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Summary A potential association between type 1 diabetes mellitus and subsequent epilepsy emerged
in recent studies. This study aimed to evaluate the possible relationship between type 1
diabetes mellitus and epilepsy using meta-analysis. Pubmed, ISI Web of Knowledge, Embase
and Cochrane Library were searched for potential studies of the association between type
1 diabetes mellitus and epilepsy from inception to February 1, 2017. Two investigators
independently screened studies for inclusion and extracted related data; discrepancies were
solved by consensus. Random effects model of Hazard Ratio (HR) was used to estimate the
strength of association. We identified 13 papers from potentially relevant articles of which
3 cohort studies met the inclusion criteria. Random effects meta-analysis showed that type
1 diabetes mellitus was associated with an increased risk of epilepsy with HR = 3.29 (95%
CI: 2.61-4.14; I* = 0, p = 0.689). Similar results were observed in type 1 diabetes mellitus
patents younger than 18-years-old with HR = 2.96 (95% CI: 2.28-3.84; I = 0, p = 0.571).
Meta-analysis of 2 studies that adjusted for potential confounders yielded an increased risk
of epilepsy with HR = 2.89 (95% CI: 2.26-3.70; I = 0, p = 0.831). The meta-analysis indicates
that type 1 diabetes mellitus is associated with a statistically significant increased risk for
epilepsy compared to those without type 1 diabetes mellitus.
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1. Introduction

Typel diabetes mellitus (T1DM) was characterized by
destruction of pancreatic beta cells in the pancreatic
islets and required lifelong dependence on exogenous
insulin (/). In recent years, the incidence of TIDM
has increased in children younger than 5 years and
adolescents (2). Patients with TIDM were at an
increased risk of suffering several severe health issues
and mortality (3). Epilepsy was the most frequent
serious neurological disorder. It was reported that the
estimated prevalence of active epilepsy ranged from
0.2% to 4.1% (4). Varied causes of epilepsy were
commonly reported, such as metabolic disturbances,
structural, autoimmunity or genetic causes; however,
the potential causes of epilepsies were still unclear (3).
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There was increased interest in a potential possible
association between epilepsy and TIDM. However,
the reported results were still inconsistent. Chou et al.
found a positive association between type 1 diabetes
mellitus and epilepsy with an HR of 2.84 (6), Dafoulas
et al. established a positive association with an HR of
3.01 (/). Ramakrishnan ef al. even found an almost six-
fold increase in epilepsy in UK children with TIDM
(7), whereas, some authors failed to confirm these
associations (8,9). Thus, we conducted a meta-analysis
to accurately evaluate the relationship between type 1
diabetes mellitus and risk for epilepsy.

2. Materials and Methods
2.1. Search strategy

We performed a systematic literature search of Pubmed,
Embase, ISI Web of Knowledge and Cochrane Library
from inception to February 1, 2017, for human studies
of type 1 diabetes mellitus and epilepsy without a
language restriction. The overall search strategy
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referred to medical subject heading terms and/or text
words: seizures or epilepsy and type 1 diabetes mellitus
or TIDM. The references list of all included studies
was also manually reviewed for potential studies.
Abstracts and citations were screened independently by
two investigators, and all included articles had a further
screen for full-text reports.

2.2. Inclusion and exclusion criteria

A study was included in the meta-analysis if it met the
following criteria: i) studies for type 1 diabetes mellitus;
ii) the study evaluated the association between type 1
diabetes mellitus and subsequent epilepsy risk; iif) one
of the outcomes contains epilepsy; and iv) study must
contain a reference group. Editorials, letters, systematic
reviews, comments or reports lacking sufficient data
were excluded. If the works were shared or duplicated
in more than one study, the most recent publication
was included. All identified papers were independently
reviewed by two authors.

2.3. Data extraction

Two investigators independently extracted the following
data from each study: First author, year of publication,
country, study type, matching conditions, crude HR,
adjusted HR, Incidence rate, follow-up period and TIDM
age. Disagreements were resolved by detailed discussion,
consensus and arbitration by the third author.

2.4. Statistical analysis

All statistical analyses were carried out with Stata
version 11.0 software (StataCorp, College Station,TX).
Hazard ratio (HR) with 95% confidence interval (Cls)
was used to estimate the effect sizes. I was used to
describe the statistical heterogeneity among studies. I’
> 50% was considered to show severe heterogeneity. A
random-effect model was used if p > 0.05 and I < 50%,
otherwise, a fixed-effect model was selected. We used
Begg's test (rank correlation method) (/0) to evaluate
possible publication bias and a p value of < 0.1 was
considered as significant statistical publication bias.

3. Results
3.1. Characteristics of the subjects in the included studies

Detailed studies retrieval procedures are summarized in
Figure 1. A total of 487 references were preliminarily
identified according to the search strategy. 284 records
remained after excluding 203 duplicate articles. We
screened titles and abstracts of all identified papers
and 171 clearly irrelevant records were excluded. After
reviewing the remaining articles in more detail, 10 of
the full-text articles were excluded for 3 reviews, 3 for
insufficient data, 2 without control group and 2 letters.
Finally, 3 cohort studies were eventually included in the
study. Characteristics of 3 eligible studies are shown in
Table 1.

487 potential records identified through related database searching

A 4

‘ 284 papers screened ’

A

:{ 203 duplicates records removed

171 papers excluded after reading abstract

-

‘ 13 papers further assessed ’

v

10 papers excluded with reasons
3 reviews
3 no available data for further analysis
2 no control group
2 letters

[ 3 studies included in quantitative synthesis (meta-analysis)

Figure 1. Flow chart of study selection process in the meta-analysis.
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Table 1. Characteristics of 3 eligible studies in the meta-analysis

Incidence rate (per 100,000 person-years), n

T1DM age

Follow-up

Crude

Adjustment

Matched

Country

Year

Author

T1DM cohort

Comparision cohort

12 years  aged < 18 years

3.37

1.04

HR 3.26[95% CI]:(2.43, 4.37)

HR 2.84 [95% CI 2.11-3.83]

sex, urbanisation of residence area and index
year with ten patients without type 1 diabetes

China

2016

Chou C

mean of <40 years
(< 18 years)

132/150
(< 18 years)

44/45
(< 18 years)

HR 3.02[95% CI]:(1.95, 4.69)/

HR 3.01[95% C11.93-4.68])/

type 1 diabetes mellitus, based on age, sex and HR 3.40[95% CI]: (1.97, 5.88)

matched with up to four individuals without
participating general practice

UK

2016

George E

5.4 years

HR 3.44[95% CI]:1.99-5.96

(< 18 years)

(< 18 years)

13 years 15-30 years

518 15-to 30-
year-olds13with IGE

150,000 subjects
15- to 30-year-olds

HR 4.4[95% CI]:(2.1-9.2)

age-matched patients with idiopathic generalized
epilepsies (IGEs)

UK

2006

McCorry D

3.2. Meta-analysis results

As shown in Figure 2, the pooled results indicated
that type 1 diabetes mellitus was associated with a
statistically significant increased risk for epilepsy
compared to those without type 1 diabetes mellitus.
Random effects meta-analysis showed that TIDM was
associated with an increased risk of epilepsy without
noticeable heterogeneity with HR = 3.29 (95% CI: 2.61-
414;: 7 =0, p = 0.689). Similar results were observed
in type 1 diabetes mellitus patients younger than 18-
year-old age with HR = 2.96 (95% CI: 2.28-3.84; I’ =
0, p =0.571) (Figure 3). Meta-analysis of 2 studies that
adjusted for potential confounders yielded an increased
risk of epilepsy with HR = 2.89 (95% CI: 2.26-3.70; I’
=0, p=0.831) (Figure 4).

3.3. Publication bias

To evaluate potential bias across studies, Begg's test
with funnel plot asymmetry was used to identify small
study effects of the association between T1DM and
the risk of epilepsy. The funnel plot shown in Figure
5 was symmetrical, which indicated a low potential
publication bias (p = 0.526).

4. Discussion

To our knowledge, this is the first meta-analysis that
evaluated the possible effect of type 1 diabetes mellitus
on subsequent epilepsy using the results of previous
published studies. In this study, we found that type 1
diabetes mellitus was significantly associated with an
increased risk for epilepsy compared to those without
type 1 diabetes mellitus.

In recent years, there has been increasing support
for the potential association between TIDM and the
risk of epilepsy, although the exact mechanisms of the
association remain unclear. This comorbid association
was not isolated (/7). Several hypotheses concerning the
potential possible pathophysiology of the comorbidity,
including genetic factors, immune abnormalities, brain
lesions and metabolic abnormalities have been proposed
by some researchers (5,72). Previously study found
that glutamic acid decarboxylase antibodies (GAD-
Abs) were a significant marker in TIDM patients. It
was reported that GAD-Abs have been associated with
T1DM and epilepsy (/3). GAD-Abs were observed in
about 60% to 70% of diabetes mellitus patients at the
time of disease onset. Caietta ef al. studied 10 TIDM
children complicated with epilepsy and GAD-Abs was
detected in most cases (/4). The inactivation of gamma-
amino butyric acid (GABA) receptors can also result
in epilepsy (/5). Owing to the central GABA increase
in metabolism induced by hyperglycemia, GABA
expression and epilepsy threshold were suppressed,
thus facilitating the occurrence of seizures. Previous
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Figure 2. Pooled Hazard Ratio (HR) for the association between T1DM and epilepsy in 3 cohort studies.
Study %
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Figure 3. Pooled Hazard Ratio (HR) for the association between T1DM and epilepsy in patients younger than 18-years-old.
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Figure 4. Pooled Hazard Ratio (HR) for the association between T1DM and epilepsy in patents adjusted for potential
confounders.
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Begg's funnel plot with pseudo 95% confidence limits
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Figure S. Funnel plot of studies evaluating the association
between T1DM and epilepsy. Begg's regression asymmetry
test (p = 0.526).

reports have found that approximately 15% of the
diabetic patients complicated with seizures also suffered
local brain damage under head computed tomography
scanning. Seizures may be the result of TIDM patients’
cerebrovascular complications that were commonly
associated with varied types of brain damage (6). A
possible relationship between cerebral infarction caused
by diabetes mellitus and partial epilepsy has been
also noted by Schomer et al. (16). Diabetes mellitus
can result in pathological capillary changes, leading
to neurological complications, such as epilepsy (5).
The frequency that hypoglycemia occurred in diabetes
mellitus was closely connected with the frequency of
seizures (/7). Seizures would gradually disappear when
metabolic factors, such as hypoglycemia were removed.
A case report found that transient hypoglycemia was
caused by insulin administration and later presented
with a focal seizure (/8). The above indicated that
metabolic disorders result from diabetes mellitus
were closely related to epilepsy risk. Most diabetic
mellitus patients complicated with seizures presented
neither evident metabolic abnormalities nor serious
brain damage, according to CT and MRI scanning,
which indicated that there were perhaps some potential
unknown pathogenesis that resulted in seizures.
Previous study found that IER3IP1 mutations were the
key factors, which account for the pathogenesis of early
onset diabetes mellitus and infantile epilepsy. Gene
mutation might act as a vital role in the pathogenesis of
diabetic infantile epilepsy.

In addition, in this study, we found that T1DM
patients younger than 18-years-old were also associated
with an increased risk of developing epilepsy. Previous
studies have demonstrated that young age, early onset
and hypoglycemia can result in electroencephalographic
abnormalities (/9). The study revealed that patients
who suffered electroencephalographic abnormalities
were younger and had an earlier onset of diabetes
(6). However, our meta-analysis also has limitations.
However, even though we performed a systematic
literature search only three studies were included.

Besides, some negative studies failed to provide specific
data for further analysis, which perhaps resulted in
potential publication bias. Second, because of only
three studies included, study quality assessment was not
performed.

In conclusion, our meta-analysis indicated that
patients with type 1 diabetes mellitus were associated
with a higher incidence of increased risk for epilepsy
compared to those without type 1 diabetes mellitus. The
associations remained unchanged even when adjusted
for potential confounders and in TIDM patients
younger than 18-years-old. The specific mechanisms of
the link between type 1 diabetes mellitus and epilepsy
remained unclear. The causative factors require further
investigation in future studies with a larger sample size.
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