss
occurs [6]. The systemic promoters of periodontal disease
include genetics, sex hormones, smoking, related systemic
diseases (such as diabetes and immune dysfunction), and
mental stress [7]. Many studies have shown that periodontal
disease has a two-way relationship with systemic health or
diseases and is an important risk factor for cardiovascular
and CVD, diabetes, and respiratory diseases [8–12].

Although the exact pathogenesis of AMD is still unclear,
the theory of inflammation and immunology is gaining more
andmore attention, and the role of various inflammatory fac-
tors and immune factors has been confirmed by experiments
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and histopathological studies [13–15]. One possible mecha-
nism for PD to affect systemic diseases is that periodontal
bacteria and their metabolites (such as endotoxin) enter the
systemic circulation, and when they reach other parts of the
body, they activate monocytes/macrophages and produce a
large number of inflammatory factors, which in turn causes
inflammation in other organs [16, 17]. Given that PD and
AMD share some common risk factors, and PD may cause
AMD’s immune response and inflammation through bacte-
ria and their products, Klein et al. [18] reported that the his-
tory of periodontal disease was related to the increase in
retinal pigment. Since then, some other relevant epidemio-
logical studies had been published, but these studies had pro-
vided inconsistent results [18–22]. There is no relevant meta-
analysis to quantitatively evaluate the connection between
the two. The purpose of this study is to systematically review
existing literature and use meta-analysis to analyze whether
PD and AMD are independently related.

2. Materials and Methods

This study was based on the statement of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [23].

2.1. Eligibility Criteria. Studies that met the following condi-
tions can be included: (1) the research theme was to explore
whether PD is related to AMD; (2) observational studies,
including case-control studies, cross-sectional studies, and
cohort studies; (3) studies that provided raw data, or relative
risk (RRs), odds ratios (ORs), or hazard ratios (HRs), and
their 95% CIs; (4) full-text articles were available and pub-
lished in English, excluding letters to editors, meeting
abstracts, case reports, and reviews; and (5) the study
included a control group.

When different studies of the same population were
included, we selected a longer follow-up period or extract
data from more complete studies. The two authors (XWL
and WQL) chose independently, and if there were differ-
ences, they resolved through discussion or consultation with
the third author (CLP).

2.2. Search Strategy. A computerized search of the PubMed,
Embase, Cochrane Library, and Web of Science databases
was performed. We collected case-control studies, cross-
sectional studies, and cohort studies of the relationship
between PD and AMD; the search time limit was from the
establishment of the database to April 20, 2020. In addition,
the references included in the literature are retrospectively
included to supplement the relevant literature. The following
keywords and thematic terms were used: “Periodontal Dis-
eases”, “Age-Related Macular Degeneration”, “Drusen”,
“Geographic Atrophy”, “Retinal Pigment Epithelial Detach-
ment”, “Choroidal Neovascularization”, and “Polypoidal
choroidal vasculopathy”. In Supplementary Materials, we
have given specific electronic search criteria for each of the
above databases (Appendix 1).

2.3. Data Extraction. The two authors (XWL and WQL)
independently used standardized tables for data extraction,

and disputes were resolved through discussion or consulta-
tion with the third author (CLP). Contents included the first
author, published year, sample, study period, study design,
follow-up period, age, AMD patients/participants, PD ascer-
tainment, AMD ascertainment, AMD/age status, adjusted
RRs (including ORs/HRs), and 95% CIs, as well as adjust-
ment factors and information required for quality
assessment.

2.4. Quality Evaluation. Case-control studies and cohort
studies used the Newcastle-Ottawa scale (NOS) for risk
assessment of bias [24], and cross-sectional studies were eval-
uated by the bias risk evaluation criteria recommended by the
Agency for Healthcare Research and Quality (AHRQ) [25].
The NOS scale includes a total of 8 items in three parts.
The semiquantitative principle of the star system was used
to evaluate the quality of the research. The full score is 9 stars;
0-3 stars, 4-6 stars, and 7-9 stars were defined as low,
medium, and high quality. The standard recommended by
AHRQ consists of 11 items, which were answered with
“yes,” “no,” and “unclear,” respectively. If the answer of an
item was “no” or “unclear,” the item’s score was “0.” If the
answer was “yes,” then the project score was “1”; 0-3 points,
4-7 points, and 8-11 points were defined as low, medium, and
high quality. Disagreements were resolved through consen-
sus between the two authors (XWL and WQL) or arbitration
by the third author (CLP). When the study quality was
defined as medium or high quality, the data in this study
was included for meta-analysis.

2.5. Statistical Analysis. In observational studies, for small-
probability events, OR can be considered approximately
equal to RR [26]. For cohort studies that report HR because
of survival data, HR is approximately RR [27]. Some studies
only give the respective effect sizes and their 95% CIs for each
severity of PD or AMD and did not give the total effect size
and its 95% CI representing the correlation between PD
and AMD. In order to observe whether PD and AMD are
related in general, we used the fixed-effects model to combine
the data of different degrees of disease in the same study, so as
to obtain the total effect size and 95% CI of the study [28]. We
converted the effect sizes and their 95% CIs into their loga-
rithms and standard errors and then merged them. A chi-
squared test was used to analyze the heterogeneity between
the included studies. At the same time, I2 was used to quan-
titatively judge the heterogeneity, and the inspection level
was set to α = 0:10. When P value < 0.1 or I2 > 50%, obvious
heterogeneity was defined [29]. Usually, the random-effects
model is used when there is obvious heterogeneity; otherwise,
the fixed-effects model is used [29]. However, considering the
obvious clinical heterogeneity caused by the different diag-
nostic criteria of PD and AMD and the methodological het-
erogeneity caused by the design and quality of studies, we
decided to choose a random-effects model for statistical anal-
ysis. Subgroup analysis is based on study design, study areas,
whether to adjust smoking, diabetes, hypertension, CVD,
hepatitis B infection, study quality, and age status. Sensitivity
analysis was to delete one study at a time and combined the
remaining study data through a random-effects model to
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explore the degree of impact of the study on the total effect
sizes and the robustness of the results. Since the number of
studies was less than 10, no funnel plots were made. Begg’s
test and Egger’s test were used to detect publication bias
[30, 31]. All statistical analyses were completed by the two
authors independently using Stata version 15.1 and R version
4.0.0, and the P values < 0.05 were considered statistically sig-
nificant. Disagreements were resolved through discussion by
the two authors (XWL and WQL) or consultation with the
third author (CLP).

3. Results

3.1. Study Selection and Characteristics. A total of 178 rele-
vant literatures were obtained in the initial examination.
After layer-by-layer screening, 5 studies were finally included
[18–22], including 112,240 participants and 5,005 AMD
patients. The search flow chart is shown in Figure 1. The
included studies were published between 2008 and 2019
and included 4 cross-sectional studies and 1 retrospective
cohort study. The characteristics of the studies are shown in
Table 1. Five studies had adjusted the confounding factors,
and Table 2 lists the detailed information. We evaluated the
quality of all included studies. One item was classified as
medium quality and four items as high quality (Tables 3
and 4).

3.2. Results of Meta-analysis

3.2.1. Overall Estimation. Meta-analysis results using the
random-effects model showed that the incidence of AMD
in PD patients was 1.35 times that of non-PD patients, and
the difference was statistically significant (RR = 1:35, 95%CI
= 1:07 – 1:70, P = 0:011). The heterogeneity test results
found obvious heterogeneity (I2 = 80:4%, P for
heterogeneity < 0:001). Detailed information is listed in
Figure 2.

3.2.2. Sensitivity Analysis. Figure 3 lists the results of the sen-
sitivity analysis. After excluding the included studies one by
one, the results showed no substantial changes, suggesting
that the meta-analysis results were robust. After excluding
Shin et al.’s study [21], the combined RR = 1:56 (95% CI:
1.45-1.67, I2 = 0:0%, heterogeneity for P = 0:550). After
removing the cohort study by Sun et al. [22], the combined
RR = 1:23 (95% CI: 1.00-1.51, I2 = 42:1%, heterogeneity for
P = 0:159). The results did not change, and the heterogeneity
decreased, indicating that these two studies contributed
greatly to the statistical part of the overall meta-analysis
heterogeneity.

3.2.3. Subgroup Analysis and Metaregression. Figure 4 lists
the details of the subgroup analysis and metaregression.
The RR values of all subgroups were >1.00. According to
the study design, whether to adjust smoking, diabetes,
CVD, and hepatitis B infection grouping, the heterogeneity
decreased significantly. But metaregression found that the
differences between the subgroups were statistically signifi-
cant only in the subgroup of hepatitis B infection.

3.2.4. Publication Bias. According to the results of Egger’s
(P = 0:509) and Begg’s test (P = 0:806), we found no obvious
publication bias.

4. Discussion

There is no unified conclusion on whether PD and AMD are
related, and the focus of each research result is different.
Klein et al. [18] believed that the history of PD is related to
the incidence of early AMD; Karesvuo et al. [19] confirmed
that male alveolar bone loss is independently associated with
AMD; Wagley et al. [20] found that PD is independently
associated with AMD under 60 years of age or younger; Shin
et al. [21] believe that in 62-year-old or younger people, only
severe PD is independently related to AMD; cohort studies
by Sun et al. [22] indicate that PD patients are more likely
to develop AMD. And there is no relevant meta-analysis,
so we think it is necessary to discuss whether PD and
AMD are related in general. The meta-analysis results of
the existing epidemiological evidence show that PD is asso-
ciated with AMD, and the risk of AMD in PD patients is
1.35 times that of non-PD patients (95% CI: 1.07–1.70, P
= 0:011). I2 = 80:4%, P for heterogeneity < 0:001, and it
can be considered obvious heterogeneity. Through subgroup
analysis, we found that the type of study, whether to adjust
smoking, diabetes, CVD, and hepatitis B infection reduced
heterogeneity. Combined with the metaregression results,
whether to adjust for hepatitis B infection may be the source
of heterogeneity. Some studies have shown that hepatitis B
infection is also a risk factor for AMD [32], and only a study
by Shin et al. [21] adjusted this confounding factor; smoking,
hypertension, and CVD are common risk factors for PD and
AMD [6, 33]. The results of the subgroup analysis show that
the above three factors may cooperate with PD to increase
the risk of AMD; diabetes is also a common risk factor for
PD and AMD [11, 34], but our subgroup analysis results
show that after adjusting for the confounding factor of dia-
betes, the correlation between PD and AMD was higher.
We considered that there may be fewer studies included,
and the results of Shin et al. may be the source of heteroge-
neity, but their study did not control the factor of diabetes,
thus affecting the results of the diabetes subgroup. Subgroup
analysis results according to the study quality show that the
effect value did not change significantly, indicating that the
overall research results are robust. Age is also a common
and main risk factor for PD and AMD, and AMD mostly
occurs in people over 50 years old. If the proportion of par-
ticipants under 50 years old is too large, the prevalence of
AMD may be underestimated in the original studies and
then impact the accuracy of our results. There were 3 studies
in the existing evidence that provided the effect sizes and
95% CIs of the younger and elder age groups. After sub-
group analysis and metaregression, we found that the corre-
lation between PD and AMD in the younger group
(RR = 1:46, 95% CI: 1.22-1.74, I2 = 35:2%) was stronger than
the elder group (RR = 1:29, 95% CI: 0.81-2.16, I2 = 93:4%).
We believed that this may be due to the following reasons:
First, we thought that PD may have a closer relationship
with the early stages of AMD. Second, although the age
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mix factor was adjusted, the effects of PD on AMD were
diluted with other changes in the body as we age. Finally,
we have only three included studies grouped according to
the age group, impacting the reliability of our final results.
However, the result of metaregression showed that the dif-
ference between the younger and elder age groups was not
statistically significant, indicating that although the included
studies included participants under the age of 50, we may
have underestimated the prevalence of AMD, but it did not
affect the final results. But due to the lack of original data,
we could not adjust the age in the metaregression of each
subgroup; these factors affected the reliability of metaregres-
sion in our study. After the sensitivity analysis excludes one
study at a time, the meta-analysis results have not changed
significantly. Egger’s test and Begg’s test did not find obvious
bias.

In recent years, many studies have shown that periodon-
tal infection may be a risk factor for cardiovascular disease,
diabetes, pregnancy complications, respiratory infections,
rheumatoid arthritis, and so on [8–12]. Periodontal bacteria
and their products enter the systemic circulation, activate
immune cells in other body parts to release proinflammatory
cytokines, and form a chronic inflammatory state, which in
turn leads to the development of some diseases, such as ath-
erosclerosis [35] and premature delivery [36]. Studies have

found oral pathogens in human atherosclerotic plaques
[37], and Kalayoglu et al. [38] have found oral pathogen-
s—Chlamydia pneumoniae—in human choroidal neovascu-
lar membranes excised from patients with wet AMD. We
speculated that PD may play a role in the development of
AMD through a mechanism similar to the above. The patho-
genesis of AMD is unclear, but the theory of inflammation
and immunology has received increasing attention from
researchers [13–15]. Aging causes a decrease in the ability
of retinal pigmented epithelium (RPE) cells to clear meta-
bolic products, aggravating oxidative damage to the retina,
and synergistic effects of metabolic, functional, genetic, and
environmental risk factors, resulting in the accumulation of
retinal toxic elements. In response to the increase in tissue
damage, various immune pathways are inappropriately acti-
vated, including the classical and alternative complement
pathways, the inflammasome, and Toll-like receptor (TLR)
signaling. Eventually, the continuous activation of these pro-
inflammatory and injury pathways leads to the development
of advanced AMD and irreversible loss of vision [39]. There-
fore, we have reason to believe that inflammation plays an
important role in the relationship between PD and AMD.
Periodontal infection may activate immune pathways on
the retina through systemic circulation to promote the devel-
opment of AMD.

Records identified through database
searching (n = 178)
27 from PubMed;
116 from Embase;

3 from Cochrane Library;
32 from Web of Science

Additional records
identified through other

sources
(n = 0)

Records after duplicates removed
(n = 154)

Records screen
(n = 154)

Records excluded after
reading topic and abstract

(n = 144)

Full-text articles assessed
for eligibility

(n = 10)
(i) 3 outcomes were not
age-related macular
degeneration
(ii) 2 exposures were not
periodontal disease

Studies included in
qualitative synthesis

(meta-analysis)
(n = 5)

Figure 1: Search flow chart of the meta-analysis.
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Table 1: Characteristics and quality assessment of the included studies.

First author,
published
year

Sample
study period

Study design
Follow-

up
period

Age
(yrs)

AMD
patients/participants

PD
ascertainment

AMD
ascertainment

AMD/age
status

Risk
estimates
(95% CI)

Klein, 2008
MESA; USA
2002-2004

Cross-
sectional

2
45-
85

265/5887
Detailed

questionnaire

Ocular
fundus

photographs

Early
Late
All#

OR = 1:32
(0.98-
1.79)

1.49 (0.63-
3.50)

1.34 (1.01-
1.78)

Karesvuo,
2013

NPHS;
Finland

2000-2001

Cross-
sectional

1 ≥30 54/1751
Alveolar bone

loss
Clinical
diagnosis

—
OR = 1:90
(0.90-
4.30)

Wagley,
2015

US
NHAHES
III; US

1988-1994

Cross-
sectional

6 ≥40 940/8208
>10% of sites
with >3mm of

CAL

Ocular
fundus

photographs

Age ≤ 60
Age > 60
All&

OR = 1:96
(1.22-
3.14)

1.32 (0.93-
1.90)

1.36 (0.98-
1.90)

Shin, 2017

KNHANES;
Korea

2008-2010
and 2012

Cross-
sectional

2 ≥40 732/13072
CP index

scores 3 and 4

Ocular
fundus

photographs

Age ≤ 62
Age > 62
All&

OR = 1:21
(0.90-
1.63)

0.91 (0.74-
1.12)

1.03 (0.86-
1.22)

Sun, 2019
TNHIRD;
China

2000-2012

Retrospective
cohort

13 ≥50 3014/83322 ICD-9-CM ICD-9-CM
Age ≤ 64
Age ≥ 65
All&

HR = 1:48
(1.34-
1.64)

1.76 (1.57-
1.97)

1.58 (1.46-
1.70)

MESA: Multi-Ethnic Study of Atherosclerosis; NPHS: National Population Health Survey 2000; NHAHES: National Health and Nutrition Examination Survey;
KNHANES: Korea National Health and Nutrition Examination Survey; TNHIRD: Taiwan National Health Insurance Research Database; ICD: International
Classification of Diseases. #All data was calculated by pooling early AMD P and late AMD P using a fixed-effects model for the final analysis; &all data was
calculated by pooling different age status P using a fixed-effects model for the final analysis.

Table 2: Adjusted variables in studies included in the meta-analysis.

Author (year) Variables of adjustment

Klein (2008) Age, gender, race/ethnicity, and study site.

Karesvuo
(2013)

Age, smoking, diabetes, carriage of salivary pathogens, and hypertension.

Wagley (2015) Age, gender, race/ethnicity, education, poverty income ratio, smoking, hypertension, BMI, CRP, and CVD.

Shin (2017)
Age, gender, education, house income, smoking, hypertension, CVD, anemia, hepatitis B infection, serum HDL level, BMI,

serum ferritin level, and white blood cell count.

Sun (2019) Age, gender, hypertension, diabetes, hyperlipidemia, asthma/COPD, CLD, and CKD.

Abbreviations: BMI: Body Mass Index; CRP: C-reactive protein; CVD: cardiovascular disease; HDL: high-density lipoprotein; COPD: chronic obstructive
pulmonary disease; CLD: chronic liver disease and cirrhosis; CKD: chronic kidney disease.

5BioMed Research International



T
a
bl
e
3:
A
ge
nc
y
fo
r
H
ea
lth

ca
re

R
es
ea
rc
h
an
d
Q
ua
lit
y:
cr
os
s-
se
ct
io
na
ls
tu
di
es
.

St
ud

y
ID

So
ur
ce

of
in
fo
rm

at
io
na

E
xc
lu
si
on

cr
it
er
ia
b

T
im

e
pe
ri
od

c
C
on

ti
nu

ou
s

or
no

td
Su
bj
ec
ti
ve

fa
ct
or
se

Q
ua
lit
y

as
se
ss
m
en
tf

E
xp
la
in

ex
cl
us
io
ng

C
on

tr
ol
lin

g
co
nf
ou

nd
in
g
fa
ct
or
sh

H
an
dl
in
g

m
is
si
ng

da
ta
i

C
om

pl
et
en
es
s
of

da
ta

co
lle
ct
io
nj

Fo
llo
w
-

up
da
ta
k

Sc
or
e

K
le
in

20
08

Y
es

Y
es

Y
es

Y
es

Y
es

N
o

N
o

Y
es

N
o

N
o

N
o

6

K
ar
es
vu
o

20
13

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

N
o

Y
es

N
o

Y
es

N
o

8

W
ag
le
y

20
15

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

N
o

N
o

N
o

8

Sh
in

20
17

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

N
o

N
o

N
o

8

a:
de
fi
ne

th
e
so
ur
ce

of
in
fo
rm

at
io
n
(s
ur
ve
y,

re
co
rd

re
vi
ew

);
b:

lis
t
in
cl
us
io
n
cr
it
er
ia

fo
r
ex
po

se
d
an
d
un

ex
po

se
d
su
bj
ec
ts
(c
as
es

an
d
co
nt
ro
ls
)
or

re
fe
r
to

pr
ev
io
us

pu
bl
ic
at
io
ns
;c
:i
nd

ic
at
e
ti
m
e
pe
ri
od

us
ed

fo
r

id
en
ti
fy
in
g
pa
ti
en
ts
;d

:i
nd

ic
at
e
w
he
th
er

or
no

t
su
bj
ec
ts
w
er
e
co
ns
ec
ut
iv
e
if
no

t
po

pu
la
ti
on

-b
as
ed
;e
:i
nd

ic
at
e
if
ev
al
ua
to
rs
of

su
bj
ec
ti
ve

co
m
po

ne
nt
s
of

th
e
st
ud

y
w
er
e
m
as
ke
d
to

ot
he
r
as
pe
ct
s
of

th
e
st
at
us

of
th
e

pa
rt
ic
ip
an
ts
;
f:
de
sc
ri
be

an
y
as
se
ss
m
en
ts

un
de
rt
ak
en

fo
r
qu

al
it
y
as
su
ra
nc
e
pu

rp
os
es

(e
.g
.,
te
st
/r
et
es
t
of

pr
im

ar
y
ou

tc
om

e
m
ea
su
re
m
en
ts
);
g:

ex
pl
ai
n
an
y
pa
ti
en
t
ex
cl
us
io
ns

fr
om

an
al
ys
is
;
h:

de
sc
ri
be

ho
w

co
nf
ou

nd
in
g
fa
ct
or
s
w
er
e
as
se
ss
ed

an
d/
or

co
nt
ro
lle
d;

i:
if
ap
pl
ic
ab
le
,e
xp
la
in

ho
w
m
is
si
ng

da
ta

w
er
e
ha
nd

le
d
in

th
e
an
al
ys
is
;j
:s
um

m
ar
iz
e
pa
ti
en
t
re
sp
on

se
ra
te
s
an
d
co
m
pl
et
en
es
s
of

da
ta

co
lle
ct
io
n;

k:
cl
ar
ify

w
ha
t
fo
llo
w
-u
p
w
as

ex
pe
ct
ed

an
d
th
e
pe
rc
en
ta
ge

of
pa
ti
en
ts
fo
r
w
hi
ch

in
co
m
pl
et
e
da
ta

or
fo
llo
w
-u
p
w
as

ob
ta
in
ed
.

6 BioMed Research International



T
a
bl
e
4:
N
ew

ca
st
le
-O

tt
aw

a
Q
ua
lit
y
A
ss
es
sm

en
t
Sc
al
e:
co
ho

rt
st
ud

ie
s.

St
ud

y
ID

Se
le
ct
io
n

C
om

pa
ra
bi
lit
ye

E
xp
os
ur
e

T
ot
al
sc
or
es

R
ep
re
se
nt
at
iv
en
es
sa

Se
le
ct
io
nb

A
sc
er
ta
in
m
en
tc

D
em

on
st
ra
ti
on

d
Im

po
rt
an
t
fa
ct
or

f
A
dd

it
io
na
lf
ac
to
rg

A
ss
es
sm

en
th

Fo
llo
w
-u
p

Le
ng
th

i
A
de
qu

ac
yj

Su
n
20
19

R
ep
re
se
nt
at
iv
e★

Sa
m
e
so
ur
ce

★
Se
cu
re

re
co
rd

★
Y
es

★
Y
es

★
Y
es

★
R
ec
or
d
lin

ka
ge

★
Y
es

★
N
o
de
sc
ri
pt
io
n

8★

a:
re
pr
es
en
ta
ti
ve
ne
ss
of

th
e
ex
po

se
d
co
ho

rt
;b
:s
el
ec
ti
on

of
th
e
no

ne
xp
os
ed

co
ho

rt
;c
:a
sc
er
ta
in
m
en
t
of

ex
po

su
re
;d
:d
em

on
st
ra
ti
on

th
at
ou

tc
om

e
of

in
te
re
st
w
as

no
tp

re
se
nt

at
th
e
st
ar
t
of

st
ud

y;
e:
co
m
pa
ra
bi
lit
y
of

co
ho

rt
s
on

th
e
ba
si
s
of
th
e
de
si
gn

or
an
al
ys
is
;f
:s
tu
dy

co
nt
ro
ls
fo
r
se
le
ct
in
g
th
e
m
os
ti
m
po

rt
an
tf
ac
to
r;
g:
st
ud

y
co
nt
ro
ls
fo
r
an
y
ad
di
ti
on

al
fa
ct
or
;h
:a
ss
es
sm

en
to
fo
ut
co
m
e;
i:
w
as

fo
llo
w
-u
p
lo
ng

en
ou

gh
fo
r
ou

tc
om

es
to

oc
cu
r;
j:
ad
eq
ua
cy

of
fo
llo
w
-u
p
of

co
ho

rt
s.
★
:e
ar
ns

a
st
ar
.

7BioMed Research International



Our research has the following advantages. First, this
study is the first meta-analysis about whether PD and AMD
are related. We retrieved and collected all published studies
that met the inclusion criteria, and no publication bias was
detected. Second, PD and AMD have some common risk fac-
tors; all the studies we included provided the effect sizes after
adjusting for related confounding factors. In addition, the
quality of the included studies were all medium-/high-quality
studies, which made our results more reliable. Finally, this
study laid the foundation for further exploration of the rela-
tionship between PD and AMD and provided a certain theo-
retical basis for AMD’s mechanism exploration and clinical
prevention and treatment.

Our research also has some limitations. First, most of the
included studies are cross-sectional studies, which cannot
explain the causal relationship between PD and AMD. Sec-
ond, although most studies were based on scientific examina-
tion methods to diagnose PD and AMD, the diagnostic
criteria were different, and some diagnoses were based on
patient self-reports, which increased the heterogeneity of
our research and reduced credibility. Third, we observed sig-
nificant heterogeneity in the study. Although the subgroup

analysis was used to speculate on the source of the heteroge-
neity, it still had an impact on the reliability of the research
results. Fourth, Egger’s test and Begg’s test results did not
find obvious evidence, but because of the too few studies
included, it is difficult to determine whether there is publica-
tion bias. Fifth, the adjustment of confounding factors was
not perfect. Although each study had carried out meticulous
research design and tried to control the confounding factors,
there were still unmeasured or unknown confounding fac-
tors, which may introduce deviations. And the confounding
factors adjusted between different studies were different,
which increased the heterogeneity of the study and affected
the reliability of the final result. Finally, due to the limited
number of studies, we only analyzed the relationship between
PD and AMD in general and could not further explore the
impact of PD on AMD patients at different stages or at differ-
ent ages and the association between PD at different severity
levels and AMD.

With the development of the economy and society, the
average lifespan of the population has been prolonged, result-
ing in population aging. It is the responsibility of oral profes-
sionals to reduce the incidence of oral infections and possible

Note: weights are from random-effects analysis

Overall (I2 = 80.4%, P = 0.000)

Karesvuo 2013

Sun 2019

Wagley 2015

Klein 2008

Shin 2017

Study
ID

1.35 (1.07, 1.70)

1.90 (0.90, 4.30)

1.58 (1.46, 1.70)

1.36 (0.98, 1.90)

1.34 (1.01, 1.78)

1.03 (0.86, 1.22)

RR (95% CI)

100.00

6.70

28.89

18.43

20.53

25.44

%
Weight

1 4.30.233

Figure 2: Forest plot of studies.

Study

Random-effects model

Omitting Klein 2008
Omitting Karesvuo 2013
Omitting Wagley 2015
Omitting Shin 2017
Omitting Sun 2019

0.75 1 1.5

Hazard ratio HR

1.35

1.36
1.32
1.35
1.56
1.23

95 CI

[1.07; 1.70]

[1.02; 1.81]
[1.03; 1.68]
[1.02; 1.78]
[1.45; 1.67]
[1.00; 1.51]

Figure 3: The results of the sensitivity analysis.
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systemic diseases caused by PD through early treatment.
AMD can cause severe irreversible vision loss in the elderly,
which is one of the important causes of blindness. At present,
most clinical cases have no effective treatment, which seri-
ously affects the lives of patients. We hope that our research
will improve the oral health awareness, help in understand-
ing the importance of maintaining periodontal health, and
at the same time lay the foundation for AMD’s mechanism
exploration and prevention, reduce the risk of AMD, and
improve the quality of life in the general population, espe-
cially the geriatric population.

5. Conclusion

In summary, our meta-analysis of 5 studies showed that PD
is associated with AMD, and the risk of AMD in patients with
PD is increased by 35%, but the current evidence is insuffi-
cient to confirm the causal relationship between PD and
AMD. Researchers need to perform high-quality, large-scale,
multi-centre prospective cohort studies and adjust the con-
founding factors in considerable detail to explore whether
these two important diseases are related to each other and
the mechanism of their connection.
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