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Abstract
Aims/hypothesis Type 1 diabetes mellitus is a major public
health problem of increasing global concern, with potential neu-
rological complications. A possible association exists between
type 1 diabetes and subsequent epilepsy. This study evaluated
the relationship between type 1 diabetes and epilepsy in Taiwan.
Methods Claims data from the Taiwan National Health
Insurance Research Database were used to conduct retrospec-
tive cohort analyses. The study cohort contained 2568 patients
with type 1 diabetes, each of whom was frequency-matched
by sex, urbanisation of residence area and index year with ten
patients without type 1 diabetes. Cox proportional hazard re-
gression analysis was conducted to estimate the effects of type
1 diabetes on epilepsy risk.
Results In patients with type 1 diabetes, the risk of developing
epilepsy was significantly higher than that in patients without
type 1 diabetes (p<0.0001 for logrank test). After adjustment
for potential confounders, the type 1 diabetes cohort was 2.84
times as likely to develop epilepsy than the control cohort was
(HR 2.84 [95% CI 2.11, 3.83]).

Conclusions/interpretation Patients with type 1 diabetes are at
an increased risk of developing epilepsy. Metabolic abnormali-
ties of type 1 diabetes, such as hyperglycaemia and
hypoglycaemia, may have a damaging effect on the central ner-
vous system and be associated with significant long-term neu-
rological sequelae. The causative factors between type 1 diabetes
and the increased risk of epilepsy require further investigation.
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Introduction

Type 1 diabetes mellitus is one of the most common autoim-
mune disorders in children, with a 3% annual increase in the
global incidence rate since the 1980s [1–3]. In recent decades,
the incidence of type 1 diabetes has increased in children and
adolescents, particularly those aged younger than 5 years [4].
Patients with diabetes are at increased risk of severe health
problems and mortality [5, 6].

Epilepsy is a common serious neurological condition that is
characterised by a predisposition to epileptic seizures and that
has significant effects on the social and behavioural
development of children [7, 8]. The causes of epilepsy can
be broadly categorised as structural abnormalities, metabolic
disturbances and genetic factors. However, these causes
account for only 25–45% of all cases, and there is no clear
underlying cause in the remaining population, thus
representing forms of idiopathic epilepsy [9].

Recent studies have found that type 1 diabetes could be a
risk factor for the development of epilepsy in children, though
the exact underlyingmechanisms remain unknown.Metabolic
abnormalities of diabetes, such as hyperglycaemia and
hypoglycaemia, may have a damaging effect on the central
nervous system [10], thereby leading to seizure. Specific au-
toimmune causes typically associated with autoantibodies
have been increasingly identified in a subset of previously
idiopathic seizure disorders [11–17].

According to our review of the literature, data on long-
term neurological outcomes in children with type 1 diabetes
are limited. Few studies have epidemiologically analysed
the association between type 1 diabetes and epilepsy.
McCorry et al found a significant surplus of type 1 diabetes
in an idiopathic generalised epilepsy cohort, with an OR of
4.4 [18]. However, O’Connell et al could not confirm these
results; after examining the type of epilepsy and prevalence
in children and adolescents with type 1 diabetes, they found
no difference compared with those in the general paediatric
population [19].

In the current study, we used population-based data from
the Taiwan National Health Insurance Research Database
(NHIRD) to test the hypothesis that type 1 diabetes increases
the risk of epilepsy.

Methods

Data source This study used the NHIRD to construct the
study population. The NHIRD contains all claims data from
the Taiwan National Health Insurance (NHI) programme, a
compulsory and universal single-payer health insurance
programme into which 13 health insurance programmes have
been incorporated since 1995. The coverage rate of the NHI
reached 99% of the 23 million residents of Taiwan in 1998.

The NHIRD is renewed annually and includes registries for
beneficiaries, disease diagnosis records, medical prescriptions
and other medical services. To ensure privacy, the original
identification numbers of insurants are replaced with
anonymous surrogate identification codes. This study was
deemed to fulfil the conditions for exemption of review by
the Institutional Review Board (IRB) of China Medical
University (CMUH104-REC2-115). The IRB also waived
the consent requirement.

In the NHIRD, all disease diagnosis records are listed ac-
cording to the ICD-9, clinical modification (ICD-9-CM;www.
icd9data.com/2007/Volume1). The history of type 1 diabetes
was collected from the catastrophic illness registry. The
epilepsy diagnosis and comorbidity history of each study
patient was collected from inpatient and outpatient files.

Study population To investigate the association between the
risk of epilepsy and type 1 diabetes, we conducted a retrospec-
tive population-based cohort study. The type 1 diabetes cohort
comprised patients aged ≤18 years who were diagnosed be-
tween 1 January 2000 and 31 December 2009 as having new-
onset type 1 diabetes according to the ADA diagnostic criteria
(ICD-9-CM 250.01, 250.11, 250.13, 250.21, 250.23, 250.31,
250.33, 250.41, 250.43, 250.51, 250.53, 250.61, 250.63,
250.71, 250.73, 250.81, 250.83, 250.91 and 250.93;
Table 1) [20, 21]. The index date for the type 1 diabetes pa-
tients was the initial date of type 1 diabetes diagnosis. The
controls were patients without type 1 diabetes diagnosis in
the NHIRD and were frequency-matched with the type 1 dia-
betes patients by sex and urbanisation at a 10:1 ratio. For their
index dates, the comparison patients were randomly assigned
a month and date with the same index year as that of the
matched cases. The major outcome of the study was epilepsy
occurrence (ICD-9-CM345). Follow-up was terminated when
the patient withdrew from the NHI programme, when epilepsy
occurred, or on 31 December 2011.

Comorbidities considered confounders were prior epilepsy,
head injury (ICD-9-CM 850-854 and 959.01), intellectual
disabilities (ICD-9-CM 317-319) and low birthweight
(LBW, ICD-9-CM 765). Urbanisation was classified into four
levels. Level 1 indicated the highest urbanisation level,
whereas level 4+ represented the lowest level. Urbanisation
level was determined according to indices including
population density (people/km2) and the population ratios of
different educational levels, elderly people and agricultural
workers, as well as the number of physicians per 100 000
people [22]. Urbanisation was recategorised as urban
(urbanisation levels 1 and 2) and rural (urbanisation levels 3
and 4+).

We also considered hypoglycaemia status. A patient
was deemed to have hypoglycaemia if an in-hospital
diagnosis (ICD-9-CM 251.0-251.2 and 775.6) occurred
during follow-up.
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Statistical analysis To present the relationship between the
type 1 diabetes cohort and comparison cohort, age was present-
ed as mean (SD), and sex, urbanisation and comorbidities were
assigned a number and percentage. A t test and χ2 test was used
to determine the differences for continuous and categorical var-
iables, respectively. The incidence density of epilepsy for the
study population was calculated according to the total number
of epilepsy events divided by the sum of follow-up years (per
10000 person-years). The cumulative incidence curves for the
two study cohorts were measured using the Kaplan–Meier
method. To estimate the risk of epilepsy in patients with type
1 diabetes, we used single-variable and multivariable Cox pro-
portional hazard models to measure the HRs and 95% CIs. We
also used stratified analysis to determine the epilepsy risk in
patients with type 1 diabetes according to different levels of
demographic factors and comorbidities.

Data management and statistical analysis were performed
using SAS 9.4 software (SAS Institute, Cary, NC, USA). The
plots of cumulative incidence curves were drawn using R
software (R Foundation for Statistical Computing, Vienna,
Austria). The significance level was set at p<0.05 for two-
sided testing.

Results

We collected 2,568 patients with type 1 diabetes and 25,680
comparison patients (Table 2). Both cohorts were 46.5%male,
and nearly 60% of the study patients lived in highly urbanised
areas (urbanisation levels 1 and 2). The mean age of the pa-
tients with type 1 diabetes was 10.4 years, and the mean age of
the comparison cohort was 0.7 years older than that of the type
1 diabetes cohort. The proportions of intellectual disabilities
and prior epilepsy in the type 1 diabetes cohort were signifi-
cantly greater than those in the comparison cohort (p<0.05),
whereas the proportions of head injury and LBW were not.

The incidences of epilepsy were 10.4 and 33.7 per 10,000
person-years for the comparison and type 1 diabetes patients,
respectively (Table 3). The cumulative incidence of epilepsy

after a 12-year follow-up measured using the Kaplan–Meier
method was 2.2% greater in the type 1 diabetes cohort than in
the comparison cohort (logrank test, p<0.0001; Fig. 1). After
adjustment for age, sex, urbanisation level, prior epilepsy, in-
tellectual disabilities, LBWand head injury, the risk of epilep-
sy in the type 1 diabetes patients was 2.84-fold that in those
without type 1 diabetes (HR 2.84 [95% CI 2.11, 3.83]). The
main effects of age, sex and urbanisation were not statistically
significant for the risk of epilepsy. Patients with prior epilepsy
had a dramatically increased risk of epilepsy (HR 53.7[95%
CI 40.4, 71.5]). Intellectual disability was also significantly

Table 1 ICD-9-CM codes and
descriptions used for selection of
type 1 diabetes cases

ICD-9-CM Description

250.01 Type 1 diabetes mellitus without mention of complication

250.11, 250.13 Type 1 diabetes with ketoacidosis

250.21, 250.23 Type 1 diabetes with hyperosmolarity

250.31, 250.33 Type 1 diabetes with other coma

250.41, 250.43 Type 1 diabetes with renal manifestations

250.51, 250.53 Type 1 diabetes with ophthalmic manifestations

250.61, 250.63 Type 1 diabetes with neurological manifestations

250.71, 250.73 Type 1 diabetes with peripheral circulatory disorders

250.81, 250.83 Type 1 diabetes with other specified manifestations

250.91, 250.93 Type 1 diabetes with unspecified complication

Table 2 Baseline demographics and comorbidities of comparison and
type 1 diabetes cohorts

Variable Comparison
cohort
N= 25,680

T1DM cohort
N = 2,568

p valuea

Age, years 11.1 ± 4.3 10.4 ± 4.4 <0.0001

<6 3,563 ± 13.9 508 ± 19.8

6–11 10,354 ± 40.3 990 ± 38.6

≥12 11,763 ± 45.8 1,070 ± 41.7

Sex >0.99

Female 13,740 (53.5) 1,374 (53.5)

Male 11,940 (46.5) 1,194 (46.5)

Urbanisation >0.99

1 7,370 (28.7) 737 (28.7)

2 8,030 (31.3) 803 (31.3)

3 4,550 (17.7) 455 (17.7)

4+ 5,730 (22.3) 573 (22.3)

Comorbidity

Prior epilepsy 283 (1.1) 41 (1.6) 0.0248

Head injury 776 (3.0) 84 (3.3) 0.4834

Intellectual disability 175 (0.7) 33 (1.3) 0.0006

LBW 248 (1.0) 23 (0.9) 0.7283

Data are means ± SD or n (%)
a p values were calculated using a t test

T1DM, type 1 diabetes
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associated with an increased risk of epilepsy. Table 4 provides
the data of the study population without a history of epilepsy
before the index date; the results reveal that the risk of

epilepsy in patients with type 1 diabetes was nearly 3.36-fold
(95% CI 2.35, 4.81) that in the comparison cohort.

Table 5 shows the epilepsy risk in the patients with type 1
diabetes stratified by demographic factors and comorbidities.
We observed that the incidence of epilepsy was greater in the
type 1 diabetes cohort than in the comparison cohort accord-
ing to comorbidity status and demographic factors. Because of
the small study population with comorbidities, the epilepsy
risk was no different between the patients with and without
type 1 diabetes regarding head injury, prior epilepsy, intellec-
tual disability or LBW. The patients with type 1 diabetes ex-
hibited a significantly increased risk of epilepsy compared
with the comparison patients according to age <6 years (HR
6.06[95% CI 3.41, 10.8]), age 6–11 years (HR 1.86[95% CI
1.06, 3.24]), age ≥12 years (HR 2.47[95% CI 1.52, 4.03]),
being male (HR2.54[95% CI 1.66, 3.89]) or female (HR
3.58[95% CI 2.33, 5.50]) and living in urban (HR
2.47[95% CI 1.68, 3.62]) or rural areas (HR 3.61[95%
CI 2.24, 5.82]).

Table 3 Incidence of epilepsy
and HRs for study cohort, deter-
mined using multivariate Cox
proportional hazards regression
analysis

Variable Event PYs Rate HR (95% CI) Adjusted HRa (95% CI)

T1DM

No 181 17,4229 10.4 Ref. Ref.

Yes 59 17,522 33.7 3.26(2.43, 4.37) 2.84(2.11, 3.83)

Age group

<6 55 36,162 15.2 Ref. Ref.

6–11 85 75,222 11.3 0.66 (0.47, 0.93) 0.60 (0.42, 0.84)

≥12 100 80,367 12.4 0.71 (0.51, 0.99) 0.67 (0.48, 0.95)

Sex

Female 114 102,389 11.1 Ref. Ref.

Male 126 89,362 14.1 1.27 (0.98, 1.63) 1.12 (0.87, 1.45)

Urbanisation

1 76 54,675 13.9 Ref. Ref.

2 76 59,962 12.7 0.91 (0.67, 1.26) 0.83 (0.61, 1.15)

3 38 33,991 11.2 0.81 (0.55, 1.19) 0.82 (0.55, 1.21)

4+ 50 43,122 11.6 0.84 (0.59, 1.20) 0.80 (0.56, 1.14)

Prior epilepsy

No 152 190,302 7.99 Ref. Ref.

Yes 88 1,450 607 68.1 (52.3, 88.7) 53.7 (40.4, 71.5)

Head injury

No 220 186,485 11.8 Ref. Ref.

Yes 20 5,266 38.0 3.08 (1.95, 4.88) 1.91 (1.20, 3.05)

Intellectual disability

No 215 190,646 11.3 Ref. Ref.

Yes 25 1,106 226 18.4 (12.2, 27.9) 3.17 (2.01, 5.01)

LBW

No 233 190,187 12.3 Ref. Ref.

Yes 7 1,564 44.8 3.42 (1.61, 7.26) 1.88 (0.87, 4.05)

aModel adjusted for age, sex, urbanisation, prior epilepsy, intellectual disability, LBW and head injury

PYs, person-years; rate, incidence rate per 10,000 person-years; T1DM, type 1 diabetes

Fig. 1 Epilepsy incidence curves for patients with type 1 diabetes
(dashed line) and the comparison cohort (solid line). The difference be-
tween the curves was significant (logrank test, p< 0.0001)
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Table 6 shows the risk of epilepsy in type 1 diabetes pa-
tients with and without hypoglycaemia. Relative to the com-
parison cohort, the HRs of epilepsy were 2.67 (95% CI 1.97,
3.62) and 16.5 (95% CI 5.19, 52.3) for the type 1 diabetes
patients without and with hypoglycaemia, respectively. The
results also revealed that the epilepsy risk increased with type
1 diabetes severity (p for trend <0.0001).

Discussion

Critical questions remain regarding the outcomes of type 1
diabetes, including neuropsychological function. In this study,
we found that patients with type 1 diabetes are at an increased
risk of developing epilepsy (HR2.84[95%, CI2.11, 3.83]).

This result is consistent with those of previous studies in that
epilepsy or seizures are observed in many autoimmune or
inflammatory disorders and are linked to the primary disease
or secondary to pro-inflammatory processes [11–17].
Moreover, we determined that the proportion of intellectual
disabilities in the type 1 diabetes cohort was significantly
greater than that in the comparison cohort (p = 0.0006).
Furthermore, children with an intellectual disability exhibited
a significantly increased risk of epilepsy.

The mechanisms of the association between type 1 diabetes
and epilepsy remain unclear. Researchers have proposed sev-
eral hypotheses on the possible pathophysiology of their co-
morbidity, including immune abnormalities, brain lesions, ge-
netic factors and metabolic abnormalities [23]. In particular,
both hyperglycaemia and hypoglycaemia commonly occur in
elderly people with diabetes, and can alter the balance be-
tween the inhibition and excitation of neuronal networks and
cause focal motor seizures [24–26]. In addition, we found that
younger age was associated with an increased risk of devel-
oping epilepsy. Previous studies have suggested severe
hypoglycaemia, young age and early onset as critical risk fac-
tors for electroencephalographic abnormalities [10]. Serial
electroencephalographic recordings made in 70 children with
diabetes revealed that those who had electroencephalographic
abnormalities were younger and had an earlier onset of diabe-
tes. In addition, 21 of the 34 with electroencephalographic
abnormalities (62%) had experienced a severe hypoglycaemic
attack; however, abnormalities were found in only 13 of the 43

Table 4 Incidence of epilepsy and multivariate Cox proportional haz-
ards regression analysis measured hazard ratio for study cohort both
without epilepsy history before index date.

Variable Event PYs Rate HR (95% CI) aHRa (95% CI)

T1DM

No 116 171,514 6.76 Ref. Ref.

Yes 41 17,334 23.65 3.51(2.46,5.01) 3.36(2.35, 4.81)

aModel adjusted for age, sex, urbanisation, intellectual disability, low
birthweight and head injury

aHR, adjusted HR; PYs, person-years; rate, incidence rate per 10,000
person-years

Table 5 Demographic factors
and estimated HRs of epilepsy
risk in type 1 diabetes and com-
parison groups, stratified by
comorbidities

Comparison group T1DM group Adjusted HRa

(95% CI)
Comorbidity Event PYs Rate Event PYs Rate

Age group
<6 35 32,500 10.8 20 3,662 54.6 6.06 (3.41, 10.8)
6–11 69 68,623 10.1 16 6,599 24.3 1.86 (1.06, 3.24)
≥12 77 73,106 10.5 23 7,261 31.7 2.47 (1.52, 4.03)

Sex
Female 85 93,068 9.13 29 9,321 31.1 3.58 (2.33, 5.50)
Male 96 81,161 11.8 30 8,201 36.6 2.54 (1.66, 3.89)

Urbanisation
Urban 117 104,145 11.2 35 10,493 33.4 2.47 (1.68, 3.62)
Rural 64 70,084 9.13 24 7,030 34.1 3.61 (2.24, 5.82)

Prior epilepsy
No 109 172,945 6.30 43 17,357 24.8 3.80 (2.67, 5.42)
Yes 72 1,284 561 16 165 967 1.66 (0.96, 2.87)

Head injury
No 164 169,434 9.68 56 17,051 32.8 2.97 (2.19, 4.04)
Yes 17 4,795 35.5 3 472 63.6 1.54 (0.42, 5.67)

Intellectual disability
No 159 173,337 9.17 56 17,309 32.4 3.32 (2.45, 4.51)
Yes 22 892 247 3 214 140 0.72 (0.20, 2.62)

LBW
No 176 172,808 10.2 57 17,379 32.8 2.70 (2.00, 3.65)
Yes 5 1,421 35.2 2 143 140 –

aModel adjusted for age, sex, urbanisation, prior epilepsy, intellectual disability, LBW and head injury

PYs, person-years; rate, incidence rate per 10,000 person-years; T1DM, type 1 diabetes

1200 Diabetologia (2016) 59:1196–1203



children with diabetes who did not have severe hypoglycaemia
(30%). All the children with diabetes and hypoglycaemic con-
vulsions had permanent electroencephalographic abnormalities
[10].

Another hypothesis explaining seizures in patients with
type 1 diabetes might be related to specific autoantibodies
against neural components. Specific autoimmune causes, typ-
ically associated with autoantibodies, have been increasingly
identified in a subset of previously idiopathic seizure disorders
[11–17]. Epileptologists are becoming increasingly interested
in autoimmune processes and in the search for pathogenic
antibodies. Recently, Ong et al conducted a population-level
study to examine the relationship between epilepsy and 12
common autoimmune diseases: type 1 diabetes, psoriasis,
rheumatoid arthritis, Graves’ disease, Hashimoto’s thyroiditis,
Crohn’s disease, ulcerative colitis, systemic lupus erythema-
tosus, antiphospholipid syndrome, Sjögren syndrome, myas-
thenia gravis and coeliac disease. The risk of epilepsy was
consistently observed across all 12 autoimmune diseases and
exhibited an increased OR of 3.9 in children (<18 years) with
type 1 diabetes [27]. The researchers concluded that epilepsy
and autoimmune diseases frequently co-occur, and that the
potential role of autoimmunity must be accounted for when
epilepsy is considered. In particular, GAD antibodies have
been associated with type 1 diabetes and a wide variety of
neurological conditions, including epilepsy [28–30]. GAD an-
tibodies have been detected in 80% of patients with a new
diagnosis of type 1 diabetes, in approximately 80% of patients
with stiff person syndrome and in some patients with epilepsy
[29].

In this study, we found that the proportion of intellectual
disabilities was higher in the type 1 diabetes cohort than in the
general population. These results were consistent with those
of previous studies, in that children with type 1 diabetes were
found to be at an increased risk of cognitive and behavioural
difficulties [31–33]. Moreover, an uncontrolled pilot study
observed an association between improved glycaemic control
after continual subcutaneous insulin infusion commencement
and improvements in mood, behaviour and performance in
complex cognitive tasks [34]. In addition, focal neurological
deficits associated with hypoglycaemia have been observed in

children with diabetes. One report presented a series of 19
episodes in seven children with diabetes [35], and another
study reported focal motor seizures, followed by ipsilateral
hemiparesis associated with hypoglycaemia [36]. Although
autoimmunity and neuroinflammation are likely to play a role
in a subset of epilepsy patients with type 1 diabetes, seizures
may also be a result of cerebrovascular complications that are
commonly associated with many types of brain damage. Thus,
the risk of seizures in epilepsy patients may be independent of
immunological causes.

Type 1 diabetes care in Taiwan follows several recognised
guidelines for the diagnosis, control and management of dia-
betes, covering various components of diabetes care, often
with an emphasis on glucose-lowering therapies [37].
However, the current study was subject to some limitations
that must be mentioned. First, the NHIRD provides no de-
tailed patient information such as on lifestyle habits, BMI,
physical activity, socioeconomic status and family history.
All of these were possible confounders in this study. Second,
the evidence derived from a cohort study is generally of a
lower methodological quality than that from randomised tri-
als, because a cohort study design is subject to many biases
related to adjustment for confounders. Despite our meticulous
study design with adequate control for confounders, a key
limitation was that bias could remain because of possible un-
measured or unknown confounders. Third, the NHI claims
registries primarily serve the purpose of administrative billing
and do not undergo verification for scientific purposes. We
were unable to contact the patients directly to obtain more
information on their use of drugs or subtype of epilepsy, be-
cause of the anonymised identification numbers. However, the
data that we obtained on the diagnoses of type 1 diabetes and
epilepsy were highly reliable.

In conclusion, our results show that patients with type 1
diabetes exhibit a higher incidence of epilepsy. The pathoge-
netic mechanisms of neurological diseases remain unknown
but may be associated with significant long-term neurological
sequelae. The current results could provide evidence to facil-
itate the prognosis of children with type 1 diabetes. The caus-
ative factors between type 1 diabetes and the increased risk of
epilepsy require further investigation.

Table 6 Incidence of epilepsy
and adjusted HRs of type 1 dia-
betes patients with and without
hypoglycaemia, determined using
multivariate Cox proportional
hazards regression analysis

Variable Event PYs Rate Adjusted HRa (95% CI)

Comparison cohort 181 174,229 10.4 ref

T1DM cohort

Without hypoglycaemia 56 17,274 32.4 2.67 (1.97, 3.62)

With hypoglycaemia 3 248 121 16.5 (5.19, 52.3)

p for trend <0.0001

aModel adjusted for age, sex, urbanisation, prior epilepsy, intellectual disability, LBW and head injury

PYs, person-years; rate, incidence rate per 10,000 person-years; T1DM, type 1 diabetes
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