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Abstract

This study evaluated whether the relation between subjective memory complaints and cognitive 

performance is influenced by the presence of hypertension in the elderly. One hundred and five 

healthy older adults, 70-89 years of age, with and without hypertension treatment or diagnosis, 

completed a scale of subjective memory complaints. Participants were divided into those with 

mild memory concerns and those with minimal or no complaints. All participants completed a 

battery of neuropsychological tests including measures of verbal and non-verbal memory. After 

controlling for differences in age, gender, education, and overall intellectual ability, there were 

significant main effects for memory concerns and significant interactions for memory complaints 

and hypertension on several measures of memory performance. There were no main effects for 

hypertension on memory performance. Simple effects analyses of the interactions showed that the 

hypertensive complainers demonstrated poorer performance on measures of long-term memory 

and greater reliance on short-term recall than the hypertensive non-complainers. There were no 

differences in memory performance for the non-hypertensive groups. Among healthy elderly 

community-dwelling adults, those with mild subjective memory complaints in the context of 

hypertension demonstrated greater objective cognitive difficulties than those without hypertension 

as well as a greater reliance on a less efficient learning strategy. These findings suggest that 

memory concerns in the presence of hypertension may be important when evaluating treatment 

efficacy in these individuals and for identifying differences in cognitive aging.

*Address correspondence to: Gene Alexander, Ph.D., Department of Psychology, University of Arizona, Tucson, AZ 85721; Phone: 
1-520-676-1704; Fax: 1-520-621-9306, gene.alexander@arizona.edu. 

The authors have reported no conflict of interest.

HHS Public Access
Author manuscript
Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. Author manuscript; available in PMC 
2017 March 01.

Published in final edited form as:
Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. 2016 March ; 23(2): 154–170. doi:
10.1080/13825585.2015.1063580.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

cognitive aging; cognition; blood pressure; memory; aging

Introduction

With advancing age, older adults are more likely to subjectively report memory problems 

and have an increased prevalence of cerebrovascular risk factors, such as hypertension 

(Amariglio, Townsend, Grodstein, Sperling, & Rentz, 2011). Previous research has 

demonstrated that differences in cognitive function are associated with healthy aging, and 

performance on measures of memory, executive functions, and processing speed are most 

often affected (Alexander et al., 2012; Glisky, 2007; Salthouse, 1992; Zec, 1995). However, 

there is a wide range of cognitive performance among healthy older adults, which 

contributes to the complexity in assessing the validity of memory complaints. Despite age-

related differences in memory performance, it remains unclear whether these expressed 

memory concerns have clinical significance for future cognitive decline. Moreover, 

hypertension may also contribute to the heterogeneity seen in cognitive performance, as this 

health factor has been associated with cognitive decline, particularly affecting memory, 

executive functions, and processing speed (Hudak, Edwards, Athilingam, & McEvoy, 2013; 

Saxby, Harrington, McKeith, Wesnes, & Ford, 2003; Waldstein, Manuck, Ryan, & 

Muldoon, 1991). The present study sought to investigate the effects of the combination of 

subjective memory complaints and hypertension on neuropsychological test performance in 

a neurologically healthy, community-dwelling elderly sample, ages 70-89, with mild self-

reported memory concerns.

Subjective memory complaints and cognition

Subjective memory complaints are commonly defined as self-reported, self-evaluative 

concerns of memory decline relative to memory capabilities earlier in life (Jonker, 

Geerlings, & Schmand, 2000). These memory complaints can occur in conjunction with 

objective memory decline but can also be present when memory performance is within the 

normal limits for a person’s age and educational level. In a study of adults aged 65 and older 

who endorsed memory concerns, the frequency of memory complaints increased with age 

from 43% of those aged 65 to 74, to 51% of those aged 75 to 84, and to 88% of those aged 

85 and older (Bassett & Folstein, 1993). Given this association between the rising number of 

memory complaints and older age, subjective memory complaints often prompt concerns 

about current and future cognitive decline as well as subsequent development of dementia 

(Albert et al., 2011).

The association between subjective memory complaints and memory performance has been 

previously investigated in non-demented older adults, but the findings remain unclear (Reid 

& MacLullich, 2006). Memory concerns have been associated with poorer objective 

memory performance in healthy older adults (Amariglio et al., 2011; Dufouil, Fuhrer, & 

Alpérovitch, 2005; Jonker, Launer, Hooijer, & Lindeboom, 1996; Schofield et al., 1997; 

Wang et al., 2000). Moreover, a community-based sample of older adults without dementia, 

who were characterized as having normal cognition based on Mini-Mental State Exam 
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scores of 26-30 at baseline, had memory complaints that were predictive of dementia 

following an average of 3.2 years later (Geerlings, Jonker, Bouter, Adèr, & Schmand, 1999).

Other investigators have found that subjective memory complaints have been associated 

with depression and selective personality traits rather than with objective memory 

performance in healthy older adults (Jorm et al., 2004; Kliegel, Zimprich, & Eschen, 2005; 

Minett, Dean, Firbank, English, & O'Brien, 2005; Smith, Petersen, Ivnik, Malec, & 

Tangalos, 1996). Poor memory and concentration, symptoms often seen with depression, 

and lowered self-esteem, may contribute to a depressed individual’s concerns about memory 

(Reid & MacLullich, 2006). Differences in methodology, including the definition and 

measurement of subjective memory complaints and objective memory performance, 

undefined ranges of severity of memory concerns, and inclusion or exclusion of individuals 

with mood disorders, may have contributed to the differences observed across studies for the 

association between subjective memory complaints and memory performance.

Effects of hypertension on cognition

Essential hypertension is typically defined as sustained systolic blood pressure greater than 

or equal to 140mm Hg and diastolic blood pressure greater than or equal to 90mm Hg with 

no known cause (Burt et al., 1995). Among the elderly, hypertension has been associated 

with cognitive deficits in attention, executive function, learning and memory, visuospatial 

abilities, processing speed, and abstract reasoning (Elias, Wolf, D'Agostino, Cobb, & White, 

1993; Harrington, Saxby, McKeith, Wesnes, & Ford, 2000; Waldstein et al., 1991; 

Waldstein, Giggey, Thayer, & Zonderman, 2005).

Uncontrolled hypertension has been associated with poorer performance on 

neuropsychological tests of executive functioning, processing speed, and memory, and these 

cognitive deficits have not been merely attributable to age-related changes in cognition 

(Brady et al., 2005; Harrington et al., 2000). In contrast, treatment of hypertension with 

antihypertensive drugs has been associated with a relatively decreased risk for cognitive 

decline and may provide some cognitive benefits and preservation of functions compared to 

those with untreated hypertension (Dufouil et al., 2001; Papademetriou, 2005). Brady, Spiro, 

& Gaziano (2005) evaluated cognitive performance in hypertensive and non-hypertensive 

men aged 52-85 years and found no differences in cognitive performance between 

individuals with controlled hypertension and those without a hypertension diagnosis. 

Conversely, the uncontrolled hypertensives demonstrated poorer memory performance than 

both other groups. These and related findings have suggested an inverse relation between 

blood pressure level and cognition, with individuals who have higher blood pressure above 

the normal range generally demonstrating poorer cognitive function, particularly for 

individuals with less than optimal hypertension treatment. However, the inverse relation is 

not always the case. In a 10-year longitudinal study of advanced elderly (age > 90 years), 

hypertension was not a risk factor for dementia, and a hypertension onset in older age (80-89 

years) was associated with a decreased risk of dementia compared to those without a history 

of hypertension (Corrada et al., 2014).

Although antihypertensive medications may provide some cognitive protection for older 

adults, it remains unclear whether current treatment regimens are optimal for preventing 
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cognitive decline, particularly in the memory domain. Researchers focusing on the cognitive 

effects of controlled and uncontrolled hypertension have also shown associations between 

deficits in both verbal (Elias et al., 1993; Waldstein et al., 1991) and nonverbal memory 

(André-Petersson, Hagberg, Janzon, & Steen, 2001; Harrington et al., 2000; Swan et al., 

1998) and high blood pressure in both groups. This suggests that controlled hypertension 

can also be associated with cognitive changes in older adults, although the extent of deficits 

may not be as pronounced.

Present study

Despite the extensive literature exploring the individual effects of subjective memory 

complaints and hypertension status on objective memory performance, previous research has 

not considered the combined effects of these two factors on memory in healthy older adults 

and especially in community-dwelling elderly with only a mild range of self-reported 

memory concerns, with or without a history of hypertension diagnosis. We focused on mild 

memory complaints and hypertension status within a sample of elderly adults screened to 

exclude overt neurological disorders and dementia. We hypothesized that subjective 

memory complaints combined with a history of hypertension would lead to poorer 

performance on memory measures than non-complaining hypertensive and non-hypertensive 

older adults.

Method

Participants and procedure

Participants were 105 adults, 70-89 years of age, who were drawn from a cohort of 210 

neurologically healthy older adults, ages 50-89, as part of a longitudinal study on healthy 

cognitive aging. For this study, we focused on older participants due to the consistently 

higher prevalence of memory complaints and hypertension within this age range. The 

sample was predominately Caucasian (97.0%), with 52 female participants (49.5%). The 

average education was 16.4 years (SD = 2.9), and the average Mini Mental Status Exam 

(MMSE; Folstein, Folstein, & McHugh, 1975) score was 28.6 (SD = 1.3).

To exclude significant neurological and psychiatric disorders that could affect cognitive 

performance, participants underwent an extensive medical screen before they were enrolled 

in the study. They provided information regarding their medical history and medication 

status and underwent a physical and neurological examination by a neurologist (GAH) who 

specializes in aging. Participants were administered questionnaires and rating scales 

assessing their functional capacity (Lawton & Brody, 1969), family history of dementia, 

sleep quality and habits (Buysse, Reynolds III, Monk, Berman, & Kupfer, 1989), and current 

depressive symptoms with the Hamilton Depression Rating Scale (HAM-D; Hamilton, 

1960). To additionally screen for possible dementia, subjects completed the MMSE. 

Participants were excluded if they had a MMSE score < 26 or a HAM-D score ≥ 10. The 

data were collected as part of a University of Arizona Institutional Review Board approved 

protocol, and participants provided informed written consent to participate.
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Hypertension status

Participants reported their hypertension status and were grouped as hypertensives and non-

hypertensives based on history of diagnoses and current antihypertensive medication use. 

The hypertensive group contained 44 participants who were previously diagnosed with 

hypertension and currently taking antihypertensive medications. They reported the number 

of antihypertensive medications they were taking and the duration of their hypertension 

diagnosis. The hypertensive group’s mean blood pressure obtained during the clinic 

screening visit was a systolic blood pressure of 149.51mm Hg (SD = 15.57) and diastolic 

blood pressure of 83.0mm Hg (SD = 11.45). The non-hypertensive group contained 61 

participants who had never been diagnosed with hypertension and were not currently taking 

antihypertensive medications. Their mean clinical blood pressure was systolic blood 

pressure of 143.08mm Hg (SD = 16.80) and diastolic blood pressure of 78.15mm Hg (SD = 

7.95). The groups significantly differed on systolic (t(102) = −1.98, p = 0.05) and diastolic 

(t(102) = −2.4, p = 0.019) blood pressure, with the hypertensive group having overall higher 

clinic blood pressure.

However, the hypertensive and non-hypertensive groups did not differ in other clinic and 

demographic characteristics, including gender distribution (male/female hypertensives (n) = 

24/20, male/female non-hypertensives (n) = 29/32, χ2(1) = 0.50, p = 0.48), age (M(SD) 

hypertensives = 79.05(4.97), M(SD) non-hypertensives = 78.18(5.13), t(103) = −0.86, p = 

0.39), HAM-D scores (M(SD) hypertensives = 1.64(1.81), M(SD) non-hypertensives = 

1.56(1.63), t(103) = −0.23, p = 0.82), MMSE scores (M(SD) hypertensives = 28.59(1.32), 

M(SD) non-hypertensives = 28.61(1.37), t(103) = 0.06, p = 0.95), and Wechsler Adult 

Intelligence Scale-Fourth edition, Full Scale Intelligence Quotient (WAIS-IV FSIQ; 

Wechsler, 2008; M(SD) hypertensives = 113.43(11.75), M(SD) non-hypertensives = 

114.30(11.98), t(103) = 0.37, p = 0.71).Years of education reached significance, with the 

hypertensives having more years of education than the non-hypertensives (M(SD) 

hypertensives = 17.02(3.11), M(SD) non-hypertensives = 15.89(2.72), t(103) = −1.99, p = 

0.05).

Subjective memory complaints

Memory complaints were measured using a portion of the Memory Functioning 

Questionnaire (MFQ), which has been shown to have high internal consistency and is 

considered a reliable measure for evaluating subjective memory complaints (Gilewski, 

Zelinski, & Schaie, 1990). For the purpose of this study, we focused on the general question 

asking participants to rate their overall problems with memory, if at all, on a 1-7 scale 

(Gilewski et al., 1990). Participants’ scores ranged from mild to minimal or no complaints. 

Those who endorsed a rating of mild/minor memory complaints (rating of 3-5) were 

included in the complaints group (n = 72; M(SD) memory complaint rating = 4.36(0.70)), 

while those who endorsed minimal or no memory complaints (rating of 6-7) were included 

in the non-complaints group (n = 33; M(SD) memory complaint rating = 6.30(0.47)). No 

participants endorsed ratings below 3, indicating that none had reported major memory 

concerns.
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Neuropsychological battery

Cognitive testing was performed using a comprehensive neuropsychological battery. The 

battery included an assessment of general cognitive and intellectual function, verbal and 

visual memory, visuospatial skills, complex attention and executive function, working 

memory and processing speed, language ability, planning and abstract reasoning, and motor 

ability.

For the purpose of this study, we focused on memory measured by the 12-item, 12-trial 

version of the Selective Reminding Test (SRT; Buschke, 1973) and the Rey Complex Figure 

Test (RCFT; Rey, 1964). Both memory tests included an immediate and 30-minute delay 

recall. The SRT consisted of learning a list of 12 unrelated words over a span of 12 trials and 

immediately recalling the words after each trial. Participants were selectively reminded of 

words that were not recalled on each trial. After a 30-minute delay, participants were asked 

to recall the 12 words and were subsequently given a recognition test. Scores were 

determined for several aspects of verbal memory, including Long-term Storage, Long-term 

Retrieval, Continuous Long-term Retrieval, Short-term Retrieval, Sum Recall, Delayed 

Recall, and Recognition (Buschke, 1973). The RCFT required copying a complex line 

drawing, and subsequently recalling the figure from memory after 3-minute immediate and 

30-minute delayed recall conditions (Rey, 1964). Participants were then given an RCFT 

recognition test. In addition, we used general intellectual function assessed by the WAIS-IV 

FSIQ as a covariate to evaluate group differences in memory performance after we 

controlled for individual differences in intellectual abilities.

Statistical analyses

Differences in demographic and clinical variables for memory complaint status were 

evaluated using independent t tests. Gender and hypertension differences were compared 

with chi square tests. Among the hypertensives, differences in clinic blood pressure, 

duration of hypertension and number of antihypertensive medications were evaluated using 

an independent t test and chi square. Additionally, interactions between memory complaint 

status and hypertension status for demographic and clinical characteristics were performed 

using a chi square test and a two-factor analysis of variance (ANOVA), where appropriate.

A two-factor analysis of covariance (ANCOVA) with hypertension status and memory 

complaint status as between-group factors was performed. Age, gender, and years of 

education were included as initial covariates, as these demographic characteristics can be 

associated with differences in memory performance. To additionally control for overall 

intelligence in the sample, a two-factor analysis of covariance (ANCOVA) with 

hypertension status and memory complaint status as between-group factors and WAIS-IV 

FSIQ as an added covariate was performed. Simple effects for significant two-way 

interactions were tested using pairwise ANCOVAs, with the corresponding covariates. To 

account for hypertension severity, the number of antihypertensive medications and 

hypertension duration were included separately as covariates in the pairwise ANCOVAs, as 

appropriate. Significance for omnibus and simple effects was taken at p < 0.05. All analyses 

were conducted using Statistical Package for the Social Sciences (SPSS; Windows version 

18, Chicago, IL, USA).
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Results

Demographic and clinical characteristics

Group demographic and clinical characteristics for the memory complainers and non-

complainers are shown in Table 1 (Table 1 about here). There were no significant effects for 

memory complaint status on demographic and clinical characteristics, including gender 

distribution (χ2(1) = 0.49, p = 0.49), age (t(103) = 0.29, p = 0.78), years of education (t(103) 

= −0.08, p = 0.94), measures of diastolic blood pressure (t(102) = −0.48, p = 0.64 ), MMSE 

scores (t(103) = −1.13, p = 0.26), WAIS-IV FSIQ scores (t(102) = −1.02, p = 0.31), and 

hypertension status (χ2(1) = 0.005, p = 0.94). There were trends for higher clinic systolic 

blood pressure in the non-complainers (t(102) = −1.74, p = 0.08) and higher HAM-D scores 

in the complainers (t(103) = 1.81, p = 0.07). However, the HAM-D scores were well within 

the normal range, and the groups did not differ in diastolic blood pressure.

Among the hypertensive group, memory complainers and non-complainers did not 

significantly differ in duration of hypertension (t(33) = 0.09, p = 0.93) and number of 

antihypertensive medications (χ2(4) = 5.37, p = 0.25). Furthermore, the hypertensive 

complainers and non-complainers did not significantly differ in clinic systolic blood 

pressure (χ2(27) = 30.36, p = 0.30) and diastolic blood pressure (χ2(25) = 27.20, p = 0.35).

There were no significant memory complaint group by hypertension status interactions for 

gender distribution (χ2(1) = 0.005, p = 0.94), age (F(1,101) = 0.41, MSE = 25.98, p = 0.52), 

years of education (F(1,101) = 0.69, MSE = 8.43, p = 0.41), systolic blood pressure 

(F(1,100) = 0.04, MSE = 262.59, p = 0.85), diastolic blood pressure (F(1,100) = 0.32, MSE 

= 95.50, p = 0.58), HAM-D scores (F(1,101) = 0.04, MSE = 2.87, p = 0.84), and MMSE 

scores (F(1,101) = 0.05, MSE = 1.83, p = 0.83). There was a trend for higher WAIS-IV 

FSIQ scores in non-hypertensive non-complainers compared to all other groups (F(1,100) = 

3.47, MSE = 137.77, p = 0.07).

Memory test differences

Main and interactive group effects when accounting for age, gender, and 
years of education—After we controlled for age, gender, and education, significant main 

effects for memory complaints were observed for SRT verbal memory scores, with the 

memory complainers showing poorer memory performance than the non-complainers on 

Sum Recall (F(1,97) = 5.49, MSE = 238.24, p = 0.021), Long-term Storage (F(1,97) = 4.87, 

MSE = 557.27, p = 0.03), Long-term Retrieval (F(1,97) = 5.80, MSE = 561.41, p = 0.018), 

Consistent Long-term Retrieval (F(1,97) = 4.92, MSE = 739.86, p = 0.029), and Short-term 

Retrieval (F(1,97) = 4.56, MSE = 99.05, p = 0.035). The main effect of memory concerns 

did not differ in performance on SRT delayed recall (F(1,97) = 1.07, MSE = 6.70, p = 0.30) 

and recognition (F(1,97) = 1.37, MSE = 0.80, p = 0.25). Performance on nonverbal memory, 

as measured by RCFT immediate recall (F(1,97) = 4.17, MSE = 37.67, p = 0.044) and RCFT 

recognition (F(1,97) = 4.37, MSE = 4.62, p = 0.039), was also poorer in the complaint 

group. There was a trend for the complainers showing poorer performance than the non-

complainers on RCFT delayed free recall (F(1,97) = 3.67, MSE = 40.09, p = 0.058). Main 

effects for hypertension status were not significant for any measure of memory performance.
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When accounting for age, gender, and education, interactive effects for memory concerns 

and hypertension status on SRT sum scores were observed for the following verbal SRT 

measures: Sum Recall (F(1,97) = 5.37, MSE = 238.24, p = 0.023), Long-term Storage 

(F(1,97) = 4.52, MSE = 557.27, p = 0.036), Long-term Retrieval (F(1,97) = 5.66, MSE = 

561.41, p = 0.019), Consistent Long-term Retrieval (F(1,97) = 7.46, MSE = 739.86, p = 

0.007), and Short-term Retrieval (F(1,97) = 4.03, MSE = 99.05, p = 0.048). The 

hypertensive complainers demonstrated poorer memory performance compared to the 

hypertensive non-complainers and the non-hypertensive groups (see Table 2). SRT delay 

(F(1,97) = 0.001, MSE = 6.70, p = 0.97) and recognition (F(1,97) = 0.93, MSE = 0.80, p = 

0.34), RCFT immediate (F(1,97) = 0.14, MSE = 37.67, p = 0.71) and long delay recall 

(F(1,97) = 0.93, MSE = 40.09, p = 0.34), and RCFT recognition (F(1,97) = 0.85, MSE = 

4.62, p = 0.36) did not show significant hypertension by memory complaints interactions.

Main and interactive group effects when accounting for age, gender, years of 
education, and intellectual ability—After additionally controlling for WAIS-IV Full-

Scale IQ scores, the main effects remained significant on verbal SRT memory tests (see 

Table 2) (Table 2 about here): Sum Recall (F(1,95) = 4.67, MSE = 203.39, p = 0.033), Long-

term Storage (F(1,95) = 3.99, MSE = 522.93, p = 0.049), Long-term Retrieval (F(1,95) = 

4.84, MSE = 505.36, p = 0.03), Consistent Long-term Retrieval (F(1,95) = 3.99, MSE = 

619.60, p = 0.049), and Short-term Retrieval (F(1,95) = 3.75, MSE = 96.27, p = 0.05). SRT 

delayed recall (F(1,95) = 0.63, MSE = 6.22, p = 0.43) and recognition (F(1,95) = 1.12, MSE 

= 0.80, p = 0.29) were not significantly related to memory complaints. There was a trend for 

memory complainers showing poorer performance than non-complainers on nonverbal 

RCFT immediate recall (F(1,95) = 3.27, MSE = 29.54, p = 0.074) and recognition (F(1,95) = 

3.47, MSE = 4.09, p = 0.066), but no significant effects of delayed recall (F(1,95) = 2.73, 

MSE = 31.87, p = 0.102) on memory complaints. There were no significant main effects for 

hypertension status on any measure of memory performance.

The interactive effects when additionally controlling for WAIS-IV Full-Scale IQ continued 

to be robust for the following SRT measures: Sum Recall (F(1,95) = 10.32, MSE = 203.39, p 

= 0.002), Long-term Storage (F(1,95) = 7.13, MSE = 522.93, p = 0.009), Long-term 

Retrieval (F(1,95) = 9.58, MSE = 505.36, p = 0.003), Consistent Long-term Retrieval 

(F(1,95) = 13.98, MSE = 619.60, p = 0.0003; see Figure 1), and Short-term Retrieval 

(F(1,95) = 5.61, MSE = 96.27, p = 0.02; see Figure 2) (Figure 1 and 2 about here), with the 

hypertensive complainers showing poorer memory performance than all other groups. There 

were no significant interactive effects for SRT delayed recall (F(1,95) = 0.25, MSE = 6.22, p 

= 0.62) and recognition (F(1,95) = 1.17, MSE = 0.80, p = 0.28), RCFT immediate (F(1,95) = 

0.28, MSE = 29.54, p = 0.60) and delayed recall (F(1,95) = 0.02, MSE = 31.87, p = 0.88), 

and RCFT recognition (F(1,95) = 2.65, MSE = 4.09, p = 0.11). These effects are shown in 

Table 2.

Pairwise simple effects analyses for interactions when accounting for age, 
gender, years of education, and intellectual ability—Follow-up pairwise simple 

effects analyses for the significant interactions when controlling for age, gender, and 

education demonstrated that the hypertensive complainers had poorer performance than the 
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hypertensive non-complainers on the following SRT measures: Sum Recall (F(1,39) = 9.34, 

MSE = 257.68, p = 0.004), Long-term Storage (F(1,39) = 9.06, MSE = 532.98, p = 0.005), 

Long-term Retrieval (F(1,39) = 10.33, MSE = 563.43, p = 0.003), and Consistent Long-term 

Retrieval (F(1,39) = 11.12, MSE = 711.88, p = 0.002; see Table 2). The hypertensive 

complainers showed higher scores for SRT Short-term Retrieval (F(1,39) = 8.32, MSE = 

90.87, p = 0.006) than the hypertensive non-complainers. The non-hypertensive complainers 

and non-complainers did not significantly differ on SRT Sum Recall (F(1,55) = 0.02, MSE = 

229.11, p = 0.89), Long-term Storage (F(1,55) = 0.02, MSE = 592.67, p = 0.88), Long-term 

Retrieval (F(1,55) = 0.01, MSE = 579.34, p = 0.92), Consistent Long-term Retrieval 

(F(1,55) = 0.12, MSE = 784.29, p = 0.74), and Short-term Retrieval (F(1,55) = 0.02, MSE = 

108.98, p = 0.90).

Moreover, simple effects analyses for the significant interactions that additionally controlled 

for WAIS-IV Full-Scale IQ also revealed that the hypertensive complainers had poorer 

memory performance than the hypertensive non-complainers on the following SRT 

measures: Sum Recall (F(1,38) = 10.82, MSE = 238.72, p = 0.002), Long-term Storage 

(F(1,38) = 9.32, MSE = 534.85, p = 0.004), Long-term Retrieval (F(1,38) = 11.12, MSE = 

548.79, p = 0.002), and Consistent Long-term Retrieval (F(1,38) = 13.85, MSE = 619.70, p 

= 0.001; see Table 2). The hypertensive complainers showed higher scores for SRT Short-

term Retrieval (F(1,38) = 8.19, MSE = 93.05, p = 0.007) than the hypertensive non-

complainers. The non-hypertensive complainers and non-complainers did not significantly 

differ on SRT Sum Recall (F(1,53) = 0.82, MSE = 187.34, p = 0.37), Long-term Storage 

(F(1,53) = 0.44, MSE = 530.85, p = 0.51), Long-term Retrieval (F(1,53) = 0.71, MSE = 

494.98, p = 0.40), Consistent Long-term Retrieval (F(1,53) = 1.86, MSE = 653.11, p = 0.18), 

and Short-term Retrieval (F(1,53) = 0.28, MSE = 101.85, p = 0.60).

Pairwise simple effects for interactions when accounting for age, gender, 
years of education, intellectual ability, and hypertension severity—Pairwise 

ANCOVAs showed that significant effects remained between the hypertensive complainers 

and non-complainers after separately controlling for hypertension duration (SRT Sum Recall 

(F(1,28) = 7.64, MSE = 279.35, p = 0.01), Long-term Storage (F(1,28) = 7.59, MSE = 

560.91, p = 0.01), Long-term Retrieval (F(1,28) = 8.43, MSE = 617.77, p = 0.007), 

Consistent Long-term Retrieval (F(1,28) = 9.56, MSE = 762.22, p = 0.004), and Short-term 

Retrieval (F(1,28) = 7.37, MSE = 100.34, p = 0.01)) and number of antihypertensive 

medications (SRT Sum Recall (F(1,37) = 12.64, MSE = 233.65, p = 0.001), Long-term 

Storage (F(1,37) = 11.22, MSE = 520.80, p = 0.002), Long-term Retrieval (F(1,37) = 12.76, 

MSE = 540.01, p = 0.001), Consistent Long-term Retrieval (F(1,37) = 13.73, MSE = 631.48, 

p = 0.001), and Short-term Retrieval (F(1,37) = 9.16, MSE = 92.95, p = 0.004)).

Discussion

In this cohort of neurologically healthy, community-dwelling older adults, we found that 

those who had hypertension and memory complaints demonstrated poorer cognitive 

performance than hypertensive non-complainers. In contrast, there were no differences in 

memory performance between the non-hypertensive complainers and non-complainers. 

Together, these findings indicate that among those with a history of treated hypertension, 
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self-reported memory concerns, even when they are mild, reflect performance differences, 

suggesting that elderly hypertensive individuals who report mild problems with memory 

may be accurately reporting greater memory difficulties. These findings suggest that 

hypertension may contribute to the heterogeneity in cognitive performance within older 

adults and also to differences in memory performance in those with and without reported 

memory concerns. Follow-up longitudinal studies are needed to determine if this poorer 

performance indicates a greater risk for subsequent decline in cognitive functioning.

Previous research has found that cerebrospinal fluid markers of Alzheimer’s disease 

pathology were common in participants with memory complaints and without cognitive 

impairment (Visser et al., 2009). These findings suggest that individuals with memory 

concerns, but without overt clinical symptoms of dementia may be experiencing greater 

development of underlying Alzheimer’s disease pathology. Given that hypertension is a risk 

factor for both cerebrovascular and Alzheimer’s dementia, future longitudinal studies are 

needed to further investigate whether memory complaints in the context of hypertension is 

associated with a greater risk for developing cerebrovascular and Alzheimer-related 

pathology, as well as dementia.

In addition to poorer memory performance, the hypertensive complainers demonstrated 

higher scores on the SRT Short-term Retrieval measure, indicating that these individuals 

may be utilizing different memory strategies compared to the hypertensive non-complainers. 

Both groups did not differ on SRT delayed recall performance, but the hypertensive 

complainers relied on a short-term store rather than a long-term store to learn the words over 

time. This strategy of utilizing repetition of words over multiple trials may have benefitted 

the hypertensive complainers’ delayed recall performance, but this group may be less 

efficiently consolidating information into longer-term memory. This short-term learning 

strategy may be contributing to their overall poorer memory performance and subsequent 

memory complaints, and over time, may contribute to diminished ability to perform daily 

tasks that require consistent long-term storage and retrieval of information.

Brain changes that occur within the context of aging and hypertension may lead to the use of 

less than optimal learning strategies. The combination of aging with hypertension has been 

associated with volume reductions in temporal regions, which are important for learning and 

memory (Strassburger et al., 1997), as well as deterioration of white matter integrity, which 

reflects axonal damage that can lead to a decline in cognitive function (Burgmans et al., 

2010). The disruption of white matter tracts may affect the connectivity needed to support 

the transfer between short-term and long-term consolidation of information. The 

hypertensive complainers’ reliance on less efficient learning strategies may reflect such 

brain changes, and further work is needed to evaluate these findings in relation to structural 

and functional brain imaging.

The effect of hypertension status on memory performance did not show overall differences 

between the hypertensives and the non-hypertensives despite higher clinic blood pressure in 

the hypertensives. There have been contrasting findings regarding the effects of 

antihypertensive medications on memory performance. Murray et al. (2002) found that 

antihypertensive medications were associated with reduced risk of cognitive impairment in 
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older adults, whereas Raz, Rodrigue, & Acker (2003) found that controlled hypertension 

was associated with more perseverative errors on tasks assessing memory compared to 

individuals without a hypertension diagnosis. Although hypertension status alone did not 

have an effect on memory performance within our sample, the combination of treated 

hypertension and memory complaints resulted in differences in memory scores. Conversely, 

there were no memory performance differences within the non-hypertensive complainers 

and non-complainers. Clinic blood pressure and severity of hypertension, including 

hypertension duration and number of antihypertensive medications, did not differ between 

the hypertensive complainers and non-complainers. Together, these findings indicate that 

treated hypertension in the whole cohort did not have an adverse effect on memory 

performance, but that memory concerns in the context of treated hypertension may be an 

important indicator of memory differences.

Additionally, our findings suggest that evaluation of antihypertensive treatment efficacy 

may benefit from assessments of subjective memory complaints. Memory concerns may 

serve as an additional factor in identifying more beneficial treatments for hypertensive 

patients. Some treatments may be more effective in reducing cognitive decline and 

subsequent dementia risk by offering protective effects on cognition beyond peripheral 

blood pressure control. Centrally active angiotensin converting enzyme (ACE) inhibitors 

that cross the blood brain barrier may have anti-inflammatory benefits and may improve 

cerebral blood flow beyond other antihypertensive medications. In community-dwelling 

older adults with hypertension, Sink et al. (2009) found that ACE inhibitors that crossed the 

blood brain barrier were associated with a 65% reduction in cognitive decline per year over 

the course of several years. Conversely, ACE inhibitors that did not cross the blood brain 

barrier resulted in a 73% greater risk of incident dementia over several years of exposure. 

Memory complaints may therefore indicate a need for re-evaluation of antihypertensive 

treatment efficacy in hypertensive patients.

There are potential limitations of this study. First, because our sample was comprised mainly 

of Caucasian participants, our findings may not extend to other groups. The combined 

effects of hypertension and memory complaints on memory performance should be further 

evaluated in larger, ethnically diverse samples, as the prevalence of hypertension and its 

detrimental effects vary across different ethnic groups. Second, by utilizing a single question 

to assess overall subjective memory problems rather than using multiple questions to assess 

self-reported memory function, we may not be assessing the full breadth and depth of 

memory complaints. However, previous investigators have found an association between 

memory complaints and objective cognitive performance when utilizing one general 

question in older adult samples (Bassett & Folstein, 1993; Gagnon et al., 1994; Schofield et 

al., 1997; Wang et al., 2000). The single question used in the present study was derived from 

an established questionnaire that assessed memory problems (MFQ) and was able to 

differentiate those who were experiencing mild memory complaints from those endorsing no 

memory concerns. Third, given our inclusion criteria for hypertension status (i.e., previous 

hypertension diagnosis and use of antihypertensive medications), it is possible that the non-

hypertensive group included some individuals with untreated hypertension. Although such 

inclusion of participants would not influence the findings in the hypertensive group, future 

studies may benefit from including blood pressure readings taken at multiple times during 
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study. Hypertension diagnoses typically require multiple blood pressure readings at various 

time points to obtain the best estimate of blood pressure status, which can also be influenced 

by individual differences in response to clinic visits (e.g., white coat hypertension). Fourth, 

although depressive symptoms did not account for the observed effects in our sample, those 

with mild memory complaints may have experienced some stress- and anxiety-related 

symptoms that could potentially contribute to decreased memory performance. Future 

research investigating the potential role of psychological stress and anxiety on subjective 

memory complaints in the context of hypertension may be warranted.

Moreover, self-reported memory complaints may be limited in capturing actual cognitive 

impairment in individuals with severe brain pathology compared to those with subtle or mild 

cognitive problems. In a meta-analysis assessing memory complaints in dementia and mild 

cognitive impairment patients, Mitchell (2008) found that only 40% of participants with 

dementia and mild cognitive impairment diagnoses acknowledged problems with memory, 

suggesting decreased awareness of actual deficits in those with more significant cognitive 

impairment. In line with these findings, Graham, Kunik, Doody, and Snow (2005) found 

that participants with mild-moderate and moderate-severe dementia over-estimated their 

performance on neuropsychological tests at a significantly higher rate than normal controls 

and may have consequently lacked insight for their declining cognitive function. Together, 

these findings suggest that differences in the level of cognitive impairment may in part 

explain the differences in the sensitivity of cognitive complaints in reflecting test 

performance across studies, highlighting the limitations of subjective self-report measures 

when there is greater severity of cognitive dysfunction.

We assessed memory concerns and hypertension status at only one time point and used 

hypertension duration and number of antihypertensive medications as measures of 

hypertension severity. Future research may benefit from assessing the role of longitudinal 

variability in blood pressure control, as well as differences for other measures of 

hypertension severity in affecting the relation between subjective memory complaints and 

memory performance. Follow-up longitudinal assessments are also needed to provide the 

temporal relation between memory complaints, hypertension status, and performance on 

neuropsychological tests of memory in order to assess the impact of self-reported memory 

differences over time in otherwise healthy aging.

In this sample of neurologically healthy elderly, memory performance was diminished in 

those with a combination of hypertension and mild subjective memory complaints. 

Conversely, mild memory concerns in the absence of hypertension did not have the same 

impact on memory performance. By using a less efficient learning strategy that relied to a 

greater extent on short-term stores and consistent reminding, the hypertensive complainers 

performed equivalently in delayed recall of a word list compared to the hypertensive non-

complainers. Although these less efficient methods of learning information may be a 

compensatory strategy, they may reflect underlying brain differences, which may lead to 

increased effort and the potential for more memory problems over time. Memory concerns 

in the presence of hypertension may indicate the need to further evaluate antihypertensive 

treatment for some patients. Overall, these findings suggest that even mild memory 

complaints are important in hypertension and may reflect differences with memory that may 
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have an impact on daily function and age-related cognitive decline. Further, it is possible 

that these effects reflect very early or subtle cognitive changes that may be indicative of 

incipient neuropathology, in addition to the effects of cognitive aging. Future research is 

needed to directly evaluate brain changes that may be occurring in elderly adults who are 

hypertensive and endorse such mild memory concerns, as well as their potential effects on 

other cognitive domains, to better understand the longer-term implication of mild memory 

complaints in the context of hypertension and aging.
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Figure 1. 
Subjective memory complaint status and hypertension (HTN) interactive effects for 

Selective Reminding Test (SRT) Consistent Long-Term Retrieval scores after controlling 

for age, gender, education, and Wechsler Adult Intelligence Scale-Fourth edition, Full Scale 

Intelligence Quotient. There were significantly higher long-term memory scores in the non-

complaints group than in the complaints group (p = 0.049), and a subjective memory 

complaint status by hypertension group interaction effect (p = 0.0003). The hypertensive 

complainers showed poorer scores on this long-term memory measure than the hypertensive 

non-complainers. The main effect for hypertension was not significant. *p < 0.001, differs 

from hypertensive non-complainers. NHT = non-hypertensives; HTN = hypertensives.

Nguyen et al. Page 17

Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Subjective memory complaint status and hypertension (HTN) interactive effects for 

Selective Reminding Test (SRT) Short-Term Retrieval scores after controlling for age, 

gender, education, and Wechsler Adult Intelligence Scale-Fourth edition, Full Scale 

Intelligence Quotient. There were significantly higher short-term memory scores in the 

complaints group than in the non-complaints group (p = 0.05), and a subjective memory 

complaint status by hypertension group interaction effect (p = 0.02). The hypertensive 

complainers showed higher scores on this short-term memory measure than the hypertensive 

non-complainers, which may indicate the use of less efficient learning strategies. The main 

effect for hypertension was not significant. *p < 0.05, differs from hypertensive non-

complainers. NHT = non-hypertensives; HTN = hypertensives.
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Table 1

Subject demographic and clinical characteristics by memory complaint status

Complainers Non-
complainers p values

n 72 33

Age (years) 78.64 (4.86) 78.33 (5.53) 0.78

Education (years) 16.35 (2.77) 16.39 (3.29) 0.94

Clinic SBP 143.88 (16.71) 149.94 (15.57) 0.08

Clinic DBP 79.85 (9.89) 80.84 (9.72) 0.64

HAM-D 1.79 (1.79) 1.15 (1.40) 0.07

MMSE 28.50 (1.33) 28.82 (1.36) 0.26

WAIS-IV FSIQ 113.13 (11.14) 115.67 (13.21) 0.31

Gender (M/F) 38/34 15/18 0.49

Hypertension (Y/N) 30/42 14/19 0.94

Notes. Means and standard deviations for complaint status are presented, with the exception of gender and hypertension status. Both groups did not 
significantly differ in subject characteristics (p’s > 0.05). SBP = systolic blood pressure; DBP = diastolic blood pressure; HAM-D = Hamilton 
Depression Rating Scale; MMSE = Mini Mental Status Exam; WAIS-IV FSIQ = Wechsler Adult Intelligence Scale-Fourth edition, Full Scale 
Intelligence Quotient.
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Table 2

Analysis of covariance for memory measures by memory complaint and hypertension status

Without Hypertension With Hypertension

Neuropsychological Tests Complainers Non-complainers Complainers Non-complainers CS 
A

CS × HTN 
B

SRT Sum Recall 95.32 (19.36) 99.42 (19.57)
88.43 (20.73)

1,2,3
102.43 (19.57) 

1,2,3 0.033* 0.002*

SRT LTS 83.44 (28.09) 89.79 (29.46)
73.63 (30.39) 

1,2,3
93.00 (25.05) 

1,2,3 0.049* 0.009*

SRT LTR 73.83 (29.65) 80.00 (28.74)
62.90 (31.13) 

1,2,3
84.86 (26.57) 

1,2,3 0.030* 0.003*

SRT CLTR 48.29 (36.16) 50.79 (28.50)
35.63 (32.80) 

1,2,3
63.07 (32.80) 

1,2,3 0.049* 0.0003**

SRT STR 21.41 (11.63) 19.11 (10.93)
25.60 (11.97) 

1,2,3
17.71 (8.22) 

1,2,3 0.05* 0.02*

SRT Delay 7.32 (3.05) 8.32 (2.85) 6.90 (2.45) 7.29 (2.92) 0.43 0.62

SRT Recognition 11.59 (0.92) 11.74 (0.73) 11.37 (1.22) 11.71 (0.47) 0.29 0.28

RCFT Immediate Recall 12.67 (6.09) 15.58 (7.58) 12.52 (5.51) 15.14 (6.78) 0.07* 0.60

RCFT Delay 12.14 (6.30) 15.58 (8.18) 12.83 (5.95) 14.71 (6.09) 0.10 0.88

RCFT Recognition 19.17 (2.14) 19.68 (2.85) 19.14 (1.96) 20.57 (0.94) 0.07* 0.11

Notes. Results are presented as means (M) and standard deviations (SD). SRT = Selective Reminding Test, LTS = Long-term Storage, LTR = 
Long-term Retrieval, CLTR = Consistent Long-term Retrieval, STR = Short-term Retrieval, RCFT = Rey Complex Figure Test.

No significant main effects for hypertension (p’s > .05) were observed for any memory measures.

All other pairwise comparisons were not significant.

A
p-value of ANCOVA main effects of complaining status (CS) for measures of memory performance, controlling for age, gender, education, and 

WAIS-IV FSIQ.

B
p-value of ANCOVA interactive effects of complaining status (CS) and hypertension (HTN) for measures of memory performance, controlling 

for age, gender, education, and WAIS-IV FSIQ.

*
Significant effects at p < 0.05 for ANCOVA main and interactive effects, controlling for age, gender, and education only.

**
significant effects at p < 0.01 for ANCOVA main and interactive effects, controlling for age, gender, and education only.

1
Pairwise ANCOVA simple effects of CS and HTN show significant group differences between hypertensive complainers and hypertensive non-

complainers after controlling for age, gender, and, education.

2
Pairwise ANCOVA simple effects of CS and HTN show significant group differences between hypertensive complainers and hypertensive non-

complainers after controlling for age, gender, education, and WAIS-IV FSIQ.

3
Pairwise ANCOVA simple effects of CS and HTN show significant group differences between hypertensive complainers and hypertensive non-

complainers after controlling for age, gender, education, WAIS-IV FSIQ, HTN duration, and number of HTN medications.
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