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ABSTRACT

Background

Elevated blood pressure (known as hypertension) increases with age, and most rapidly over age 60. Systolic hypertension is more strongly associated with cardiovascular
disease than diastolic hypertension, and occurs more commonly in older people. It is important to know the benefits and harms of antihypertensive treatment of
hypertension in this age group.

Objective

To quantify antihypertensive drug effect on overall mortality, cardiovascular mortality and morbidity and withdrawal due to adverse effects in people 60 years and older
with mild to moderate systolic or diastolic hypertension.

Criteria for considering studies for this review

Updated search of electronic database of EMBASE, CENTRAL, MEDLINE until Dec 2008; previous search of two Japanese databases (1973-1995) and WHO-ISH
Collaboration register (August 1997); references from reviews, trials and previously published meta-analyses; and experts.

Selection criteria

Randomized controlled trials of at least one year duration in hypertensive elders (at least 60 years old) comparing antihypertensive drug therapy with placebo or no
treatment and providing morbidity and mortality data.

Data collection and analysis

Outcomes assessed were total mortality (including cardiovascular, coronary heart disease and cerebrovascular mortality); total cardiovascular morbidity and mortality
(representing combined coronary heart disease and cerebrovascular morbidity and mortality); and withdrawal due to adverse events.

Main results

Fifteen trials (24,055 subjects > 60 years) with moderate to severe hypertension were identified. These trials mostly evaluated first-line thiazide diuretic therapy for a
mean duration of treatment of 4.5 years. Treatment reduced total mortality, RR 0.90 (0.84, 0.97); event rates per 1000 participants reduced from 116 to 104. Treatment
also reduced total cardiovascular morbidity and mortality, RR 0.72 (0.68, 0.77); event rates per 1000 participants reduced from 149 to 106. In the three trials restricted to
persons with isolated systolic hypertension the benefit was similar. In very elderly patients = 80 years the reduction in total cardiovascular mortality and morbidity was
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similar RR 0.75 [0.65, 0.87] however, there was no reduction in total mortality, RR 1.01 [0.90, 1.13]. Withdrawals due to adverse effects were increased with treatment,
RR 1.71 [1.45, 2.00].

Authors' conclusions

Treating healthy persons (60 years or older) with moderate to severe systolic and/or diastolic hypertension reduces all cause mortality and cardiovascular morbidity and
mortality. The decrease in all cause mortality was limited to persons 60 to 80 years of age.

PLAIN LANGUAGE SUMMARY

Hypertension (high blood pressure) is common among elderly people and increases the risk of heart attack and stroke. An assessment of all the trials of blood pressure
lowering therapy in people with hypertension 60 years and over showed that treatment reduced death, strokes and heart attacks. The benefit was similar if both the
upper and lower number was elevated or only the upper number. In people 80 and over treatment did not reduce death but did reduce stroke.

WHAT'S NEW

What's new
Last assessed as up-to-date: 31 May 2009.

] Date | Event | Description

1 November Amended Added links to Figures in the result section (to the Forest plots of the primary and secondary outcome measures) which were initially refered

2010 to as links in the Data and Analysis section.
27 October |5 ended d denomi f th ial f | lity f in the h ion i Iderly sub
2009 mended |Corrected denominator of the STOP trial for total mortality from 22 to 122 in the hypertension in very elderly subgroup

BACKGROUND

Blood pressure increases with age, and the rate of rise is greater over age 60. As a result the number of people with elevated blood pressure (known as hypertension)
increases with age. Systolic blood pressure is more strongly associated with cardiovascular disease than diastolic blood pressure particularly in older people. Isolated
systolic hypertension occurs more commonly in older people. Older people also accumulate higher rates of other risk factors for cardiovascular disease including obesity,
left ventricular hypertrophy, sedentary life style, hyperlipidemia, and diabetes.

Most of the early trials evaluating antihypertensive drug therapy were conducted in lower risk people under age 60. The first definitive clinical trial evidence supporting
blood pressure lowering treatment was produced in the mid-1980s. Before that time, policymakers and clinicians were reluctant to recommend treatment particularly in
the elderly; some regarded systolic hypertension as a natural feature of aging, while others feared excessive harm from blood pressure lowering in this age group.

Since 1985, several large trials have been conducted, and several meta-analyses have summarized their results (_Davidson 1987 , Staessen 1988 , Staessen 1990a ,
Staessen 1990b , Leonetti 1992 , Thijs 1992 , Celis 1993 , MacMahon 1993 , Thijs 1994 , Insua 1994 , Pearce 1995 , Wright JM 1999 , Gueyffier F 1999 , HYVET P 2003,

HYVET 2008 , Musini VM 2008 ). The purpose of this systematic review is to summarize all the available evidence for the benefits and harms of antihypertensive
treatment for people aged 60 and above.

OBJECTIVES
Primary:

1. To quantify antihypertensive drug effect on overall mortality in people 60 years and older with mild to moderate systolic or diastolic hypertension.
Secondary:

2. To quantify antihypertensive drug effect on cardiovascular specific morbidity and mortality in people 60 years and older with mild to moderate systolic or diastolic
hypertension.

3. To quantify withdrawal due adverse events.
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Planned subgroup analyses included patients with isolated systolic hypertension and the very elderly people 80 years or older.

METHODS OF THE REVIEW

CRITERIA FOR CONSIDERING STUDIES FOR THIS REVIEW

Types of studies

Only randomized controlled trials of at least one year duration were included. Trials must have included a control group that either received a placebo or received no
anti-hypertensive therapy. Trials that compared two specific antihypertensive therapies were excluded.

Types of participants

Trials must include only people 60 or older or separately report outcomes for people 60 or older. Participants must have a systolic blood pressure of at least 140 mmHg
and/or a diastolic blood pressure of at least 90 mmHg at baseline.

Types of intervention

Acceptable anti-hypertensive drug therapies include: angiotensin converting enzyme inhibitors, angiotensin receptor antagonists, beta adrenergic blockers, combined
alpha and beta blockers, calcium-channel blockers, diuretics, alpha adrenergic blockers, central sympatholytics, direct vasodilators or peripheral adrenergic antagonists.
Drugs could have been administered alone or in combination or in fixed or stepped up regimens.

Types of outcome measures

Morbidity and mortality were defined as follows:

Total mortality means deaths from all causes.

Coronary heart disease (CHD) mortality includes fatal myocardial infarctions and sudden or rapid cardiac death.
Cerebrovascular mortality includes fatal strokes.

Cardiovascular mortality sums coronary heart disease mortality and cerebrovascular mortality.

CHD morbidity and mortality includes fatal and non fatal myocardial infarctions and sudden or rapid cardiac death.
Cerebrovascular morbidity and mortality includes fatal and nonfatal strokes.

Cardiovascular morbidity and mortality includes CHD plus cerebrovascular morbidity and mortality plus aneurysms, congestive heart failure and transient ischemic attacks.
Withdrawal due to adverse effects

When the primary trials did not report outcomes with exact definitions as listed above, the review authors categorized data to minimize missing data while maintaining
the intended study measures. For example, the Medical Research Council Trial of Treatment of Hypertension in Older Adults (MRCOA) includes "deaths due to
hypertension" in its definition of "cardiovascular events". The broad label "deaths due to hypertension" is not included in the standard definition for "cardiovascular
morbidity and mortality" listed above. We include MRCOA's results in the cardiovascular morbidity and mortality outcome measure because "deaths due to hypertension"
was congruous with the concept of cardiovascular morbidity and mortality. The alternative, omitting MRCOA's data, would result in a more reliable measure but at the
expense of accuracy of the effect estimate. The number of differences in definitions was small and is unlikely to affect results. Supporting this assumption, previous
meta-analyses found homogeneity of risk reduction among outcome measures suggesting differences in outcome definition were unlikely causes of bias.

One of the new trials included in the update ((HYVET P 2003 ) was not conducted according to the standards of Good Clinical Practice Guidelines and did not collect data
on serious adverse events, non-fatal MI or heart failure (personal communication with the author). However, data on cardiovascular mortality and morbidity was reported
in the trial and is included in the meta-analysis.

The actual endpoints represented by each outcome measure for each study are listed under the "Outcomes" heading of the Characteristics of included studies table.
Within each study the definition of endpoints for each outcome measure are identical between the treatment and control groups. The individual non-fatal outcomes
included in the composite endpoint were included as counted by the trialist of each study. Many trials did not report on how events were counted after patients were
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censored. Refer to personal communication with author of HYVET 2008 trial in the risk of bias table to find out how events were counted in that trial.

SEARCH METHODS FOR IDENTIFICATION OF STUDIES

Search methods for identification of studies

The following sources were searched:

Updated search of MEDLINE up to Dec. 2008, EMBASE (up to Dec. 2008), CENTRAL (up to Dec. 2008, issue 4). The previous version of this review included search of two
Japanese databases: JMEDICINE was searched in the previous review from 1981-1995 and JAPIC-DOC from 1973-1995 with the keywords Hikaku-Shiken (comparative
studies), Nijuu-Mouken-Ho (double-blind method) and Hontaisei-Koketsuatsu (hypertension). This search produced 46 articles of which 34 were reports of randomized
controlled trials. Titles of the 34 RCTs were translated into English by S Lee-Borges. The abstracts of three possibly relevant trials were translated into English. None met
the inclusion criteria of this review.

Thirteen other meta-analyses on antihypertensive drug therapy in the elderly have also been published (_Davidson 1987 , Staessen 1988 , Staessen 1990a , Staessen
1990b , Leonetti 1992 , Thijs 1992, Celis 1993 , MacMahon 1993, Thijs 1994 , Pearce 1995 , Wright JM 1999 , Gueyffier F 1999 , Musini VM 2008 ). A review of the
reference lists in these review did not identify any additional studies which met the inclusion criteria for this review.

The MEDLINE search has been updated by searching from 1994 through December 2008. The search strategy (_Appendix 1 ) is designed to identify pharmacological
treatment of hypertension. (A "/" at the end of a term indicates that it is a Medical Subject Heading (MeSH) term; "exp" indicates that the term is exploded meaning that
all MeSH terms nested under the exploded MeSH term are included in the search; "tw" indicates that the term is a text word meaning the title, abstract and MeSH terms
are searched for the term; hypertension/dt returns references coded as Drug Treatment for hypertension; "pt" indicates a publication type; "ti.ab" indicates a search for
the text word in the title and abstract but not the MeSH terms; the symbols "$" and "?" are wildcard characters used to search for multiple forms of a word; the search
modifier "adj" plus a number between any two terms returns records which contain the two terms within the specified number of words of each other.)

The updated search of Medline up to December 2008 identified 162 citations. The titles and abstracts of this list were screened independently by two reviewers (VM and
AT) for inclusion which resulted in the retreival of 31 full papers. One reviewer then screened the 31 full papers and a further 3 RCTS were considered for potential
inclusion into the review (Jikei 2007 , ADVANCE 2007 , SCOPE 2003 ). Three reviewers discussed and reached consensus that the 3 RCTS did not meet the inclusion
criteria and were excluded. A search of CENTRAL up to June 2009 identified only 1 additional citation ( HYVET-Cog 2008 ) that was not identified in the Medline search.
The HYVET-Cog 2008 was retrieved however it was concluded that this substudy of the HYVET 2008 trial did not provide any additional data for analysis. A search of
EMBASE was conducted up to December 2008 which identified 6 new citations however none of these met inclusion criteria based on a review of titles and abstracts.

Bibliographies of newly identified meta-analyses, reviews and trials were examined for references to other trials.

DATA COLLECTION AND ANALYSIS

Data collection and analysis

Data abstraction

This review is based on five previously published meta-analyses on the same topic (_Mulrow 1994 , Mulrow 1998 , Wright JM 1999 , Gueyffier F 1999 , Musini VM 2008 ).
Data was abstracted using a standard data abstraction form; dual abstraction of data from the original reports of trial results by two independent reviewers; and
disagreements were resolved by discussion. The published results of these meta-analyses as well as data from additional trials included in the updated review were
compared by two reviewers (VM and AT). Any disagreements were resolved by consensus (JMW and KB) .

Risk of Bias table

A quality scoring scheme was not used, but instead key trial characteristics are detailed in the table Characteristics of included studies . Potential parameters of
methodological quality listed in the table include: whether randomization was completed in an appropriate and blinded manner; whether patients, providers and/or
outcome assessors were blinded to assigned therapy; whether the control group received a placebo; percent of participants who did not complete follow-up (dropouts);
and the percent of participants not on assigned active or placebo therapy at study completion (cross-over).

The updated review uses the Risk of Bias tool to assess each trial according to the Cochrane Handbook guidelines.
Analyses

Quantitative analyses of outcomes are based on intention-to-treat results. Our measure of effect for each study was the Relative-Risk (RR) with 95% CI. Chi-square
tests for heterogeneity were used to assess outcome data for compatibility with the assumption of a uniform relative risk (P>0.10). Pooled risk differences are converted
to numbers needed to treat (NNTs) with the formula NNT = 1/risk difference. NNTs are the number of patients who must be treated to prevent one adverse outcome.
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To test for robustness of results, several sensitivity analyses were performed. Data were analysed using both fixed effect and random effects models. As further tests of
sensitivity, trials that were not blinded and placebo controlled were analysed separately from blinded (subject and/or provider), placebo controlled trials. Results were
also analysed with and without those trials restricted to persons who had previously suffered a stroke. Results of trials restricted to persons with isolated systolic
hypertension were analysed both as a separate group and combined with trials also assessing persons with both systolic and diastolic hypertension. Analyses in the very
elderly (80 year or older) were planned because a subgroup meta-analysis from earlier trials by Gueyffier F 1999 showed a trend towards increased mortality.
Furthermore, two recent randomised trials HYVET P 2003 and HYVET 2008 were specifically done in the very elderly group of patients.

Individual differences in patient characteristics or disease severity are associated with different levels of risk to experience an adverse event. In the aggregate, these
individual differences contribute to the proportion of patients we expect to experience an event within a population. Variation in level of risk in different patient
populations, both within and between clinical trials, is often associated with variability in treatment outcomes (_Ioannidis 1997 , Schmid 1998 ). This average population
risk is unknown, but contributes to the proportion of events experienced by a placebo control group in a randomised trial. We use the term control rate to describe the
probability that a member within the control group experiences the adverse event, and we use this sample value to estimate the aggregate population risk for patients
enrolled in a clinical trial.

METHODOLOGICAL QUALITY

RESULTS

Results

Description of studies

See: Characteristics of included studies ; Characteristics of excluded studies .

Two new randomised controlled trials met the inclusion criteria (( HYVET 2008 and HYVET P 2 ). Two RCTs included in the previous version were excluded in the update
since the control group was not an untreated or placebo control group. The HDFP 1982 study was excluded since it is a multifactorial intervention (_Ebrahim 2006 ).
CASTEL 1994 was excluded since the control group was receiving non-specific anti-hypertensive therapy from their personal physician.

Fifteen trials including 24,005 people age 60 or over were identified. For most subjects included in this review the mean age ranged from 63 to 84 years. Three trials (
Carter 1970 , HTN Coop 1974 , VA Coop 1970 ) did not report mean age. Most trials were conducted in Western, industrialized countries and evaluated first-line diuretics
(LANBP 1981 , Carter 1970, EWPHE 1989 , HYVET 2008 , HYVET P 2003 , Kuramoto 1981 , MRCOA 1992 , SHEP 1991 , SHEP-PS 1986 , VA Coop 1970 ). Two trials
evaluated beta blocker theraples (_HEP 1936 STOP 199 ). Four of these trials (_Carter 197Q A Coop 197!) HTN g;QQp 1974 , NBP 1981 ) originally included both
younger and older persons. Only data on those older than 60 is reported. The average age across trials was 73.8 years. The Swedish Trial in Old Patients with

Hypertension (_STOP 1991 ) specifically evaluated people over age 70. The HYVET P 2003 and HYVET 2008 trials included patients 80 years or older.

Participants were recruited from industrialized countries: USA (36%), UK (25%), European multi-site trials (25%), Sweden (7%), Italy (3%), Australia (3%) and Japan
(<1%). HYVET P 2003 trial recruited patients from Bulgaria (88%), Spain (3%), Romania (3%), UK (2.5%) and Poland (1.5%) and from other countries in smaller numbers
(Finland, Lithuania, Ireland, Greece and Serbia). HYVET 2008 trial recruited patients from Western Europe (2.2%), Eastern Europe (55.8%), China (39.6%), Australasia
(0.5%) and Tunisia (1.9%).

14,663 (59.5%) percent of the subjects were female. The four trials based in the USA reported ethnicity African-American: SHEP 1991 (14%), SHEP-PS 1986 (18%
non-white), VA Coop 1970 (41%), HTN Coop 1974 (78%). The ethnicity data from VA Coop 1970 and HTN Coop 1974 refer to the entire study population, not the >60
year old sub-group. All subjects in ANBP 1981 and STOP 1991 were white. Nine trials including HYVET P 2003 and HYVET 2008 did not report ethnicity.

Study populations predominantly consisted of ambulatory patients recruited from the community or primary care facilities. A small proportion (6%) were recruited from
hospitals or homes for the aged. Studies did not consistently report data on pre-existing conditions for subjects; available data follows. Two small studies were limited
to stroke survivors (_Carter 1970 , HTN Coop 1974 ). Six other trials reported the baseline prevalence of stroke. The sample-size-based weighted average prevalence
across those six trials was 3.6%: SHEP-PS 1986 (1%), SHEP 1991 (1.4%), Syst-Eur 1991 (3.5%), Sprackling 1981 (11.3%), HYVET P 2003 (4.5%) and HYVET 2008 (6.8%).
Six trials reported the baseline prevalence of myocardial infarctions. The average prevalence across trials was 2.3%: ANBP 1981 (0.5%), Syst-Eur 1991 (1.2%), SHEP-PS
1986 (4%), SHEP 1991 (4.9%), HYVET P 2003 (3.0%), and HYVET 2008 (3.1%). Two studies excluded patients with diabetes ( ANBP 1981 , MRCOA 1992 ), while three
other trials reported the baseline prevalence. The average prevalence across trials was 9.2%: HYVET 2008 (6.8%), SHEP 1991 (10.1%), TN Coop 1974 (36%). Two trials
reported the baseline prevalence of hyperlipidemia: HTN Coop 1974 (22%) and ANBP 1981 (62.2%). Ten trials reported the baseline prevalence of smoking. The average
prevalence across trials was 12.1%: HYVET P 2003 (4.2%), HYVET 2008 (6.6%), Syst-Eur 1991 (7.3%), SHEP-PS 1986 (11%), SHEP 1991 (12.7%), EWPHE 1989 (16.4%),
ANBP 1981 (17.5%), MRCOA 1992 (17.5%), HEP 1986 (24%), and HTN Coop 1974 (60%). Only HTN Coop 1974 reported data on prevalence of obesity (29%).

Entry diastolic blood pressure criteria also have varied somewhat from trial to trial. However, trials in older persons have not routinely included patients with higher
diastolic blood pressures than trials in younger persons.
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All trials except Carter 1970 reported the mean SBP and DBP at baseline. SHEP-PS 1986 , SHEP 1991 and Syst-Eur 1991 restricted recruitment to persons with isolated
systolic hypertension; defined as SBP 160-219 mm Hg and DBP <90 mm Hg (_SHEP 1991 , SHEP-PS 1986 ) or DBP < 95 mm Hg (_Syst-Eur 1991 ). Mean blood pressure at
entry in the 3 isolated systolic hypertension trials was 172/81 mmHg. Two studies (_Carter 1970 , HEP 1986 ) recruited persons with isolated systolic hypertension,
diastolic hypertension or systo-diastolic hypertension. Kuramoto 1981 and MRCOA 1992 recruited patients with either isolated systolic hypertension or systo-diastolic
hypertension. HYVET P 2003 recruited patients with systolic and/or diastolic hypertension (SBP > 140 mmHg and DBP 90-109 mmHg). HYVET 2008 recruited patients with
persistent hypertension defined as SBP of 160-199 mmHg and a DBP < 110mmHg. 32.5% of patients in HYVET 2008 had isolated systolic hypertension. The remainder of
the studies required that subjects' DBP be at least 90 mm Hg. Mean BP at entry in these 11 other trials was 182/95 mmHg.

See the "Participants" heading in the Characteristics of included studies table for a complete description of each study's blood pressure inclusion criteria. The mean
sitting SBP/DBP in HYVET P 2003 was 182/99.6 mmHg and in HYVET 2008 was 173/90.8 mmHg.

Twelve of the 15 trials instituted a stepped care approach to hypertension treatment. In over 70% of trials a thiazide diuretic was the first line drug in the treatment
thiazide diuretic. HEP 1986 and STOP 1991 started the treatment group on either a diuretic or beta-blocker. MRCOA 1992 randomized the treatment group to two arms,
one initially receiving diuretics and the other initially receiving a beta-blocker. Syst-Eur 1991 started the treatment group on a calcium channel blocker. HYVET P 2003
started one treatment arm on a diuretic and other treatment arm with an ACE inhibitor. Second and third line drugs included diuretics, beta-blockers, central acting anti
adrenergic agents, peripheral acting anti adrenergic agents, vasodilators, converting-enzyme inhibitors and calcium channel blockers. See the "Interventions" heading in
the Characteristics of included studies table for a complete description of each study's drug treatment protocol.

Three trials maintained subjects on a particular therapeutic regimen (i.e. not stepped care) throughout the study. VA Coop 1970 treated subjects with a combination
diuretic - central acting anti adrenergic agent (hydrochlorothiazide/reserpine) plus a vasodilator (hydralazine). HTN Coop 1974 treated subjects with a diuretic
(methyclothiazide) and peripheral acting anti adrenergic agent (deserpidine). Sprackling 1981 treated subjects with a central acting anti adrenergic agent (methyldopa).

HYVET P 2003 trial randomized patients to three groups: no treatment, diuretic based treatment (usually bendrofluazide 2.5mg) and an ACE-inhibitor based regimen
(usually lisinopril 2.5mg). To attain target blood pressure (sitting SBP < 150 mmHg and sitting DBP < 80 mmHg) in the actively treated groups, the dose of diuretic or
ACEI could be doubled (step 2), diltiazem slow release 120 mg could be added (step 3) and diltiazem slow release 240mg could be added as (Step 4).

HYVET 2008 trial randomized patients to either indapamide sustained release 1.5 mg or matching placebo. In order to reach target blood pressure (SBP < 150 mmHg and
DBP < 80 mmHg) perindropil 2 mg or 4 mg or matching placebo could be added.

Length of study follow up ranged from relatively short: 1 year ( HYVET P 2003 ) or 2 years (_STOP 1991 , Syst-Eur 1991 , HYVET 2008 ), to relatively long: the rest of the
trials lasting 3 to 6 years. All of the trials were multi site studies except for Carter 1970 and Kuramoto 1981 . The mean duration of treatment was 4.5 years in elderly
(60 years or older) and 2.2 years in very elderly patients (80 years or older) and 3.2 years in trials with isolated systolic hypertension in the elderly.

Risk of bias in included studies

Twelve of the 15 trials employed some method of blinding. Twelve blinded subjects to therapy (_VA Coop 1970 , HTN Coop 1974 , ANBP 1981 , Kuramoto 1981 , HEP 1986

therapy. Eight trials specifically reported blinding outcome assessors ( HEP 1986 , SHEP-PS 1986 , EWPHE 1989 , SHEP 1991 , STOP 1991 , MRCOA 1992 , Syst-Eur 1991 ,
HYVET 2008 ).

Eleven trials were placebo controlled (VA Coop 1970 , HTN Coop 1974 , ANBP 1981 , Kuramoto 1981 , SHEP-PS 1986 , EWPHE 1989 , SHEP 1991 , STOP 1991 , MRCOA
1992 , Syst-Eur 1991 , HYVET 2008) . Four trials were no treatment controlled without placebo (_Carter 1970 , Sprackling 1981 , HEP 1986 , HYVET P 2003 ).

In nine of the trials the method of randomization is described while in the remaining six trials randomization is mentioned, but not described. See the "Method" heading
in the Characteristics of included studies table for a description of each study's method of randomization and stratification, if any.

Nine studies reported loss to follow-up figures of less than 5% (_Carter 1970 , ANBP 1981 , Sprackling 1981 , SHEP-PS 1986 , SHEP 1991 , STOP 1991 , Syst-Eur 1991 ,
HYVET P 2003 , HYVET 2008 ). Three studies reported loss to follow-up figures of 13-15% (_VA Coop 1970 , Kuramoto 1981 , EWPHE 1989 ). MRCOA 1992 experienced a
loss to follow-up of 25%. The remainder ( HTN Coop 1974 , HEP 1986 ) did not report data on numbers lost to follow-up.

Studies included in this review allowed subjects in the control group to receive antihypertensive therapy because their blood pressure exceeded pre-set "escape" criteria.
Also, a portion of the subjects assigned to the treatment group stopped taking their assigned medication because of adverse drug effects or because they achieved
normal blood pressures. The degree to which subjects cross over from one group to the other dilutes the results of the study. The percent of patients assigned to the
control group which were receiving antihypertensive medication by the end of the trial were as follows: HEP 1986 (9%), Kuramoto 1981 (17%), STOP 1991 (23%),
Syst-Eur 1991 (27%), ANBP 1981 (35%), SHEP-PS 1986 (40%), SHEP 1991 (44%), MRCOA 1992 (53%), and EWPHE 1989 (>35%), HYVET P 2003 (0.8%) and HYVET 2008
(0.6%). The remaining four trials did not report such data. The percent of patients assigned to the treatment group which had ceased taking antihypertensive medication
by the end of the trial were: HYVET P 2003 (4%), HYVET 2008 (0.5%), HEP 1986 (5%), SHEP 1991 (10%), STOP 1991 (16%), Syst-Eur 1991 (18%), SHEP-PS 1986 (30%),
ANBP 1981 (33%), MRCOA 1992 - diuretic arm (48%), MRCOA 1992 - beta-blocker arm (63%), and EWPHE 1989 (>35%). The remaining five trials did not report such
data.

and show a summary of the Risk of Bias assessment.
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Effects of interventions
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Analyses were performed on the combined results of all 15 studies. The three trials that included only people with isolated systolic hypertension (_SHEP-PS 1986 , SHEP
1991 , Syst-Eur 1991 ) were included in the overall analyses and were also analysed separately. EWPHE 1989 reported intention-to-treat data for mortality only; the
morbidity data reported from EWPHE 1989 is not intention-to-treat and is not included in the analysis. The occurrence of any trial endpoint in ANBP 1981 participants
terminated their participation in the study. Thus, true intention-to-treat data for ANBP 1981 is only available for combined cardiovascular morbidity and mortality.

Results were analysed with and without the two small trials that were restricted to stroke survivors (_Carter 1970 , HTN Coop 1974 ). Removing these two trials from the
analysis did not appreciably affect the results. The relative risk point estimates and confidence intervals did not shlft by more than 0.01. Thus, all results reported below
include these two trials.

There was homogeneity across studies with respect to all outcomes except cardiovascular morbidity and mortality. Point estimates for the pooled log relative risk ratios
were nearly identical between the random and fixed effect analyses. Thus, all results are reported using the fixed effects model. In the very elderly patients there was
homogeneity across studies for all outcomes except total mortality.

Total mortality: The combined results of the 12 trials reporting total mortality data in people 60 years or older show a significant benefit (RR=0.90, 95% CI 0.84 to 0.97;
NNT=84) with event rates per 1000 participants reduced from 116 to 104 events with 95% CI of the difference (3 to 19) for a mean duration of treatment of 4.5 years,
see . STOP 1991 and HYVET 2008 independently reached a statistically significant mortality benefit.

Analysis of trials in very elderly (80 years or older) showed no reduction in total mortality for a mean duration of treatment of 2.2 years (RR = 0.98 95% CI 0.87 to 1.10;
p = 0.72), see . There was significant heterogeneity between trials (RR = 1.06 95% CI 0.88 to 1.28 using random effects model).

The three trials with isolated systolic hypertension did not achieve a statistically significant reduction in mortality for a mean duration of treatment of 3.2 years
(RR=0.88, 95% CI 0.77 to 1.01; p =0.07), see .

Cardiovascular mortality: The combined results of the 10 trials reporting cardiovascular mortality data in people 60 years or older indicated a significant reduction
(RR=0.77, 95% CI 0.68 to 0.86; ARR= 1.5%, NNT = 67), see . EWPHE 1989 and STOP 1991 independently reached statistical significance. Non-cardiovascular mortality
was not affected, RR with 95% CI 1.02(0.92, 1.14 p = 0.65), see .

Combined results of the three trials with isolated systolic hypertension showed a significant reduction in cardiovascular mortality (RR=0.77, 95% CI 0.63 to 0.95), see .
Analysis of trials in very elderly (80 years or older) showed no significant difference (RR = 0.98 95% CI 0.81 to 1.19; p = 0.86), see .

Cerebrovascular mortality: In people 60 years or older there was a significant reduction (RR=0.66, 95% CI 0.53 to 0.82), see . STOP 1991 and HEP 1986 independently
reached statistical significance.

In the three trials with isolated systolic hypertension the reduction was not statistically significant (RR=0.68 95% CI 0.42 to 1.11; p = 0.13), see .
In the very elderly (80 years or older) there was also no significant difference (RR = 0.80 95% CI 0.58 to 1.11; p = 0.18), see .

Coronary heart disease (CHD) mortality: In the 9 trials reporting CHD mortality in people 60 years or older treatment reduced CHD mortality (RR=0.77, 95% CI 0.65 to
0.90), see . EWPHE 1989 independently reached statistical significance.

In the very elderly (80 years or older) there was no reduction (RR = 0.98 95% CI 0.69 to 1.40; p = 0.93), see .
In the three trials with isolated systolic hypertension the reduction was not statistically significant (RR=0.78, 95% CI 0.60 to 1.02; p = 0.06), see .

Cardiovascular mortality and morbidity (M&M): In the 13 trials reporting cardiovascular mortality and morbidity data in people 60 years or older, treatment caused a
significant reduction (RR=0.72, 95% CI 0.68 to 0.77), see . HEP 1986 , HYVET 2008 , MRCOA 1992 , SHEP 1991 , STOP 1991 , Syst-Eur 1991 and VA Coop 1962
independently reached statlstlcal significance. The significant heterogenelty between trials was no Ionger eV|dent when the unbllnded HEP 1986 and Sprackling 1981
trials were excluded from the analysis (RR = 0.71 95% CI 0.66 to 0.78 with 12 reduced from 70% with p < 0.0001 to I2 = 32% with p = 0.14).

Excluding MRCOA 1992 because it used a different definition for the cardiovascular morbidity and mortality outcome did not affect the estimate (RR=0.69, 95% CI 0.65 to
0.75).

Cardiovascular mortality and morbidity was significantly reduced in elderly patients due to reduction in both cerebrovascular as well as CHD mortality and morbidity, see
and respectively.

In the very elderly patients (80 years or older) and in elderly patients with isolated systolic hypertension, treatment caused a significant reduction in cardiovascular
mortality and morbidity (RR = 0.75 95% CI 0.65 to 0.87 p = 0.0001), see , and (RR=0.68, 95% CI 0.61 to 0.75) see respectively.

Cerebrovascular mortality and morbidity was significantly reduced in the very elderly but there was no significant difference observed in coronary heart disease mortality
and morbidity ().
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Cerebrovascular mortality and morbidity (_) as well as coronary heart disease mortality and morbidity (_) were significantly reduced in the elderly patients with isolated
systolic hypertension.

Withdrawals due to adverse effects: Numbers of participants who dropped out of trials due to adverse drug effects were often not reported. The three trials that did
report this data showed a significant increase in withdrawals due to adverse effects, RR=1.71, 95% CI 1.45 to 2.00, see , with event rates per 1000 participants
increased from 65 to 111 events, absolute risk increase of 46 (95% CI 29 to 65).

The number of people withdrawing from therapy due to adverse effects varied significantly from study to study. On average, treating 17 subjects in SHEP 1991 resulted in
one withdrawal, whereas in MRCOA 1992 treating 9 subjects with a diuretic and 4 subjects with a beta-blocker resulted in one withdrawal in each treatment arm. In
MRCOA 1992 , un-blinded physicians made decisions regarding severity of side effects and continuation of therapy; 176 subjects in the beta-blocker group were
withdrawn because of bradycardia.

DISCUSSION

Discussion

This systematic review provides the best available evidence for antihypertensive treatment for people with elevated blood pressure who are at least 60 years of age. It is
important to appreciate that this represents a group of people with relatively high systolic blood pressures: an average of 172/81 mmHg in the isolated systolic
hypertension trials and an average of 182/95 mmHg in the 11 other trials. The reason that the diastolic pressure is lower than expected is because only 6 of these trials
ensured the presence of diastolic hypertension, i.e. > 90 mmHg diastolic (ANBP 1981 , EWPHE 1989 , HTN Coop 1974 , Sprackling 1981 , STOP 1991 , VA Coop 1970 ). In
these trials the average diastolic BP was >100 mmHg.

In this population antihypertensive drug treatment was associated with a modest reduction in total mortality, RR 0.90 (0.84 - 0.97). This represents an absolute
reduction in deaths of 12, from 116 to 104 events per 1000 participants, over an average duration of 4.5 years, see . However, the 95% CI range from 3 to 19 deaths per
1000 participants, so we cannot be very confident in this result. This absolute reduction is explained by 6 less deaths due to stroke and 6 less deaths due to coronary
heart disease. Most importantly when we limited the analysis to people 80 years old and over there was no reduction in total mortality, RR 0.98 (0.87 - 1.10). Thus trials
with longer duration of treatment in the very elderly are warranted.

Cardiovascular mortality and morbidity was significantly reduced, RR 0.72 (0.68 - 0.77). This represents an absolute reduction of 43 (35 - 49), from 153 to 110 events per
1000 participants for a mean duration of treatment of 4.5 years, see . This was due to a reduction of 20 cerebrovascular disease mortality and morbidity events as well
as 10 coronary heart disease mortality and morbidity events. In the very elderly a similar reduction of 18 cerebrovascular mortality and morbidity events per 1000
participants was present, but there was no significant reduction in coronary heart disease mortality and morbidity.

The magnitude of benefit depends on multiple factors including their baseline risk of cardiovascular complications of hypertension (_Gueyffier 1997 ). People with more
cardiovascular risk factors (e.g. diabetes, family history of heart disease, left ventricular hypertrophy, etc.) have greater likelihood of a reduction in cardiovascular events
by antihypertensive therapy.

The five-year absolute morbidity and mortality benefit of antihypertensive therapy is greater for older than younger adults (_Collins 1990 , Mulrow 1994 ). Several reasons
could explain this greater absolute benefit. First, older people are at higher immediate absolute risk of a cardiovascular event than younger people (_Alderman 1981 ,
Browner 1989 , Alderman 1993 ). The risk factors include pre-existing cardiovascular disease and systolic hypertension (_Applegate 1992 , Mann 1992 ). Lowering of blood
pressure results in similar relative but higher absolute effect in these people at high risk. The subgroup analysis of treatment in the very elderly patients (80 years or
older) showed no significant benefit in terms of all cause mortality including cardiovascular, coronary heart disease or cerebrovascular disease mortality. However, a higher
absolute risk reduction was observed in cardiovascular mortality and morbidity from 115 to 86 (75 to 100) events per 1000 participants, which was mostly due to a
decrease in cerebrovascular mortality and morbidity for a mean duration of 2.0 years, see .

Trials involving older people could have varied systematically from those in younger people. Except for TOMHS 1995 , trials that included younger people were published
before 1987(_VA Coop 1962 , Wolf 1966 , VA Coop 1970 , Barraclough 1973 , HTN Coop 1974 , USPHS Coop 1977 , VA/NHLBI 1978 , ANBP 1981 , Oslo 1986 ). Six large
trials involving older people were published after 1990 ( SHEP 1991 , STOP 1991 , MRCOA 1992 , Syst-Eur 1991 , HYVET P 2003 , HYVET 2008 ). While first-line
beta-blockers and thiazide diuretics were used in most trials, the recent large trials in older people have usually used either lower doses of thiazides or combinations
with potassium sparing agents. As a result they may be associated with less toxic adverse effects. The most recent trial in very elderly ( HYVET 2008 ) used indapamide
sustained release 1.5 mg or matching placebo. If blood pressure remained above SBP=150 mmHg and DBP=80 mmHg, perindopril 2 mg or 4 mg or matching placebo could
be added. Thus, this trial showed a significant reduction in mortality, RR 0.82 (0.69 - 0.99), ARR = 2.2%, NNT= 48 for 2 years, and in total cardiovascular events, RR
0.71 (0.57 - 0.87) with low doses of two antihypertensive drugs. The other trials in the very elderly used higher doses of more antihypertensive drugs and showed a trend
towards increased total mortality. These observations suggest that less aggressive treatment is probably a good approach in the very elderly, but this needs to be
validated with RCTs testing different approaches to BP control in this patient population.

Numbers of participants who dropped out of trials due to adverse drug effects were often not reported. The three trials that did report this data showed a significant
increase in withdrawals due to adverse effects from 65 to 111 events per 1000 participants, absolute increase of 46 (29 - 65) per 1000 patients. Separate data for
withdrawals due to adverse effects was not available in the very elderly patients.

Control rates
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Control rates provide insight regarding baseline risk of study populations and can explain the differences in outcomes between individual trials. Total mortality rates in
the control groups ranged from 3 to 71%. Trials with relatively low rates included ANBP 1981 (3%), HYVET P 2003 (5.2%), Syst-Eur 1991 (6%), SHEP-PS 1986 (6.5%),
STOP 1991 (7.7%), and SHEP 1991 (10.2%). Trials with moderate rates included HYVET 2008 (12.3%), MRCOA 1992 (14.2%), HEP 1986 (14.8%), and Kuramoto 1981
(14.9%). Trials with relatively high rates included Carter 1970 (34.6%), EWPHE 1989 (35.1%), and Sprackling 1981 (71%). VA Coop 1970 and HTN Coop 1974 did not
report total mortality, but reported the second and third highest event rates (behind Sprackling 1981 ) in cardiovascular morbidity and mortality (VA Coop 1970 58.1%,
HTN Coop 1974 34.3% and Sprackling 1981 83.9%).

The 95% CI of the RR of total mortality for Sprackling 1981 , 1.11 (0.90 to 1.36), did not overlap with the 95% CI of the STOP 1991 trial, 0.57 (0.39 to 0.85). Differences
in control rates may in part be due to differing baseline characteristics in recruited subjects. For example, the subjects in Carter 1970 and HTN Coop 1974 were all stroke
survivors. Subjects in Sprackling 1981 and Kuramoto 1981 resided in a home for the aged. Subjects in Carter 1970 and VA Coop 1962 were recruited from hospitals
(though followed up in clinics) and subjects in EWPHE 1989 were recruited from geriatric hospitals, physician's offices and homes for the aged.

Additional explanations of differing control rates include variations in definitions of trial end-points, cross-over rates and follow-up durations. Although we attempted to
standardize outcome definitions as much as possible (see Methods section), truly uniform definitions between trials were not possible. Trials had cross-over rates ranging
from 9% to 62% (see Characteristics of included studies ) and follow-up durations ranging from 1 to 6 years.

Since most data is based on a small percentage of randomized patients with stroke or MI at baseline, patients with significant competing comorbidity and complicated
medical regimens may also have poorer compliance, less benefit, and more adverse effects compared to participants in trials.

Risk of Bias

Risk of bias was assessed using the Cochrane Risk of Bias tool and demonstrated that approximately 40% of trials had evidence of selective reporting bias and
approximately 30% of trials did not deal with missing or incomplete outcome data appropriately. In other words, 40% of trials could have censored outcome data for
patients after they had had their first event. In addition, in 30% of the trials, when outcome data wasn't available it appeared the assumption was that an event did not
occur in that patient. See ; and . The implications are that the available outcome data used in the meta-analyses may be incomplete. It is difficult to determine whether
this bias would favour treatment or control. What can be said is that reported event rates are underestimates and the calculated effect sizes for outcomes (other than
death as the first event) may be inaccurate.

Limitations and generalizability

The most appropriate way to match expected magnitude of benefits to patients with particular constellations of risk factors is to perform individual patient based
meta-analyses (_Gueyffier 1997 ), which was not possible in this review. Moreover, our aggregate results only refer to generally expected benefits for elderly hypertensive
patients, and are not tailored specifically to patients with particular risk factors. Our average results refer primarily to a primary prevention population with moderate to
severe systolic or systodiastolic hypertension treated with a first-line thiazide. Data for other first-line drugs is insufficient, and the objective of this review was not to
compare different first-line drugs, which has been done by other systematic reviews (_Psaty 1997 , Wright JM 1999 , Psaty 2003 , Wright JM 2009 ).

Actual estimates of benefits and harms of treating elderly persons with hypertension derived from trials with highly selected subjects are not readily generalizable to
clinical practice. Many patients either would not meet eligibility criteria or, if offered the chance, would not have enrolled in a clinical trial. Strictly speaking, trial results
cannot be generalized to such patients. In practice, clinicians are of course willing to offer treatment to patients who may not have been eligible for a trial or who, if
eligible, would have refused participation; but we should approach these generalizations with forethought. Without extra care and visits provided in many trials, even our
"eligible" patients may be less compliant than trial participants. Patients with significant competing comorbidities and complicated medical regimens may also have
poorer compliance, less benefit, and more adverse effects compared to participants in trials. For example in an octagenarian with orthostasis and recurring falls related to
antihypertensive therapy, the harms likely exceed benefits. On the other hand, clinicians should not always assume that less benefit would be seen in "real life" clinical
settings. A person who is at high immediate risk of suffering a cardiovascular event and does not have other competing illnesses may have a higher benefit-to-harm ratio
than the average trial participant.

AUTHORS' CONCLUSIONS

Implications for practice

Antihypertensive treatment of people aged 60 and older with moderate to severe systolic and/or diastolic hypertension reduces total mortality and total cardiovascular
morbidity and mortality. The absolute risk reduction in cerebrovascular mortality and morbidity over 4.5 years was greater (2.0% and NNT=50) than for coronary heart
disease mortality and morbidity (1.0% with NNT=100). The evidence of benefit pertains mostly to a primary prevention population and first-line treatment with a
thiazide. This comprehensive systematic review provides additional evidence in people aged 80 and older where antihypertensive treatment reduced total cardiovascular
morbidity and mortality, but not total mortality. In the very elderly the absolute risk reduction in cerebrovascular mortality and morbidity over 2.2 years was 1.8% with
NNT=56, but there was no significant reduction in coronary heart disease mortality and morbidity.

Implications for research

Individual patient based meta-analyses of data from existing trials should be used to derive evidence for the treatment of specific subgroups of elderly hypertensive
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patients, such as persons with diabetes, functional impairment, recent stroke or persons of African descent. Further long term RCTs are needed to investigate which
first-line drug is best in elderly patients and to study different approaches to treatment e.g. an RCT comparing the use of two drugs at low dose (as in the HYVET 2008
trial) with traditional antihypertensive therapy with 3 to 4 drugs in maximal doses.
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GRAPHS

Graphs and Tables

To view a graph or table, click on the outcome title of the summary table below.

Antihypertensive drug therapy vs control in elderly 60 years or older

Outcome title No. of studies No. of participants Statistical method Effect size

1 Total mortality 12 23119 Risk Ratio (M-H, Fixed, 95% CI) 0.90 [0.84, 0.97]
1.1 Elderly 60 years or older 12 23119 Risk Ratio (M-H, Fixed, 95% CI) 0.90 [0.84, 0.97]
2 Cardiovascular mortality and morbidit 13 23094 Risk Ratio (M-H, Fixed, 95% CI) 0.72 [0.68, 0.77]
2.1 Elderly 60 years or older 13 23094 Risk Ratio (M-H, Fixed, 95% CI) 0.72 [0.68, 0.77]
Withdrawal v ffi 3 6914 Risk Ratio (M-H, Fixed, 95% CI) 1.71 [1.45, 2.00]

Antihypertensive drug therapy vs control in very elderly 80 years or older

Outcome title No. of studies No. of participants Statistical method Effect size
1 Total mortality 8 6701 Risk Ratio (M-H, Fixed, 95% CI) 0.98 [0.87, 1.10]
1.1 Very elderly 80 years or older 8 6701 Risk Ratio (M-H, Fixed, 95% CI) 0.98 [0.87, 1.10]
2 Cardiovascular mortality and morbidity 7 6546 Risk Ratio (M-H, Fixed, 95% CI) 0.75 [0.65, 0.87]
2.1 Very elderly 80 years or older 7 6546 Risk Ratio (M-H, Fixed, 95% CI) 0.75 [0.65, 0.87]
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COMMENTS AND CRITICISMS
Comment on the conclusion

Summary of comments and criticisms

While reading your interesting review in the Cochrane Library: "Pharmacotherapy for hypertension in the elderly", we were particularly interested in a statement made in
the Main results of the abstract:" The average prevalence of cardiovascular risk factors, cardiovascular disease, and competing co-morbid diseases was lower among trial
participants than the general population of hypertensive elderly persons." We would very much like to know how you came to that conclusion. After carefully reading the
full review, we were not able to find this statement mentioned in any other part of the review. Could you please provide how you validated this statement and what
references were used to validate this statement?
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Conclusions are flawed, 28 October 2008

Summary of comments and criticisms

As stated in the title and objectives: The purpose of this SR was to provide a comprehensive overview of trial evidence regarding benefits of "anti-hypertensive drug"
therapy in elders.

This systematic review can be criticized mainly because it includes the HDFP trial (in which patients were randomized to two different treatment strategies, i.e. stepped
care vs. referred care. In other words, in this trial not only the type of pharmacological agents were different in both groups, but also non-pharmacological interventions.
Thus, it is not possible to be certain if the difference in outcomes was due to pharmacological or to non-pharmacological interventions) and CASTEL trial (similar design
as that of HDFP) and pooled these trials along with true placebo control trials. Thus, when calculating total mortality, the weight given to those two trials in combination
is even greater than that given to the biggest placebo-control trial, SHEP trial. If those two trials were removed the benefit disappears. Therefore, the conclusions of this
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