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A B S T R A C T

Objectives: The association between short-term ambient particulate matter ≤ 2.5 μm diameter (PM2.5) and
spontaneous intracerebral hemorrhage (SICH) occurrence is unclear. We aimed to study the association of
ambient PM2.5 with occurrence of SICH in an area of low air pollution in southern Portugal.
Patients and methods: PM2.5 levels from the 3 days before the SICH event (Lag 1, 2, 3) was compared with one
control period (Lag 15–17) using a case-crossover analysis. Conditional logistic regression was used to estimate
the odds ratio (OR) with 95% confidence interval (CI). Analysis was stratified by gender, age, functional neu-
rological status, type of SICH, environmental factors (temperature, humidity, time of day and season).
Results: Three-hundred and eight patients were included (2010–2015); mean age 70.8 years, 62.8% were males.
The mean values (μg/l) of PM2.5 were higher on the case days (Lag1 = 7.76, Lag2 = 7.64, Lag3 = 7.74)
compared to control period (Lag14-17 = 6.77). For each 10 μg/l increase, the likelihood of SICH increased 5.7%
(95% CI = 1.020-1.095. P = .002). The strength of the association was higher in patients younger than 70 years
(OR = 1.064, 95% CI = 1.009–1.122); without prior to SICH neurological disability (OR = 1.061, 95% CI
1.022–1.101); with non-lobar type (OR = 1.054, 95% CI = 1.012–1.099). A circadian and circannual pattern
was present with increased strength of the association when SICH occurred in the morning time (OR = 1,067,
95% CI = 1.012–1.125), in the fall (OR = 1.118, 95% CI = 1.031–1.213) and the in the winter (OR = 1.064,
95% CI = 1.002–1.129). The association was also potentiated at lower temperature values.
Conclusion: Short-term increases of PM2.5 are associated with occurrence of SICH in Algarve, a region of low
ambient pollution. Patient and ambient level factors can influence the strength of this association.

1. Introduction

Air pollution is considered an emerging risk factor for stroke, with
an estimated attributable contribution of 29.2% to the global stroke
burden [1]. Ambient air pollution is a heterogeneous mixture of gases
and particulate matter (PM) resulting from natural, industrial, and
human related activities such as car traffic or indoor combustion of
solid fuels [2]. Of the airborne particles, fine particulate matter of less

than or equal to 2.5 μm in aerodynamic diameter (PM2.5), known to
reach the blood stream, has been shown to better correlate with human
health, including stroke incidence and mortality [3–5]. There is biolo-
gical plausibility supporting the association between PM2.5 and cere-
brovascular disease [6]. Induction of endothelial dysfunction, vaso-
constriction, acute increased blood pressure, inflammation,
dysautonomia and coagulation disturbances are among the implicated
mechanisms [6,4]. Contrary to acute ischemic stroke (AIS), the
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literature on the associations between short-term changes in ambient
PM2.5 levels and spontaneous intracerebral hemorrhage (SICH) oc-
currence is sparse and inconsistent [4,5]. Without having a threshold or
exposure-response relationship, day-to-day changes of PM2.5 con-
centration increased the risk of all-cause mortality in areas of low levels
of ambient pollution [7]. This further enhances the need to expand the
data on the association between ambient PM2.5 levels and stroke,
particularly of hemorrhagic type. The current study aimed to estimate
the short-term changes in ambient PM2.5 levels on the occurrence of
SICH in a region with low level of ambient air pollution in southern
Portugal.

2. Material and methods

2.1. Study area and population

Algarve is the southernmost region of continental Portugal with an
area of 4997 km2 and 451,006 inhabitants. The region has a four sea-
sons temperate Mediterranean climate [8]. The Algarve University
Hospitalar Center is the sole regional tertiary hospital qualified to treat
stroke in the region. Details of case identification and data collection
are described elsewhere [9]. Briefly, we performed daily screening of
admitted and discharged patients from the emergency department, SU,
neurology, internal medicine, and neurosurgical wards, and weekly
screening of all urgent or emergent brain images using the institutional
electronic clinical registry and the electronic medical imaging database,
respectively, were performed for case identification (2010 to 2015). An
electronic generated list of patients with ICH (International Classifica-
tion of Diseases-9 [ICD-9] codes 431 and 432) per year was used for
completeness verification. Only patients with presumable small vessel
related ICH (lobar and deep located) from the subregion of Central and
Sotavento Algarve were included. The baseline individual data in-
cluding specific timing of stroke occurrence, day, hour or time of the
day was extracted from the individual electronic clinical charts.

2.2. Meteorological and air pollution data

Daily and hourly PM2.5 measurements was provided by the
Commission for Coordination and Regional Development of the Algarve

(CCDR Algarve) which centrally stores data from the regional network
of fixed-site ground stations. For this study, 3 background stations from
the subregion of Central and Sotavento Algarve were considered
(Fig. 1). Daily values were of PM2.5 were considered when at least ≥
75% of hourly measurements on a particular day were available. Daily
meteorological data, temperature (minimum, maximum, medium) and
humidity for each of the municipalities were obtained from the Portu-
guese Meteorological Bureau.

2.3. Exposure assessment

The mandatory individual postcode, which is automatically linked
to the electronic clinical chart, was used to identify the patient re-
sidence. To reduce exposure misclassification, for each patient, PM2.5
measurements from the closest meteorological station were considered.
Only patients living at a maximum of 40 km from any station were
included [10].

2.4. Study design and statistical analysis

This design was developed as a variant of the case–control design to
study the effects of transient exposures on acute events [11]. The case
period was defined as the last three days before the SICH event (Lag
1,2,3), which was compared with one control period (Lag 15–17). The
lag of 1,2 and 3 relates to the PM2.5 concentrations on 1, 2 and 3 ca-
lendar day prior to SICH occurrence (Fig. 2). Short-term changes in this
specific lag period were shown to correlate with risk of stroke in several
studies [3].

For the control period, we used the average PM2.5 concentration
[12] of the day 1516 and 17 to reduce exclusion of cases due to missing
data. Conditional logistic regression analysis was performed to estimate
the association between stroke occurrence and ambient PM2.5. Strati-
fied analyses using the average PM2.5 concentrations (Lag1-3) were
performed to examine whether the associations differed in considera-
tion individual factors (gender, age, functional neurological status, type
of SICH) and environmental factors (temperature, humidity, time of day
and season). Any case with at least two of the three Lag days for a given
patient had PM2.5 concentrations available in ≥ 75% of the day was
analyzed.

Fig. 1. The map of Algarve with the three background air ambient monitoring stations from the subregion of Central and Sotavento: located in Loulé (red circle); in
Faro (yellow circle) and in Alcoutim (orange circle) (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article).
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3. Results

We included 78.1% (368) of the 471 SICH cases that occurred
during the study period. Patients were excluded (n = 103) because of
absence of PM2.5 data (41/39.8%), incomplete SICH information (8/
7.6%) and living 40 km away from any of the monitoring stations (54/
52.4%). The mean age of was 70.8 years (SD: 12.6), range 29–99 years.
The baseline characteristics of the enrolled subjects are described in
Table 1. The majority were males (62.8%); independent (89.9%) ; with
non-lobar or deep SICH (71.5%); and had stroke onset in morning
(42.1%) and winter (31.8%). Taking in account the mean values from
the case period, the crude odds of occurring SICH was increased by
5.7% (OR = 1057. 95%CI = 1,020-1,095. P = .002) when the PM2.5
concentration increased by 10 μg/l from the control period. Table 2
shows that the mean values of PM2.5 concentrations were higher on
any of the case period days as compared to average control period. The
differences of the mean P2.5 concentrations for any of the case days and
the entire case period to the control period was statistically significant
(Table 3). Table 4 resumes effect modification of clinical and meteor-
ological variables on the association between PM2.5 and SIHC occur-
rence and Fig. 3 the variables with statistically significant associations.
The magnitude of the association was higher in patients ≤ 70 years;
without pre-stroke functional impairment; when SICH occurred in the
morning, winter, and at lower values of minimum and maximum
temperature; and at higher temperature amplitude. The association was
statistically significant only for non-lobar type of SICH.

4. Discussion

Despite the satisfactory levels of airborne PM2.5 registered in the
region, below the currently considered safe levels of 15 μg/l [13] or
25 μg/l [14] maximum annual average, short-time rises of the pollutant
increased the occurrence of SICH. The association between short-term
pollution and occurrence of stroke has been shown also in places were
air pollution is below the recommended levels [15,16]. In some
[17–20] but not all [21,22] studies in the last decade, short-term PM2.5
rises were found to increased risk of SICH occurrence. Several factors
may account for this inconsistency. PM2.5 is a dynamic complex mixture
of particles such as nitrate, sulfate, organic carbon, ammonium, metals,
trace elements and others. Its source varies from industrial combustion,
sea salt, soil, traffic-related and wood burning [13]. There is evidence

Table 3
Mean differences of PM2.5 (μg/l) concentrations between case days and control period.

Comparison 95% CI of the Difference

Mean difference SD Lower Upper P

Lag 1 versus control period 1.381 3.678 0.797 1.964 < 0.001
Lag 2 versus control period 1.288 3.871 0.674 1.902 < 0.001
Lag 3 versus control period 1.865 4.196 1.200 2.531 < 0.001
Mean Lag1-3 versus control period 1.511 3.274 0.992 1.631 < 0.001

CI: Confidence interval; SD: Standard deviation.

Fig. 2. Schematic representation of the cross-
over design of the study. For each case of
spontaneous intracerebral hemorrhage (SICH)
there is a case period (the 3 immediate days or
lag days prior to the stroke onset) and the
control period (day 15, 16 and 17 prior to the
stroke onset).

Table 1
Baseline characteristics of the study population and
timing of spontaneous intracerebral hemorrhage occur-
rence.

No. people (%)

Age
≤ 70 166 (45.1 %)
> 70 202 (54.9)
Sex
Male 231 (62.8)
Female 137 (37.2)
Modified Rankin scale
≤ 2 330 (89.9)
≥ 3 37 (10.1)
Type of SICH
lobar 105 (28.5)
Non lobar 263 (71.5)
Circadian period at SICH onset
Morning 155 (42.1)
Afternoon 102 (27.7)
Night 89 (24.2)
Unknown 22 (6)
Season at SICH onset
Winter 117 (31.8%)
Spring 96 (26.1%)
Summer 73 (19.8%)
Autumn 82 (22.3%)

SICH: Spontaneous Intracerebral Hemorrhage.

Table 2
Absolute PM2.5 values in the case and control period.

Mean SD Minimum Maximum

Case period
Mean 7,90 5,57 0,308 20,947
Lag 1 7.76 6,07 0,015 23,989
Lag 2 7.64 5,78 0,092 21,293
Lag 3 7.74 6,08 0,004 23,383
Control period 6.77 5,63 0,083 18,950

SD : Standard deviation.
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that the specific nature of the constituents of PM2.5 may have different
toxicity properties [6,23] and influence differently the occurrence of
hemorrhagic stroke independently of the overall PM2.5 levels [24].
Unfortunately data on specific PM2.5 subcomponents in the region is
not available. The type of study design, the interaction with several
covariates such as meteorological factors, socio-demographic condi-
tions, clinical status, accuracy of air pollutants measurements, mis-
classification of type of stroke or exposure and time of onset also ac-
count from the disparities of the results found in literature [10,25–27].
Moreover, within the same place, air pollution exposure and inhalation
doses differs depending on the mode of transport, with higher ex-
posures for commuters using motorized transport [27]. By using a case-
crossover study we were able to reduce the effect of time-stable con-
founders such as socio-demographic variables or individual suscept-
ibility factors or any kind of microenvironments [11]. In addition, the
availability of detailed patient-specific data that were extracted from
the medical charts including timing of stroke onset, specific area of
residence was obtained from the clinical charts reducing the effect of
misclassification of exposure and time of onset, that potentially occur in
studies based on administrative data [10,25]. Cerebrovascular hemo-
dynamics is altered by minor rises of PM2.5 concentrations in the el-
derly [28]. In our study however, the magnitude of the impact of in-
creases of PM2.5 was higher in the younger group. This may due to
older people spending most of their time indoors. However, con-
founding effect is to be considered because subjects with non-lobar
SICH, which are younger, also had an increase magnitude of the effect
of PM2.5. Short-term exposure to specific air pollutants, including
PM2.5, can cause clinically significant acute elevations of blood pres-
sure [29,30]. Therefore, it is reasonable to consider that in susceptible
individuals, with underlying hypertension related chronic deep small
vessel disease, short–term elevations of PM2.5 could precipitate rupture
of the vessels or deep located SICH. On the other hand, because of its
poor association with hypertension, short-term increases of PM2.5
would not markedly increase the occurrence of lobar SICH.

As in previous studies, the magnitude of the association between
PM2.5 and SICH occurrence increased at lower ambient temperature
[18,19], during the coolest seasons [31]. Synergism between drops of
temperature and increased levels of PM2.5 is a possible explanation, but
seasonal differences in exposure or air pollution mixture is a possibility
[31,23]. This study has some limitations to be considered. Factors such
as composition of PM2.5, indoor exposure data including housing
conditions (air filtration, addition sources of PM2.5 such as the heating
system) that might alter the association between specific compositions
of PM2.5 were not considered.

A substantial part of patients (21.9%) were excluded from the
analysis, mostly because of living 40 km away from the closest mon-
itoring station or because of the unavailability of PM2.5 data. However,
patients who lived away from monitoring stations were excluded to
improve the spatial precision of the measurement of the association
between the levels of the pollutant and the occurrence of SICH.
Moreover, the PM2.5 measurement failures occurred randomly and
independently of the occurrence of SICH. It is therefore unlikely that
this limitation influenced significantly the study results.

In conclusion this study shows that small rises in PM2.5 levels in-
creases the occurrence of SICH in a low polluted area. There is a need
for clarification of the underlying mechanisms of the association be-
tween SICH and PM2.5. Finally, our study reinforces the growing evi-
dence that no safe level of exposure to PM2.5 exists and individuals
may have different cerebrovascular or systemic susceptibility.

Table 4
Association between short-term increases of PM2.5 and spontaneous in-
tracerebral hemorrhage occurrence adjusted for clinico-demographic, radi-
ological, circadian, circannual and environmental factors.

Adjusted for Odds ratio# (95% CI) P Value

Age group
≤ 70 1.064 1.009 1.122 * 0.022
> 70 1.051 1.002 1.103 * 0.043
Gender
Female 1.002 0.991 1.026 0.917
Male 1.017 0.897 1.069 0.063
Type of spontaneous intracerebral hemorrhage
Lobar 1.065 0.992 1.143 0.081
Non lobar 1.054 1.012 1.099 * 0.012
Modified Rankin Scale
≤ 2 1.061 1.022 1.101 * 0.002
≥ 3 1.023 0.910 1.150 0.700
Circadian
Morning 1.067 1.012 1.125 * 0.016
Afternoon 1.060 0.991 1.135 0.092
Night 1.028 0.956 1.106 0.458
Season
Winter 1.064 1.002 1.129 * 0.044
Spring 1.009 0.933 1.092 0.817
Summer 1.048 0.966 1.136 0.263
Autumn 1.118 1.031 1.213 *0.007
Minimum temperature (degree Celsius)
Lag 1. Tº ≤ 8.5 1.063 1.004 1.126 * 0.037
Lag 1. Tº 8.5 to 14 1.053 0.984 1.127 0.132
Lag 1. Tº > 14 1.055 0.991 1.124 0.092
Lag 2. Tº ≤ 8.5 1.063 1.004 1.126 * 0.036
Lag 2. Tº 8.5 to 14 1.046 0.980 1.116 0.174
Lag 2. Tº > 14 1.061 0.995 1.133 0.073
Lag 3. Tº ≤ 8.5 1.058 1.000 1.120 0.051
Lag 3. Tº 8.5 to 14 1.055 0.987 1.128 0.118
Lag 3. Tº > 14 1.060 0.994 1.131 0.076
Maximum temperature (degree Celsius)
Lag 1. Tº ≤ 17.5 1.062 1.004 1.124 * 0.035
Lag 1. Tº 17.5 to 23.5 1.065 0.994 1.141 0.072
Lag 1. Tº > 23.5 1.047 0.982 1.117 0.160
Lag 2. Tº ≤ 17.5 1.061 1.003 1.122 * 0.040
Lag 2. Tº 17.5 to 23.5 1.071 0.999 1.148 0.055
Lag 2. Tº > 23.5 1.044 0.980 1.112 0.183
Lag 3. Tº ≤ 17.5 1.063 1.004 1.124 * 0.035
Lag 3. Tº 17.5 to 23.5 1.054 0.985 1.128 0.125
Lag 3. Tº > 23.5 1.054 0.989 1.124 0.105
Temperature amplitude
Lag 1. Tº ≤ 8.5 1.050 0.987 1.118 0.122
Lag 1. Tº 8.5 to 11.5 1.054 0.994 1.119 0.079
Lag 1. Tº > 11.5 1.067 1.001 1.138 * 0.048
Lag 2. Tº ≤ 8.5 1.064 0.999 1.132 0.052
Lag 2. Tº 8.5 to 11.5 1.038 0.980 1.100 0.204
Lag 2. Tº > 11.5 1.077 1.006 1.152 * 0.033
Lag 3. Tº ≤ 8.5 1.054 0.993 1.120 0.084
Lag 3. Tº 8.5 to 11.5 1.048 0.987 1.113 0.123
Lag 3. Tº > 11.5 1.072 1.003 1.146 * 0.041
Humidity (%)
Lag 1. Up to 65 1.050 0.978 1.127 0.175
Lag 1. 65 to 77 1.059 0.914 1.149 0.057
Lag 1. > 77 1.044 0.988 1.104 0.124
Lag 2. Up to 65 1.053 0.988 1.122 0.113
Lag 2. 65 to 77 1.052 0.987 1.121 0.120
Lag 2. > 77 1.015 0.006 1.329 0.236
Lag 3. Up to 65 1.052 0.986 1.123 0.123
Lag 3. 65 to 77 1.046 0.984 1.112 0.147
Lag 3. > 77 1.072 1.002 1.339 0.124

#Calculated for each 10 μg/l increase of PM2.5; CI: confidence interval; * in-
dicates p < 0.05; Tº: temperature.

H. Nzwalo et al. Clinical Neurology and Neurosurgery 176 (2019) 67–72

70



Sources of funding

The study was financially supported by Portuguese Stroke
Association (2017 research grant).

Acknowledgments

The authors acknowledge the Portuguese Meteorological Institute
and the Commission for Coordination and Regional Development of the
Algarve (CCDR Algarve) for providing the data used in this research and
Dra. Ana Cristina Guerreiro (Departamento de Saúde Pública e
Planeamento of Algarve) for the valuable insights.

References

[1] V.L. Feigin, G.A. Roth, M. Naghavi, 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. 15 (9) (2016) 913–924, https://doi.org/10.1016/S1474-
4422(16)30073-4.

[2] M. Krzyzanowski, A. Cohen, Update of WHO air quality guidelines, Air Qual. Atmos.
Health 1 (2008) 7–13, https://doi.org/10.1007/s11869-008-0008-9.

[3] Y. Wang, M.N. Eliot, G.A. Wellenius, Short-term Changes in Ambient Particulate Matter
and Risk of Stroke, J. Am. Heart Assoc. (2014) 1–23, https://doi.org/10.1161/JAHA.114.
000983.

[4] H.H. Shin, N. Fann, R.T. Burnett, A. Cohen, B.J. Hubbell, Outdoor fine particles and
nonfatal strokes, Epidemiology 25 (6) (2014) 835–842, https://doi.org/10.1097/EDE.
0000000000000162.

[5] X. Yu, J. Su, X. Li, G. Chen, Short-term effects of particulate matter on stroke attack :
meta-regression and meta-analyses, PLoS One 9 (5) (2014) 1–12, https://doi.org/10.
1371/journal.pone.0095682.

[6] R.D. Brook, S. Rajagopalan, C.A. Pope, et al., Particulate matter air pollution and cardi-
ovascular disease: an update to the scientific statement from the american heart asso-
ciation, Circulation 121 (21) (2010) 2331–2378, https://doi.org/10.1161/CIR.
0b013e3181dbece1.

[7] Q. Di, L. Dai, Y. Wang, et al., Association of short-term exposure to air pollution with
mortality in older adults, JAMA 318 (24) (2017) 2446, https://doi.org/10.1001/jama.
2017.17923.

[8] E. Fabião, J.M. Calado, Algarve - perfil de saúde da região, ARS Algarve (2011) 9–11.
[9] H. Nzwalo, J. Nogueira, A.C. Félix, et al., Short-term outcome of spontaneous

intracerebral hemorrhage in Algarve, Portugal: retrospective hospital-based study, J.
Stroke Cerebrovasc. Dis. (2017), https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.
09.006.

[10] R.P. Lokken, G.A. Wellenius, B.A. Coull, et al., Air pollution and risk of stroke: under-
estimation of effect due to misclassification of time of event onset, Epidemiology
(Cambridge, Mass) 20 (1) (2009) 137–142 http://www.ncbi.nlm.nih.gov/pubmed/
19244659.

[11] M. Maclure, The case-crossover design: a method for studying transient effects on the risk
of acute events, Am. J. Epidemiol. 133 (2) (1991) 1991-1991.

[12] P.J. Villeneuve, L. Chen, D. Stieb, B.H. Rowe, Associations between outdoor air pollution
and emergency department visits for stroke in Edmonton, Canada, Eur. J. Epidemiol. 21
(9) (2006) 689–700, https://doi.org/10.1007/s10654-006-9050-9.

[13] U.S. Environmrntal Protection Agency, Policy Assessment for the Review of the
Particulate Matter National Ambient Air Quality Standards, US Environmental Protection
Agency, Office of Air Quality Planning and Standards, 2011 EPA 452/R-.

[14] Parliament THEE, Council THE, The OF, Union P. 11.6.2008. 2008.
[15] L.D. Lisabeth, J.D. Escobar, J.T. Dvonch, et al., Ambient air pollution and risk for is-

chemic stroke and transient ischemic attack, Ann. Neurol. 64 (1) (2008) 53–59, https://
doi.org/10.1002/ana.21403.

[16] F.J. Mateen, Air pollution as an emerging global risk factor for stroke, Jama 305 (12)
(2011) 1240, https://doi.org/10.1001/jama.2011.352.

[17] S. Chen, Y. Lin, W. Chang, C. Lee, C. Chan, Science of the Total Environment increasing
emergency room visits for stroke by elevated levels of fi ne particulate constituents, Sci.
Total Environ. 473-474 (2014) 446–450, https://doi.org/10.1016/j.scitotenv.2013.12.
035.

[18] H. Chiu, C. Chang, C. Yang, Relationship Between Hemorrhagic Stroke Hospitalization
and Exposure to Fine Particulate Air Pollution in Taipei, Taiwan, J. Toxicol. Environ.
Health Part A 77 (19) (2014) 1154–1163, https://doi.org/10.1080/15287394.2014.
926801.

[19] F. Huang, Y. Luo, Y. Guo, et al., Particulate Matter and Hospital Admissions for Stroke in
Beijing, J. Am. Heart Assoc. (2016) 1–12, https://doi.org/10.1161/JAHA.116.003437.

[20] Zhijun Huang, Y.L. Yuqing Zhou, A case-crossover study between fine particulate matter
elemental composition and emergency admission with cardiovascular disease, Acta
Cardiol. Sin. (2017) 66–73.

[21] L.A. Mcclure, M.S. Loop, W. Crosson, D. Kleindorfer, B. Kissela, M. Al-hamdan, Fine
Particulate Matter (PM 2. 5) and the Risk of Stroke in the REGARDS Cohort, J. Stroke
Cerebrovasc. Dis. 26 (8) (2017) 1739–1744, https://doi.org/10.1016/j.
jstrokecerebrovasdis.2017.03.041.

[22] C. Chan, K. Chuang, L. Chien, W. Chen, W. Chang, Urban air pollution and emergency
admissions for cerebrovascular diseases in Taipei, Taiwan, Eur. Heart J. 27 (January)
(2018) 1238–1244, https://doi.org/10.1093/eurheartj/ehi835.

[23] Guan Tianjia, Xue Tao, Liu Yuanli, Zheng Yixuan, Fan Siyuan, Z.Q. He Kebin, Differential
susceptibility in ambient particle-related first-ever stroke onset risk: findings from a na-
tional case-crossover study, Am. J. Epidemiol. (2018), https://doi.org/10.1093/aje/
kwy007.

Fig. 3. Association between short-term increases of PM2.5 and spontaneous intracerebral hemorrhage occurrence adjusted for clinico-demographic (a), circadian and
circanuallity pattern (b) and meteorological factors (c).

H. Nzwalo et al. Clinical Neurology and Neurosurgery 176 (2019) 67–72

71

https://doi.org/10.1016/S1474-4422(16)30073-4
https://doi.org/10.1016/S1474-4422(16)30073-4
https://doi.org/10.1007/s11869-008-0008-9
https://doi.org/10.1161/JAHA.114.000983
https://doi.org/10.1161/JAHA.114.000983
https://doi.org/10.1097/EDE.0000000000000162
https://doi.org/10.1097/EDE.0000000000000162
https://doi.org/10.1371/journal.pone.0095682
https://doi.org/10.1371/journal.pone.0095682
https://doi.org/10.1161/CIR.0b013e3181dbece1
https://doi.org/10.1161/CIR.0b013e3181dbece1
https://doi.org/10.1001/jama.2017.17923
https://doi.org/10.1001/jama.2017.17923
http://refhub.elsevier.com/S0303-8467(18)30455-4/sbref0040
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.09.006
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.09.006
http://www.ncbi.nlm.nih.gov/pubmed/19244659
http://www.ncbi.nlm.nih.gov/pubmed/19244659
http://refhub.elsevier.com/S0303-8467(18)30455-4/sbref0055
http://refhub.elsevier.com/S0303-8467(18)30455-4/sbref0055
https://doi.org/10.1007/s10654-006-9050-9
http://refhub.elsevier.com/S0303-8467(18)30455-4/sbref0065
http://refhub.elsevier.com/S0303-8467(18)30455-4/sbref0065
http://refhub.elsevier.com/S0303-8467(18)30455-4/sbref0065
https://doi.org/10.1002/ana.21403
https://doi.org/10.1002/ana.21403
https://doi.org/10.1001/jama.2011.352
https://doi.org/10.1016/j.scitotenv.2013.12.035
https://doi.org/10.1016/j.scitotenv.2013.12.035
https://doi.org/10.1080/15287394.2014.926801
https://doi.org/10.1080/15287394.2014.926801
https://doi.org/10.1161/JAHA.116.003437
http://refhub.elsevier.com/S0303-8467(18)30455-4/sbref0100
http://refhub.elsevier.com/S0303-8467(18)30455-4/sbref0100
http://refhub.elsevier.com/S0303-8467(18)30455-4/sbref0100
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.03.041
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.03.041
https://doi.org/10.1093/eurheartj/ehi835
https://doi.org/10.1093/aje/kwy007
https://doi.org/10.1093/aje/kwy007


[24] S.Y. Chen, Y.L. Lin, W.T. Chang, Lee C. Te, C.C. Chan, Increasing emergency room visits
for stroke by elevated levels of fine particulate constituents, Sci. Total Environ. 473-474
(2014) 446–450, https://doi.org/10.1016/j.scitotenv.2013.12.035.

[25] M.J. OʼDonnell, J. Fang, M.A. Mittleman, M.K. Kapral, G.A. Wellenius, Fine particulate air
pollution (PM2.5) and the risk of acute ischemic stroke, Epidemiology 22 (3) (2011)
422–431, https://doi.org/10.1097/EDE.0b013e3182126580.

[26] J.J. Wing, S.D. Adar, B.N. Sánchez, L.B. Morgenstern, M.A. Smith, L.D. Lisabeth, Ethnic
differences in ambient air pollution and risk of acute ischemic stroke, Environ. Res. 143
(Pt A) (2015) 62–67, https://doi.org/10.1016/j.envres.2015.09.031.

[27] J.J. Wing, B.N. Sánchez, S.D. Adar, et al., Synergism of short-term air pollution exposures
and neighborhood disadvantage on initial stroke severity, Stroke 48 (11) (2017)
3126–3129, https://doi.org/10.1161/STROKEAHA.117.018816.

[28] G.A. Wellenius, L.D. Boyle, E.H. Wilker, et al., Ambient fine particulate matter alters

cerebral hemodynamics in the elderly, Stroke 44 (6) (2013) 1532–1536, https://doi.org/
10.1161/STROKEAHA.111.000395.

[29] R.D. Brook, T. Kousha, Air pollution and emergency department visits for hypertension in
Edmonton and Calgary, Canada: a case-crossover study, Am. J. Hypertens. 28 (9) (2015)
1121–1126, https://doi.org/10.1093/ajh/hpu302.

[30] Y. Cai, B. Zhang, W. Ke, et al., Associations of Short-Term and Long-Term Exposure to
Ambient Air Pollutants With Hypertension: A Systematic Review and Meta-Analysis,
Hypertension 68 (1) (2016) 62–70, https://doi.org/10.1161/HYPERTENSIONAHA.116.
07218.

[31] J. Kettunen, T. Lanki, P. Tiittanen, et al., Associations of fine and ultrafine particulate air
pollution with stroke mortality in an area of low air pollution levels, Stroke 38 (3) (2007)
918–922, https://doi.org/10.1161/01.STR.0000257999.49706.3b.

H. Nzwalo et al. Clinical Neurology and Neurosurgery 176 (2019) 67–72

72

https://doi.org/10.1016/j.scitotenv.2013.12.035
https://doi.org/10.1097/EDE.0b013e3182126580
https://doi.org/10.1016/j.envres.2015.09.031
https://doi.org/10.1161/STROKEAHA.117.018816
https://doi.org/10.1161/STROKEAHA.111.000395
https://doi.org/10.1161/STROKEAHA.111.000395
https://doi.org/10.1093/ajh/hpu302
https://doi.org/10.1161/HYPERTENSIONAHA.116.07218
https://doi.org/10.1161/HYPERTENSIONAHA.116.07218
https://doi.org/10.1161/01.STR.0000257999.49706.3b

	Fine particulate air pollution and occurrence of spontaneous intracerebral hemorrhage in an area of low air pollution
	Introduction
	Material and methods
	Study area and population
	Meteorological and air pollution data
	Exposure assessment
	Study design and statistical analysis

	Results
	Discussion
	Sources of funding
	Acknowledgments
	References




