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Background and purpose: The blood-brain barrier (BBB) not only provides a physical
obstruction but also recruits and activates neutrophils in cases of infection. Hemorrhagic
or ischemic stroke reportedly induces the disruption of the BBB. However, few studies
have reported a correlation between the incidence of meningitis in patients with a history
of stroke. This study tested the hypothesis that patients with a history of stroke may be
more vulnerable to meningitis.

Methods: Stroke and age-matched comparison (n = 29,436 and 87,951, respectively)
cohorts were recruited from the Taiwan National Health Insurance database (2000-2011).
Correlations between the two cohorts were evaluated by Cox proportional hazard
regression model, Kaplan-Meier curve, and log-rank tests.

Results: The incidence of meningitis was higher in the stroke cohort compared to that in
the comparison cohort [hazard ratio (HR), 2.89; 95% confidence interval (Cl), 2.23-3.74,
p < 0.001]. After adjusting for age, sex, and comorbidities, the estimated HR in the
stroke cohort was 2.55-fold higher than that in the comparison cohort (Cl, 1.94-3.37;
p < 0.001). Notably, patients who had experienced hemorrhagic stroke had a higher inci-
dence rate of meningitis than those with a history of ischemic stroke, except for patients
older than 75 years (incidence rates in hemorrhagic/ischemic stroke patients, 3.14/1.48
in patients younger than 45 years, 1.52/0.41 in 45- to 64-year group, 1.15/0.90 in 65- to
74-year group, 0.74/0.93 in patients older than 75 years). Moreover, stroke patients who
had undergone head surgery had the highest meningitis risk (adjusted HR, 8.66; 95% Cl,
5.55-13.5; p < 0.001) followed by stroke patients who had not undergone head surgery
(adjusted HR, 2.11; 95% ClI, 1.57-2.82; p < 0.001).

Conclusion: Our results indicated that stroke patients have higher risks of meningitis.
Compromised BBB integrity in stroke patients may lead to increased vulnerability to
infectious pathogens. In summary, our study provided new evidence of the clinical
relationship between stroke and meningitis, and our findings suggest the need for pre-
cautions to prevent meningitis in stroke patients.
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INTRODUCTION

According to the statistics from the World Health Organization,
stroke is the second leading cause of death worldwide (1).
Meanwhile, cerebrovascular disease (including stroke) was the
leading cause of death in Taiwan in 2016 (2). Moreover, post-
stroke patient management imposes a heavy financial burden on
the families as well as the health care system (3, 4). Age, hyperten-
sion, diabetes mellitus, obesity, atrial fibrillation, and head injury
are significant risk factors for stroke (5, 6).

It has been reported that the risk of stroke is related to several
infectious diseases, including meningitis (7). Bacterial meningitis
is a significant cause of morbidity and mortality worldwide (8).
Attention has been devoted to the neurological complications
of meningitis, including stroke and other neurovascular events
(9-13). Various studies have also addressed the incidence of
stroke in adult patients with meningitis (10-12, 14). Stroke is a
serious complication among adult bacterial meningitis patients
and is associated with long-term sequelae and also possibly
death (15). Previous studies have reported that hemorrhagic and
ischemic stroke not only impair neuronal function but also affect
the cerebral vasculature, as indicated by the loss of blood-brain
barrier (BBB) integrity (16, 17). Brain proteins might leak into
the bloodstream, the dural venous sinuses, or the lymph nodes
as a result of the compromised BBB in stroke patients (18). BBB
dysfunction may cause several neurological diseases, e.g., mul-
tiple sclerosis, Alzheimer’s disease, and meningitis (19). To our
knowledge, no study has explored the prevalence of meningitis
in stroke patients compared to a healthy population; nevertheless,
stroke is considered a common complication among meningitis
patients.

This study analyzed the medical records of 29,436 stroke
patients and 87,951 age-matched controls acquired from Taiwan
National Health Insurance (TNHI) database from 2000 to 2011.
The risk factors for stroke, including hypertension, diabetes,
hyperlipidemia, atrial fibrillation, and head injury were consid-
ered. The correlation between meningitis incidences in stroke
patients and the comparison group was also assessed.

MATERIALS AND METHODS

Data Source

This retrospective cohort study used data from a Longitudinal
Health Insurance Database (LHID) derived from the TNHI pro-
gram set up by the Taiwan Bureau of National Health Insurance.
The TNHI program has a coverage ratio above 99% because
all Taiwanese compulsorily join the program. One million
insurants were randomly selected from the year 2000 Registry
from among beneficiaries in the LHID. The LHID included
all inpatient and outpatient medical records for each insurant
from 1996 to 2011. Disease was identified in the LHID based
on the International Classification of Diseases, ninth Revision,
and Clinical Modification (ICD-9-CM). To avoid researchers
obtaining information from specific patients, the identification
of insurants was re-coded. This study was also approved by the
Institutional Review Board of China Medical University Hospital
[CMUH104-REC2-115(CR-2)].

Study Subjects

We collected data 30,019 patients with a new diagnosis of stroke
(ICD-9-CM 430-438) at admission between 2000 and 2011 and
defined the date of stroke diagnosis at the index date. Stroke
patients with meningitis history were excluded (ICD-9-CM 047
and 320-322, n = 583). Finally, we selected 29,436 stroke patients
as the stroke cohort. The stroke patients were grouped into
hemorrhagic stroke (ICD-9-CM 430-432) and ischemic stroke
(ICD-9-CM 433-438) based on the first stroke diagnosis. The
comparison cohort (n = 87,951) was selected among individuals
without stroke and meningitis history and was frequency matched
for age (5-year strata; for example, 0-4, 5-9, and 10-14 years of
age), sex, and index year at an approximately 3:1 rate.

End Point, Comorbidity, and Operation

All study subjects were followed up from the index date to
the date of meningitis occurrence. Those who did not develop
meningitis were followed up until the date that they withdrew
from the program or the end of 2011. The comorbidities included
hypertension (ICD-9-CM 401-405), diabetes (ICD-9-CM 250),
hyperlipidemia (ICD-9-CM 272), atrial fibrillation (ICD-9-CM
427.31), and head injury (ICD-9-CM 850-854, 959.01). All
comorbidities were defined before the index date. Head surgery,
akind of stroke treatment (ICD-9 operation code 01 and 02), was
used to define the severity of stroke in this study. Patients with
head surgery treatment were defined as serious stroke and others
were defined as mild stroke. Stroke patients with head surgery
within 7 days after stroke occurred were defined as head surgery
treatment group.

Statistical Analysis

Chi-square tests were used to assess the significance of the dif-
ferences in age group, sex, and comorbidity between stroke and
comparison cohorts. The incidences of meningitis were calculated
for each cohort. Hazard ratios (HRs) and 95% confidence intervals
(CIs) of meningitis in the stroke cohort compared with those of the
comparison cohort were calculated using Cox proportional hazard
regression analysis. The adjusted Cox model was adjusted for age,
sex, and all comorbidities (including hypertension, diabetes,
hyperlipidemia, atrial fibrillation, and head injury). The association
between meningitis and stroke type was also assessed. Because the
interaction test between age and stroke showed a significant dif-
ference (p = 0.03 in adjusted model), we estimated the age-specific
risk of meningitis in the adjusted model. In further analyses, we
estimated the association between meningitis and head surgery
(stroke severity). Kaplan-Meier analysis was used to plot the
cumulative incidence of meningitis, and log-rank tests were used
to assess the differences in cumulative incidence between the two
cohorts. All analyses were performed using SAS 9.4 (SAS Institute
Inc., Cary, NC, USA) with a statistical significance level of p < 0.05.

RESULTS

Characteristics of the Subject Population
A total of 117,387 study subjects (29,436 stroke patients and
87,951 comparison subjects) were included in this study. The
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mean age was 67.7 + 14.4 and 66.9 + 14.3 years in stroke patients
and the comparison group, respectively (Table 1). There were
12,431 women (42.23%) and 17,005 men (57.77%) in the stroke
group and 37,033 women (42.11%) and 50,918 men (57.89%) in
the comparison group (Table 1). Compared to the comparison
group, stroke patients had a higher prevalence of hyperten-
sion (71.74 vs. 46.75%, p < 0.001), diabetes (27.45 vs. 15.75%,
p < 0.001), hyperlipidemia (31.11 vs. 22.70%, p < 0.001), atrial
fibrillation (3.83 vs. 1.60%, p < 0.001), and head injury (14.89 vs.
7.90%, p < 0.001) (Table 1).

Cumulative Incidences

The estimated risk of meningitis obtained with the Kaplan-Meier
estimator is shown in Figure 1. The cumulative incidence rate
of meningitis in the stroke cohort was approximately threefold
higher than that in the comparison cohort after a follow-up dura-
tion of 12 years (median follow-up, 3.22 years) (0.63 vs. 0.21%,
log-rank test, p < 0.001).

Incidence and Risk of Different Meningitis
Types between Stroke and Comparison
Cohort

We explored the impacts of stroke on developing different types
of meningitis (e.g., viral and bacterial meningitis) (Table SI in
Supplementary Material). There was no significant difference for
risks of viral meningitis between stroke and comparison cohort
(adjusted HR, 0.86; 95% CI, 0.34-2.17). But for bacterial men-
ingitis, stroke patients had a 2.89-fold higher risk compared to
comparisons (adjusted HR, 2.89; 95% CI, 2.16-3.88, p < 0.001).

Incidence and Risk of Meningitis
According to Stroke Type

Next, we examined the impacts of hemorrhagic and ischemic
stroke on meningitis with Cox proportional hazard regression

TABLE 1 | Demographic characteristics and comorbidity between stroke and
age-matched comparison cohort in Taiwan.

Stroke Comparison

(N = 29,436) (N = 87,951)

n % n % p value?
Age (years) 0.88
<45 2,049 6.96 6,147 6.99
45-64 8,908 30.26 26,724 30.39
65-74 8,171 27.76 24,513 27.87
75+ 10,308 35.02 30,567 34.75
Mean (SD) 67.7 (14.4) 66.9 (14.3)
Gender 0.71
Women 12,431 42.23 37,033 4211
Men 17,005 57.77 50,918 57.89
Comorbidity
Hypertension 21,116 71.74 41,114 46.75 <0.001
Diabetes 8,081 27.45 13,850 15.75 <0.001
Hyperlipidemia 9,159 31.11 19,964 22.70 <0.001
Atrial fibrillation 1,128 3.83 1,407 1.60 <0.001
Head injury 4,382 14.89 6,950 7.90 <0.001

2p values were evaluated by the Chi-square test.

model. As shown by the results summarized in Table 2, 114
of 29,436 stroke patients and 115 of 87,951 comparison group
subjects developed meningitis in this study. Our data indicated
that stroke was with a significant association for the develop-
ment of meningitis even after adjusting for age, sex, and comor-
bidity (crude HR, 2.89; 95% CI, 2.23-3.74, p < 0.001; adjusted
HR, 2.55; 95% CI, 1.94-3.37, p < 0.001). Moreover, the risks
of developing meningitis were 4.36- and 2.19-fold higher in
hemorrhagic and ischemic stroke patients, respectively, than
in the comparison group in the adjusted Cox model (95% ClI,
2.91-6.55 and 1.62-2.95, respectively). In addition, the inci-
dence rate of meningitis among hemorrhagic stroke patients
(1.65 per 1,000 person-years) was higher than ischemic patients
(0.78 per 1,000 person-years) and the comparison group (0.33
per 1,000 person-years) in Cox proportional hazard regres-
sion model (Table 2). No significant difference of the dura-
tion between index and end point of meningitis occurrence
was found between stroke (median, 0.85 year; interquartile
range, 2.73 years) and comparison cohort (median, 0.87 year,
interquartile range, 1.37 years) (p = 0.44, Wilcoxon rank-sum
test). The mean duration of meningitis occurrence dates in
stroke patients and comparison cohort are 1.79 and 1.52 years,
respectively (p = 0.30, t-test) (Table S2 in Supplementary
Material). We also explored the meningitis incidence among
different subtypes of stroke (ICD code 430-438). The trend of
an increased risk of meningitis in cases vs. controls was con-
sistent across different ICD 9 codes although the estimates for
ICD code 433 (occlusion and stenosis of precerebral arteries)
and 437 (other and ill-defined cerebrovascular disease) did
not reach statistical significance (Table S3 in Supplementary
Material).
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o -"1Stroke
g 0.008- Log-rank test, p <0.0001
[
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FIGURE 1 | Cumulative incidences of meningitis in the stroke and
comparison cohorts. The cumulative incidences of meningitis were plotted
according to Kaplan-Meier analysis and the difference in incidences between
the two cohorts (stroke cohort, n = 29,436; comparison cohort, n = 87,951)
was evaluated by log-rank test.
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TABLE 2 | Incidence and HR for meningitis in different stroke type.

N Event no. Person-years Rate? Crude HR (95% ClI) Adjusted HR (95% CI)®
Comparison 87,951 115 345,336 0.33 1.00 1.00
Stroke type
Overall 29,436 114 125,008 0.91 2.89 (2.23-3.74)** 2.55 (1.94-3.37)"**
Hemorrhagic 5,287 32 19,446 1.65 5.24 (3.54-7.75)"** 4.36 (2.91-6.55)"**
Ischemic 24,149 82 105,562 0.78 2.46 (1.85-3.26)* 2.19 (1.62-2.95)**

aPer 1,000 person-years.

bAdjusted for age, gender, and comorbidity (including hypertension, diabetes, hyperlipidemia, atrial fibrillation, and head injury).

**p < 0.001.
Cl, confidence interval; HR, hazard ratio.

Incidence and Risk of Meningitis in
Different Stroke Types among Age Groups

The statistics of age-specific incidence and risk of meningitis
are shown in Table 3. Stroke patients younger than 45 years age
had the highest meningitis risk compared to that in the same age
group in the comparison group using Cox model after adjusted
age, sex, and comorbidity (adjusted HR, 6.63; 95% CI, 2.98-14.7)
as well as the highest incidence rate (2.08 per 1,000 person-
years). Meanwhile, the highest prevalence of hemorrhagic stroke
occurred in patients younger than 45 years (40.55% in the <45-
year group, 23.52% in the 45- to 64-year group, 14.11% in the
65- to 74-year group, and 11.72% in the 75 years or older group).
Notably, patients with hemorrhagic stroke histories showed
higher meningitis risks and incidence rates compared to those in
patients with ischemic stroke histories and the comparison group
for each age group except for those 75 years or older. Moreover,
our data indicated that stroke patients older than 45 years had
a lower risk of developing meningitis (adjusted HR, 1.79 in the
45- to 64-year group, 2.76 in the 65- to 74-year group, 2.12 in
the 75 years or older group, and 6.63 in the <45-year group).
Collectively, stroke patients older than 45 years only showed
an approximately twofold increased risk of meningitis. Stroke
patients younger than 45 years with either hemorrhagic or
ischemic stroke had increased risks of developing meningitis.

Incidence and Risk of Meningitis in
Different Stroke Types by Head

Treatment and Stroke Complication

We evaluated the incidences and HRs for meningitis in stroke
patients with or without head treatment, as head surgical proce-
dures were considered the severity of stroke (Table 4). Compared to
the comparison group, stroke patients who received head surgery
(serious stroke) had a higher risk (HR, 8.66; 95% CI, 5.55-13.5)
in Cox model after adjusted for age, sex, and comorbidity, and
higher incidence rate (3.33 per 1,000 person-years) of meningitis
than stroke patients without head surgery (mild stroke) (HR,
2.11; 95% CI, 1.57-2.82; incidence rate, 0.76 per 1,000 person-
years). The same trends were observed in hemorrhagic and
ischemic stroke patients compared with those in the comparison
group. Patients with hemorrhagic or ischemic stroke histories
who underwent head surgery had an over 3.5-fold higher risk of
meningitis compared to those without head surgery (3.54-and
5.06-fold in the hemorrhagic and ischemic group, respectively).

TABLE 3 | Incidence and HR for meningitis in different stroke type among age

group.
Age (years) N Event  Person-  Rate® Adjusted
no. years HR (95% CI)*
<45
Comparison 6,147 10 33,987 0.29 1.00
Stroke type
Overall 2,049 22 10,589 2.08 6.63 (2.98-14.7)*
Hemorrhagic 831 12 3,820 3.14 9.42 (3.90-22.8)***
Ischemic 1,218 10 6,768 1.48 4.84 (1.92-12.2)**
45-64
Comparison 26,724 40 129,789 0.31 1.00
Stroke type
Overall 8,908 28 44,794 0.63 1.79 (1.06-3.03)*
Hemorrhagic 2,095 13 8,575 1.62 4.10 (2.13-7.90)**
Ischemic 6,813 15 36,220 0.41 1.18 (0.63-2.22)
65-74
Comparison 24,513 31 95,286 0.33 1.00
Stroke type
Overall 8,171 35 37,829 0.93 2.76 (1.66-4.59)**
Hemorrhagic 1,153 5 4,360 1.15 3.43 (1.32-8.92)
Ischemic 7,018 30 33,469 0.90 2.67 (1.57-4.52)"**
75+
Comparison 30,567 34 86,274 0.39 1.00
Stroke type
Overall 10,308 29 31,795 0.91 212 (1.27-3.53)*
Hemorrhagic 1,208 2 2,691 0.74 1.71(0.41-7.14)
Ischemic 9,100 27 29,105 0.93 2.16 (1.28-3.64)*

4Per 1,000 person-years.

bAdjusted for gender and comorbidity (including hypertension, diabetes, hyperlipidemia,
atrial fibrillation, and head injury).

*0 < 0.05.

*p < 0.01.

*p < 0.001.

Cl, confidence interval; HR, hazard ratio.

We also examined the association between meningitis and the
stroke complication (pneumonia). Stroke patients still had a
higher meningitis risk than comparisons regardless of develop-
ing complication or not (adjusted HR, 2.49; 95% CI, 1.88-3.30
in stroke patients without complication, p < 0.001; adjusted HR,
4.00; 95% CI, 1.94-8.25 in stroke patients with complication,
p < 0.001) (Table S4 in Supplementary Material). Nonetheless,
there was no significant difference between stroke patients with
and without complication in meningitis risk (adjusted HR,
1.61; 95% CI, 0.78-3.32 in stroke patients with complication).
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TABLE 4 | Incidence and HR for meningitis in different stroke type by head treatment.

N Event no. Person-years Rate? Adjusted HR (95% CI)°
Comparison 87,951 115 345,336 0.33 1.00
Overall stroke
Without head surgery 27,321 89 117,493 0.76 2.11 (1.57-2.82)** 1.00
With head surgery 2,115 25 7,515 3.33 8.66 (5.55-13.5)** 3.84 (2.42-6.11)*
Hemorrhagic
Without head surgery 3,453 11 12,826 0.86 2.30 (1.23-4.30)** 1.00
With head surgery 1,834 21 6,620 3.17 8.31 (6.16-13.4)** 3.54 (1.70-7.37)**
Ischemic
Without head surgery 23,868 78 104,667 0.75 2.08 (1.54-2.82)** 1.00
With head surgery 281 4 895 4.47 11.2 (4.11-30.5)"** 5.06 (1.84-13.9)**

#Per 1,000 person-years.

bAdjusted for age, gender, and comorbidity (including hypertension, diabetes, hyperlipidemia, atrial fibrillation, and head injury).

**p < 0.01.
**p < 0.001.
Cl, confidence interval; HR, hazard ratio.

Regardless of complication, stroke patients received head surgery
treatment had a higher meningitis incidence compared to stroke
patients without head surgery and complication (adjusted HR,
3.74; 95% CI, 2.28-6.15 in stroke patients without complication,
p <0.001; adjusted HR, 4.66; 95% CI, 1.70-12.8 in stroke patients
with complication, p < 0.01).

The Prognosis and Outcome of Stroke

Patients with or without Meningitis

The mortality rates in stroke patients with and without menin-
gitis development were 50.9 and 42.6%, respectively. Compared
to stroke patients without meningitis development, those with
meningitis development had a modest increased death risk using
Poisson regression after adjusted for age, sex, and comorbidity
(relative risk, 1.33; 95% CI, 1.03-1.73, p < 0.05) (Table 5).

DISCUSSION

Although ischemic stroke is the predominant form of stroke in
our study and worldwide, the incidence of meningitis was higher
in hemorrhagic stroke patients. The degree of BBB disruption is
positively correlated with the severity of intracranial hemorrhage
(ICH) (20). We did not find any reports that assessed the associa-
tion between the severity of ischemic stroke and the degree of
BBB damage. However, one study explored the degree of BBB
damage in patients with acute ischemic stroke (AIS) who received
thrombolytic therapy (21). ICH is the worst complication of intra-
venous tissue plasminogen activator therapy for AIS. The authors
reported that the permeability of the BBB was significantly cor-
related with the degree of ICH (parenchymal hematoma > hem-
orrhagic infarction > no hemorrhage). Our findings of a higher
meningitis incidence in hemorrhagic stroke patients could be
supported by their results. Hemorrhagic stroke patients may have
increased risks of meningitis due to the increased permeability of
the BBB. One possible underlying mechanism of our study was
the upregulation of matrix metalloproteinase-9 (MMP-9) in the
brain tissue. Both hemorrhagic and ischemic stroke induced the
expression of MMP-9 in the brain tissue; meanwhile, MMP-9

TABLE 5 | Relative risk of death between stroke patients with and without
meningitis (N = 29,436).

Outcome N Event no. % Relative risk
(95% CI)*
Death
Without meningitis 29,322 12,483 42.6 1.00
With meningitis 114 58 50.9 1.33 (1.03-1.73)*

“Adjusted for age, gender, and comorbidity (including hypertension, diabetes,
hyperlipidemia, atrial fibrillation, and head injury).
*0 < 0.05.

mediated the breakdown of the BBB (22-24). Interestingly, it was
reported that the disruption of the BBB in bacterial meningitis
was mediated by MMP-9 (25). Since the integrity of the BBB
is required for the physical defense against pathogens, higher
meningitis risk was observed in stroke patients compared to the
comparisons (Table 2). The other groups study indicated that
the plasma concentrations of MMP-9 were significantly higher
in either hemorrhagic or ischemic stroke patients than control
participants (26). The upregulation of MMP-9 was an early
response of stroke; however, we still do not fully understand the
impact of MMP-9 on BBB recovery and how the BBB recovers
(27). Moreover, another group found microvascular remodeling
and disappearances of vasculature close by the injury site of
stroke in a long-term in vivo investigation (28). These changes
may compromise the integrity of BBB permanently. Even though
there were no significantly different on the duration between
index and end point of meningitis occurrence in stroke patients
and comparisons (Table S2 in Supplementary Material), higher
meningitis risk was observed in stroke patients compared to the
comparisons (Table 2).

Our data showed that stroke patients younger than 45 years
had the highest incidence of meningitis. This finding could be
explained by our observation that the highest prevalence of
hemorrhagic stroke was found in the age group of <45 years.
Compared to the other age groups, the meningitis incidence
among ischemic stroke patients was slightly higher than that
among hemorrhagic stroke patients in those older than 75 years.
However, this observation may not be accurate since there were
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only two meningitis patients with history of hemorrhagic stroke.
Since hemorrhagic stroke patients showed a higher meningitis
incidence than that in ischemic stroke patients, it was surprising
that ischemic stroke patients undergoing head surgery had higher
risks of meningitis. The detailed mechanisms should be explored
in the future.

Strengths and Limitations

The major strengths of this study were the large cohort sizes, the
long follow-up duration, and the integrated medical records.
Nevertheless, this study has several limitations. For example,
there were few cases of meningitis patients who suffered hemor-
rhagic stroke in the 65- to 74-year and older than 75-years age
groups. Head surgery, a kind of stroke treatment, was applied
to determine the severity of stroke in this study. We did not
consider head surgery as a risk factor for meningitis in stroke
patients, whereas there was one study exploring the incidence
and risk factors of meningitis in patients with craniotomy
(29). We did not have the data of MMP-9 expression levels
in stroke and comparison cohorts. Due to this limitation, we
cannot evaluate the effects of MMP-9 on the development of
virus or bacterial meningitis in stroke and comparison cohort.
Moreover, we assumed the opportunities for exposure to
meningitis pathogens were equal among stroke patients and
comparisons in this study. However, it was possibly not the case
in the daily life.

CONCLUSION

Our data indicated that stroke patients had higher risks of
developing meningitis. Patients younger than 45 years with

REFERENCES

1. World Health Organization Mc. The Top 10 Causes of Death. (2017). Available
from: http://who.int/mediacentre/factsheets/fs310/en/

2. Ministry of Health and Welfare SP. 2016 Statistics of Causes of Death. (2017).
Available from: https://www.mohw.gov.tw/lp-3327-2.html

3. Feigin VL, Roth GA, Naghavi M, Parmar P, Krishnamurthi R, Chugh §, et al.
Global burden of stroke and risk factors in 188 countries, during 1990-2013:
a systematic analysis for the Global Burden of Disease Study 2013. Lancet
Neurol (2016) 15(9):913-24. doi:10.1016/S1474-4422(16)30073-4

4. Institute for Health Metrics and Evaluation UoW. Global Burden of Disease
Study 2016 (GBD 2016) Data Resources. (2017). Available from: http://ghdx.
healthdata.org/gbd-2016

5. Otite FO, Liaw N, Khandelwal P, Malik AM, Romano ]G, Rundek T, et al.
Increasing prevalence of vascular risk factors in patients with stroke: a call to
action. Neurology(2017)89(19):1985-94.d0i:10.1212/WNL.0000000000004617

6. Jordan LC, Bhattacharya PD. Stroke after trauma in children and young adults:
some opportunity for primary prevention. Neurology (2017) 89(23):2306-7.
doi:10.1212/WNL.0000000000004723

7. Fugate JE, Lyons JL, Thakur KT, Smith BR, Hedley-Whyte ET, Mateen FJ.
Infectious causes of stroke. Lancet Infect Dis (2014) 14(9):869-80. doi:10.1016/
S1473-3099(14)70755-8

8. Scheld WM, Koedel U, Nathan B, Pfister HW. Pathophysiology of bacterial
meningitis: mechanism(s) of neuronal injury. ] Infect Dis (2002) 186(Suppl 2):
§225-33. doi:10.1086/344939

9. Edmond K, Clark A, Korczak VS, Sanderson C, Griffiths UK, Rudan I. Global
and regional risk of disabling sequelae from bacterial meningitis: a systematic
review and meta-analysis. Lancet Infect Dis (2010) 10(5):317-28. doi:10.1016/
S1473-3099(10)70048-7

history of hemorrhagic stroke showed the highest risk of
meningitis compared to the other groups. Ischemic stroke
patients who had undergone head surgery showed an elevated
meningitis incidence. In conclusion, our study provides new
insight into the clinical relevance of meningitis in stroke
patients.

AUTHOR CONTRIBUTIONS

C-HW contributed to study design and drafting. C-HM, T-LL,
and C-HL contributed to acquisition of data. Y-CH, R-HF, and
W-CS contributed to data analysis revising. S-PL contributed to
study conception and design, drafting, and revising.

FUNDING

This study is supported in part by Ministry of Health and
Welfare, Taiwan (MOHW107-TDU-B-212-123004), China
Medical University Hospital (DMR-106-080 and DMR-
CELL-17004), Academia Sinica Taiwan Biobank Stroke
Biosignature Project (BM10601010036), Taiwan Clinical Trial
Consortium for Stroke (MOST 106-2321-B-039-005), Tseng-
Lien Lin Foundation, Taichung, Taiwan, Taiwan Brain Disease
Foundation, Taipei, Taiwan, and Katsuzo and Kiyo Aoshima
Memorial Funds, Japan.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at http://www.frontiersin.org/articles/10.3389/fneur.2018.00116/
full#supplementary-material.

10. Katchanov J, Heuschmann PU, Endres M, Weber JR. Cerebral infarction
in bacterial meningitis: predictive factors and outcome. ] Neurol (2010)
257(5):716-20. doi:10.1007/s00415-009-5395-9

11. Schut ES, Lucas MJ, Brouwer MC, Vergouwen MD, van der Ende A, van de
Beek D. Cerebral infarction in adults with bacterial meningitis. Neurocrit Care
(2012) 16(3):421-7. d0i:10.1007/s12028-011-9634-4

12. Mook-Kanamori BB, Fritz D, Brouwer MC, van der Ende A, van de Beek D.
Intracerebral hemorrhages in adults with community associated bacterial
meningitis in adults: should we reconsider anticoagulant therapy? PLoS One
(2012) 7(9):e45271. doi:10.1371/journal.pone.0045271

13. Merkler AE, Reynolds AS, Gialdini G, Morris NA, Murthy SB, Thakur K, et al.
Neurological complications after tuberculous meningitis in a multi-state cohort
in the United States. ] Neurol Sci (2017) 375:460-3. doi:10.1016/j.jns.2017.02.051

14. Klein M, Koedel U, Pfefferkorn T, Zeller G, Woehrl B, Pfister HW. Arterial
cerebrovascular complications in 94 adults with acute bacterial meningitis.
Crit Care (2011) 15(6):R281. doi:10.1186/cc10565

15. Bodilsen ], Dalager-Pedersen M, Schonheyder HC, Nielsen H. Stroke in
community-acquired bacterial meningitis: a Danish population-based study.
Int ] Infect Dis (2014) 20:18-22. doi:10.1016/j.ijid.2013.12.005

16. Krueger M, Bechmann I, Immig K, Reichenbach A, Hartig W, Michalski D.
Blood-brain barrier breakdown involves four distinct stages of vascular dam-
age in various models of experimental focal cerebral ischemia. J Cereb Blood
Flow Metab (2015) 35(2):292-303. d0i:10.1038/jcbfm.2014.199

17. Keep RE, Zhou N, Xiang J, Andjelkovic AV, Hua Y, Xi G. Vascular disruption
and blood-brain barrier dysfunction in intracerebral hemorrhage. Fluids
Barriers CNS (2014) 11:18. d0i:10.1186/2045-8118-11-18

18. Urra X, Miro E Chamorro A, Planas AM. Antigen-specific immune
reactions to ischemic stroke. Front Cell Neurosci (2014) 8:278. doi:10.3389/
fncel.2014.00278

Frontiers in Neurology | www.frontiersin.org

March 2018 | Volume 9 | Article 116


http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
http://www.frontiersin.org/articles/10.3389/fneur.2018.00116/full#supplementary-material
http://www.frontiersin.org/articles/10.3389/fneur.2018.00116/full#supplementary-material
http://who.int/mediacentre/factsheets/fs310/en/
https://www.mohw.gov.tw/lp-3327-2.html
https://doi.org/10.1016/S1474-4422(16)30073-4
http://ghdx.healthdata.org/gbd-2016
http://ghdx.healthdata.org/gbd-2016
https://doi.org/10.1212/WNL.0000000000004617
https://doi.org/10.1212/WNL.0000000000004723
https://doi.org/10.1016/S1473-3099(14)70755-8
https://doi.org/10.1016/S1473-3099(14)70755-8
https://doi.org/10.1086/344939
https://doi.org/10.1016/S1473-3099(10)70048-7
https://doi.org/10.1016/S1473-3099(10)70048-7
https://doi.org/10.1007/s00415-009-5395-9
https://doi.org/10.1007/s12028-011-9634-4
https://doi.org/10.1371/journal.pone.0045271
https://doi.org/10.1016/j.jns.2017.02.051
https://doi.org/10.1186/cc10565
https://doi.org/10.1016/j.ijid.2013.12.005
https://doi.org/10.1038/jcbfm.2014.199
https://doi.org/10.1186/2045-8118-11-18
https://doi.org/10.3389/fncel.2014.00278
https://doi.org/10.3389/fncel.2014.00278

Wang et al.

Increased Risk of Meningitis after Stroke

19.

20.

21.

22.

23.

24.

25.

26.

Weiss N, Miller F, Cazaubon S, Couraud PO. The blood-brain barrier in
brain homeostasis and neurological diseases. Biochim Biophys Acta (2009)
1788(4):842-57. doi:10.1016/j.bbamem.2008.10.022

Leigh R, Christensen S, Campbell BC, Marks MP, Albers GW, Lansberg MG,
et al. Pretreatment blood-brain barrier disruption and post-endovascular
intracranial hemorrhage. Neurology (2016) 87(3):263-9. doi:10.1212/WNL.
0000000000002862

Leigh R, Jen SS, Hillis AE, Krakauer JW, Barker PB; STIR and VISTA Imaging
Investigators. Pretreatment blood-brain barrier damage and post-treatment
intracranial hemorrhage in patients receiving intravenous tissue-type plas-
minogen activator. Stroke (2014) 45(7):2030-5. doi:10.1161/STROKEAHA.
114.005249

Rosell A, Ortega-Aznar A, Alvarez-Sabin J, Fernandez-Cadenas I, Ribo M,
Molina CA, et al. Increased brain expression of matrix metalloproteinase-9
after ischemic and hemorrhagic human stroke. Stroke (2006) 37(6):1399-406.
doi:10.1161/01.STR.0000223001.06264.af

Turner RJ, Sharp FR. Implications of MMP9 for blood brain barrier disrup-
tion and hemorrhagic transformation following ischemic stroke. Front Cell
Neurosci (2016) 10:56. doi:10.3389/fncel.2016.00056

Lakhan SE, Kirchgessner A, Tepper D, Leonard A. Matrix metalloproteinases
and blood-brain barrier disruption in acute ischemic stroke. Front Neurol
(2013) 4:32. doi:10.3389/fneur.2013.00032

Ricci S, Grandgirard D, Wenzel M, Braccini T, Salvatore P, Oggioni MR, et al.
Inhibition of matrix metalloproteinases attenuates brain damage in experi-
mental meningococcal meningitis. BMC Infect Dis (2014) 14:726. d0i:10.1186/
$12879-014-0726-6

Sarfo FS, Owusu D, Adamu S, Awuah D, Appiah L, Amamoo M, et al.
Plasma glial fibrillary acidic protein, copeptin, and matrix metalloproteinase-9

27.

28.

29.

concentrations among West African stroke subjects compared with stroke-
free controls. J Stroke Cerebrovasc Dis (2018) 27(3):633-44. d0i:10.1016/
j.jstrokecerebrovasdis.2017.09.035

Prakash R, Carmichael ST. Blood-brain barrier breakdown and neovasculari-
zation processes after stroke and traumatic brain injury. Curr Opin Neurol
(2015) 28(6):556-64. doi:10.1097/WCO.0000000000000248

Tomita Y, Kubis N, Calando Y, Tran Dinh A, Meric P, Seylaz J, et al. Long-
term in vivo investigation of mouse cerebral microcirculation by fluorescence
confocal microscopy in the area of focal ischemia. J Cereb Blood Flow Metab
(2005) 25(7):858-67. doi:10.1038/s].jcbfm.9600077

Chen C, Zhang B, Yu S, Sun E, Ruan Q, Zhang W, et al. The incidence and
risk factors of meningitis after major craniotomy in China: a retrospective
cohort study. PLoS One (2014) 9(7):101961. doi:10.1371/journal.pone.
0101961

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The reviewer MG and handling Editor declared their shared affiliation.

Copyright © 2018 Wang, Lin, Muo, Lin, Huang, Fu, Shyu and Liu. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Neurology | www.frontiersin.org

March 2018 | Volume 9 | Article 116


http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
https://doi.org/10.1016/j.bbamem.2008.10.022
https://doi.org/10.1212/WNL.
0000000000002862
https://doi.org/10.1212/WNL.
0000000000002862
https://doi.org/10.1161/STROKEAHA.
114.005249
https://doi.org/10.1161/STROKEAHA.
114.005249
https://doi.org/10.1161/01.STR.0000223001.06264.af
https://doi.org/10.3389/fncel.2016.00056
https://doi.org/10.3389/fneur.2013.00032
https://doi.org/10.1186/s12879-014-0726-6
https://doi.org/10.1186/s12879-014-0726-6
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.09.035
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.09.035
https://doi.org/10.1097/WCO.0000000000000248
https://doi.org/10.1038/sj.jcbfm.9600077
https://doi.org/10.1371/journal.pone.0101961
https://doi.org/10.1371/journal.pone.0101961
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Increase of Meningitis Risk in 
Stroke Patients in Taiwan
	Introduction
	Materials and Methods
	Data Source
	Study Subjects
	End Point, Comorbidity, and Operation
	Statistical Analysis

	Results
	Characteristics of the Subject Population
	Cumulative Incidences
	Incidence and Risk of Different Meningitis Types between Stroke and Comparison Cohort
	Incidence and Risk of Meningitis According to Stroke Type
	Incidence and Risk of Meningitis in Different Stroke Types among Age Groups
	Incidence and Risk of Meningitis in Different Stroke Types by Head 
Treatment and Stroke Complication
	The Prognosis and Outcome of Stroke Patients with or without Meningitis

	Discussion
	Strengths and Limitations

	Conclusion
	Author Contributions
	Funding
	Supplementary Material
	References


