
Independent and Interactive Impacts of Hypertension and 
Diabetes Mellitus on Verbal Memory: A Coordinated Analysis of 
Longitudinal Data from England, Sweden and the United States

Amanda Kelly,
Department of Psychology, University of Victoria

Matthew Calamia,
Department of Psychology, Louisiana State University

Andrey Koval,
Department of Psychology, University of Victoria

Graciela Muniz Terrera,
MRC Unit for Lifelong Health & Ageing, University College London

Andrea M. Piccinin,
Department of Psychology, University of Victoria

Sean Clouston,
Preventative Medicine Program in Public Health, Stony Brook University

Linda B. Hassing,
Department of Psychology, University of Gothenburg

David A. Bennett,
Rush Alzheimer’s Disease Center, Rush University Medical Center

Boo Johansson, and
Department of Psychology, University of Gothenburg

Scott M. Hofer
Department of Psychology, University of Victoria

Abstract

The importance of preventing and controlling hypertension (HTN) and diabetes mellitus (DM) to 

mitigate risks to physical health has long been understood by healthcare professionals. More 

recently, a growing body of evidence also implicates HTN and DM in age-related cognitive 

decline and risk for dementia, though consensus has yet to be reached on whether older adults 

living with comorbid HTN and DM are at heightened risk for cognitive impairment. The present 

study sought to contribute to this topic through a coordinated analysis of three longitudinal studies 

of aging from England, Sweden, and the United States (total N=12 513). Identical multilevel linear 

growth models were fit to each to estimate the impact of baseline disease status on initial level and 
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change in verbal declarative memory performance. Overall, few associations between HTN, DM 

and cognition were observed. Rate of decline was steeper for Swedish participants with 

independent HTN but attenuated for their American counterparts. Americans with comorbid HTN 

and DM showed attenuated decline. Treatment with medication was substantially less prevalent in 

the earlier-born and lower-educated Swedish sample, which may help to explain our pattern of 

results. In addition, those living with multiple conditions may be more likely to receive treatment, 

mitigating cognitive decline. Our results present a nuanced view of the interactions between HTN, 

DM and cognition and lead us to recommend consideration of treatment status or proxies such as 

birth cohort and education, in combination with age at assessment and specific measure used, in 

the interpretation of research in this area.
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Hypertension (HTN) and diabetes mellitus (DM) are two of the most prevalent health 

conditions diagnosed in the older adult population. In Canada, over 50% of individuals aged 

65–69 years have diagnosed HTN while over 20% in the same age group have a DM 

diagnosis, and prevalence increases with age (Public Health Agency of Canada, 2010, 2011). 

The numbers are similar in many other Western nations (Danaei et al., 2011; Kaerney, 

Whelton, Reynolds, Whelton, & He, 2004). If left untreated or uncontrolled, both conditions 

increase the risk for more serious cerebral- and cardiovascular diseases (CVDs) such as 

stroke and myocardial infarction. Healthcare professionals have long understood the 

importance of preventing and controlling HTN and DM to mitigate such risks to physical 

health. More recently, a growing body of evidence indicates that age-related cognitive 

decline and risk for dementia may also be consequences of HTN and DM. As both are 

highly amenable to treatment and control by medication and lifestyle changes, there is 

considerable interest in further understanding their potential roles in the development of 

cognitive impairment and dementia in later life (Launer et al., 2010).

Past research consistently suggests that a long exposure time to HTN beginning in mid-life 

is associated with both future cognitive impairment as assessed by neuropsychological 

measures and dementia diagnosis (Gottesman et al., 2014; Kennelly, Lawlor, & Kenny, 

2009; Qiu, Winblad, & Fratiglioni, 2005). In contrast, HTN in later life (age 65 and older) is 

less reliably associated with cognitive decline and, among the old-old, is in fact more often 

related to preserved functioning (Kennelly & Collins, 2012; Li et al., 2007; Power et al., 

2011; Rastas et al., 2010). Instead, low blood pressure at advanced ages tends to predict 

elevated risk of dementia (Morris et al., 2001; Nilsson et al., 2007; Ruitenberg et al., 2001; 

Verghese, Lipton, Hall, Kuslansky, & Katz, 2003). The age-dependency of blood pressure’s 

relation to cognition, and the complications this introduces for study design, has been 

characterized as a “cognitive minefield” by Kennelly and Collins (2012). More 

straightforward conclusions, however, can be made from the literature on cognitive aging 

and DM. Several reviews of population-based longitudinal studies have reported 

“compelling evidence” that both mid- and late-life DM are associated with a greater risk of 

cognitive decline and all-cause dementia (Allen, Frier, & Strachan, 2004, p.174; Cukierman, 
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Gerstein, & Williamson, 2005). Indeed, individuals living with DM in late-life may face an 

increase in the rate of decline by as much as 1.5 to 2.0 times relative to non-diabetic peers 

(Biessels, Staekenborg, Brunner, & Scheltens, 2008).

Few studies have explicitly studied the cognitive impacts of comorbid HTN and DM, though 

the two conditions share many risk factors and often co-occur. According to the Public 

Health Agency of Canada (2010), those with HTN are six times more likely to develop DM 

than normotensives while those with DM are three times more likely to develop HTN than 

non-diabetics. Despite this overlap, the issue of whether their interaction may heighten the 

risk of cognitive decline remains not yet fully understood. Hassing et al. (2004a) reported 

that MMSE scores over six years declined at a steeper rate for older adults with the 

comorbidity compared to those with neither or only one of the conditions. Other studies 

report variously that the two conditions may interact to increase the risk of cognitive 

impairment (Elias et al., 1997; Mount, 2011; Petrova, Prokopenko, Pronina, & Mozheyko, 

2010) or may not (Cahana-Amitay et al., 2013; Fontbonne, Berr, Ducimetiére, & 

Alpérovitch, 2001; Gregg et al., 2000; Kuo et al., 2005). The great deal of heterogeneity in 

conclusions typically reached in this area of the literature may be aggravated by varying 

study designs, sample characteristics, neuropsychological measures, dementia and blood 

pressure classification schemes and the analytical approaches used across studies (Obisesan, 

2009). In addition, studies of HTN as a predictor of cognitive change inconsistently adjust 

samples or statistical models for DM and vice-versa (Gifford et al., 2013). This results in a 

sample of varying cardiovascular loads, potentially introduces confounds to the results and 

further complicates cross-study comparison.

The purpose of the present study was to investigate whether there are differences in the level 

and rate of change of verbal memory functioning among older adults with independent HTN 

(i.e., without DM); with independent DM (i.e., without HTN); with comorbid HTN and DM; 

and individuals free of both conditions. The major goal of our study was to contribute to this 

field through coordinated data analysis; that is, by applying a consistent analytic model to 

three longitudinal studies of aging and comparing the patterns of results (Hofer & Piccinin, 

2009). This flexible approach does not require identical outcome measures or a large number 

of included studies and provides an immediate opportunity for conceptual replication of 

findings across samples, facilitating an evaluation of the robustness of the association 

between cognitive functioning and HTN and DM.

Method

English Longitudinal Study on Aging (ELSA) Sample (England)

Data collection for ELSA began in 2002 with participants aged 50 years and older recruited 

from the Health Survey for England (N=11391 at baseline). Participants were assessed at 

two-year intervals on a range of physical, cognitive and health variables for up to 10 years 

(Steptoe, Breeze, Banks, & Nazroo, 2012). The present study encompasses five waves of 

data spanning eight years. All individuals with a dementia diagnosis at the first wave and 

those missing data on the cognitive outcome variable were excluded such that the sample for 

analysis consisted of 10698 individuals with an average age of 64 years (SD=9.7), of whom 

56% are female. The follow-up rate was 77.3% of the baseline sample at wave two, 66.3% at 
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wave three, 58.3% at wave four and 55.0% at wave five, with a mean of 5.64 years of 

follow-up (SD=3.3).

ELSA measures and procedure—Verbal declarative memory was assessed in-person 

with an immediate word recall task. After a computer read aloud a list of ten words, 

participants were asked to recall as many words as possible in any order for a maximum of 

two minutes. Performance on this task was scored from 0 to 10 points.

Diagnoses of HTN, DM and stroke were classified by self-report (“has a doctor ever told 

you that you have (or have had)…”). Smoking status was classified as never or ever based on 

responses to the question “have you ever smoked cigarettes?”

Origins of Variance in the Old-Old (OCTO-Twin) Sample (Sweden)

Data collection for the OCTO-Twin study began in 1991 with intact twin pairs aged 80 years 

and older recruited from the population-based Swedish Twin Registry (N=702 at baseline). 

Participants were assessed at two-year intervals for a maximum of five waves spanning eight 

years. Participants identified with probable dementia at baseline and those missing data on 

the cognitive outcome variable were excluded from analyses, such that the sample for 

analysis includes 594 individuals with an average age of 83 years (SD=2.7), of whom 70% 

are female. The follow-up rate was 90.3% of the baseline sample at wave two, 67.8% at 

wave 3, 52.3% at wave 4 and 39.0% at wave 5, with a mean of 5.02 years of follow-up 

(SD=2.9) and almost all attrition due to mortality.

OCTO-Twin measures and procedure—Verbal declarative memory was assessed in-

person with the prose recall task (Johansson, Zarit, & Berg, 1992), a Swedish language 

analogue of the Wechsler Memory Test prose passages (Wechsler, 1991). Participants 

listened to a short humorous story of 100 words and were scored from 0 to 16 points on the 

number of story units recalled immediately after presentation.

Diagnoses of HTN, DM and stroke were classified by information retrieved jointly from 

medical records, medication usage and self-reports. Smoking status was classified as never 

or ever by responses to the question “have you ever smoked?”

Rush Memory and Aging Project (MAP) Sample (USA)

Data collection for the Rush MAP began in 1997 with participants aged 50 years and older 

recruited from retirement homes, subsidized housing and local church groups in north-

eastern Illinois (N=1692 at baseline). Participants were assessed annually for a maximum of 

sixteen waves (Bennett et al., 2012). Those with a dementia diagnosis at baseline and those 

missing data on the cognitive outcome variables were excluded from the analyses such that 

the sample for analysis was comprised of 1221 individuals with an average age of 79 years 

(SD=7.6), of whom 76% are female. The follow-up rate was 85.9% of the baseline sample at 

wave two, 75.3% at wave three, 63.7% at wave four and 53.1% at wave five, with a mean of 

5.02 years of follow-up (SD=3.8). All waves were used in the analysis, though just two 

participants remained at the sixteenth wave.
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Rush MAP measures and procedure—Verbal declarative memory was assessed in-

person by three different immediate recall tasks. The East Boston Memory Test (Albert et 

al., 1991) asks participants to recall as many story units as possible immediately after 

listening to a three-sentence story and is scored from 0 to 12 points. The Logical Memory 

Test (Wechsler, 1987) is administered similarly and is scored from 0 to 25 points. Finally, 

the Word List Memory test from the CERAD battery (Morris, Mohs, Rogers, Fillenbaum, & 

Heyman, 1988) presents participants with a 10-word list three times with scores from 0 to 30 

points. A composite score was not created to permit within-study replication across the 

measures.

HTN and DM diagnoses were classified by use of antihypertensive or anti-diabetic 

medication, or by responses to the questions “have you ever been told by a doctor, nurse or 

therapist that you had …,” “has a doctor, nurse or therapist ever told you to take …” and 

“has a doctor, nurse or therapist ever told you to take medication by mouth for your …” 

Smoking status was classified as never or ever by responses to the questions “do you smoke 

cigarettes now?” and “did you ever smoke cigarettes regularly?” Diagnoses of stroke was 

classified by joint examination of self-report, medical exam and use of medications.

Analytic Approach

The present study sought to contribute to the wider literature on the independent and 

interactive roles of HTN and DM in age-related cognitive decline. This was accomplished 

through coordinated analysis by fitting the same model to each of three longitudinal studies 

of aging, selected from the Integrative Analysis of Longitudinal Studies of Aging (IALSA) 

network (Hofer & Piccinin, 2009; Piccinin & Hofer, 2008) on the basis of the similarity of 

cognitive measures and breadth of CVD diagnoses.

Baseline differences in age and years of education between four diagnostic groups 

(independent HTN, independent DM, comorbid HTN and DM, and neither HTN nor DM) 

were assessed with one-way analyses of variance. Chi-square tests were used to test for 

baseline differences in the dichotomous variables of sex, smoking status (ever/never) and 

diagnosis of stroke.

To examine the independent and interactive associations of HTN and DM with verbal 

declarative memory level and change over time, a multilevel linear growth model that 

described change as a function of time in study was fit separately to each study using Mplus 

Version 7 (Muthén & Muthén, 2012). Models were estimated using robust maximum 

likelihood (MLR) to account for non-normality and specified as censored from above to 

account for ceiling effects. The model for the OCTO-Twin study nested participants within 

their twin pair.

Baseline diagnostic statuses for HTN and DM were included as main effect terms 

representing those with independent HTN (i.e., without comorbid DM) and those with 

independent DM (i.e., without comorbid HTN), respectively. The HTN*DM term 

represented individuals with comorbid HTN and DM, and the fixed effects represented 

individuals with neither HTN nor DM at baseline (reference group). Control variables for 

baseline age, years of education, sex, smoking status and diagnosis of stroke were also 
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included. To facilitate interpretation of results across studies, we centred baseline age and 

years of education at a “centercept,” the mean value across all three studies (Wainer, 2000). 

This value for baseline age (M=75.3 years) would have been outside the range of values for 

OCTO-Twin so was rounded to 80 years of age in all analyses. Years of education was 

centred at 11 years. The reference category for sex was male; thus model intercepts represent 

the initial level of performance for an 80-year-old man with 11 years of education who had 

never smoked and who had no diagnosis of prevalent HTN, DM or stroke at the first 

occasion of measurement. See the online supplement for the model equation.

Results

Descriptive characteristics at baseline are displayed in Table 1. As expected, baseline HTN 

was more highly prevalent than DM with less than 10% of each sample diagnosed with both 

conditions concurrently. Though data were not pooled for analyses, this amounts to 4.5% of 

participants with comorbid HTN and DM across the three studies (13.9% of those with a 

HTN or DM diagnosis). Tests for baseline differences across the four diagnostic groups 

showed that, overall, participants free of both conditions were likely to have more years of 

education and to have never had a stroke. Moreover, undiagnosed participants in ELSA were 

more likely to be younger and smokers, while those with independent DM tended to be 

male. In Rush MAP, individuals with independent HTN tended to be female and older.

Results from the multilevel linear growth models are displayed in Table 2. Initial memory 

scores were not associated with HTN or DM or their interaction in any models, with the 

exception of ELSA where those with independent DM had lower scores (b=−.22, p<.05). 

Slope fixed effects revealed declines in memory over the study period in all samples (all p<.

001) with the exception of OCTO-Twin where performance across eight years was stable 

(b=−.11, p=.37). In the OCTO-Twin and Rush MAP studies, independent HTN was related 

to change in performance over time though in opposite directions; in OCTO-Twin, it was 

associated with steeper decline (b=−.18, p<.05) while in Rush MAP, decline in Logical 

Memory (b=.09, p<.05) scores were slightly attenuated. The interaction between HTN and 

DM was associated with change over time for the Logical Memory Test only; again, decline 

was attenuated (b=.34, p<.05). Model-predicted trajectories across diagnostic groups for the 

OCTO-Twin and Rush MAP (Logical Memory) models are displayed in figures 1–2.

Between-person differences in baseline age, sex and education were associated with level of 

memory across all studies and outcomes such that older individuals, men, and those with 

fewer years of education performed more poorly (all p<.01). With the exception of OCTO-

Twin, the study with the narrowest age range and oldest average age, older adults declined 

more quickly over time (all p<.001). Dichotomous covariates for smoking status and stroke 

diagnosis were generally not predictive of memory level or change, though when statistically 

significant, were negatively associated with the outcome. Both variables were associated 

with a lower level of performance on the CERAD test but not with other Rush MAP tasks. 

Accelerated decline was found for smoking and stroke diagnosis only in OCTO-Twin, the 

study with the oldest individuals and greatest proportion of smokers.
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An earlier model included covariate terms for myocardial infarction and congestive heart 

failure diagnoses in addition to two-way interactions between age, sex, HTN and DM at both 

levels. Each term was almost entirely not statistically significant in any model and were 

therefore trimmed to improve parsimony.

Discussion

The present study questioned whether older adults living with comorbid HTN and DM 

experience exacerbated decline in declarative memory relative to those living with only one 

or neither of the conditions. We compared the results of the same multilevel linear growth 

model applied to three longitudinal studies of aging and observed few associations between 

HTN, DM and memory performance overall. Only in ELSA was independent DM related to 

a lower initial level, while independent HTN was related to both attenuated (Rush MAP) and 

increased (OCTO-Twin) decline over time. The comorbidity was predictive of only 

attenuated decline over the course of sixteen years in Rush MAP. The individual, fixed effect 

and main effect trajectories for each diagnostic group across studies are illustrated in Figures 

3–7.

Current understanding of the cognitive impacts of late-life HTN is particularly inconsistent 

relative to mid-life HTN, which has more often been reported to be predictive of 

impairment, decline and dementia (Qiu et al., 2005). This association is influenced by the 

age at diagnosis and duration of the illness, study design factors such as age at blood 

pressure assessment and the time interval to the outcome assessment and, perhaps, by 

antihypertensive medication use (though this remains contentious; Kennelly et al., 2009; 

McGuinness, Todd, Passmore, & Bullock, 2009). Peila and colleagues (2006) reported 

slower decline in global cognition for older male hypertensives who had used medication for 

between five to 12 years, relative to untreated peers. Every year of medication use reduced 

the risk for dementia and Alzheimer disease by 5% while long-term use (more than 12 

years) was associated with no greater risk than that for normotensive individuals. This same 

general conclusion has been reached by several systematic reviews; namely, that patients 

taking antihypertensives are at a significantly lower risk for all-cause or vascular dementia 

(Chang-Quan et al., 2011; Marpillat, Macquin-Mavier, Tropeano, Bachoud-Levi, & Maison, 

2013; Shah et al., 2009). However, studies which distinguish between treated and controlled 

versus treated and uncontrolled HTN find that unless medication use has controlled the 

condition, the individual remains at high risk for future cognitive decline (Brady, Spiro, & 

Gaziano, 2005; Köhler et al., 2014).

Baseline age does not appear to explain our conflicting findings on HTN, as Rush MAP and 

OCTO-Twin are separated by just four years on average and, though we might expect older 

hypertensives to show preserved cognitive functioning (Kennelly & Collins, 2012), the 

opposite was observed. Our pattern of results instead appears to be closely aligned with the 

prevalence of antihypertensive medication use, as approximately 87% of Rush MAP 

hypertensives were treated compared to 69% in OCTO-Twin. This difference in turn likely 

represents the influences of birth cohort (OCTO-Twin M±SD=1909.1±3.1; Rush MAP M
±SD=1925.6±9.3) and education (OCTO-Twin M±SD=7.3±2.3; Rush MAP M±SD=15±3.1 

years) given that awareness, treatment and control of HTN have improved over time 
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(McAlister et al., 2011; Psaty et al., 2002). In addition, it is important to consider the 

interaction of birth cohort and age at assessment on treatment prevalence. The oldest 

participants at the time of assessment were born in the earliest years, thus experiencing age-

related changes with fewer years to yield the personal benefits of modern healthcare, drug 

treatments and treatment guidelines. Freis (1995) notes that HTN went largely untreated 

until the late 1940s, when the major course of action was dietary and drugs caused 

unpleasant side effects. A turning point was the first report of the Joint National Committee 

on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC) in 1977 

though in it, physicians were counseled to take no specific action against HTN unless the 

diastolic value was over 105mmHg (Moser, 2006). Since then, treatment emphasis has 

shifted to systolic pressure and the number of drugs available has increased three-fold. 

OCTO-Twin participants, already in their late-60s by this point, may have lived with 

untreated or uncontrolled mid-life HTN for many years and may have experienced greater 

impact of this history than younger individuals from Rush MAP and ELSA. Treatment 

prevalence in ELSA was fairly high (77%), as expected due to the sample’s later birth cohort 

and high level of education; together with the relatively young age at memory assessment 

(M±SD=64±9.7 years at baseline), this likely explains the null association between HTN 

and memory.

The literature consistently suggests that DM is related to higher dementia risk and faster 

overall cognitive decline (Allen et al., 2004; Biessels, Staekenborg, Brunner, Brayne, & 

Scheltens, 2006) and that verbal memory in particular is frequently identified as impaired, 

(Awad, Gagnon, & Messier, 2004) although others have reported relatively selective effects 

on perceptual speed (Arvanitakis, Wilson, Bienias, Evans, & Bennett, 2004). In line with 

this, diabetic participants in ELSA performed poorly at initial assessment, though this did 

not translate to long-term performance and was not observed in other studies. An important 

caveat to interpreting the wider literature is to recognize that of the studies which assessed 

verbal memory in a review by Awad and colleagues, (Awad et al.) 65% failed to find a 

significant association with DM. For example, in the Maastricht Aging Study (Mage=64 

years), baseline DM was not associated with change on the immediate word recall task over 

twelve years in models both unadjusted for and with HTN and CVD covariates (Spauwen, 

Köhler, Verhey, Stehouwer, & van Boxtel, 2013). Treated and controlled DM has been found 

to mitigate the risk of cognitive decline (Logroscino, Kang, & Grodstein, 2004; Xu, von 

Strauss, Qiu, Winblad, & Fratiglioni, 2009), and 100% of diabetics in Rush MAP were 

treated. However, this does not fully explain our findings as DM was not related to cognitive 

change in OCTO-Twin where only half of diabetics reported treatment.

The present study is among a few that explicitly distinguish between individuals with only 

one of HTN or DM and those affected by both conditions. Overall, we found that the 

comorbidity introduced no exacerbation of cognitive impairment or decline; in fact, this 

group showed attenuated decline on the Logical Memory Test in Rush MAP. Research on 

this topic is divided between negative and null associations; our positive estimate is an 

exception and may be related to medication use, as those living with multiple conditions 

may be more likely to receive treatment, though data limitations prevented further pursuit on 

this inquiry. Another potential influence is the specific neuropsychological measure used, as 

delayed word recall may be more sensitive to changes than immediate word recall, which is 
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supported by short-term memory (Hassing et al., 2004b; Johnson, Storandt, & Balota, 2003). 

For example, in a large population-based cohort study in Germany, diabetes was associated 

with worse performance on delayed, but not immediate, recall on the East Boston Naming 

Test (Debling, Amelang, Hasselbach, & Stürmer, 2006). Prose recall may be more sensitive 

than word recall; indeed the present study found associations between diagnosis and long-

term change for prose recall tasks only. More tellingly, identical models run within Rush 

MAP were unable to replicate findings from a prose recall task with the word recall test.

A number of considerations must be taken into account when interpreting our results. For 

one, we cannot unequivocally determine the direction of the association between cognitive 

function and HTN and DM. It is possible that cognitive changes may be symptomatic of 

underlying health processes which also affect the cardiovascular system (Guan et al., 2011), 

or that those who are cognitively impaired have poorer command of skills necessary to 

manage chronic diseases like HTN and DM, leading to poorer cognitive and health 

outcomes later (Feil, Zhu, & Sultzer, 2012; Hawkins et al., 2012). Excluding individuals 

with baseline cognitive impairment and adjusting models for stroke provides some defense, 

as estimates of cognitive functioning are not magnified by those individuals with 

comorbidities known to adversely impact cognition (Obisesan, 2009). However, this also 

introduces survivor bias or selective mortality as we may have selected for a relatively 

healthy sample unrepresentative of the typical older adult, potentially leading to conservative 

estimates (Cukierman et al., 2005; Rastas et al., 2010).

A limitation of the study is that a relatively small proportion of participants in OCTO-Twin 

and Rush MAP reported independent DM or comorbid HTN and DM at baseline, so 

estimates for these groups were based on small numbers and should be treated cautiously. 

Second, diagnoses were based in part on self-report which is subject to recall and 

measurement bias; those who experience cognitive decline may have difficulties 

remembering the nature of pre-existing diagnoses, and some respondents may neglect to 

report HTN if the condition has been under control for some time. Finally, while coordinated 

data analysis is an optimal method for conceptual replication work, other fundamental 

differences between studies apart from treatment prevalence may play into inconsistencies in 

results and must be considered when interpreting findings. For example, the health of 

participants is likely to be influenced by the healthcare system of their country and 

accessibility of treatment.

The present study has considerable strengths, including the application of coordinated data 

analysis to three geographically diverse longitudinal studies of aging and clear distinction 

between cases of independent and comorbid HTN and DM. Our findings present a nuanced 

view of the interactions between HTN, DM and cognition which may be dependent, in part, 

on treatment with medication. This leads us to recommend consideration of treatment status, 

or proxies such as birth cohort and education, in combination with age at assessment and 

specific measure used, in the interpretation of research in this area. Overall, we conclude 

that 1) treatment of HTN may attenuate memory decline, 2) further work is required to 

provide clarity on the cognitive impacts of treatment for DM and 3) comorbid HTN and DM 

does not necessarily exacerbate cognitive aging, though under which conditions remains to 

be more fully elucidated.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Predicted verbal declarative memory performance over time across four diagnostic groups 

for the OCTO-Twin study. The dashed line indicates the trajectory for those with 

independent HTN; the dotted line for those with independent DM; the dot-dash line for 

those with comorbid HTN and DM; and the solid line for those with neither HTN nor DM.
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Figure 2. 
Predicted verbal declarative memory performance (Logical Memory test) over time across 

four diagnostic groups for the Rush MAP study. The dashed line indicates the trajectory for 

those with independent HTN; the dotted line for those with independent DM; the dot-dash 

line for those with comorbid HTN and DM; and the solid line for those with neither HTN 

nor DM.
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Figure 3. 
Panel plot illustrating predicted verbal declarative memory performance over time by 

diagnostics group for the OCTO-Twin study. Thin lines represent raw trajectories for a 

random sample of participants (total N=300); solid lines represent the fixed effect intercept 

and slope estimates; dashed lines represent the main effect intercept and slope estimates.
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Figure 4. 
Panel plot illustrating predicted verbal declarative memory performance (Logical Memory 

test) over time by diagnostics group for the Rush MAP study. Thin lines represent raw 

trajectories for a random sample of participants (total N=300); solid lines represent the fixed 

effect intercept and slope estimates; dashed lines represent the main effect intercept and 

slope estimates.
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Figure 5. 
Panel plot illustrating predicted verbal declarative memory performance (East Boston 

Memory Test) over time by diagnostics group for the Rush MAP study. Thin lines represent 

raw trajectories for a random sample of participants (total N=300); solid lines represent the 

fixed effect intercept and slope estimates; dashed lines represent the main effect intercept 

and slope estimates.
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Figure 6. 
Panel plot illustrating predicted verbal declarative memory performance (CERAD test) over 

time by diagnostics group for the Rush MAP study. Thin lines represent raw trajectories for 

a random sample of participants (total N=300); solid lines represent the fixed effect intercept 

and slope estimates; dashed lines represent the main effect intercept and slope estimates.
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Figure 7. 
Panel plot illustrating predicted verbal declarative memory performance over time by 

diagnostics group for the ELSA study. Thin lines represent raw trajectories for a random 

sample of participants (total N=300); solid lines represent the fixed effect intercept and slope 

estimates; dashed lines represent the main effect intercept and slope estimates.
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