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Systemic arterial hypertension affects 72 million U.S. adults and additional hundreds of
million persons worldwide (1,2). Most of these are candidates for pharmacologic treatment
to reduce risk of cardiovascular disease (CVD) events, based primarily on a very large body
of epidemiologic and intervention research in humans. Because of this high prevalence and
the cardiovascular consequences of untreated or inadequately treated hypertension, the
selection of drugs for initial and continuing, long-term treatment has large public health and
health economic implications. Fortunately, such decisions and the expert recommendations
that seek to guide them can call upon evidence from four decades of randomized multi-
center clinical trials evaluating effects of treatment on clinical CVD. We summarize that
evidence in this paper, in approximate chronological order, and we comment on the related
treatment guidelines. We close with some of the major clinical questions yet to be resolved.

Trials of blood pressure reduction
Before the current era beginning in the early 1990s of emphasis on positive control trials,
which directly compare different drug regimens, there were three decades of trials that
compared an active regimen with placebo or in a few cases “usual care”. For most of this
period the mainstay of treatment was generally a thiazide-type diuretic (hereinafter called
thiazides) or to a lesser extent, a beta-adrenergic blocker (termed beta-blockers). With few
exceptions, these trials—especially those with high statistical power and thiazide-based
regimens—showed benefit for CV outcomes (3–8). This evidence, which provided a basis
for recommending thiazides or beta-blockers as first-step drugs in most editions of U.S.
guidelines through 1997 (9), needs to continue to be given due weight in practice and
practice guidelines.

The largest and most consistent benefits from the earlier trials were for stroke and (where
reported) heart failure. Benefits for coronary heart disease (CHD) were less clear, and
commentators frequently speculated that potentially adverse metabolic effects--on potassium
(for diuretics), lipids, and glucose--of thiazides and beta-blockers were related to this
“shortfall” in reducing CHD outcomes. Two reports in the early 1990s considerably reduced
concern about the CHD shortfall. A meta-analysis of essentially all randomized
antihypertensive treatment trials with clinical events outcomes—placed in an epidemiologic
context so as to address the question of what effects would be expected based on risks of
various events at different blood pressure (BP) levels—showed that treatment significantly
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reduced non-fatal myocardial infarction (MI) or CHD death (major CHD) by 14%, which
represented about 2/3 of the epidemiologic expectation (10,11). The authors attributed the
shortfall to the short duration of treatment in the trials, averaging about 2–3 years to CHD
events—a plausible conclusion. Shortly thereafter, the Systolic Hypertension in the Elderly
Program reported that a thiazide-based regimen (using “low-dose” chlorthalidone) not only
reduced fatal and non-fatal stroke by 36%, but also lowered major CHD by 27% (8).

The results of these trials have also provided a basis for guidelines on drug choice through
indirect comparisons among trials and groups of trials. Subsequent to SHEP, the similarly
designed Systolic Hypertension in Europe (Syst-Eur) trial reported that treatment with a
dihydropyridine calcium channel blocker (CCB) as the main drug reduced BP, stroke, and
all cardiac events to a similar extent as in SHEP (12). However, neither effects on CHD or
heart failure were separately statistically significant. For angiotensin-converting-enzyme
(ACE) inhibitors there was no large trial focused on hypertension, but several trials reported
that these drugs reduced mortality and morbidity in patients with heart failure and/or CHD
(13–16); the Studies of Left Ventricular Dysfunction (SOLVD) prevention trial showed that
enalapril lowered the risk of MI and overt heart failure in patients with reduced ejection
fraction (17). The size of the heart failure effect was, however, only 20%, in contrast with
the 49% benefit in SHEP (18).

These newer trials provided important added justification for earlier recommendations
concerning use of CCBs and ACE-inhibitors as first-line drugs in treating hypertension in
the 1988 Report of the Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure (19). However, both JNCV and JNCVI recommended
thiazides and beta-blockers as preferred initial drugs for antihypertensive treatment (9,20).
As in the case of ACE-inhibitors, the trials of secondary prevention of heart disease
continued to play a large role in the thinking about benefits of beta-blockers in hypertension.

In spite of all these factors--the weight of the evidence, the consensus incorporated in JNC
recommendations, and the low acquisition costs of several generic agents--, the use of
thiazides and beta-blockers to treat hypertension declined dramatically after 1981-83
through the early 1990s (Figure 1) (21). These trends can be attributed to 1) concerns raised
regarding metabolic effects, 2) results of trials that used doses of thiazides much higher than
in general use today (22), and 3) effective marketing of newer patented drugs, in part based
on their effects on intermediate markers of various disease processes. Thiazide dosing issues
were eventually addressed based on the dose-response curves for BP effects versus
potassium depletion, the SHEP trial results, and most persuasively by a meta-analysis that
separated use of “low-dose” (actually, low-to-moderate dose) from high-dose thiazides
among CV events trials (23). Nevertheless, it was increasingly recognized that large, direct
comparison trials would be needed to provide a solid scientific basis for drug selection. One
of the first such trials, and the largest in terms of total study population as well as patients
per treatment arm, was the Antihypertensive and Lipid Lowering Treatment to Prevent Heart
Attack Trial (ALLHAT).

The continuing case for thiazides
Direct comparison trials

ALLHAT: design and pre-specified outcomes—ALLHAT was designed to address
the issue of which class of drugs should be used for initial therapy for hypertension. It was
planned as a practice-based trial to mirror community treatment of hypertension, obtain
sufficient patients, and capture the diversity of hypertensive patients (by age, sex, ethnicity,
and diabetic status). More specifically, the study was a randomized, double-blind,
multicenter clinical trial, designed to determine whether the incidence of CHD is reduced in
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high-risk patients with hypertension by a CCB (represented by amlodipine), an ACE-
inhibitor (represented by lisinopril), or an alpha-blocker (represented by doxazosin), each
compared with diuretic treatment (represented by chlorthalidone) (24). The overall findings
of the trial showed that CHD risk was not improved for any of the three newer agents
compared with chlorthalidone (25,26) and that total mortality was similar for the four groups
(Table 1 and Table 2).

However, diuretic-based therapy was superior to alpha-blocker-based, ACE-inhibitor-based,
and CCB-based therapy in preventing one or more major forms of CVD, including heart
failure and (in some comparisons) stroke. (25,26). Results were consistent for all outcomes
by age, sex, diabetic status, and ethnicity, except for stroke and combined CVD. For these
end points, significant heterogeneity was seen in the lisinopril-chlorthalidone comparison by
ethnicity: black persons assigned to chlorthalidone had a greater reduction in risk for stroke
and CVD, in keeping with larger BP differences.

On the basis of these findings, the ALLHAT investigators recommended that diuretics
should be the drug of choice for initial hypertension therapy and, since most hypertensive
patients require more than one drug, diuretics should generally be part of any
antihypertensive regimen. With regard to applicability of these conclusions, although
ALLHAT was conducted in high-risk patients to ensure that enough outcome events would
occur during the study to detect important treatment differences, its findings (just as those
from most trials) can and should be reasonably extrapolated beyond the exact sample in
which it was conducted.

BP differences in ALLHAT—One of the main criticisms of ALLHAT was that its
outcome findings (especially the subgroup findings for stroke) could be explained by
observed BP differences among treatment groups. The chlorthalidone-based regimen
happened to be the most effective in reducing clinical outcomes and, to a small degree, in
BP lowering (Figure 2). (25)

Meta-regressions of effects of BP differences on trial results (27) suggest that they do offer a
partial explanation, except for heart failure. In ALLHAT, the small differences in achieved
mean systolic BP and diastolic BP — < 1 mm Hg—between the amlodipine and
chlorthalidone groups overall and the lisinopril and chlorthalidone groups in nonblack
persons should have had a negligible effect on cardiovascular event rates. In these respective
comparisons, the observed rates of heart failure were higher with amlodipine (RR=1.38,
95% CI 1.25–1.52) and lisinopril (RR=1.15, 95% CI 1.01–1.30) than with chlorthalidone
(25).

Extrapolating findings to drugs within a class—Could the ALLHAT results be
extrapolated to other drugs of the same class? For alpha-blockers, ACE inhibitors, and
dihydropyridine calcium-channel blockers, such extrapolation seems reasonable (28). Data
from studies using various thiazide-type or thiazide-like diuretics (chlorthalidone,
hydrochlorothiazide, indapamide, and bendrofluazide) suggest similar benefits among
equivalent doses of all thiazide type diuretics tested in CVD prevention trials against
placebo, usual care, or another drug class (5,6,8,29,30–34). However, there are a few studies
that suggest that chlorthalidone’s longer duration of action may provide some advantage in
CVD prevention over hydrochorothiazide (22,35).

Results from other trials—After the ALLHAT results appeared, several other active
comparator trials were reported. The Second Australian National Blood Pressure Study
(ANBP2), a practice-based open-label trial, was the only other large trial besides ALLHAT
to compare diuretic-based (hydrochlorothiazide recommended) with ACE inhibitor-based
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(enalapril recommended) antihypertensive treatment. (34) A total of 6083 participants, 65–
84 years of age, were treated and followed for a mean of 4.1 years. The primary end point
was a composite of all cardiovascular events (including recurrent events, an unusual design)
plus all-cause mortality. Cardiovascular events included major coronary events, stroke and
transient ischemic attacks, heart failure (not otherwise defined), acute occlusion of any other
major artery, and dissecting or ruptured aortic aneurysm. The results for the primary end
point favored the ACE inhibitor group (relative risk with marginal significance, 0.89 [95%
CI, 0.79 to 1.00]; P = 0.05). The corresponding results using first cardiovascular event had
essentially the same relative risk, (P=0.07). The relative risk for heart failure was 0.85 [95%
CI, 0.62 to 1.18], p = 0.33. Frohlich (36) weighed the supposedly conflicting results of
ANBP2 and ALLHAT, suggesting possible explanations such as the patients studied (many
more black patients in ALLHAT) and the specific drugs used. Additionally, there were
almost eight times as many cardiovascular events in the two comparable arms in ALLHAT
as in ANBP2, and only ALLHAT was double-blind. ANBP2 used a prospective,
randomized, open-label, blinded end-point (PROBE) design, increasing the potential for bias
in the reporting of events (the rates of some outcomes might have been “expected” to be
lower with the ACE-inhibitor) even though ANBP2 relied on endpoint-committee-
adjudicated outcomes. Doses of agents in ANBP2 were left up to the local investigator and
were not reported; thus, it is not possible to assess whether appropriate doses of
hydrochlorothiazide were used. Even given the possible biases, however, the results of
ANBP2 are consistent with those of ALLHAT if the upper confidence limit for the relative
risks in ANBP2 is compared with the estimates of relative risk in ALLHAT (37).

The International Nifedipine GITS study: Intervention as a Goal in Hypertension Treatment
(INSIGHT) was the other large trial besides ALLHAT to compare diuretic-based (co-
amilozide) with CCB-based (nifedipine) antihypertensive treatment on cardiovascular
mortality and morbidity in high-risk patients with hypertension (33). It was a randomized,
double-blind trial in 6321 patients aged 55–80 years with hypertension. Patients had at least
one additional cardiovascular risk factor and were randomly assigned patients to nifedipine
(30–60 mg in a long-acting gastrointestinal-transport system (GITS) formulation) or co-
amilozide (hydrochlorothiazide 25–50 mg plus amiloride). The primary outcome was
cardiovascular death, myocardial infarction, heart failure, or stroke. Primary outcomes
occurred in 200 (6.3%) patients in the nifedipine group and in 182 (5.8%) in the co-
amilozide group (relative risk 1.10 [95% CI 0.91–1.34], p=0.35). The CCB was not superior
to the diuretic in preventing cardiovascular morbidity and mortality. Non-fatal heart failure
was more common in the CCB arm (relative risk = 2.20 95% CI, 1.07 to 4.49, p= 0.028).
There were only 3 fatal heart failure events − 2 in the CCB arm and 1 in the diuretic arm.

Further details on heart failure in ALLHAT—Another major ALLHAT criticism
concerned the heart failure findings. Specifically, were the findings real and could they be
explained by withdrawal from antihypertensive medications, such as diuretics and ACE
inhibitors, upon entry into ALLHAT?

Several papers have addressed these two questions in detail (38–41). The reliability of the
HF diagnosis during the trial was examined in depth via the ALLHAT Heart Failure
Validation Study (HFVS) (40). This study was designed to validate and elucidate the
significance of heart failure events in ALLHAT. This study involved all hospitalized heart
failure events and relevant hospital records related to these events. Cardiology fellows,
external to ALLHAT and blinded to treatment assignment, centrally abstracted the
documentation for each heart failure hospitalization (2778 in 1935 patients; 2 independent
reviews per case). ALLHAT and Framingham criteria were assigned by a computer
algorithm; the reviewers also rendered a global clinical judgment. Percent agreements with
site physician diagnoses were 71%, 80%, and 84% for ALLHAT, Framingham, and
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reviewers’ judgment, respectively. Based on these 3 criteria, relative risks (95% CI) for
new-onset hospitalized heart failure compared with chlorthalidone were, respectively, 1.46
(1.27–1.68), 1.42 (1.25–1.62), and 1.45 (1.28–1.64) for amlodipine; 1.18 (1.02–1.28), 1.13
(0.99–1.30), and 1.15 (1.01–1.32) for lisinopril; and 1.79 (1.51–2.11), 1.71 (1.46–2.00), and
1.80 (1.55–2.10) for doxazosin (Figure 3).(40)

Although there was early divergence of the heart failure incidence curves in ALLHAT, it
continued after the first year for doxazosin and amlodipine versus chlorthalidone. For
lisinopril versus chlorthalidone, the curves also separated early but appeared to converge
between years 6 and 7(25). Diagnostic analysis revealed that the proportional hazards
assumption of constant relative risk over time was not valid (39). A more appropriate model
showed relative risks of amlodipine or lisinopril versus chlorthalidone during year 1 were
2.22 (1.69 to 2.91; p<0.001) and 2.08 (1.58 to 2.74; P<0.001), and after year 1, 1.22 (1.08 to
1.38; p<0.001) and 0.96 (0.85 to 1.10; p = 0.58) (Figure 4). (39)

Also, information about previous medication use was collected on the hospitalized and fatal
cases of heart failure as a follow-up to the HFVS (41). When case-only design theory was
used to assess interactions (42), the analyses did not support an effect of pre-entry diuretic
use on the observed heart failure differences. However, the addition of second- and third-
line drugs (~30% at year one) probably contributed to the lessening of the divergence
starting at 6 to 12 months after randomization. Given these additional examinations, the
original conclusions remained the same. Thiazide-type diuretics should be the preferred
first-step therapy for prevention of heart failure in high-risk patients with hypertension.

Diabetes in ALLHAT—As noted above, the initial ALLHAT reports showed consistent
findings for those in the pre-specified sub-groups with and without a baseline history of
diabetes (25,26). A subsequent report on comparisons among the chlorthalidone,
amlodipine, and lisinopril arms utilized baseline fasting glucose (FG) levels in addition to
history to classify participants into those with diabetes, impaired fasting glucose (110–125
mg/dl), and fasting normglycemia. Results were similar in all three sub-groups—in
particular, the superiority of chlorthalidone for heart failure and the absence of any outcome
(including end-stage renal disease) for which another arm was superior (43).

Among those without DM at baseline the mean FG was about 93.5 mg/dl. Changes in FG
and percentage of incident diabetes mellitus (IDM) at 4 years, although not prespecified
outcomes, were +10.8 mg/dl and 11.0% in the chlorthalidone group; +9.3mg/dl and 9.3% in
the amlodipine group, and +6.8 mg/dl and 7.8% in the lisinopril group, respectively, (25). It
was observed that these and other metabolic differences did not translate into any overall
disadvantage for this treatment arm during the mean follow-up of 4.9 years (range 4–8
years). Nevertheless, further epidemiologic-type analyses were conducted to examine the
association of glucose changes with CVD and renal outcomes (44). There was no significant
association of 2-year FG change with subsequent events, overall or in the chlorthalidone arm
separately. Also, among those who developed IDM by 2 years compared to those who did
not, there was no significant increase in subsequent risk for any major disease outcomes
except CHD, e.g. the relative risks for all CVD combined were 1.04 (95% CI 0.80–1.35) for
all arms and 0.96 (0.66–1.37) for chlorthalidone, and for total mortality, 1.31 (0.96–1.81)
and 1.05 (0.66–1.67), respectively. For CHD the risk associated with IDM was 1.64 (1.15–
2.33) overall, but only 1.46 (0.88–2.42) in the chlorthalidone arm (Figure 5).

So is this tendency for IDM occurring during low-to-moderate dose chlorthalidone treatment
to impart less risk for adverse clinical events than during other regimens real, and if so, what
could be the explanation? First, in the only other long-term follow-up data in treated
hypertensive patients that are relatively uncontaminated with concomitant drugs, the
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findings in the SHEP 14-year extended follow-up study showed a similar phenomenon—a
contrast between an increased CVD risk associated with IDM in the placebo arm, but not in
the chlorthalidone arm (45). Second, it must be recognized that in a typical hypertensive
populations the great majority of IDM that occurs while taking a thiazide is not drug-
induced but due to typical causes of Type 2 diabetes, and therefore would be expected to
carry the same risk as any such occurrence. From ALLHAT data on IDM at 4-years such a
fraction can be estimated as 83%, if it is assumed that the CCB is metabolically neutral (46).
If only 1 out of 5 cases of IDM in patients prescribed a thiazide is due to the drug but these
cases cannot be separated from the majority, the lower risk in such patients would serve to
somewhat lower but not eliminate the overall DM-associated risk.

For the reason why thiazide-induced IDM could carry less risk than “naturally-occurring”
DM, one needs to consider the abundant--but mostly older and often forgotten--literature on
potassium depletion and glucose disorders (46,47). To the extent that glucose disorders are
due to this mechanism, it is plausible that its natural history is quite different. Further, as
pointed out in (46), “In the diuretic-treated patient hypokalemia is likely to be intermittent,
due to dietary and drug adherence variation, and potassium-sparing therapeutic intervention
[which] may also translate to dysglycemia that is intermittent …and thus confer little risk of
diabetic complications.”

Network meta-analysis
The role of the efficacy of various antihypertensive therapies used as first-line agents in
preventing major cardiovascular disease outcomes has been assessed using network meta-
analysis (48). This type of analysis combines direct within-trial between-drug comparisons
with indirect evidence from the other trials. The indirect comparisons, which preserve the
within-trial randomized findings, were constructed from trials that had one treatment in
common.

Data were combined from 42 clinical trials that included 192 478 patients randomized to 7
major treatment strategies, including placebo. For all outcomes, “low-dose” diuretics were
superior to placebo (Figure 6): coronary heart disease (CHD; RR, 0.79; 95% confidence
interval [CI], 0.69–0.92); congestive heart failure (CHF; RR, 0.51; 95% CI, 0.42–0.62);
stroke (RR, 0.71; 0.63–0.81); cardiovascular disease events (RR, 0.76; 95% CI, 0.69–0.83);
cardiovascular disease mortality (RR, 0.81; 95% CI, 0.73–0.92); and total mortality (RR,
0.90; 95% CI, 0.84–0.96). None of the other first-line treatment strategies--beta-blockers,
ACE-inhibitors, CCBs, alpha-blockers, and angiotensin receptor blockers--was significantly
better than “low-dose” diuretics for any outcome. Blood pressure changes were similar
between comparison treatments. Based on this network meta-analysis, the authors concluded
that “low-dose” diuretics were the most effective first-line treatment for preventing the
occurrence of cardiovascular disease morbidity and mortality.

JNC7 Recommendations
In 2003, the Seventh Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure (JNC7) issued its recommendations
based upon the ALLHAT results and other trial evidence that was available at that time (49).
Its major conclusions and recommendations were as follows.

In trials comparing thiazide-type diuretics with other classes of antihypertensive agents, they
are 1) well-tolerated; 2) effective and relatively safe for the management of hypertension
despite potential adverse metabolic effects; and 3) unsurpassed in preventing the
cardiovascular complications of hypertension. They are also less expensive and
underutilized. The doses of thiazide-type diuretics used in successful morbidity trials of low-
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moderate dose diuretics should be used (generally the equivalent of 25 to 50 mg of
hydrochlorothiazide or 12.5 to 25 mg of chlorthalidone), although therapy may be initiated
at lower doses and titrated to these doses if tolerated.

The algorithm for the treatment of hypertensive patients is to begin with lifestyle
modification, and if the BP goal is not achieved, thiazide-type diuretics should be used as
initial therapy for most patients, either alone or in combination with one of the other classes
(ACEIs, ARBs, BBs, CCBs) that have also been shown to reduce one or more hypertensive
complications in randomized controlled outcome trials (Figure 7). Selection of one of these
other agents as initial therapy is recommended when a diuretic cannot be used or when a
compelling indication is present that requires the use of a specific drug. If the initial drug
selected is not tolerated or is contraindicated, then a drug from one of the other classes
proven to reduce cardiovascular events should be substituted. Since most hypertensive
patients will require 2 or more antihypertensive medications to achieve their BP goals,
addition of a second drug from a different class should be initiated when use of a single
agent in adequate doses fails to achieve the goal. It is further recommended that patients
with Stage 2 hypertension be started on 2 drugs initially, one of which should be a thiazide.

The evidence for and against beta-blockers
The British Medical Research Council (BMRC) trial of treatment of mild hypertension was
the first clinical events trial with a beta-blocker-based arm (propanolol) in addition to a
thiazide arm (bendrofluazide). (6) Compared with placebo, only the thiazide significantly
reduced stroke, likely due to the greater BP-reduction than with the beta-blocker. Both
active treatment arms showed reductions in major CV events. Along with trials that found
improved survival in post-MI patients with beta-blockers, this experience was sufficient for
guidelines to begin recommending thiazides and beta-blockers as relatively equivalent
alternatives for initiating treatment. This remained the situation through the 1990s, in spite
of publication of results from the BMRC trial of treatment of hypertension in older adults,
the beta-blocker arm of which showed no significant reduction in either stroke or CHD
events compared with placebo. (7) In keeping with practice trends, a cardioselective beta-
blocker, atenolol, was selected in this trial; in this arm systolic BP was less well controlled
for the first year than in the hydrochlorothiazide arm.

Although one observer began questioning the role of the class for first-line treatment (50),
during the era of direct comparison trials the arm representing traditional classes of drugs
most often offered participating clinicians a choice of thiazides or beta-blockers, or selected
a beta-blocker (most commonly, atenolol) as the comparator. Generally, prior to 2005 there
were few differences for major CV event rates in individual trials between such regimens
and those based on newer classes; an exception was the LIFE (Losartan Intervention For
Endpoint reduction in hypertension) trial, in which a composite of stroke, MI, and CV death
was 13% (p=.02) less frequent in the losartan-based than the atenolol-based group, owing
mostly to an advantage for stroke. (51) This small disadvantage for the beta-blocker in a
special study population selected for left ventricular hypertrophy, in the light of numerous
trials not showing such a disadvantage, was not sufficient for the JNC7 group to downgrade
the role of beta-blockers as alternative first-line drugs.(49)

The balance of evidence changed substantially with the reporting of results of the Anglo-
Scandinavian Cardiac Outcomes Trial—Blood Pressure Lowering Treatment Arm (ASCOT-
BPLA).(52) This large open-label trial (PROBE design) compared atenolol-based treatment
(bendroflumethiazide as an add-on) with amlodipine-based treatment (perindopril as add-
on); it was stopped early because of 11% lower all-cause mortality in the amlodipine group
(p=.02). When the study was terminated early, there was no advantage in this arm for the
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primary CHD end-point (hazard ratio 0.90, p=.11), stroke was also significantly reduced, by
23%. This may have been related to the lower mean BP—2.7/1.9 mmHg on average, with a
greater difference during the first year. Both effects may have in turn been related to the one
daily use of atenolol and/or the relatively low dose of the thiazide added to atenolol when
needed for BP control.

After the publication of ASCOT several meta-analyses were produced that led to
recommendations unfavorable to beta-blockers (while continuing to acknowledge that
evidence on non-atenolol beta-blockers in a primary prevention setting is scanty). (53,54)
Although the trials included differed somewhat between the meta-analyses and the
Lindholm paper did not address heart failure, they both concluded that beta-blockers were
less effective than other major antihypertensive classes in preventing stroke (Figure 8).
Therefore, the recommendations were to delete beta-blockers as a first-line antihypertensive
treatment, except where there are compelling indications, mainly for patients with CHD.

Conclusions
We believe that the JNC7 Report came to the proper conclusions about thiazides, based on
1) results of the abundant trials aimed at the effect of BP reduction on clinical events
comparing thiazide-based regimens to placebo or lesser treated controls; 2) ALLHAT results
in the context of the few other trials evaluating thiazide-based treatment versus another class
(trials testing a beta-blocker-and/or-thiazide protocol versus another class are not very
informative); and 3) the network meta-analysis by Psaty that summarized all of this
evidence. As noted in JNC7, thiazides are 1) well-tolerated—better than other classes in the
double-blind setting of ALLHAT, where a heterogeneous patient population was treated in
widely diverse clinical settings; 2) at least as effective as other classes for BP control in
most patients, with the possible exception of younger white men (55); 3) unsurpassed in
preventing CV events and improving survival, including an advantage in prevention of heart
failure (in the short-term versus ACE inhibitors, and in the long-term versus CCBs); and 4)
have very low acquisition costs. Although frequency of their use in antihypertensive
regimens has increased substantially since the ALLHAT and JNC7 publications (56), they
are still underutilized, and organized efforts to improve performance in this regard are
continuing, most impressively in the Department of Veterans Affairs medical system.
(personal communication, William Cushman, MD)

Some commentators have focused on the small increase in IDM associated with thiazide
use, while virtually ignoring the advantage for heart failure prevention. This seems
backward. Regarding diabetes, naturally-occurring disease carries appreciable long-term CV
risk, but it is not clear that thiazide-induced cases do, and they are largely preventable or
reversible by management of potassium balance. On the other hand, heart failure imparts
high functional impact and mortality risk in the short-to-medium term. It seems that this
benefit should be given considerable weight, except in patients known to be at very low risk
of heart failure. Thus the British recommendation to the effect that thiazides and CCBs are
equally desirable choices as first-line drugs in older patients seems ill-considered. (54)

As noted above, the role of other major drug classes (ACE-inhibitors, angiotensin receptor
blockers, beta-blockers, and CCBs) in JNC7 is where a thiazide is not tolerated or
contraindicated—an infrequent situation; for listed compelling indications; or in
combination treatment, which is likely to be required to control BP in most patients. There is
no update of JNC guidelines currently underway that might consider a change in the place of
beta-blockers, but British guidelines have placed them as a lesser choice than the other
classes except for compelling indications—situations in which there is another indication for
their use. This conclusion seems reasonable to us, even though the data are scant for non-
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atenolol beta-blockers and the evidence for benefit in secondary prevention is much stronger
for other beta-blockers (57). Interestingly, the parallel situation for ACE inhibitors in
younger patients (lack of CV outcome data) did not deter the British report from
recommending them as first choice in this demographic group. Once again, the
recommendation seems to turn on effects on dysglycemia without really knowing their
importance. However, to our knowledge there is no reassuring evidence regarding associated
risks and mechanisms for beta-blockers, as exists for thiazides.

Although a strong evidence base exists for a consensus on preferred and other acceptable
drug classes for initiating antihypertensive pharmacotherapy, there are several other major
research questions for ongoing and needed trials, several of which were highlighted in a
report from a 2003 NHLBI workshop (58). These include: 1) what is the optimal second
drug class to add to a thiazide; and 2) what goal BP, especially systolic, should be sought,
for minimizing CVD risk. From the evidence on heart failure in ALLHAT and the
importance of the condition generally, we believe that heart fauilure should be included in
any composite primary CVD end-point for future hypertension treatment trials.
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Figure 1. Percentage of drug mentions by class of antihypertensive agent, 1982 through 1993.
ACE indicates angiotensin-converting enzyme (21). Data from IMS America (59)
Used by permission: Archives of Internal Medicine; April 24, 1995, volume 155, pages
829–837 (Figure 1), copyright © 1995 American Medical Association.
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Figure 2. Mean Systolic and Diastolic Blood Pressure by Year During Follow-up (25)
Used by permission: Journal of the American Medical Association; December 18, 2002,
volume 289, page 2989 (Figure 2), copyright © 2002 American Medical Association.
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Figure 3. Incident hospitalized HF outcomes by antihypertensive treatment group (amlodipine/
lisinopril vs chlorthalidone) (40)
Used by permission: This article was published in the American Heart Journal, Volume 153
- Einhorn PT, Davis BR, Massie BM, Cushman WC, Piller LB, Simpson LM, Levy D,
Nwachuku CE, Black HR, ALLHAT Collaborative Research Group. The Antihypertensive
and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT) heart failure
validation study: Diagnosis and prognosis, pages 42–53, copyright Elsevier (2007).
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Figure 4. Cumulative event rates for hospitalized (Hosp)/fatal HF by treatment group. (39)
All comparisons are unadjusted. A, Year 1: both the amlodipine and lisinopril groups had a
significantly higher risk of hospitalized/fatal HF than the chlorthalidone group (RR 2.22,
95% CI 1.69 to 2.91, P<0.001 and RR 2.08, 95% CI 1.58 to 2.74, P<0.001, respectively).
No significant difference was observed for amlodipine vs lisinopril (RR 1.07, 95% CI 0.82
to 1.38, P=0.63). B, >Year 1: the amlodipine group had a 22% higher risk of hospitalized/
fatal HF than the chlorthalidone group (RR 1.22, 95% CI 1.08 to 1.38, P=0.001). No
significant difference was observed for lisinopril vs chlorthalidone (RR 0.96, 95% CI 0.85 to
1.10, P=0.58). The amlodipine group had a 27% higher risk of hospitalized/fatal HF than the
lisinopril group (RR 1.27, 95% CI 1.10 to 1.45, P=0.001).
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Figure 5. Cox regression models showing the hazard ratios (95% confidence intervals) associated
with incident diabetes mellitus during the first 2 years of follow-up on subsequent cardiovascular
disease and renal end points in those without diabetes mellitus at baseline. (44)
Used by permission: Archives of Internal Medicine; November 13, 2006, volume 166, page
2199 (Figure 3), copyright © 2006 American Medical Association.
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Figure 6. Network Meta-analysis of First-Line Treatment Strategies in Randomized Controlled
Clinical Trials in Hypertension (48)
Used by permission: Journal of the American Medical Association; May 21, 2003, volume
289, page 2541 (Figure 2), copyright © 2003 American Medical Association.
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Figure 7. JNC7 algorithm for treatment of hypertension. (49)
Used by permission: Hypertension, December 2003, volume 42, page 1221 (Figure 16),
copyright © 2003 Lippincott Williams & Wilkins.
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Figure 8. Outcome data for all β-blockers versus other antihypertensive treatment. (53)
Reprinted with permission from Elsevier (The Lancet, 2005, Volume 366, pages 1545–53).
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