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Long-term exposure to particulate air pollution has been 
associated with higher incidence of stroke1 and impaired 

cognitive function in older adults.2,3 Long-term exposures have 
also been associated with changes in cerebral hemodynamics,4 
impaired microvascular reactivity,5 and greater carotid athero-
sclerotic burden.6 Air pollution has been hypothesized to affect 
the central nervous system through activation of systemic 
inflammatory pathways and vascular dysfunction.7 Particulate 
air pollution is a pervasive component of urban and suburban 
ambient air pollution. Animal models have shown that par-
ticles can translocate from the nose via the olfactory nerve 
into the brain, and evidence of these particles has been found 
in the striatum, frontal cortex, and cerebellum.8 However, it 

is not known whether long-term exposures to air pollution at 
urban background levels are related to measures of structural 
integrity and atrophy in the brains of older adults.

Magnetic resonance imaging (MRI) of the brain can detect 
early vascular impairment9 that is associated with subse-
quent risk of dementia and stroke.10 Therefore, we investi-
gated the associations between exposure to fine particulate 
matter (PM

2.5
) and residential proximity to major roadways 

with measures of total cerebral brain volume (TCBV), hip-
pocampal volume (HV), white matter hyperintensity volume 
(WMHV), and covert brain infarcts (CBI) in the Framingham 
Offspring Study. We hypothesized that higher long-term 
exposure to ambient air pollution would be associated with 
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subclinical damage as indicated by smaller TCBV and HV, 
larger WMHV, and higher odds of CBI.

Materials and Methods
Study Participants
The design of the Framingham Offspring Study has been detailed 
previously.10,11 Community-dwelling participants living in the New 
England Region with no history of dementia, stroke, or transient isch-
emic attack who attended the seventh examination (1998–2001) were 
aged ≥60 years at the time of MRI and were eligible for inclusion in 
this study (n=943). All participants provided written informed con-
sent, and the Institutional Review Boards at Beth Israel Deaconess 
Medical Center and Boston Medical Center approved the protocol.

Exposure Assessment

PM
2.5

 Satellite Data
Participant primary addresses at the seventh examination were geo-
coded using ArcGIS 10 (ESRI, Redlands, CA), and census tract me-
dian household income was assigned (US Census 2000). Beginning 
in the year 2000, Moderate Resolution Imaging Spectroradiometer 
satellite-derived Aerosol Optical Density measurements were used to 
predict daily PM

2.5
 concentration across New England as previously 

described.12,13

Near Roadway Exposure
Residential proximity to the nearest A1, A2, or A3 roadway was de-
termined by US Census Features Class in ArcGIS. We categorized 
proximity based on the following cut points: <50, 50 to <100, 100 
to <200, 200 to <400, and 400 to <1000 m. We also evaluated the 
continuous association between the natural logarithm of proximity 
to a major roadway and neuroimaging outcomes because we have 
previously reported that this exposure and mortality were linearly as-
sociated.12 Participants living further than 1000 m from a major road 
in rural areas were excluded in primary analyses because the expo-
sures of individuals living in exurb areas beyond 1000 m away from 
a major roadway are likely to be different from those of people living 
in urban and suburban areas.

Volumetric Brain MRI
TCBV, HV, and WMHV assessments and inter-rater reliability have 
been described previously.14–17 Total cranial volume was determined 
by manual delineation of the intracranial vault, and total brain paren-
chymal volume was determined by mathematical modeling. TCBV 
was then computed as a ratio of brain parenchymal volume:total 
cranial volume. The T2-weighted double spin-echo coronal se-
quences were acquired in 4-mm contiguous slices. Extensive WMHV 
(EXT-WMHV) was determined as a binary outcome by whether the 
log(WMHV/total cranial volume) was >1 SD above the age-adjusted 
mean in this cohort.10,18 The presence of CBI was determined manu-
ally on the basis of size (>3 mm), location, and characteristics of the 
lesions.19

Additional Covariates
History of cardiovascular disease was determined as previously de-
scribed.20 Prevalent diabetes mellitus was defined as a fasting glucose 
≥126 mg/dL or oral hypoglycemic or insulin use at an examination 
or any previous history of diabetes mellitus (excluding gestational 
diabetes). Smoking status (never, current, and former), pack-years 
smoked (<10 years, ≥10 years, and missing), education (no high 
school, high school, some college, bachelors or higher), and alcohol 
intake (0, 1–7 drinks/wk, and 7–14, ≥15) were self-reported. Fasting 
homocysteine was measured in plasma. Systolic and diastolic seated 
blood pressures were calculated as the mean of 2 measurements taken 
during the clinical examination.

Statistical Methods
Linear and logistic regression models were used to evaluate continu-
ous outcomes (TCBV, HV, and WMHV) and dichotomous outcomes 
(EXT-WMHV and CBI), respectively. We first adjusted for age at 
MRI, [age at MRI]2, sex, time from examination 7 to MRI, median 
household income, date of MRI, smoking status, pack-years smoked, 
education, alcohol intake, and sine and cosine of MRI date to account 
for seasonal trends (model 1). We then added covariates thought to be 
potential confounders that could also be mediators of the associations 

Table 1. Population Characteristics (n=943)

Characteristic Median [IQR] or n (%)

Age at MRI, y 68 [9]

Systolic blood pressure, mm Hg 129 [25]

Diastolic blood pressure, mm Hg 72 [13]

Men 456 (48%)

Prevalent cardiovascular disease 130 (14%)

Smoking status

  Current 73 (8%)

  Former 532 (56%)

  Never 337 (36%)

  Missing 1 (<1%)

Prevalent heart failure 46 (5%)

Diabetes mellitus 134 (14%)

Hypertension medication use 366 (39%)

Homocysteine 8.3 [3.1]

Education

  Less than high school 51 (5%)

  High school 311 (33%)

  Some college/associate degree 275 (29%)

  Bachelors or higher 298 (32%)

  Missing education 8 (<1%)

Median household income 63,479 [29,270]

Total cerebral brain volume 78.41 [4.39]

Hippocampal volume 0.33 [0.07]

Log white matter hyperintensity volume -2.69 [1.30]

Extensive white matter hyperintensity 135 (14%)

Covert brain infarcts 133 (14%)

IQR indicates interquartile range; and MRI, magnetic resonance imaging.

Table 2. Exposure Characteristics

Exposure Median [IQR] or n (%) Range

PM
2.5

, μg/m3* 11.1 [1.7] 7.7—17.6

Distance to major road, m† 173 [367] 0–993

Distance by category, m

  <50 226 (24%) …

  50 to <100 87 (9%) …

  100 to<200 149 (16%) …

  200 to<400 186 (20%) …

  400 to<1000 226 (24%) …

  ≥1000 69 (7%) …

IQR indicates interquartile range; and PM
2.5

, particulate matter.
*Estimates unavailable on 13 participants.
†Sixty-nine participants living ≥1000 m from a major road excluded.
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between particulate air pollution and brain structure, including natural 
logarithm of homocysteine, systolic blood pressure, diabetes melli-
tus, cardiovascular disease, history of atrial fibrillation, hypertension 
medications, and obesity (body mass index ≥30 kg/m2) (model 2).

We tested whether observed associations differed by factors related 
to biological susceptibility and socioeconomic position as an evalua-
tion of effect modification using cross-product terms for sex, diabetes 
mellitus, obesity, current and former smoking (versus never smok-
ing), and median household income <25th percentile (≤$44 901).

In sensitivity analyses, we accounted for clustering by census tract 
to further control confounding by socioeconomic position using gen-
eralized estimating equations with exchangeable working correlation 
matrix. Nonlinearity was evaluated using restricted cubic splines with 
knots at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles. We evaluated 
associations with PM

2.5
 restricting to participants living within 1000 m 

of a major road. We also considered whether adjusting for CBI altered 
findings for associations between exposures of interest and TCBV.16

Models of PM
2.5

 were scaled to 2 μg/m3, which approximates the 
interquartile range (1.7 μg/m3). We present the results of log-linear 
residential proximity to major roadway within 1000 m analyses for an 
interquartile range. All analyses were performed in SAS version 9.3 
or STATA version 12. Plots were created using the POSTRCSPLINE 
package in Stata.21

Results
Table 1 shows population characteristics. The median (inter-
quartile range) of PM

2.5
 exposure was 11.1 (1.7) μg/m3. 

Participants lived a median distance (25th to 75th percentile) 
from a major road of 173 (48–415) m (Table 2). The Spearman 
rank correlation between the natural logarithm of residential 
distance from a major road and PM

2.5
 was −0.15.

Higher PM
2.5

 was associated with smaller TCBV and 1.46 
times (95% confidence interval [CI], 1.10 to 1.94) higher odds 
of CBI (Tables 3 and 4). A 2-μg/m3 increase in PM

2.5
 was 

associated with a 0.32 U difference in TCBV (95% CI, −0.59 
to −0.05). There was no clear pattern of association between 
PM

2.5
 and HV, WMHV, or EXT-WMHV.

An interquartile range difference in residential proximity to 
a major road was associated with 0.10 (95% CI, 0.01 to 0.19) 
higher WMHV. A similar pattern was observed with catego-
ries of distance. However, there was no evidence of an asso-
ciation between proximity to a major road and EXT-WMHV, 
or was it associated with TCBV, HV, or CBI.

There was no evidence of effect modification for the 
observed associations by sex, diabetes mellitus diagnosis, 
obesity, smoking, or median income below the 25th percentile.

Only the association between PM
2.5

 and TCBV met criteria 
for significant deviation from linearity, suggesting a stronger 
association at lower exposure levels and wide CIs at high lev-
els (Figure I in the online-only Data Supplement). We found 

Table 3. Associations Between Exposures and Continuous Volumetric Outcomes

Outcome Exposure

Model 1* Model 2†

β 95% CI n β 95% CI n

Hippocampal volume <50 0.004 (−0.005 to 0.014) 865 0.005 (−0.004 to 0.015) 853

50 to <100 0.003 (−0.011 to 0.016) … 0.003 (−0.010 to 0.017) …

100 to <200 0.005 (−0.006 to 0.016) … 0.005 (−0.006 to 0.016) …

200 to <400 0.003 (−0.007 to 0.013) … 0.003 (−0.007 to 0.013) …

400 to <1000 Ref … … Ref … …

Log(distance)‡ −0.002 (−0.007 to 0.003) 865 −0.003 (−0.008 to 0.002) 853

PM
2.5

§ 0.0001 (−0.005 to 0.005) 921 0.0004 (−0.005 to 0.005) 909

Log (white matter hyperintensities) <50 −0.17 (−0.35 to 0.01) 873 −0.16 (−0.34 to 0.02) 861

50 to <100 −0.13 (−0.37 to 0.11) … −0.12 (−0.36 to 0.11) …

100 to <200 −0.07 (−0.27 to 0.13) … −0.06 (−0.26 to 0.13) …

200 to <400 0.02 (−0.16 to 0.21) … 0.03 (−0.15 to 0.22) …

400 to <1000 Ref … … … Ref …

Log(distance)‡ 0.10 (0.01 to 0.19) 873 0.09 (−0.0004 to 0.18) 861

PM
2.5

§ −0.06 (−0.16 to 0.03) 929 −0.08 (−0.17 to 0.01) 917

Total cerebral brain volume <50 0.23 (−0.29 to 0.75) 873 0.09 (−0.42 to 0.60) 861

50 to <100 0.45 (−0.24 to 1.14) … 0.47 (−0.21 to 1.16) …

100 to <200 −0.02 (−0.60 to 0.56) … −0.14 (−0.71 to 0.43) …

200 to <400 −0.19 (−0.73 to 0.35) … −0.30 (−0.84 to 0.23) …

400 to <1000 Ref … … … Ref …

Log(distance)‡ −0.15 (−0.41 to 0.11) 873 −0.10 (−0.36 to 0.16) 861

PM
2.5

§ −0.32 (−0.59 to −0.05) 929 −0.26 (−0.53 to 0.004) 917

CI indicates confidence interval; MRI, magnetic resonance imaging; and PM
2.5

, particulate matter.
*Model 1 adjusted for age, age2, sex, time from examination 7 to MRI, median household income, date of MRI, smoking status, pack-

years smoked, education (no high school, high school, some college, bachelors or higher), drinking categories and sine and cosine of 
MRI date to account for seasonal trends.

†Model 2 adjusted for model 1 covariates+log (homocysteine), systolic blood pressure, diabetes mellitus, cardiovascular disease, 
history of atrial fibrillation, hypertension medications, and obesity.

‡Scaled to difference between 25th and 75th percentile of distance (367 m).
§Scaled to 2 μg/m3 difference in PM

2.5
.
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no material differences when we considered restricting PM
2.5

 
analyses to regions within 1000 m of a major road or cluster-
ing by socioeconomic position. Adjustment for covert brain 
injury did not alter the association between PM

2.5
 and TCBV.

Discussion
In this study, we observed that an increase in PM

2.5
 within 

the range of exposures observed at urban and suburban back-
ground levels in New England was associated with smaller 
−0.32 (95% CI, −0.59 to −0.05) TCBV and with 1.46 times 
(95% CI, 1.10 to 1.94) higher odds of CBI. These findings 
support the hypothesis that higher long-term exposures to 
ambient air pollution are associated with structural changes 
in the brain that could precede cognitive impairment and overt 
cerebrovascular damage.22–24

To our knowledge, there are no published studies of asso-
ciations between air pollution and brain volume or CBI in 
older adults. Although CBI may appear asymptomatic, these 
small infarcts typically located in deep regions of the brain 
have been associated with neurological abnormalities, poorer 
cognitive function,25 onset of dementia,24 and are thought to 
reflect small-vessel disease.26 Smaller TCBV has been associ-
ated subsequent stroke among Framingham Offspring partici-
pants27 and also with poorer performance on tests of attention, 
executive, and visuospatial function.16 The magnitude of asso-
ciation that we observed for a 2-μg/m3 increase in PM

2.5
 was 

similar to ≈1 year of brain aging computed as the ratio of the 
coefficients for PM

2.5
 and age in the model. Adjustment for 

CBI did not alter this association, suggesting that atrophy was 

independent of the presence of asymptomatic injury and not 
merely a direct result of the presence of cerebral infarction.

The mechanisms through which air pollution may affect 
brain aging remain unclear, but systemic inflammation resulting 
from deposition of fine particles in alveoli is likely important. 
Upregulation of a proinflammatory state has been associated 
both with elevated risk of stroke7,28 and cognitive decline.29 
Circulating levels of biomarkers indicative of systemic inflam-
mation have been associated with lower brain volume.30

Our findings are largely consistent with previous studies show-
ing that long-term exposure to ambient air pollution is associ-
ated with vascular impairment.4,5,12 Several previous studies have 
reported associations between long-term pollution exposure and 
living close to major roads with incident stroke1,31,32 and poorer 
cognitive function in older adults.2,3,33 Living in a high air pollu-
tion region in Mexico City was associated with greater accumu-
lation of 42-amino acid form of β-amyloid in the frontal cortex 
and hippocampus than living in a nonpolluted area.34

Although evidence on the associations between long-term 
air pollution exposures and white matter damage is limited, 
an ecological study in Mexico reported associations between 
higher levels of air pollution and white matter damage in chil-
dren and dogs.35 Our findings of a positive association between 
WMHV and living further from a major road but no associa-
tion with EXT-WMHV were unexpected. However, among 
Framingham Offspring Study participants, EXT-WMHV was 
associated with poorer cognitive function18 and elevated risk 
of stroke10 but WMHV was not, suggesting a threshold for 
these associations. Different findings may have distinct under-
lying pathophysiologic mechanisms. To evaluate this, it will 

Table 4. Associations Between Exposures and Binary Outcome

Outcome Exposure

Model 1* Model 2†

OR 95% CI n OR 95% CI n

Extensive white matter 
hyperintensity volume  
for age

<50 0.88 (0.51–1.52) 873 0.94 (0.53–1.67) 861

50 to <100 0.56 (0.25–1.29) … 0.59 (0.25–1.38) …

100 to <200 0.86 (0.46–1.60) … 0.96 (0.51–1.83) …

200 to <400 1.05 (0.60–1.84) … 1.16 (0.65–2.06) …

400 to <1000 Ref … … Ref … …

Log(distance)‡ 1.11 (0.84–1.48) 873 1.09 (0.81–1.47) 861

PM
2.5

§ 1.00 (0.76–1.32) 929 0.94 (0.70–1.26) 917

Covert brain infarcts <50 1.21 (0.67–2.17) 870 1.29 (0.70–2.36) 861

50 to <100 1.25 (0.58–2.67) … 1.16 (0.53–2.56) …

100 to <200 1.17 (0.61–2.23) … 1.10 (0.56–2.15) …

200 to <400 1.69 (0.95–3.00) … 1.72 (0.95–3.11) …

400 to <1000 Ref … … Ref … …

Log(distance)‡ 1.05 (0.79–1.40) 870 1.02 (0.75–1.37) 861

PM
2.5

§ 1.46 (1.10–1.94) 926 1.37 (1.02–1.85) 917

CI indicates confidence interval; MRI, magnetic resonance imaging; OR, odds ratio; and PM
2.5

, particulate matter.
*Model 1 adjusted for age, age2, sex, time from examination 7 to MRI, median household income, date of MRI, smoking status, pack-years 

smoked, education (no high school, high school, some college, bachelors or higher), drinking categories and sine and cosine of MRI date to 
account for seasonal trends.

†Model 2 adjusted for model 1 covariates+log (homocysteine), systolic blood pressure, diabetes mellitus, cardiovascular disease, history of 
atrial fibrillation, hypertension medications, and obesity.

‡Scaled to difference between 25th and 75th percentile of distance (367 m).
§Scaled to 2 μg/m3 difference in PM

2.5
.
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require additional studies in experimental models designed to 
address these questions.

There were some differences in associations we observed 
for PM

2.5
 and residential proximity to a major roadway. 

Although both capture features of long-term exposure to 
ambient air pollution, proximity is an integrated measure of 
exposure to traffic, which includes vehicle emissions, noise, 
ultrafine particles, road dust, and gaseous pollutants such 
as nitrogen dioxide, carbon monoxide, and volatile organic 
compounds but does not specifically account for the intensity 
of traffic or meteorologic conditions at a given location. In 
contrast, modeled PM

2.5
 incorporates both locally and region-

ally generated air pollution. Hence, they represent different 
aspects of ambient pollutant exposures.

Our study is not without limitations. Although we 
accounted for individual-level and area-level characteristics 
of socioeconomic position, there may be residual confound-
ing. However, the results from our analysis taking spatial clus-
tering into account were similar to our primary results, and 
previous literature using modeled PM

2.5
 has also shown that 

correlations between socioeconomic position and PM
2.5

 are 
low within urban areas.36 The Framingham Offspring popu-
lation comprised mostly white participants. Therefore, these 
results may not be generalizable to other populations. Recent 
addresses were stable, with 91% of participants reporting the 
same address at the sixth and seventh examination cycles. Our 
PM

2.5
 data are based on an average for the year 2001 similar to 

other large epidemiological studies.12,31 This approach limits 
the influence of secular trends in exposure, while capturing 
the spatial distribution of average PM

2.5.
 This study also has 

several strengths, including a relatively large, community-
based sample, inclusion of both men and women, quantitative 
brain MRI, and individual-level estimates of exposures.

Conclusions
We observed evidence suggesting that long-term exposure to 
PM

2.5
 is associated with lower TCBV and more CBI among 

a community-based sample of participants free of dementia 
and stroke. These findings suggest that relatively low urban 
background levels of particulate air pollution may contribute 
to the acceleration of atrophic changes and small-vessel dis-
ease in older adults. Additional studies will be necessary to 
confirm or refute these findings, extend the work to include 
longitudinal assessments, and to determine factors that medi-
ate this association.
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SUPPLEMENTAL MATERIAL 

Supplemental Figure I: Non-linear association between PM2.5 and total cerebral brain volume 

 

 

 

Model 1 adjusted results for association between PM2.5 (5 knots) and total cerebral brain 
volume. The spline indicates a steeper slope at lower levels of exposures. High levels of 
exposure were associated with higher brain volume, though confidence intervals in this range of 
the data were wide. Whether this pattern is due to a leveling off in the exposure-response 
relationship, the influence of outliers, or residual confounding remains unclear.      
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5년까지 추적관찰 하였다. 각 추적관찰 기간 동안 허혈뇌졸중의 

발생률을 조사하였다.

결과

5년 경과 후, 새롭게 와파린을 시작한 환자(n=148446) 중 허혈뇌

졸중의 누적 발생은 4.0% (n=6006)이었다. 와파린 시작 이후 첫 

30일 시점에 뇌졸중 위험이 가장 높았으며(1 인-년 당 6.0%; 

95% CI 5.5%-6.4%), 이는 이후 추적관찰 기간 동안의 발생률(1

인-년 당 1.6%; 95% CI 1.5%-1.6%)보다 유의하게 높았다. 또한 

뇌졸중 위험은 초기 CHADS
2
 점수(울혈심부전, 고혈압, 75세 이

상의 연령, 당뇨, 이전 뇌졸중 병력)에 비례하였다. 모니터링 

빈도가 적은 것도 기여 인자로 관계하였다.

결론

심방세동이 있는 고령 환자의 대규모 코호트에서, 와파린 시작 

이후 첫 30일 기간 동안에 허혈뇌졸중 발생 위험이 가장 높은 

것을 관찰하였다. 본 분석은 관찰 연구로서 그 원인을 밝힐 수는 

없었으나, 연구 결과를 통하여 이러한 환자군에서 추가 연구가 

필요함을 강조한다

Abstract 4

미세먼지에의 장기적인 노출, 주거지역의 주요도로 근접여부 및 뇌 구조의 측정

Long-Term Exposure to Fine Particulate Matter, Residential Proximity to Major Roads and Measures 
of Brain Structure

Elissa H. Wilker, ScD; Sarah R. Preis, ScD; Alexa S. Beiser, PhD; Philip A. Wolf, MD; Rhoda Au, PhD; Itai Kloog, PhD; Wenyuan Li, MS; Joel Schwartz, PhD; 
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배경과 목적

오랫동안 주변의 공기 오염에 노출되는 것은 뇌혈관질환과 인지

장애에 영향을 준다. 그러나, 뇌의 구조적인 변화가 관련되는지 

여부는 불분명하다. 본 연구에서는 거주지역에서의 주위 공기 오
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the patients who experienced an event, 27.3% (n=1639) died 
in hospital or within 7 days of discharge.

The 30-day cumulative incidence of ischemic stroke among 
new users of warfarin was 0.5% (n=721), increasing to 2.0% 

(n=2,917) after 1 year, 2.7% (n=4067) after 2 years, and 4.0% 
(n=6006) after 5 years. The risk was highest during the first 30 
days of warfarin therapy: 6.0% PPY (95% confidence inter-
val, 5.5%–6.4%) versus 1.6% PPY (95% confidence interval, 
1.5%–1.6%) during the remainder of the 5-year follow-up 
(Table 2; Figure).

Crude 5-year rates of ischemic stroke increased significantly 
as CHADS

2
 scores increased (P<0.0001; Table 2; Figure I in 

the online-only Data Supplement) and among those with a 
history of stroke (P<0.001; Table 2; Figure II in the online-
only Data Supplement). A sensitivity analysis demonstrated 
no difference in stroke rates according to timing of warfarin 
initiation after atrial fibrillation diagnosis (Table 2). Relative 
to patients who did not experience a stroke, those who did 
were less likely to have received an international normalized 
ratio test in the preceding 14 days (Table II in the online-only 
Data Supplement). Few patients received heparin or antiplate-
let therapy (Table 1).

Discussion
In this population-based study, the rate of ischemic stroke in 
older patients with atrial fibrillation starting warfarin was sig-
nificantly elevated during the first month of treatment. This 
early elevated risk increased with previous stroke history and 
higher baseline CHADS

2
 score.

The overall 5-year risk of stroke observed in our study 
(1.8% PPY) is comparable with the annual incidence rate 
of 1.66% (95% confidence interval, 1.41%–1.91%) reported 
in a meta-analysis of 8 randomized controlled trials and an 
observational study by Azoulay et al,3,5 but higher than the 
rate of 1.17% PPY reported in another observational study of 
younger patients with lower CHADS

2
 scores.1 The explana-

tion for our findings is likely multifactorial. The results may 
reflect the high-risk period after a transient ischemic attack,6 
and the time required to achieve therapeutic anticoagula-
tion. Less frequent international normalized ratio testing may 
have been a contributor. More research is needed to elucidate 
whether a transient hypercoagulable state seen immediately 
after warfarin initiation explains our findings.7 Our sensitivity 

Table 1. Baseline Characteristics

New Warfarin Users (%)
n=148 446

Age, y (median, IQR) 77 (72–82)

Men 73 492 (49.5)

Comorbidities

  Myocardial infarction 23 605 (15.9)

  Peripheral vascular disease 6257 (4.2)

  Valvular disease 8351 (5.6)

  Hemorrhagic event 6632 (4.5)

  Thromboembolism 2395 (1.6)

Medication use

  Acetylsalicylic acid 25 984 (17.5)

  Ticlopidine 1132 (0.8)

  Clopidogrel 6062 (4.1)

  Acetylsalicylic acid and dipyridamole 1289 (0.9)

  Heparins and anticoagulants as bridging therapy 2371 (1.6)

  Digoxin 46 252 (31.2)

CHADS
2
 score components

  Congestive heart failure 51 831 (34.9)

  Hypertension 113 713 (76.6)

  Age >75 y 93 770 (63.2)

  Diabetes mellitus 38,077 (25.7)

  Stroke in past 5 y 9977 (6.7)

CHADS
2
 score

  0 9555 (6.4)

  1 33 985 (22.9)

  2–3 86 325 (58.9)

  4–6 16 581 (11.3)

CHADS
2
 indicates score comprised of congestive heart failure, hypertension, 

age ≥75 years, diabetes, previous stroke; and IQR, interquartile range.

Table 2. Rates of Stroke by Duration of Warfarin Therapy

Ischemic Stroke During 5-y 
Follow-Up, n (%)

Rate of Stroke, % per Person-Year (95% CI)

First 30 d Remainder of 5-y Follow-Up Overall

Overall 6006 6.0 (5.5–6.4) 1.6 (1.5–1.6) 1.8 (1.7–1.8)

CHADS
2
 score

  0 146 (2.4) 2.7 (1.8–4.1) 0.5 (0.5–0.6) 0.6 (0.5–0.7)

  1 874 (14.6) 3.8 (3.2–4.6) 0.9 (0.9–1.0) 1.1 (1.0–1.1)

  2–3 3609 (60.1) 5.6 (5.1–6.2) 1.6 (1.6–1.7) 1.8 (1.8–1.9)

  4–6 1377 (22.9) 14.2 (12.3–16.4) 3.6 (3.4–3.8) 4.2 (4.0–4.4)

Stroke history

  No previous stroke 4900 (81.6) 5.0 (4.6–5.4) 1.4 (1.3–1.4) 1.6 (1.5–1.6)

  Previous stroke 1106 (18.4) 19.6 (16.8–23.0) 4.2 (4.0–4.5) 4.9 (4.6–5.2)

Timing of atrial fibrillation diagnosis, d

  ≤30 72 385 (48.8) 6.1 (5.5–6.8) 1.5 (1.5–1.6) 1.7 (1.7–1.8)

  >30 76 061 (51.2) 5.8 (5.3–6.5) 1.6 (1.6–1.7) 1.8 (1.8–1.9)

CHADS
2
 indicates score comprised of congestive heart failure, hypertension, age ≥75 years, diabetes, previous stroke; and CI, confidence interval.
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analysis stratifying patients by timing of warfarin initiation 
after atrial fibrillation diagnosis found similar stroke rates 
in both groups. This suggests our findings are not simply 
influenced by elevated rates of stroke after atrial fibrillation 
diagnosis, as has been previously reported.8 Moreover, few 
patients received heparins or antiplatelet agents before ini-
tiating warfarin. Studies are needed to determine whether 
bridging therapy, antiplatelet therapy, or use of direct-acting 
anticoagulants mitigate this early increased stroke risk.

Strengths of this study include its large, population-
based sample and long follow-up. Limitations include our 
inability to assess the quality of anticoagulation. We also 
could not capture stroke events that did not result in hos-
pitalization or some important risk factors for stroke, such 
as hypertension.

Conclusions
In this large, population-based cohort study of older patients 
with atrial fibrillation, we observed the highest rate of ischemic 
stroke in the first 30 days after warfarin initiation. Although 
this does not provide evidence of a causal link between war-
farin initiation and stroke, the persistence of thromboembolic 
risk despite anticoagulation highlights the need for future 
research in this area.

Acknowledgments
We thank Brogan Inc, Ottawa for use of their Drug Product and 
Therapeutic Class Database.

Sources of Funding
This study was supported by the Ontario Drug Policy Research 
Network which is funded by grants from the Ontario Ministry of 
Health and Long-Term Care (MOHLTC), and supported by the 
Institute for Clinical Evaluative Sciences (ICES). Opinions, results, 
and conclusions reported are those of the authors and independent 
from funding sources. No endorsement by ICES or the MOHLTC is 

intended or should be inferred. Dr Kapral holds a career investigator 
award from the Heart and Stroke Foundation of Ontario.

Disclosures
T. Gomes, M.M. Mamdani, J.M. Paterson, and D.N. Juurlink have re-
ceived grant funding from the Ontario Ministry of Health and Long-
Term Care (MOHLTC). J.M. Paterson is an employee of Institute 
for Clinical Evaluative Sciences, which is funded by the MOHLTC. 
M.M. Mamdani is a consultant for AstraZeneca, Bristol-Myers 
Squibb, Eli Lilly, GlaxoSmithKline, Hoffmann-La Roche, Novartis, 
Novo Nordisk and Pfizer. The other authors report no conflicts.

References
 1. Go AS, Hylek EM, Chang Y, Phillips KA, Henault LE, Capra AM, et 

al. Anticoagulation therapy for stroke prevention in atrial fibrillation: 
how well do randomized trials translate into clinical practice? JAMA. 
2003;290:2685–2692. doi: 10.1001/jama.290.20.2685.

 2. Gomes T, Mamdani MM, Holbrook AM, Paterson JM, Hellings C, 
Juurlink DN. Rates of hemorrhage during warfarin therapy for atrial 
fibrillation. CMAJ. 2013;185:E121–E127. doi: 10.1503/cmaj.121218.

 3. Azoulay L, Dell’Aniello S, Simon TA, Renoux C, Suissa S. Initiation 
of warfarin in patients with atrial fibrillation: early effects on ischaemic 
strokes. Eur Heart J. 2014;35:1881–1887. doi: 10.1093/eurheartj/eht499.

 4. Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, Radford 
MJ. Validation of clinical classification schemes for predicting stroke: 
results from the National Registry of Atrial Fibrillation. JAMA. 
2001;285:2864–2870.

 5. Agarwal S, Hachamovitch R, Menon V. Current trial-associated out-
comes with warfarin in prevention of stroke in patients with nonvalvular 
atrial fibrillation: a meta-analysis. Arch Intern Med. 2012;172:623–631, 
discussion 631. doi: 10.1001/archinternmed.2012.121.

 6. Wu CM, McLaughlin K, Lorenzetti DL, Hill MD, Manns BJ, Ghali WA. 
Early risk of stroke after transient ischemic attack: a systematic review 
and meta-analysis. Arch Intern Med. 2007;167:2417–2422. doi: 10.1001/
archinte.167.22.2417.

 7. Viganò S, Mannucci PM, Solinas S, Bottasso B, Mariani G. Decrease in 
protein C antigen and formation of an abnormal protein soon after start-
ing oral anticoagulant therapy. Br J Haematol. 1984;57:213–220.

 8. Lehto M, Snapinn S, Dickstein K, Swedberg K, Nieminen MS; 
OPTIMAAL investigators. Prognostic risk of atrial fibrillation in acute 
myocardial infarction complicated by left ventricular dysfunction: the 
OPTIMAAL experience. Eur Heart J. 2005;26:350–356. doi: 10.1093/
eurheartj/ehi064.

Figure. Rate of ischemic stroke among new warfarin users with atrial fibrillation.

1122  Stroke  April 2015

analysis stratifying patients by timing of warfarin initiation 
after atrial fibrillation diagnosis found similar stroke rates 
in both groups. This suggests our findings are not simply 
influenced by elevated rates of stroke after atrial fibrillation 
diagnosis, as has been previously reported.8 Moreover, few 
patients received heparins or antiplatelet agents before ini-
tiating warfarin. Studies are needed to determine whether 
bridging therapy, antiplatelet therapy, or use of direct-acting 
anticoagulants mitigate this early increased stroke risk.

Strengths of this study include its large, population-
based sample and long follow-up. Limitations include our 
inability to assess the quality of anticoagulation. We also 
could not capture stroke events that did not result in hos-
pitalization or some important risk factors for stroke, such 
as hypertension.

Conclusions
In this large, population-based cohort study of older patients 
with atrial fibrillation, we observed the highest rate of ischemic 
stroke in the first 30 days after warfarin initiation. Although 
this does not provide evidence of a causal link between war-
farin initiation and stroke, the persistence of thromboembolic 
risk despite anticoagulation highlights the need for future 
research in this area.

Acknowledgments
We thank Brogan Inc, Ottawa for use of their Drug Product and 
Therapeutic Class Database.

Sources of Funding
This study was supported by the Ontario Drug Policy Research 
Network which is funded by grants from the Ontario Ministry of 
Health and Long-Term Care (MOHLTC), and supported by the 
Institute for Clinical Evaluative Sciences (ICES). Opinions, results, 
and conclusions reported are those of the authors and independent 
from funding sources. No endorsement by ICES or the MOHLTC is 

intended or should be inferred. Dr Kapral holds a career investigator 
award from the Heart and Stroke Foundation of Ontario.

Disclosures
T. Gomes, M.M. Mamdani, J.M. Paterson, and D.N. Juurlink have re-
ceived grant funding from the Ontario Ministry of Health and Long-
Term Care (MOHLTC). J.M. Paterson is an employee of Institute 
for Clinical Evaluative Sciences, which is funded by the MOHLTC. 
M.M. Mamdani is a consultant for AstraZeneca, Bristol-Myers 
Squibb, Eli Lilly, GlaxoSmithKline, Hoffmann-La Roche, Novartis, 
Novo Nordisk and Pfizer. The other authors report no conflicts.

References
 1. Go AS, Hylek EM, Chang Y, Phillips KA, Henault LE, Capra AM, et 

al. Anticoagulation therapy for stroke prevention in atrial fibrillation: 
how well do randomized trials translate into clinical practice? JAMA. 
2003;290:2685–2692. doi: 10.1001/jama.290.20.2685.

 2. Gomes T, Mamdani MM, Holbrook AM, Paterson JM, Hellings C, 
Juurlink DN. Rates of hemorrhage during warfarin therapy for atrial 
fibrillation. CMAJ. 2013;185:E121–E127. doi: 10.1503/cmaj.121218.

 3. Azoulay L, Dell’Aniello S, Simon TA, Renoux C, Suissa S. Initiation 
of warfarin in patients with atrial fibrillation: early effects on ischaemic 
strokes. Eur Heart J. 2014;35:1881–1887. doi: 10.1093/eurheartj/eht499.

 4. Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, Radford 
MJ. Validation of clinical classification schemes for predicting stroke: 
results from the National Registry of Atrial Fibrillation. JAMA. 
2001;285:2864–2870.

 5. Agarwal S, Hachamovitch R, Menon V. Current trial-associated out-
comes with warfarin in prevention of stroke in patients with nonvalvular 
atrial fibrillation: a meta-analysis. Arch Intern Med. 2012;172:623–631, 
discussion 631. doi: 10.1001/archinternmed.2012.121.

 6. Wu CM, McLaughlin K, Lorenzetti DL, Hill MD, Manns BJ, Ghali WA. 
Early risk of stroke after transient ischemic attack: a systematic review 
and meta-analysis. Arch Intern Med. 2007;167:2417–2422. doi: 10.1001/
archinte.167.22.2417.

 7. Viganò S, Mannucci PM, Solinas S, Bottasso B, Mariani G. Decrease in 
protein C antigen and formation of an abnormal protein soon after start-
ing oral anticoagulant therapy. Br J Haematol. 1984;57:213–220.

 8. Lehto M, Snapinn S, Dickstein K, Swedberg K, Nieminen MS; 
OPTIMAAL investigators. Prognostic risk of atrial fibrillation in acute 
myocardial infarction complicated by left ventricular dysfunction: the 
OPTIMAAL experience. Eur Heart J. 2005;26:350–356. doi: 10.1093/
eurheartj/ehi064.

Figure. Rate of ischemic stroke among new warfarin users with atrial fibrillation.

1122  Stroke  April 2015

analysis stratifying patients by timing of warfarin initiation 
after atrial fibrillation diagnosis found similar stroke rates 
in both groups. This suggests our findings are not simply 
influenced by elevated rates of stroke after atrial fibrillation 
diagnosis, as has been previously reported.8 Moreover, few 
patients received heparins or antiplatelet agents before ini-
tiating warfarin. Studies are needed to determine whether 
bridging therapy, antiplatelet therapy, or use of direct-acting 
anticoagulants mitigate this early increased stroke risk.

Strengths of this study include its large, population-
based sample and long follow-up. Limitations include our 
inability to assess the quality of anticoagulation. We also 
could not capture stroke events that did not result in hos-
pitalization or some important risk factors for stroke, such 
as hypertension.

Conclusions
In this large, population-based cohort study of older patients 
with atrial fibrillation, we observed the highest rate of ischemic 
stroke in the first 30 days after warfarin initiation. Although 
this does not provide evidence of a causal link between war-
farin initiation and stroke, the persistence of thromboembolic 
risk despite anticoagulation highlights the need for future 
research in this area.
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Abstract 5

종합비타민 복용과 뇌졸중 사망 위험

일본 협동 코호트 연구

Multivitamin Use and Risk of Stroke Mortality
The Japan Collaborative Cohort Study

Jia-Yi Dong, MMed; Hiroyasu Iso, MD, PhD; Akihiko Kitamura, MD, PhD; Akiko Tamakoshi, MD, PhD; Japan Collaborative Cohort Study Group*

(Stroke. 2015;46:1167-1172.)

Key Words: cohort studies ■ mortality ■ stroke

배경과 목적

뇌졸중 위험에 대한 종합비타민 보충제의 효과는 불확실하다. 이 

연구의 목적은 종합비타민 복용과 뇌졸중 및 그 아형별 사망위험 

간의 관계를 조사하는 것이다.

방법

1988년에서 1990년 기준 심혈관질환 및 암이 없는 72180명의 일

본인 남성 및 여성을 2009년 12월 31일까지 추적관찰 하였다. 

종합비타민 복용을 포함한 생활습관을 자가보고식(self-

administered) 설문지를 이용하여 수집하였다. 콕스 비례 위험 

회귀모델(Cox proportional hazards regression model)이 종합

비타민 복용과 관련된 전체 뇌졸중 및 그 아형별 위험도(hazard 

ratios, HRs)를 추정하는데 사용되었다.

결과

19.1년의 평균(중간값) 추적관찰 기간 동안, 1148건의 허혈뇌졸중

과 877건의 출혈뇌졸중을 포함한 2087건의 사망을 확인하였다. 

잠재적 교란요인들을 보정한 이후, 종합비타민 복용은 전체 뇌졸중

으로 인한 사망의 위험을 애매하게 유의한 정도로 낮추었는데

(HR, 0.87; 95% CI, 0.76-1.01), 주로 허혈뇌졸중(HR, 0.80; 

95% CI, 0.63-1.01)에서 그랬고, 출혈뇌졸중(HR, 0.96; 95% 

CI, 0.78-1.18)에서는 그렇지 않았다. 하위군 분석에서, 하루 3

회 미만 과일 및 야채 섭취를 하는 사람들에서 종합비타민 복용

은 전체 뇌졸중으로 인한 낮은 사망 위험과 유의한 관련이 있었

다(HR, 0.80; 95% CI, 0.65-0.98). 이러한 관련성은 비정기적

인 복용자들보다는 정기적인 복용자들 사이에서 더 분명한 것 같

다. 유사한 결과가 허혈뇌졸중에 대해서도 발견되었다.

결론

종합비타민 복용, 특히 잦은 빈도의 복용은, 과일과 야채를 잘 먹

지 않는 일본 사람들에서 전체 및 허혈뇌졸중 사망률 위험 감소

와 관련이 있었다.

염에의 장기적인 노출과 MRI을 이용한 뇌의 노화 표지의 관계를 

연구하였다

방법

Framingham Offspring Study의 7번째 조사에 참여한 사람 중 

60세 이상이며 치매와 뇌졸중 병력이 없는 사람을 연구에 포함하

였다. 노출된 정도(미세먼지[PM2.5]와 주요 도로에서 얼마나 가까

운 곳에 거주하는지)와 총 뇌 용적, 해마 용적, 백색질의 고음영 

용적(로그 변환을 하였고, 연령대에 비해 광범위한 백색질 고음

영 용적 확인), 무증상 뇌경색 사이의 연관성을 평가하였다. 분석 

모형은 나이, 임상적 공변량, 사회경제적 상태 지표, 시간 경향에 

대해 보정하였다.

결과

2.5 μm 이하의 미세먼지가 2 μg/m3 증가할 때 총 뇌 용적은 

0.32%씩 감소했으며(95% CI, −0.59 to −0.05), 무증상 뇌경색

은 1.46배의 높은 교차비를 보였다(95% CI, 1.10 to 1.94). 주요 

도로에서 멀리 떨어져 사는 것은 거리를 사분위수 범위로 나누었

을 때, 한 단계에 대해 로그 변환된 백색질 고음영 용적이 0.1 

증가하였다(95% CI, 0.01 to 0.19). 그러나, 광범위한 백색질이 

보이는 경우와는 명확한 연관관계가 관찰되지 않았다.

결론

높은 2.5 μm 이하 미세먼지에 노출된 경우에 더 작은 총 뇌 

용적, 연령증가와 관련된 뇌 위축, 무증상 뇌경색의 높은 교차비

와 연관관계를 보였다. 이러한 결과는 공기 오염이 치매와 뇌졸

중을 앓지 않은 사람에서조차 구조적인 뇌의 노화에의 점진적인 

영향과 관련되어 있음을 시사한다.


