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Chapter 8
Blood Pressure and Cardiovascular 
Disease in the Elderly

Kei Asayama and Takayoshi Ohkubo

Abstract Even though Japan has the longest life expectancy in the world, blood 
pressure has not been adequately controlled, irrespective of age. More than half of 
Japanese individuals of ≥70  years of age had blood pressure levels of 
≥140/≥90 mmHg. Though the impact of blood pressure on cardiovascular compli-
cations differs according to the age, blood pressure lowering treatment reduces car-
diovascular risk across various baseline blood pressure levels and comorbidities. 
Meanwhile, antihypertensive treatment itself is a sort of marker of the chronicity 
and severity of blood pressure elevation as well as the subclinical disease burden. 
Clinicians who initiate antihypertensive drug therapy should therefore recognize 
that patients have an increased risk in general, e.g., they fail to make lifestyle modi-
fications, not just only related to their blood pressure level. Furthermore, self- 
measured home blood pressure is more reliable prognostic factors than the 
conventional office blood pressure, and affordable and validated automated devices 
for the self-measurement of home blood pressure are readily available. The careful 
and intensive follow-up of elderly individuals with hypertension is essential, and 
active utilization of the self-measured home blood pressure is desirable.
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8.1  Introduction

The impact of blood pressure on cardiovascular complications differs according to 
the age of the individual [1, 2]. Systolic blood pressure levels increase with age, 
while diastolic blood pressure values peak at approximately 60 years of age [3]; 
thus, isolated systolic hypertension, systolic blood pressure ≥140 mmHg with dia-
stolic blood pressure <90 mmHg, is dominant among elderly individuals [4], and 
systolic blood pressure is a main driver of the risk of cardiovascular disease. In this 
section, we provide an overview of the current blood pressure level and the impact 
of blood pressure on cardiovascular complications in relation to antihypertensive 
drug treatment and blood pressure information, i.e., conventional office and out-of- 
office home blood pressure.

8.2  Blood Pressure and Its Control in Relation to Aging

Over the long term, an affluent lifestyle can influence the progression of arterioscle-
rosis. Because both environmental and genetic factors affect the blood pressure 
trend with age, standardized epidemiological methods that integrate clinical, envi-
ronmental, and genetic information are necessary to clarify the natural course of 
blood pressure changes that occur in relation to aging.

The systolic blood pressure level generally increases with age [3]; in Japan, how-
ever, the systolic blood pressure levels have gradually decrease since 1965 [5–7]. The 
spontaneous increase that is observed in the systolic blood pressure with aging is not 
observed in the diastolic blood pressure. According to the Fifth National Survey on 
Circulatory Disorders in Japan [8] and the collaborative meta-analysis of individual 
participant data Japan Arteriosclerosis Longitudinal Study (JALS) [3], the ceiling of 
diastolic blood pressure in individuals without antihypertensive drug treatment is 
observed before 60 years of age in men and before 70 years of age in women (Fig. 8.1). 
Among patients who receive antihypertensive drug medication, an obvious inverse 
association between age and diastolic blood pressure was found, regardless of sex [3].

Even though Japan has the longest life expectancy in the world [9], blood pres-
sure has not been adequately controlled, irrespective of age [3]. Several studies have 
reported that more than half of Japanese individuals of ≥70 years of age had blood 
pressure levels of ≥140/≥90 mmHg [3, 10, 11]. Approximately 1 million US resi-
dents in the Practice Innovation and Clinical Excellence (PINNACLE) clinical reg-
istry (white, 85.4%; black, 11.9%; antihypertensive drug nonusers, 26.3%) were 
assessed between 2008 and 2012. Among the patients with hypertension, 66.9% of 
the patients who were ≥60 years of age without diabetes fulfilled the treatment goal 
of <140/<90 mmHg [12]. For the prevention of cardiovascular disease in elderly 
individuals, we should routinely consider reducing their blood pressure to the nor-
motensive range [13].
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Fig. 8.1 The systolic (a) and diastolic (b) blood pressure according to age category and treatment 
status. Women and men without antihypertensive drug treatment at baseline are represented as 
open and filled circles, respectively. Those with treatment are represented as corresponding trian-
gles. Vertical lines represent one side of the SD. Numbers on the horizontal axis indicate the num-
ber of participants in each age category. P values denote the linearity among age groups. 
Reproduced from Asayama and colleagues [3]
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8.3  The Impact of Blood Pressure Reduction 
in Clinical Trials

Blood pressure lowering treatment reduces cardiovascular risk across various base-
line blood pressure levels and comorbidities [13]. In a recent meta-analysis of 
613,815 participants from 123 randomized trials, a 10-mmHg decrease in systolic 
blood pressure was associated with a significant 20% reduction (95% CI, 17–23%) 
in the incidence of major adverse cardiovascular events (MACE) [13]. However, 
there has not been a specific target blood pressure for treating hypertension in the 
elderly. In the Systolic Hypertension in the Elderly Program (SHEP) trial, which 
included patients of ≥60  years of age with systolic hypertension (systolic, 
≥160 mmHg), antihypertensive drug treatment reduced the incidence of total stroke 
and MACE [14]. The Hypertension in the Very Elderly Trial (HYVET) demon-
strated the benefit of active treatment in individuals of ≥80 years of age [15]. In 
contrast, the Japanese Trial to Assess Optimal Systolic Blood Pressure in Elderly 
Hypertensive Patients (JATOS) [16] and the Valsartan in Elderly Isolated Systolic 
Hypertension (VALISH) trial failed to identify any benefits of reducing the systolic 
blood pressure to <140 mmHg in elderly patients [16, 17]. This may be because 
these trials [16, 17] were underpowered; the observed event rate in VALISH was 
less than half the rate estimated in the protocol setting [17].

The Systolic Blood Pressure Intervention Trial (SPRINT) is a landmark study of 
the treatment of hypertension in both the general [18] and elderly [19] populations. 
The trial randomized 9631 patients of ≥50 years of age with moderate cardiovascu-
lar risk and a systolic blood pressure of 130–180 mmHg [18]. Patients with diabetes 
and those with history of a prior stroke were excluded because the same study group 
reported that intensive blood pressure reduction among such patients did not signifi-
cantly reduce the rate of MACE, although a marginal reduction was observed (HR 
0.88; 95% CI, 0.73–1.06) [20]. The research group compared a systolic blood pres-
sure goal of <140 mmHg with a goal of <120 mmHg among 2636 hypertensive 
patients of ≥75 years of age in SPRINT. In comparison to the former standard treat-
ment group, the latter intensive treatment group demonstrated a significantly greater 
reduction of MACE by 34% (95% CI, 15–49%), and a 33% (95% CI, 9–51%) 
reduction of all-cause mortality [19]. The absolute cardiovascular event rates in the 
subgroup of the approximately 30% of the patients who exhibited frailty were also 
lower in the intensive treatment group [19].

Different from SPRINT, among men of ≥55 years and women of ≥65 years who 
were classified as intermediate risk in the Heart Outcomes Prevention Evaluation 
(HOPE)-3 trial (n = 12,705), therapy with candesartan (16 mg/day) plus hydrochlo-
rothiazide (12.5 mg/day) failed to reduce the incidence of MACE in comparison to 
a placebo (relative risk reduction, 7%; 95% CI, −10% to 21%) [21]. Besides 
advanced age, many possible reasons for the findings of SPRINT and HOPE-3, as 
well as other trials, were discussed [22, 23], including antihypertensive drug agents; 
for instance, chlorthalidone, which was used in SPRINT, has a greater preventive 
effect against cardiovascular complications than hydrochlorothiazide [22]. We 
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should note that eligible patients who were allocated to the intensive treatment 
group in SPRINT showed a 14.8/7.6 mmHg reduction in blood pressure [18, 23]. In 
HOPE-3, participants in the active treatment group with a systolic blood pressure 
that was in the upper third (>143.5 mmHg; mean, 154.1 ± 8.9 mmHg) had nomi-
nally significantly lower rates of MACE in comparison to those in the placebo group 
(HR, 0.73; 95% CI, 0.56–0.94) [21, 23]. Based on the SPRINT findings [19] as well 
as the findings in this HOPE-3 subgroup [21], intensive blood pressure lowering 
treatment appears to be less harmful, at least among elderly patients with hyperten-
sion and moderate cardiovascular risk.

8.4  Recent Findings from the EPOCH-JAPAN 
Observational Study

The early introduction of antihypertensive medication has a long-term beneficial 
effect with regard to cardiovascular events [24]. However, people using antihyper-
tensive medication were found to have a higher cardiovascular risk in comparison to 
those without treatment for a given level of baseline blood pressure after adjustment 
for major confounding factors [25–27]. Antihypertensive treatment itself is a sort of 
marker of the chronicity and severity of blood pressure elevation as well as the sub-
clinical disease burden in observational studies [25–28]. The most important expla-
nation for treated hypertensive patients who still have a high cardiovascular risk is 
lack of control of blood pressure and of other risk factors [28]. Not just related to the 
blood pressure level alone, clinicians who initiate antihypertensive drug therapy 
should recognize that patients have an increased risk in general, e.g., they fail to 
make lifestyle modifications [29].

To clarify the impact of antihypertensive drug treatment on the blood pressure 
level and the residual cardiovascular risk in elderly population, an individual-level 
meta-analysis was conducted among 26,133 participants of 60–89 years of age who 
were recruited from 1980 to 1995 from seven general population cohorts and who 
were enrolled in the Evidence for Cardiovascular Prevention from Observational 
Cohorts in Japan (EPOCH-JAPAN) [30]. Participants were cross-classified by age 
category, 60–74 years (young-old) versus 75–89 years (old-old), and by the usage 
of antihypertensive medication at baseline. Individual blood pressure levels were 
categorized into six categories according to the recent hypertension guidelines [31, 
32]. Among the 4150 old-old participants, 32.2% received antihypertensive medica-
tion at baseline. The blood pressures of the treated participants, in reference to the 
risk for the untreated population, were 12.3 (95% CI, 11.7–12.9)/5.5 (5.2–
5.9)  mmHg higher among the young-old and 7.6 (6.2–9.1)/2.4 (1.6–3.2)  mmHg 
higher among the old-old. The risk of cardiovascular mortality among the treated 
participants compared with the untreated population was consistently higher in the 
young-old (HR, 1.30; 95% CI, 1.16–1.46) and old-old participants (HR, 1.35; 95% 
CI, 1.16–1.56).
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In the EPOCH-JAPAN database, the risks of cardiovascular mortality in the six 
blood pressure categories according to the treatment status are shown in Fig. 8.2. 
Irrespective of the antihypertensive medication status, the increase in the risk of 
total cardiovascular mortality that occurred with the elevation of blood pressure was 
significant among the young-old (P ≤ 0.0008), but not significant among old-old 
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Fig. 8.2 The risk of total cardiovascular mortality among six blood pressure levels in untreated (a, 
c) and treated (b, d) participants of 60–74 years of age (a, b) and 75–89 years of age (c, d). Filled 
squares represent the hazard ratios in comparison to an optimal blood pressure level and are sized 
in proportion to the number of total cardiovascular deaths observed. Vertical bars indicate the 95% 
confidence intervals at each level. Blood pressure levels are defined as optimal (<120/<80 mmHg), 
normal (120–129/80–84 mmHg), high normal (130–139/85–89 mmHg), grade 1 (G1) hyperten-
sion (140–159/90–99 mmHg), grade 2 (G2) hypertension (160–179/100–109 mmHg), and grade 3 
(G3) hypertension (≥180/≥110 mmHg). Trend P values denote the linearity among the six blood 
pressure levels. Adjustment was performed for sex, age, body mass index, history of cardiovascu-
lar disease, total cholesterol, lipid-lowering medication, diabetes mellitus, smoking, habitual 
drinking, and cohort. Reproduced from Asayama and colleagues [25]
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participants (P ≥  0.18). The importance of blood pressure control in the elderly 
should not be underestimated [14, 19, 33, 34]; however, the precautions related to 
antihypertensive drug therapy in the elderly population vary. Chronological age 
alone is not sufficient for making useful judgments in relation to therapy [35], and 
the application of antihypertensive drug therapy should be based on factors that 
reflect the individual’s condition, e.g., frailty and the cognitive function. Because 
the impact of blood pressure and the benefit of treatment are expected to be lower in 
older individuals [36], the early detection of hypertension and prompt intervention, 
including lifestyle modifications [37], is crucial to the long-term approach. 
Furthermore, we should be vigilant to detect residual cardiovascular risks in treated 
elderly hypertensive patients [26, 28], despite the fact that these risks are not well 
specified.

8.5  Out-of-Office Blood Pressure: Self-Measurement at 
Home

Out-of-office blood pressure, the self-measured home blood pressure and ambula-
tory blood pressure monitoring, is more reliable prognostic factors than the conven-
tional office blood pressure, which is measured in an outpatient clinic or a health 
check center [38]. The superiority of out-of-office blood pressure over conventional 
blood pressure for the prediction of cardiovascular events also applies to older 
patients in general practice [39]. In the Systolic Hypertension in Europe (Syst-Eur) 
trial, the ambulatory systolic blood pressure was found to be a significant predictor 
of the cardiovascular risk among untreated elderly with isolated systolic hyperten-
sion and was superior to the conventional blood pressure in this regard [40]. The 
exclusive use of conventional blood pressure would result in failure to recognize 
white-coat, which should be carefully monitored [41–43], and masked hyperten-
sion, which should be considered to be associated with a similar degree of risk to 
sustained hypertension [42].

Only a few studies have assessed the risk in relation to home blood pressure in 
octogenarians. The Predictive Values of Blood Pressure and Arterial Stiffness in 
Institutionalized Very Aged Population Study (PARTAGE) [44, 45] included 1127 
frail nursing home residents. Among these residents, 227 took ≥2 antihypertensive 
drugs with a systolic home blood pressure of <130 mmHg (averaged 119/65 mmHg). 
The mortality rates in these residents and the other 900 residents (averaged 
142/75 mmHg) were 32.2% and 19.7%, respectively, and the adjusted HR for car-
diovascular events associated with a low blood pressure with combination drug 
treatment was 1.28 (95% CI, 0.99–1.65) [44]. Moreover, in another analysis of the 
same cohort, the patients with a lower home diastolic blood pressure (49.3–
68.5 mmHg) lived 2 years less than those with higher blood pressure (P = 0.021) 
[45]. These findings raise a cautionary note regarding the safety of combination 
drug therapy in frail elderly patients with a low systolic home blood pressure [46].

The International Database of HOme blood pressure in relation to Cardiovascular 
Outcome (IDHOCO) is a collaborating research project. In this project, an individ-
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ual participant-level database was constructed and maintained at the Studies 
Coordinating Centre in Leuven, Belgium [47]. Three-hundred seventy-five octoge-
narians were enrolled in the IDHOCO [48]. A multivariable-adjusted Cox model 
revealed that among 202 untreated octogenarians, the risk of systolic home blood 
pressure reached statistical significance in the top fifth (≥152.4 mmHg) for cardio-
vascular mortality (HR, 2.19; 95% CI, 1.04–4.64) and for all fatal plus nonfatal 
cardiovascular events combined (HR, 2.09; 95% CI, 1.11–3.91). In contrast, the 
HRs in the lower fifth (≤65.1 mmHg) were significantly high (P ≤ 0.022) while that 
in the upper fifth was significantly low for cardiovascular mortality (P = 0.034). The 
5-year risk of a cardiovascular event showed an opposite trend between systolic and 
diastolic home blood pressure (Fig. 8.3). Whereas, among the other 173 octogenar-
ians who were treated with antihypertensive medication at baseline, the relationship 
between cardiovascular events and the systolic blood pressure was curvilinear, inde-
pendent of the diastolic blood pressure level, with a nadir at ≈150 mmHg, as shown 
in Fig. 8.4. Notwithstanding the potential limitations, the IDHOCO findings [48] 
have a number of implications for clinical practice: (1) a home diastolic blood pres-
sure of <65 mmHg was associated with a worse cardiovascular prognosis, while 
values above ≈80 mmHg predicted a better outcome in untreated individuals, and 
(2) a systolic home blood pressure of <126.9 mmHg was associated with increased 
total mortality with the lowest risk at 148.6 mmHg in treated patients.

Recently, day-to-day home blood pressure variability is considered to be a risk fac-
tor for the development of dementia [49] (see Chap. 6) and cognitive decline [50]. 
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and diastolic home blood pressure, respectively. Reproduced from Aparicio and colleagues [48]
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Among residents who participated in the Ohasama study, the home systolic blood pres-
sure at baseline was significantly associated with cognitive decline after a median 
7.8 years of follow-up (odds ratio per 1-SD increase, 1.48; P = 0.03); however, the 
conventional systolic blood pressure was not (odds ratio, 1.24; P  =  0.2) [50]. 
Furthermore, the day-to-day variability in systolic blood pressure, represented as the 
SD, showed a significant association with cognitive decline after adjustment for the 
home systolic blood pressure level (odds ratio, 1.51; P  =  0.02) [50]. Although the 
impact of the blood pressure level on cardiovascular complications is attenuated in old-
old individuals in comparison to young-old and younger individuals [25, 30], we should 
pay careful attention to the other outcomes in these populations, and home blood 
pressure variability as well as the home blood pressure level may be a useful predictor 
of worse outcomes in the elderly population; however, it should be noted that home 
blood pressure variability would be difficult to be modified by drug treatment [51].

8.6  Perspectives

SPRINT demonstrated that antihypertensive drug treatment has a beneficial effect 
with regard to reducing cardiovascular complications in elderly patients with 
hypertension [52]. The optimal systolic blood pressure goal of <140 mmHg seems 
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reasonable [4], and a more intensive treatment goal, e.g., <130/<80  mmHg for 
moderate- to high-risk old-old patients, can be recommended [52, 53]. Nevertheless, 
we should be cautious about the fact that patients on antihypertensive drug treat-
ment had a 1.2–1.5-fold higher risk of cardiovascular mortality in comparison to 
untreated individuals [30] and that the impact of the blood pressure level decreases 
with age [30]. Patients with frequent falls, advanced cognitive impairment, and mul-
tiple comorbidities may be at risk of adverse outcomes with intensive blood pres-
sure lowering, particularly under combination drug therapy [46], because such 
residents typically reside in nursing homes, require assistance for their daily living, 
and are never represented in modern randomized trials [53]. Once a patient starts 
antihypertensive drug treatment, the self-measurement of the home blood pressure 
should be performed for the long-term management of hypertension because the 
recording of the daily home measurements enables us to safely and conveniently 
monitor adverse effects. Home blood pressure measurement is feasible and can be 
largely diffused to the elderly individuals in the general population [54]. Furthermore, 
affordable and validated automated devices for the self-measurement of home blood 
pressure are readily available. The careful and intensive follow-up of elderly indi-
viduals with hypertension is essential [30], and active utilization of the self- 
measured home blood pressure is desirable.
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