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Abstract
OBJECTIVE—White matter hyperintensity (WMH) confers increased mortality risk in patients
with cardiovascular diseases. However, little is known about differences in survival times among
adults 65 years and older who have WMH and live in the community. To characterize the factors
that may reduce mortality risk in the presence of WMH, measures of race, sex, ApoE4,
neuroimaging, cardiometabolic, physiological and psychosocial characteristics were examined,
with a particular focus on information processing as measured by the Digit Symbol Substitution
Test(DSST).

METHODS—Cox-proportional models were used to estimate mortality risks in a cohort of 3513
adults (74.8years, 58%women, 84%white) with WMH (0–9 points), DSST (0–90 points), risk
factor assessment in 1992–94 and data on mortality and incident stroke to 2009 (median follow-up
[range]:14.2[0.5–18.1]years).

RESULTS—WMH predicted a 48% greater mortality risk (age-adjusted hazard ratio (HR)[95%
confidence interval(CI)] for WMH>3 points=1.48[1.35–1.62]). This association was attenuated
after adjustment for DSST (HR[CI]: 1.38[1.27–1.51]) or lacunar infarcts (HR[CI]:
1.37[1.25,1.50]) but not after adjustment for other factors. The interaction between DSST and
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WMH was significant (p=0.011). In fully adjusted models stratified by WMH>3, participants with
DSST>median had a 34% lower mortality risk among those with WMH>3 (n=532/1217) and a
28% lower mortality risk among those with WMH<3 (n=1364/2296), compared to participants
with DSST<median (HR[95%CI]: 0.66[0.55,0.81] and 0.72[0.62,0.83], respectively).

CONCLUSION—WMH is associated with increased long-term mortality risk in community-
dwelling adults aged 65 and older. The increased risk is attenuated for those with higher DSST.
Assessment of cognitive function with DSST may improve risk stratification of individuals with
WMH.
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mortality; information processing; white matter hyperintensity

1. Introduction
White matter hyperintensity (WMH) in the brain is associated with greater risk of functional
decline and death in patients with cardiovascular diseases (1–4). However, much less is
known about the association between WMH and mortality risk in adults 65 and older living
in the community. Initial population-based studies of relatively small cohorts of adults
indicate that higher WMH is related to higher mortality risk over 5 to 10 years of follow-up
(4,5). Yet, for reasons that are still unclear, the presence of WMH does not entirely explain
the variance of mortality risk, and some adults with WMH survive much longer than others.

Although several health-related factors influence mortality risk in adults aged 65 and older,
the particular characteristics that are potentially associated with reduced mortality risks in
community-dwelling adults with WMH are not well understood. For example, prior studies,
including ours, have shown that slower information processing as quantified using the Digit
symbol Substitution Test (DSST), is associated with higher mortality risk and also with
WMH (13–19). However, these prior studies did not have concurrent measures of WMH and
DSST and/or have mostly relied on short follow-up time. At present, it is unknown whether
higher DSST performance in adults with WMH would attenuate or modify their increased
mortality risk over a long period of time.

In this study, characteristics that may attenuate or modify the higher mortality risk in the
presence of WMH are investigated in a large cohort of adults aged 65 and older for a long
period of time. In addition to well established risk factors for mortality, including biological
make-up, neuroimaging, cardiometabolic, physiological and psychosocial characteristics,
(2,7–12) the contribution DSST was examined.

Identifying the characteristics that may attenuate or modify the increased mortality risk in
adults with WMH may have practical and mechanistic implications. Such characteristics
could aid in identifying, among individuals with WMH, those more likely to live longer and
who may benefit more from interventions to promote health (6). Identification of such
characteristics may also help develop a model and explain the mechanisms underlying the
lower mortality risk of some elderly with WMH.

2. Methods
The Cardiovascular Health Study is a population-based study of risk factors for
cardiovascular disease in 5,888 adults aged 65 and above (20). In 1992–94, 3,660
participants underwent magnetic resonance imaging (MRI) of the brain(21). Participants
received yearly in-person visits from 1992–94 through 1998–1999 and on-going semiannual
telephone interviews twice per year for new diagnoses, hospitalizations, procedures, and
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disability through 2009 at all sites. Health characteristics were identified based on prior
knowledge(2, 7–12) and included: demographic and genetic characteristics, cardiometabolic
diseases, psychosocial/lifestyle factors; and markers of subclinical risk(2).

2.1 Sample Selection
Among the 3660 participants with brain MRI in 1992–94, risk estimates of mortality
through 2009 were computed in 3513 participants who had both DSST and white matter
hyperintensity (WMH) data available in 1992–1993. All participants provided written
informed consent. The University of Pittsburgh Institutional Review Board approved the
protocol.

2.2 Variables of Interest
All measures were obtained by centrally-trained and certified staff. Quality assurance and
control protocols were regularly implemented(20).

2.2.1 Digit symbol substitution test (DSST)—DSST was obtained concurrently with
the brain MRI in 1992–94 according to a protocol previously described(18); DSST score
was our metric for information processing. Briefly, the DSST is a pencil-and-paper test of
psychomotor performance(22) in which participants are given a key-grid of numbers and
matching symbols and a test section with numbers and empty boxes. The test consists of
filling as many empty boxes as possible with a symbol matching each number. The
completion time is 90 seconds, and the score is the number of correct number-symbol
matches. The strategy to solve the DSST consists of sequential encoding and retrieval of
numbers and matching symbols. Short-term memory, perceptual organization, visuomotor
coordination, and selective attention are important factors that determine the final score.
This test has high test-retest reliability(23). The DSST was recoded into a dichotomous
variable using a cut-off of 38 points, which was the median value from the parent cohort of
5,888 participants that also predicted mortality (18).

2.2.2 White Matter Hyperintensity—Standardized sagittal T1-weighted spin-echo
images, axial spin density/T2 weighted, and T1-weighted images were acquired in 1992–94
using a 1.5T Signa scanner (GE Medical Systems) with high performance gradients (4 G/cm
and 150 T/m-s) (24). A volumetric Spoiled Gradient Recalled Acquisition (SPGR) sequence
with parameters optimized for maximal contrast among gray matter, white matter, and
cerebrospinal fluid was acquired in the coronal plane (TE/TR = 5/25, flip angle = 40
degrees, NEX = 1, slice thickness = 5 mm/0 mm inter-slice gap). Scanned data were
interpreted at a central MRI Reading Center by a neuroradiologist trained in a standardized
protocol according to an atlas of predefined visual standards (21, 25) (24)‥ WMH was
quantified as presence of signal abnormalities/hyperintensities from the white matter of the
periventricular and subcortical regions(21) on standardized sagittal axial spin-density/T2-
weighted images. The burden of WHM thus identified was graded from 0 (lowest) to 9
(highest) points and classified as “high” (3 points or higher) or “none/minimal” (0, 1, or 2
points) based on a cut-off between grades 2 and 3 identified in previous studies conducted in
the parent CHS cohort of 3660 participants (10, 26).

2.2.3 Other neuroimaging markers—Brain atrophy was quantified as ventricular
enlargement, graded on a scale from 0 (lowest) to 9 (highest). (24). Brain infarcts were
identified as lesions of 3 mm or larger without vascular distributions which were hyper-
intense on both spin-density and T2-weighted sequences (27, 28) (24). Most of the infarcts
thus identified are lacunar (single or multiple subcortical brain infarcts of 3–20mm), with
only a small proportion being cortical brain infarcts of any size or brain infarcts greater than
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20mm located anywhere in the brain. Moreover, those with at least 1 lacunar infarct largely
overlap with those with these other types of infarcts.

WMH and brain infarcts were also computed using brain MRIs obtained in 1997–99 in those
eligible and interested in a brain MRI (n=2079 of 3513). These measures were considered as
covariates in the analyses.

2.2.4 Mortality—Mortality outcomes included all-cause mortality ascertained via
adjudicated events occurring through June 30, 2009. To enhance the complete ascertainment
of events, data from Health Care Finance Administration records were also obtained for
missing hospitalizations(29).

2.2.5 Markers of demographic and genetic characteristics—Age, race and gender
were collected at study entry. APOE ε 4 alleles were assessed from blood samples collected
in 1997–99 (30).

2.2.6 Markers of cardiometabolic diseases and conditions—Hypertension was
defined as self-report of a previous diagnosis confirmed by antihypertensive medication use,
or having a current systolic blood pressure of ≥140 mmHg or a diastolic blood pressure ≥ 90
mmHg. Persons were considered diabetic if they had a validated medical diagnosis of
diabetes or a fasting glucose level ≥ 126 mg/dl. History of myocardial infarction and
congestive heart failure were assessed from self-report and medical records. A composite
score of clinical cardiovascular disease presence/absence was also computed based on:
baseline history of myocardial infarction, congestive heart failure, atrial fibrillation,
presence of a pacemaker, history of coronary artery bypass graft surgery or percutaneous
transluminal coronary angioplasty, history of angina or use of nitroglycerin, history of
claudication or peripheral vascular surgery or history of stroke, transient ischemic attack, or
carotid artery surgery(29). A composite measure of subclinical cardiovascular conditions
was defined as having any one of the following: major electrocardiogram abnormalities
based on the Minnesota Code, a ratio of ankle-arm/systolic blood pressure ≤0.9, percent
stenosis of internal carotid artery based on ultrasound >25% or intimal-medial thickness of
the internal or common carotid artery >80th percentile of the CHS distribution, positive Rose
angina, or claudication without clinical history of angina.

2.2.7 Subclinical/Physiological markers—Pulse pressure was computed as the
difference between systolic and diastolic blood pressure. Glucose and blood lipids were
measured from fasting blood samples. Cystatin C was quantified from frozen samples
collected at the baseline visit using a BNII nephelometer (Siemens, Deerfield, IL), and
values were used as measures of kidney integrity (31). Left ventricular mass was quantified
using 2-dimensionally directed M-mode images from parasternal short-axis recordings and
used as a measure of cardiac integrity (32). Interleukin-6 and C-reactive protein were
measured from blood samples collected in 1997–99, using previously published
protocols(33). Medication use to control levels of lipids, blood pressure, and glucose were
also obtained from medical records.

2.2.8 Psychosocial/lifestyle markers—Years of education, income, alcohol (number
of drink/day) and smoking history (ever/never) were obtained by self-report in 1992–94.
Physical activity was obtained from self-reported regular leisure-time physical activity level
(kcal) from the last 12 months. Global cognitive function was assessed using the 100-points
modified Mini-Mental State Exam (3MSE) score. Mood was assessed using the Center for
Epidemiologic Studies Depression Scale (CES-D).
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2.3 Statistical Analysis
Differences in population characteristics between those excluded and included and between
the groups of interest (e.g. based on WMH and DSST cut-offs) were tested using analysis of
covariance, partial correlation, and chi-square tests when appropriate. Due to skewness of
the distributions, physical activity, glucose, left ventricular mass, Cystatin C, IL-6, and CRP
were log-transformed. Between-group comparisons of HDL, pulse pressure, and glucose
were adjusted for lipid medication use, hypertensive medications, and insulin use,
respectively. Because the total number of comparisons was relatively high (25 comparisons
for each between-group comparison), statistical significance was examined after applying a
Sidak correction factor (34) of P=0.002. Participants who died or were lost to follow-up
were censored at the time of death or date of last information in 2009. Kaplan-Meier
analysis was used to examine survival (i.e., time till mortality). Log-rank Mantel-Cox tests
were used to examine group differences. Crude incidence rates of events were computed per
1,000 person-years. Cox proportional hazard models were constructed to investigate the
multivariate relationship of covariates and outcomes, provided that the assumption of
proportional hazards was met. (35).

Age-adjusted models predicting risk of mortality were generated in the cohort of 3513
participants with WMH (as dichotomous and also as ordinal 0–9) as the main independent
variable and adjusted for the population characteristics’ measures and also for incident
stroke, incident brain infarcts and incident WMH at the second MRI. Although the
characteristics examined for each domain (Section 2.2) were selected a priori for their
known association with mortality, we noted that the variables in the domains “subclinical/
physiological” and “lifestyle/psychosocial” were highly correlated with each other
(p<0.001). To address colinearity and over-adjustment, each of these variables entered the
model one at a time within that block and changes in the coefficient of the main independent
variable were examined for each model. For simplicity, we report models adjusted for
demographics and for the following measures: Model 1: ventricular grade and brain infarcts
for the domain “neuroimaging markers”; Model 2: prevalence of cardiovascular diseases for
the domain “cardiometabolic diseases” (all other measures in this domain are included in
this summary measure); Model 3: prevalence of subclinical vascular conditions for the
domain “subclinical/physiological markers” (the other measures in this domain were not
included because they were associated with subclinical vascular conditions at p<0.0001);
Model 4: education for the domain “lifestyle/psychosocial factors” (the other measures in
this domain were associated with education at p<0.0001). Model 5: a final model adjusted
for all measures.

To identify the characteristics that would attenuate or modify the mortality risk related to
WMH, each measure was added to age-adjusted models one at a time to evaluate the change
in the coefficient of WMH predicting mortality after adding that measure to the model. In a
separate model with WMH and DSST predicting mortality, the interaction term of WMH by
DSST was tested to estimate whether the mortality risk related to high WMH varies for
different levels of DSST.

All models were also repeated for those with and without high WMH (WMH>3). Sensitivity
analyses in which participants with brain infarcts, history of stroke, and those with incident
stroke during follow-up are excluded were also conducted.

All analyses were performed using SAS version 9.1.3 (SAS Institute, Inc. Cary, NC).
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3. Results
Comparisons between the 3513 participants with WMH and DSST and the parent cohort of
3660 participants with brain MRI from the four sites were not significant and have been
previously published (36). By the end of 2009 (median follow-up 14.23 years, range: 0.5-
18.1 years), 2110 (60%) of the 3513 participants had died, consistent with event rates
obtained for shorter follow-up in prior studies of the parent cohort (18, 37, 38).

In this cohort of 3513 participants, the group with high WMH (WMH>3) had a less
favorable risk factor profile at study entry (Table 1), as compared to the group with none/
minimal WMH (WMH<3). Differences were statistically significant at p <0.05 for all
measures, with the exception of congestive heart failure, diabetes and smoking (Table 1).
The correlation between WMH and DSST was statistically significant (rho=−0. 23,
p<0.0001).

In this cohort of 3513 participants, high WMH was associated with greater risk of mortality
from 1992 to 2009 (unadjusted HR [95%CI]: 1.818 [1.667, 1.983]) independent of
demographics, ventricular grade, brain infarcts, prevalence of cardiovascular, prevalence of
subclinical conditions, and education: 1.324 [1.204, 1.457]). This is consistent with previous
reports of the Cardiovascular Health Study based on shorter follow-up times (14). WMH
coded as 0–9 was also associated with mortality in the full cohort and in the group with
WMH>3 (HR [95% CI]: 1.118 [1.084, 1.153], p<0.0001 and 1.067 [1.009, 1.129], p =
0.020, respectively, for each point of WMH, adjusted for demographics, ventricular grade,
brain infarcts, prevalence of cardiovascular, prevalence of subclinical conditions, and
education). Of note, higher DSST was associated with lower mortality risk (age-adjusted
HR: 0.975 [0.972, 0.979], p<0.0001 for each point of DSST and 0.554[0.507,0.606],
p<0.0001 for DSST>38).

In age-adjusted models with WMH and each participants’ characteristic added one by one
(Table 2), the association between high WMH and greater mortality risk was attenuated by
more than 10% after adjustment for DSST or for brain infarcts but not after adjustment for
the other risk factors (Table 2).

DSST also modified the association of WMH>3 with mortality in multivariable models
adjusted for demographics, ventricular grade, brain infarcts, prevalence of cardiovascular
and of subclinical conditions and education (Table 3). In these multivariable models, both
WMH and DSST were associated with mortality independent of each other and of other
factors (Table 3). The point estimates of the hazard ratios were similar and the confidence
intervals were overlapping when WMH and DSST entered the model using other coding
(e.g. WMH as a 0–9 score, and DSST as >38), after adjustment for incident stroke, incident
infarcts and incident WMH, and also after exclusion of participants with brain infarcts,
history of stroke, and those with incident stroke during follow-up (not shown).

In a separate model of mortality risk with WMH and DSST, the interaction of WMH by
DSST was statistically significant (Odds Ratio, [95% CI]: 1.002 [1.001, 1.004], p= 0.011).
In subsequent analyses of mortality stratified by WMH>3 (Table 4), those with DSST>38
had lower mortality rates as compared to those with DSST<38 in both strata (log-rank tests
statistically significant at P<0.001 for all); of note, the mortality rate of participants with
high WMH and DSST>38 was similar to the mortality rate of those with WMH<3. The
association of DSST>38 with reduced mortality risk among those with WMH>3 was
independent of f demographics, ventricular grade, brain infarcts, cardiovascular disease,
subclinical conditions and education (Table 5). These associations were similar to, albeit
less strong than, those observed for participants with WMH<3 (Table 5). Kaplan-Meier
estimates (Figure 1) illustrated that trends of death rates were significantly slower for those
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with DSST>38 as compared to those with DSST<38. This trend was similar for both groups
of WMH severity, although mortality rates remained higher over time for those with
WMH>3 as compared to those with WMH<3.

Hazard ratios of DSST predicting mortality among those with WMH>3 also remained
substantially unchanged after exclusion of participants with infarcts, history of stroke or
incident stroke during follow-up (HR [95%CI] adjusted for age, race, gender, ventricular
grade prevalence of cardiovascular diseases and conditions, IL-6, and Cystatin-C= 0.55
[0.42, 0.73], p<0.0001 for DSST>38 and 0.98 [0.97, 0.99], p<0.0001 for each point of
DSST). The association between DSST and mortality among those with WMH>3 also
remained independent of other variables related to DSST (list in Supplementary Table 1):
age, race, income, education, 3MSE scores, CRP levels, WMH burden, hypertension,
subclinical vascular conditions, pulse pressures, IL-6 levels.

4. Discussion
In this large cohort of well-characterized adults aged 65 and above, WMH predicts long-
term mortality risk and this increased risk is attenuated for adults with higher DSST. This
attenuation was not explained by any of the factors associated with DSST, or by the burden
of overt clinical vascular diseases, genetic or subclinical vascular factors. Among adults
with WMH, those who also maintain higher DSST performance had half the risk of dying as
compared to those with lower DSST performance.

These findings extend prior work and prepare new lines of inquiry in several ways.

First, our study provides long-term mortality risk estimates associated to WMH in adults
living in the community. Prior studies estimating the association of WMH with mortality
have mostly relied on follow-up times of 5 years and focused on patient populations. Among
the few pioneer works examining community dwelling adults (4), we are aware of only two
examining a follow-up time longer than 5 years (39, 40). However, neither of these
quantified the characteristics that could attenuate the increased mortality risk related to high
WMH and one examined a very selected and small sample size free from stroke and
vascular events (39).

Second, the finding that DSST attenuates the association of WMH with mortality highlights
the importance of studying the association between neural systems and mortality. DSST
performance is thought to reflect information processing, as mediated by neural networks in
frontal systems. (41–44) A prior functional neuroimaging study (45) indicates that
maintenance of higher DSST performance in the presence of WMH is related to additional
activation of parietal regions and this pattern may reflect neural plasticity processes.
Specifically, individuals with overall WMH, who nonetheless have higher DSST, might
have a more favorable WMH spatial distribution and/or a lower burden of micro-structural
abnormalities in normal appearing parenchyma, which may spare tracts critical for DSST
performance and thus permit neural activation supporting DSST performance. In light of the
findings hereby presented, maintaining DSST, or other neurocognitive functions, in the
presence of WMH (possibly through compensatory neural activation patterns in the face of
age-related changes in morphology) may be a marker of long-term survival through
mechanisms that need to be identified. For example, such compensatory neural activation
patterns may reflect greater brain health at the micro-structural and/or neurovascular level
and/or greater vascular health in other systems and organs. The present study could not
answer these questions because it relied on visual estimation of overall burden of WMH and
it did not have longitudinal measures of micro-structure or functional MRI. To investigate
the mechanisms linking this apparent ‘brain plasticity’ and longevity, neuroimaging studies
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of adults with WMH would need to first quantify and compare the spatial distribution and
temporal evolution of WMH and of micro-structural tissue changes in those who maintain
cognitive performance (in DSST or other neurocognitive tests) and in those who do not, and
then quantify the association of these patterns with future mortality risks and with prior long
term exposure to risk factors and with presence of health-related conditions. The
identification of prior exposure to risk factors presence of specific health-related conditions
can then help design tailored interventions to promote health.

Third, our work also tested alternative explanations of these main findings in that analyses
controlled for factors that differed between those with and without high DSST. Of note,
among the multiple health-related factors known to influence mortality risk, only DSST and
infarcts appeared to attenuate the higher mortality risk in the presence of WMH. Other
participants’ characteristics and conditions, including hypertension, stroke or blood pressure,
did not substantially attenuate the risk of mortality associated with high WMH. It is possible
that longitudinal trajectories of risk factors, rather than one measurement at one point in
time, could have explained these associations. A more gradual worsening of the risk factors
of pulse pressure, IL-6, and CRP, as opposed to a rapid abrupt worsening, may slow down
the accrual of brain abnormalities and thus maintain function. For example, a more favorable
inflammatory state might facilitate the ability of the brain to compensate for overall burden
of WMH (46). This study did not have retrospective measures of these risk factors, and
therefore could not address this question.

Strengths of this study include the comprehensive assessment of health-related factors,
including behavioral, imaging, and other physiologic data and functional measures over a
long period of time in a large and diverse cohort. One possible limitation of this study is the
use of population-specific cut-offs for DSST and WMH. Because of these cut-offs, results
may not be generalizable. However, the associations remained significant when using
continuous measures of DSST. Another factor that limits generalizability of these results is
that this cohort was well functioning, with 65% of participants having little or no WMH by
the beginning of the observation time in 1992–94. Furthermore, our statistical adjustments
for single measures of confounders may have left residual confounding. In addition, a one-
time score of DSST at baseline was applied for the group classifications, and DSST was the
only measure of information processing available. Future studies to characterize other
aspects of neurocognitive function in adults aged 65 and above with higher WMH who seem
to be resilient to mortality are needed.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Kaplan-Meier plots of survival event rates for participants with (black lines) and without
WMH>3 (gray lines), stratified by presence (solid lines) or absence (dashed lines) of DSST
> 38. Follow-up period was from 1992–2009.
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Table 2

Age-adjusted Hazard Ratio and 95% confidence intervals (CI) of mortality from study entry in 1992–94 to
2009 for participants with WMH> 3 as compared to WMH < 3 (referent) in 1992–1994. N=3513

Hazard Ratio and
95% CI of WMH>3 as
compared to WMH<3

(referent)

Age-adjusted 1.481 (1.354, 1.618)

Measures entering the above age-adjusted model one at a time:

Digit Symbol Substitution Test, points 1.384 (1.265, 1.514)

Biological
make-up

Race, white 1.462 (1.337, 1.599)

Gender , female 1.526 (1.395, 1.668)

APOe4 allele 1.497 (1.363, 1.643)

Other MRI
markers

Ventricular grade≥4 1.425 (1.303, 1.559)

Brain infarcts, presence 1.373 (1.252, 1.504)

Presence of cardio-metabolic
diseases

Cardiovascular diseases 1.461 (1.336, 1.596)

Stroke 1.457 (1.327, 1.600)

Myocardial infarction 1.479 (1.348, 1.624)

Diabetes 1.488 (1.361, 1.627)

Congestive heart failure 1.478 (1.347, 1.623)

Hypertension 1.454 (1.328, 1.591)

Sub-clinical/ physiological markers

Subclinical vascular conditions 1.461 (1.334, 1.600)

HDL2, dl/L 1.491 (1.361, 1.634)

Glucose1,4, dl/l 1.490 (1.359, 1.633)

Pulse pressure3, mmHg 1.468 (1.341, 1.605)

LV heart mass1, cm3 1.481 (1.352, 1.622)

Cystatin C1, mg/dl 1.511 (1.380, 1.655)

IL-61, mg/dl 1.467 (1.335, 1.611)

C-Reactive protein 1, mg/dl 1.455 (1.330, 1.592)

Psycho-social/ Lifestyle

Physical activity, Kcal1 1.462 (1.328, 1.610)

Income < $25,000 1.445 (1.318, 1.584)

Education>HS 1.475 (1.350, 1.613)

Smoking , current 1.468 (1.341, 1.606)

3MS, points 1.440 (1.317,1.575)

CES-D, points 1.476 (1.351, 1.614)

1
log-transformed values

2
adjusted for lipid medication use

3
adjusted for insulin use

4
adjusted for antihypertensive medications
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Apoe4 = Apolipoprotein E4; CRP = C-reactive protein; HDL = high-density lipoprotein cholesterol; HS = high school; IL-6 = interleukin-6; LV =
left ventricular; 3MS = Mini-Mental Status Examination; MRI = magnetic resonance imaging; SD = standard deviation; WMH = white matter
hyperintensities.
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Table 4

Event Rates for Total Mortality From 1992 to 2009 for 3513 participants grouped by severity of white matter
hyperintensities >3 and stratified by presence/absence of DSST > 38

Included (N) No. of Events (%) Events per 1,000 Person-Years
(95% Confidence intervals)

WMH> 3

Total 1217 896 (74) 62.67 (56.29, 69.81)

  DSST>38 532 320 (60) 48.92 ( 40.78 , 58.72)

  DSST<38 685 576 (84) 75.63 ( 65.80 , 87.10)

WMH< 3

Total 2296 1214 (53) 45.88 (41.75,50.42)

DSST>38 1364 602 (44) 36.96 (32.06, 42.61)

DSST<38 932 612 (66) 57.15 (50.22,65.07)

WMH= White Matter Hyperintensities; DSST = Digit Symbol Substitution Test
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Table 5

Hazard Ratios of presence/absence of DSST > 38 predicting Total Mortality From 1992 to 2009 for a cohort
of 3513 adults aged 65 and above, stratified by presence of white matter hyperintensities >3. All are
statistically significant at p<0.0001

Hazard Ratios (95% confidence interval)

Model 1 Model 2 Model 3 Model 4

WMH> 3

DSST> 38
(yes/no)

0.53 (0.46, 0.62) 0.54 (0.46, 0.63) 0.55 (0.47, 0.64) 0.57 (0.49, 0.67)

WMH< 3

DSST> 38
(yes/no)

0.59 (0.52, 0.66) 0.63(0.56, 0.72) 0.64 (0.56, 0.73) 0.67 (0.59, 0.76)

WMH= White Matter Hyperintensities; DSST = Digit Symbol Substitution Test; Model 1: age-adjusted; Model 2: adjusted for age, race, gender;
Model 3: further adjusted for ventricular grade, infarcts. Model 4: further adjusted for cardiovascular diseases, subclinical conditions and
education.
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