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Abstract

This longitudinal study examined the relationship between 2-year change in white matter
hyperintense lesion (WML) volume and polymorphisms in genes coding for the angiotensin-11
type 1 and type 2 receptors, AGTR1 A1166C and AGTR2 C3123A. 137 depressed and 94
nondepressed subjects age 60 years or older were enrolled. Standard clinical evaluations were
performed on all subjects and blood samples obtained for genotyping. 1.5T MRI was obtained at
baseline and approximately two years later. These scans were processed using a semi-automated
segmentation process which allowed for the calculation of WML volume at each time point.
Statistical models tested for the relationship between change in WML volume and genotype, while
also controlling for age, sex, diagnostic strata, baseline WML volume, and comorbid
cerebrovascular risk factors. In men, AGTR1 1166A allele homozygotes exhibited significantly
less change in WML volume than 1166C carriers. We also found that men reporting hypertension
with the AGTR2 3123C allele exhibit less change in WML volume than hypertensive men with the
3123A allele, or men without hypertension. There were no significant relationships between these
polymorphisms and change in WML volume in women. No significant gene-gene or gene-
depression interactions were observed. Our results parallel previously observed gender differences
of the relationship between other renin-angiotensin system polymorphisms and hypertension.
Further work is needed to determine if these observed relationships are secondary to
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polymorphisms affecting response to antihypertensive medication, and if antihypertensive
medications can slow WML progression and lower the risk of morbidity associated with WMLSs.

Keywords

MRI; Major Depressive Disorder; Volumetric Study; Cerebrovascular Disease; Renin-Angiotensin
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INTRODUCTION

Cerebral hyperintensities are regions of increased signal intensity observed on T2-weighted
magnetic resonance imaging (MRI) which are associated with ischemia and advanced age 1
but also with cognitive impairment,1 motor disability,2 and depression.3 They are often
described as subcortical ischemic disease and share risk factors with cerebrovascular
disease.1,4 Little is known about the genes associated with complex multifactorial ischemic
disease of the brain. There are likely many alleles across multiple pathways, each with small
effect size, contributing ischemia risk.5

Genes in the renin-angiotensin system (RAS) are such candidates. The RAS regulates blood
pressure and fluid homeostasis primarily through angiotensin I1’s (All’s) effect on two
major receptor types: AT, and AT,. All acts peripherally and centrally, where it exhibits
pressor effects and regulates secretion of antidiuretic hormone. Additionally, stimulation of
AT, receptors may potentiate the expression of methyl methanesulfonate sensitive 2
(MMS?2), a neuroprotective factor that may be protective against cerebral ischemia.6

Polymorphisms of the genes coding for these receptors may modulate All’s effect. The C
allele variant of the A1166C SNP of the AGTRL gene is associated with hypertension,7
cardiac disease,7 and ischemic stroke.7, 8 The X chromosome-linked AGTR2 gene is less
well studied and its location raises the possibility of sex differences in gene effects. The A
allele variant of the AGTR2 C3123A polymorphism is associated with cardiac disease 9 and
response of blood pressure to salt intake in men.10

We examined the relationship between these polymorphisms and change in white matter
hyperintensity lesion (WML) volume over a two-year period in a cohort of depressed and
nondepressed older subjects. We hypothesized that the AGTR1 1166C allele and the AGTR2
3123A allele would be associated with greater change in WML volume. As exploratory
aims, we tested for gene-gene and gene-demographic interactions (including gene-diagnosis
and gene-sex interactions) affecting WML volume change.

METHODS

Sample

Subjects were age 60 years or older and participants in the NIMH-sponsored Conte Center
for the Neuroscience of Depression at Duke University Medical Center. Depressed subjects
met DSM-IV criteria for Major Depressive Disorder at enrollment based on the NIMH
Diagnostic Interview Schedule (DIS) 11 and by clinical interview. Exclusion criteria

Mol Psychiatry. Author manuscript; available in PMC 2011 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Taylor et al.

Page 3

included (1) another major psychiatric illness; (2) history of substance abuse or dependence;
(3) primary neurologic illness, including dementia; and (4) MRI contraindications. Subjects
were recruited primarily through clinical referrals, but also through limited advertising and
self-referral.

Community-dwelling comparison subjects were recruited from Duke’s Aging Center
Subject Registry. Eligible comparison subjects had a non-focal neurological examination, no
self-report of neurologic or psychiatric illness, no evidence of a psychiatric diagnosis based
on the DIS, and no contraindication to MRI. The study was approved by the Duke
University Medical Center Institutional Review Board and all subjects provided written
informed consent.

We have previously published studies examining longitudinal change in hyperintense lesion
volume in this sample.12-14 The current study was restricted to those subjects with both
longitudinal neuroimaging data and genetic polymorphism data, and further restricted to
Caucasian subjects as others have reported racial differences in AGTR1 A1166C allele
frequency.7 341 subjects had genetic data. Of those, 290 were Caucasian and only 231 had
longitudinal MRI data. When compared with Caucasian subjects who remained in the study,
subjects without follow-up MRI data were significantly older, less educated, with lower
MMSE scores and higher WML volumes (data not shown). Depressed subjects were more
likely to not have follow-up MRI data but there were no differences based on sex or AGTR1
or AGTR2 genotype.

Clinical Assessments and Antidepressant Treatment

Subjects completed a self-report questionnaire used in the NIMH Catchment Area program,
15 which assessed demographic factors and the presence or absence of several medical
conditions, including hypertension, diabetes mellitus, and heart disease. In the depressed
population, the clinician-scored Montgomery-Asberg Depression Rating Scale (MADRS)16
was used to measure depression severity.

Subjects were excluded if they had a diagnosis of dementia at enrollment. The majority of
subjects had Mini Mental State Examination (MMSE)17 scores above 24; some severely
depressed individuals had scores below 25. These subjects were followed through an acute
three month treatment phase; if the scores remained below 25, they were removed from the
study.

Depressed subjects were treated over the course of the study period according to the Duke
Somatic Treatment Algorithm for Geriatric Depression.18 This algorithm mimics “real
world” treatment options rather than adhering to a rigid clinical trial design, by providing a
stepwise treatment approach while accounting for past treatments and depression severity.
All marketed antidepressants are allowed, and there are provisions for lithium augmentation
and electroconvulsive therapy.

MRI Acquisition

Subjects were imaged approximately two years apart (mean 727.1 days, SD = 53.9 days,
range 462-892 days), using a 1.5 Tesla whole-body MRI system (Signa, GE Medical
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Systems, Milwaukee, WI) with the standard head (volumetric) radiofrequency coil. A dual-
echo fast spin-echo acquisition was obtained in the axial plane. The pulse sequence
parameters are repetition time = 4000 ms, echo time = 30, 135 ms, 32 KHz (£16KHz) full
imaging bandwidth, echo train length = 16, a 256 x 256 matrix, 3-mm section thickness, 1
excitation and a 20-cm field of view. The images were acquired in two separate acquisitions
with a 3-mm gap between sections for each acquisition. The second acquisition was offset
by 3 mm from the first so that the resulting data set consisted of contiguous sections with no

gap.

Magnetic Resonance Image Analysis

Genotyping

The segmentation protocol has been previously described 19 and uses a modified version of
MrX software (GE Corporate Research and Development, Schenectady, NY), originally
modified by Brigham and Women’s Hospital (Boston).20 This semi-automated method uses
multiple MR contrasts to identify tissue classifications through a ‘seeding’ process wherein
a trained analyst manually selected pixels in each tissue type to be identified. Lesion areas
were selected based upon a set of explicit rules developed from neuroanatomical guidelines
and consultation with a neuroradiologist. Both periventricular and deep white matter lesions
were combined to provide a WML measure. Reliability was established by repeated
measurements. Intraclass correlation coefficients were: left cerebral WMLs = 0.988, and
right cerebral WMLs = 0.994.

SNP genotyping was performed by TagMan, using ‘Assays-on-Demand” SNP genotyping
products (Applied Biosystems, Foster City, CA). For all assays, quality control measures
were applied, including genotyping a series of blinded duplicate samples and Centre d'Etude
du Polymorphism Humain (CEPH) controls. The genotypes of all duplicate samples had to
match 100% in order for the assay to pass quality control. Further, we required that each
assay achieve 95% efficiency (the genotypes of at least 95% of the samples could be called
with certainty) before statistical analysis. PCR was performed on the ABI 9700 dual 384-
well Geneamp PCR system and genotypes analyzed using an ABI Prism 7900HT Sequence
Detection System (Applied Biosystems, Foster City, CA). Each reaction contained 2.7ng of
total genomic DNA which had been extracted from whole blood using the Pure Gene
Method by Gentra.

Analytic Plan

We performed initial screening comparisons of WML volume between the AGTR1 (rs5186)
and AGTR2 (rs2148582) SNPs, as well as two SNPs in the gene coding for angiotensinogen
(rs11568020 and rs2148582). As we found no signal for the angiotensinogen SNPs, we did
not pursue further analyses. For the AGTR1 A1166C polymorphism, we dichotomized
subjects into A allele homozygotes and C allele carriers as others have used this strategy.21
For the x-linked AGTR2 C3123A polymorphism, we examined men (A or C genotype) and
women (A/A, A/C, or C/C) separately. There was no precedent to dichotomize women
based on genotype, nor was one genotype under-represented.
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We tested for group differences in demographic measures and unadjusted WML measures
between diagnostic strata (depressed or nondepressed) and genotype groups. For
dichotomous group comparisons, continuous variables were examined using two-tailed
pooled t-tests or the Satterthwaite t-test for unequal variances. For the trichotomous AGTR2
genotype groups in women, we used ANCOVA to test for differences in continuous
variables. Chi-square tables were used for categorical variables, or Fisher’s exact test for
low cell counts.

To examine the relationship between the AGTR1 and AGTR2 polymorphisms with change in
WML volume, general linear models were created using the PROC GLM function in SAS
9.1 (Cary, NC) and reduced to parsimonious models using backwards regression. The
backwards regression was performed manually, removing independent variables or
interaction terms one at a time based on which had the highest p value, then rerunning the
model until the only covariates remaining were those that were significantly related to
change in lesion volume at p < 0.05 or those a priori designated to be retained. We first
examined AGTRL in all subjects. After reaching a final model for WML volume and
AGTR1, we separated the sample into men and women, added AGTR2 genotype and AGTR2
interactions to the models, and continued the backwards regression in each sex.

For the first model, WML volume change was the dependent variable, while diagnostic
strata and AGTRL genotype were independent variables to be retained. We additionally
designated hypertension to be retained in the model as univariate analyses revealed
difference in hypertension frequency between women with different AGTR2 genotypes,
requiring this variable for later AGTR2 analyses. Other independent variables included
baseline lesion volume, time between MRI scans, age, sex, and presence of diabetes and
heart disease. We also included an interaction between AGTRL1 and diagnosis and an
interaction between AGTRL and sex. We next split the sample based on sex, removed
variables related to sex, and added AGTR2 genotype and an AGTR2 — hypertension
interaction term. We planned to retain diagnostic strata, AGTR1 and AGTR2 genotypes in
these models. After determining the final model for each sex, we tested for group
differences between genotypes or interactions terms by examining adjusted predicted lesion
volumes calculated using the least squares means (LSMEANS) procedure.

We validated our final models derived through backwards manual regression using
bootstrapping.22 This involves repeatedly created random samples with replacement from
the original sample where data for a given subject may be used more than once for each
resample. We used PROC REG to perform automated backwards stepwise regression of the
full model for each resample. This resampling was repeated five times for each model, and
we examined each resampled model to determine how often variables that were significant
in the manually-determined parsimonious model were present in the resampled models.

Sample Characteristics

The sample consisted of 137 depressed and 94 nondepressed older individuals (Table 1).
The nondepressed strata had a significantly higher level of education, a greater
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representation by women, and longer time between MRI scans, while the depressed strata
included a higher percentage of subjects reporting hypertension.

The AGTR1 A1166C polymorphism did not deviate from Hardy-Weinberg Equilibrium
(HWE) in either depressed (2 = 2.44, 1 df, p = 0.1185) or nondepressed subjects (32 = 1.13,
1 df, p = 0.2869). There were no significant differences in A1166C allele frequency between
diagnostic strata, nor were there significant differences in demographics between AGTR1
AJA and C allele carrier cohorts (Supplemental Table S1). C allele carriers exhibited a
significantly greater increase in WML volume over the study period (Table 2).

As the AGTR2 gene is X-linked, we tested for deviation from HWE in women only; we
found no deviation in the depressed population (x2 = 2.08, 1 df, p = 0.1489), however the
nondepressed female population did exhibit deviation from HWE (x2 = 6.19, 1 df, p =
0.0129). There was no difference in AGTR2 C3123A allele frequency between diagnostic
strata, nor were there significant differences in demographics between genotypes
(Supplemental Tables S2 and S3) except for hypertension being less frequent in C allele
homozygous women (12.8%, 6/47) than in those carrying A alleles (A/C: 32.8%, 20/61;
AJA: 34.0%, 16/47; y2 = 7.03, 2 df, p = 0.0297). There were no significant differences
between AGTR2 genotypes in the unadjusted WML measures (Table 2).

Multivariate Analyses

The final model examining the relationship between the AGTR1 A1166C polymorphism and
change in WML volume is show in Table 3. When validated via bootstrapping, the
significant variables in this model (AGTR1 genotype, age, baseline WML volume, and the
AGTR1 - sex interaction) appeared in all of the bootstrapped models. The predicted values
for the AGTR1-sex interaction demonstrated that men who were A/A homozygotes exhibited
significantly less change in WML volume (0.6mL) when compared with male C allele
carriers (2.5mL, p =0.0018) or female C allele carriers (1.8mL, p = 0.0141). The difference
between male and female A/A homozygotes (1.4mL) was not statistically significant (P =
0.0996), nor was the difference between male and female C allele carriers (p = 0.2340)

We next added AGTR2 genotype. In the female cohort, we found that neither AGTR1 nor
AGTRZ genotype was significantly associated with change in WML volume, and the AGTR2
by hypertension interaction term was removed from the model by backwards regression
(Table 4). In the male cohort, AGTRL continued to be significantly associated with WML
volume change, as was the hypertension by AGTR2 interaction term (Table 4). This model
was validated via bootstrapping, wherein AGTR1, age, baseline WML volume, and the
AGTR2 -hypertension interaction were present in 80% or more of the models. On examining
the interaction term, the AGTR2 C allele is characterized by less change in WML volume,
but only in hypertensive men. The change in WML volume was significantly different at p <
0.05 between this group (C allele, HTN present: 0.1 mL) and the other three groups (C
allele, HTN absent: 1.6 mL; A allele, HTN absent: 1.6 mL; A allele, HTN present: 2.6 mL).
The differences between the other three groups did not reach statistical significance. There
was no significant difference in mean number of antihypertensive medications used at study
entry between hypertensive men with the C allele (1.7, SD=0.5, N=9) or the A allele (2.1,
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SD=1.4, N=15; t=0.80, 22 df, p = 0.4322). Analyses of use of specific antihypertensives
were not practical due to the wide range of medications.

DISCUSSION

The primary findings relate to the AGTR1 and AGTR2 polymorphisms in men. Men
homozygous for the 1166A allele exhibit significantly less change in WML volume than do
1166C allele carriers. Also, men with the AGTR2 C3123A polymorphism and hypertension
exhibit significantly less change in WML than men without hypertension or hypertensive
men with the A allele. These findings were not seen in women. We did not find any
significant gene-gene or gene-diagnosis interactions.

The observed gender difference was not an a priori hypothesis. However, gender differences
in blood pressure are well documented,23 and sex hormone influences on the RAS may be
the cause.24 RAS gene polymorphisms may have differential gender-related effects on
blood pressure 25 including effects on pulse pressure,26 which is itself is associated with
WML severity,4 and men are more susceptible to blood pressure changes related to RAS
polymorphisms.25, 26 Presumptively, we are observing a similar phenomenon in the
relationship between these polymorphisms and cerebral hyperintensities.

The finding with the AGTR1 A1166C polymorphism provides new information on the
relationship between this polymorphism and cerebral hyperintensities. Although not clearly
replicated in a large populations study examining multiple haplotypes,27 previous studies
have associated the 1166C allele with increased risk of ischemic stroke,7, 8, 28 while others
associate this polymorphism with cerebrovascular disease risk factors.7 Studies specifically
examining WMLs do not present as clear a picture, reporting differences in which A1166C
allele is associated with increased hyperintensity severity.21, 28 We did not find a
significant relationship between the A1166C polymorphism and WML volume at either
assessment period (Table 2), but did find that the genotypes exhibit different longitudinal
changes in WML volume. This could reflect that the relationship between this
polymorphism and WML change may be mediated by other environmental factors such as
smoking or this polymorphism may not start affecting hyperintensity development until the
time range examined in the study, beginning in the seventh decade of life. This cannot be
determined in the current study as we did not include midlife adult subjects nor were all
environmental factors measured. Importantly, this polymorphism has an effect on
hyperintensity progression which is independent of hypertension. This finding is similar to
previous observations that RAS polymorphisms, including the AGTR1 A1166C
polymorphism, increased the risk of stroke independently of hypertension.29

Our finding of an interaction between AGTR2 genotype and hypertension raises the study
limitation that hypertension was by subject self-report, and did not include blood pressure
measures or current treatment. This is relevant as our finding may indicate that the 3123C
allele is protective, but only in context of specific antihypertensive treatment, as not all
antihypertensives have comparable protection against cerebral ischemia. This issue is less
relevant for our analyses of AGTRL, as we did not find an association between this
polymorphism and hypertension. Notably, others have observed an association between
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antihypertensive response and RAS polymorphisms,26, 30 but it is not clear how this
relationship may affect cerebrovascular risk. Objective measures of blood pressure, along
with details of antihypertensive medication use over the study period would have
strengthened this hypothesis.

Our findings related to the AGTR2 polymorphism should be viewed in context of a limited
sample size, where only nine subjects were male, hypertensive, and AGTR2 A allele carriers.
This highlights the difficulties of combining neuroimaging with genetic measures; a sample
size sufficient for a neuroimaging study may be insufficient when examining multiple
polymorphisms. We tested for power in this sample, comparing the 9 male subjects who
were hypertensive and A allele carriers with the remaining 67 male subjects, and using an
alpha of 0.05 calculated a power of 0.23. This is low, but as lower power is associated with
greater risk of a Type Il error or false negative rate, this does not alter the potential
importance of a positive finding. It is important to note that our inability to associate
C3123A with WML change in women may accurate but may be a false negative, as the
AGTRZ polymorphism was out of HWE in the female comparison cohort. Given these
limitations, these AGTR2 C3123A findings should be viewed cautiously. However, these
limitations do not apply to our analyses of the AGTR1 polymorphism, which included
greater numbers and utilized the entire sample rather than dichotomizing the sample by sex.

We have focused this discussion on the relationship between these polymorphisms,
hypertension, and WMLs. However, our findings may have other explanations, as WML
progression may be affected by a number of factors, including smoking history 31 and
presence of diabetes, and in the process of regulating blood pressure, All affects salt and
fluid absorption and hormone secretion which may have independent effects. Moreover,
AT receptor stimulation potentiates the expression of neuroprotective factors,6 which raises
the possibility that these polymorphisms may affect cerebral tissue resilience or
susceptibility to small vessel ischemia. Finally, interactions between multiple other RAS
polymorphisms may pose particular risk for cerebrovascular disease.32

As WML severity is associated with cognitive, motor, and psychiatric morbidity,1-3 it is
important to better understand what factors contribute to WML development and
progression and what factors may slow or prevent WML development. Although it is
difficult to definitively demonstrate WMLs “cause” such deficits, some longitudinal studies
have shown that greater temporal increases in hyperintensity volume are associated with
increased cognitive deficits 33 and poorer long-term depression outcomes.13 WMLs are
likely one risk factor among many for the development of such problems in later life, along
with other biological, genetic, and psychosocial factors.

In conclusion, these RAS polymorphisms are associated with change in white matter
hyperintensity volume in men. Further work is needed to determine how this relationship is
modified by the use of specific antihypertensive medications, and if such interventions not
only slow hyperintensity progression, but also affect important clinical outcomes. Such
studies may require large samples to overcome sample size issues for specific genotype
combinations.

Mol Psychiatry. Author manuscript; available in PMC 2011 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Taylor et al.

Page 9

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

Th

e authors would like to acknowledge Denise Messer, MA for development of the MR analysis method and image

processing and Carl Pieper, DrPh for guidance in statistical methods.

Disclosure: This study was supported by NIMH grants K23 MH65939, R01 MH54846, K24 MH70027, and P50
MHG60451.

REFERENCES

1

10

11.

12.

13.

. Longstreth WTJ, Manolio TA, Arnold A, Burke GL, Bryan N, Jungreis CA, et al. Clinical correlates

of white matter findings on cranial magnetic resonance imaging of 3301 elderly people: the
cardiovascular health study. Stroke. 1996; 27:1274-1282. [PubMed: 8711786]

. Whitman GT. A prospective study of cerebral white matter abnormalities in older people with gait

dysfunction. Neurology. 2001; 57:990-994. [PubMed: 11571322]

. Taylor WD, MacFall JR, Payne ME, McQuoid DR, Steffens DC, Provenzale JM, et al. Greater MRI

lesion volumes in elderly depressed subjects than in control subjects. Psychiatry Res. 2005; 139:1—
7. [PubMed: 15927454]

. Liao D, Cooper L, Cai J, Bryan N, Burke G, Shahar E, et al. The prevalence and severity of white

matter lesions, their relationship with age, ethnicity, gender, and cardiovascular disease risk factors:
the ARIC Study. Neuroepidemiology. 1997; 16:149-162. [PubMed: 9159770]

. Dichgans M. Genetics of ischaemic stroke. Lancet Neurol. 2007; 6:149-161. [PubMed: 17239802]
. Mogi M, Li J-M, lwanami J, Min L-J, Tsukuda K, Iwai M, et al. Angiotensin Il type-2 receptor

stimulation prevents neural damage by transcriptional activation of methyl methanesulfonate
sensitive 2. Hypertension. 2006; 48:141-148. [PubMed: 16769992]

. Hindorff LA, Heckbert SR, Tracy R, Tang Z, Psaty BM, Edwards KL, et al. Angiotensin Il type 1

receptor polymorphisms in the cardiovascular health study: relation to blood pressure, ethnicity, and
cardiovascular events. Am J Hypertens. 2002; 15:1050-1056. [PubMed: 12460700]

. Rubattu S, Di Angelantonio E, Stanzione R, Zanda B, Evangelista A, Pirisi A, et al. Gene

polymorphisms of the renin-angiotensin-aldosterone system and the risk of ischemic stroke: a role
of the A1166C/AT1 gene variant. J Hypertens. 2004 Nov.22:2129-2134. [PubMed: 15480097]

. Deinum J, van Gool JMG, Kofflard MJM, ten Cate FJ, Jan Danser AH. Angiotensin Il type 2

receptors and cardiac hypertrophy in women with hypertrophic cardiomyopathy. Hypertension.
2001; 38:1278-1281. [PubMed: 11751703]

. Miyaki K, Hara A, Araki J, Zhang L, Song Y, Kimura T, et al. C3123A polymorphism of the
angiotensin |1 type 2 receptor gene and salt sensitivity in healthy Japanese men. J Hum Hypertens.
2006; 20:467-469. [PubMed: 16525486]

Robins LN, Helzer JE, Croughan J, Ratcliff KS. National Institute of Mental Health Diagnostic
Interview Schedule. Its history, characteristics, and validity. Arch Gen Psychiatry. 1981; 38:381—
389. [PubMed: 6260053]

Taylor WD, MacFall JR, Provenzale JM, Payne ME, McQuoid DR, Steffens DC, et al. Serial MR
imaging of hyperintense white matter lesion volumes in elderly subjects: correlation with vascular
risk factors. Am J Roentgenol. 2003; 181:571-576. [PubMed: 12876050]

Taylor WD, Steffens DC, MacFall JR, McQuoid DR, Payne ME, Provenzale JM, et al. White
matter hyperintensity progression and late-life depression outcomes. Arch Gen Psychiatry. 2003;
60:1090-1096. [PubMed: 14609884]

14. Chen PS, McQuoid DR, Payne ME, Steffens DC. White matter and subcortical gray matter lesion

volume changes and late-life depression outcome: a 4-year magnetic resonance imaging study. Int
Psychogeriatr. 2006; 18:445-456. [PubMed: 16478567]

Mol Psychiatry. Author manuscript; available in PMC 2011 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Taylor et al.

Page 10

15. Regier DA, Myers JK, Kramer M, Robins LN, Blazer DG, Hough RL, et al. The NIMH
Epidemiologic Catchment Area program: historical context, major objectives, and study
population characteristics. Arch Gen Psychiatry. 1984; 41:934-941. [PubMed: 6089692]

16. Montgomery SA, Asberg M. A new depression scale designed to be sensitive to change. Br J
Psychiatry. 1979; 134:382-389. [PubMed: 444788]

17. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state™ a practical method for grading the
cognitive state of patients for the clinician. J Psychiatr Res. 1975; 12:189-198. [PubMed:
1202204]

18. Steffens DC, McQuoid DR, Krishnan KRR. The Duke Somatic Treatment Algorithm for Geriatric
Depression (STAGED) approach. Psychopharmacol Bull. 2002; 36:58-68. [PubMed: 12397841]

19. Payne ME, Fetzer DL, MacFall JR, Provenzale JM, Byrum CE, Krishnan KRR. Development of a
semi-automated method for quantification of MRI gray and white matter lesions in geriatric
subjects. Psychiatry Res. 2002; 115:63-77. [PubMed: 12165368]

20. Kikinis R, Shenton ME, Gerig G, Martin J, Anderson M, Metcalf D, et al. Routine quantitative
analysis of brain and cerebrospinal fluid spaces with MR imaging. J Magn Reson Imaging. 1992;
2:619-629. [PubMed: 1446105]

21. Henskens LHG, Kroon AA, van Boxtel MPJ, Hofman PAM, De Leeuw PW. Associations of the
angiotensin I type 1 receptor A1166C and the NO synthase G894T gene polymorphisms with
silent subcortical white matter lesions in essential hypertension. Stroke. 2005; 36:1869-1873.
[PubMed: 16109907]

22. Efron, B.; Tibshirani, RJ. An introduction to the bootstrap. New York: Chapman & Hall; 1993.

23. Khoury S, Yarows SA, O'Brien TK, Sowers JR. Ambulatory blood pressure monitoring in a
nonacademic setting. Effects of age and sex. Am J Hypertens. 1992 Sep.5:616-623. [PubMed:
1418850]

24. Bachmann J, Feldmer M, Ganten U, Stock G, Ganten D. Sexual dimorphism of blood pressure:
possible role of the renin-angiotensin system. J Steroid Biochem Mol Biol. 1991; 40:511-515.
[PubMed: 1958553]

25. Reich H, Duncan JA, Weinstein J, Cattran DC, Scholey JW, Miller JA. Interactions between
gender and the angiotensin type 1 receptor gene polymorphism. Kidney Int. 2003; 63:1443-1449.
[PubMed: 12631360]

26. Lynch Al, Arnett DK, Davis BR, Boerwinkle E, Ford CE, Eckfeldt JH, et al. Sex-specific effects
of AGT-6 and ACE 1I/D on pulse pressure after 6 months on antihypertensive treatment: The
GenHAT study. Ann Hum Genet. 2007; 71:735-745. [PubMed: 17608790]

27. Marciante KD, Bis JC, Rieder MJ, Reiner AP, Lumley T, Monks SA, et al. Renin-angiotensin
system haplotypes and risk of myocardial infarction and stroke in pharmacologically treated
hypertensive patients. Am J Epidemiol. 2007; 166:19-27. [PubMed: 17522061]

28. Takami S, Imai Y, Katsuya T, Ohkubo T, Tsuji I, Nagai K, et al. Gene polymorphism of the renin-
angiotensin system associates with risk for lacunar infarction. The Ohasama study. Am J
Hypertens. 2000; 13:121-127. [PubMed: 10701810]

29. Mollsten A, Stegmayr B, Wiklund PG. Genetic polymorphisms in the renin-angiotensin system
confer increased risk of stroke independently of blood pressure: a nested case-control study. J
Hypertens. 2008 Jul; 26(7):1367-1372. [PubMed: 18551012]

30. Kurland L, Melhus H, Karlsson J, Kahan T, Malmgvist K, Ohman KP, et al. Angiotensin
converting enzyme gene polymorphism predicts blood pressure response to angiotensin Il receptor
type 1 antagonist treatment in hypertensive patients. J Hypertens. 2001 Oct.19:1783-1787.
[PubMed: 11593098]

31. Szolnoki Z, Havasi V, Talian G, Bene J, Komloski K, Somogyvari F, et al. Angiotensin 11 type-1
receptor A1166C polymorphism is associated with increased risk of ischemic stroke in
hypertensive smokers. J Mol Neurosci. 2006; 28:285-290. [PubMed: 16691016]

32. Szolnoki Z, Maasz A, Magyari L, Horvatovich K, Farago B, Somogyvari F, et al. Coexistence of
angiotensin |1 type-1 receptor A1166C and angiotensin-converting enzyme D/D polymorphism
suggests susceptibility for small-vessel-associated ischemic stroke. Neuromolecular Med. 2006;
8:353-360. [PubMed: 16775386]

Mol Psychiatry. Author manuscript; available in PMC 2011 February 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Taylor et al.

Page 11

33. van den Heuvel DM, ten Dam VH, de Craen AJ, Admiraal-Behloul F, Olofsen H, Bollen EL, et al.
Increase in periventricular white matter hyperintensities parallels decline in mental processing
speed in a non-demented elderly population. J Neurol Neurosurg Psychiatry. 2006; 77:149-153.
[PubMed: 16421114]

Mol Psychiatry. Author manuscript; available in PMC 2011 February 01.



Page 12

Taylor et al.

"saouBLIBA [enbaun 0} anp 1s8)-) a)eMyLIaNesS sy} Buisn
pazA[eue sainseall SNONUNUOI ||V IS8} J0BXA S, Jaysl4 pasn yolym uoisuapiadAy pue asessip Leay Joy 1daoxa ‘sise) asenbs-1yo Buisn pazAfeue sajgelsen [ealiofisje) JUaW||olua Je S3100S a18M $8100S SHAVIN
pue ISININ 'SI9 W Ul SBWNJOA TN ‘SAep Ul S|HIA Usamiaq awil ‘sieak ul pajuasaid 1asuo Jo abie pue ‘uoireanpa ‘aby “(N) 9% Sse pauasaid [eariofiared {(Qs) ueaw se pauasald Sainseaw SnonunuoD

¥902°0 12T 6¢2 raet (se) LT abueydp IAM
L2210 65T 6¢2 (2'8) 09 (Ten) zg ZA TIAM
LOYT0 8y'T 9ze (89)8¥ (0t1) 579 g IAM
Sueds 1YIN

10000 > 487 82¢ (T°28) 0'vvL (§529) T'STL Usamiag awi L
(902) ey 19SUQ 40 8y

- - - - (91592 SYavin
22000 0T'e lee (z1) 162 (6'1) ¥'82 IS
STYL°0 - T () wee (9) %y salqeIq
8/GT°0 - T (8) %98 (12) %2 ST aseasiq HesH
€100°0 v'0T T (91) %z’ LT (08) %z9e uolsusHadAH
60100 Lv'9 T (¢) w99L (€8) %909 (srewd) xas
70000 > 8LY 6¢2 (91) 96T W) evt uoryeanp3
00EY"0 6.0 vee (59) 6'69 (0'2) €69 aby

enfend  oisies 9L 4d  (¥6 = N) pSSaUdepuoON  (ZET = N) pessaided

s10alqns passaidapuou pue passaidap usamiaqg saaualaplip Buibewroinau pue siydesboweq

T alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Mol Psychiatry. Author manuscript; available in PMC 2011 February 01.



Page 13

Taylor et al.

‘paJan-g sem adAlouab se uswom ul sasAjeue g4 19OV
10} Pasn sem WYAODNY "UsW Ul SasAfeue 291 OV ay) pue sesAjeue TH 1OV 9y} Jo} SaoueLIRA [enbaun anp 1s31-1 slleMylIaNles ay) pasn pazAjeur pue (QS) Uesw se Siall|ij]iw Ul pajussaid Sawn|oA uoisa

1288°0 €T0 vST'C (ee)ot (G as (6291 abueyd M
8€2€0 vT'T vST'C (811)5°8 (sen) 92 (Tv) 28 ZA TTAM
G80Z'0 85T ¥ST'C (16) 89 (een) €9 nre 19 TTAM
anead  onsneIs 1sa L P (L¥=N) VIV (19=N) oIV (L¥=N) 2/2 NINOM 2419V
€280°0 9T 689 (T¥) 6T (€290 abueyo “JAM
81020 82T 605 (991) 0'6 (8%) 9 ZA TTAM
T0Z€0 00T 805 (0en 12 (e os 19 TTAM
anfend  onsnels 1sal I (ev=N) sldIR ¥ (ee=N)adIe D NIW 2419V
¥v00°0 68'C Wt (6€) 2T (€260 abueyd “JNM
£€250°0 96'T ST (8€1) 26 (5'6) 09 ZA TIAM
8€9T°0 or'T €ST (911) 69 nos 19 TTAM
anead omsies IOl P (96 =N) Bl1IRIBR|RD (SeT =N) VIV 419V

sadA10uab g41 9V pue TH1OV Ag seaualaylip BulbewioinaN
¢ 9|gel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Mol Psychiatry. Author manuscript; available in PMC 2011 February 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Taylor et al.

Table 3

Final model examining WML volume change and AGTRL genotype

Variable Fvalue pvalue
AGTR1 10.19 0.0016
Depression Diagnosis 0.29 0.5906
Age 4.14 0.0429
Baseline Lesion Volume 7486  <0.0001
Hypertension 0.20 0.6531
Sex 0.01 0.9101

AGTRL - Sex Interaction 3.93 0.0488

Page 14

Model variables determined through backwards regression. AGTR1 genotype, depression diagnosis, and hypertension were designated as variables

that had to remain in the model.
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Table 4

Final models examining WML change and both AGTR1 and AGTR2

WML volumechange: Men WML volume change: Women

Variable F value p value F value p value
AGTR1 15.21 0.0002 1.56 0.2144
AGTR2 6.43 0.0135 0.19 0.8271
Depression Diagnosis 0.16 0.6879 0.76 0.3841
Age 8.56 0.0047 2.78 0.0974
Baseline Lesion Volume 113.05 <0.0001 19.58 < 0.0001
Hypertension 0.46 0.5010 - -
AGTR2 - hypertension 7.31 0.0087 - -
interaction

Page 15

Model variables determined through backwards regression. AGTR1 genotype, AGTR2 genotype, and depression diagnosis designated as variables

that had to remain in the model.
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