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Abstract

Objective—Normal pressure hydrocephalus is characterized by gait impairment, cognitive 

impairment, and urinary incontinence, and is associated with disproportionate ventricular dilation. 

Here we report the distribution of ventricular volume relative to sulcal cerebrospinal fluid (CSF) 

volume, and the association of increasing ventricular volume relative to sulcal CSF volume with a 

cluster of gait impairment, cognitive impairment, and urinary incontinence in a stroke-free cohort 

of elderly persons from the general population.

Methods—Data are based on 858 persons (35.4% men; age range, 66–92 years) who participated 

in the Age, Gene/Environment Susceptibility–Reykjavik Study. Gait was evaluated with an 

assessment of gait speed. Composite scores representing speed of processing, memory, and 

executive function were constructed from a neuropsychological battery. Bladder function was 

assessed with a questionnaire. Magnetic resonance brain imaging was followed by semiautomated 

segmentation of intracranial CSF volume. White matter hyperintensity (WMH) volume was 

assessed with a semiquantitative scale. For the analysis of ventricular dilation relative to the sulcal 

spaces, ventricular volume was divided by sulcal CSF volume (VV/SV).

Results—Disproportion between ventricular and sulcal CSF volume, defined as the highest 

quartile of the VV/SV z score, was associated with gait impairment (odds ratio [OR], 1.9; 95% 

confidence interval [CI], 1.1–3.3) and cognitive impairment (OR, 1.8; 95% CI, 1.1–3.0). We did 

not find an association between the VV/SV z score and bladder dysfunction.
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Interpretation—The prevalence and severity of gait impairment and cognitive impairment 

increases with ventricular dilation in persons without stroke from the general population, 

independent of WMH volume.

Cerebral atrophy is a pathologic diagnosis indicating an irreversible loss of brain 

substance.1,2 It appears as progressive dilation of the ventricles and cortical sulci on 

magnetic resonance imaging (MRI).1 Global cerebral atrophy is often classified into 

subcortical atrophy, reflecting ventricular dilation, and cortical atrophy, reflecting the 

dilation of cortical sulci.3

Subcortical atrophy and cortical atrophy may not be in proportion with each other (Fig 1). 

When the amount of subcortical atrophy corresponds with the amount of cortical atrophy, 

this may be indicative of global cerebral atrophy, as seen with increasing age. However, 

when a disproportion between ventricular dilation and the dilation of sulcal cerebrospinal 

fluid (CSF) volume is noted (Fig 1), normal pressure hydrocephalus (NPH) may be 

suggested, when these MRI findings are associated with gait or cognitive impairment, or 

urinary urgency or incontinence.4–7 Suspicion of NPH is increased when gait imbalance 

predominates and when cognitive deficit is only slight, moderate, or even absent.8 When 

dementia is the most severe symptom, the probability of NPH is very low.9,10 Bladder 

dysfunction occurs only at later stages of NPH and is present in approximately 55% of 

patients with NPH.9,10 Thus, based on previous work, the complete triad can be observed in 

nearly half of NPH patients.9

The different clinical components of the NPH triad are each highly prevalent in older 

persons. Gait disorders affect 20 to 50% of elderly persons.11,12 Prevalence studies of 

dementing illnesses suggest an overall prevalence rate of about 6 to 8% among individuals 

aged >65 years and a prevalence rate of >30% among individuals aged >85 years.13,14 The 

prevalence of at least some degree of bladder dysfunction is estimated at 11 to 31% of men 

aged ≥60 years15 and at 30 to 50% of elderly women.16 It is not known to what extent gait 

impairment, cognitive impairment, and bladder dysfunction cluster together in the general 

population of older adults. Furthermore, patients with white matter hyperintensities (WMHs) 

or subcortical arteriosclerotic encephalopathy often present with an enlarged ventricular 

system and symptoms and signs similar to those seen in NPH.17–19

Here we report on the prevalence of clusters of gait impairment, cognitive impairment, and 

bladder dysfunction and their association with ventricular dilation, independent of WMH 

volume.

Materials and Methods

Persons participating in this study were a sample of the Age, Gene/Environment 

Susceptibility (AGES)-Reykjavik Study; a population-based study initiated to examine the 

contribution of genetic susceptibility and gene/environment interaction to conditions 

common in old age. The AGES-Reykjavik Study is an extension of the Reykjavik Study 

(1967–1994), a prospective study of cardiovascular disease based on a cohort of men and 

women born 1907–1935 and living in Reykjavik at the time of baseline measurement in 

1967.20,21 All participants in the AGES-Reykjavik Study underwent extensive evaluation, 
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including MRI of the brain, neuropsychological testing, physical performance, a standard 

clinical evaluation, and an in-person questionnaire. This report is based on those participants 

examined from September 2002 until March 2004 (n = 2,300). The protocol was approved 

by the Icelandic National Bioethics Committee (VSN 00-063), the Icelandic Data Protection 

Authority, and by the institutional review board of the US National Institutes of Health.22

Measurement of Gait

Gait was evaluated as the time in seconds needed to walk 6m. There were 2 measurements at 

usual pace and separately 2 at quick pace.23–25 The 2 measurements for usual pace and 

quick pace were averaged separately for 1 estimate of normal gait and 1 for fast gait. Since 

there are no standardized cut-points for impaired gait speed in the 6m walk test, the upper 

quartile in either normal or fast gait was defined as gait impairment, similar to previous 

studies.26,27

Measurement of Cognitive Function

Composite scores of executive function, memory, and speed of processing were constructed 

from a battery of neuropsychological tests. The fit of these theoretical composites has been 

described in a previous publication.28 The executive function composite consisted of the 

Digits Backward,29 the Cambridge Neuropsychological Test Automated Battery (CANTAB) 

spatial working memory task,30 and the Stroop Test Part III.31 The memory composite 

consisted of the California Verbal Learning Test immediate and delayed recall.32 The speed 

of processing composite consisted of the Digit Symbol Substitution Test (DSST),29 Figure 

Comparison,33 and the Stroop Test Parts I and II.31 All tests were normally distributed, thus 

composite measures were computed by averaging z scores. A diagnosis of dementia—

established in a multidisciplinary consensus meeting—was used to control for the possibility 

that cognitive impairment was partly due to comorbidities, such as Alzheimer disease.

Measurement of Bladder Function

Bladder function was assessed with a standard questionnaire. Dysfunction, when present, 

was categorized into 1) urinary incontinence associated with an activity like coughing, 

lifting, standing up, or exercise; 2) urge incontinence where the subject cannot get to the 

toilet fast enough; and 3) urinary incontinence unrelated to coughing, sneezing, lifting, or 

urge. NPH type bladder dysfunction was defined as positive answers to questions 2 or 3, 

corresponding with descriptions in literature.4,10,34

MRI Acquisition and Postprocessing

The current analyses required dual fast spin-echo (proton density [PD] and T2-weighted) 

and fluid-attenuated inversion recovery (FLAIR) images, which were acquired at a field 

strength of 1.5T (GE Medical Systems, Milwaukee, WI). The PD- and T2-weighted scans 

were performed with a field of view of 220mm, a 256 × 256 matrix size, section thickness of 

3.0mm, and no slice gap. The FLAIR scans were performed with a field of view of 220mm, 

a 256 × 256 matrix size, section thickness of 3.0mm, and no slice gap.

Cerebral infarcts were defined as lesions ≥4mm in the maximum diameter over a vascular 

distribution with typical MRI characteristics (eg, a signal intensity that was isointense to that 
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of cerebrospinal fluid), and that were distinguished from WMHs. Cerebellar infarcts had no 

size criteria, because lesions in this area can be very small. A neuroradiologist first 

examined the images for presence of cortical, subcortical, and cerebellar infarcts. Then, 

radiographers characterized the infarcts in more detail. WMH volume was assessed with a 

semiquantitative scale with known reliability and validity.35

To analyze the scans, we used previously described automated segmentation software 

(Software for Neuro-Image Processing in Experimental Research [SNIPER], Leiden 

University Medical Center, Leiden, The Netherlands) that combines knowledge-based fuzzy 

clustering and region-growing techniques.35 The dual fast spin-echo and FLAIR images 

were coregistered using Oxford Centre for Functional MRI of the Brain's Linear Imaging 

Regression Tool36 prior to processing by SNIPER. Brain extraction was followed by an 

automated segmentation procedure that assigned CSF within the cranium. CSF belonging to 

the lateral and third ventricles was manually labeled as ventricular volume by an 

experienced reader (W.M.P.). The volumetric assessment was repeated for 43 of 834 

persons (5%) to analyze the intrarater reliability in our sample. The assessment yielded an 

intraclass correlation coefficient >0.99, indicating high intrarater reliability. The program 

estimated ventricular volume (VV), sulcal CSF volume (SV), total brain volume (TBV), and 

total intracranial volume (TICV). To express ventricular dilation relative to the volume of 

the sulcal spaces, VV was divided by SV (Fig 2). TBV/TICV was used as a measure of 

corrected brain volume.

Covariates

Based on previous studies, we adjusted for a number of potentially confounding 

demographic and health history factors. Education (primary, secondary, college, and 

university), and smoking status (categorized in this analysis as current or previous smoker 

versus nonsmoker) were assessed with a questionnaire.37,38 The presence of depressive 

symptoms was assessed using the 15-item, shortened version of the Geriatric Depression 

Scale-Shortened39; a score of ≥6 was classified as high depressive symptomatology.40 We 

adjusted for cardiovascular risk factors and disease, as they are reported to be associated 

with gait and cognition.41,42 Systolic and diastolic blood pressures, measured in supine 

position, were defined as the first and fifth Korotkoff sounds, respectively. History of 

hypertension was defined as the use of antihypertensive medication, self-reported 

physician's diagnosis of hypertension, or a systolic blood pressure ≥140mmHg or a diastolic 

blood pressure ≥90mmHg. History of coronary heart disease and peripheral arterial disease 

(intermittent claudication) were assessed with a questionnaire. Diabetes was defined as a 

self-reported doctor's diagnosis of diabetes, the use of diabetic medications (glucose 

lowering medications and insulin), which was noted from medication vials brought to the 

clinic, or a fasting blood glucose level ≥7.0mmol/l (equivalent to a fasting blood glucose 

level of 126mg/dl, defined as diabetes by the American Diabetes Association). Body mass 

index (BMI) was calculated from measured height and weight.

Analytical Sample

Of the first 2,300 participants, 435 were excluded because no or incomplete MRI images 

were acquired. The reasons for this were: participation only in a home visit, 
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contraindications for MRI (such as a pacemaker, ocular foreign body, or artificial heart 

valve), claustrophobia, or equipment failure. Of the remaining 1,865 participants, 697 

persons were excluded because of the presence of infarcts (parenchymal defects ≥4mm, 

including Virchow-Robin spaces, and cerebellar infarcts), acute hematomas, or mass 

occupying lesions. The exclusion for the presence of infarcts was based on 2 reasons. 

Infarcts may be associated with gait or cognitive impairment as well as bladder dysfunction. 

Furthermore, infarcts cause an overestimation of SV. An additional 310 persons were 

excluded due to failed MRI pre- and postprocessing with the SNIPER program, leaving a 

final sample of 858 persons with complete MRI postprocessed data. Compared with those 

with complete MRI postprocessing data, the group of excluded persons was older and 

contained a higher percentage of men and persons with coronary heart disease, diabetes 

mellitus, and cognitive impairment (in either executive function, memory, or speed of 

processing), all significantly different at p < 0.05, adjusted for age and sex. There was no 

significant difference in education, smoking status, BMI, depressive symptomatology, 

hypertension, bladder dysfunction, or gait speed between the included and excluded persons.

Statistical Analysis

The higher the value of VV/SV, the more the disproportion between ventricular and sulcal 

CSF volume. The VV/SV was transformed into standard deviation units (the VV/SV z 

score) and divided into quartiles; the first quartile of the VV/SV z score, that is, the group 

with the least disproportion, served as the reference group. To discriminate persons with a 

low performance in the gait test, persons were divided into quartiles of the gait variables. 

The upper quartile in either normal or fast gait was defined as gait impairment. The lowest 

quartile of each of the cognitive composites was classified as impairment in that ability. 

Impairment in executive function, memory, or speed of processing was classified as 

cognitive impairment. Bladder dysfunction was classified as urinary urgency or incontinence 

unrelated to coughing, sneezing, lifting, or urge.

We used logistic regressions to examine the association of the VV/SV z score with gait 

impairment, cognitive impairment, and bladder dysfunction. We also examined the 

association of combinations of overall gait impairment, cognitive impairment, and bladder 

dysfunction with quartiles of the VV/SV z score. Two models were tested; the first model 

was adjusted for age and sex; the second model had additional adjustments for education, 

smoking status, BMI, depressive symptomatology, coronary heart disease, hypertension, 

diabetes mellitus, peripheral arterial disease, white matter hyperintensity volume, and 

corrected brain volume (SPSS, version 11.5; SPSS Inc., Chicago, IL).

Results

The mean, raw VV/SV for the entire population of 858 was 0.16 (standard deviation, 0.07; 

range, 0.04–0.71). The distribution of VV/SV is presented in Figure 3, with image examples 

from each of the 4 quartiles in Figure 4. Persons in the lowest quartile of VV/SV z score 

were younger and consisted of relatively fewer men, but otherwise were not significantly 

different in the characteristics shown in Table 1.
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Of the 858 persons, 16.1% had both gait impairment and cognitive impairment, 7% had both 

gait impairment and bladder dysfunction, 7% had both cognitive impairment and bladder 

dysfunction, and 4% had the complete cluster of symptoms that, as well as in other diseases, 

typically appear combined in NPH. For all except the bladder dysfunction, the prevalence of 

impaired individuals increased with increasing quartile of VV/SV (Table 2).

Mean scores for each of the individual cognitive tests by quartile of the VV/SV ratio are 

presented in Table 3. Trend tests (p = 0.05) showed that normal gait speed, fast gait speed, 

CANTAB Spatial Working Memory, Stroop 3, Immediate Recall, Delayed Recall, DSST, 

Figure Comparison, Stroop 1, and Stroop 2 had a greater impairment with increasing VV/SV 

ratio. Table 3 also shows the prevalence of dementia for each quartile of the z score for the 

VV/SV ratio. The prevalence of dementia moderately increased with an increase of the 

VV/SV ratio.

Compared to the lowest quartile, the highest quartile of the VV/SV z score, was associated 

with overall gait impairment (odds ratio [OR], 1.9; 95% confidence interval [CI], 1.1–3.3; 

Model 2; Table 4). The trend of increasing overall gait impairment with increasing VV/SV z 

score was significant (p = 0.04; Model 2; Table 4). Compared with the lowest quartile, the 

highest quartile of the VV/SV z score was associated with cognitive impairment (OR, 1.8; 

95% CI, 1.1–3.0; Model 2; Table 4), but not a specific type of cognitive function. In 

addition, there was a significant trend of increasing cognitive impairment with increasing 

VV/SV z score (p = 0.008; Model 2; Table 4). There was an association of bladder 

dysfunction with the second quartile of VV/SV z score; but there was no trend across 

quartiles (Table 4).

Compared with the lowest quartile, the highest quartile of the VV/SV z score was associated 

with a combination of gait impairment and cognitive impairment (OR, 2.6; 95% CI 1.3–5.3; 

Model 2; Table 5). There was a significant trend for a combination of gait impairment and 

cognitive impairment with increasing VV/SV z score (p = 0.006; Model 2; Table 5).

In general, having a combination of bladder dysfunction with either gait impairment or 

cognitive impairment was not associated with increasing quartiles of VV/SV z score (Table 

5). Compared with the lowest quartile, only the third quartile of the VV/SV z score was 

significantly associated with the triad of gait impairment, cognitive impairment, and bladder 

dysfunction (OR, 4.9; 95% CI, 1.4–18.0). There was a modest trend (p = 0.07; Model 2; 

Table 5) for more persons with the complete cluster of symptoms to have a higher VV/SV 

index.

Discussion

This study examined the association of ventricular dilation relative to SV with gait, 

cognitive function, and bladder dysfunction in infarct-free older persons from a population-

based sample. We found that those in the highest quartile of the VV/SV z score, reflecting 

ventricular dilation, were more likely to have impaired gait and cognition. Those in the 

highest quartile of the VV/SV z score were also more likely to have both impaired gait and 

impaired cognition. There was no direct relationship between ventricular dilation and 
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bladder dysfunction. The combination of gait impairment, cognitive impairment, and 

bladder dysfunction, the 3 symptoms that typically appear combined in NPH, was present in 

4.4% of our study sample. Presence of the complete cluster of symptoms was moderately 

more frequent as the quartile of VV/SV z score increased. These effects were present after 

adjustment for brain volume corrected for total intracranial volume. All associations were 

independent of WMH volume, and no differences were found in the prevalence of 

cardiovascular risk factors between the different quartiles of VV/SV z scores.

This study is based on a well-characterized population-based cohort of men and women 

originally identified in the Reykjavik Study who participated in the follow-up, the AGES-

Reykjavik Study; they were not recruited into the study based on any particular 

characteristic, such as gait or cognitive impairment. Further, we had a standardized 

neuropsychological test battery of key cognitive functions and an automatic and highly 

reproducible segmentation of intracranial CSF volumes. However, it is noted that this 

analytical sample tended to exclude those who were older, who were male, and who had 

cerebral infarcts on MRI, potentially limiting the generalizability of our study sample. NPH-

associated bladder dysfunction is described as urinary urgency or complete disinhibition of 

bladder function. Previous studies have employed many different questionnaires to classify 

the NPH type of bladder dysfunction, with the number of questions ranging between 2 and 

18. However, an international group of experts recommended the use of a self-administered 

3-question incontinence questionnaire with questions similar to ours.16 Our assessment of 

bladder dysfunction captured a defined set of symptoms similar to those recommended; it is 

possible that questions on additional symptoms may identify a different group than was 

identified here.

The association between ventricular dilation and gait impairment was known to exist in 

persons with NPH, and was also found in our study. In the pathogenesis of NPH, the 

mechanism by which distended ventricles affect gait, cognition, and bladder function is 

unclear.43 One theory is that pressure effects of the distended ventricles are exerted on 

critical cerebral sites.43 The fibers of the corticospinal tract that supply motor function to the 

legs pass closest to the lateral ventricles in the corona radiata, which may explain why gait 

disturbance is usually the first and leading symptom to appear in NPH.4,9,44 Of the 3 

impairments, the association between ventricular dilation and gait impairment was the 

strongest in our study population, consistent with the NPH syndrome.

We also found an association between ventricular dilation and cognitive impairment. 

Cognitive impairment is usually the second symptom to appear in NPH, and does not occur 

in all patients with NPH.9,10 When there is impairment, the cognitive deficit consists 

principally of memory impairment, decreased speed of complex information processing, or 

poor executive function.4,10,45 Although we did not find an association between ventricular 

dilation and impairment in a specific cognitive ability, ventricular dilation was associated 

with each of the functions we measured.

We did not find an individual association between the VV/SV z score and bladder 

dysfunction. However, participants in the third quartile of the VV/SV z score were more 

likely to have both gait impairment and bladder dysfunction. This may be due to an uneven 
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distribution of persons with both gait impairment and bladder dysfunction among the 

quartiles (Table 2). In addition, it may be possible that persons in the highest quartile of the 

VV/SV z score had difficulties reporting bladder dysfunction due to cognitive impairment. 

Bladder dysfunction has been described as a late stage symptom in NPH,10 suggesting that it 

would only be associated with VV/SV z score when both gait impairment and cognitive 

impairment are present.

The exact incidence and prevalence of NPH in the general population is not known.9 This is 

partly explained by inconsistent definitions of NPH, which rely on clinical and 

neuroimaging criteria in some series, and is confirmed by improvement after ventricular 

shunting in others.10 We found a 4.4% prevalence of a combination of gait impairment, 

cognitive impairment, and bladder dysfunction. This number is limited by the inability to 

control for other causes of gait impairment, such as lumbar canal stenosis, or other causes of 

bladder dysfunction.8

In conclusion, in our population-based sample of infarct-free men and women, ventricular 

dilation, the radiological hallmark of NPH, can be observed frequently and, similar to NPH, 

this phenomenon is associated with cognitive and gait impairment, and sometimes bladder 

dysfunction. Whether and how often symptomatic individuals with ventricular dilation from 

the general population could benefit from ventricular shunting remains to be determined. 

The quantitative measure of ventricular dilation presented in this study would be a useful 

tool for future studies addressing this question.
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Fig 1. 
In this example, the volume of the ventricles is out of proportion to the volume of the sulcal 

spaces.
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Fig 2. 
Intracranial semiautomated segmentation was based on dual spin-echo (proton attenuation 

and T2-weighted) and fluid-attenuated inversion recovery images. Using Software for 

Neuro-Image Processing in Experimental Research, we estimated ventricular volume, sulcal 

cerebrospinal fluid volume, total brain volume (TBV), and total intracranial volume (TICV). 

TBV/TICV was used as a measure of corrected brain volume.
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Fig 3. 
This histogram shows the distribution of ventricular volume (VV)/sulcal cerebrospinal fluid 

volume (SV) in our study population. The vertical lines indicate borders between quartiles 

(Q).
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Fig 4. 
Examples of magnetic resonance images for persons in the first, second, third, and fourth 

quartile (Q) of the ventricular volume/sulcal cerebrospinal fluid volume z score.
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Table 1

Participant Characteristics by Quartile of the VV/SV z Score: AGES-Reykjavik Study

Quartiles of the VV/SV z Score

1 n = 214 2 n = 215 3 n = 215 4 n= 214

Age, mean y (SD) 73.4 (5.0) 74.8 (5.1) 75.4 (5.4) 76.4 (5.5)

Men, % 27 37 37 42

Education, % only primary education 22 22 22 22

Ever smokers, % 60 61 61 58

Body mass index, mean (SD) 27.5 (4.4) 26.5 (3.9) 27.4 (4.6) 26.3 (4.5)

Depression symptomatology, % 4 7 6 6

History of coronary heart disease, % 18 24 16 18

Hypertension, % 69 68 64 67

Diabetes mellitus, % 7 7 9 8

Peripheral arterial disease, % 4 4 5 3

VV = ventricular volume; SV = sulcal cerebrospinal fluid volume; AGES = Age, Gene/Environment Susceptibility; SD = standard deviation.

Compared to the lowest quartile, those in the top 3 quartiles were older and more likely to be male. Depression symptomatology is defined as 
Geriatric Depression Scale-Shortened score of ≥6. There are no significant trends across quartiles after adjustment for age and sex.
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Table 2

Percent Distribution of Impaired Cases by Quartile of VV/SV z Score: AGES-Reykjavik Study

Quartiles of the VV/SV z Score

1 2 3 4

Mean VV/SV score 0.09 0.12 0.16 0.26

Mean VV/SV z score 1.2 1.7 2.3 3.6

Gait impairment
40 (19%)

a
51 (24%)

a
55 (26%)

a
77 (37%)

a

Executive function impairment 27 (13%) 43 (21%) 47 (23%) 51 (26%)

Memory impairment 27 (14%) 32 (16%) 42 (22%) 51 (28%)

Speed of processing impairment
26 (13%)

a
31 (15%)

a
45 (21%)

a
49 (25%)

a

Cognitive impairment
58 (30%)

a
70 (36%)

a
86 (45%)

a
101 (52%)

a

Bladder dysfunction 40 (19%) 42 (20%) 59 (28%) 40 (19%)

Gait impairment and cognitive impairment
18 (9%)

a
29 (14%)

a
39 (19%)

a
48 (24%)

a

Gait impairment and bladder dysfunction 9 (4%) 11 (5%) 28 (13%) 14 (7%)

Cognitive impairment and bladder dysfunction 11 (5%) 9 (4%) 26 (13%) 17 (8%)

Triad 4 (2%) 4 (2%) 20 (10%) 9 (4%)

VV = ventricular volume; SV = sulcal cerebrospinal fluid volume; AGES = Age, Gene/Environment Susceptibility.

Percentages in parentheses represent the percentage of the included sample (n = 858).

a
Significant trend across quartiles after adjustment for age and sex (p < 0.05).

Ann Neurol. Author manuscript; available in PMC 2015 August 10.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Palm et al. Page 17

Table 3

Sample Characteristics of Individual Gait and Cognitive Tests According to Quartiles of the VV/SV z Score

Quartiles of the VV/SV z Score p trend

1 2 3 4

Mean SD Mean SD Mean SD Mean SD

Gait speed
a
 (time in s)

Normal
b –0.30 0.67 –0.21 0.64 –0.16 0.78 0.12 1.00 <0.001

Fast
b –0.23 0.83 –0.14 0.85 –0.16 0.92 0.08 1.03 0.002

Executive function
a

Digits backward 0.23 0.99 0.04 0.98 0.09 1.04 0.02 1.08 0.060

Spatial working memory
b –0.26 0.89 –0.11 1.02 0.10 0.90 0.02 0.96 <0.001

Stroop 3
b –0.26 0.76 –0.09 0.95 –0.05 1.02 0.01 0.96 0.003

Memory
a

Immediate recall 0.40 0.97 0.14 0.96 0.06 1.00 –0.10 0.95 <0.001

Delayed recall 0.39 0.98 0.15 0.98 0.11 0.97 –0.14 0.98 <0.001

Speed of processing
a

DSST 0.41 0.91 0.25 1.00 0.11 0.98 0.01 1.02 <0.001

Figure comparison 0.37 0.91 0.20 1.04 0.11 1.00 –0.06 1.00 <0.001

Stroop 1b –0.23 0.79 –0.12 1.01 –0.12 0.77 –0.05 0.74 0.037

Stroop 2b –0.27 0.77 –0.14 1.01 –0.08 0.80 –0.02 0.88 0.002

Dementia (%) 0.47 3.26 3.72 3.27

VV = ventricular volume; SV = sulcal cerebrospinal fluid volume; SD = standard deviation; DSST = Digit Symbol Substitution Test.

a
z Scores (mean for total sample = 0.0, standard deviation for total sample = 1.0).

b
Lower scores represent better performance.
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