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Background: To prospectively investigate the incidence and relative risks of multiple sclerosis (MS) in
patients with type 2 diabetes (T2DM).
Materials and methods: Patients with T2DM (n ¼ 614,623) and age- and sex-matched controls
(n ¼ 614,021) were followed from 2000 to 2008 to identify cases of newly diagnosed MS (ICD-9-CM:
340). The person-year approach with Poisson assumption was used to evaluate the incidence density. We
estimated the covariate-adjusted hazard ratio (HR) of MS incidence in relation to T2DM diabetes using a
multiple Cox proportional hazard regression model.
Results: Over 9 years of follow-up, 175 T2DM patients were newly diagnosed with MS, and 114 matched
controls had the same first-ever diagnosis, representing a covariate-adjusted HR of 1.44 (95% confidence
interval [CI], 1.08e1.94). The sex-specific adjusted HR for both men and women with T2DM was also
elevated at 1.34 (95% CI, 0.81e2.23) and 1.51 (95% CI, 1.05e2.19), respectively. Women aged �50 years
had the greatest risk of MS (HR 2.16; 95% CI, 1.02e4.59).
Conclusion: This study demonstrated a moderate but significant association of T2DM with MS incidence,
and the association was not confounded by socio-demographic characteristics or certain MS-related co-
morbidities.

© 2017 The Authors. Publishing services by Elsevier B.V. on behalf of The Japan Epidemiological
Association. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Type 2 diabetes (T2DM) is the most prevalent disease in many
modern societies and affects over 340 million people in the world.1

It is characterized by insulin resistance and impaired islet beta cell
function, which together result in an inability to supply sufficient
insulin to meet the body's demands and eventual beta cell loss.2

Recently, several studies have reported that some autoimmune
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diseases were associated with certain genotypes that affect auto-
immunity and confer increased risk of autoantibody seroconver-
sion, leading to damage of islet beta cells and progression of
diabetes.3,4 However, other studies have contradicted these
findings.5,6

Multiple sclerosis (MS), a chronic inflammatory and progressive
immune-mediated disease of the central nervous system (CNS), is a
heterogeneous disorder with variable clinical and pathologic fea-
tures reflecting different pathways to tissue injury.7 Inflammation,
demyelination, and axonal degeneration are the major pathologic
mechanisms that cause the clinical manifestations.8,9 Genetic and
environmental factors are also thought to contribute to the path-
ogenesis of the disease.10 Although some evidence suggests that the
predisposition of human leukocyte antigen (HLA) haplotypes in
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patients with T1DM protects against MS,11 most previous studies
have documented similarities in immunological and epidemiolog-
ical features between MS and type 1 diabetes (T1DM) through the
susceptibility loci of both diseases.12,13 Despite recent arguments
that T2DM is an autoimmune disorder,14 there is still a lack of
epidemiological studies examining the relationship between T2DM
and MS.

The aim of this study was to examine the putative link between
T2DM and risk of MS incidence. Given the rare occurrence of MS,
our investigation employed a large nationwide T2DM population in
Taiwan to prospectively examine whether T2DM may increase the
future risk of MS. In addition, we also explored the age- and sex-
specific relationships between T2DM and MS in order to identify
T2DM patients at particularly high risk of MS.

Methods

Study design

A universal National Health Insurance (NHI) Program has been
implemented by the NHI Administration (NHIA; previously called
the Bureau of NHI) under the jurisdiction of the Ministry of Health
and Welfare since March 1995. Approximately 96% of the Taiwa-
nese population had enrolled in NHI Program and the NHI
Administration had contracted 97% of hospitals and 90% of clinics
all over Taiwan by the end of 1996.15 To ensure the accuracy of claim
files, the NHI Administration performs quarterly expert reviews on
a random sample of every 50 to 100 ambulatory and inpatient
claims, and information available is considered to be complete and
accurate.16 With the ethics approval from the Review Committee of
the National Health Research Institutes, we used data of diabetic
ambulatory care claims (1997e2008), all inpatient claims
(1997e2008), and the updated registry for beneficiaries
(1995e2002) for this study. The entire dataset was inter-linked
through each individual's personal identification number (PIN).

Identification of study subjects

Details of the selection of patients with T2DM and control
subjects have been thoroughly reported before.17,18 Briefly, in order
to be considered as a patient with T2DM, patients must have made
more than one ambulatory care visit for T2DM (ICD-9-CM: 250x0 or
250x2) in 2000e2001; the first and the last visits must have been
>30 days apart. A validation study surveyed a sample of 1350 pa-
tients with a diagnosis of T2DM in the NHI medical claims and
noted that 1007 of them were confirmed to have accurate di-
agnoses, representing a concordance rate of 74.6%. The study
further noted that the probability of accurate diagnosis of T2DM
among patients with more than two outpatient visits was 2.67
times greater than that of patients with only one outpatient visit for
T2DM.19 To ensure the accurate estimation of the incidence rate of
MS, we excluded those T2DM patients who hadMS diagnoses (ICD-
9-CM: 340) with major illness/injury certificates between January
1, 1997 and the first clinical visit for T2DM in 2000. All MS di-
agnoses were verified using major illness/injury certificates. The
final T2DM cohort consisted of 614,623 patients. The index date for
each patient with T2DMwas the date of his/her first outpatient visit
for T2DM in 2000 (Fig. 1).

The control group was randomly selected from all NHI benefi-
ciaries registered in 2000 by matching the T2DM group on the
frequency of age (every 5 years) and sex. People included in the
control group must have had no prior histories of diabetes
(including T1DM and T2DM) or MS in 1997 and 1999. We selected
614,021 frequency-matched control subjects in this study; the
index date for the subjects in the control group was July 1, 2000 or
the date of NHI enrollment, if their first date of NHI enrollment was
after July 1, 2000 (see Fig. 2).

The geographic area of each member's NHI unit, either the
beneficiaries' residential area or location of their employment, was
grouped into one of four geographic areas (North, Central, South, or
East) and two urbanization statuses (urban or rural) according to
the National Statistics of Regional Standard Classification. The in-
formation on clinical risk factors for MS, including allergy (ICD-9-
CM: 995), Alzheimer's disease (ICD-9-CM: 331), anterior horn
cell disease (ICD-9-CM: 335), chronic obstructive pulmonary dis-
ease (COPD) (ICD-9-CM: 410e414, 430e438), obesity (ICD-9-CM:
278), vitamin D deficiency (ICD-9-CM: 268), dyslipidemia (ICD-9-
CM: 272), hypertension (ICD-9-CM: 401e405), inflammatory
bowel disease (ICD-9-CM: 555e558), spinal cord injury (ICD-9-
CM: 806, 952), stroke (ICD-9-CM: 430e438), thyroid disease
(ICD-9-CM: 240e246), traumatic brain injury (ICD-9-CM: 801e804
or 850e854), anxiety (ICD-9-CM: 300), depression (ICD-9-CM:
296, 309, 311), stress (ICD-9-CM: 308), tonsillectomy (ICD-9-CM:
28), and appendectomy (ICD-9-CM: 47), was retrieved from inpa-
tient and outpatient medical claims between January 1997 and the
index date. Consideration of these covariates (i.e., potential con-
founders) in the analysis was mainly because those co-morbidities
are either known clinical risk factors for MS or have been suspected
of being associated with development of MS.20e24 We also calcu-
lated the Charlson Comorbidity Index (CCI) to indicate common
comorbid conditions weighted according to mortality risk.25 The
number of ambulatory care visits in 2000 for each study subject
was counted.

Study endpoints

All study subjects were followed from the index date to the
occurrence of first-time diagnosis of MS, termination of NHI policy,
or the end of 2008, whichever came first. Information on the MS
diagnosis was retrieved from the inpatient and outpatient claims.
To ensure the accuracy of the diagnoses of MS, only MS patients
with major illness/injury certificates were counted. In Taiwan,
major illness/injury certificates are issued to all patients with a
diagnosis of MS. The core requirement of the diagnosis is the
objective demonstration of dissemination of lesions in both space
and time, based upon either clinical findings alone or a combina-
tion of clinical and MRI findings. In addition, cerebrospinal fluid
analyses and evoked potentials are also provided to support the
diagnosis of MS. Neurologists are required to provide complete
medical records, including the aforementioned clinical history/
laboratory/imaging/electrophysiological data, to a committee
composed of a panel of expert neurologists in the application for
this approval for patents.26 In order to avoid the miscoding, we
retrieved only those patients with major illness/injury certificates
of this particular diagnosis.

Statistical analysis

We first described and tested the characteristics between pa-
tients with T2DM and matched controls. The age- and sex-specific
incidence density rate was estimated with person-years as the
denominator under the Poisson assumption. We then performed
multiple Cox proportional hazardmodels to assess the independent
effects, indicated by hazard ratios (HRs) and corresponding 95%
confidence intervals (CIs), of T2DM on the risk of MS. Adjustment
for both geographic area and urbanization status was made to ac-
count for possible urbanerural differences in accessibility to
medical health services in Taiwan.27 Inclusion of frequency of



1. Number of person-years 
observed, n= 5,127,819

2. Number of newly diagnosed 
MS, n=175 (65 men 65 and 110
women)

3. Incidence density: 3.4 per 
100,000 person-years

1. Number of person-years 
observed, n= 5,000,982

2. Number of newly diagnosed 
MS, n=114 (44 men and 70 
women)

3. Incidence density: 2.3 per 
100,000 person-years

National Health Insurance Research 
Database from 1997 to 2008

Diabetic patients treated in 2000 
(diabetic cohort)

n=615,532

Age- and sex-matched non-diabetics
(Comparison cohort)

n=614,871

Comparison cohort
n=614,021

Diabetic cohort
n=614,623

Follow-up to the occurrence of newly diagnosed 
MS, withdrawal from NHI, or the end of 2008

Excluding patients treated for multiple sclerosis 
or optic neuritis between Jan. 1, 1997 and the 

index date of 2000

Fig. 1. Flowchart for the study cohort enrollment and follow-up. MS, multiple sclerosis; NHI, National Health Insurance.

Fig. 2. KaplaneMeier curves and estimates of multiple sclerosis incidence in the
diabetes and comparison groups.
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medical visits in the multiple regression model was used to reduce
the potential for surveillance bias arising from the fact that patients
with T2DM might have a higher chance of having MS detected
simply due to their frequent contact with clinicians.
Although wemanaged to adjust for potential clinical risk factors
for MS, some lifestyle factors, such as smoking, remained unad-
justed in the analysis, mainly due to a lack of such data in medical
claims. In order to minimize potential confounding by these un-
measured risk factors for MS, we calculated propensity scores (PSs),
using all variables listed in Table 1 except CCI, to predict the like-
lihood of having a T2DM diagnosis for all study subjects. We then
conducted sensitivity analyses by treating PS as a continuous var-
iable or categorical deciles in the Cox model to assess the robust-
ness of the HRs estimated from themultivariate regression analysis.
Treating PS as both continuous and categorical variables done in
consideration that the relationship between PS and study outcome
might not necessarily be linear.28 Using the prevalence rate of
T2DM in 2008,29 we also calculated the overall and sex-specific
population attributable risk percent (PAR%) to assess the public
health impact of T2DM on MS incidence.

The Cox regression model considered the following as the
censoring event, whichever came first: in-hospital mortality for
causes other than MS, withdrawal from NHI, or December 31, 2008.
The proportional-hazard assumption for Cox regressionwas verified



Table 1
Characteristics of the study subjects.

Characteristics Comparison cohort n ¼ 614,021 Diabetic cohort n ¼ 614,623 p-value

n % n %

Socio-demographics
Age, years <0.0001
�50 146,800 23.91 143,730 23.39
>50 467,221 76.09 470,893 76.61

Mean ± SD
Sex 0.980
Women 318,800 51.9 319,112 51.9
Men 295,221 48.1 295,511 48.1

Income-based insurance premium (NTD) <0.001
<15,840 330,957 53.9 358,842 58.4
�15,840 283,064 46.1 255,781 41.6

Geographic area of living <0.001
Northern 275,695 44.9 269,819 43.9
Central 151,663 24.7 143,822 23.4
Southern 168,856 27.5 180,699 29.4
Eastern 17,807 2.9 20,283 3.3
Urbanization status of living area <0.001
Urban area 406,789 66.3 414,871 67.5
Rural area 206,925 33.7 199,752 32.5

Co-morbidities
Anxiety <0.0001
Yes 53,884 8.8 58,927 9.6
No 560,137 91.2 555,696 90.4

Depression <0.0001
Yes 8124 1.3 10,872 1.8
No 605,897 98.7 603,751 98.2

Stress <0.0001
Yes 851 0.1 436 0.1
No 613,170 99.9 614,187 99.9

Tonsillectomy <0.001
Yes 44 0.01 220 0.04
No 613,977 99.99 614,403 99.96

Appendectomy <0.001
Yes 734 0.12 1196 0.19
No 613,287 99.88 613,427 99.81

Allergy <0.001
Yes 2579 0.4 3020 0.5
No 611,442 99.6 611,603 99.5

Alzheimer's disease
Yes 364 <0.1 336 <0.1 0.284
No 613,657 99.9 614,287 99.9

Anterior horn cell disease <0.001
Yes 168 <0.1 274 <0.1
No 613,853 99.9 614,349 99.9

COPD 0.012
Yes 20,654 3.4 21,177 3.5
No 593,367 96.6 593,446 96.5

Obesity <0.001
Yes 680 0.11 2213 0.36
No 613,341 99.89 612,410 99.64

Dyslipidemia <0.001
Yes 40,210 6.6 140,122 22.8
No 573,811 93.4 474,501 77.2

Hypertension <0.001
Yes 149,233 24.3 274,092 44.6
No 464,788 75.7 340,531 55.4

Inflammatory bowel disease <0.001
Yes 52,946 8.6 28,366 4.6
No 561,075 91.4 586,257 95.4

Spinal cord injury 0.810
Yes 1758 0.3 1774 0.3
No 612,263 99.7 612,849 99.7

Stroke <0.001
Yes 37,628 6.1 34,874 5.7
No 576,393 93.9 579,749 94.3

Thyroid disease <0.001
Yes 9589 1.6 16,571 2.7
No 604,432 98.4 598,052 97.3

Traumatic brain injury <0.001
Yes 10,273 1.7 11,437 1.9
No 603,748 98.3 603,186 98.1

CCI <0.001
0 390,239 63.6 275,325 44.8

W.-H. Hou et al. / Journal of Epidemiology 27 (2017) 235e241238



Table 1 (continued )

Characteristics Comparison cohort n ¼ 614,021 Diabetic cohort n ¼ 614,623 p-value

n % n %

1 138,995 22.6 187,413 30.5
S2 84,787 13.8 151,885 24.7

Number of ambulatory visits in 2000 <0.001
Mean (SD) 18.8 (18.2) 31.9 (21.3)

CCI, Charlson Comorbidity Index; COPD, chronic obstructive pulmonary disease; NTD, New Taiwan Dollar (1 United States Dollar ¼ 32 NTD); SD, standard deviation.
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using both plots of log(�log(survival function)) versus log(time) and
Schoenfeld residuals versus time; the graphs showed no indication of
violation. All statistical analyses were performed using the Statistical
Analysis Software (version 9.4; SAS Institute, Cary, NC, USA). A p
value of <0.05 was considered statistically significant.

Results

The characteristics of study subjects are shown in Table 1. Dis-
tributions of age and sex were statistically comparable. Patients
with T2DM tended to have lower income, live in the Southern and
Eastern parts of the island, andwere slightly more likely to reside in
urban areas.With respect to the co-morbidities associatedwithMS,
subjects with T2DM had significantly higher prevalence of anxiety,
depression, tonsillectomy, appendectomy, allergy, anterior horn
cell disease, COPD, dyslipidemia, hypertension, spinal cord injury,
thyroid disease, and traumatic brain injury, but significantly lower
prevalence of inflammatory bowel disease and stroke. Additionally,
patients with T2DM had greater CCI scores, leading to an obser-
vation that patients with T2DM had significantly greater average
number of ambulatory visits in 2000 (31.9 vs. 18.8).

Over 9 years of follow-up, 175 T2DM patients were newly
diagnosed with MS, and 114 matched controls had the same first-
ever diagnosis, representing a covariate-adjusted HR of 1.44 (95%
CI, 1.08e1.94). The incidence densities for men and women with
T2DM were 2.20 and 3.45 per 10,000 patient-years, respectively,
while the corresponding figures for men and women in the control
group were 1.49 and 2.21 per 10,000 patient-years. The incidence
density decreased with age in T2DM and control groups, regardless
of gender. Compared with matched controls, both men and women
with T2DM showed moderately increased risks of MS, with HRs of
1.34 (95% CI, 0.81e2.23) and 1.51 (95% CI, 1.05e2.19), respectively,
after adjustment for potential confounders. Although there was a
small difference in sex-specific HR of MS, the difference was not
significant statistically (p-interaction ¼ 0.80). The sex- and age-
specific analysis found that the only significant increase in HR
was for women aged �50 years (HR 2.16; 95% CI, 1.02e4.59)
However, the interactive effect of diabetes with age on the risk of
MSwas not statistically significant for men (p-interaction¼ 0.39) or
women (p-interaction ¼ 0.79) (Table 2).

The regression model that treated PS as a continuous variable
showed a HR of 1.36 (95% CI, 1.00e1.86), and that using deciles to
indicate PS showed a HR of 1.40 (95% CI, 1.02e1.91). Although the
results from PS adjustment models and those reported from
multivariate regression models adjusted for individual co-
morbidities (HR 1.44; 95% CI, 1.08e1.94) showed slight differ-
ences, they all suggested an increased risk of multiple sclerosis in
relation to T2DM. The overall PAR% of T2DM in the development of
MS was estimated at 2.55%; the PAR%s for men and women were
estimated to be 2.00% and 2.94%, respectively.

Discussions

In this large population-based study over a 9-year period, we
found that T2DM was significantly associated with an increased
risk of MS incidence. Such elevated risk was more evident in
women than in men, especially in women aged �50 years. The
higher apparent risk noted in women might be attributable to a
greater number of MS cases occurring among women. These results
were unlikely to be confounded by socio-demographic character-
istics and MS related co-morbidities. The loss of statistical signifi-
cance in the HRs associated with most age-sex stratifications might
be due to the small number of events.

The putative association between diabetes and MS has been
argued for more than 15 years. However, all current evidence of
increased MS incidence among diabetics came from studies of
T1DM. Previous studies have shown that T1DM andMSmight share
some common immune pathogenetic mechanisms, and that the
interaction of T1DM and certain environmental factors could
contribute to the increased risk of MS.12,13,30 Nonetheless, the evi-
dence linking T2DM and MS is still scant, even though T2DM has
recently been recognized as an autoimmune disease.14 To the best
of our knowledge, our study is the first population-based cohort
study that provides reliable epidemiological evidence suggesting a
significant association of T2DM with elevated risk of MS.

Although both diabetes and MS have genetic susceptibility, no
common gene has been found to be shared by MS and diabetes
(either T1DM or T2DM). However, some evidence has suggested
that the activation of macrophages, TH1 CD4þ T cells, or b cell-
cytotoxic CD8þ T cells might act synergistically to destroy b cells,
resulting in T1DM.31 Another study revealed that interferon
gamma-induced protein 10 is associated with insulin resistance
and incident diabetes in patients with nonalcoholic fatty liver dis-
ease.32 Previous studies have also reported potential targets for IgG
antibodies associated with insulin resistance33 and autoantibodies
against pancreatic islet antigens in patients with T2DM.34 There-
fore, T2DMmight lead to the occurrence of MS through the HLA-DR
genetic susceptibility or environmental trigger factors. For
example, viral infection, to which T2DM patients might be more
prone than controls, is also considered as potential risk factor of
MS.22 Therefore, our results tended to provide support for the
recent argument that T2DM, like T1DM, might be an autoimmune
disease, and that patients with T2DM might be prone to the
development of MS due to the interactions of immunity and
environment.

No clear evidence of autoimmunity has been described in ani-
mal models of T2DM either, although some studies did show that
targeting components of the adaptive immune system, such as IFN-
g-expressing type 1 T helper cells and B lymphocytes, can increase
insulin resistance.33,35 Moreover, a clinical trial reported that an-
tibodies against G-protein-coupled receptors have been detected in
sera from a subgroup of T2DM patients at a greater risk of hyper-
tension and cardiovascular complications.36 Rho-kinase-activating
autoantibodies are also present in sera of T2DM patients with
maculopathy and macroalbuminuria,35 and autoantibodies against
IL-6 have been detected in sera from 2.5% of Danish patients with
T2DM.37 In addition, evidence also suggests that both T1DM and
T2DM share a common autoimmune response in the presence of
pancreatic b cells in adults with latent autoimmune diabetes mel-
litus.38 Collectively, these studies suggest that the increased risk of



Table 2
Overall and gender- and age-specific incidence densities and relative hazards of multiple sclerosis in the diabetes and comparison cohorts.

Variables Comparison cohort Diabetic cohort Crude HR (95% CI)
in association with
diabetic group

Adjusted HRb (95% CI)b in
association with
diabetic group

n Number
of events

ID (per 10,000
patient-years) (95% CI)a

n Number
of events

ID (per 10,000
patient-years) (95% CI)

Men
�50 years 82,321 20 2.43 (1.48e3.75) 81,204 35 4.31 (3.00e6.01) 1.73 (1.00e3.05) 1.66 (0.64e4.35)
>50 years 212,884 24 1.13 (0.72e1.68) 214,282 30 1.40 (0.95e2.00) 1.26 (0.74e2.15) 1.26 (0.69e2.26)
Total 295,205 44 1.49 (1.08e2.03) 295,486 65 2.20 (1.70e2.81) 1.48 (1.01e2.17) 1.34 (0.81e2.23)
Women
�50 years 64,479 30 4.65 (3.14e6.64) 62,505 49 7.85 (5.8e10.37) 1.65 (1.04e2.6) 2.16 (1.02e4.59)
>50 years 254,337 40 1.57 (1.12e2.14) 256,632 61 2.38 (1.82e3.05) 1.52 (1.02e2.26) 1.24 (0.80e1.91)
Total 318,816 70 2.21 (1.71e2.77) 319,137 110 3.45 (2.83e4.16) 1.57 (1.16e2.12) 1.51 (1.05e2.19)
Overall 614,021 114 1.86 (1.53e2.23) 614,623 175 2.85 (2.44e3.30) 1.53 (1.21e1.94) 1.44 (1.08e1.94)

CI, confidence interval; HR, hazard ratio; ID, incidence density.
p value for the interaction between diabetes and gender was 0.80.
p value for the interaction between diabetes and age was 0.39 and 0.79 for men and women, respectively.

a Based on Poisson assumption.
b Based on Cox proportional hazard regression, with adjustment for age; sex; income-based insurance premium; geographic area of living; urbanization status of living area;

Charlson Comorbidity Index; frequency of medical visit; and selected co-morbidities, including allergy, Alzheimer's disease, anterior horn cell disease, COPD, obesity, vitamin
D deficiency, dyslipidemia, hypertension, inflammatory bowel disease, spinal cord injury, stroke, thyroid disease, and traumatic brain injury, anxiety, depression, stress,
tonsillectomy, and appendectomy.
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MSmight occur in not only patients with T1DM but also those with
T2DM.

This study had the following strengths. First, it was a large,
nationwide, population-based study with high representativeness
of the T2DM patient population of Taiwan in the year 2000. Second,
the advantage of using insurance claims data in clinical research is
that longitudinal records for a wide sample of demographically
diverse patients are easily accessible39 and the size of the data set
enabled stratified analyses according to age and sex. Third, this
diabetes cohort was formed using the NHI database, and all
research information was retrieved from NHI claims, which has
little possibility of recall bias, little likelihood of non-response, and
little loss to follow-up of cohort members. Fourth, the adjustment
of geographic area, urbanization status, and the frequency of
outpatient visits for each study subject has minimized confounding
by disease surveillance bias.

Despite the above methodological strengths, several limitations
should be noted. First, diagnoses of T2DM and MS that are
completely dependent upon ICD-9-CM codes are subject to inac-
curacy, which is a major limitation of this study compared to those
studies based on the standardized clinical examinations of patients.
However, the NHIA of the Ministry of Health and Wealth conducts
quarterly expert reviews of any hospital with outlier charges or
outlier practice patterns. In addition, we used at least two diabetes-
related diagnoses with the first and the last visits >30 days apart,
which may largely reduce the likelihood of disease misclassifica-
tion.40 As for the diagnosis of MS, some inconsistent information on
MS prevalence was noted in previous studies using data from the
NHIA.41e43 Therefore, we included only those patients with major
illness/injury certificates of MS diagnosis, which are reconfirmed by
an expert committee, to avoid miscoding. These methods are
believed to greatly reduce the potential for diseasemisclassification
bias. Still, the medical claims may not be able to capture all patients
with T2DM, indicating that some study subjects selected as controls
in our analysis might in fact have undiagnosed T2DM. Such expo-
sure misclassification, however, is likely to be non-differential (i.e.,
the degree of exposure misclassification is independent of the
subsequent risk of multiple sclerosis); and non-differential
misclassification of exposure would tend to underestimate rather
than overestimate the true relative risk estimates of multiple
sclerosis in relation to T2DM. Second, although we have tried to
adjust for some potential confounders in the analysis,22 we were
unable to consider a number of known risk factor for MS, including
severity, duration, and treatment regimens of T2DM, smoking,
alcohol consumption, vitamin intake, and certain occupational/
environmental hazard in our study,20 which might result in resid-
ual confounding in our study results.

Conclusion

In summary, the results of this population-based cohort study
suggested an increased risk of MS among male and female patients
with T2DM; the elevated risk of MS was especially high in female
T2DM patients aged 50 years or less. Although the biological
mechanisms underlying the association of T2DM with the risk of
MS have not been fully understood, further studies are warranted
to see if our study findings can be reproduced. Given the high
prevalence of T2DM, even a weak to moderate association between
T2DM and MS could still signify a large number of people affected.
In addition, although a large-scale screen for MS in patients with
T2DM may not be cost-effective, both patients with T2DM and
clinicians should be informed of the relationship between T2DM
and MS in order to facilitate early detection and appropriate
management of MS in patients with T2DM.
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