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Abstract

Cerebral white matter lesions (WMLs) are considered a reflection of cerebral and systemic small
vessel disease (SVD), and are associated with reductions in brain volume. Like the brain, the
kidney is also sensitive to factors that affect vasculature. Glomerular dysfunction due to renal
vascular damage can be measured with different biochemical parameters, such as creatinine or
cystatin C, although cystatin C is considered to be more accurate than creatinine in the elderly.
The purpose of the study was to determine whether manifestations of SVD in the kidney can
predict SVD-based damage to the brain. We examined the relationship between glomerular
dysfunction as a measure of SVD on WMLSs, gray matter (GM) volume, and cognition in 735
cognitively normal participants from the Cardiovascular Health Study Cognition Study. The
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multivariate analyses controlled for demographic characteristics, hypertension, heart disease,
diabetes, Apolipoprotein 4 allele, C reactive protein, lipids, physical activity, smoking, and body
mass index (BMI). Elevated cystatin C levels were associated with lower neuropsychological test
scores, the presence of MRI-identified brain infarcts, the severity of WMLs, and GM atrophy five
years later. In adjusted models, GM volume was significantly associated with cystatin-C only until
BMI and severity of WMLs were added to the model, meaning that the effect of SVD on GM
volume is mediated by these two variables. These findings suggest that age-related SVD is a
process that leads to altered brain structure, and creates a vulnerability state for cognitive decline.
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Introduction

Cerebral white matter lesions (WMLs) are frequently seen in older adults, and they are
associated with cerebral and systemic small vessel disease (SVD) [1-6], and with
hypertension (HTN) [7-9]. They are associated with changes in brain white matter (WM)
and gray matter (GM) integrity [10-13], as well as with brain functional changes [14],
altered cognition, and dementia [13, 15-17].

The kidney is also exquisitely sensitive to factors that affect vascular integrity. Like the
brain, the kidney is a low resistance end organ exposed to a high volume of blood flow
[18].There is stiffening of the wall of large blood vessels with advancing age, which reduces
the protective gradient between the heart and peripheral organs [18]. This leads to an
excessive transfer of pulsatility to the microvasculature, especially in high flow organs [18].
In turn, this increases the microvascular resistance in the kidneys and brain, making them
more likely to suffer vascular damage, especially in the small vessels [18-20].

Damage to the renal vasculature due to HTN is manifested by microalbuminuria, decreased
estimated glomerular filtration rate (eGFR), and increased levels of serum creatinine and
cystatin C. HTN-related damage to the cerebral vasculature is manifested by WMLs, lacunar
infarcts and microhemorrhages [6]. Because kidney dysfunction secondary to SVD may be
detected at the same time, or even before there is evidence of vascular damage in the brain,
altered measures of kidney function may indicate an increased risk of subclinical
cerebrovascular disease, even when WMLSs are not evident [21].

Cystatin C is an inhibitor of cysteine proteases and is produced by nearly all human cells
[22]. It may be a more sensitive measure of glomerular function in the elderly compared to
creatinine (for example) because it is less influenced by muscle mass [23] which may
decrease in older adults. Elevated cystatin C levels are associated with increased mortality,
with cardiovascular and non-cardiovascular outcomes, [24-26], and with subclinical brain
infarcts and WMLs [21, 27]. Non-demented elderly individuals with higher cystatin C levels
are more likely to develop cognitive impairment [28]. However, there are no studies of the
long-term relationships between cystatin C levels and brain structure. To the extent that
elevated cystatin C reflects peripheral SVD, we would expect that this would be followed by
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increased levels of WMLs as a consequence of an active, pathological process in small
vessels. In turn, this would result (via WMLs and related loss of WM and GM) in a
vulnerability state for the clinical expression of neurodegenerative processes (e.g.,
Alzheimer's disease) or vascular cognitive impairment [29].

The purpose of this study was to examine whether manifestations of SVD in the kidney can
predict SVD-based damage in the brain. We asked whether serum cystatin C levels in 1993—
94 predicted brain SVD, regional GM volumes, and cognitive performance measured in
1998-99 in cognitively normal older adults. We hypothesized that in the context of multiple
cerebral risk factors for SVD, kidney function (as assessed with cystatin C) would be a
predictor of brain structure, as consequence of the same microvascular disease process that
results in WMLs.

Materials/Methods

Participants

The study sample was drawn from participants of the Cardiovascular Health Study-
Cogpnition Study (CHS-CS) [30, 31], which grew out of the larger Cardiovascular Health
Study (CHS). The parent CHS recruited 5,201 individuals over the age of 65 from four
communities (Pittsburgh, PA; Sacramento, CA; Winston-Salem, NC; and Hagerstown, MD)
in 1989-90 [32]. In 1992-94, 3,608 participants had a magnetic resonance imaging (MRI)
study of the brain, and second MRI was done in 2,101 participants in 1997-98. In 1998-99
the CHS attempted to identify all participants who were demented at the time of the first
MRI (1992-94), or subsequently developed dementia [30, 31, 33]. A comparison of those
who did and did not have an MRI in 1992-94 has previously been reported [17, 34].

In 1998-99, 1,574 of the 2,101 CHS participants with a second brain MRI were considered
to be cognitively normal [35]. The demographic and clinical characteristics of all CHS
participants with and without an MRI of the brain in 1998-99 are shown in Supplemental
Table E-1. Due to the late inclusion of the 3-dimensional volumetric T1-weighted Spoiled
Gradient Recall (SPGR) sequence into the scanning protocol not all of the participants had
high-resolution anatomical imaging. Thus, we analyzed MRI data from 735 participants who
met the following criteria: diagnosed as cognitively normal in 1998-99, had a high-
resolution MRI scan, and had cystatin C levels taken in 1993-94 (See Figure 1). There were
no differences between the participants whose data are included in this analysis and those
who were not in terms of age, education, gender, race, WML, ventricular enlargement,
presence of MRI-infarcts or Apolipoprotein E4 (ApoE-4) status (See Supplemental Table
E-1). Those included were less likely to have HTN than those who were not [13].

Measures

Demographic variables included age, sex, education level and race. Medical conditions
included having a history of heart disease, diabetes mellitus (classified by American
Diabetic Association guidelines [36], HTN (and systolic and diastolic blood pressure (BP)),
and the use of antihypertensive medications. Lifestyle factors included the number of blocks
walked during the past week, weight, body mass index (BMI), waist circumference,
smoking status (former and current smokers versus non-smokers), and systolic and diastolic
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BP. Cognitive function was assessed with the Modified Mini-Mental State Examination
(B3MSE) [37], the Digit Symbol Substitution Test (DSST) [38], and the Benton Visual
Retention Test (BVRT) [39, 40]. Genetic predisposition to sporadic AD was assessed based
on the presence of at least one copy of the ApoE*4 allele. Serum measures included
cholesterol, C-reactive protein (CRP), and cystatin C. CRP was measured using a high-
sensitivity immunoassay. Cystatin C was quantified from frozen samples using a BN 11
nephelometer (Siemens, Deerfield, IL). For the current analysis, we used medical and
biochemical variables recorded in 1993-94, and cognitive measures and MRI scans obtained
1998-99.

MRI acquisition and measures

The MRI scanning was completed using 1.5 Tesla scanners as detailed elsewhere [34, 41].
Briefly, an SPGR sequence was obtained covering the whole brain (TE/TR = 5/25, flip angle
=40°, NEX =1, slice thickness = 1.5 mm/0 mm interslice gap), with an in-plane acquisition
matrix of 256 x 256x 124 image elements, a 250 x 250 mm field of view and an in-plane
voxel size of 0.98 x .98 mm. WML burden was rated using a 10-point standardized CHS
visual grading system, ranging from 0 (normal) to 9 (mostly abnormal), based on the total
extent of the subcortical and periventricular hyperintensities on either axial To-weighted or
proton density images[1, 34, 41]. White matter lesion were considered present when the
white matter grade scores were higher than 3[1, 13].

Voxel-level statistical analysis

The MRI scans were processed using Smallest Univalue Assimilating Nucleus from the
fMRI Software Library (FSL; http://www.fmrib.ox.ac.uk/fsl/) for 3-dimensional nonlinear
noise reduction. The voxel-based morphometry (VBMZ2) script (http://dbm.neuro.uni-
jena.de/vbm/vbm2-for-spm2/) was run in Statistical Parametric Mapping (SPM2) (http://
www.fil.ion.ucl.ac.uk/spm/) using MATLAB v 7.4 (The MathWorks, Natick, MA). Images
were normalized to the custom Pittsburgh Elderly Template [42] and then segmented into
GM, white matter (WM), and cerebrospinal fluid (CSF) based on the spatial prior
probabilities from the template; a hidden Markov random field threshold of 0.3 was used in
the segmentation step. VVolumes for each tissue type were calculated by multiplying all
voxels by the inverse of the Jacobian determinant of their spatial transformation matrix. The
volumes of GM, WM, and CSF obtained from this step were summed to compute an
estimate of the total intracranial volume (T1V). The images were smoothed using a 10mm
(FWHM) isotropic Gaussian kernel and a mask was applied in all analyses to confine the
statistical search space to GM voxels.

Statistical analysis

All other analyses were performed with the Statistical Package for the Social Sciences (IBM
SPSS Statistics 18). Variables with non-normal distributions were transformed using a logsg
transformation. Chi-squared tests were used to compare proportions, and t-tests and one-way
ANOVASs were used to compare group means. The least significant difference (LSD) test
was used (p<.05) following the one-way ANOVAs. We dichotomized serum cystatin C
levels using a cutoff of 1.21 mg/dl; higher levels were considered abnormal [23].
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In order to address study hypotheses, we proceeded in three steps. The first step was to
identify predictors of serum cystatin C, which was our indicator variable of peripheral SVD.
We first identified the variables that were significantly associated with cystatin C in
unadjusted models. For the adjusted models we used linear regression to identify the
variables associated with cystatin C (as a continuous dependent variable). The independent
variables were entered into the model in three different blocks. The first block included
factors of “no interest” such as demographic variables and ApoE4 status. The second block
included variables that were hypothesized predictors including vascular risk factors, blocks
walked per week, and coronary heart disease. We entered CRP in the third block in order to
determine whether this inflammatory marker was linked to kidney function once the other
factors had been accounted for. Within each block, the variables were entered with a
forward stepwise method.

In the second step, we examined those factors associated with the presence of WMLs (grade
< 3 vs. >3) entering the independent variables in two different blocks. The first block
included demographic variables, ApoE4 status, and cystatin C levels. The second block
included vascular risk factors, blocks walked per week, and serum CRP levels. Within each
block, the variables were entered with a forward stepwise method.

In the third step, we examined the effects of WMLSs (as an independent variable) on brain
volume. First, we created tertiles of GM volume (as a percentage of TIV (< 44.88%, 44.89 —
46.60%, and > 46.61%)), and included the variables that were significantly associated with
GM volume in the unadjusted models. Second, we regressed adjusted GM volume as a
continuous variable on three blocks of data. The first block included demographic variables,
ApoE4 status, and cystatin C levels. The second block included vascular risk factors. The
third block included WMLs, the presence of infarcts on the brain MRI, and serum CRP
levels. Within each block, the variables were entered with a forward stepwise method. We
used both discrete and continuous measures of GM, because discrete variables are easier to
understand clinically, but continuous variables provide more statistically powerful analyses.

Voxel-based statistical modeling

Results

A multiple regression model in SPM2 was fitted to analyze the relationship between GM
volume (at the voxel level) and cystatin C. The covariates of interest included age, sex, race,
and MRI-identified infarcts. Other covariates were TIV, and indicator variables designating
the site of the scan (to account for center-to-center variation). A second model included age,
sex, race, WMLs, and BMI. A Family Wise Error threshold (p < 0.05) was applied to
account for multiple comparisons, using an extent threshold of 100 voxels unless otherwise
mentioned. Results were projected onto the standard single subject Montreal Neurological
Institute (MNI) template for display purposes [43].

Associations with Cystatin C

Table 1 shows the characteristic of the participants dichotomized by cystatin C level (x1.21
mg/l). The participants with high cystatin C levels were older, more likely to be Caucasian,
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had higher serum CRP levels, had more HTN, larger waist circumference, more heart
disease and less physical activity compared to those with lower levels of cystatin C.
Elevated cystatin C was also associated with greater prevalence of MRI-identified brain
infarcts, WMLs, lower GM/TIV ratio and lower scores on the 3MSE, DSST, and BVRT. In
the adjusted models (Table 2), older age, white race, greater waist size, heart disease, HTN,
higher serum CRP and smoking all independently were associated with elevated cystatin C
levels; exercise independently reduced risk.

Predictors of white matter lesions

Participants with WMLs were older, had higher cystatin C levels, had a greater prevalence
of HTN, MRI-identified infarcts, lower GM volumes, and lower scores on the 3MS and the
DSST compared with those without WMLs (Supplemental Table E-2). In the adjusted
models, the presence of WMLs was predicted by age, HTN, and cystatin C (Table 3).

Consequences of white matter lesions on gray matter

The characteristics of the participants as a function of degree of GM atrophy are shown in
Supplemental Table E-3. BMI was lower in the highest tertile compared to that in middle
and lowest tertiles. SBP and cystatin C were lower in the highest tertile compared to the
lowest. In the linear regression analysis (Table 4) in which GM/TIV was regressed on these
factors, older age, gender, race (non-Caucasian), BMI and WMG were independently
associated with volume. However, cystatin C levels were significantly associated with GM
volume only until BMI and WMLs were added to the model.

The VBM analysis showed that higher cystatin C levels were associated with lower GM in
the superior frontal gyrus bilaterally (Figure 2). However, this effect was no longer
significant when BMI and WMLs were included in the SPM model. Age, WMLs and BMI
had independent effects on GM volume (Figure 3). Older age was associated with lower GM
volume in the superior temporal cortex (left > right), the hippocampus, the thalamus, and the
posterior cingulate cortex. Higher WMLs were associated with lower GM mainly in the
frontal cortex. Finally, higher BMI translated to lower GM volumes in the thalamus and the
posterior cingulate cortex.

Relationships among predictor variables

In order to better understand the relationships among the various predictor variables, and to
attempt to provide a visual representation of those relationships, we completed a series of
logistic regression analyses. Total GM volume was dichotomized at the lower 25th
percentile (abnormal/normal) and simultaneously regressed on age (£ 75 years), sex, race,
ApoE*4 status, WMLs, Cystatin C (+ 1.21), BMI (+ 30), logyq blocks walked (+ 0.47) and
HTN. Of those predictors, WMLSs, age and the presence of an ApoE*4 allele directly
increased the risk of GM atrophy. We then regressed WMLSs on the variables that were not
associated with GM volume. We found that WMLs also were predicted by cystatin C, HTN
and age. Finally, we regressed cystatin C levels on the remaining independent variables and
found that an abnormal cystatin C level was associated with older age, male sex, Caucasian
race and HTN.
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Figure 4 shows the predictors and the consequences of WMLs; the numbers above the
pathways are the Odds Ratios associated with each specific variable pair (p<.05). HTN, a
risk factor for SVD (as indicated by cystatin C), predicted both WMLs and cystatin C levels,
reflecting independent effects on cerebro- and renovasculature. HTN also had a mediated
effect on WMLs through cystatin C.

Discussion

This study showed that higher cystatin C levels were associated with more WMLs, lower
GM volumes and poorer cognitive performance six years later, and that cystatin C
independently predicted WMLs. However, when we included in the model multiple
competing risk factors, the effect of serum cystatin C levels on GM volume was mediated by
the presence of WMLs.

Previous studies have found that higher serum cystatin C levels are associated with lacunar
infarcts and WMLs [21, 27], and that older adults with elevated cystatin C levels had lower
3MSE and DSST scores and were more likely to develop cognitive impairment after a 7-
year follow-up [28]. Cross-sectional studies have also found that renal function, as measured
by eGFR or microalbuminuria, is associated with brain atrophy [44, 45]. Our study
replicates and extends these associations in the same sample of subjects, adding the inverse
association between cystatin C and GM volume.

Cystatin C levels were significantly associated with GM volume only until BMI and WMLs
were added to the model, meaning that the effect of cystatin C on GM volume is partially
mediated by these two variables (Model 1 vs. Models 2 and 3) [46]. The same was found in
the VBM analysis of GM; higher cystatin C levels were associated with lower GM volumes,
only until BMI and WMLs were included in the model. The VBM model also found
partially independent effects of age, WMLs and BMI on GM volume, demonstrating that
“age-related” brain atrophy is not completely accounted for by chronological age, but also
by other factors related to aging. Several studies have shown that WMLSs correlate with
reduced GM volume in cognitively normal older adults [12, 13]. On the other hand, obesity
is a well-known risk factor for cognitive decline and dementia [47, 48] and numerous studies
have suggested an association of obesity, measured by BMI, with lower total or regional
brain volumes [49] [50-53]. The potential mechanism underlying the inverse association
between BMI and brain volume is unknown, but it is unlikely to be direct. For example,
obesity raises the risk of HTN and type 2 diabetes mellitus that themselves cause vascular
changes and brain volume reduction [7, 54]. Other proposed mediators for the relationship
between higher BMI and lower brain volume include inflammation [55], adipose tissue-
derived hormones [56], and reduced exercise [57].

Our data replicate and extend prior findings of the effects of chronic HTN on peripheral
small vessel disease, and the relationship with the cerebrovascular tone. Our analyses also
suggest a functional pathway to explain these relationships, with chronic HTN causing
damage to “unprotected” end organs (i.e., the kidney and brain) manifested as elevated
levels of cystatin C and increased rate of WMLSs.
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Although our results are consistent with the idea that cystatin C levels are associated with
WMLs due to a common SVD process, we cannot rule out the possibility that kidney
dysfunction could directly lead to brain SVD [58]. Another intriguing finding was that the
risk factors associated with elevated cystatin C and WMLs were different. We interpret this
difference in the risk factors associated with cystatin C (i.e., age, race, waist circumference,
heart disease, HTN, exercise, smoking, and CRP) and WMLSs (i.e., age, HTN, and cystatin
C) in the context of the regression-based model shown in Figure 4. That is, damage to the
small vessels in the kidney precedes WMLSs in the brain, and thus the predictor variables
were more tightly linked to cystatin C, and act only indirectly on brain vasculature through
WM volume. In fact, when we examined the effects of cystatin C and WMLs measured in
1992-94 on WMLs measured in 1998-99, we found that cystatin C levels predicted WMLs
6 years later even after controlling for the severity of WMLSs determined in 1992-94. We
speculate that SVD can be detected by cystatin C before WMLs. Whether this reflects a
chronic vascular pathology that manifests itself first in the kidney, or whether measures of
kidney function are simply more sensitive than measures of brain structure cannot be
determined from our data.

Among the limitations of our study is the fact that we did not have anatomical brain images
at the same time as we measured cystatin C. This was a consequence of several factors,
including the fact that SPGR sequences were not available in 1992-94, logistical issues
including subject burden, as well as financial constraints. Nevertheless, we feel that our data
do allow us to report that SVD in the brain, manifested as WMLSs is predicted by small
vessel disease measured in the periphery. The principle correlate of WMLSs is decreased GM
volume in the brain in specific regions of interest, which has an impact on cognitive
functions, and by inference on subsequent rates of dementia.

In conclusion, we observed that cystatin C levels in 1993-94 predicted brain SVD, regional
GM volumes, and cognitive performance measured in 1998-99 in cognitively normal older
adults in the CHS-CS. Furthermore, we tried to understand the relationships among these
variables and we observed that cystatin C independently predicted WMLSs, and the effect of
cystatin C on GM volume was mediated by the presence of WMLSs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Schematic representation of the participants’ selection process.
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Figure 2.
Main effect of cystatin C on regional gray matter volume projected onto the SPM single

subject cortical surface. Higher cystatin C levels were associated with lower GM volumes
most prominently in the superior frontal gyrus bilaterally, but also in the right lateral
occipital cortex and in the left inferior parietal lobe. We applied a Family Wise Error Rate
threshold (p < 0.05) with an extent threshold of 100 voxels.
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Figure 3.
This figure shows the overlap of main effects of age (red), white matter grade (yellow) and

body mass index (blue) on gray matter volume projected onto the Standard Single Subject
MNI template (maps created using MRIcron, http://www.cabiatl.com/mricro/mricron/
index.html).
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Figure 4.
Graphic representation of the results of a series of logistic regression models. The arrows

indicate the direction of the relationships, and the numbers are the odds ratios associated
with each of the pathways. Age (£ 75), BMI (x 30), GM volume (+ 44.38%), logyq blocks
walked (+ 0.47) were dichotomized prior to the analysis; all variables were coded so that a
value of “1” was abnormal, and ‘0’ was considered normal. GM volume (normal vs.
atrophic) was regressed (forward, stepwise, Wald criteria) on all of the variables shown in
the figure, as well as blocks walked, and education. Only those variables that significantly
altered the risk of atrophy were shown in the first level (i.e., age, ApoE4, and WML). WML
was then regressed on the remaining variables, and age, Cystatin C, and HTN were
significant. Finally, the factors associated with risk for elevated Cystatin C were assessed,
and only age, race, sex and HTN remained in the model.
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Table 1

Clinical characteristics and MRI findings of the studied population and by cystatin C groups.
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All Participants | Cystatin C<1.21 mg/l | Cystatin C >1.21 mg/l Test statistic and effect
size @

Participants 735 534 201 -
Age, years T 731138 727+36 744141 -5.58,0.20"
Race, % white (n) 91.3 (671) 89.7 (479) 95.5 (192) 6.22,-0.09
Sex, % women (n) 58.5 (430) 60.7 (324) 52.7 (106) 3.79,0.07
Education level >12 years, % (n) 48.7 (358) 48.5 (259) 49.3 (99) 0.03, 0.007
ApoE4 allele, % (n) 23.8 (165) 23.8 (121) 23.7 (44) 0.002, -0.002
Cystatin C, mg/l T 1.05+0.23 - - -
CRP, mg/d T 4.77£9.39 44£89 5.7£10.5 -351,0413"
SBP, mmHg T 130.0+18.5 129.3+17.7 131.9+20.4 -1.69, 0.06
DBP, mmHg T 69.3+10.9 69.5+ 10.4 68.6+12.1 0.98, 0.03
HTN, % (n) T 32.7 (240) 29.4 (157) 41.3(83) 9.58,011*
Diabetes mellitus, % (n) T 9.8(72) 10.1 (54) 8.9 (18) 0.22,-0.02
Smoking, % (n) T 50.3 (370) 50.3 (269) 50.2 (101) 0.01, -0.005
Total cholesterol, mg/di T 208.3+33.8 207.9+33.0 209.4 £ 36.0 -0.52, 0.02
Lipid lowering medication, % (n) T 8.3(61) 7.7(41) 10.0(20) 0.99,0.03
Aspirin intake, % (n) T 43.5 (320) 45.7 (244) 37.8 (76) 3.69, -0.07
Blocks walked per week T 38.6+54.6 41.8+56.2 30.18+48.9 327,012
Body mass index, kg/m? t 26.8+4.2 26641 21.3%45 -1.85, 0.06
Waist circumference, cm T 97.1%12.9 945+124 99.7+£134 -4.86,0.17
CHD, % (n) T 15.4 (113) 15.0 (80) 16.4 (33) 0.23,0.02
% GM/TIV./ 455+2.1 458+2.1 45221 3.79,013*
WMG >3, % (n)/ 21.8 (160) 19.1 (102) 28.9 (58) 8.16,0.10 *
Infarcts on MRI, % (n) / 28.2 (207) 25.8 (138) 34.3 (69) 5.19,0.08
3MSE § 95.4+4.5 956+ 4.3 94.8 45.0 213,007 *
DSST § 43.9£12.1 445122 423+114 2.26,0.08 *
BVRT 8 47421 47+21 44421 2.55, 0.09 *

Continuous variables are represented as mean + standard deviation.

TVariables defined at the time of the blood sample (1993-94).

§Variables defined at the last clinic evaluation (1998-99).

a S .
t and point biserial correlation for means, '

2

/Variables defined at the time of the brain MRI scan (1997-98).

and ¢ for cross-tabulations.
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*
indicates a p-value < 0.05.

3MSE: Modified Mini-Mental State Examination; ApoE4: Apolipoprotein Ee4; CHD: coronary heart disease; DBP: diastolic blood pressure;
BVRT: Benton Visual Retention Test; CRP: C-reactive protein; DSST: Digit Symbol Substitution Test; GM: gray matter; MRI: magnetic
resonance imaging; SBP: systolic blood pressure; TIV: total intracranial volume; WMG: white matter grade.
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Standardized regression coefficients () from the models assessing the effect of measured variables on cystatin

C levels.

Model 1 | Model 2 | Model 3
Age, years 0.231 0.227 0.231
Race, white -0.117 -0.139 -0.138
Waist circumference, cm - 0.174 0.150
Heart failure - 0.177 0.170
HTN - 0.119 0.113
Blocks walked per week - -0.107 -0.102
Smoking - 0.073 0.075
C-reactive protein, mg/dl - - 0.085

All variables were significant with a p-value < 0.05.

Model 1 & adjusted for age, race, sex, and ApoE4 status.

Model 2 & adjusted for age, race, sex, ApoE4 status, HTN, diabetes mellitus, total cholesterol, waist circumference, smoking, blocks walked by
week, heart failure, and coronary heart disease.

Model 3 &: adjusted for age, race, sex, ApoE4 status, HTN, diabetes mellitus, total cholesterol, waist circumference, smoking, blocks walked by

week, heart failure, coronary heart disease, and serum CRP levels.

&I'hese are the variables used in the different adjusted analyses; however, the table only includes those variables that were significant in each

model.
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Table 3

Standardized regression coefficients () from the models assessing the effect of measured variables on white
matter lesions.

Model 1 | Model 2

Age, years 0.260 0.254

Cystatin C, mg/l | 0.102 0.082

HTN - 0.148

All variables were significant with a p-value < 0.05.
Model 1: adjusted for age, race, sex, ApoE4 status, and cystatin C levels.

Model 2: adjusted for age, race, sex, ApoE4 status, cystatin C levels, HTN, diabetes mellitus, total cholesterol, BMI, smoking, blocks walked by
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week, and serum CRP levels.
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Table 4

Standardized regression coefficients () from the models assessing the effect of measured variables on gray
matter volume (adjusted by total intracranial volume).

Model 1 | Model 2 | Model 3
Age, years -0.304" | -0.327" | -0.254"
Sex -0.184" | -0.191% | -0.205"
Race _0.080% | -0.069 | -0.029
Cystatin C, mg/Il -0.089" —-0.066 -0.054
Body mass index, kg/m? - —0.143% | -0.162*
WML - -0.301"

*

indicates a p-value < 0.05.
WML: white matter lesions measured as white matter grade (see test for details).
Model 1: adjusted by age, race, sex, educational level, ApoE4 status, and cystatin C levels.

Model 2: adjusted by age, race, sex, educational level, ApoE4 status, cystatin C levels, HTN, diabetes mellitus, total cholesterol, smoking, and
BML.

Model 3: adjusted by age, race, sex, educational level, ApoE4 status, cystatin C levels, HTN, diabetes mellitus, total cholesterol, smoking, BMI,
WML, infarcts on MRI, and serum CRP levels.
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