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Outcomes of Treated Hypertension at Age 80 and Older:
Cohort Analysis of 79,376 Individuals
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OBJECTIVES: To estimate outcomes according to
attained blood pressure (BP) in the oldest adults treated
for hypertension in routine family practice.

DESIGN: Cohort analysis of primary care inpatient and
death certificate data for individuals with hypertension.
SETTING: Primary care practices in England (Clinical
Practice Research Datalink).

PARTICIPANTS: Individuals aged 80 and older taking
antihypertensive medication and free of dementia, cancer,
coronary heart disease, stroke, heart failure, and end-stage
renal failure at baseline.

MEASUREMENTS: Outcomes were mortality, cardiovas-
cular events, and fragility fractures. Systolic BP (SBP) was
grouped in 10-mmHg increments from less than 125 to
185 mmHg or more (reference 145-154 mmHg).

RESULTS: Myocardial infarction hazards increased lin-
early with increasing SBP, and stroke hazards increased for
SBP of 145 mmHg or greater, although lowest mortality
was in individuals with SBP of 135 to 154 mmHg. Mortal-
ity of the 13.1% of patients with SBP less than 135 mmHg
was higher than that of the reference group (Cox hazard
ratio=1.25, 95% confidence interval=1.19-1.31; equating
to one extra death per 12.6 participants). This difference
in mortality was consistent over short- and long-term fol-
low-up; adjusting for diastolic BP did not change the risk.
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Incident heart failure rates were higher in those with SBP
less than 125 mmHg than in the reference group.
CONCLUSION: In routine primary care, SBP less than
135 mmHg was associated with greater mortality in the
oldest adults with hypertension and free of selected poten-
tially confounding comorbidities. Although important con-
founders were accounted for, observational studies cannot
exclude residual confounding. More work is needed to
establish whether unplanned SBPs less than 135 mmHg in
older adults with hypertension may be a useful clinical
sign of poor prognosis, perhaps requiring clinical review of
overall care. ] Am Geriatr Soc 2016.
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ypertension is the most common chronic condition in

older people,’ yet there is debate about treatment
targets and longer-term adverse event rates, especially in
the oldest adults. Current guidelines for adults aged 80
and older recommend upper systolic blood pressure
(SBP) treatment targets varying from 150 mmHg>”> to
140 mmHg.® Although there is accumulating evidence on
the efficacy of antihypertensive treatment in older adults
from randomized trials, less information is available on
the overall prognosis for the oldest adults with hyperten-
sion treated under current guidelines, especially over the
long term.”

The current study used electronic medical record data
from a large, nationally representative population regis-
tered with primary care practices in England in the Clini-
cal Practice Research Datalink (CPRD) database® to
estimate overall prognosis according to attained SBP in the
oldest adults in routine family practice, working under
national guidance to achieve a SBP less than 150 mmHg.
Associations between attained SBP and all-cause mortality,
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cardiovascular events, and fragility fractures were esti-
mated in older adults undergoing treatment for hyperten-
sion. The goal was to estimate prognosis in individuals
without comorbidities who might require specialized treat-
ment or bias results (aiming to minimize confounding);
thus, participants were free of dementia, recent cancer,
stroke, heart failure, coronary heart disease, or end-stage
renal failure at baseline. An extensive set of sensitivity
analyses was also performed to examine the effects of sug-
gested additional confounders.

METHODS

Data Source

The CPRD is the English National Health Service (NHS)
observational data service, with more than 11.3 million
patients from 674 U.K. primary care practices.® CPRD
data from primary care linked to Hospital Episode Statis-
tics (HES) data for hospital admissions and diagnosis and
Office for National Statistics (ONS) death certificate data
were used. The data include information on individuals
living in institutionalized care settings, as well as commu-
nity-dwelling older people, and registration with primary
care is very near complete for the older population in Eng-
land.® The data have been shown to be representative of
the U.K. population in terms of age and sex.®

Study Population

All adults in CPRD aged 80 and older with diagnosed
hypertension who had at least three blood pressure (BP)
measurements during a 3-year lead-in period and were pre-
scribed at least one class of antihypertensive medication
(alpha-blockers, angiotensin-converting enzyme inhibitors,
angiotensin receptor antagonists, beta-blockers, calcium
channel blockers, centrally active antihypertensives, diuret-
ics, renin inhibitors) before the lead-in period and during
the follow-up period were included. The distribution of
the classes of antihypertensive medication prescribed
according to attained blood SBP is shown in Table S1. The
earliest start date for the lead-in period was January 1,
2000. Primary care Read (diagnostic) codes as defined by
NHS Quality of Outcomes Framework rules’ and Interna-
tional Classification of Diseases, Tenth Revision (ICD-10)
codes in HES' were used to identify individuals with
hypertension.

Individuals with comorbidities that require specialized
treatment or might introduce confounding (reverse causa-
tion with the comorbidity reducing BP) were excluded.
Diagnoses excluded at baseline were dementia, cancer,
stroke, heart failure, coronary heart disease, and end-stage
renal failure (diagnosis of chronic kidney disease Stage 5
from CPRD or HES or dialysis code in CPRD, HES, or
Office of Population Censuses and Surveys Classification of
Interventions and Procedures version 4) (Figure $1)1% 11,
Sensitivity analyses on the effect of excluding individuals
with diabetes mellitus or chronic obstructive pulmonary
disease (conditions that might particularly affect manage-
ment of hypertension in their late stages) on all-cause mor-
tality did not significantly alter results, so such individuals
were not excluded (Table S2).

BP Data

BP was measured during routine general practitioner (GP)
visits and recorded by the GP, nurse, or other practice staff,
normally in a sitting position at rest.* Measurements were
excluded if they did not record SBP and diastolic BP (DBP).
Individual measurements with extreme values (<0.15 and
>99.85 centile) (SBP: <85 mmHg and > 224 mmHg; DBP:
<46 mmHg and >120 mmHg) were excluded. The median
of BP measurements recorded during the lead-in period were
used to estimate stable treated baseline SBP and DBP; the
median was used to avoid biases from extreme measures
during acute clinical events. The average number of BP mea-
surements according to SBP category varied from 7.2 for less
than 125 mmHg to 13.4 for 165 to 174 mmHg (Table S3);
15,265 individuals diagnosed with and treated for hyperten-
sion had fewer than three BP measurements (Figure S1).
This excluded group had a higher prevalence of dementia
and heart failure at baseline, which would have triggered
exclusion anyway. (This group may have fewer BPs
recorded in primary care because of greater specialist input
in secondary care.) Median SBP was categorized as less than
125 mmHg, 125 to 134 mmHg, 135 to 144 mmHg, 145
to 154 mmHg, 155 to 164 mmHg, 165 to 174 mmHg, 175
to 184 mmHg, and 185 mmHg and greater.

Covariates

Sex, age at beginning of follow-up, quintile of 2010 English
Index of Multiple Deprivation for England (based on GP’s
postcode, as a proxy for socioeconomic status), and smok-
ing status (from recorded GP Read terms, classified as cur-
rent or recent smoker, exsmoker, and never smoker over
the 10 years before study entry) were adjusted for in the
statistical modelling. Adjusting for year of beginning of fol-
low-up did not significantly affect estimates, so it was not
included in the final models. Sensitivity analyses of the
effect of comorbidity (Charlson Comorbidity Index'?),
major weight loss (a history of weight loss of >10% in the
5 years before baseline), body mass index (BMI), and exclu-
sion of individuals in institutional settings on the associa-
tion between SBP and all-cause mortality did not
significantly alter the results. Individuals in institutional set-
tings during the 3-year lead-in period of analysis were iden-
tified through recorded contacts in residential or nursing
homes with doctors or other practice staff. When testing for
confounding, stratified survival analyses were selected when
adjustment for the tested covariate violated hazard propor-
tionality."® Therefore, because this analysis aimed to esti-
mate overall prognosis for the defined complete group of
typical patients, individuals were not excluded based on
these factors. Neither were these factors further adjusted
for in the main analyses, because that might have adjusted
away intermediate pathology on the causal pathway to out-
comes, potentially introducing bias, and would have made
estimates difficult to interpret for routine clinical practice.'

Outcomes

The outcomes of interest for this analysis were all-cause
mortality, cardiovascular events (ischemic stroke, myocar-
dial infarction (MI), heart failure), and fragility fractures.
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Outcomes were considered if the event occurred while the
participant was registered with a practice and the practice
data quality was classified as up-to standard according to
CPRD. Fragility fractures are pathological fractures that
occur as part of normal activities such as falling from a
standing height and are often associated with osteoporo-
sis.”> Only the commonest fragility fractures were
included, to increase specificity: hip, vertebrae, humerus,
distal radius, pelvis or pubic ramus, and ankle. Data for
outcomes were obtained from participant HES data. For
MI and fragility factors, ICD-10 codes were supplemented
with procedural coding from Office of Population Cen-
suses and Surveys Classification of Interventions and Pro-
cedures version 4 1% 11,

Statistical Analysis

Cox proportional hazards models were used to estimate
associations between BP and mortality outcomes. Compet-
ing-risk survival models were used for incident stroke, MI,
heart failure, and fragility fractures, with all-cause mortal-
ity as a competing risk.'® For all survival analyses, the
attained SBP of 145 to 154 mmHg (with midpoint
150 mmHg) was used as the reference category, because it
lies within most international BP targets for older peo-
ple.!” For all outcomes, the numbers needed to treat or
harm were calculated using the Altman and Anderson
method.'® All statistical analyses were conducted using
Stata version 13 (Stata Corp., College Station, TX). In the
main analyses, 12,854 individuals were excluded because
of missing information on smoking habits, and an addi-
tional 32 were excluded for missing information on Index
of Multiple Deprivation (Figure S1).

Ethical and Scientific Approval

The CPRD has been granted multiple research ethics com-
mittee approval (05/MRE04/87) to undertake purely
observational studies, with external data linkages including
HES and ONS mortality data. The work of CPRD is also
covered by National Information Governance Board for
Health and Social Care Ethics and Confidentiality Com-
mittee approval ECC 5-05 (a) 2012.

RESULTS

Data were from 79,376 individuals aged 80 and older who
met inclusion criteria for the analysis. Mean age was
82.1 + 3.3, and 30.5% were men (Table 1). The average
number of BP measurements according to SBP category
varied from 7.2 for SBP less than 125 mmHg to 13.4 for
SBP of 165 to 174 mmHg (Table S3). There were trends
in covariates across SBP (e.g., current or recent smoking
24% at SBP <125 mmHg and 18% at SBP >185 mmHg)
(Table 1). Maximum follow-up was 11.9 years (overall
mean 4.4 + 2.9 years), with mean follow-up times some-
what shorter in the low SBP groups.

All-cause Mortality According to Attained SBP

During follow-up, 25,543 patients died (Table 1). Mortal-
ity hazards showed a U-shaped pattern (Figure 1, Table 2),

with lowest mortality in individuals with SBP of 135 to
154 mmHg (hazard ratio (HR) = 1.03, confidence interval
(CI) = 0.99-1.06, risk is essentially the same as that of the
comparison group of SBP 145-154 mmHg) and greater
mortality for higher levels of SBP. The risk of mortality
was greater for SBP less than 135 mmHg (combining the
two lowest SBP categories, 13.1% of participants)
(HR=1.25, 95% CI=1.19-1.31). This excess risk is equiva-
lent to one extra death for every 13 individuals aged 80
and older with SBP less than 135 than for the comparison
group based on number needed to harm estimation. Mor-
tality hazard was estimated separately in 2-year follow-up
segments to check for stability between short- and longer-
term outcomes (Table S4). Lower attained SBP
(<135 mmHg) was associated with greater mortality in all
follow-up periods, although estimates for the first 2 years
were higher (HR = 1.38, 95% CI = 1.26-1.51) than, for
example, at 6 to 8 years follow-up (HR = 1.19, 95%
CI = 1.07-1.32), albeit with overlapping confidence inter-
vals. Central estimates of mortality hazard were higher
again from 8 years to end of follow-up (HR = 1.29, 95%
CI = 1.09-1.53), although in small numbers of partici-
pants.

To test for modifying effects of DBP, DBP was
grouped into 85 mmHg and higher, 70 to 84 mmHg, and
less than 70 mmHg (estimates with more-extreme groups
were underpowered). The U-shaped pattern of systolic
mortality hazard was similar for all three DBP groups
(Table 3, Figure S2). The modifying effect of pulse pres-
sure on all-cause mortality was also tested by adjusting the
model for five levels of pulse pressure (<50 mmHg, 50—
59 mmHg (reference), 60-69 mmHg, 70-79 mmHg,
>80 mmHg). A significantly greater risk of all-cause mor-
tality remained in those with low BP even when adjusted
for pulse pressure (<125 mmHg: HR =1.33, 95%
Cl=1.2-148, P <.001; 125-134 mmHg: HR = 1.15,
95% CI = 1.08-1.22, P < .001).

An interaction term and analysis stratified according
to sex (Table S5) demonstrated that differences according
to sex were not significant. An analysis of similarly
selected individuals with one or two recorded blood pres-
sure measures (n = 5,012) in the 3 years before baseline
resulted in a similar risk curve to that of individuals with
3 or more measurements (Table S6). Sensitivity analyses
adjusted for and stratified according to level of comorbid-
ity (Charlson Comorbidity Index'?), major weight loss
(>10% in 5 years before baseline), or BMI or excluding
individuals with consultations in institutional settings dur-
ing the baseline period; in all cases, mortality at low SBP
(<135 mmHg) remained significantly greater. Analyses
adjusting for and excluding individuals with diabetes melli-
tus and with chronic obstructive pulmonary disease had
similar results (Table S2).

Incident Disease

There was an approximately linear increase in risk of inci-
dent MI across the SBP range (Figure 2), with lower SBP
associated with lower risk (<125 mmHg: HR = 0.6, 95%
CI = 0.43-0.84, number needed to treat 9.8; 125-
134 mmHg: HR = 0.78, 95% CI = 0.67 to 0.92, number
needed to treat 25.8) than the SBP 145 to 154 mmHg
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Table 3. Risk of All-Cause Mortality According to Systolic Blood Pressure (SBP) (Reference 145-154 mmHg) and

Diastolic Blood Pressure (DBP)

SBP, mmHg
DBP,
mmHg <125 125-134 135-144 155-164 165-174 175-184 >185
<70 1.40 (1.16-1.70)* 1.25 (1.07-1.46)* 1.06 (0.93-1.21) 1.12 (0.95-1.32) 1.20 (0.94-1.54) 1.49 (1.05-2.10)*> 1.58 (0.82-3.07)
70-84 1.50 (1.35-1.66)* 1.20 (1.13-1.27)* 1.04 (1.00-1.08) 1.05 (1.00-1.09)* 1.13 (1.07-1.20)* 1.24 (1.14-1.35)* 1.38 (1.21-1.58)*
>85 1.05 (0.47-2.34) 1.36 (1.11-1.66)* 1.00 (0.91-1.09) 1.05 (0.99-1.12) 1.15 (1.07—1.24)* 1.13 (1.03-1.23)* 1.27 (1.13-1.42)?

Survival analysis of all-cause mortality according to SBP level stratified according to DBP.

“P<.0S.
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Figure 2. Risk of all-cause mortality and systolic blood pressure according to diastolic blood pressure.

infarction was found with increasing SBP, although greater
mortality was also found in those with SBP of less than
135 mmHg. Confounding is typically evident in the first
few years of follow-up, but the excess mortality at SBP less
than 135 mmHg was consistent, even over the longest fol-
low-up period (8-11.9 years) Table S4. The sensitivity
analyses on comorbidity, BMI, major weight loss, incident
cancer, and exclusion of those seen by practice staff in res-
idential or nursing homes also had little effect on esti-
mates. Results were also similar in individuals with
diabetes mellitus (Table S2).

These results reflect outcomes of individuals aged 80
and older receiving ongoing treatment for hypertension
under currently recommended targets; at the time the data
were recorded in electronic clinical records, intensive
treatment to reduce SBP below 140 mmHg in individuals
aged 80 and older was not indicated. Observational stud-
ies of prognosis in the above context are not comparable
with studies that randomize participants to intensive treat-
ment to achieve lower target BP. If intensive treatment
were instituted to achieve SBP substantially lower than
150 mmHg, those with low SBP might be expected to be

taking more antihypertensive medications than those with
higher attained BP, but the group with lower attained
SBP (<125 mmHg) had slightly fewer prescribed medica-
tions (mean 1.84) than the reference group (mean 1.99
for SBP 145-154 mmHg). Also, the participants being in
routine care, the medications prescribed may have differed
from those used in recent trials aiming to achieve lower
SBP. This analysis has other limitations, including inaccu-
racies in routine data recording. Although routine practice
is to measure BP more than once for each clinical review,
the available data contain only one recorded BP at each
consultation, although it seems likely that the BPs
recorded in clinical records are those used as a basis for
management. Inaccuracies in estimated BPs were mini-
mized by using median of recorded BPs across consulta-
tions during a 3-year lead-in period, avoiding “outliers”
(perhaps recorded during acute events) that might distort
mean values, and the mean number of measurements
studied varied from 7.2 for the group with SBP less than
125 mmHg to 13.4 for those with SBP of 165 to
174 mmHg (Table S3). The studied BPs were used in
monitoring antihypertensive treatment and thus have
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validity for the purpose of estimating prognosis in routine
practice. Other aspects of BP, including orthostatic
hypotension, have been associated with adverse events
and may have contributed to the results observed,'” algh-
outh no data are available on orthostatic hypotension in
the dataset. Although assessment of orthostatic hypoten-
sion is thought to be common, the lack of specific data
on these measures limits this analysis. Given the “typical
care” rather than etiological context, BP measured during
follow-up (e.g., accounting for regression dilution)?° was
not accounted for because subsequent BP measurement
were not available at treatment review in practice. Anti-
hypertensive medication data are from real-time prescrib-
ing records; no measure of adherence was available,®
although nonadherence should be associated with higher
BP and was unlikely to bias estimates of greater mortality
at low SBP. Cause-specific mortality was not studied,
because death certification is thought to lack precision in
the oldest adults, especially for cardiac outcomes. Records
of lower SBP were more common in the later part of the
period (2000-2014), with shorter mean follow-up times
for individuals with low SBP (Table 1). This may have
been the result of incentive payments to improve hyper-
tension management introduced from 2004, but adjusting
for year of baseline BP measurement did not significantly
alter results.”! Elaborate adjustment of models was also
avoided, with potentially confounding conditions excluded
instead and easily interpretable estimates of prognosis in
routine primary care provided. It is also possible that
there was some undiagnosed disease at baseline that
reduced BP and increased mortality, but low SBP was
associated with excess mortality even in the 8 years to
the end of follow-up (ignoring the first 8 years of follow-
up), making this explanation less likely. The Charlson
Comorbidity Index was used to account for comorbidities,
but this does not fully capture functional status or frailty
in this population; better measurement of functional sta-
tus or frailty (e.g., gait speed) might correlate with the
poor outcomes in the lower SBP group, although the
study subjects were selected to be free of dementia, can-
cer, stroke, heart failure, coronary heart disease, and end-
stage renal disease, and adjustment for Charlson comor-
bidities altered the results only slightly, as did any of the
other sensitivity analyses.

In the United Kingdom, 98% of the population are
registered with a GP, and the CPRD sample was found to
be broadly representative of English population based on
the 2011 Census, particularly in older age groups.® Longer
follow-up was included than in existing studies in adults
aged 80 and older.”* Randomized trials provide the most
robust evidence of causation by tested treatments, observa-
tional population representative studies are also useful for
estimating overall clinical prognosis (combination of anti-
hypertensive effects and all other factors, measured and
unmeasured). Observational studies are useful for investi-
gating applicability to typical patient groups, longer fol-
low-up times, and adverse outcomes.>>>*

Comparison with Previous Evidence

These results are restricted to the oldest adults undergoing
antihypertensive treatment and focus on clinical prognosis

in routine care. The finding of J-shaped associations for
some outcomes is broadly consistent with previous evidence
for individuals aged 80 and older in studies of individuals
with high cardiovascular risk.>>?” The Clinical research
using LInked Bespoke studies and Electronic health Records
(CALIBER) study also used CPRD GP medical records and
linked data to study cardiovascular outcomes in individuals
taking antihypertensive medications. In their subgroup aged
80 to 95 taking antihypertensive medications (with no
exclusions for non-CVD comorbidities, Table $15), increas-
ing SBP was similarly associated with a linear increase in
incident myocardial infarction, plus a J-shaped association
for heart failure and a flat association with ischemic stroke
for SBP less than 159 mmHg.>> CALIBER did not study
all-cause mortality or fragility fracture outcomes. CALIBER
reported “unheralded” CHD mortality based on death cer-
tification in people without a history of cardiovascular dis-
ease and found markedly higher mortality at low SBP in
those aged 80 to 95 (SBP 100-115 mmHg: HR = 1.27,
95% CI=1.09-1.48; SBP 140-159 mmHg: HR = 0.60,
95% CI = 0.43-0.84). The Prospective Studies Group
pooled volunteer cohorts from the 1960s to the 1980s and
found a linear association between BP (irrespective of treat-
ment) and vascular and overall mortality in adults aged 80
and older (published 2002), but it is uncertain how these
findings relate to older adults with treated hypertension in
the current treatment era.**

The observational data of outcomes in routine care
focus on a different concern and are not comparable with
data from randomized controlled trials, although the
HYpertension in the Very Elderly Trial—a randomized
controlled trial of hypertension management in adults aged
80 and older—showed lower all-cause mortality*® with a
target BP of 150/80 mmHg and an achieved mean sitting
BP of 145.0/76.6 mmHg in the active treatment group at
the start of the open-label extension. The Systolic Blood
Pressure Intervention Trial in Patients Age 75 and Older
(SPRINT 75+) aimed “To evaluate the effects of intensive
(<120 mmHg) compared with standard (<140 mmHg) SBP
targets in persons aged 75 years or older with hyperten-
sion but without diabetes”.?* SPRINT included 1,317
cases and 1,319 controls aged 75 and older (37.9%
female) free of diabetes mellitus, stroke, a recent cardio-
vascular event or heart failure, dementia, medical condi-
tions limiting life expectancy to less than 3 years
(including cancer), and factors that the clinic team judged
to be likely to limit adherence to therapy, or residence in a
nursing home. SPRINT 75+ concluded that “intensive
treatment resulted in significantly lower rates of fatal and
nonfatal major cardiovascular events” over a median fol-
low-up of 3.14 years. There were also nonsignificant
trends toward higher rates of some adverse events, except
for injurious fracture, which was nonsignificantly less com-
mon in the intensive treatment group (4.9% vs 5.5%).

More work is needed to include measures of ortho-
static hypotension and to identify the reasons for the
apparently poor prognosis of individuals with SBP less
than 135 mmHg in routine care. It may be that
unplanned low attained SBP may be a useful clinical sign
to trigger general clinical review of all comorbidities.
Better measurement of frailty and functioning may be
informative.
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CONCLUSIONS

In a complete population of individuals with hypertension
in primary care aged 80 and older treated under guidance
to achieve SBP less than 150 mmHg, greater mortality was
found over 11.9 years of follow-up in those with SBP of
less than 135 mmHg. More work is needed to establish
whether unplanned SBP of less than 135 mmHg in older
adults with hypertension may be a useful clinical sign of
poorer prognosis requiring overall clinical review of care.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article:

Figure S1. Cohort definition and exclusions.
Figure S2. Risk of all-cause mortality according to sys-

tolic blood pressure stratified according to diastolic blood
pressure (DBP) in individuals aged 80 and older.
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