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Abstract

Background: While midlife hypertension is deleterious, late-life hypertension has been associated with better cognitive outcomes in several 
studies. Many questions remain, including the relative benefit or harm of a blood pressure (BP) target and antihypertensive therapy of <120 
in very old individuals.
Methods: The Sydney Memory and Aging Study (n = 1015) comprises a cohort of 70- to 90-year-olds, who were followed biennially for 
8 years. Global cognition was assessed with a battery of 10 neuropsychological tests. Blood pressure was measured at Waves 1 and 2 and 
classified into 3 systolic groupings: group 1 (≤120 mmHg), group 2 (121–140 mmHg), and group 3 (>140 mmHg). Multiple regression, linear 
mixed modeling, and Cox regression examined the effect of BP and antihypertensives.
Results: There were no overall significant differences in global cognition or dementia between the disparate BP groups. However, in those 
not taking antihypertensives, the systolic BP (SBP) > 140 mmHg group had a significantly worse global cognitive trajectory compared to 
SBP ≤ 120 mmHg (b = −0.067, 95% CI [−0.129, −0.006], p = .030). Within the SBP ≤ 120 mmHg group those taking antihypertensives had 
significantly worse global cognition trajectories compared to those not taking antihypertensives even when controlling for past history of 
hypertension (b = −0.077, 95% CI [−0.147, −0.007], p = .030).
Conclusions: Untreated hypertension in old age is related to worse global cognitive decline. However, ongoing treatment at new 
recommendations of lower SBP targets may be related to poorer cognitive decline and should be considered carefully in older populations.
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Between 31% and 48% of dementia has been attributed to modi-
fiable risk factors (1,2). One of the most prevalent risk factors for 
cognitive decline is hypertension, estimated to affect approximately 
1 billion individuals worldwide (3). There is strong evidence that 
hypertension in midlife contributes to cognitive decline in late life 
(4) but, in contrast, 2 meta-analyses found no significant relationship 
between late-life hypertension (>65 years of age) and dementia (5,6).

Longitudinal studies of cognition in older people have variously 
found weak negative (7,8), null (9–11), or positive associations be-
tween hypertension (12–14) and cognition. In the Rotterdam and 
Gothenburg H-70 studies, it was found that there was an 11% re-
duction in dementia risk for every 10-mmHg increase in systolic 
blood pressure (SBP) (13). It is hypothesized that older adults, par-
ticularly those with long-standing hypertension, will have worsened 
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atherosclerosis and arteriolosclerosis, requiring higher cerebral 
perfusion pressures to sustain cerebral metabolic demands (13). 
Therefore, lower blood pressures (BPs) in people with a history of 
hypertension may put them at risk of poorer cognitive function. 
Animal studies have found that cerebral hypoperfusion is linked 
with cognitive decline and upregulated amyloid precursor protein 
(15). Thus, there is evidence that optimal BP for cognition varies 
with age and that higher BPs may be protective against cognitive 
decline in late life.

Given the complexity of the relationship between BP and cog-
nitive decline, the question of whether treating high BP in older 
people improves cognitive outcomes remains unclear. The American 
Heart Association found that observational studies demonstrated a 
progressive effect of hypertension on cerebrovascular damage, and 
although several trials indicated that antihypertensive use may im-
prove cognition in late life (16), the overall evidence was not con-
clusive (17). Iatrogenic hypotension, falls, poor cerebral perfusion, 
and renal impairment, which can result from antihypertensive use, 
may worsen cognitive outcomes (18). However, the increased risk of 
hemorrhagic or ischemic strokes and cerebrovascular disease from 
untreated hypertension may be of greater clinical significance for 
cognition (16). Those on antihypertensives, but who are still hyper-
tensive, may have better cognitive outcomes than those with normal 
or low BP (13). Particular classes of antihypertensives (eg, angio-
tensin receptor blockers/angiotensin converting enzyme inhibitors) 
may also have a significantly better impact on cognitive performance 
suggesting that there may be direct positive cognitive effects from 
these particular drugs in addition to lowering BP (19,20).

In 2016, several meta-analyses found that stricter (ie, “intensive”) 
BP targets of <120 mmHg resulted in significantly better cardiovas-
cular, renal, and mortality outcomes when compared to traditional 
targets of <140 mmHg. This remained true in clinical trials (16,21) 
of older individuals, which demonstrated reduced risk of mortality 
was associated with a target BP of ≤120 for persons aged 65, 75, 
and 80  years. Accordingly, definitions of hypertension and BP re-
commendations have changed for all populations over the years to 
become stricter (22). Importantly, studies have not yet examined the 
question of whether there is a trade-off between cognitive decline 
and reduced risk of mortality when employing intensive BP targets. 
Our study explores whether new BP targets are associated with cog-
nitive outcomes or dementia in late life (>70 years old) and if these 
relationships are moderated by antihypertensive drug use in a large, 
well-characterized cohort study of older Australians.

Method

Participants
Between 2005 and 2007, 1015 individuals without dementia aged 
70–90 years old were recruited from the eastern suburbs of Sydney 
following a random approach to 8914 individuals on the electoral 
roll to participate in the Sydney Memory and Aging Study (see 
Figure 1) (23). Inclusion criteria were the ability to speak and write 
English sufficiently well to complete a psychometric assessment and 
self-report questionnaires. Exclusion criteria included any major psy-
chiatric diagnoses, acute psychotic symptoms, or a current diagnosis 
of multiple sclerosis, motor neuron disease, developmental disability, 
progressive malignancy, or dementia. Additional exclusion criteria 
included a Mini-Mental State Examination (MMSE; score of <24, 
adjusted for age, education, and a non-English-speaking background 
at baseline). More detailed methods of recruitment and baseline 

demographics have been previously published (23). Comprehensive 
neuropsychological, medical, biochemical, and genetic assessments 
were performed biennially, in addition to a collateral interview from 
a knowledgeable support (ie, an informant). Individuals were as-
sessed in person every 2 years (Wave 2 at 2 years, Wave 3 at 4 years, 
and Wave 4 at 6 years). For Wave 5 (8-year follow-up), the assess-
ment protocol for participants was administered over the phone and 
included basic demographics, medical history, subjective complaints, 
a brief telephone screen for dementia, and self-reported ability to 
perform daily activities.

Neuropsychological Test Scores
Trained psychology graduates administered a comprehensive neuro-
psychological test battery covering 5 major cognitive domains: at-
tention/processing speed (Trail Making Test A  (24), Digit-Symbol 
Coding (25)); language (Boston Naming Test (30-item) (26), 
Category Fluency (Animals) (27)); memory (Benton Visual Retention 
Test (Recognition) (28), Logical Memory Story A  delayed recall 
(29), Rey Auditory Verbal Learning Test (Total learning, Immediate 
recall and delayed recall) (30)); executive function (Letter fluency 
(FAS) (31), Trail Making Test B (24)); visuospatial (Block Design) 
(32). The individual test scores for each participant were trans-
formed into Z-scores using the means and standard deviations (SDs) 
of scores within a healthy reference group at baseline, comprising 
a baseline subsample of participants who were free from having a 
history of major illnesses that could affect cognition. If necessary, 
the signs of the Z-scores were reversed, so that higher scores reflect 
better performance for all tests. Domain scores were calculated by 
first obtaining the average of the Z-scores of tests comprising each 
domain. These averages were then transformed to Z-scorers to form 
standardized domain scores using the means and SDs within the 
healthy baseline subsample. Global cognition scores for each wave 
were calculated in a similar manner, by first obtaining the average 
of the cognitive domain scores at each wave and then standardizing 
these by transformed to Z-scores using the mean and SD or this 
average within the healthy baseline reference group. If the skewness 
of the domain or global cognition scores were outside the range of 

Figure 1. Flow chart of the Sydney Memory and Aging Study recruitment and 
waves of assessment adapted from Sachdev et al (33).
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positive one to negative one, they were transformed using the loga-
rithmic, or other appropriate, function to more closely approximate 
the normal distribution (24,25,32).

Clinical Diagnoses
Diagnoses of dementia were made at each wave in a consensus con-
ference involving at least 3 clinicians from an expert panel of neuro-
psychologists, neuropsychiatrists, and old age psychiatrists after 
review of all clinical data and collateral information from an in-
formant (33). Dementia was diagnosed according to the criteria out-
lined in the Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition (DSM-IV) and required deficits in at least 2 cognitive 
domains, including memory, and impairment in activities of daily 
living (34). If a participant was diagnosed with dementia at baseline, 
they were excluded from the study.

Definition of Hypertension and Other Covariates
Standardized measurement of BP was taken 3 times (and averaged) 
at each wave using an automated electronic sphygmomanometer 
(OMRON HEM-7121) on the right arm in a seated position after 
a period of rest. The BP was taken either at a study center or in the 
participants home if they were incapable of visiting the center. In 
the current study, if the mean BP in both Waves 1 and 2 was ele-
vated, then the individual was grouped into the higher BP group. 
If BP was not elevated in both waves, then the participant was 
grouped into the lower of the 2 BP groups (eg, if SBPs were 135 
and 115 mmHg, then they would be grouped into the <120 mmHg 
group). Cases were grouped into 3 categories based only on meas-
ured BP: group 1 (≤120 mmHg), group 2 (121–140 mmHg), and 
group 3 (>140 mmHg), according to the 2017 consensus guidelines 
(22). Following the SPRINT-MIND trial, which examined only the 
SBP targets, we examined systolic rather than diastolic BPs (16). In 
addition, lifetime history of hypertension as diagnosed by a phys-
ician, and current antihypertensive treatment information were also 
obtained.

Covariates were participants’ self-reported medical history of 
regular smoking, atrial fibrillation, stroke, transient ischemic attack, 
diabetes, and acute myocardial infarction. Alcohol use was included 
as an ordinal variable based on daily use (0 standard drinks/day, 1 
drink/day, >1 drink/day). Genetic analysis was performed to assess 
apolipoprotein E (APOEe4) genotype (33).

Statistical Analysis
Baseline characteristics of the groups were compared using ana-
lysis of variance (ANOVA) for continuous variables and chi-
squared for discrete variables. Linear mixed models were used to 
assess the effect of hypertension on cognition over 6  years (there 
was only 6  years of follow-up for neuropsychological testing). To 
avoid multicollinearity, time in study was centered at the average 
follow-up time of 4.6 years (only including up to Wave 4). Multiple 
regression models were used to assess the associations at baseline. 
The 121–140 mmHg and >140 mmHg groups were both individu-
ally compared with the ≤120  mmHg group. For the linear mixed 
models and regressions, 2 sets of models were performed: Model 
1 was partially adjusted for demographics, including age, sex, and 
education (Model Construction: Time in study, Age, Sex, Education, 
BP group, BP group*Time in study). Model 2 was fully adjusted 
to include the additional covariates (Model Construction: Time-
in-study, Age, Sex, Education, BP group, Antihypertensive use, 
Years of antihypertensive use, acute myocardial infarction, atrial 

fibrillation, diabetes, stroke, transient ischemic attack, history of 
regular smoking, alcohol use, BP group*Time in Study). To assess 
the effect of antihypertensives use at Wave 1 on cognitive change, 
a third model was run that included a 3-way interaction between 
antihypertensives, BP group, and time in study, as well as 2-way 
interactions among these predictors. Intercept and time (slopes) were 
treated as random effects to account for between-participant hetero-
geneity and within-participant correlations across waves. The same 
models were applied both using (as a replacement for Hypertension 
group) “physician diagnosis of hypertension” and SBP as continuous 
variables, and examining continuous SBP variables as time-varying 
predictor. This method used to partition the between- and within-
person effects of SBP was taken from Hedeker and Gibbons (35). 
Model fit was assessed using Akaike and Bayesian information cri-
teria. Results were treated as significant if p < .05.

Cox proportional hazards models were used to estimate the as-
sociation of hypertension and incident dementia over 8 years. Two 
models were run, similar to what was performed with the linear 
mixed model, the first included age, sex, and education and the 
second including all of the relevant covariates.

Results

Baseline Characteristics and Attrition
Overall attrition of the sample at Wave 4 (6 years follow-up) was 
31.5% (13.5% deceased) and at Wave 5 (8 years of follow-up) was 
45.5% (20.9% deceased), with similar rates of attrition between 
BP groups over previous waves. Compared to those retained in 
Wave 5, those who dropped out were significantly older, less edu-
cated, used more antihypertensives, and had higher rates of previous 
hypertension, acute myocardial infarction, atrial fibrillation, stroke, 
and transient ischemic attack (see Supplementary Table 1). For SBP 
groupings, the 121–140 mmHg and >140 mmHg groups were more 
likely to be male, older, and APOE*4 carriers at baseline than those 
with SBP ≤ 120 (see Table 1). In the ≤120 mmHg group those on 
antihypertensives had significantly higher rates of previous hyperten-
sion diagnoses compared to those not on antihypertensives (75.0% 
vs 4.9%).

Hypertension and Cognition
There was no significant difference between the ≤120 mmHg, 121–
140  mmHg, and >140  mmHg and for global cognition either at 
baseline or over 6 years (see Table 2).

Supplementary analyses revealed no significant effect of 
physician-diagnosed hypertension, or SBP, as a continuous vari-
able, on global cognition either at baseline or over 6  years (see 
Supplementary Tables 2 and 3).

Antihypertensives and Cognition
There was a significant 3-way interaction between the sys-
tolic >140  mmHg group (vs the systolic ≤120  mmHg group), 
antihypertensive use, and time in study (b = 0.102, 95% CI [0.023, 
0.181], p = .008; see Table 3), such that being on antihypertensives 
or not affected the relationship between the SBP group (>140 mmHg 
compared to ≤120 mmHg) and the rate of cognitive decline.

Over the 6 years for those individuals not on antihypertensives, 
those with SBP >140  mmHg had stronger decline in global cog-
nition compared with those with SBP ≤120  mmHg (b  =  −0.067, 
95% CI [−0.129, −0.006], p  =  .030). Conversely, for those on 
antihypertensives there was no significant difference between the 
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SBP >140  mmHg group and the SBP ≤120  mmHg group on the 
change in global cognition over time (b = 0.034, 95% CI [−0.014, 
0.083], p = .168) (see Supplementary Tables 5 and 6 for raw scores).

Alternatively, this significant 3-way interaction could be thought 
of as the effect of taking antihypertensives on cognitive decline being 
different depending on the SBP group. Among systolic ≤120 mmHg 
individuals, those on antihypertensives had a significantly worse de-
cline in global cognition compared to those not on antihypertensives 
(b = −0.077, 95% CI [−0.147, −0.007], p = .030). By comparison, 
within those with systolic >140 mmHg, taking antihypertensives did 
not significantly affect the rate of cognitive decline (b = 0.025, 95% 
CI [−0.010, 0.061], p = .170); see Supplementary Tables 8 and 9.

Dementia Outcomes
There was no significant association between SBP and risk of de-
mentia over 8 years (see Table 4). In the subgroup analyses for those 
on or not on antihypertensives there was also no significant differ-
ence in risk (see Supplementary Tables 4 and 7).

Discussion

In the Untreated Population Higher SBPs Are 
Associated With Worse Cognitive Function
Our study found that participants who were not on antihypertensives 
had significantly worse global cognitive decline in the systolic 
>140  mmHg group compared to the systolic ≤120  mmHg group. 
On average those with systolic >140  mmHg had a worse decline 
of 0.067 SDs of global cognition per year compared to those with 

systolic ≤120 mmHg, which over 6 years would translate to a 0.40-
SD worsened decline. It is difficult to given an objective clinical 
interpretation of this given that global cognition is a composite of 
multiple cognitive tests; however, to give a relative interpretation, the 
average overall decline over 6 years in the whole cohort was 0.40 
SD meaning that a systolic of >140 mmHg would approximately 
double that decline over the same time period. Compared to the nor-
mative sample a deviation of 0.40 SD would translate to a drop 
of 15% in the percentile rank. This is in contrast to several studies 
which found that, specifically for older individuals (>75 years old), 
higher BPs are protective for cognitive decline and dementia diag-
nosis, although they did not examine the interaction between BP and 
antihypertensive use (36,37).

Antihypertensive Use in Patients With Lower SBP Is 
Associated With Worsened Cognitive Trajectories
Our study showed that patients with systolic ≤120  mmHg on 
antihypertensives had a significantly worse trajectory of global cog-
nition compared to those not on antihypertensives. This may in-
dicate that iatrogenic lowering of BP may have adverse cognitive 
effects particularly at the lower end of BP. As a potential confounder 
to this finding, those on antihypertensives in this ≤120  mmHg 
group had significantly higher rates of previous diagnosis of hyper-
tension compared to those not on antihypertensives (75.0% vs 
4.9%). The difference in these cognitive trajectories may relate to 
this previous diagnosis of hypertension rather than the current BP 
and antihypertensive use. However, if this were the case we would 
anticipate that there would be a significant difference between the 
2 groups at baseline, which there was not, and also when including 

Table 1. Summary of Baseline Characteristics for Population

Group 1 
(<120)

Group 2 
(121–140) Group 3 (>140) p Value Total

Number at baseline 121 (100) 453 (100) 458 (100)  1015
Wave 2 follow-up (% baseline) 101 (83.5) 406 (89.6) 379 (82.8)  800 (78.8)
Wave 3 follow-up (% baseline) 90 (74.4) 364 (80.4) 336 (73.4)  716 (70.5)
Wave 4 follow-up (% baseline) 82 (67.8) 329 (72.6) 294 (64.2)  695 (68.5)
Wave 5 (phone) follow-up (% baseline) 69 (57.0) 272 (60.0) 232 (50.7)  553 (54.5)
Mean time in study for Wave 4 (mean ± SD) 4.4 ± 2.3 4.8 ± 2.0 4.4 ± 2.2 .459 4.6 ± 2.1
Age at baseline (mean ± SD) 78.1 ± 4.9 78.5 ± 4.7 79.4 ± 4.8 .004 78.8 ± 4.8
Sex (% female) (F/M) 62.8 (76/45) 60.5 (274/179) 47.8 (219/239) .000 55.2%
Education (mean ± SD) 11.7 ± 3.6 11.4 ± 3.4 11.7 ± 3.5 .441 11.5 ± 3.5
Antihypertensive use (yes %) 66.1 63.7 65.1 .557 62.1%
Previous diagnoses of hypertension for those 
using vs not using antihypertensives (% vs %)a

75.0 vs 4.9 82.9 vs 13.4 90.3 vs 22.0 .000 85.3 vs 16.2

Years of antihypertensive use (mean ± SD) 
(excluding those not on antihypertensives)

12.4 ± 10.2 12.1 ± 10.5 12.9 ± 10.7 .925 12.6 ± 10.7

Previous diagnosis of hypertension (%) 51.2 57.6 66.5 .000 60.9%
Acute myocardial infarction (%) 15.7 11.5 10.7 .010 11.6% 
Atrial fibrillation (%) 9.3 6.0 6.8 .041 6.7%
Diabetes (%) 8.3 13.3 12.1 .011 12.2%
Stroke/transient ischemic attack (%) 3.3/4.2 5.1/7.5 2.9/6.6 .002/.040 4.0%/6.7%
Ever smoked regularly (%) 60.3 50.8 55.3 .000 54%
Alcohol use (% none, 1 std/day, >1 std/day) 17.4, 37.2, 

45.5
14.3, 37.7, 47.9 9.6, 38.0, 52.4 .000 12.6, 37.7, 

49.7
APOE4 carrier (%) 18.8 23.2 22.6 .126 22.6%

Notes: Summary of characteristics at baseline for 3 BP groupings by systolic measures. Between-group comparisons made by ANOVA and Pearson’s chi-squared 
analyses. ANOVA = analysis of variance; APOE4 = apolipoprotein E4; BP = blood pressure; SD = standard deviation.

aThe percentages reflect the proportion of those previously diagnosed with hypertension first in the group taking antihypertensives and second in those not 
taking antihypertensives (eg, 85.3 vs 16.2 indicates 85.3% of those taking antihypertensives had previously been diagnosed with hypertension and whereas only 
16.2% of those not taking antihypertensives had a previous diagnosis).
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previous diagnosis of hypertension as a covariate in the model the 
significant results would disappear, but the results were unchanged. 
Thus, the results seem to reflect the impact of antihypertensive use 
rather than previous diagnosis of hypertension.

The above 2 results taken together are consistent with the inverted 
U-shaped cognition–BP relationship, such that there was steeper cog-
nitive decline in both the high and low BP (38–40). This suggests 
that those at the higher end of BP suffer from ongoing hypertensive 
insults and also those in the systolic ≤120 mmHg group who have 
their BP lowered further suffer from ongoing hypotensive insults. 
A number of studies have demonstrated this inverted U-shaped rela-
tionship. The lower cut point for SBP at which cognition is affected 
varies between studies (eg, East Boston Cohort Study <130, Duke 
Population Study <110), but generally new BP target recommenda-
tions (SBP < 120) are related to worse cognition. The putative basis 
for poorer cognitive outcomes with lower BP is that because of a 
loss of cerebral vascular autoregulation and arteriolosclerosis, higher 
cerebral perfusion pressures are needed to prevent cerebral ischemia 
and subsequent deficits (41).

In a recent systematic review of 7 clinical trials including adults 
>60  years old, Weiss et  al (42) found there was no evidence that 
antihypertensive treatment was linked to worse cognition. However, 
6 out of 7 of these trials had a standard BP target of <150 mmHg. 
The Action to Control Cardiovascular Risk in Diabetes-Memory 
in Diabetes (43) (ACCORD-MIND trial), a randomized control 
antihypertensive trial of diabetics aged 55 and older, examined dif-
ferences in intensive BP treatment (<120 mmHg) and standard treat-
ment (<150 mmHg). While there were no differences at 3.3 years 
follow-up in cognitive performance, they did find significantly di-
minished whole brain volume in the intensive treatment group, 
suggesting that there may have been subclinical effects of intensive 
therapy.

There have been very few studies that have examined the effect of 
BP treatment on cognition while stratifying for initial BP. However, 
in the cardiovascular disease literature a recent meta-analysis (44) of 
10 antihypertensive trials stratifying for baseline BP found that for 
those patients with SBP of <140 mmHg antihypertensive treatment 
increased cardiovascular mortality by 15% (relative risk 1.15, 95% 
CI 1.00–1.32). The authors suggest that intensive treatment causes 
insufficient blood flow to vital organs (44) and that particularly in 
patients with arterial stiffening, frequently found in diabetic and 
older patients, perfusion is especially reliant on SBP.

The recent HYVET (21) and SPRINT (16) trials have made 
strong cases for intensive BP therapy for individuals >75 years given 

significant mortality benefits. However, our study suggests that on-
going antihypertensive treatment of patients with SBP <120 may 
have deleterious cognitive effects. Further trials of antihypertensive 
use in older people are needed to clarify the nature and size of these 
effects.

The Relationship Between Late-Life Hypertension 
and Dementia May Be Obscured by a Latency of BP 
Effect and Participant Dropout
Consistent with recent meta-analyses (5,6), we found no significant 
association between late-life SBP and incident dementia, in contrast 
with the established link between midlife hypertension and dementia 
(45). There are several reasons that a putative relationship between 
hypertension and dementia in late life may be obscured. First, there 
is a considerable latency effect (about 8–22  years) between meta-
bolic disease onset to eventual diagnosable dementia (46). Second, 
hypertension has different impacts on cognitive function at different 
ages and, as discussed previously, may have protective or negligible 
effects for dementia in late life (11). Third, given the small num-
bers of diagnosed dementia patients in our study the analysis may 
be underpowered to detect significant differences in rates of diag-
nosis between the groups. Finally, particularly for studies in late life, 
cognitively impaired and hypertensive participants are more likely 
to drop out from longitudinal studies due to death or discontinu-
ation, which may partially obscure true associations (in our study 
in those retained 41% had BP > 140 compared with 50% of those 
who dropped out).

Strengths and Limitations
Our study had several strengths including a community-dwelling, 
reasonably representative sample, detailed neuropsychological 
evaluation of participants, longitudinal long-term follow-up, mul-
tiple assessments of BP, and assessment of dementia diagnoses by an 
expert panel.

Several limitations of this study should be considered. As an in-
evitable part of longitudinal studies of aging, there was the consid-
erable loss to follow-up (45.5% of the population over 6 years of 
the study) due to death, disability, and discontinuation. Those with 
hypertension and those poorer cognition both were more likely than 
average to drop out likely contributing to attrition bias. Linear mixed 
models were used to minimize the nonrandom attrition bias intro-
duced. Dementia screening at Wave 5 (8 years) was performed over 
the telephone using the Modified Telephone Interview for Cognitive 
Status (TICS-M) and informant-rated basic and instrumental activ-
ities of daily living function, without assistance of comprehensive 
neuropsychological testing. While this is not the gold standard the 
TICS-M has been validated demonstrating good predictive ability 
for incident dementia (sensitivity  =  77%; specificity  =  88%) (47). 
Measurement of BP did not use 24-hour monitoring, measure of ar-
terial stiffness, examination of systolic diastolic gap, nor reports of 
reliability of measures of BP. Interpretation of our results is chal-
lenged by potential reverse causation. That is, neurodegenerative 
processes may lead to the development of autonomic dysregulation 
and hypotension (48) rather than the other way around.

Key to our study was the examination of antihypertensive medi-
cations. However, we did not examine distinction between the dif-
ferent types of medication, the number of antihypertensives, or the 
degree of compliance to the medication regime, each of which may 
have confounding effects for cognitive outcomes. Antihypertensives 
may have direct deleterious or protective effects aside from their BP 

Table 4. Cox Proportional Hazards Ratios for Dementia Risk

Risk of  
Dementia

Model 1a HR 
(95% CI) p Value

Model 2b HR 
(95% CI) p Value

≤120 mmHg 1.00  1.00  
121–
140 mmHg 

1.069 (0.657 to 
1.738)

.789 1.096 (0.648  
to 1.852)

.733

>140 mmHg 1.089 (0.791 to 
1.500) 

.599 1.049 (0.735  
to 1.497)

.792

Notes: Summary of Cox proportional hazards ratios examining the effect of 
systolic BP (grouped into 3 groups) on risk of all-cause dementia. BP = blood 
pressure; HR = hazard ratio.

aModel 1 adjusted for sex, age, and education.
bModel 2 adjusted for sex, age, education, antihypertensive use, years of 

antihypertensive use, acute myocardial infarction, atrial fibrillation, diabetes, 
stroke, transient ischemic attack, history of regular smoking, and alcohol use.
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modification effects and thus positive effects may not be general-
izable to all BP-lowering agents. Aside from this, the confounding 
effects such as the degree of health consciousness of diagnosed 
hypertensive participants and unmeasured comorbidities cannot be 
controlled for in cohort studies and our findings should be corrobor-
ated in a randomized control trial.

A challenge with all BP research is that of accurate BP monitoring 
and measurement. Automatic BP measurements have a tendency to 
underestimate true BP and office BP reading tends to overestimate 
due to the well-documented white coat hypertension effect (49). 
Twenty-four-hour ambulatory BP measurement is the gold standard 
in diagnosing hypertension, but it was overly burdensome for older 
participants in a community cohort. To minimize the effect of the 
variability, we used 3 measurements of BP within each follow-up 
and incorporated 2 waves of BP measurement into the diagnosis of 
hypertension.

Conclusion

Our study found that untreated hypertension in old age is related 
to worse global cognitive decline. However, ongoing treatment 
at new recommendations of lower SBP targets may be also be 
related to worse cognitive decline. Further trials examining the 
difference between traditional and intensive BP targets should be 
performed.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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