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Abstract
Objectives: An emerging field of research is examining the association of infectious and environmental pathogens
with type 2 diabetes mellitus (T2DM). An understudied pathogen of interest is the protozoan parasite Toxoplasma
gondii (T. gondii). The objective of this study was to investigate the possible correlation between T. gondii infection
and T2DM. We conducted a systematic review and meta-analysis on the currently available T. gondii seroprevalence
data from case-control studies looking at subjects with T2DM in comparison to healthy controls to estimate the risk
of T2DM.
Methods: Ten electronic databases were searched using specific Medical Subject Headings terms without language
or date restrictions. Fixed and random effects models were used to determine odds ratios with statistical
significance being set at 5.0%.
Results: Ten publications reporting T. gondii seroprevalence from 4072 subjects met the eligibility criteria. Seven of
these studies reported a significant association between T. gondii infection and T2DM (p < 0.05). The overall
weighted prevalence of T. gondii infection in subjects with T2DM was 47.8% (range 6.4–65.1%) in comparison to
25.9% (range 3.2–59.0%) of healthy controls (p < 0.001). The common odds ratio, calculated using a random effects
model, was 2.32 (95% CI 1.66–3.24, p < 0.001).
Conclusions: T. gondii infection should continue to be regarded as a possible contributing factor in T2DM disease
development. Further studies that include inflammatory biomarker analysis are warranted to determine the specific
role of this parasite in the pathogenesis of T2DM.
Keywords: Toxoplasma gondii, Diabetes mellitus, Type 2, Prevalence, Public health, Meta-analysis, Systematic review

Background
Type 2 diabetes mellitus accounts for roughly 90% of all
diagnosed diabetes cases worldwide (American Diabetes
Association 2010). The disease is characterised by reduced insulin production and an inability of body tissues
to fully respond to insulin (insulin resistance) (American
Diabetes Association 2010; Prandota 2013). This is
caused by an ongoing deterioration of the insulin
secretory capacity of pancreatic β-cells that does not
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allow compensation for an increased peripheral insulin
demand (Donath et al. 2005). Worldwide, diabetes has
an estimated prevalence of 9% among adults aged 18
years and older, and the International Diabetes Federation estimates that 642 million people will be living
with diabetes by 2040, up from 425 million in 2017
(International Diabetes Federation 2017). This is mainly
due to the increase in the number of people with T2DM
as a result of the growing aged population, reduction in
physical activity (risk factor), bad dietary habits (risk factor), the obesity epidemic (risk factor), and the decreased
mortality rates in diabetics (International Diabetes Federation 2017; World Health Organization 2014). The
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majority of individuals with T2DM are obese, and obesity itself has been reported to cause some degree of insulin resistance (American Diabetes Association 2010). In
fact, the significant increase in the incidence and prevalence of diabetes over the last two decades can be largely
explained by the global epidemic of obesity (Eckel et al.
2011; World Health Organization 2016). However, there
may also be additional unidentified novel risk factors,
such as subclinical inflammation caused by infectious
agents, that contribute to this rising prevalence of
T2DM (Pradhan 2007). In this regard, an emerging field
of research is beginning to investigate the potential of
infectious and environmental pathogens to cause lowgrade inflammation that may facilitate the risk and development of various metabolic conditions, including
diabetes and obesity (Prandota 2013).
An understudied pathogen of potential interest in this
field is the protozoan parasite Toxoplasma gondii (T.
gondii). This obligate intracellular parasite infects approximately one third of the world’s population and is
considered one of the most successful human parasites
(Centers for Disease Control and Prevention 2015; Halonen and Weiss 2013). In fact, the Centers for Disease
Control (CDC) has considered T. gondii as one of the
top “Five Neglected Parasitic Infections” due to the severity of illness, high incidence, and potential for prevention (Centers for Disease Control and Prevention 2017).
Humans acquire T. gondii infection by the ingestion of
food, water, or soil contaminated by oocysts from the
definitive hosts, cats. Even though T. gondii is distributed worldwide and is considered to have the widest
host range of any parasite, only one species (gondii) exists in the genus Toxoplasma, with cats being the only
known definitive host in which sexual development takes
place (Dupey 2008).
While several studies have demonstrated a positive correlation between T. gondii infection and numerous neurological disorders and cancers (Prandota 2013; Cong et al.
2015; Henriques et al. 2009), T. gondii infection in individuals with T2DM has received little recognition. However,
this area has recently gained rapid attention with the majority of available data being produced from studies conducted within the last few years. The objective of the
current study was to estimate the risk of T2DM due to T.
gondii infection by conducting a systematic review and
meta-analysis of published studies examining the seroprevalence rates of T. gondii in subjects with T2DM in
comparison to those without T2DM.

Materials and methods
Strategy for literature search

To identify relevant published studies on the possible relationship between T. gondii infection and T2DM, our
group conducted a systematic literature review and meta-
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analysis on published literature with no language or date
restrictions (from inception until February 2019) from 10
electronic databases (Google Scholar, Science Direct,
Embase, PubMed, PLOS ONE, Web of Knowledge,
SciELO, MyAIS, Free Medical Journals, and Scopus). The
analysis was conducted according to the recommendations of the PRISMA Statement (Moher et al. 2009). The
Medical Subject Headings terms used in the search were
“Toxoplasma” OR “Toxoplasma gondii” OR “toxoplasmosis” OR “T. gondii” OR “TORCH” [Toxoplasmosis, Other
(syphilis, varicella-zoster, parvovirus B19), Rubella, Cytomegalovirus (CMV), and Herpes infections] combined
with (AND) “type 2 diabetes mellitus” OR “type 2 diabetes” OR “T2DM” OR “diabetes”.
Selection of studies

Potentially relevant articles were initially selected based
on title content followed by abstract content. The
retained articles were read in full and screened for eligibility using a checklist of inclusion-exclusion criteria. All
selected studies had to meet the following inclusion criteria: (i) cross-sectional observational studies using a
case-control design, (ii) T2DM must be the disease state
and T. gondii infection as the exposure, (iii) cases must
be subjects diagnosed with T2DM, (iv) participants of
the control group must be subjects without T2DM selected from the normal population, (v) sample sizes must
be suitably estimated, and (vi) diagnosis of T. gondii infection must be based on the following standard laboratory detection methods: serological examination of T.
gondii IgG and/or IgM antibodies, indirect fluorescent
antibody test (IFAT), immunohistochemical (IHC) staining, or molecular methods detecting T. gondii DNA;
where positive results were characterised by the presence
of IgG and/or IgM or a positive IFAT test or a positive
IHC stain or the detection of T. gondii DNA; and negative results were defined as a lack of IgG or IgM antibodies, a negative IFAT test, a negative IHC stain, or no
detection of T. gondii DNA. Likewise, studies were excluded if they were (i) animal studies, (ii) repeated studies, (iii) abstracts, and (iv) studies which only included
T2DM subjects without a control group. Any discrepancies with the final selection of studies were resolved by
discussion and consensus with another author.
Data collection and analysis

The following information was extracted from each
study: title, primary author, year of publication, location
of the study, aims, methods, results, characteristics of
the study population including collection criteria, numbers of case and control subjects, and diagnostic
methods used in the diagnosis of T2DM and detection
of T. gondii infection. Additionally, we also examined
the reference lists of full-text publications and text books
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to identify any additional studies not retrieved by the initial database search.
The meta-analysis was performed using MedCalc
(MedCalc Software, Korea) version 18.11.3. The common odds ratios (OR) and corresponding 95% confidence intervals (CI) were calculated for each individual
study, and used as the measure of association between
T2DM and T. gondii infection. Likewise, the ORs and respective 95% CIs were calculated for the overall (pooled)
estimates employing both random and fixed effect
models. Consequently, a forest plot summarising the
study statistics including the ORs and relative weights
(%, for both fixed and random effect models) was generated. The implication of the pooled ORs was determined
by the Z test. Heterogeneity among the studies was examined using the Cochrane Q and I2 tests. Publication
bias was assessed using the Egger’s regression test that is
illustrated by a funnel plot of standard error by log odds
ratio of the selected studies using the random effect
model. MedCalc uses the Mantel-Haenszel method
(Mantel and Haenszel 1959) for calculating the weighted
pooled odds ratio under the fixed effects model. The
heterogeneity statistic is incorporated to calculate the
summary odds ratio under the random effects model
(DerSimonian and Laird 1986).

Results
The results of the literature search are presented in Fig. 1.
From the 10 databases searched (Google Scholar, Science
Direct, Embase, PubMed, PLOS ONE, Web of Knowledge,
SciELO, MyAIS, Free Medical Journals, and Scopus), a
total of 1763 published papers were eligible under the predefined search terms. From these, 1440 were cited more
than once. Of the remaining 323 papers, 298 were eliminated as they were not epidemiological studies. The
remaining 25 papers were read as abstracts with 12 being
rejected due to being literature reviews or animal studies.
The residual 13 papers (Li et al. 2018; Khalili et al. 2018;
Han et al. 2018; Molan and Ismail 2017; AlvaradoEsquivela et al. 2017; Saheb 2017; Nihad and Hamad
2017; Hemida et al. 2017; Saki and Shafieenia 2016;
Modrek et al. 2015a; Siyadatpanah et al. 2013; Shirbazou
et al. 2013; Gokce et al. 2008), as summarised in Table 1,
were read in full and three studies (Han et al. 2018;
Hemida et al. 2017; Modrek et al. 2015a) were excluded as
they lacked a control group and hence did not meet the
inclusion criteria. The references of the review articles did
not add any new studies. Consequently, ten studies were
retained for the final analysis (Li et al. 2018; Khalili et al.
2018; Molan and Ismail 2017; Alvarado-Esquivela et al.
2017; Saheb 2017; Nihad and Hamad 2017; Saki and
Shafieenia 2016; Siyadatpanah et al. 2013; Shirbazou et al.
2013; Gokce et al. 2008) (Table 2).
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The majority of the studies were conducted in the last
5 years with a significant output of eight studies from
the Middle East (Iran, n = 4; Iraq, n = 3; and Turkey, n
= 1), followed by China and Brazil with one study each.
Six studies (Li et al. 2018; Khalili et al. 2018; Molan and
Ismail 2017; Alvarado-Esquivela et al. 2017; Saheb 2017;
Gokce et al. 2008) defined their diabetic case subjects
according to the type of diabetes while the remaining
four studies used the term “diabetic” (Table 1). Four
studies (Li et al. 2018; Nihad and Hamad 2017; Saki and
Shafieenia 2016; Siyadatpanah et al. 2013) recruited
cases and control subjects from hospitals while another
four studies (Khalili et al. 2018; Molan and Ismail 2017;
Alvarado-Esquivela et al. 2017; Saheb 2017) recruited
their cases and control subjects from clinics. The two residual studies did not specify the source of recruitment
of the cases and controls. With regard to case-control
matching for age and gender, only six studies (Li et al.
2018; Khalili et al. 2018; Alvarado-Esquivela et al. 2017;
Siyadatpanah et al. 2013; Shirbazou et al. 2013; Gokce
et al. 2008) performed this. All studies employed commercially available laboratory IgG techniques to determine T. gondii infection status of their case and control
subjects. In addition to the IgG technique, some studies
also utilised the following additional diagnostic methods
to further aid in the diagnosis of T. gondii infection status, as is often recommended (Pappas et al. 2009): commercial ELISA IgM (Li et al. 2018; Molan and Ismail
2017; Nihad and Hamad 2017; Saki and Shafieenia 2016;
Siyadatpanah et al. 2013; Gokce et al. 2008), IgM CLIA
(Khalili et al. 2018), IgM IFAT (Saki and Shafieenia
2016; Gokce et al. 2008), and IgM ELFA assays (Alvarado-Esquivela et al. 2017).
Table 2 summarizes the main findings of each individual study in addition to the ORs, respective 95% CIs,
and p values. Only one study (Gokce et al. 2008) recruited subjects from both adults and adolescents. The
total number of subjects in all included studies was
4072, of whom 60.6% (2467) had diabetes. The seroprevalence of T. gondii infection in diabetic patients
ranged from 6.4 to 65.1% in comparison to 3.2 to 59.0%
for healthy controls. The overall weighted prevalence of
T. gondii infection in diabetic subjects was 47.8% (n = 1,
180) in comparison to 25.9% (n = 416) in healthy controls. This difference was significant (p < 0.001). The
seroprevalence of T. gondii is therefore higher in subjects with T2DM than health controls. Hence, all except
three studies (Khalili et al. 2018; Alvarado-Esquivela
et al. 2017; Siyadatpanah et al. 2013) reported a significant relationship between T. gondii infection and T2DM
(p < 0.05). The pooled ORs of all included studies
ranged from 1.08 (95% CI 0.69–1.70) to 4.52 (95% CI
3.26–6.28) with six of these results being significant (p <
0.05). A forest plot of the individual study and pooled
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Fig. 1 Flowchart summarizing the search strategy for epidemiological studies examining the relationship between T2DM and T. gondii infection

ORs is presented in Fig. 2. The common fixed effects
model OR was calculated at 2.57 (95% CI 2.22–2.99, p <
0.001). However, due to the significant heterogeneity (Q
= 38.566, p < 0.0001, I2 = 76.66%, Table 3), the common
OR was estimated using a random effects model (2.32,
95% CI 1.66–3.24, p < 0.001). Accordingly, subjects with
T. gondii infection exposure have a 2.3-fold higher risk
of having diabetes when compared to unexposed subjects. Publication bias was not evident among the included studies, as displayed in the relative symmetry of
the funnel plot (Fig. 3). However, due to the relatively
low number of included studies, further tests for funnel

plot asymmetry were not conducted as the test power
will be too low to differentiate real asymmetry from
coincidence.

Discussion
Our group performed a systematic review and metaanalysis of the available literature to evaluate the relationship between T. gondii infection and T2DM. Ten different
databases were searched without date and language restrictions making the literature search comprehensive with minimal publication bias. However, it is possible that our
search may have missed studies available exclusively in
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Table 1 Description of studies identified as relevant in the systematic literature search looking for an association between T. gondii
and diabetes mellitus
Reference

Year
Country Diabetes Study Source 1
published
type

Definition

Li et al. (Li et al. 2018)

2018

China

T1 +
2DM

CC

Hospital

Unspecified Hospital

Yes

IgG/IgM ELISA (Demeditec
Diagnostics, Germany)

Khalili et al. (Khalili et al.
2018)

2018

Iran

T1 +
2DM

CC

Clinics

Unspecified Clinics

Yes

IgG/IgM CLIA (Disorin,
Italy)

Han et al. (Han et al. 2018)

2018

China

T2DM

Case

Hospital

Yes

N/A

IgG ELISA (Haitai Biological
Pharmaceuticals, China)

Molan & Ismail (Molan and
Ismail 2017)

2017

Iraq

T1 +
2DM

CC

Clinics

Unspecified Clinics

No

IgG/IgM ELISA (ACON
Labs, USA)

Alvarado-Esquivel et al.
(Alvarado-Esquivela et al.
2017)

2017

Brazil

T1 +
2DM

CC

Clinics

Unspecified Clinics

Yes

IgG ELIFA & VIDAS ELFA
IgM (BioMerieux, France)

Saheb (Saheb 2017)

2017

Iraq

T2DM

CC

Clinics

Unspecified Clinics

No

IgG ELISA (BioCheck Inc.,
USA)

Nihad & Hamad (Nihad and
Hamad 2017)

2017

Iraq

Diabetic CC

Hospital

Unspecified Hospital

No

IgG/IgM ELISA (BioCheck
Inc., USA)

Hemida et al. (Hemida et al.
2017)

2017

Egypt

T1 +
2DM

Hospital

Unspecified N/A

N/A

IgG/IgM ELISA (Calbiotech
Inc., USA)

Saki et al. (Saki and
Shafieenia 2016)

2016

Iran

Diabetic CC

Hospital

Unspecified Hospital

No

IgG/IgM ELISA (Trinity
Biotech, USA) & IFAT kit

Modrek et al. (Modrek et al.
2015a)

2015

Iran

Diabetic Case

Hospital

Unspecified N/A

N/A

IgG/IgM (DRG instrument
GmbH, Germany)

Siyadatpanah et al.
(Siyadatpanah et al. 2013)

2013

Iran

Diabetic CC

Hospital

Unspecified Hospital

Yes

IgG/IgM ELISA (VIRO,
Germany)

Shirbazou et al. (Shirbazou
et al. 2013)

2013

Iran

Diabetic CC

Unspecified Unspecified Unspecified Yes

IgG ELISA (Pishtaz Teb
Zaman Diagnostics, Iran)

Gokce et al. (Gokce et al.
2008)

2008

Turkey

T2DM

Unspecified ADA

IgG/IgM ELISA and IFAT
(Euroimmun)

Case

CC

Source 2

N/A

Matching* Measure of exposure

Unspecified Yes

*Matching is by age and gender alone; source 1, source of diabetes mellitus cases; source 2, source of non-type 2 diabetes mellitus controls; definition, definition
of diabetes mellitus cases. Highlight signifies the studies retained for the meta-analysis (Table 2)
CC case-control, IgG immunoglobulin G, IgM immunoglobulin M, ELISA enzyme-linked immunosorbent assay, CLIA chemiluminescence immunoassay, ELIFA
enzyme-linked immunofiltration assay, ELFA enzyme-linked fluorescent assay, IFAT immunofluorescence antibody test

Table 2 Description of data extracted from the retained studies included in the meta-analysis searching for an association between
T. gondii and diabetes mellitus
Reference

n

Age

Li et al. (Li et al. 2018)

800

Khalili et al. (Khalili et al. 2018)
Molan & Ismail (Molan and Ismail 2017)

DM+
(n)

CTRL DM & TG+,
− (n) n (%)

CTRL &
TG+, n (%)

OR (95% CI)

p value Weight (%)

Adults 400

400

94 (23.5%)

47 (11.8%)

2.31 (1.57–3.38) < 0.001 15.82

11.95

200

Adults 100

100

63 (63.0%)

59 (59.0%)

1.18 (0.67–2.09) 0.562

10.05

584

Adults 381

203

248 (65.1%)

68 (33.4%)

3.70 (2.58–5.30) < 0.001 17.87

12.17

Fixed Random
7.14

Alvarado-Esquivel et al.

312

Adults 156

156

10 (6.4%)

5 (3.2%)

2.07 (0.69–6.20) 0.18

1.92

5.62

Saheb (Saheb 2017)

270

Adults 172

98

96 (55.8%)

38 (38.8%)

1.99 (1.20–3.31) 0.007

9.04

10.70

Nihad & Hamad (Nihad and Hamad 2017)

145

Adults 100

45

31 (31.0%)

5 (11.1%)

3.59 (1.29–9.99) 0.010

2.21

6.11

Saki et al. (Saki and Shafieenia 2016)

220

Adults 110

110

47 (42.7%)

24 (21.8%)

2.67 (1.48–4.82) 0.001

6.65

9.84

Siyadatpanah et al. (Siyadatpanah et al. 2013) 300

Adults 150

150

79 (52.7%)

76 (50.6%)

1.08 (0.69–1.70) 0.729

11.26

11.24

Shirbazou et al. (Shirbazou et al. 2013)

184

Adults 91

93

55 (60.4%)

38 (40.9%)

2.21 (1.23–3.99) 0.008

6.65

9.84

457 (56.6%)

56 (22.4%)

4.52 (3.26–6.28) < 0.001 21.44

Gokce et al. (Gokce et al. 2008)

1057 15-88

807

250

Total (fixed)

4072 –

2467

1605 1180 (47.8%) 416 (25.9%) 2.57 (2.22–2.99) < 0.001 100% 100%

12.46

Total (random)

4072 –

2467

1605 1180 (47.8%) 416 (25.9%) 2.32 (1.66–3.24) < 0.001 100% 100%

n, number of subjects; age is recorded in years; CI, confidence interval; DM+, subjects with diabetes mellitus; DM−, subjects without diagnosed diabetes mellitus;
DM & TG+, subjects with diabetes mellitus and T. gondii infection; non-DM & TG+, subjects without diabetes mellitus and T. gondii infection; OR, odds ratio.
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Fig. 2 Forest plot of odds ratios for individual studies describing epidemiological correlations between T. gondii infection and diabetes mellitus

other languages. One of the most striking findings to come
out of this meta-analysis is that little human data exists on
the relationship between T. gondii and T2DM despite the
fact that T. gondii infects approximately one third of the
world’s population (Centers for Disease Control and Prevention 2015; Halonen and Weiss 2013). Seven (Li et al.
2018; Molan and Ismail 2017; Saheb 2017; Nihad and
Hamad 2017; Saki and Shafieenia 2016; Shirbazou et al.
2013; Gokce et al. 2008) of the 10 studies found that subjects with T2DM had significantly higher (p < 0.05) prevalence rates of T. gondii when compared to healthy controls,
therefore concluding that a significant relationship exists
between T. gondii infection and T2DM. The remaining
three studies (Khalili et al. 2018; Alvarado-Esquivela et al.
2017; Siyadatpanah et al. 2013) did not find a statistically
significant difference in prevalence of the parasite in diabetic and non-diabetic individuals. The degree of risk in the
present analysis, estimated using the random effect model
(OR, 2.32; 95% CI 1.66–3.24; p < 0.001), matches previously
published meta-analyses conducted by Majidiani et al. (OR,
2.39; 95% CI 1.20–4.75; p = 0.013) (Majidiani et al. 2016)
and our group (OR, 2.34; 95% CI 1.17–4.64; p = 0.016)
(Molan et al. 2018). While our inclusion/exclusion criteria
were more stringent than the Majidiani et al. meta-analysis,
both previous reviews only included the four available studies
at that time (Saki and Shafieenia 2016; Siyadatpanah et al.
2013; Shirbazou et al. 2013; Gokce et al. 2008). Our results
therefore demonstrate that T. gondii infection is associated
with a 2.3-fold increased risk of T2DM in comparison to

unexposed subjects. This warrants further research to determine whether T. gondii increases the risk of developing
T2DM and possible mechanisms underlying this association.
None of the studies found during our search were from
Europe, USA, Asia Pacific, and Africa. In addition, most of
Asia, the Middle East, and South America also remains
unaddressed albeit four papers from Iran, three from Iraq,
one from Turkey, one from China, and one from Brazil.
The majority of the studies selected for analysis in the
present study had moderate adult sample sizes with the
exception of Gokce et al. (Gokce et al. 2008), Li et al (Li
et al. 2018), and Molan et al. (Molan and Ismail 2017)
who had 1057 age- and gender-matched subjects aged
18–55 years, 800 age- and gender-matched adults, and
584 unmatched adults, respectively. All studies shared
common fundamental limitations which also may account
for the large observed heterogeneity in the present study.
Firstly, there is a lack of standardisation with regard to the
criteria used to define various parameters, especially the
diagnosis of T2DM (methodical heterogeneity). This includes defining inclusion and exclusion criteria consistent
with the latest definitions of diabetes by the WHO. Secondly, there is no mention of having excluded individuals
with psychiatric conditions, including personality disorders, from these studies (clinical heterogeneity). This feature is important because an association between positive
T. gondii serology and various forms of serious mental illness has been previously reported (Halonen and Weiss
2013; Del Grande et al. 2017). Thirdly, the studies were

Table 3 Calculated data extracted from the included studies to assess heterogeneity in the meta-analysis searching for an
association between T. gondii and diabetes mellitus using both fixed and random effect models
Model

Test of null (two-tail)

Heterogeneity

Number of studies

Effect size and 95% interval
Point estimate

Lower limit

Upper limit

Z value

p value

Q value

df (Q)

p value

I2 (%, 95% CI)

Fixed

10

2.57

2.22

2.99

12.40

< 0.001

38.566

9

< 0.0001

76.66 (56.96–87.35)

Random

10

2.32

1.66

3.24

4.92

< 0.001

−

−

−

−
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Fig. 3 Funnel plot of standard error by log odds ratio of the selected studies using the random effects model estimated by the Egger’s
regression test

not comparable in their methods of measuring T. gondii
exposure, a fundamental factor that also increases methodical heterogeneity.
The role of T. gondii in the pathogenesis of T2DM remains unknown. One possible mechanism could be the
inflammatory-mediated destruction of pancreatic β cells
which leads to the reduction in β cell mass that ultimately
contributes to the failure of the β cell to produce enough
insulin. This in turn would increase the risk of developing
acute and chronic pancreatitis as well as diabetes (Donath
et al. 2005; Butler et al. 2013). Additionally, it is known
that T2DM is linked with an increased risk of developing
acute pancreatitis (Gonzalez-Perez et al. 2010) and that T.
gondii infection can cause pancreatic tissue necrosis
(Waree 2008). Accordingly, individuals infected with T.
gondii may be at increased risk of developing diabetes
than uninfected individuals. Certainly, insulin has been
shown to have a stimulatory effect on the in vitro
replication of T. gondii (Oz 2014). Moreover, insulin and
D-glucose have been shown to have a synergistic doseresponsive stimulating effect on the replication of T.
gondii tachyzoites in vitro (Hassanain et al. 2014). Animal
studies have also shown positive correlations between
both the T. gondii parasite load and IgM antibody titre,
and blood glucose levels in diabetic rats infected with T.
gondii monitored at 15-day intervals for 60/105 days’ post
diabetes/T. gondii infection (Modrek et al. 2015b). During
this period, Modrek et al. (Modrek et al. 2015b) observed
a significant increase in blood glucose levels in T. gondii
infected diabetic group when compared to the uninfecteddiabetic group. In addition, the elevated brain parasite
load and IgM titre corresponded to the elevated glucose
levels in infected diabetic group which led to the view that
T. gondii infection can increase the risk of developing diabetes (Modrek et al. 2015b).

Furthermore, T. gondii infection may be associated
with obesity due to the ability of the organism to alter
inflammatory fat distribution as it resides in fatty tissues
(Carter 2013). Obesity has been previously referred to as
“a state of chronic inflammation” (Carter 2013), and it is
therefore plausible that T. gondii could be involved in
the obesity-T2DM paradigm. Excessive gestational
weight gain was reported from two experiments conducted during pregnancy in T. gondii-infected woman
compared with unaffected pregnant woman (Kankova
et al. 2010; Flegr 2013). In addition, Reeves et al. (Reeves
et al. 2013) reported a positive association between T.
gondii seropositivity and obesity from a sample of 999
human adults. Their results showed that individuals with
a positive T. gondii serology had twice the odds of being
obese (BMI > 30 kg/m2) when compared to seronegative
individuals (p = 0.01). Infection with T. gondii may also
act as a stimulus for motivational- and reward-driven
behaviours (over-eating for example) via altered dopamine pathways. Animal models have shown that both
dopamine release and availability of the rate-limiting enzyme in dopamine synthesis are influenced by T. gondii
and that dopamine antagonists can block behaviour
changes in rats infected with T. gondii (Prandovszky
et al. 2011). Thus, the behavioural changes in the host
which may be induced by T. gondii, may be driven by
survival needs which ultimately could have inadvertent
effects on eating patterns that promote obesity (Reeves
et al. 2013). Accordingly, the association between T. gondii infection, T2DM, and obesity is very significant and
could alter the current views on T2DM management.
Lastly, it has been argued that the simple explanation
for the relationship between T. gondii and T2DM may
be that diabetic patients have an increased susceptibility
to parasitic infections due the possibility of a suppressed
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immune system, decreased arterial perfusion, and neuropathy (Bessman and Sapico 1992; Nazligulm et al.
2001). However, there is evidence to suggest otherwise.
A study looking at parasitic infections in 200 diabetic
(type 1, n = 16; type 2, n = 184) and 1024 nondiabetic
individuals did not find a significant difference in the incidence of intestinal parasites between the T2DM and
control groups (47% and 56%, respectively) (Nazligulm
et al. 2001).
If the serological and inflammatory associations between
T. gondii and T2DM are further replicated, it will warrant
the need for further research to clarify whether T. gondii
increases the risk of developing T2DM, and mechanisms
that drive this relationship, if any. Current reports are limited to association studies and could not determine if
there is a causal relationship between T. gondii and
T2DM or obesity, including possible reverse causality (i.e.
T2DM prompting the risk of T. gondii infection) or shared
causality (i.e. common factor causing both T2DM and T.
gondii infection). In addition, studies measuring only T.
gondii IgG and IgM seropositivity cannot shed any light
on the possible inflammatory association between T2DM
and T. gondii infection. Therefore, future studies specifically designed to investigate the role of T. gondii in T2DM
using inflammation as the main outcome are urgently
needed in order to provide a more robust link between T.
gondii infection and T2DM. To this extent, studies examining selected inflammatory biomarkers that are altered in
the serum during, and in the absence of chronic T. gondii
infection in subjects with T2DM vs. non-T2DM healthy
controls will be highly valuable.

Conclusions
In light of the above reports, there is laboratory evidence
to support the notion of an association between T. gondii infection and T2DM. If T. gondii is found to be involved in the inflammation process leading to T2DM,
routine screening for T. gondii infection in individuals
with T2DM would add to the risk prediction for diabetes
to target individuals for early aggressive intervention. In
future, focusing on T. gondii and reducing its risk factors
could be used as an Achilles heel to reduce inflammation leading to a reduction in insulin resistance and an
improvement in glucose tolerance in diabetic
individuals.
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