
UC Irvine
UC Irvine Previously Published Works

Title
Visit-To-Visit Blood Pressure Variability and Subthreshold Depressive Symptoms in Older 
Adults

Permalink
https://escholarship.org/uc/item/88x3p7g3

Journal
American Journal of Geriatric Psychiatry, 30(10)

ISSN
1064-7481

Authors
Sible, Isabel J
Jang, Jung Y
Sultzer, David L
et al.

Publication Date
2022-10-01

DOI
10.1016/j.jagp.2022.03.006
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/88x3p7g3
https://escholarship.org/uc/item/88x3p7g3#author
https://escholarship.org
http://www.cdlib.org/


Visit-to-visit blood pressure variability and subthreshold 
depressive symptoms in older adults

Isabel J. Sible, MAa, Jung Y. Jang, PhDb, David L. Sultzer, MDb,c, Daniel A. Nation, PhDb,d,*,
Alzheimer’s Disease Neuroimaging Initiative†

aDepartment of Psychology, University of Southern California, Los Angeles, CA 90007, USA

bInstitute for Memory Impairments and Neurological Disorders, University of California Irvine, 
Irvine, CA 92697, USA

cDepartment of Psychiatry and Human Behavior, University of California Irvine, Irvine, CA 92697, 
CA

dDepartment of Psychological Science, University of California Irvine, Irvine, CA 92697, USA

Abstract

Objectives: Depression is related to increased risk for dementia, possibly through links with 

cerebrovascular disease. Blood pressure variability is an emerging risk factor for cerebrovascular 

disease and dementia, but relationships with affective symptoms remain understudied.

Design: Retrospective analysis of prospective cohort study

Setting: Alzheimer’s Disease Neuroimaging Initiative

Participants: 505 older adults without history of dementia or recent depression underwent 3–4 

blood pressure measurements over 12 months and completed a self-report measure of depressive 

symptoms (Geriatric Depression Scale – 15 Item) at study baseline and 24-months follow-up.

Measurements: Blood pressure variability was calculated as variability independent of mean 

and maximum minus minimum. Regression models investigated relationships between blood 

pressure variability and severity of self-reported depressive symptoms at 24-months follow-up 

after controlling for several variables, including average blood pressure, antihypertensive use, 

antidepressant use, and baseline depressive symptom severity.

Results: Elevated diastolic blood pressure variability was related to greater total depressive 

symptom score at follow-up (ß = .16 [95% CI .02, .30]; p = .03), with specific contribution from 

increased severity of symptoms of dysphoria (odds ratio = 1.35 [95% CI 1.07, 1.75]; p = .02). 

†Data used in preparation of this article were obtained from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database 
(adni.loni.usc.edu). As such, the investigators within the ADNI contributed to the design and implementation of ADNI and/or 
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Blood pressure variability was not significantly related to other symptom subscales, including 

those reflecting life satisfaction or withdrawal.

Conclusions: Findings suggest that elevated diastolic blood pressure variability is related 

to subthreshold depressive symptomatology in older adults without history of dementia or 

recent depression, independent of average blood pressure. Blood pressure variability may be an 

understudied vascular risk factor linked with depression and cognitive impairment, with potential 

therapeutic implications.
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OBJECTIVE

Several studies suggest that depression may increase the risk of dementia, including 

Alzheimer’s disease (AD).1 While potential mechanisms remain an area of active 

investigation, it has been hypothesized that cerebrovascular health may underlie changes 

in psychiatric and cognitive functioning.1 Consistent with this hypothesis, growing evidence 

suggests that depression in late life is often comorbid with cerebrovascular disease and 

cognitive impairment.1–3 Additionally, the relationship between depression and vascular risk 

factors, like hypertension, may be bidirectional, with therapeutic implications for cognitive 

impairment and mental health.4

Blood pressure (BP) control has garnered enormous attention with regard to brain health.5 

Beyond BP therapies that aim to control average levels, considering the variability in BP 

may improve cerebrovascular, cognitive, and affective outcomes.6 Emotional, physical, 

and environmental factors all cause fluctuations in BP levels that occur over seconds to 

years.6,7 A growing number of studies link elevated BP variability (BPV) with increased 

cerebrovascular disease burden,6,8 cognitive impairment, and dementia, including incidence 

and progression of AD,9,10 independent of and oftentimes above9 average BP levels. Fewer 

studies investigate relationships with mood, and those that do suggest that increased BPV 

over the short-term (e.g., beat-to-beat, hours, days) is related to anxiety and depression.11 

The even more limited number of studies on long-term BPV (e.g., months, years, also called 

“visit-to-visit” BPV) are mixed, with one suggesting links with generalized anxiety disorder 

(GAD) but not major depression,12 and the other suggesting that BPV interacts with late-

life depression and cerebrovascular disease severity to predict cognition in older adults.13 

However, these two studies examined links with clinical diagnoses of GAD and/or major 

depression in older adults, but less is known about relationships with milder, subthreshold 

symptoms of depression. Importantly, investigating the role of visit-to-visit BPV in this 

range of affective symptoms may help elucidate increasingly studied relationships between 

vascular health, psychiatric symptoms, and cognitive impairment.4 Examining this in 

older adult populations without history of dementia or recent depression could improve 

understanding of early changes, since affective symptoms that emerge in later life may 

represent early stages of a neurodegenerative process.14,15 Findings would add to the limited 

number of studies on BPV and mood. The present study investigated the relationship 

between visit-to-visit BPV in older adults without history of dementia or recent depression 
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and symptoms of depression at one year follow-up, independent of average BP and baseline 

depressive symptoms.

METHODS

Participants

Data were obtained from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database. 

The ADNI study is a multisite natural history study that has collected clinical, biomarker, 

and neuropsychological data since 2003 to measure the progression of typical aging, mild 

cognitive impairment (MCI), and AD. Volunteer adults (age 55–91) were enrolled if they 

met the following criteria: few depressive symptoms at study baseline (Geriatric Depression 

Scale (GDS)16 < 6), free of history of neurological disease (other than suspected AD), 

no greater than mild dementia symptoms (Clinical Dementia Rating scale ≤ 1), and low 

vascular risk (Hachinski Ischemic Score ≤ 4). Ethical approval was obtained for each 

institution involved and all participants provided written informed consent. Further study 

details can be found online (https://adni.loni.usc.edu).

The present study included participants who underwent clinical evaluation at study baseline 

and BP measurement at study screening, baseline, and 6- and 12- months follow-up. 

Participants also completed a self-report measure of depressive symptoms, the GDS-15,16 at 

study screening and 24-months follow-up.

Measures

Clinical assessment—Baseline clinical evaluation identified participants to be 

cognitively normal (CN) or MCI, as described elsewhere.17,18 All participants were 

confirmed to be without history of dementia or stroke. Briefly, participants were determined 

to be CN by ADNI criteria if they had a Mini Mental State Exam (MMSE) score > 24; 

Clinical Dementia Rating scale score of 0; without history of major depressive disorder 

within the past year, MCI, or dementia. A clinical diagnosis of MCI was given if the 

following ADNI criteria were met:19 subjective memory complaint; Mini Mental State Exam 

(MMSE) scores between 24 and 30 (inclusive); global Clinical Dementia Rating scale score 

of 0.5; scores on delayed recall of Story A of the Wechsler Memory Scale Revised Logical 

Memory II subtest that are below expected performance based on years of education; did 

not meet criteria for a clinical diagnosis of AD. For the present analysis, CN and MCI 

participants were combined into one category of older adults without history of dementia or 

stoke.

BP assessment—Participants underwent seated BP measurement (taken from the 

dominant forearm arranged at the horizontal level of the fourth intercostal space at the 

sternum) 3–4 times between study screening and 12-months follow-up using a calibrated 

mercury sphygmomanometer, as described elsewhere.17,18,20 Briefly, participants were 

instructed to refrain from conversation during and shortly before BP collection and were 

kept as calm and undisturbed as possible.

BP measurements were taken using the same device and BP cuff, by the same person, at the 

same time of day, where possible. Intraindividual BPV was calculated for each participant 
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using the 3–4 BP measurements collected over the 12-month period as variation independent 

of mean (VIM), a commonly used index of visit-to-visit BPV that is uncorrelated with 

average BP levels across visits8,17,18,21 and better predicts all-cause mortality compared to 

other indices of BPV.22 VIM was calculated as: VIM = SD/meanx, where the power x was 

derived from non-linear curve fitting of BP SD against average BP using the nls package 

in R,23 as described elsewhere.21 BPV was also calculated as maximum minus minimum 

(MMM) BP.7 Baseline hypertension status was determined from the total sample average 

systolic BP taken at study baseline.

Depression assessment—At study baseline and 24-months follow-up, participants 

completed the GDS-15,16 a validated self-report measure of depressive symptoms in older 

adult populations.24 The GDS-15 was adapted from the longer GDS-30 and includes the 

items with the highest correlation with depressive symptoms.25 The GDS-15 contains 15 

“yes-no” questions about the presence or absence of symptoms experienced over the past 

week. GDS-15 total scores range from 0–15 and clinical severity is determined as follows: 

minimal 0–4; mild 5–8; moderate 9–11; severe 12–15.25 Several studies have determined 

depressive subscales from both the GDS-30 and GDS-15 using factor analysis.24,26 The 

GDS-15 was divided into three distinct depressive symptom subscales as previously 

described:24 General Depressive Affect/Dysphoria (e.g., “Do you feel that your situation is 

hopeless?”), Life Satisfaction (“Are you in good spirits most of the time?”), and Withdrawal 

(“Have you dropped many of your activities or interests?”). Lifetime history of depression 

was determined from baseline medical history and was defined as at least one major 

depressive episode at least one year prior to study enrollment (i.e., to meet inclusionary 

criteria for the ADNI study), as described elsewhere.27

Other measurements—Several demographic and clinical variables were determined 

from baseline clinical evaluation: global cognition (i.e., MMSE score), body mass index 

(BMI, weight [kg] / height [m] squared), use of antihypertensive medication, and use of 

antidepressant medication. Participants were categorized at those taking antihypertensive 

medication (all classes) versus those who were not, and those taking antidepressant 

medication versus those who were not. Vascular risk was also determined from baseline 

clinical evaluation using criteria derived from the Framingham Stroke Risk Profile,28 which 

was previously shown to correlate with cerebrovascular disease burden.29 Specifically, 

baseline clinical evaluation determined the presence/absence of individual risk factors: 

history of cardiovascular disease, history of diabetes mellitus type 2, history of atrial 

fibrillation, history of carotid artery disease, history of transient ischemic attack (TIA)/

subclinical stroke. Participants were categorized as having lower (≤ 1 vascular risk factor) or 

higher (≥ 2 vascular risk factors) vascular risk.28 Apolipoprotein (APOE) ϵ4 carrier status 

was determined from baseline venipuncture as previously described30 and participants were 

categorized as those with at least one APOE ϵ4 allele versus those without.

Data availability statement—All data are available on the ADNI site (https://

adni.loni.usc.edu).
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Statistical Analysis

First, multiple linear regression was used to examine the relationship between BPV and 

GDS-15 total score at 24-months follow-up (e.g., 12 months after BPV was determined). 

Next, ordinal logistic regression was used to investigate relationships between BPV and 

specific depressive symptom subscales at 24-months follow-up. Relationships with systolic 

BPV and diastolic BPV were examined separately. All models included the following 

covariates: age at follow-up, sex, antihypertensive medication use, antidepressant medication 

use, vascular risk (lower vs higher), BMI, average BP, and GDS-15 total score at study 

baseline. Sensitivity analyses additionally controlled for 1) lifetime history of depression, 2) 

MMSE score, 3) baseline hypertension status, and 4) APOE ϵ4 carrier status. All analyses 

were 2-tailed with significance set at p < .05 or effect estimates with confidence intervals 

excluding 0 (multiple linear regression) or 1 (ordinal logistic regression). The following 

are reported for results of multiple linear regression analyses: standardized regression 

coefficient/standardized beta (ß), 95% confidence interval, p-value, delta R squared (ΔR2), 

degrees of freedom, and F-value for the overall model. The following are reported for results 

of ordinal logistic regression analyses: odds ratio (OR), 95% confidence interval, p-value, 

Wald chi-square χ2, and degrees of freedom. All analyses were carried out in R Project.23

RESULTS

A total of 505 participants with BPV over 12 months (e.g., study screening through 12-

months follow-up) and valid GDS-15 at baseline and 24-months follow-up were included 

in the final study sample. Table 1 summarizes clinical and demographic information. 

Importantly, the average GDS-15 total score at baseline was 1.2 (1.3 SD), and scores ranged 

from 0 – 5, consistent with ADNI enrollment exclusionary criteria of GDS-15 scores >= 

6. Therefore, the present study only included participants with low levels of depressive 

symptoms at study baseline. BPV was not significantly correlated with average BP levels 

(systolic: r(df = 502) = .04; p = 35; n = 504; diastolic: r(df = 502) = .02; p = .74; n = 504), 

consistent with the definition of VIM.21

BPV and total depressive symptoms

Multiple linear regression revealed that elevated diastolic BPV was significantly related to 

increased GDS-15 total score at follow-up, independent of GDS-15 total score at study 

baseline (VIM: standardized regression coefficient/standardized beta (ß) = .16 [95% CI .02, 

.30]; p = .03; ΔR2 = .007; df = 477; F(9, 477) = 22.8; MMM: ß = .15 [95% CI .01, .30]; p = 

.04; ΔR2 = .007; df = 476; F(9, 476) = 22.7) (Figure 1). Systolic BPV was not significantly 

related to GDS-15 total score at follow-up (VIM: ß = .11 [95% CI −.03, .25]; p = .13; ΔR2 = 

.003; df = 476; MMM: ß = .10 [95% CI −.04, .25]; p = .16; ΔR2 = .003; df = 475) (data not 

shown).

BPV and distinct depressive symptom subscales

In ordinal logistic regression analyses, increased diastolic BPV was significantly related to 

higher Dysphoria subscale score (VIM: odds ratio (OR) = 1.35 [95% CI 1.07, 1.75]; p = 

.02; Wald chi-square χ2 (1, 490) = .30; MMM: OR = 1.40 [95% CI 1.07, 1.80]; p = .01; 

χ2 (1, 489) = .04) (Figure 2). No significant relationships were observed between systolic 
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BPV and Dysphoria subscale score (VIM: OR = .97 [95% CI .90, 1.04]; p = .44; χ2 (1, 490) 

= −.03; MMM: OR = .94 [95% CI .70, 1.24]; p = .68; χ2 (1, 489) = −.004), or between 

BPV and severity of any other GDS-15 depressive symptom subscale (Withdrawal: diastolic: 

VIM: OR = 1.05 [95% CI .91, 1.22]; p = .48; χ2 (1, 490) = .06; MMM: OR = 1.03 [95% 

CI .86, 1.24]; p = .76; χ2 (1, 489) = .002; systolic: VIM: OR = 1.02 [95% CI .97, 1.07]; p 
= .40; χ2 (1, 490) = .02; MMM: OR = 1.00 [95% CI .99, 1.02]; p = .68; χ2 (1, 489) = .003; 

Life Satisfaction: diastolic: VIM: OR = .89 [95% CI .78, 1.02]; p = .09; χ2 (1, 490) = −.02; 

MMM: OR = .98 [95% CI .92, 1.04]; p = .76; χ2 (1, 489) = −.02; systolic: VIM: OR = 1.03 

[95% CI .98, 1.07]; p = .26; χ2 (1, 490) = −.03; MMM: OR = 1.09 [95% CI .92, 1.30]; p = 

.99; χ2 (1, 489) = −.01).

Findings remained significant in sensitivity analyses controlling for 1) lifetime history of 

depression (GDS-15 total score: VIM: ß = .16 [95% CI .02, .30]; p = .03; ΔR2 = .007; df = 

475; MMM: ß = .15 [95% CI .01, .29]; p = .04; ΔR2 = .006; df = 474; Dysphoria subscale 

score: VIM: OR = 1.47 [95% CI 1.09, 2.04]; p = .03; χ2 (1, 489) = .30; MMM: OR = 1.40 

[95% CI 1.08, 1.81]; p = .01; χ2 (1, 489) = .04), 2) MMSE score (GDS-15 total score: VIM: 

ß = .16 [95% CI .02, .30]; p = .03; ΔR2 = .007; df = 474; MMM: ß = .16 [95% CI .01, 

.30]; p = .03; ΔR2 = .007; df = 474; Dysphoria subscale score: VIM: OR = 1.46 [95% CI 

1.08, 2.02]; p = .02; χ2 (1, 490) = .29; MMM: OR = 1.38 [95% CI 1.06, 1.79]; p = .01; 

χ2 (1, 489) = .04), 3) baseline hypertension status (GDS-total score: VIM: ß = .16 [95% CI 

.02, .30]; p = .03; ΔR2 = .007; df = 474; MMM: ß = .15 [95% CI .01, .30]; p = .03; ΔR2 = 

.006; df = 474; Dysphoria subscale score: VIM: OR = 1.47 [95% CI 1.09, 2.04]; p = .02; χ2 

(1, 490) = .29; MMM: OR = 1.39 [95% CI 1.07, 1.81]; p = .01; χ2 (1, 489) = .04) and 4) 

APOE ϵ4 carrier status (GDS-15 total score: VIM: ß = .16 [95% CI .02, .31]; p = .03; ΔR2 = 

.007; df = 475; MMM: ß = .15 [95% CI .01, .30]; p = .04; ΔR2 = .006; df = 475; Dysphoria 

subscale score: VIM: OR = 1.46 [95% CI 1.08, 2.03]; p = .02; χ2 (1, 490) = .29; MMM: OR 

= 1.39 [95% CI 1.07, 1.80]; p = .01; χ2 (1, 489) = .04).

DISCUSSION

Study findings suggest elevated visit-to-visit BPV is related to higher total depressive 

symptom score with specific contribution from increased severity of the Dysphoria subscale. 

Importantly, these findings were in a study sample without history of dementia or recent 

depression, indicating BPV may be related to subthreshold levels of depression in the 

absence of major neurocognitive dysfunction. Findings add to the literature on subthreshold 

levels of depression in aging and dementia.31

A growing number of studies suggest comorbidity of depression, cerebrovascular disease, 

and cognitive impairment in older adults.1,4 One possibility is that cerebrovascular disease 

may drive both affective symptoms and cognitive change.32 There is strong evidence 

that elevated BPV is related to severity and progression of cerebrovascular disease as 

assessed by MRI-based markers (e.g., white matter hyperintensities, cortical infarcts, 

cerebral microbleeds)6 and postmortem evaluation (e.g., atherosclerosis in the Circle of 

Willis, cerebral arteriolosclerosis, lacunes).8 Chronic high fluctuations in BP may distend 

arterial walls beyond repair, creating a sort of “tsunami effect”33 in the cerebral parenchyma. 

While the quickly increased pressure may shock arterial walls and disrupt the tight 
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junctions of the blood-brain-barrier,6,7 the receding pressure may increase the risk of 

cerebral hypoperfusion,18 especially in brain regions vulnerable to fluctuating BP levels 

such as the subcortical white matter and hippocampi. Vascular burden has been associated 

with psychomotor slowing and executive dysfunction, which rely heavily on frontal-

subcortical systems.34 Importantly, these are also hallmark neuropsychological features 

of depression, and early neurodegenerative disease processes are often misdiagnosed as 

depression.35 Therefore, BPV may contribute to cerebrovascular disease severity, which 

is in turn powerfully linked with depressive symptoms,1–3 possibly through disruption 

of frontal-subcortical and limbic networks regulating mood, affect, and motivation. The 

central autonomic network, comprised of the periaqueductal gray matter, parabrachial 

nucleus, nucleus tractus solitarius, ventrolateral medulla, hypothalamus, amygdala, and 

insula, regulates the human cardiovascular system and is critical in modulating responses 

to emotional stimuli.7 Elevated BPV might be associated with depressive symptoms 

via dysregulation of the central autonomic network. While the present study is cross-

sectional in nature (BPV associated with depressive symptoms at 24-months), depressive 

symptomatology was assessed after the measurement of BPV, indicating BPV may be a 

vascular risk factor linked with the development of depressive symptoms before the onset of 

advanced cognitive change. Future studies are needed to disentangle the temporal order of 

relationships between BPV, depressive symptomatology, and cognitive impairment.

Interestingly, diastolic BPV, and not systolic BPV, was related to depressive symptoms. 

Some evidence suggests that diastolic BPV predicts cerebrovascular disease lesion burden 

better than systolic BPV.6,8 Additionally, while systolic BPV has been hypothesized 

to reflect arterial stiffness, diastolic BPV is thought to reflect endothelial dysfunction, 

baroreflex sensitivity, or sympathetic autonomic nervous system over-activation/reactivity to 

environmental exposures,9 the latter of which is critically linked with affective symptoms.36 

Depression may also be related to endothelial dysfunction and sympathetic dysregulation 

in the context of cerebrovascular disease.37 Incorporating the variability of BP into 

antihypertensive treatment planning could have the potential to benefit brain health. Some 

classes of antihypertensive medications have differential effects on BP in risk for stroke, 

independent of traditionally studied average BP levels.38 While the current study was not 

able to address this possibility as it relates to depressive symptoms, elucidating potential 

class effects may have therapeutic implications.

Findings add to the limited number of studies investigating visit-to-visit BPV and depression 

in older adults,12,13 and improve our understanding of associations with subthreshold levels 

of depressive symptoms. For an increase of 1 SD in diastolic BPV, there was a 35%

−40% increased odds of having greater symptoms of dysphoria, depending on the index 

of BPV used, suggesting a relatively small effect. However, even a small effect may be 

important since the present analysis controlled for baseline depressive symptoms, major 

depression was excluded, and participants had only subthreshold depressive symptoms. 

Furthermore, present findings suggest specific contribution from the Dysphoria subscale, 

which includes questions about hopelessness that have been linked to increased suicidal 

ideation and risk of suicide attempts.39 The study is strengthened by assessment of 

depressive symptoms at study baseline and after the determination of BPV. BPV was 

determined from BP measurements obtained from methods standard in routine clinical 
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practice and may represent an index of vascular health readily accessible in primary care 

settings. Study limitations include the fact that some aspects of BP measurement were not 

standardized across sites, which could introduce measurement error. BPV is impacted by 

a variety of physiological and psychological factors (e.g., stimulant intake, medication use, 

pain, perceived stress), not all of which were able to be controlled for in the present study. 

Despite this, visit-to-visit BPV determined using similar methods has consistently been 

linked with cognitive impairment, cognitive decline, incidence and progression of dementia, 

stroke, cerebrovascular disease, and several other outcomes.6,9 Therefore, the extension 

of these findings to subthreshold depressive symptoms using similar methods adds to the 

literature in this area. GDS-15 total scores were low at baseline and follow-up, precluding 

investigation of relationships in study samples with a broader range of depressive symptoms. 

Relatedly, participants in the present study had a range of normal to mild levels of cognitive 

impairment and relationships with depressive symptoms may be different in individuals with 

more advanced cognitive impairment. Additionally, the majority of the study sample was 

non-Hispanic White with limited cerebrovascular disease (Hachinski Ischemic Score ≤ 4), 

which limits generalizability of findings to more diverse samples and those with greater 

cerebrovascular disease burden. No corrections were made for multiple comparison, which 

could inflate risk for Type 1 errors. Finally, although the reliability of BPV remains unclear 

and may weaken effect sizes, at least one study indicates BPV is reproducibly related to 

cardiovascular risk (i.e., stroke, heart attack),40 and a large body of evidence indicates BPV 

is related to cardiovascular and cerebrovascular outcomes.6,7

CONCLUSIONS

Findings suggest elevated BPV in older adults without history of dementia or recent 

depression is related to greater depressive symptoms at follow-up, independent of average 

BP levels. BPV may be a useful marker of vascular dysfunction with potential therapeutic 

implications for brain health in older adults.

ACKNOWLEDGEMENTS

We would like to thank the participants and their families, investigators, and researchers from the ADNI study.

Funding

The study data analysis was supported by NIH/NIA grants (R01AG064228, R01AG060049, P30AG066519, 
P01AG052350) and Alzheimer’s Association grant AARG-17-532905. Data collection and sharing for this project 
was funded by the Alzheimer’s Disease Neuroimaging Initiative (ADNI) (National Institutes of Health Grant U01 
AG024904) and DOD ADNI (Department of Defense award number W81XWH-12-2-0012). ADNI is funded 
by the National Institute on Aging, the National Institute of Biomedical Imaging and Bioengineering, and 
through generous contributions from the following: AbbVie, Alzheimer’s Association; Alzheimer’s Drug Discovery 
Foundation; Araclon Biotech; BioClinica, Inc.; Biogen; Bristol-Myers Squibb Company; CereSpir, Inc.; Cogstate; 
Eisai Inc.; Elan Pharmaceuticals, Inc.; Eli Lilly and Company; EuroImmun; F. Hoffmann-La Roche Ltd and its 
affiliated company Genentech, Inc.; Fujirebio; GE Healthcare; IXICO Ltd.; Janssen Alzheimer Immunotherapy 
Research & Development, LLC.; Johnson & Johnson Pharmaceutical Research & Development LLC.; Lumosity; 
Lundbeck; Merck & Co., Inc.; Meso Scale Diagnostics, LLC.; NeuroRx Research; Neurotrack Technologies; 
Novartis Pharmaceuticals Corporation; Pfizer Inc.; Piramal Imaging; Servier; Takeda Pharmaceutical Company; and 
Transition Therapeutics. The Canadian Institutes of Health Research is providing funds to support ADNI clinical 
sites in Canada. Private sector contributions are facilitated by the Foundation for the National Institutes of Health 
(www.fnih.org). The grantee organization is the Northern California Institute for Research and Education, and the 
study is coordinated by the Alzheimer’s Therapeutic Research Institute at the University of Southern California. 
ADNI data are disseminated by the Laboratory for Neuro Imaging at the University of Southern California.

Sible et al. Page 8

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2023 March 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.fnih.org


Conflicts of interest

IJS, JYJ, and DAN report no conflicts with any product mentioned or concept discussed in this article. 
DLS has received research support from NIH and Eisai, has participated as a paid member of a DSMB or 
adjudication committee with Acadia, Avanir, Janssen, and Otsuka, and has received consulting fees from Avanir and 
NovoNordisk.

REFERENCES

1. Jang YJ, Kang C, Myung W, et al. : Additive interaction of mid- to late-life depression and 
cerebrovascular disease on the risk of dementia : a nationwide population-based cohort study 
Alzheimer’s Res Ther 2021:1–13. [PubMed: 33397495] 

2. Rensma SP, van Sloten TT, Launer LJ, et al. : Cerebral small vessel disease and risk of incident 
stroke, dementia and depression, and all-cause mortality: A systematic review and meta-analysis 
Neurosci Biobehav Rev 2018; 90:164–173. [PubMed: 29656031] 

3. Wouts L, van Kessel M, Beekman ATF, et al. : Empirical support for the vascular apathy hypothesis: 
A structured review. Int J Geriatr Psychiatry 2020; 35:3–11. [PubMed: 31617249] 

4. Jamieson A, Goodwill AM, Termine M, et al. : Depression related cerebral pathology and its 
relationship with cognitive functioning: A systematic review. J Affect Disord 2019; 250:410–418. 
[PubMed: 30878653] 

5. Wright JT, Williamson JD, Whelton PK, et al. : A randomized trial of intensive versus standard 
blood-pressure control N Engl J Med 2015; 373:2103–2116. [PubMed: 26551272] 

6. Tully PJ, Yano Y, Launer LJ, et al. : Association Between Blood Pressure Variability and Cerebral 
Small-Vessel Disease: A Systematic Review and Meta-Analysis J Am Heart Assoc 2020; 9.

7. Nagai M, Hoshide S, Ishikawa J, et al. : Visit-to-visit blood pressure variations: New independent 
determinants for carotid artery measures in the elderly at high risk of cardiovascular disease J Am 
Soc Hypertens 2011; 5:184–192. [PubMed: 21531344] 

8. Sible IJ, Bangen KJ, Blanken AE, et al. : Antemortem Visit-To-Visit Blood Pressure Variability 
Predicts Cerebrovascular Lesion Burden in Autopsy-Confirmed Alzheimer’s Disease. Edited by 
Wharton W. J Alzheimers Dis 2021; 83:65–75. [PubMed: 34250941] 

9. De Heus RAA, Tzourio C, Lee EJL, et al. : Association between Blood Pressure Variability 
with Dementia and Cognitive Impairment: A Systematic Review and Meta-Analysis Hypertension 
2021:1478–1489. [PubMed: 34538105] 

10. Lattanzi S, Luzzi S, Provinciali L, et al. : Blood Pressure Variability in Alzheimer’s Disease and 
Frontotemporal Dementia: The Effect on the Rate of Cognitive Decline J Alzheimer’s Dis 2015; 
45:387–394. [PubMed: 25790932] 

11. Davydov DM, Shapiro D, Cook IA, et al. : Baroreflex mechanisms in major depression Prog 
Neuro-Psychopharmacology Biol Psychiatry 2007; 31:164–177.

12. Tully PJ, Tzourio C: Psychiatric correlates of blood pressure variability in the elderly: The Three 
City cohort study. Physiol Behav 2017; 168:91–97. [PubMed: 27818215] 

13. Tully PJ, Debette S, Tzourio C: The association between systolic blood pressure variability with 
depression, cognitive decline and white matter hyperintensities: the 3C Dijon MRI study Psychol 
Med 2018; 48:1444–1453. [PubMed: 28950920] 

14. Jang JY, Ho JK, Blanken AE, et al. : Affective neuropsychiatric symptoms as early signs of 
dementia risk in older adults J Alzheimer’s Dis 2020; 77:1195–1207. [PubMed: 32925031] 

15. Shdo SM, Ranasinghe KG, Sturm VE, et al. : Depressive Symptom Profiles Predict Specific 
Neurodegenerative Disease Syndromes in Early Stages Front Neurol 2020; 11. [PubMed: 
32047473] 

16. Sheikh J, Yesavage JA: Geriatric Depression Scale (GDS): Recent evidence and development of a 
shorter version Clin Gerontol A Guid to Assess Interv 1986:165–173.

17. Sible IJ, Nation DA: Long-term blood pressure variability across the clinical and biomarker 
spectrum of Alzheimer’s disease. J Alzheimer’s Dis 2020; 77:1655–1669. [PubMed: 32925032] 

18. Sible IJ, Yew B, Dutt S, et al. : Visit-to-visit blood pressure variability and regional cerebral 
perfusion decline in older adults Neurobiol Aging 2021; 105:57–63. [PubMed: 34034215] 

Sible et al. Page 9

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2023 March 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



19. Petersen RC, Aisen PS, Beckett LA, et al. : Alzheimer’s Disease Neuroimaging Initiative (ADNI): 
Clinical characterization Neurology 2010; 74:201–209. [PubMed: 20042704] 

20. Sible IJ, Nation DA: Blood pressure variability and medial temporal atrophy in apolipoprotein ϵ4 
carriers Brain Imaging Behav September 2021.

21. Rothwell PM, Howard SC, Dolan E, et al. : Prognostic significance of visit-to-visit variability, 
maximum systolic blood pressure, and episodic hypertension Lancet 2010; 375:895–905. 
[PubMed: 20226988] 

22. Cheng Y, Li J, Ren X, et al. : Visit-to-visit office blood pressure variability combined with 
Framingham risk score to predict all-cause mortality: A post hoc analysis of the systolic blood 
pressure intervention trial J Clin Hypertens 2021; 23:1516–1525.

23. R Core Team: R: A language and environment for statistical computing 2018.

24. Mitchell J, Mathews HF, Yesavage JA: A multidimensional examination of depression among the 
elderly Res Aging 1993; 15:198–219.

25. Koenig HG, Meador KG, Cohen HJ, et al. : Self-rated depression scales and screening for major 
depression in the older hospitalized patient with medical illness. J Am Geriatr Soc 1988; 36:699–
706. [PubMed: 3042842] 

26. Adams KB, Matto HC, Sanders S: Confirmatory factor analysis of the geriatric depression scale 
Gerontologist 2004; 44:818–826. [PubMed: 15611218] 

27. Chung JK, Plitman E, Nakajima S, et al. : Lifetime history of depression predicts increased 
amyloid-β accumulation in patients with mild cognitive impairment. J Alzheimers Dis 2015; 
45:907–919. [PubMed: 25633681] 

28. D’Agostino RB, Wolf PA, Belanger AJ, et al. : Stroke risk profile: Adjustment for antihypertensive 
medication: The Framingham Study Stroke 1994; 25:40–43. [PubMed: 8266381] 

29. Nation DA, Delano-Wood L, Bangen KJ, et al. : Antemortem pulse pressure elevation predicts 
cerebrovascular disease in autopsy-confirmed alzheimer’s disease J Alzheimer’s Dis 2012; 
30:595–603. [PubMed: 22451309] 

30. Saykin AJ, Shen L, Foroud TM, et al. : Alzheimer’s Disease Neuroimaging Initiative biomarkers 
as quantitative phenotypes: Genetics core aims, progress, and plans Alzheimer’s Dement 2010; 
6:265–273. [PubMed: 20451875] 

31. Donovan NJ, Hsu DC, Dagley AS, et al. : Depressive Symptoms and Biomarkers of Alzheimer’s 
Disease in Cognitively Normal Older Adults J Alzheimer’s Dis 2015; 46:63–73. [PubMed: 
25697700] 

32. Geda YE, Schneider LS, Gitlin LN, et al. : Neuropsychiatric symptoms in Alzheimer’s disease: 
past progress and anticipation of the future. Alzheimers Dement 2013; 9:602–608. [PubMed: 
23562430] 

33. Saji N, Toba K, Sakurai T: Cerebral Small Vessel Disease and Arterial Stiffness: Tsunami Effect in 
the Brain? Pulse 2016; 3:182–189. [PubMed: 27195239] 

34. Pugh KG, Lipsitz LA: The microvascular frontal-subcortical syndrome of aging Neurobiol Aging 
2002; 23:421–431. [PubMed: 11959405] 

35. Woolley JD, Khan BK, Murthy NK, et al.: The Diagnostic Challenge of Psychiatric Symptoms in 
Neurodegenerative Disease: Rates of and Risk Factors for Prior Psychiatric Diagnosis in Patients 
With Early Neurodegenerative Disease 2011.

36. Saper CB: The central autonomic nervous system: conscious visceral perception and autonomic 
pattern generation. Annu Rev Neurosci 2002; 25:433–469. [PubMed: 12052916] 

37. Celano CM, Huffman JC: Depression and Cardiac Disease: A Review Cardiol Rev 2011; 19.

38. Webb AJ, Fischer U, Mehta Z, et al. : Effects of antihypertensive-drug class on interindividual 
variation in blood pressure and risk of stroke: A systematic review and meta-analysis Lancet 2010; 
375:906–915. [PubMed: 20226989] 

39. Schneider B, Philipp M, Müller MJ: Psychopathological predictors of suicide in patients 
with major depression during a 5-year follow-up Eur Psychiatry 2001; 16:283–288. [PubMed: 
11514130] 

40. Lim HM, Chia YC, Ching SM, et al. : Number of blood pressure measurements needed to estimate 
long-term visit-to-visit systolic blood pressure variability for predicting cardiovascular risk: A 
10-year retrospective cohort study in a primary care clinic in Malaysia BMJ Open 2019; 9:1–8.

Sible et al. Page 10

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2023 March 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Elevated diastolic BPV is related to total depressive symptom score
Scatterplots display the results of the linear regression between diastolic BPV (VIM and 

MMM) and GDS-15 total score at 24-months follow-up. 95% confidence interval is shaded 

around the regression lines.

Abbreviations: BPV = blood pressure variability: GDS-15 = Geriatric Depression Scale – 15 

Item; VIM = variability independent of mean; MMM = maximum minus minimum
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Figure 2. Elevated diastolic BPV is related to severity of Dysphoria subscale
Boxplots display the results of the ordinal logistic regression of diastolic BPV (VIM and 

MMM) predicting the severity of Dysphoria subscale.

Abbreviations: BPV = blood pressure variability; VIM = variability independent of mean; 

MMM = maximum minus minimum
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Table 1.

Baseline clinical and demographic information.

Total sample (N = 505)

Age (years) 77.7 (6.5)

Sex (n, % female) 204 (40.4%)

Education (years) 15.9 (2.9)

APOE ϵ4 carriers (n, %) 221 (43.8%)

ADNI MCI diagnosis (n, %) 303 (60.0%)

Lifetime history of depression (n, %) 118 (23.4%)

MMSE score 27.9 (1.8)

GDS-15 (baseline)

 Total score 1.2 (1.3)

 Dysphoria subscale 0.04 (range: 0–1)

 Withdrawal subscale 0.2 (range: 0–1)

 Life satisfaction subscale 0.7 (range: 0–1)

GDS-15 (24-months follow-up)

 Total score 1.7 (1.9)

 Dysphoria subscale 0.2 (range: 0–4)

 Withdrawal subscale 0.6 (range: 0–3)

 Life satisfaction subscale 2.3 (range: 0–4)

BMI (kg/m2) 26.4 (4.2)

Vascular risk* (n, % lower) 470 (93.1%)

Vascular risk factors (n, %)

 Cardiovascular disease 16 (3.2%)

 Diabetes mellitus type 2 7 (1.4%)

 Atrial fibrillation 6 (1.2%)

 Carotid artery disease 3 (0.6%)

 TIA/subclinical stroke 4 (7.9%)

Medication use (n, %)

Antihypertensive agents 216 (42.8%)

 ACE inhibitors 69 (13.7%)

 ARBs 41 (8.1%)

 Alpha blockers 18 (3.6%)

 Calcium channel blockers 49 (9.7%)

 Diuretics 31 (6.1%)

Antidepressant agents 99 (19.6%)

Systolic BP (mmHg)

 Baseline 135.2 (17.4)

 Average 133.9 (13.5)

 VIM 5.4 (3.9)

 MMM 23.5 (12.7)

Diastolic BP (mmHg)
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Total sample (N = 505)

 Baseline 74.3 (9.9)

 Average 73.6 (7.7)

 VIM 5.9 (1.3)

 MMM 13.6 (7.4)

Means and SDs shown unless otherwise indicated.

*
Baseline vascular risk level determined from presence/absence of individual risk factors (history of cardiovascular disease, history of diabetes 

mellitus type 2, history of atrial fibrillation, history of carotid artery disease, history of TIA/subclinical stroke). Risk level is lower (≤ 1 individual 

vascular risk factor) or higher (≥ 2 individual vascular risk factors), as described elsewhere.24,37,38

Abbreviations: MMSE = Mini Mental State Exam; BP = blood pressure; BMI = body mass index: VIM = variability independent of mean; MCI 
= mild cognitive impairment; CDR-sb = Clinical Dementia Rating Scale sum of box score; ACE inhibitors = angiotensin-converting enzyme 
inhibitors; ARBs = angiotensin II receptor blockers; ADNI = Alzheimer’s Disease Neuroimaging Initiative; TIA = transient ischemic attack; 
GDS-15 = Geriatric Depression Scale – 15 Item; MMM = maximum minus minimum
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