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Background. Several studies have investigated the association between Toxoplasma gondii (T. gondii) infection and risk of
Parkinson’s disease (PD) with inconsistent results. Clarifying this relation might be useful for better understanding of the risk factors
and the relevant mechanisms of PD, thus a meta-analysis was conducted to explore whether exposure to T. gondii is associated
with an increased risk of PD. Methods. We conducted this meta-analysis according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement. A rigorous literature selection was performed by using the databases of PubMed,
Embase, Web of Science, Cochrane Library, and ScienceDirect. Odds ratio (OR) and corresponding 95% confidential interval (CI)
were pooled by using fixed-effects models. Sensitivity analysis, publication bias test, and methodological quality assessment of
studies were also performed. Results. Seven studies involving 1086 subjects were included in this meta-analysis. Pooled data by
using fixed-effects models suggested both latent infection (OR, 1.17; 95% CI, 0.86 to 1.58; P=0.314) and acute infection (OR, 1.13;
95% CI, 0.30 to 4.35; P=0.855) were not associated with PD risk. Stable and robust estimates were confirmed by sensitivity analysis.
No publication bias was found by visual inspection of the funnel plot, Begg’s, and Egger’s test. Conclusions. This meta-analysis does
not support any possible association between T. gondii infection and risk of PD. Researches are still warranted to further explore

the underlying mechanisms of T. gondii in the pathogenesis of PD and their causal relationship.

1. Introduction

With an estimated prevalence of 315 per 100,000 worldwide,
Parkinson’s disease (PD) is the second most common neu-
rodegenerative disorder next to Alzheimer's disease [1, 2]. For
the deficiency of dopamine, individuals with PD are inclined
to suffer from motor dysfunction and nonmotor disturbance
[3, 4]. Patients with PD tend to have a short time of survival
[5] and low quality of life [6], and the risk of mortality
increases with disease duration [7]. Neurodegenerative dis-
orders like PD are projected to surpass cancer as the leading
cause of death by 2040 [8]; thus great emphasis should be
placed on the prevention of PD in our aging society. However,
the etiology of PD remains unclear.

Toxoplasma gondii (T. gondii) is an intracellular pro-
tozoan parasite that causes a zoonotic disease known as
toxoplasmosis. Over thirty percent of the world population
was infected with T. gondii, and it is viewed as the most
prevalent infection in humans [9]. Primarily carried by
cats and other felines, T. gondii can infect most mammals.
Humans might be infected with T. gondii by consumption of
meat containing tissue cysts, intake of oocysts, and maternal-
neonatal transmission [10, 11]. In addition, T. gondii could be
transmitted by blood transfusion, solid organ, or hematopoi-
etic stem cell transplantation [12]. Infected population usually
remains asymptomatic for the effective immune responses,
and T. gondii tissue cysts are predominantly formed in the
brain and muscles in latent toxoplasmosis [13]. However,
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TaBLE 1: The search strategy for PubMed database.
Search Query No. of retrieved articles
Toxoplasmas [Title/Abstract] OR Toxoplasma gondii [Title/Abstract]
#1 OR Toxoplasma gondius [Title/Abstract] OR toxoplasmosis 23829
[Title/Abstract] OR toxoplasmoses [Title/ Abstract]
#2 Toxoplasmas [Mesh] 12692
#3 #1 OR #2 25291
Parkinson disease [Title/Abstract] OR idiopathic Parkinson disease
[Title/Abstract] OR Parkinsonism [Title/Abstract] OR primary
#4 Parkinsonism [Title/Abstract] OR Parkinsonian disorder 138592
[Title/Abstract] OR Parkinsonian syndrome [Title/Abstract] OR
Parkinson [Title/Abstract] OR PD [Title/Abstract] OR paralysis
agitans [Title/Abstract] OR lewy body [Title/ Abstract]
#5 Parkinson disease [Mesh] 59868
#6 #4 OR #5 163560
#7 #3 AND #6 41

when the immune responses of hosts weaken, tissue cysts
rupture followed by the release of bradyzoites [14]. These
recrudescent infections make ways for rapidly dividing tachy-
zoite stagel thus toxoplasmic encephalitis and neurological
damage might be incurred [15, 16]. Decreased psychomotor
performance was observed in both infected humans [17] and
animals [18]. Meantime, the onset and severity of PD were
reported to be associated with body inflammatory responses
[19, 20], and anti-inflammatory therapies exhibited favorable
effects on protection of dopaminergic neurons [21]. However,
T. gondii can also increase the production of dopamine
[22]. Animal experiments indicated that mice infected with
T. gondii had higher dopamine concentration in the brain
compared with uninfected mice [23, 24]. These effects might
be associated with tyrosine hydroxylase encoded in T. gondii
genome, which gets involved in the biosynthesis of dopamine
[25].

So far, inconsistent conclusions of several epidemiolog-
ical studies investigating the association between T. gondii
infection and PD risk have been reported. Ramezani et al.
[26] suggested T. gondii infection contributed to an increased
risk of PD, and Miman et al. [27] also considered T. gondii
might be involved in the development of PD. To the contrary,
Alvarado-Esquivel et al. [28] and Oskouei et al. [29] indicated
no association was observed between T. gondii infection and
PD, Fallahi et al. [11] found that T. gondii infection could
not be a risk factor for PD. To date, and no meta-analysis
was conducted to combine the available evidence. Giving
the controversial pathogenetic mechanisms and population-
based studies, we performed a meta-analysis to shed light
on this issue according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
[30].

2. Materials and Methods

2.1. Literature Search. A systematic literature search was
conducted in five English electronic databases from
their inceptions to October 2018. The databases included
PubMed, Embase, Web of Science, Cochrane Library, and

ScienceDirect. Keywords for literature search were listed as
follows: “Toxoplasma gondii”, “toxoplasmosis”, “Parkinson’s
disease”, and “Parkinsonism”. Synonyms and variations of
keywords were applied to ensure a comprehensive search.
Reference lists of relevant reviews were also screened for
potentially eligible literature. The detail search strategy for
PubMed database was available in Table 1.

2.2. Publication Selection. Two reviewers independently
screened the titles and abstracts of retrieved articles. For
publications whose eligibility could not be determined by
the above process, full-text reading was performed for fur-
ther evaluation. Studies meeting the following criteria were
considered eligible: (a) case-controlled or cohort studies
investigating the relationship between T. gondii infection
and risk of PD; (b) the exposure was T. gondii infection
diagnosed by positive serum anti-T. gondii Ig G antibodies
or IgM antibodies, which respectively represented latent and
acute infection [31]; (c) the interesting outcome was PD; (d)
relative risk (RR), hazard ratio (HR) or odds ratio (OR) with
95% confidential interval (CI) were reported or could be
calculated.

Studies were excluded if they were (a) reference papers,
case reports, reviews, letters, and methodological or nonpop-
ulation-based researches; (b) studies discussing nontargeted
outcomes or exposures; (¢) studies with incomplete data even
if attempts were made to contact authors.

Any disputes were settled by discussion or referral to a
third reviewer.

2.3. Data Extraction and Methodological Quality Assessment.
The related data of included studies were independently
extracted by two investigators, with a standardized data
extraction checklist. Extracted data of individual study
included first author, publication year, region, study design,
number of cases and controls, demographic features of
participants (disease status, age and male%), measurement
of exposure, HR, RR, or OR with corresponding 95% CI,
adjusted factors.
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Articles retrieved from electronic databases (n=1509):
PubMed (n=41), Embase (n=72), Cochrane Library (n=4),
‘Web of Science (n=298), ScienceDirect (n=1094)

Articles from other resources
(n=0)

Duplicates removed (n=107)

Exclusion (n=1387):
Review, letter, protocol (n=297)
Conference papers, case reports (n=89)
Methodological researches (n=78)
Non-population-based studies (n=575)

A4

Potentially eligible articles evaluated
by titles and abstracts (n=1402)

Did not study toxoplasma gondii infection as exposure
(n=139)
Studies without outcomes of interest (n=209)

A4

Articles assessed by full-text
reading (n=15)

Exclusion (n=8):
Studies not investigating outcomes of interest (n=4)

Review (n=1)
Case reports (n=3)

A 4

Studies included in the meta-analysis
(n=7)

FIGURE 1: Flow diagram of literature selection.

In this review, Newcastle-Ottawa quality assessment scale
(NOS) [32] was applied to appraise the methodological
quality of studies. NOS was used to evaluate the methodolog-
ical quality of non-randomized studies, including cohort and
case-controlled studies. With a maximum of 9 points, studies
with a NOS score of >6 points were considered to be of high
quality [33].

Disagreements regarding data extraction and method-
ological quality appraisal were resolved by a third investiga-
tor.

2.4. Data Synthesis and Statistical Analysis. The association
between T. gondii infection and risk of PD was measured
by OR. The HR and RR were considered to be equivalent
to OR for the low incidence of PD in the population
[34]. Heterogeneity across studies was tested by Cochran Q
statistic, with a significant level of 0.1. We also evaluated
statistical heterogeneity by using I statistic, whose cut-off
values of 25%, 50%, and 75% were, respectively, viewed as
low, medium, and high heterogeneity [35]. We synthesized
OR and 95% CI of each study by using a fixed-effects model if
no or low heterogeneity existed, and data were combined with
a random-effects model if there was medium heterogeneity.
Otherwise, narrative review was performed. Publication bias
was assessed by visual observation of funnel plot and Egger’s
publication bias plot; we also used Begg’s rank correlation
test and Egger’s linear regression test to make a quantitative
judgment if appropriate. If publication bias existed in studies,
“trim and fill” method was used to further evaluate the effects
of publication bias in this review [36]. Sensitivity analysis
was performed to explore the effects of methodological
quality of studies on the stability of pooled results. We
used Stata 12.0 software to pool data and create relevant
plots.

3. Results

3.1 Literature Search Results. Literature screening process
and corresponding exclusion reasons were illustrated in
Figure 1. We retrieved 1509 articles from PubMed, Embase,
Web of Science, Cochrane Library, and ScienceDirect, includ-
ing 107 duplicates. The majority of retrieved articles were
excluded by scrutinizing titles and abstracts; only 15 poten-
tially eligible literatures remained for further evaluation. Of15
studies, four were excluded for irrelevant outcomes and four
were not cohort or case-controlled studies (one review, three
case reports). Eventually, seven studies [11, 26-29, 37, 38]
(eight comparison groups) involving 1086 participants were
included in this meta-analysis.

3.2. Characteristics and Methodological Quality of Included
Studies. Of the seven studies, three originated from Iran
[11, 26, 29], three from Turkey [27, 37, 38], and one from
Mexico [28]. Published between 2010 and 2017, all studies
were based on case-controlled design. Sample size of included
studies ranged from 95 to 260 and mean age ranged from
62 to 76.3 years. Exposure of cases and controls measured
by anti-T. gondii Ig G antibodies was available in all studies,
while only three studies [11, 26, 28] reported exposure of cases
and controls measured by anti-T. gondii Ig M antibodies.
All studies were deemed to be of high quality, except one
study [38]. Characteristics and methodological quality of
individual study were presented in Table 2.

3.3. T. gondii Infection and Risk of PD. Seven studies [11,
26-29, 37, 38] (eight comparison groups) investigated the
association between latent infection of T. gondii and risk of
PD (Figure 2). With low to medium heterogeneity across
studies (I2=40.5%, P=0.108), results of pooled fixed-effects
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Study Year OR (95% CI) Weight %
]
Alvarado-Esquivel 2017 i 0.84 (0.32,2.19) 10.04
Fallahi 2017 I 0.90 (0.54, 1.50) 34.97
i
Ramezani(a) 2016 —E—I— 2.27 (0.69, 7.50) 6.46
I
Ramezani(b) 2016 —i—._ 3.05(0.76, 12.23) 4.79
Mahami Oskouei 2014 —.—i— 0.59 (0.21, 1.67) 8.55
Celik 2013 : 0.78 (0.29, 2.08) 9.55
i
Celik 2010 I 1.33 (0.60, 2.96) 14.45
j
Miman 2010 i+ 3.26 (1.31, 8.08) 11.20
|
Overall (I-squared = 40.5%, p = 0.108) <® 1.17 (0.86, 1.58) 100.00
: T

FIGURE 2: Forest plot of association between latent infection of T. gondii and risk of PD.

1 12.2

Study Year OR (95% CI) Weight %
Alvarado—Esquivel 2017 ——— 0.32(0.02, 6.12) 57.32
Fallahi 2017 R — 3.05 (0.31, 29.80) 24.81
Ramezani(a) 2016 xl 1.06 (0.04, 27.04) 17.86
Overall (I-squared = 0.0%, p = 0.490) 1.13 (0.30, 4.35) 100.00
| t T
015 1 30.1
FIGURE 3: Forest plot of association between acute infection of T. gondii and risk of PD.
analysis indicated latent infection of T. gondii was not = N
associated with risk of PD (OR, 117; 95% CI, 0.86 to SN
/ \
1.58; P=0.314). After excluding low-quality studies, sensitivity & / AN
analysis demonstrated the similar results (OR, 1.14; 95% CI, é" N // \\\
0.82 to 1.59; P=0.422), suggesting pooled results were stable = /o N\
and robust. 5 / AN
. —~ 7/ \

Three studies [11, 26, 28] reported the effect of acute = ~ J/ ° N
infection of T. gondii on PD risk (Figure 3). There was no het- ki / o NS
erogeneity across studies (I 220.0%, P=0.490); a fixed-effects g / ° AN

. P o / \
model was used to synthesize data. Pooled results suggested 1 * N\
no association was observed between acute infection of T. / . \
gondii and PD risk (OR, 1.13; 95% CI, 0.30 to 4.35; P=0.855). T ; T T
-1 0 1 2
Log Odds Ratio

3.4. Publication Bias. Some asymmetry was observed from
funnel plot (Figure 4); however, both Begg’s rank correlation
test (Z=0.37, P=0.711) and Egger’s linear regression test
(t=1.09, P=0.316, Figure 5) showed that no publication bias
existed in included studies. And there was no change in the
results of pooled fixed-effects analysis corrected by using
“trim and fill” method.

4. Discussion

Characterized by motor dysfunction and nonmotor symp-
toms, PD is generally considered to be a multifactorial disease

F1GURE 4: Funnel plot with pseudo 95% CI.

intrigued by an interaction between genetic and environ-
mental factors [11]. From a pathophysiological perspective,
progressive deterioration of dopaminergic neurons, espe-
cially in the substantia nigra, gets involved in pathogenetic
changes of PD [4]. Since the central nervous system is the
most vulnerable site in individuals infected with T. gondii
[39], long-standing interest has been aroused in exploring
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FIGURE 5: Egger’s publication bias plot. The intercept of Egger’s
regression represented publication bias.

the association between exposure to T. gondii and central
nervous system diseases, including cryptogenic epilepsy [40],
migraine [41], Alzheimer's disease [42], and schizophrenia
[43]. Although the association between exposure to T. gondii
and PD risk was reported in several studies [11, 26-29, 37, 38],
the conclusions of these studies were conflicting.

Our meta-analysis systematically reviewed all existing
studies investigating the association between T. gondii infec-
tion and risk of PD, and seven case-controlled studies
involving 1086 subjects were included in the pooled analysis.
We found neither T. gondii latent infection (OR, 1.17; 95% CI,
0.86 to 1.58; P=0.314) nor acute infection (OR, 1.13; 95% ClI,
0.30 to 4.35; P=0.855) was associated with risk of PD.

To the best of our knowledge, this is the first meta-analysis
investigating the association between T. gondii infection and
PD risk. Eligible studies were selected by applying com-
prehensive and rigorous inclusion criteria. For each study,
NOS was applied to evaluate the quality of method, and
we found all identified studies were deemed to be of high
quality, except for one study [38]. To ensure stable results, we
also performed sensitivity analysis by combining data after
excluding low-quality studies, and no obvious difference was
found. Although the funnel plot showed some asymmetry,
publication bias test was not significant. Also, “trim and fill”
method was used to provide a comprehensive appraisal of the
potential effects of publication bias. Both sensitivity analysis
and statistical test of publication bias indicated our results
were robust and reliable.

T. gondii can cause excessive expression of cytokines and
chemokines as well as activation of astrocytes; these reactions
might facilitate proinflammatory responses [44]. Proinflam-
matory cytokines could be neuroprotective, but proinflam-
matory cytokines with long-term or sustained increase might
exert adverse effects on dopaminergic neurons [45]. Previous
studies [46, 47] reported a decreased tendency of inflamma-
tory responses was found in latent stage of T. gondii infection,
and degeneration of neurons did not commonly occur during
chronic infection. Despite dopaminergic neurons degenera-
tion and proinflammatory responses resulting from T. gondii,
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T. gondii can also produce tyrosine hydroxylase encoded
in two genes of its genome [25]. Generated by T. gondii
during the formation of the bradyzoites stage, this enzyme
can facilitate the rate-limiting step of dopamine biosynthesis
[48], whose deficiency was considered to be related with
PD. Based on the above pathophysiological mechanisms,
it was hypothesized that dopamine produced by T. gondii
might make some compensation for dopaminergic neurons
degeneration caused by T. gondii infection; thus the effects of
T. gondii infection on the onset of PD might be weakened for
the offset of these two forms of influence.

Several limits should be considered in the interpretation
of this review. First, our conclusions might be influenced
since subjects in different regions usually had different
genetic factors, environmental exposures, and lifestyles. Sec-
ond, all studies in this review were based on case-controlled
design; thus only association between exposure to T. gondii
and PD risk could be investigated, not causal relationship.
Third, potential language bias might exist in our review,
as eligible studies were restricted to literature in English
language. Fourth, subgroup analysis was not conducted due
to limited information.

5. Conclusions

This review does not suggest any association between T.
gondii infection and development of PD. The pathogenic
mechanisms of T. gondii in PD still remain incompletely
clear; further researches are required to figure out the
underlying mechanisms. Moreover, well-conducted and large
cohort studies are warranted to further investigate the causal
relationship between exposure to T. gondii and the devel-
opment of PD. Whether treatment of T. gondii infection
could effectively prevent or delay the progress of PD is
also suggested to be tested in long-term and high-quality
intervention studies.
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