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A B S T R A C T

Background

Hypertension is a modifiable cardiovascular risk factor. Although it is established that low-dose thiazides reduce mortality as well as

cardiovascular morbidity, the dose-related effect of thiazides in decreasing blood pressure has not been subject to a rigorous systematic

review. It is not known whether individual drugs within the thiazide diuretic class differ in their blood pressure-lowering effects and

adverse effects.

Objectives

To determine the dose-related decrease in systolic and/or diastolic blood pressure due to thiazide diuretics compared with placebo

control in the treatment of patients with primary hypertension. Secondary outcomes included the dose-related adverse events leading

to patient withdrawal and adverse biochemical effects on serum potassium, uric acid, creatinine, glucose and lipids.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL 2014, Issue 1), Ovid MEDLINE (1946 to February

2014), Ovid EMBASE (1974 to February 2014) and ClinicalTrials.gov.

Selection criteria

We included double-blind, randomized controlled trials (RCTs) comparing fixed-dose thiazide diuretic monotherapy with placebo for

a duration of 3 to 12 weeks in the treatment of adult patients with primary hypertension.

Data collection and analysis

Two authors independently screened articles, assessed trial eligibility, extracted data and determined risk of bias. We combined data

for continuous variables using a mean difference (MD) and for dichotomous outcomes we calculated the relative risk ratio (RR) with

95% confidence interval (CI).
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Main results

We included 60 randomized, double-blind trials that evaluated the dose-related trough blood pressure-lowering efficacy of six different

thiazide diuretics in 11,282 participants treated for a mean duration of eight weeks. The mean age of the participants was 55 years and

baseline blood pressure was 158/99 mmHg. Adequate blood pressure-lowering efficacy data were available for hydrochlorothiazide,

chlorthalidone and indapamide. We judged 54 (90%) included trials to have unclear or high risk of bias, which impacted on our

confidence in the results for some of our outcomes.

In 33 trials with a baseline blood pressure of 155/100 mmHg, hydrochlorothiazide lowered blood pressure based on dose, with doses

of 6.25 mg, 12.5 mg, 25 mg and 50 mg/day lowering blood pressure compared to placebo by 4 mmHg (95% CI 2 to 6, moderate-

quality evidence)/2 mmHg (95% CI 1 to 4, moderate-quality evidence), 6 mmHg (95% CI 5 to 7, high-quality evidence)/3 mmHg

(95% CI 3 to 4, high-quality evidence), 8 mmHg (95% CI 7 to 9, high-quality evidence)/3 mmHg (95% CI 3 to 4, high-quality

evidence) and 11 mmHg (95% CI 6 to 15, low-quality evidence)/5 mmHg (95% CI 3 to 7, low-quality evidence), respectively.

Direct comparison of doses did not show evidence of dose dependence for blood pressure-lowering for any of the other thiazides for

which RCT data were available: bendrofluazide, chlorthalidone, cyclopenthiazide, metolazone or indapamide.

In seven trials with a baseline blood pressure of 163/88 mmHg, chlorthalidone at doses of 12.5 mg to 75 mg/day reduced average

blood pressure compared to placebo by 12.0 mmHg (95% CI 10 to 14, low-quality evidence)/4 mmHg (95% CI 3 to 5, low-quality

evidence).

In 10 trials with a baseline blood pressure of 161/98 mmHg, indapamide at doses of 1.0 mg to 5.0 mg/day reduced blood pressure

compared to placebo by 9 mmHg (95% CI 7 to 10, low-quality evidence)/4 (95% CI 3 to 5, low-quality evidence).

We judged the maximal blood pressure-lowering effect of the different thiazides to be similar. Overall, thiazides reduced average blood

pressure compared to placebo by 9 mmHg (95% CI 9 to 10, high-quality evidence)/4 mmHg (95% CI 3 to 4, high-quality evidence).

Thiazides as a class have a greater effect on systolic than on diastolic blood pressure, therefore thiazides lower pulse pressure by 4 mmHg

to 6 mmHg, an amount that is greater than the 3 mmHg seen with angiotensin-converting enzyme (ACE) inhibitors, angiotensin

receptor blockers (ARBs) and renin inhibitors, and the 2 mmHg seen with non-selective beta-blockers. This is based on an informal

indirect comparison of results observed in other Cochrane reviews on ACE inhibitors, ARBs and renin inhibitors compared with

placebo, which used similar inclusion/exclusion criteria to the present review.

Thiazides reduced potassium, increased uric acid and increased total cholesterol and triglycerides. These effects were dose-related and

were least for hydrochlorothiazide. Chlorthalidone increased serum glucose but the evidence was unclear for other thiazides. There is

a high risk of bias in the metabolic data. This review does not provide a good assessment of the adverse effects of these drugs because

there was a high risk of bias in the reporting of withdrawals due to adverse effects.

Authors’ conclusions

This systematic review shows that hydrochlorothiazide has a dose-related blood pressure-lowering effect. The mean blood pressure-

lowering effect over the dose range 6.25 mg, 12.5 mg, 25 mg and 50 mg/day is 4/2 mmHg, 6/3 mmHg, 8/3 mmHg and 11/5 mmHg,

respectively. For other thiazide drugs, the lowest doses studied lowered blood pressure maximally and higher doses did not lower it

more. Due to the greater effect on systolic than on diastolic blood pressure, thiazides lower pulse pressure by 4 mmHg to 6 mmHg.

This exceeds the mean 3 mmHg pulse pressure reduction achieved by ACE inhibitors, ARBs and renin inhibitors, and the 2 mmHg

pulse pressure reduction with non-selective beta-blockers as shown in other Cochrane reviews, which compared these antihypertensive

drug classes with placebo and used similar inclusion/exclusion criteria.

Thiazides did not increase withdrawals due to adverse effects in these short-term trials but there is a high risk of bias for that outcome.

Thiazides reduced potassium, increased uric acid and increased total cholesterol and triglycerides.

P L A I N L A N G U A G E S U M M A R Y

Thiazide diuretics for the treatment of high blood pressure

Thiazide diuretics are a class of drugs commonly recommended as first-line treatment for raised blood pressure because they significantly

reduce death, stroke and heart attacks. This class includes bendrofluazide, chlorthalidone, cyclopenthiazide, hydrochlorothiazide,

indapamide and metolazone. We asked by how much does this class of drugs lower blood pressure and whether there is a difference
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between individual drugs within the class. We searched the available scientific literature to find all the trials that had assessed this

question. The data included in this review was up to date as of February 2014.

We found 60 trials that randomly assigned 11,282 adult participants, mean age 55 years, 53% male and 47% female, with blood

pressure above 140/90 mmHg (mean blood pressure 158/99 mmHg) to take one of six thiazide diuretics or placebo for an average

duration of eight weeks. Most of the trials (82%) were published before the year 2000 and most were found to have a high risk of bias

in the adverse effect data. Co-morbidities were not reported in most trials. The blood pressure-lowering effect was modest. Thiazide

diuretics reduced blood pressure by 9 points in the upper number (called systolic blood pressure) and 4 points in the lower number

(called diastolic blood pressure). Different thiazide drugs have similar effects in lowering blood pressure and thiazides lower systolic

blood pressure more than other classes of antihypertensive drugs.

This review could not provide a valid estimate of short-term harms from all thiazide diuretics because there was incomplete reporting

of metabolic effects (serum potassium, uric acid, creatinine, glucose, total cholesterol, low-density cholesterol and triglycerides) and

the number of participants who dropped out of the trials due to adverse drug effects.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Hydrochlorothiazide compared with placebo for primary hypertension

Patient or population: adults with primary hypertension

Settings: outpatient

Intervention: hydrochlorothiazide 3 to 100 mg/day

Comparison: placebo

Outcomes Daily dose MD (95% CI) mmHg No of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Systolic blood pressure 3 to 6.25 mg -3.6 (-5.6 to -1.5) 663 (8) ⊕⊕⊕©

moderate1

Similar to the effect as a second-line drug (Chen

2009). This is an indirect comparison of the effect

size with a wider confidence interval compared

to the Chen review, which is based on 22 trials

in 3283 patients using similar inclusion/exclusion

criteria with systolic blood pressure-lowering of -

3.7 (-4.6 to -2.8) mmHg

12.5 mg -6.3 (-7.2 to -5.3) 2645 (22) ⊕⊕⊕⊕

high

A narrow confidence interval based on a large

sample size with a magnitude of lowering very

similar to the effect as a second-line drug (Chen

2009), which was -6.0 (-6.5 to -5.4) mmHg

25 mg -8.0 (-9.0 to -7.0) 3062 (25) ⊕⊕⊕⊕

high

A narrow confidence interval based on a large

sample size with a magnitude of lowering very

similar to the effect as a second-line drug (Chen

2009), which was -8.0 (-8.7 to -7.3) mmHg

50 to 100 mg -10.2 (-13.1 to -7.3) 315 (2) ⊕⊕©©

low1

The 2 included studies have a high risk of bias.

The confidence interval is very wide with small a

sample size providing insufficient data in both this

review as well as in the Chen review comparing

the effect as a second-line drug (Chen 2009)
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Diastolic blood pressure 3 to 6.25 mg -2.4 (-3.7 to -1.2) 662 (8) ⊕⊕⊕©

moderate1

Similar to the effect as a second-line drug (Chen

2009). This is an indirect comparison of the effect

size with a wider confidence interval compared

to the Chen review, which is based on 23 trials

in 3364 patients using similar inclusion/exclusion

criteria, with diastolic blood pressure-lowering of -

1.7 (-2.2 to -1.2) mmHg

12.5 mg -3.1 (-3.7 to -2.5) 2877 (25) ⊕⊕⊕⊕

high

Similar to the effect as a second-line drug (Chen

2009), with a narrow confidence interval based on

a large sample size with a magnitude of lowering

similar to the effect as a second-line drug (Chen

2009), which was -3.1 (-3.4 to -2.8) mmHg

25 mg -3.3(-3.8 to -2.8) 3359 (29) ⊕⊕⊕⊕

high

Similar to the effect as a second-line drug (Chen

2009). This is an indirect comparison of the effect

size with a wider confidence interval compared

to the Chen review, which is based on 42 trials

in 6153 patients using similar inclusion/exclusion

criteria with diastolic blood pressure-lowering of -

4.0 (-4.4 to -3.6) mmHg

50 to 100 mg -4.7 (-6.1 to -3.3) 345 (4) ⊕⊕©©

low1

The 4 included studies had a high risk of bias.

The confidence interval is very wide with a small

sample size providing insufficient data in both this

review as well as in the Chen review comparing

the effect as a second-line drug (Chen 2009)

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

CI: confidence interval; MD: mean difference

1Downgraded due to the small number of patients and wide confidence intervals.
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B A C K G R O U N D

Description of the condition

Hypertension is a common and potentially serious problem. It is

one of the risk factors for stroke, heart and blood vessel disease,

kidney disease and early death that can most easily be reduced by

treatment. Studies show a correlation between elevation of systolic

or diastolic blood pressure and increased risk of stroke, heart fail-

ure, renal disease and coronary heart disease. There is consider-

able evidence that antihypertensive drugs reduce death, stroke and

heart disease when given to people with moderate to severe hy-

pertension (Musini 2009a; Wright 1999; Wright 2009). However,

the magnitude of blood pressure reduction does not always parallel

a reduction in mortality or cardiovascular morbidity. Other fac-

tors independent of blood pressure reduction may contribute to

the beneficial and harmful effects of drug treatment. Nonetheless,

the magnitude of blood pressure reduction is often considered an

important surrogate or indicator of the likelihood that people will

benefit from drug treatment.

Description of the intervention

Thiazide diuretics were developed during the 1950s, when

chemists and physiologists tested derivatives of sulfonamide-based

carbonic anhydrase inhibitors, with the goal of discovering drugs

that enhance the excretion of sodium with chloride rather than

sodium bicarbonate. Thiazide diuretics have been widely used

as pharmacological agents for the treatment of hypertension

for over five decades. The members of this drug class are de-

rived from benzothiadiazine. Drugs with a similar pharmaco-

logic action on the kidney that do not have the thiazide chemi-

cal structure, such as indapamide, chlorthalidone and metolazone,

are termed ’thiazide-like diuretics’. Metolazone is a quinazoline.

Chemically, metolazone is not a substitute for benzothiadiazine

but it, and other drugs such as indapamide, act on the same co-

transporter in the kidney as thiazides. Therefore, they are appro-

priately grouped with thiazide diuretics despite not being thiazides

themselves (Edwin 2006). In this review, we use the term ’thi-

azide’ to encompass thiazides and ’thiazide-like’ diuretics including

the following drugs: hydrochlorothiazide, chlorothiazide, buthi-

azide, bendroflumethiazide, hydroflumethiazide, trichlormethi-

azide, methyclothiazide, polythiazide, cyclothiazide, cyclopenthi-

azide, chlorthalidone, metolazone, quinethazone, fenquizone,

clorexolone, clopamide, indapamide, diapamide, isodapamide,

mefruside and xipamide. Thiazide diuretics were originally mar-

keted and prescribed in starting doses much higher than the av-

erage starting and maximum doses that are currently used for the

treatment of hypertension (Edwin 2006).

How the intervention might work

Physiological studies in people show that the early effect of diuretic

therapy is to decrease the extracellular volume, plasma volume and

cardiac output with relatively unchanged peripheral resistance (

Edwin 2006). After several weeks of therapy cardiac output returns

to normal and total peripheral resistance decreases. At the level of

the kidney, thiazides inhibit reabsorption of sodium and chloride

ions from the distal convoluted tubules by blocking the thiazide-

sensitive Na+Cl− co-transporter (Hughes 2004). Basic research

studies demonstrate mechanisms whereby the different thiazide

and thiazide-like drugs might differ in their actions and effects

(Kurtz 2010). However, none of these differential effects have been

demonstrated in people (Campbell 2004).

The thiazide diuretics have a unique adverse effect profile.They

potentially affect blood lipids, glucose, potassium, calcium, mag-

nesium, uric acid and chloride concentrations. Thiazides poten-

tially increase Ca2+ concentrations by increasing calcium reabsorp-

tion at the distal tubule. This is thought to be due to lowering

of the sodium concentration within the epithelial cells, and thus

increase of the activity of the Na+/Ca2+-ATPase on the basolateral

membrane to pump more Ca2+ into the interstitium. Thiazides

are also thought to increase the reabsorption of Ca2+ by a mech-

anism involving the reabsorption of sodium and calcium in the

proximal tubule in response to sodium depletion. Some of this

response is thought to be due to augmentation of the action of

parathyroid hormone. Thiazides do not affect potassium transport

directly; instead, they stimulate potassium urinary secretion indi-

rectly. Hypokalemia results primarily from increased Na and fluid

delivery to the distal tubule with an enhanced aldosterone effect.

Thiazides also enhance potassium secretion by activating flow-

sensitive maxi-K channels; these channels are molecularly distinct

from the potassium secretory channels (Edwin 2006).

Why it is important to do this review

A previous review showed that treatment of primary hyperten-

sion with different antihypertensive drug classes, compared with

placebo or no treatment, decreased stroke but had varied effects on

coronary heart disease and all-cause mortality (Wright 2009). Thi-

azide trials were classified as low-dose (hydrochlorothiazide equiv-

alent of less than 50 mg/day) or high-dose (hydrochlorothiazide

equivalent of > 50 mg/day) based on the starting dose in each

trial. All trials used stepped care therapy with drugs from other

drug classes, aiming to achieve blood pressure targets of < 140/

90 mmHg. Interestingly enough, despite a similar magnitude of

blood pressure reduction at one year (13/5 mmHg with first-line,

low-dose thiazides versus 14/7 mmHg with first-line high-dose thi-

azides), there were dose-related differences in the impact on mor-

tality and coronary heart disease. Surprisingly, high-dose thiazides

(mean dose 90 mg/day hydrochlorothiazide equivalent) reduced

stroke but not all-cause mortality or coronary heart disease signif-
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icantly, whereas low-dose thiazides (mean dose of 24 mg/day hy-

drochlorothiazide equivalent) decreased all-cause mortality, stroke

and coronary heart disease. Several different drugs from the thi-

azide or thiazide-like class were used in these trials, including ben-

drofluazide, chlorothiazide, chlorthalidone, hydrochlorothiazide,

hydrochlorothiazide/amiloride, hydrochlorothiazide/triamterene,

indapamide, methyclothiazide and trichlormethiazide.

Although it is now well established that first-line, low-dose thi-

azides reduce mortality as well as morbidity, the dose-related effect

of thiazides on systolic as well as diastolic blood pressure, when

used as first-line single drugs, has not been established. Using ex-

cessive doses of thiazides may increase toxicity, by causing hy-

pokalemia, hyponatraemia or other metabolic disturbances with-

out additional blood pressure-lowering effect or commensurate

clinical benefit. We also cannot assume that all diuretics will have

the same efficacy in reducing blood pressure. The different classes

of diuretics and individual drugs within each class might have dif-

fering efficacy and adverse effects. It is important to know whether

the blood pressure-lowering effect of thiazides and thiazide-like

diuretics as a class is different from other classes and to know the

blood pressure-lowering dose-response relationship in relation to

other effects of thiazides, such as their metabolic adverse effects.

The main aim of this systematic review is to quantify the dose-

response relationship of thiazides in lowering blood pressure in

patients with hypertension. The information derived from this re-

view should facilitate future reviews of head-to-head comparisons

with other drug classes and assist clinicians in choosing a specific

thiazide drug at an appropriate dose.

O B J E C T I V E S

Primary objective

To determine the dose-related decrease in systolic and/or diastolic

blood pressure due to thiazide diuretics compared with placebo

control in the treatment of patients with primary hypertension.

Secondary objectives

To determine the dose-related adverse events leading to patient

withdrawal and adverse biochemical effects on serum potassium,

uric acid, creatinine, glucose and lipids.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Study design must meet the following criteria: placebo-controlled;

random allocation to thiazide diuretic group and parallel placebo

group; duration of follow-up of at least three weeks; office blood

pressure measurement at baseline (following wash-out) and at one

or more time points between 3 and 12 weeks after starting treat-

ment.

We included data from cross-over trials if the authors reported data

for the initial treatment period versus the parallel placebo control

group followed by an adequate wash-out period before crossing

over to the other active treatment and if data were reported in a

similar manner during the second treatment period.

Exclusion criteria

We excluded any of the following: non-randomized trials; single-

blind as well as open-label trials; trials using a thiazide diuretic

in combination with other classes of drugs as first-line treatment;

abstracts without a complete trial report; trials reporting placebo

blood pressure levels following a wash-out period and comparing

them with the treatment levels following randomization; and trials

in patients with secondary causes of hypertension.

Types of participants

Adults (18 years or older) with a baseline systolic blood pres-

sure of at least 140 mmHg or a diastolic blood pressure of at

least 90 mmHg, measured in a standard way. We excluded trials

in which patients had significant renal insufficiency and a doc-

umented serum creatinine level more than 1.5 times the normal

range from analysis. Participants were not further restricted by

age, sex, cardiovascular baseline risk or any other co-morbid con-

ditions.

Types of interventions

We included monotherapy with any of the following thiazide and

thiazide-

like diuretics: bendroflumethiazide, buthiazide, chlorthalidone,

chlorothiazide, clopamide, clorexolone, cyclopenthiazide, cycloth-

iazide, diapamide, fenquizone, hydrochlorothiazide, hydroflume-

thiazide, indapamide, isodapamide, mefruside, methyclothiazide,

metolazone, polythiazide, quinethazone, trichlormethiazide and

xipamide. These drugs are referred to as ’thiazide diuretics’ in this

review for simplicity.

We did not include data from trials in which the thiazide was

titrated to a higher dose in a subset of randomized patients to

achieve target blood pressure levels because dose-response relation-

ships cannot be analyzed if patients within each randomized group

are taking different doses of the same drug.

If all the patients in the trial were given a forced titrated dose

irrespective of the blood pressure recorded, then we included the

trial under the highest dose given.
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Potassium supplementation was allowed in patients with low

serum potassium levels.

Types of outcome measures

Primary outcomes

Change in systolic and diastolic blood pressure compared with

placebo. If blood pressure measurements were available at more

than one time during the 24-hour period, we used the trough mea-

surement. We defined peak level as within 12 hours of the dose

and trough level as between 12 and 24 hours. If several blood pres-

sure measurements were available within the acceptable window,

we used the weighted mean of all blood pressure measurements

reported by the study authors during the 3 to 12-week range as

the best estimate of treatment effect.

Secondary outcomes

1. Patient withdrawals due to adverse effects compared with

placebo.

2. Change in the concentration of serum potassium, uric acid,

creatinine, glucose and lipids compared with placebo. If several

measurements were available within the acceptable window, then

we used the weighted mean of all measurements reported by the

study authors during the 3 to 12-week range as the best estimate

of treatment effect.

Search methods for identification of studies

Electronic searches

We searched the following electronic databases for primary studies:

the Cochrane Central Register of Controlled Trials (CENTRAL

2014, Issue 1), Ovid MEDLINE (1946 to February 2014), Ovid

EMBASE (1974 to February 2014), ClinicalTrials.gov and refer-

ence lists of included studies.

We searched the electronic databases using a strategy combin-

ing the Cochrane Highly Sensitive Search Strategy for identifying

randomized trials in MEDLINE: sensitivity-maximizing version

(2008 revision) with selected MeSH terms and free-text terms re-

lating to the individual thiazide drugs and hypertension. We used

no language restrictions. We used the standard search strategy of

the Cochrane Hypertension Review Group with additional terms

related to thiazide diuretics in the above listed databases to iden-

tify relevant articles. We translated the MEDLINE search strategy

(Appendix 1) into EMBASE (Appendix 2) and CENTRAL (Ap-

pendix 3) using the appropriate controlled vocabulary as applica-

ble.

Searching other resources

We also searched Web of Science and bibliographic citations. In

case of incomplete reports, we used MEDLINE to search for re-

lated papers and contacted authors to retrieve missing informa-

tion. We searched the bibliographies of pertinent articles, reviews

and texts for additional citations. We used previously published

meta-analyses on the dose response of thiazide diuretics, as well as

narrative reviews, to help identify references to trials. We assessed

trials included in the Law et al systematic review and meta-analysis

for eligibility for this review (Law 2009). Several trials included in

the Law meta-analysis do not meet the inclusion criteria for this re-

view and the reasons for exclusion are listed under Characteristics

of excluded studies. We applied no language restrictions.

Data collection and analysis

Selection of studies

We screened all potentially relevant articles and rejected articles

on the initial screen if the title or abstract was not a report of

a randomized, placebo-controlled trial or if it did not meet the

minimum inclusion criteria. We retrieved the full texts of the re-

maining articles. Two independent review authors (VM and MN)

assessed the eligibility of the trials using a trial selection form. The

third review author (CJ) assessed the eligibility of non-English tri-

als. JMW or KB resolved discrepancies. We counted trials with

more than one publication only once. See Figure 1.
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Figure 1. Study flow diagram.
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Data extraction and management

Once it was determined that the trials met the inclusion criteria,

two independent review authors (VM and MN) abstracted data

for all primary and secondary outcomes using a standard form,

and then cross-checked. If data were presented numerically (tables

or text) or graphically (in figures), we preferred the numeric data

because of possible measurement errors when estimating from the

graphs. Both review authors (VM and MN) cross-checked all nu-

meric calculations and graphic interpolations.

The position of the patient during blood pressure measurement

may affect the blood pressure-lowering effect. However, in order

not to lose valuable data, if only one position was reported, we

collected data from that position. When blood pressure measure-

ment data were available in more than one position, sitting blood

pressure was the first preference, followed by standing and supine

blood pressure measurements.

We extracted data for the following outcome measures:

1. The trough and/or peak systolic and diastolic blood

pressure at baseline following the wash-out period.

2. The trough and/or peak systolic and diastolic blood pressure

measurement taken between 3 and 12 weeks of the treatment

period. If more than one blood pressure measurement was

available then we used the weighted mean blood pressure levels.

3. The number of patient withdrawals due to adverse effects

for each drug dose during the specified period of time the patient

is taking the drug.

4. The blood concentrations of serum potassium, uric acid,

creatinine, glucose and lipids with standard deviation (SD) at

baseline as well as between 3 and 12 weeks during the treatment

period. If more than one measurement was available between 3

and 12 weeks then we used the weighted mean level.

Assessment of risk of bias in included studies

Two independent review authors (VM and MN) assessed the risk

of bias of the included studies to create ’Risk of bias’ tables as out-

lined in the Cochrane Handbook for Systematic Reviews of Interven-
tions (Handbook 2011). We resolved any discrepancies between

the review authors by discussion with a third review author (JW

or KB).

We evaluated the following items: randomization; allocation con-

cealment; blinding; incomplete outcome data reporting; selective

reporting and other biases (e.g. industry sponsorship).

Measures of treatment effect

For continuous outcomes, we combined data for placebo-cor-

rected systolic and diastolic blood pressure reduction and for

placebo-corrected serum concentrations of potassium, uric acid,

creatinine, glucose and lipids using a mean difference (MD)

method, presented with 95% confidence intervals (CI). Blood

pressure data are presented as systolic /diastolic blood pressure,

with parentheses for 95% CI with accuracy up to one decimal

point. Metabolic data are presented as mean difference with paren-

theses for 95% CI, with accuracy up to two decimal points.

For the dichotomous outcome withdrawals due to adverse effects,

data are presented as risk ratio (RR) with 95% CI. We have not

provided absolute risk difference and number needed to treat to

benefit or harm due to very low-quality evidence for the outcome

’withdrawal due to adverse effects’ due to high risk of selective

reporting bias.

Unit of analysis issues

For cross-over trials that met the inclusion criteria, we used the first

parallel-group period when patients were randomized to thiazide

diuretics or placebo in data analyses. For dose-ranging trials that

compared a single placebo group to several different doses, the

forest plot includes the number of patients adjusted for placebo-

controlled treatment group in these trials for an accurate overall

effect across all thiazide trials.

Dealing with missing data

In order to address missing data we attempted to contact the study’s

authors using the first author firstly then any of the co-authors.

We used the publication year 1990 as a cut-off for verifying the

authors’ contact information. We did not check anything older

than that. Most contacts were email addresses; the rest were tele-

phone numbers, fax numbers or business addresses. We were not

successful in obtaining additional data despite our efforts. In case

missing information was not available, we included the best es-

timate based on the information in the same trial or from other

trials using the same dose.

In case of missing SD for the change in blood pressure, we imputed

the SD based on the information in the same trial or from other

trials using the same dose. We used the following hierarchy (listed

from high to low preference) to impute SD values:

1. SD calculated either from the t statistics corresponding to

the exact P value reported or from the 95% CI of the mean

difference between treatment groups.

2. SD of change in blood pressure from a different position

than that of the blood pressure data used.

3. SD of blood pressure at the end of treatment.

4. SD of blood pressure at the end of treatment measured from

a different position than that of the blood pressure data used.

5. SD of blood pressure at baseline (except if this measure is

used for entry criteria) (Musini 2009b).

10Blood pressure-lowering efficacy of monotherapy with thiazide diuretics for primary hypertension (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



6. Mean SD of change in blood pressure from other trials

using the same drug and dose.

7. Mean weighted SD of change available from all other trials

using the same class of drug at any dose.

Assessment of heterogeneity

We calculated the heterogeneity of treatment effects between the

trials using a standard Chi2 test in RevMan 5.2 (RevMan 2012).

We applied the fixed-effect model to obtain summary statistics of

pooled trials, unless significant between-study heterogeneity was

present, in which case we used the random-effects model. If a statis-

tically significant difference compared to placebo control was still

present using the random-effects model, then we reported the fixed

pooled estimate and CI because of the tendency for smaller trials,

which are susceptible to publication bias, to be over-weighted with

a random-effects analysis. We compared overall effect size using

both a fixed-effect and random-effects model and determined that

they were not significantly different from each other.

If the calculated I2 statistic value was greater than 50%, we ex-

plored the reasons for heterogeneity and the trials contributing to

the heterogeneity (differences in baseline characteristics between

trials and their possible impact on the magnitude of systolic and

diastolic blood pressure reduction).

Data synthesis

We carried out data synthesis and analyses using the Cochrane

RevMan 5.2 software (RevMan 2012). We directly compared the

effect size between doses for each thiazide diuretic drug only using

data from trials that randomized participants to different doses

of the drug within the same trial. In case direct comparison was

not possible, we did an ’adjusted indirect comparison’ using the

computer software developed by Wells 2009. We considered a P

value less than 0.05 (P < 0.05) to be statistically significant for all

comparisons.

Subgroup analysis and investigation of heterogeneity

We planned subgroup analyses at the protocol stage based on age

(18 to 59 years versus 60 years or older), sex, race, comorbid

conditions and severity of blood pressure at baseline. Due to a

lack of available data, we could only perform subgroup analyses

based on classifying trials reporting mean baseline severity of blood

pressure level.

Sensitivity analysis

We intended to test the robustness of the results using sensitivity

analyses (high versus low trial quality; fixed-effect versus random-

effects model; position of blood pressure measurement; trough ver-

sus peak blood pressure measurement; reported versus imputed SD

and industry versus non-industry-sponsored trials). Sufficient data

were available to perform sensitivity analyses for overall thiazide

diuretics compared to placebo including three drugs: chlorthali-

done (14 RCTs were included), hydrochlorothiazide (44 RCTs

were included) and indapamide (12 RCTs were included) for sys-

tolic and diastolic blood pressure-lowering effects.

R E S U L T S

Description of studies

Results of the search

The search strategy identified 18,293 citations; after de-duplicat-

ing we screened 11,824 citations. Of these, 75 (0.7% of screened

articles) were double-blind, randomized, placebo-controlled trials

meeting the minimum inclusion criteria. Fifty-nine RCTs were

of a parallel-group design yielding data that could be used in the

evaluation of dose-related blood pressure and metabolic effects of

six thiazide diuretics (bendrofluazide, chlorthalidone, cyclopenthi-

azide, hydrochlorothiazide, indapamide and metolazone). See the

PRISMA diagram (Figure 1).

Sixteen of the 75 RCTs were cross-over trials, of which we excluded

15 because data were not reported for the initial parallel period.

The single cross-over trial which provided separate data for periods

one and two compared indapamide 2.5 mg/day with placebo in

24 patients for a duration of eight weeks (Soltero 1989). See

Characteristics of excluded studies.

Table 1: Included trials sorted according to the year of publi-

cation

Year of publication Trials included in

meta-analyses

1946 to 1949 0

1950 to 1959 0
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(Continued)

1960 to 1969 0

1970 to 1979 2

1980 to 1989 13

1990 to 1999 34

2000 to 2009 11

2010 to 2012 0

Overall 60 trials

Forty-nine of the 60 included trials (82%) were published before

the year 2000.

Included studies

Please refer to Characteristics of included studies for details of

each of the 60 included trials. Studies included adult patients with

systolic blood pressure entry criteria of 140 mmHg or more and/or

diastolic blood pressure entry criteria of 90 mmHg or more. Co-

morbidities were not reported in most trials. Across all 60 trials,

the total number of randomized patients was 11,282; mean age

was 55 years; mean blood pressure was 158/99 mmHg; and mean

duration of treatment was eight weeks. Of the total population,

53% of patients were male and 47% were female.

Table 2: Overall summary of the 60 trials meeting the inclusion

criteria

Thiazide

drug

Dose range Number of

trials

Total patients

randomized

N (% males)

and

N (%

females)

Mean

duration

(weeks)

Mean age

(years)

Baseline

systolic/di-

astolic blood

pressure

mmHg

Bendroflu-

azide

1.25 to 10.0

mg/day

1 257 103 (40%)

154 (60%)

12 weeks 57 years 165/102

mmHg

Chlorthali-

done

12.5 to 100

mg/day

8* 1265 581 (50.4%)

684 (49.6%)

7 weeks 53 years 163/88

mmHg

Cyclopenthi-

azide

0.05 to 0.50

mg/day

1 53 22 (41.5%)

31 (49.6%)

8 weeks 57 years 164/97

mmHg
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Hy-

drochloroth-

iazide

3 to 100 mg/

day

40 7560 4152 (57%)

3408 (43%)

8 weeks 54 years 155/100

mmHg

Indapamide 1 to 5 mg/day 10 2075 1018 (48.4%)

1057 (51.6%)

10 weeks 58 years 161/98

mmHg

Metolazone 0.5 to 2.0 mg/

day

1 105 46 (43.8%)

59 (56.2%)

6 weeks Not reported 150/98

mmHg

Overall 60 trials 11,282* 5922 (53.

0%)

5360 (47.

0%)

8 weeks 55 years 158/99

mmHg

*The Siegel 1992 RCT has both hydrochlorothiazide 50 mg/

day and chlorthalidone 50 mg/day treatment arms therefore it

is counted once in the overall included trial total. Also, the 33

placebo patients in the Siegel 1992 study are counted only once

in the overall total.

For bendrofluazide , one randomized, double-blind, parallel-

group, placebo-controlled trial met the inclusion criteria (Carlsen

1990). Two hundred and fifty-seven patients were randomized,

with a mean age of 57 years and a mean baseline blood pressure

of 165/102 mmHg; the percentage of male participants was 40%

and of female participants 60%. The duration of treatment was

12 weeks.

For chlorthalidone , eight randomized, double-blind, placebo-

controlled, parallel-group trials met the inclusion criteria. There

were 1265 randomized patients, with a mean age of 53 years and a

mean baseline blood pressure of 163/88 mmHg; the percentage of

male participants was 50% and of female participants 50%. The

mean duration of treatment was seven weeks.

For cyclopenthiazide , one randomized, double-blind, placebo-

controlled, parallel-group trial met the inclusion criteria (McVeigh

1988). Fifty-three patients were randomized, with a mean age 57

years and a mean baseline blood pressure of 164/97 mmHg; the

percentage of male participants was 42% and of female partici-

pants 58%. The duration of treatment was eight weeks.

Forhydrochlorothiazide , 40 randomized, double-blind, placebo-

controlled, parallel-group trials met the inclusion criteria. There

were 7560 randomized patients, with a mean age of 54 years and a

mean baseline blood pressure of 155/100 mmHg; the percentage

of male participants was 55% and of female participants 45%.

The mean duration of treatment was eight weeks.

Forindapamide , 10 randomized, double-blind, placebo-con-

trolled, parallel-group trials met the inclusion criteria. There were

2075 randomized patients, with a mean age of 58 years and a mean

baseline blood pressure of 161/98 mmHg; the percentage of male

participants was 49% and of female participants 51%. The mean

duration of treatment was 10 weeks.

For metolazone , one randomized, double-blind, placebo-con-

trolled, parallel-group trial met the inclusion criteria (Curry 1986).

There were 105 randomized patients; mean age was not reported

and the baseline blood pressure was 150/98 mmHg; the percent-

age of male participants was 44% and of female participants 56%.

The duration of treatment was six weeks.

Excluded studies

We excluded 86 studies. See Characteristics of excluded studies

for details. Reasons for exclusion include: not a randomized trial;

had no parallel, placebo-controlled treatment arm; used combi-

nation therapy; cross-over trial design with no wash-out between

treatment periods either reporting data before the minimum three

weeks duration period or not reporting data at the end of the first

parallel placebo treatment period; improper blood pressure mea-

surement; stepped up therapy only in non-responders (not meet-

ing the target goal blood pressure levels) and dose was not titrated

in all randomized patients. Articles were also excluded if full-text

reports were not available or data were reported in a way that could

not be used for analysis.

Risk of bias in included studies

We evaluated each trial that provided data for at least one of the

outcome measures using the Cochrane ’Risk of bias’ tool. See

Figure 2 and Figure 3.
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Figure 2. ’Risk of bias’ summary: review authors’ judgements about each risk of bias item for each included

study.
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Figure 3. ’Risk of bias’ graph: review authors’ judgements about each risk of bias item presented as

percentages across all included studies.

For details of the following seven factors evaluated for risk of bias in

each individual study, see the ’Risk of bias’ tables in Characteristics

of included studies.

Random sequence generation (selection bias)

We determined nine of the 60 included trials (15%) to have ad-

equate random sequence generation (Chrysant 1996; Goldberg

1989; Jounela 1994; McVeigh 1988; McGill 2001; Morledge

1986; Papademetriou 2006; Schmieder 2009; Siegel 1992). We

judged 49 (82%) of the trials as at unclear risk of bias as the

technique of randomization was not reported and in one trial we

judged reporting of randomization as at high risk of bias (Mroczek

1996).

Allocation

We judged four of the 60 trials (7%) as at low risk of bias for

allocation concealment (Hulley 1985; Papademetriou 2006; Pool

1993; Soltero 1989). The remaining 56 trials (93%) did not report

on how allocation concealment was performed and therefore we

judged them as at unclear risk of bias, probably resulting in high

risk of selection bias.

Blinding

We judged 11 of the 60 trials (18%) as at low risk of bias since they

adequately described how patients and physicians and outcome

assessors were blinded (Benz 1998; Bradley 1993; Brown 1990;

Carlsen 1990; Chrysant 1996; Frishman 1994; Goldberg 1989;

Hulley 1985; Jounela 1994; Materson 1978; McVeigh 1988). We

judged three trials as at high risk of bias (Fernandez 1994; Fiddes

1997; Krantz 1988). We judged the remaining 46 trials (77%) as

at unclear risk of bias due to lack of reporting.

Incomplete outcome data

We judged 19 of the 60 trials (32%) as at low risk of bias since

they adequately described total withdrawals (which were less than

20% of the total randomized patients) and how these patients

were accounted for in the analysis (Ambrosioni 1998; Brown

1990; Burris 1990; Canter 1994; Chrysant 1996; Drayer 1995;

Fiddes 1997; Frei 1994; Frishman 1995; Jounela 1994; London

2006; McVeigh 1988; Moser 1991; Persson 1996; Schmieder

2009; Scholze 1993; Soltero 1989; Vardan 1987; Weir 1992).

We judged 17 (28%) trials as at high risk of bias (Benz 1998;

Capone 1983; Carlsen 1990; Chrysant 2004; Curry 1986; Ferrara

1984; Frishman 1994; Goldberg 1989; Hulley 1985; Lawton

1979; Morledge 1986; Papademetriou 2000; Philipp 1997; Prisant

2000; Roque 1996; Taylor 1988; Weidler 1995). We judged the

remaining 24 trials (40%) as at unclear risk of bias.

Selective reporting

Systolic and diastolic blood pressure data were provided in all trials

and therefore they were not subject to selective reporting bias. For
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other outcomes, we judged one out of 60 trials (2%) to be at low

risk of bias since it adequately described all outcome measures

specified in the publication (Myers 2000). We judged 21 of the 60

trials (35%) as at unclear risk and the remaining 38 trials (63%) as

at high risk of bias since they did not report on outcomes such as

total adverse events, withdrawal due to adverse effects or metabolic

data even though these were collected, according to the methods

sections of the publications.

Other potential sources of bias

A factor considered as another potential sources of bias was the

source of funding for each included study. We judged 14 of

the 60 trials (23%) as at low risk of other bias (Ambrosioni

1998; Benz 1998; Chrysant 1994; Chrysant 2004; Frishman

1994; Frishman 1995; Hulley 1985; Kochar 1999; London 2006;

McGill 2001; Schmieder 2009; Schoenberger 1995; Scholze1993;

Vardan 1987). We judged nine trials (15%) as at high risk of

other bias (Bradley 1993; Brown 1990; Curry 1986; Ferrara 1984;

Fiddes 1997; Frei 1994; Lucas 1985; Papademetriou 2000; Prisant

2000), and 37 trials (62%) as at unclear risk of other bias. For

details, please see the ’Risk of bias’ tables in Characteristics of

included studies.

Of all 60 included studies, we only judged six (10%) as at low

risk of bias in at least three of the six items evaluated using the

’Risk of bias’ tool (Chrysant 1996; Jounela 1994; McVeigh 1988;

Papademetriou 2006; Schmieder 2009; Vardan 1987). We judged

the other 54 included trials (90%) as at unclear or high risk of

bias. Thus, the overall evidence in this review is subject to a high

risk of bias. This has to be taken into consideration in interpreting

the findings. It is unclear what effects residual bias may have on

our estimate of the efficacy of systolic and diastolic blood pres-

sure reduction with thiazides, but it is likely that their harms are

underestimated, including withdrawal due to adverse effects and

adverse or potentially adverse metabolic changes.

Funding bias

Twenty-eight (47%) of the 60 included studies were industry-

sponsored but in 26 of the 28 the bias would have been in favor

of the other drug being tested and not in favor of the thiazide.

Only five trials (8%) were sponsored by national agencies such

as the National Institutes of Health, National Institute of Aging,

National Heart and Lung Institute etc. and all of these were older

trials and studied high doses of chlorthalidone and hydrochloroth-

iazide. For the remaining 26 trials (42.4%), the source of funding

was not reported. See the ’Risk of bias’ tables in Characteristics of

included studies.

Publication bias

Publication bias is defined in this review as selective publication of

studies with positive results and is another source of bias that may

have skewed the results of this review. Examining the funnel plots

for systolic and diastolic blood pressure in this review suggested

asymmetry, indicating that there was a high risk of publication

bias (Figure 4).
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Figure 4. Funnel plot of comparison: 7 Thiazide versus placebo, outcome: 7.1 Systolic blood pressure.

Subgroup analyses based on risk of bias

In view of the fact that it was not possible to predict the direction

of the bias in the industry-funded trials and the trials where the

source of funding was not reported, plus the higher doses used in

the trials sponsored by national agencies, we did not attempt any

subgroup comparisons.

Effects of interventions

See: Summary of findings for the main comparison Dose-

ranging blood pressure-lowering efficacy of hydrochlorothiazide

for primary hypertension; Summary of findings 2 Overall effects

of thiazides for primary hypertension

Dose-related systolic and diastolic blood pressure-

lowering

Three thiazide diuretics (bendrofluazide, cyclopenthiazide and

metolazone) had only one trial each that met the minimum in-

clusion criteria. Therefore, there were insufficient data to present

forest plots for these three drugs.

Bendrofluazide

Bendrofluazide dose ranged from 1.25 to 10 mg/day as monother-

apy versus placebo control for a mean duration of treatment of

12 weeks in 257 patients in one trial (Carlsen 1990). See Analysis

1.1; Analysis 1.2.

Table 3: Dose-related systolic and diastolic blood pressure-

lowering efficacy of bendrofluazide

Bendrofluazide

Carlsen 1990

Systolic blood pressure mmHg

(95% CI)

Diastolic blood pressure mmHg

(95% CI)

1.25 mg/day -7.7 (-15.0 to -0.4) -5.8 (-10.5 to -1.1)

2.5 mg/day -10.9 (-18.1 to -3.7) -6.9 (-11.6 to -2.2)
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(Continued)

5 mg/day -10.6 (-17.8 to -3.4) -6.2 (-10.9 to -1.5)

10 mg/day -12.5 (-19.8 to -5.2) -7.0 (-11.7 to -2.3)

Overall -10.4(-14.1 to -6.8) -6.5 (-8.8 to -4.1)

The lowest dose of bendrofluazide that showed a statistically sig-

nificant blood pressure-lowering was 1.25 mg/day for both sys-

tolic and diastolic blood pressure. The overall placebo-corrected

systolic blood pressure-lowering effect size across 1.25 to 10 mg/

day doses was -10.4 mmHg (P value < 0.00001, with I2 = 0% and

test for subgroup differences P value = 0.87, with I2 = 0%) and for

diastolic blood pressure was -6.5 mmHg (P value < 0.00001, with

I2 = 0% and test for subgroup differences P value = 0.98, with I
2 = 0%). Direct comparison of doses in the Carlsen 1990 dose-

ranging trial showed no significant differences in systolic or dias-

tolic blood pressure-lowering between the different doses used.

The placebo-corrected systolic/diastolic blood pressure-lower-

ing with bendrofluazide was 10.4/6.5 mmHg.

Cyclopenthiazide

Cyclopenthiazide doses ranged from 50 to 500 µg/day and were

administered as monotherapy versus placebo control over eight

weeks’ duration in one trial (McVeigh 1988). See Analysis 2.1;

Analysis 2.2.

Table 4: Dose-related systolic and diastolic blood pressure-

lowering efficacy of cyclopenthiazide

Cyclopenthiazide

McVeigh 1988

Systolic blood pressure mmHg

(95% CI)

Diastolic blood pressure mmHg

(95% CI)

0.05 mg/day -5.3 (-18.7to 8.1) -3.0 (-11.7 to 5.7)

0.125 mg/day -12.0 (-25.2 to 1.2) -8.6 (-17.1 to -0.1)

0.5 mg/day -14.9 (-28.3 to -1.5) -7.0 (-15.7 to 1.7)

Overall -10.8 (-18.4 to -3.1) -6.2 (-11.2 to -1.3)

The lowest dose of cyclopenthiazide that showed a statistically

significant systolic blood pressure-lowering was 500 µg/day. Cy-

clopenthiazide 0.125 mg/day showed a significant difference from

placebo in lowering diastolic blood pressure. The overall placebo-

corrected systolic blood pressure-lowering effect size across 0.05

to 0.5 mg/day doses was -10.8 mmHg (P value = 0.006, with I
2= 0% and test for subgroup differences P value = 0.60, with I 2=

0%). For diastolic blood pressure it was -6.2 mmHg (P value =

0.01, with I 2 = 0% and test for subgroup differences P value =

0.65, with I 2= 0%). Direct comparison between doses showed no

demonstrable dose response.

The placebo-corrected systolic/diastolic blood pressure-lower-

ing with cyclopenthiazide was 10.8/6.2 mmHg.

Metolazone

Metolazone doses ranged from 0.5 to 2 mg/day and were admin-

istered as monotherapy versus placebo control over six weeks’ du-

ration in one trial (Curry 1986). See Analysis 3.1; Analysis 3.2.

Table 5: Dose-related systolic and diastolic blood pressure-

lowering efficacy of metolazone
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Metolazone

Curry 1986

Systolic blood pressure mmHg

(95% CI)

Diastolic blood pressure mmHg

(95% CI)

0.5 mg/day -11.4 (-20.5 to -2.3) -5.9 (-11.8 to -0.0)

1.0 mg/day -11.6 (-20.8 to -2.5) -6.4 (-12.3 to -0.5)

2 mg/day -11.9 (-21.0 to -2.9) -5.2 (-11.0 to 0.6)

Overall -11.6 (-16.9 to -6.4) -5.8 (-9.2 to -2.4)

The lowest dose of metolazone that showed a statistically signif-

icant systolic and diastolic blood pressure-lowering was 0.5 mg/

day. The overall placebo-corrected systolic blood pressure-lower-

ing effect across all doses was -11.6 mmHg (P value < 0.0001,

with I2= 0% and the test for subgroup differences P value = 1.00,

with I2 = 0%). For diastolic blood pressure it was -5.8 mmHg (P

value = 0.0007, with I2 = 0% and the test for subgroup differences

P value = 0.96, with I2 = 0%). Direct comparison of doses did

not show any significant differences in systolic or diastolic blood

pressure-lowering between the different doses used.

The placebo-corrected systolic/diastolic blood pressure-lower-

ing with metolazone was 11.6/5.8 mmHg.

Three thiazides: chlorthalidone, hydrochlorothiazide and in-

dapamide had sufficient trials to pool data in meta-analyses

and conduct subgroup and sensitivity analyses.

Chlorthalidone

Seven trials met the inclusion criteria, enrolling a total of

1297 patients who were treated for a mean duration of seven

weeks (Bradley 1993; Ferrara 1984; Hulley 1985; Lawton 1979;

Materson 1978; Morledge 1986; Vardan 1987). These trials com-

pared chlorthalidone doses ranging from 12.5 to 75 mg/day to a

placebo control. See Analysis 4.1; Analysis 4.2.

Table 6: Dose-related systolic and diastolic blood pressure-

lowering efficacy of chlorthalidone

Chlorthalidone Systolic blood pressure mmHg

(95% CI)

Diastolic blood pressure mmHg

(95% CI)

12.5 to 15 mg/day -10.1 (-13.9 to -6.3) -2.6 (-5.1 to -0.0)

25 mg/day -13.6 (-16.0 to -11.3) -4.0 (-5.7 to -2.3)

50 mg/day -9.9 (-13.4 to -6.4) -4.9 (-7.3 to -2.5)

75 mg/day -12.9 (-24.7 to -1.2) -5.5 (-13.1 to 2.1)

Overall -12.0 (-13.7 to -10.2) -3.9 (-5.1 to -2.7)

The lowest dose of chlorthalidone that showed a statistically sig-

nificant blood pressure-lowering was 12.5 to 15 mg/day. Based on

seven RCTs, the overall placebo-corrected systolic blood pressure-

lowering effect for 12.5 to 75 mg/day doses was -12.0 mmHg (P

value < 0.00001, with I 2 = 0%, test for subgroup differences P

value = 0.24, with I2 = 27.8%). For diastolic blood pressure it was

-3.9 mmHg (P value < 0.00001, with I2 = 0%, test for subgroup

differences P value = 0.58, with I 2 = 0%).

Dose-related systolic blood pressure-lowering response of

chlorthalidone by direct comparison

Two dose-ranging trials allowed direct dose comparisons to be per-
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formed (N = 276) (Materson 1978; Morledge 1986). Chlorthali-

done 25 mg/day did not lower systolic blood pressure more than

12.5 mg/day. Chlorthalidone 75 mg/day did not lower systolic

blood pressure more than 50 mg/day, and 50 mg/day did not

lower systolic blood pressure more than 25 mg/day or 12.5 to 15

mg/day. Therefore the maximum systolic blood pressure-lowering

dose of chlorthalidone is likely to be 12.5 mg/day, which lowered

systolic blood pressure by -10.1 (95% CI -13.9 to -6.3) mmHg.

Systolic blood pressure-lowering efficacy at doses > 12.5 mg/day

was -12.0 (95% CI -13.7 to -10.2) mmHg.

Dose-related diastolic blood pressure-lowering response of

chlorthalidone by direct comparison

Two dose-ranging trials allowed direct dose comparisons to be

performed (N = 276) (Materson 1978; Morledge 1986). Both

chlorthalidone 75 mg and the 50 mg/day dose did not signifi-

cantly lower diastolic blood pressure compared to 12.5 mg/day.

However, 25 mg/day significantly lowered diastolic blood pressure

more than 12.5 mg/day by -2.2 (95% CI -4.3 to -0.2) mmHg.

Chlorthalidone 75 mg/day dose was not significantly different

from 50 mg/day dose nor was 50 mg dose significantly different

from 25 mg/day. Therefore chlorthalidone 25 mg/day is likely to

result in maximum diastolic blood pressure-lowering efficacy. The

maximum diastolic blood pressure-lowering efficacy at doses > 25

mg/day was -4.3 (95% CI -5.7 to -3.0) mmHg.

Thus the dose to produce maximal systolic/diastolic blood

pressure-lowering with chlorthalidone is between 12.5 and 25

mg/day with an average blood pressure reduction of 12.0/3.9

mmHg.

Hydrochlorothiazide

Forty trials of hydrochlorothiazide met the inclusion criteria, with

doses ranging from 3 to 100 mg/day for a mean treatment duration

of eight weeks.

Since there were 15 dose-ranging trials that compared a single

placebo group to several different doses, the forest plot includes

the number of patients adjusted for placebo-controlled treatment

group in these trials for an accurate overall effect across all thi-

azide trials (Benz 1998; Canter 1994; Chrysant 1994; Goldberg

1989; Jounela 1994; Kochar 1999; Lucas 1985; McGill 2001;

Papademetriou 2000; Papademetriou 2006; Philipp 1997; Pool

1997; Pool 2007; Scholze 1993; Villamil 2007). See Analysis 5.1;

Analysis 5.2.

Table 7: Dose-related systolic and diastolic blood pressure-

lowering efficacy of hydrochlorothiazide

Hydrochlorothiazide Systolic blood pressure mmHg

(95% CI)

Diastolic blood pressure mmHg

(95% CI)

3 to 6.25 mg/day -3.6 (-5.6 to -1.5) -2.4 (-3.7 to -1.2)

12.5 mg/day -6.3 (-7.2 to -5.3) -3.1 (-3.7 to -2.5)

25 mg/day -8.0 (-9.0 to -7.0) -3.3 (-3.8 to -2.8)

37.5 mg/day -7.3 (-16.3 to 1.7) -3.7 (-9.3 to 1.9)

50 mg/day -10.5 (-14.6 to -6.4) -5.0 (-6.7 to -3.3)

100 mg/day -9.9 (-14.1 to -5.8) -3.9 (-6.6 to -1.2)

Overall -6.9 (-7.6 to -6.3) -3.3 (-3.6 to -2.9)

The lowest dose of hydrochlorothiazide (3 to 6.25 mg/day) sta-

tistically significantly reduced both systolic and diastolic blood

pressure in eight trials with 663 patients. Based on 33 trials, for

a mean duration of treatment of eight weeks, the overall placebo-

corrected systolic blood pressure-lowering effect size across 3 to

100 mg/day doses was -6.9 mmHg in 6725 patients (P value <

0.00001, with I2 = 21% and test for subgroup differences P value

= 0.0005, with I2 = 77.4%). For diastolic blood pressure it was -

3.3 mmHg in 7284 patients (P value < 0.00001, with I 2 = 8% and

test for subgroup differences P value = 0.29, with I2 = 19.6%). The

significant heterogeneity is explained by the significant differences
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in systolic blood pressure-lowering between doses.

Dose-related systolic blood pressure-lowering response of

hydrochlorothiazide by direct comparison

Hydrochlorothiazide 12.5 mg lowered systolic blood pressure

more than hydrochlorothiazide 3 to 6.25 mg/day by -2.2 (95%

CI -3.8 to -0.6) mmHg based on seven dose-ranging trials in 920

patients (P value = 0.008; heterogeneity was not significant, with I
2 = 0%) (Canter 1994; Jounela 1994; Kochar 1999; McGill 2001;

Papademetriou 2006; Pool 1997; Villamil 2007). Hydrochloroth-

iazide 25 mg/day lowered systolic blood pressure more than hy-

drochlorothiazide 12.5 mg/day by -2.7 (95% CI -3.9 to -1.5)

mmHg based on 14 trials in 2019 patients (P value < 0.0001; het-

erogeneity was significant: P value = 0.007, with I 2 = 55%). Doses

of 50 and 100 mg/day appeared to lower systolic blood pressure

more (> 10 mmHg) but because the systolic blood pressure reduc-

tion at these doses was not statistically significantly greater than

the 25 mg/day dose, hydrochlorothiazide 25 mg/day was chosen

as the lowest dose with maximum systolic blood pressure-lowering

efficacy. The systolic blood pressure-lowering efficacy at doses > 25

mg/day was -8.2 (95% CI -9.1 to -7.3) mmHg in 3417 patients

(P value < 0.0001, and no significant heterogeneity was present,

with I 2 = 25%; test of subgroup differences P value = 0.57, with

I2 = 0%).

Dose-related diastolic blood pressure-lowering response of

hydrochlorothiazide by direct comparison

Hydrochlorothiazide 12.5 mg/day significantly reduced diastolic

blood pressure compared with 3 to 6.25 mg/day by -1.1 (95%

CI -2.1 to -0.1) mmHg based on seven trials in 920 patients.

Hydrochlorothiazide 25 mg significantly reduced diastolic blood

pressure more than hydrochlorothiazide 12.5 mg/day by -1.00

(95% CI -1.6 to -0.4) mmHg based on 17 trials in 2315 patients

and also compared to 3 to 6.25 mg/day by -1.6 (95% CI -2.6 to

-0.6) mmHg based on seven trials in 917 patients.

Hydrochlorothiazide 37.5 mg/day versus 12.5 mg/day; hy-

drochlorothiazide 50 to 25 mg/day or hydrochlorothiazide 100

mg versus 50 mg/day were not significantly different from each

other. Therefore hydrochlorothiazide 25 mg/day was chosen as

the lowest dose with maximum diastolic blood pressure-lowering

efficacy. The maximum diastolic blood pressure-lowering efficacy

at doses > 25 mg/day was -3.4 (95% CI -3.9 to -3.0) mmHg in

3744 patients (P value < 0.0001; no significant heterogeneity was

present, with I 2 = 26%; test of subgroup difference P value = 0.29,

with I2 = 19.9%).

The placebo-corrected systolic/diastolic blood pressure-low-

ering with hydrochlorothiazide 3 to 100 mg/day was 6.9/3.3

mmHg.

We also plotted a weighted log dose-response curve using individ-

ual data points from each study and the resulting curve showed a

significant dose response for systolic blood pressure (slope -6.16 (-

8.75 to -3.56) and r = - 0.58 but not for diastolic blood pressure

slope -0.82 (-3.44 to 1.79) and r = -0.43). See Figure 5 and Figure

6.
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Figure 5. Dose-related effect of hydrochlorothiazide on systolic blood pressure
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Figure 6. Dose-related effect of hydrochlorothiazide on diastolic blood pressure

Indapamide

Ten trials compared indapamide at doses ranging from 1 to 5 mg/

day treated for a mean duration of 10 weeks (Ambrosioni 1998;

Capone 1983; Fiddes 1997; Hall 1994; London 2006; Myers

2000; Prisant 2000; Soltero 1989; Taylor 1988; Weidler 1995).

See Analysis 6.1; Analysis 6.2.

Table 8: Dose-related systolic and diastolic blood pressure-

lowering efficacy of indapamide

Indapamide Systolic blood pressure mmHg

(95% CI)

Diastolic blood pressure mmHg

(95% CI)

1.0 mg/day -9.7 (-19.9 to 0.5) -3.0 (-9.6 to 3.6)

1.25 mg/day -7.4 (-9.2 to -5.5) -3.6 (-4.6 to -2.5)
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(Continued)

1.5 mg/day -9.4 (-11.5 to -7.3) -4.1 (-5.4 to -2.7)

2.0 mg/day -8.7 (-17.4 to -0.0) -3.6 (-8.3 to 1.1)

2.5 mg/day -11.9 (-15.9 to -8.0) -5.3 (-7.7 to -3.0)

5.0 mg/day -9.6 (-19.4 to 0.2) -4.0 (-10.3 to 2.3)

Overall -8.7 (-10.0 to -7.4) -3.9 (-4.6 to -3.1)

Based on the 10 trials (N = 2150 patients), the lowest dose of

indapamide that statistically significantly lowered both systolic and

diastolic blood pressure was 1.25 mg/day. The overall placebo-

corrected systolic blood pressure-lowering effect across 1 to 5 mg/

day doses was -8.7 mmHg (P value < 0.00001, with I2 = 31%

and the test for subgroup differences P value = 0.41, with I2 =

1.5%). For diastolic blood pressure it was -3.9 mmHg (P value <

0.00001, with I2 = 11% and the test for subgroup differences P

value = 0.85, with I2 = 0%).

Direct comparison of doses from one dose-ranging trial did not

show any significant differences in systolic or diastolic blood pres-

sure between different doses used (McVeigh 1988).

The placebo-corrected systolic/diastolic blood pressure-lower-

ing with indapamide was 8.4/3.8 mmHg.

Thiazides (all six drugs)

When the lowest dose of each of the six thiazide drugs that achieved

maximal systolic and diastolic blood pressure reduction and all

doses above it were pooled, the overall systolic blood pressure re-

duction for thiazide diuretics as a class was -9.1 (95% CI -9.7to -

8.5) mmHg (heterogeneity: Chi2 = 68.49, df = 46 (P value = 0.02);

I2 = 33%; test for overall effect: Z = 28.86 (P value < 0.00001); test

for subgroup differences: Chi2 = 14.53, df = 5 (P value = 0.01), I2

= 65.6% was significant). For diastolic blood pressure it was -3.6

(95% CI -4.0 to -3.3) mmHg (heterogeneity: Chi2 = 81.78, df =

50 (P value = 0.003); I2 = 39%; test for overall effect: Z = 20.63

(P value < 0.00001); test for subgroup differences: Chi2 = 11.23,

df = 5 (P value = 0.05), I2 = 55.5%). See Analysis 7.1; Analysis

7.2.

Subgroup analyses

Due to lack of data being reported in each trial for individual par-

ticipants based on age (18 to 59 and 60 or older); sex; race (black,

white and others); co-morbid conditions; or baseline severity of

hypertension (mild, moderate or severe) subgroup analyses could

not be performed. However, based on trials reporting the mean

baseline blood pressure levels of all included participants, we clas-

sified trials according to systolic and diastolic blood pressure and

performed subgroup analyses.

Table 9: Subgroup analyses based on baseline mean systolic

blood pressure

Based on systolic blood pressure at

baseline

# of trials Systolic blood pressure decrease

mmHg (95% CI)

< 140 mmHg 2 -6.7 (-11.0 to -2.3)

140 to 149 mmHg 4 -10.9 (-13.4 to -8.4)

150 to 159 mmHg 20 -9.1 (-10.1 to -8.1)

160 mmHg or > 13 -10.3 (-11.5 to -9.2)

Overall 39 -9.6 (-10.4 to -8.9)
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Table 9 summarizes the finding based on baseline systolic blood

pressure. Heterogeneity and subgroup differences were not signif-

icant. There were no significant differences in systolic blood pres-

sure-lowering based on systolic blood pressure at baseline.

Table 10: Subgroup analyses based on baseline mean systolic

blood pressure

Based on diastolic blood pressure at

baseline

# of trials Diastolic blood pressure decrease

mmHg (95% CI)

< 90 mmHg 3 -2.9 (-4.7 to -1.1)

90 to 99 mmHg 14 -2.8 (-3.3 to -2.3)

100 to 109 mmHg 25 -4.7 (-5.2 to -4.1)

Overall 42 -3.6 (-4.0 to -3.3)

Table 10 summarizes the finding based on baseline diastolic blood

pressure. Heterogeneity was significant (P value < 0.00001, with

I 2 = 56%) and subgroup difference significant (P value < 0.0001,

with I2 = 91.1%). There was a significantly greater magnitude of

diastolic blood pressure-lowering (by 1.8 mmHg) in trials with

the highest mean diastolic blood pressure (between 100 and 109

mmHg at baseline).

Withdrawals due to adverse effects

Withdrawals due to adverse effects were reported for bendroflu-

azide, chlorthalidone, hydrochlorothiazide and indapamide trials.

Please see Analysis 1.3; Analysis 4.3; Analysis 5.3 and Analysis 6.3

There is selective outcome reporting of withdrawals due to adverse

effects. This outcome was reported only in 31 of the 60 trials

(52%) meeting the inclusion criteria.

Bendrofluazide resulted in significantly lower withdrawals due to

adverse effects compared with placebo based on one trial in 257

patients (risk ratio (RR) 0.19, 95% CI 0.07 to 0.57) (Carlsen

1990). Chlorthalidone resulted in significantly lower withdrawals

due to adverse effects compared with placebo based on five out

of eight trials in 1058 patients (RR 0.49, 95% CI 0.28 to 0.87)

(Bradley 1993; Hulley 1985; Materson 1978; Morledge 1986;

Vardan 1987). Hydrochlorothiazide resulted in significantly lower

withdrawals due to adverse effects compared with placebo based

on 20 out of 40 trials in 3698 patients (RR 0.64, 95% CI 0.43 to

0.93). Indapamide did not significantly change withdrawals due to

adverse effects compared with placebo based on six out of nine tri-

als in 1874 patients (RR 0.87, 95% CI 0.52 to 1.46)) (Ambrosioni

1998; Capone 1983; Fiddes 1997; Hall 1994; London 2006;

Weidler 1995). The major reason for withdrawals in the placebo

group was an increase in blood pressure, which was reported as

an adverse effect and therefore included in the number of patients

who withdrew due to adverse effects.

The selective reporting of adverse effects across trials (e.g. data on

the number of patients with serious adverse events, the nature of

these events or reporting of only drug-related adverse events) and

specific reasons for withdrawal due to adverse effects are provided

in detail in the ’Risk of bias’ tables (in the attrition and selective

reporting sections). Due to the very low quality of evidence result-

ing from selective reporting bias, data are not reported as absolute

risk difference or as number needed to treat to benefit or harm.

Metabolic data

The reporting on metabolic data is very limited and due to the

high risk of selective reporting bias strong conclusions cannot be

made.

Data on serum potassium, uric acid, creatinine, glucose, total

cholesterol, low-density cholesterol and triglycerides were limited

to a minority of the trials:

• bendrofluazide (Carlsen 1990);

• cyclopenthiazide (McVeigh 1988);

• chlorthalidone(Bradley 1993; Hulley 1985; Materson

1978; Morledge 1986; Siegel 1992; Vardan 1987);

• hydrochlorothiazide(Chrysant 1994; Drayer 1995;

Goldberg 1989; Jounela 1994; Mersey 1993; Pool 2007; Pool

1993; Saruta 2007; Scholze 1993; Schoenberger 1995; Siegel

1992);

• indapamide (Capone 1983; Fiddes 1997; Hall 1994;

Soltero 1989; Taylor 1988).
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Dose-related serum potassium levels (mmol/L)

Serum potassium levels were reported for bendrofluazide,

chlorthalidone, cyclopenthiazide, hydrochlorothiazide and inda-

pamide. No data were reported for metolazone. The overall de-

crease in serum potassium levels for each thiazide drug is shown

below.

Table 11: Serum potassium levels (mmol/L)

Drug and dose range Number of trials

reporting data

MD (95% CI)

mmol/L

Bendrofluazide 1.25 to 10 mg/day 1 -0.37 (-0.50 to -0.24)

Cyclopenthiazide 0.05 to 0.5 mg/day 1 -0.18 (-0.42 to 0.07)

Chlorthalidone 12.5 to 100 mg/day 4 -0.40 (-0.45 to -0.34)

Hydrochlorothiazide 3 to 100 mg/day 11 -0.23 (-0.26 to -0.19)

Indapamide 1 to 5 mg/day 6 -0.32 (-0.38 to -0.26)

Overallˆ 23 -0.25 (-0.28 to -0.22)

ˆHeterogeneity: Chi2 = 22.07, df = 6 (P value = 0.001), I2 = 73%;

test for overall effect: Z = 10.06 (P value < 0.00001); test for

subgroup differences: Chi2 = 10.06, df = 3 (P value = 0.02), I2 =

70.2%.

Bendrofluazide - See Table 11 and Analysis 1.4. Heterogeneity

between doses was not significant. The 10 mg dose lowered serum

potassium significantly more than the 2.5 mg/day dose by -0.25

(95% CI -0.40 to -0.10) mmol/L by direct dose comparison.

Cyclopenthiazide - See Table 11 and Analysis 2.3. Heterogeneity

between doses was not significant. Cyclopenthiazide 0.5 mg/day

lowered serum potassium significantly more compared to 0.05

mg/day by -0.60 (95% CI -0.87 to -0.33) mmol/L and by -0.40

(95% CI -0.62 to -0.18) mmol/L compared to 0.125 mg/day by

direct dose comparison.

Chlorthalidone - See Table 11 and Analysis 4.4. Heterogene-

ity between doses was significant (P value < 0.0001, with I2 =

93.3%). Chlorthalidone 25 mg lowered serum potassium signif-

icantly more compared to a 12.5 to 15 mg/day dose -0.20 (95%

CI -0.32 to -0.08) mmol/L based on 252 patients. However, doses

higher than 25 mg did not differ significantly from 25 mg/day

by direct dose comparison. We could not determine the cause of

heterogeneity.

Hydrochlorothiazide - See Table 11 and Analysis 5.4. A dose-

related significant decrease in serum potassium levels was observed:

-0.16 (95% CI -0.21 to -0.11) mmol/L at a 12.5 mg/day dose; -

0.30 (95% CI -0.36 to -0.24) mmol/L at 25 mg/day; and -0.48

(95% CI -0.68 to -0.29) mmol/L at 50 mg/day. Heterogeneity

between doses was significant (P value < 0.00001, with I2 = 60%).

In direct dose comparisons, hydrochlorothiazide 25 mg/day

lowered serum potassium significantly more compared to hy-

drochlorothiazide 12.5 mg/day by -0.15 (95% CI -0.22 to -0.09)

mmol/L based on four trials in 642 patients. No significant dif-

ferences were observed between other direct dose comparisons.

Indapamide - See Table 11 and Analysis 6.4. Indapamide 1.25

mg/day lowered serum potassium significantly more than inda-

pamide 1.0 mg/day by -0.43 (95% CI -0.66 to -0.20) mmol/L

based on one trial in 47 patients. No significant differences were

observed between other doses.

The overall reduction in serum potassium for all thiazide drugs

compared to placebo, based on available data (based on 23 trials; N

= 3868), was -0.25 (95% CI -0.28 to -0.22) mmol/L. See Analysis

7.3.

Indirect comparison shows significantly greater lowering of serum

potassium with chlorthalidone compared to hydrochlorothiazide

(-0.10, 95% CI -0.17 to -0.30) mmol/L, but no other statistically

significant difference was observed between different drugs.

Dose-related serum uric acid levels (µmol/L)

Serum uric acid levels were reported for bendrofluazide, chlorthali-
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done, cyclopenthiazide, hydrochlorothiazide and indapamide. No

data were reported for metolazone.

Table 12: Serum uric acid levels (µmol/L)

Drug and dose range Number of trials

reporting data

MD (95% CI)

µmol/L

Bendrofluazide 1.25 to 10.0 mg/day 1 46.6 (33.2to 59.9)

Cyclopenthiazide 0.05 to 0.5 mg/day 1 19.5 (-36.2 to 75.3)

Chlorthalidone 12.5 to 100 mg/day 2 64.2 (45.7 to 82.6)

Hydrochlorothiazide 3 to 100 mg/day 5 32.9 (26.1 to 39.7)

Indapamide 1 to 5 mg/day 4 39.8 (33.5 to 46.1)

Overallˆ 13 38.2 (34.2 to 42.2)

ˆHeterogeneity: Chi2 = 23.13, df = 12 (P value = 0.03); I2 = 48%;

test for overall effect: Z = 18.82 (P, 0.0001); test for subgroup

differences: Chi2 = 13.76, df = 4 (P value = 0.008), I2 = 70.9%.

Bendrofluazide - See Table 12 and Analysis 1.5. Bendrofluazide

5 mg/day dose showed a significant increase compared to 2.5 mg/

day of 34 (95% CI 2.2to 65.8) µmol/L based on one trial in 104

patients. Bendrofluazide 10 mg/day also showed a significant in-

crease compared to bendrofluazide 1.25 mg/day and bendroflu-

azide 2.5 mg/day by direct dose comparison. Bendrofluazide 10

mg was not significantly different from 5 mg/day.

Cyclopenthiazide - See Table 12 and Analysis 2.4. Heterogeneity

between doses was not significant (P value = 0.96, with I2 = 0%).

No significant differences were observed between doses by direct

dose comparison.

Chlorthalidone - See Table 12 and Analysis 4.5. Direct com-

parison between doses showed no significant differences between

doses.

Hydrochlorothiazide - See Table 12 and Analysis 5.5. No sig-

nificant differences between doses were observed by direct dose

comparison.

Indapamide - See Table 12 and Analysis 6.5. Direct comparison

between doses showed no significant difference.

The overall increase in serum uric acid for all thiazide drugs com-

pared to placebo, based on available data, was 38.2 (34.2 to 42.2)

mmol/L. See Analysis 7.4.

Indirect comparison shows a significant increase in serum uric acid

with chlorthalidone compared to hydrochlorothiazide (32.0, 95%

CI 12.17 to 51.83 µmol/L) and compared to indapamide (26.4,

95% CI 6.91 to 45.89 µmol/L).

Dose-related serum creatinine levels (µmol/L)

Serum creatinine levels were reported for bendrofluazide, hy-

drochlorothiazide and indapamide. Data were not reported for

chlorthalidone, cyclopenthiazide and metolazone.

Table 13: Serum creatinine levels (µmol/L)

Drug and dose range Number of trials

reporting data

MD (95% CI)

µmol/L

Bendrofluazide 1.25 to 10.0 mg/day 1 5.5 (1.9to 9.11)

Hydrochlorothiazide 3 to 100 mg/day 3 0.32 (-2.63 to 3.26)

Indapamide 1 to 5 mg/day 1 0.00(-2.43 to 2.43)
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(Continued)

Overallˆ 5 1.34 (-0.31 to 2.99)

ˆHeterogeneity: Chi2 = 7.14, df = 4 (P value = 0.13); I2 = 44%;

test for overall effect: Z = 1.59 (P value = 0.11); test for subgroup

differences: Chi2 = 7.06, df = 2 (P value = 0.03), I2 = 71.7%.

See Analysis 7.5.

Bendrofluazide is the only drug that increased creatinine (see Ta-

ble 13 and Analysis 1.6). Direct comparison between doses showed

no significant difference.

Dose-related serum glucose levels (mmol/L)

Serum glucose levels were reported for bendrofluazide, chlorthali-

done, hydrochlorothiazide and indapamide. Data were not re-

ported for cyclopenthiazide and metolazone.

Table 14: Serum glucose levels (mmol/L)

Drug and dose range Number of trials

reporting data

MD (95% CI)

mmol/L

Bendrofluazide 1.25 to 10.0 mg/day 1 0.13 (-0.06 to 0.33)

Chlorthalidone 12.5 to 100 mg/day 3 0.34 (0.12 to 0.55)

Hydrochlorothiazide 3 to 100 mg/day 6 -0.11 (-0.22 to 0.01)

Indapamide 1 to 5 mg/day 3 0.13 (-0.11 to 0.37)

Overallˆ 13 0.03 (-0.05to 0.12)

ˆHeterogeneity: Chi2 = 20.88, df = 12 (P value = 0.05), with I2

= 43%; test for overall effect: Z = 0.81 (P value = 0.42); test for

subgroup differences: Chi2 = 16.0, df = 3 (P value = 0.001), with

I2 = 81.3%. See Analysis 7.6.

No significant difference from placebo was noted with bendroflu-

azide, hydrochlorothiazide and indapamide.

Chlorthalidone - a statistically significant increase in serum glucose

was observed with chlorthalidone 25 mg/day (0.58, 95% CI 0.23

to 0.93 mmol/L). The overall increase from 12.5 to 75 mg/day

was also significant (see Table 14). Heterogeneity between doses

was not significant (P value = 0.39, with I2 = 4%) (see Analysis

4.6). There were no significant differences between doses.

Indirect comparison showed a significant increase in serum glucose

with chlorthalidone compared to hydrochlorothiazide (0.45, 95%

CI 0.21 to 0.69 mmol/L).

Dose-related total cholesterol levels (mmol/L)

Total cholesterol levels were reported for bendrofluazide,

chlorthalidone, cyclopenthiazide, hydrochlorothiazide and inda-

pamide.

Table 15: Serum total cholesterol levels (mmol/L)
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Drug and dose range Number of trials

reporting data

MD (95% CI)

mmol/L

Bendrofluazide 1.25 to 10.0 mg/day 1 0.15 (-0.05 to 0.35)

Chlorthalidone 12.5 to 100 mg/day 2 0.41 (0.18 to 0.64)

Cyclopenthiazide 0.05 to 0.5 mg/day 1 0.79 (0.36 to 1.23)

Hydrochlorothiazide 3 to 25 mg/day 4 0.20 (0.17 to 0.22)

Indapamide 1 to 5 mg/day 3 0.11 (0.01 to 0.21)

Overallˆ 11 0.21 (0.18 to 0.23)

ˆHeterogeneity: Chi2 = 26.03, df = 10 (P value = 0.004); I2 =

62%; test for overall effect: Z = 15.59 (P value < 0.0001); test for

subgroup differences: Chi2 = 14.01, df = 4 (P value = 0.007), I2 =

71.5%.

See Analysis 7.7.

Bendrofluazide - See Table 15 and Analysis 1.8. Based on one

trial in 257 patients there were no significant differences in serum

total cholesterol compared to placebo or between different doses.

Chlorthalidone - See Table 15 and Analysis 4.8. Based on one

trial in 213 patients there was a significant increase in total serum

cholesterol (0.41, 95% CI 0.18 to 0.64 mmol/L), but no difference

between 25 mg versus 15 mg.

Cyclopenthiazide - See Table 15 and Analysis 2.5. Based on one

trial in 47 patients, there was a statistically significant increase in

total serum cholesterol (0.79, 95% CI 0.36 to 1.23 mmol/L), but

no significant difference between doses.

Hydrochlorothiazide - See Table 15 and Analysis 5.9. Based on

four trials in 450 patients there was a statistically significant in-

crease in total serum cholesterol (0.20, 95% CI 0.17 to 0.22 mmol/

L). A significant difference between doses was observed. Hetero-

geneity between doses was significant (P value = 0.0002, with I2

= 77%).

Indapamide - See Table 15 and Analysis 6.9. Based on two trials

in 398 patients, there was a statistically significant increase in total

serum cholesterol at a 1.25 mg/day dose (0.11, 95% CI 0.01 to

0.21 mmol/L)

Indirect comparison showed a significant increase in total choles-

terol with chlorthalidone compared to indapamide (0.3, 95% CI

0.05 to 0.55 mmol/L), but not compared to hydrochlorothiazide.

Dose-related high-density lipoprotein (HDL)

cholesterol levels (mmol/L)

HDL cholesterol levels were reported for hydrochlorothiazide,

chlorthalidone and indapamide. Data were not reported for ben-

drofluazide, cyclopenthiazide and metolazone.

Table 16: Serum HDL cholesterol levels (mmol/L)

Drug and dose range Number of trials

reporting data

MD (95% CI)

mmol/L

Chlorthalidone 45 mg/day 1 -0.11 (-0.22 to 0.00)

Hydrochlorothiazide 3 to 25 mg/day 1 -0.17 (-0.53 to 0.19)

Indapamide 1 to 5 mg/day 1 -0.04 (-0.03 to -0.00)

Overallˆ 3 -0.06 (-0.10 to -0.02)
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ˆHeterogeneity: Chi2 = 1.06, df = 2 (P value = 0.59); I2 = 0%; test

for overall effect: Z = 2.76 (P value = 0.006); test for subgroup

differences: Chi2 = 1.06, df = 2 (P value = 0.59); I2 = 0%.

The overall significant decrease in HDL cholesterol levels com-

pared to placebo (-0.06, 95% CI -0.10 to -0.02 mmol/L) was

based on three trials in 348 patients. Heterogeneity and subgroup

differences were not significant (see Table 16 and Analysis 7.8).

Dose-related serum triglycerides levels (mmol/L)

Serum triglyceride levels were reported for bendrofluazide,

chlorthalidone, cyclopenthiazide, hydrochlorothiazide and inda-

pamide.

Table 17: Serum triglyceride levels (mmol/L)

Drug and dose range Number of trials

reporting data

MD (95% CI)

mmol/L

Bendrofluazide 1.25 to 10.0 mg/day 1 0.26 (-0.06 to 0.58)

Chlorthalidone 45 mg/day 1 0.69 (0.05 to 1.33)

Cyclopenthiazide 0.05 to 0.5 mg/day 1 0.20 (-0.17 to 0.57)

Hydrochlorothiazide 3 to 25 mg/day 2 0.09 (-0.11 to 0.30)

Indapamide 1 to 5 mg/day 1 0.21 (0.02 to 0.40)

Overallˆ 6 0.21 (0.08 to 0.33)

ˆHeterogeneity: Chi2 = 5.63, df = 5 (P value = 0.34); I2 = 11%;

test for overall effect: Z = 3.17 (P value = 0.002); test for subgroup

differences: Chi2 = 3.88, df = 4 (P value = 0.42), I2 = 0%.

Bendrofluazide - See Table 17 and Analysis 1.9. Based on one

trial in 257 patients there was no significant difference in serum

triglycerides compared to placebo. Heterogeneity between doses

was not significant (P value = 0.79 and I2 = 0%).

Cyclopenthiazide - See Table 17 and Analysis 2.6. Based on one

trial in 48 patients there was a significant increase in serum triglyc-

erides compared to placebo. Heterogeneity between doses was not

significant (P value = 0.53 and I2 = 0%).

Chlorthalidone - See Table 17 and Analysis 4.9. Based on one trial

in 36 patients there was a significant increase in serum triglycerides

compared to placebo with chlorthalidone 45 mg/day.

Hydrochlorothiazide - See Table 17 and Analysis 5.10. Based on

two trials in 255 patients there was no significant difference in

serum triglycerides compared to placebo. Heterogeneity between

doses was not significant (P value = 0.75 and I2 = 0%).

Indapamide - See Table 17 and Analysis 6.10. Based on one trial in

203 patients there was a significant increase in serum triglycerides

compared to placebo with indapamide 1.25 mg/day.

For the overall increase in serum triglycerides across drugs (see

Table 17), heterogeneity and subgroup differences were not sig-

nificant. See Analysis 7.9.

Sensitivity analyses

Sufficient data were available to carry out sensitivity analyses for

systolic and diastolic blood pressure data for thiazide diuretics

overall.

1. Quality of trials

Trials of high quality versus poor quality: since only two trials

had adequate randomization, allocation concealment and blind-

ing as opposed to unclear or high risk of bias in the other 58 trials

(Papademetriou 2006; Pool 1993), this analysis was not meaning-

ful.
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2. Fixed-effect versus random-effects model

Sensitivity analyses using a fixed-effect versus a random-effects

model showed no significant difference in the overall effect esti-

mate (data not shown).

3. Position in which blood pressure was measured

Robustness of the overall effect size in relation to the position in

which blood pressure was measured: trials with blood pressure data

measured in a sitting position versus other measurements:

Blood pressure data in a sitting position were available in 30 trials.

The overall magnitude of systolic blood pressure-lowering was -

9.1 (95% CI -9.8 to -8.3) mmHg and diastolic blood pressure

reduction was -3.6 (95% CI -4.0 to -3.1) mmHg. Blood pressure

data in a standing position were available in 11 trials: the magni-

tude of systolic blood pressure-lowering was -10.2 (95% CI -11.6

to -8.4) mmHg and diastolic blood pressure reduction was -3.7

(95% CI -4.7 to -2.7) mmHg. Blood pressure data in a supine

position were available in seven trials: the magnitude of systolic

blood pressure-lowering was -8.7 (-95% CI 10.2 to -7.2) mmHg

and diastolic blood pressure reduction was -3.8 (95% CI -4.7 to

-3.0) mmHg. No significant differences were observed based on

the position in which blood pressure was measured.

4. Peak versus trough - magnitude of blood pressure-

lowering

Thirty trials reported trough systolic blood pressure measurement

and the magnitude of systolic blood pressure-lowering was -9.1

(95% CI -9.8 to -8.4) mmHg. In the remaining trials timing of

systolic blood pressure measurement was not reported.

Thirty-three trials reported trough diastolic blood pressure mea-

surement and the magnitude of diastolic blood pressure-lowering

was -3.4 (95% CI -3.8 to -3.1) mmHg. In the remaining trials the

timing of diastolic blood pressure measurement was not reported.

5. Available versus imputed standard deviation

Trials with published standard deviations of blood pressure change

versus imputed standard deviations showed no significant differ-

ence in the overall estimate of effect for both systolic and diastolic

blood pressure (data not shown).

6. Industry versus non-industry-sponsored trials

Twenty-eight trials (47%) reported industry-sponsored funding

and overall the systolic blood pressure-lowering of thiazide diuret-

ics was -8.9 (95% CI -9.5 to -8.0) mmHg, which was similar

in magnitude to five non-industry-sponsored trials (8.3%) (-8.6,

95% CI -9.5 to -7.6 mmHg). The remaining trials did not report

source of funding.

Twenty-four (40%) trials reported industry-sponsored funding

and overall the diastolic blood pressure-lowering of thiazide di-

uretics was -3.2 (95% CI -3.7 to -2.8) mmHg, which was similar

in magnitude to five non-industry sponsored trials (8.3%) (-3.8,

95% CI -5.5 to -2.1 mmHg). The remaining trials did not report

source of funding.
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A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]

Thiazide compared with placebo for primary hypertension

Patient or population: adults with primary hypertension

Settings: outpatient

Intervention: all thiazidesˆ

Comparison: placebo

Outcomes MD (95% CI) mmHg No of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Systolic blood pressure -9.1 (-9.7 to -8.5) 7733 (47) ⊕⊕⊕⊕

high

At doses achieving maxi-

mal effect and above

Diastolic blood pressure -3.6 (-4.0 to -3.3) 8064 (51) ⊕⊕⊕⊕

high

At doses achieving maxi-

mal effect and above

Withdrawal due to ad-

verse effects

RR

0.64 (95% CI 0.43 to 0.

93)

3698 (20) ⊕©©©

very low

See comments 1 and 2

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change

the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to

change the estimate.

Very low quality: We are very uncertain about the estimate.

CI: confidence interval; RR: risk ratio

ˆ Includes thiazide and thiazide-like diuretics.
1Based on a high risk of selective reporting of outcome from 20 out of 40 trials meeting the inclusion criteria.
2Withdrawals due to inclusion of an increase in blood pressure as an adverse effect (AE) was the major reason for withdrawals in the

placebo group.

D I S C U S S I O N

This review provides the best available evidence of the blood pres-

sure-lowering effect of thiazide monotherapy for the treatment of

elevated blood pressure. The drug for which we have the most data

is hydrochlorothiazide: 35 randomized controlled trials (RCTs) in

6725 patients. It is the only drug for which we have sufficient

RCTs over the commonly prescribed dose range to demonstrate

a clear dose-response effect. There is a very clear dose response

for systolic blood pressure over the range 6.25, 12.5 and 25 mg/

day (Analysis 5.1; Analysis 5.2). The test for subgroup differences

for systolic blood pressure was significant(Chi2 = 22.16, df = 5 (P

value = 0.0005), I2 = 77.4%), but not for diastolic blood pressure

(Chi2 = 6.22, df = 5 (P value = 0.29), I2 = 19.6%). This means that

systolic blood pressure-lowering at higher doses of hydrochloroth-

iazide was significantly greater than at lower doses, but diastolic

blood pressure-lowering was not significantly different between

the higher or lower dose.

See also Figure 5 and Figure 6. We plotted the log dose-response

curve using individual data points from each study and the re-

sulting curve showed a significant dose response for systolic blood
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pressure (slope -6.16 (-8.75 to -3.56) and r = - 0.58) but not

for diastolic blood pressure (slope -0.82 (-3.44 to 1.79) and r = -

0.43). The significant dose response for hydrochlorothiazide over

the dose range 6.25 to 50 mg demonstrates that for each dou-

bling of the dose there is a 2 mmHg greater reduction in systolic

blood pressure. There are not enough data at 50 and 100 mg/day

but the data that are available suggest that the maximal effect is

achieved with a dose of 50 mg/day and that at least 80% of the

blood pressure-lowering effect occurs with 25 mg/day. The con-

fidence intervals for the estimates for 12.5 mg/day and 25 mg/

day are narrow, demonstrating that the findings are robust and

unlikely to be changed by further RCTs. Further RCTs studying

the blood pressure-lowering effect of 50 mg/day are necessary to

have a better estimate of the effect for that dose.

We compared the results obtained in this review with the pub-

lished review of hydrochlorothiazide given as a second-line drug

(Chen 2009) (see Table 18). The Chen 2009 review has more data

on hydrochlorothiazide, from 53 RCTs in 15,129 hypertensive pa-

tients with baseline blood pressure of 156/101 mmHg, compared

to the 40 RCTs in 7284 patients with baseline blood pressure of

155/100 mmHg included in this review. Results based on both of

these reviews show that the magnitude of the systolic blood pres-

sure-lowering effect is the same whether the drug is given alone

or added as a second-line drug to another antihypertensive drug.

This provides strong evidence for the dose-response relationship

and the average magnitude of effect for each dose. Since 6.25 to

50 mg/day is also the common dose range prescribed, the review

provides valuable support for dose titration over this range of doses

for physicians treating hypertension.

Table 18: Comparing systolic blood pressure reduction with

different doses of hydrochlorothiazide

Hy-

drochloroth-

iazide dose

mg/day

This review

Monotherapy versus placebo

Chen 2009review

Second-line drug versus placebo

Weighted

combined

systolic blood

pressure-

lowering effect

from both re-

views

RCTs # of patients MD (95% CI)

mmHg

RCTs # of patients MD (95% CI)

mmHg

mmHg

3.0 to 6.25 8 663 -3.6 (-5.6 to -

1.5)

22 3283 -3.7 (-4.6 to -2.

8)

3.7

12.5 22 2645 -6.3 (-7.2 to -

5.3)

53 8482 -6.0 (-6.5 to -5.

4)

6.1

25 25 3062 -8.0 (-9.0 to -

7.0)

39 5799 -8.0 (-8.7 to -7.

3)

8.0

50 2 169 -10.5 (-14.6 to

-6.4)

3 189 -17.8 (-21.6 to

-14.0)

14.4

100 2 146 -9.9 (-14.1 to -

5.8)

No data 9.9
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Reduction in systolic blood pressure shows a dose-response rela-

tionship based on 37 RCTs in 6685 patients. It is similar whether

the drug is given as monotherapy (this review) or as a second-

line drug (Chen 2009). Hydrochlorothiazide lowers systolic blood

pressure by 4, 6 and 8 mmHg at 6.25, 12.5 and 25 mg/day re-

spectively. See Figure 5.

Table 19: diastolic blood pressure reduction with different

doses of hydrochlorothiazide

Hy-

drochloroth-

iazide dose

mg/day

This review

Monotherapy versus placebo

Chen 2009review

Second-line drug versus placebo

Weighted

combined

diastolic

blood

pressure-

lowering effect

from both re-

views

RCTs # of patients MD (95% CI)

mmHg

RCTs # of patients MD (95% CI)

mmHg

mmHg

5.0 to 6.25 8 663 -2.4 (-3.7 to -

1.2)

23 3364 -1.7 (-2.2 to -1.

2)

1.8

12.5 25 2877 -3.1 (-3.7 to -

2.5)

55 8659 -3.1 (-3.4 to -2.

8)

3.1

25 29 3359 -3.3 (-3.8 to -

2.8)

42 6153 -4.0 (-4.4 to -3.

6)

3.8

37.5 to 50 3 239 -4.5 (-6.7 to -

3.3)

3 189 -8.3 (-10.7 to -

6.0)

6.4

100 2 146 -3.9 (-6.6 to -

1.2)

- - No data 3.9

Reduction in diastolic blood pressure does not show a significant

dose-response relationship based on 40 RCTs in 7284 patients

(Figure 6). Based on the results of both of these reviews, there is a

trend toward a dose-response relationship, and a similar magnitude

of effect whether the drug is given as monotherapy or as a second-

line drug.

The greater reduction and dose-related reduction in systolic com-

pared to diastolic blood pressure means that hydrochlorothiazide

has a dose-related reduction of pulse pressure by 2 to 6 mmHg

over the dose range of 6.25 to 50 mg/day. At maximal doses the

average reduction in pulse pressure is 5.5 mmHg. This magni-

tude and pattern is different from other drug classes. Angiotensin

receptor blockers (ARBs), angiotensin-converting enzyme (ACE)

inhibitors and renin inhibitors lower pulse pressure by 3 mmHg on

average and there is no dose-response relationship (Heran 2009a;

Heran 2009b; Musini 2008). Non-selective beta-blockers have lit-

tle or no effect on pulse pressure: at most 2 mmHg and no dose-

response effect (Wong 2014).

The thiazide with the second most data is indapamide, which low-

ered blood pressure by 7.4/3.6 mmHg at the lowest dose studied

(1.25 mg/day) and 9/4 mmHg for all doses combined. The lowest

dose result is very similar to the results with 25 mg hydrochloroth-

iazide. There was no dose-response relationship for doses of inda-

pamide higher than 1.25 mg/day and unfortunately there were no

RCTs for doses of one-half or one-quarter of 1.25 mg/day. These

data for indapamide show that the maximal blood pressure lower-

ing effect is achieved with the lowest doses of 1 to 2 mg/day and
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there is no rationale for using higher doses.

The thiazide with the third most data is chlorthalidone. Like in-

dapamide, chlorthalidone showed no dose response over the doses

studied. It appeared that the lowest dose studied(12.5 mg/day)

had the maximum blood pressure-lowering effect. On first look

it appears that chlorthalidone lowers blood pressure more than

hydrochlorothiazide and indapamide. However, the baseline sys-

tolic blood pressure was significantly higher and the baseline dias-

tolic blood pressure was significantly lower in the chlorthalidone

trials. When the isolated systolic blood pressure trials were des-

elected, the blood pressure-lowering effect of chlorthalidone was

not significantly different from the other thiazides and, further-

more, the overall blood pressure-lowering effect of chlorthalidone

was not different from hydrochlorothiazide at the maximally ef-

fective doses of 50 mg and above.

The fact that chlorthalidone is more potent than hydrochloroth-

iazide (12.5 mg of chlorthalidone being equivalent to 50 mg of

hydrochlorothiazide) is likely due to pharmacokinetic differences

between it and hydrochlorothiazide. Hydrochlorothiazide has a

half-life of 8 to 15 hours with long-term dosing. However, several

studies show that the pharmacodynamic response is much longer

than predicted by the half-life (Allen 1982; Lutterodt 1980).

Chlorthalidone in comparison has a half-life ranging from 45 to

60 hours with long-term dosing. Interindividual variability in half-

life is large. Chlorthalidone serum concentrations after 100 mg are

only twice those of a 25 mg dose, indicating a flat dose-serum con-

centration curve (Carter 2004; Riess 1977; Russell 1981). How-

ever, the longer half-life does not mean that chlorthalidone is a

superior antihypertensive compound. The data in this review sug-

gest that doses of chlorthalidone that should be prescribed are 12.5

mg/day and lower. RCTs of the blood pressure-lowering effect of

chlorthalidone at doses lower than 12.5 mg/day would be useful.

The other three thiazides had only one RCT each so no conclu-

sions can be made about dose-response effects or relative blood

pressure-lowering potency. From the data available there is no rea-

son to suggest that they are any different from hydrochlorothiazide

in their blood pressure-lowering effect. Any subgroup differences

between the different thiazides in blood pressure-lowering effect

are more likely due to differences in patient population (baseline

blood pressure, etc.) or biases in trial conduct than to any phar-

macological differences in the magnitude or pattern of the blood

pressure-lowering effect.

Harms of thiazides

The limited data on withdrawal due to adverse effects suggested a

decrease in the treatment group compared to the placebo group.

This does not mean that placebo is more harmful than a thiazide.

The likely reason for this is that withdrawal due to an increase in

blood pressure was inappropriately counted as an adverse effect. As

can be seen in the table below, the proportion of RCTs reporting

withdrawals due to adverse effects (32/60 (53%)) is much less than

the total number reporting blood pressure data (48/60 (80%)).

This suggests that the trials in which withdrawals due to adverse

effects were higher for the drug than for placebo were selectively

under reported and this represents a high risk of selective reporting

bias. In this review, therefore, no conclusions can be drawn as to

whether thiazides increase withdrawals due to adverse effects with

short-term use.

Table 20: Withdrawals due to adverse effects

Drug and dose range Number of trials

reporting data

WDAEs

RR (95% CI)

Bendrofluazide 1.25 to 10.0 mg/day 1/1 (N = 257) 0.19 (0.07 to 0.57)

Chlorthalidone 12.5 to 100 mg/day 5/7 (N = 1058) 0.49 (0.28 to 0.87)

Cyclopenthiazide 0.05 to 0.5 mg/day 0/1 Not reported

Hydrochlorothiazide 3 to 100 mg/day 20/40 (N = 3698) 0.64 (0.43 to 0.93)

Indapamide 1 to 5 mg/day 6/10 (N = 1874) 0.83 (0.49 to 1.42)

Metolazone 0.5 to 2 mg/day 0/1 Not reported

Metabolic data were also only reported in a minority of trials (see

Table 21 below).

The available data show a clear reduction in serum potassium, an

increase in serum uric acid and an increase in serum total choles-

terol and triglycerides. All of these effects are well known to oc-
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cur with thiazides. New findings from this review are that the

metabolic effects were greater with higher doses and were less, in

general, with hydrochlorothiazides than the other thiazides. In ad-

dition, serum glucose was not increased by thiazides overall. In

fact the only thiazide associated with an increase in glucose in this

review was chlorthalidone. However, in this review, the high risk

of selective reporting bias for the metabolic data and indirect com-

parison between different thiazide drugs makes drawing strong

conclusions impossible.

Table 21: Metabolic data

Drug and dose range Number of trials reporting

data (N)

MD with 95% CI all thiazide

trials

Serum potassium mmol/L 22/59 (3868) -0.25 (-0.28 to -0.22)

Serum uric acid µmol/L 13/59 (2332) 38.2 (34.2 to 42.2)

Serum creatinine µmol/L 5/59 (987) 1.34 (-0.31 to 2.99)

Serum glucose mmol/L 13/59 (1989) 0.03 (-0.05 to 0.12)

Serum total cholesterol mmol/L 11/59 (431) 0.20 (0.18 to 0.23)

Serum high-density lipoprotein cholesterol

mmol/L

3/59 (348) -0.06 (-0.10 to -0.02)

Serum triglycerides mmol/L 6/59 (697) 0.21 (0.08 to 0.33)

Summary of main results

See Summary of findings for the main comparison and Summary

of findings 2.

The magnitude of the dose-related systolic and diastolic blood

pressure-lowering is from a low to high quality of evidence for

hydrochlorothiazide. We determined the evidence for the overall

blood pressure-lowering effect of maximal doses of thiazides to be

of high quality. We judged the data on withdrawals due to adverse

effects to be of very low quality since there is selective reporting

bias for this outcome and because withdrawal due to an increase

in blood pressure was inappropriately included as an adverse event

in the placebo group.

Overall completeness and applicability of
evidence

In this review we systematically searched various databases from

1946 until February 2014 and it is unlikely that any RCTs have

been missed. The robustness of the blood pressure-lowering effi-

cacy data is validated by comparing and demonstrating the similar

magnitude of blood pressure reduction in this systematic review

to that by Chen 2009 on the blood pressure-lowering efficacy of

hydrochlorothiazide as second-line therapy for primary hyperten-

sion. The Chen 2009 review has more data on hydrochloroth-

iazide (from 53 RCTs in 15,129 hypertensive patients with base-

line blood pressure of 156/101 mmHg) compared to the 40 RCTs

in 7284 patients with baseline blood pressure of 155/100 mmHg

included in this review.

Quality of the evidence

We assessed the risk of bias for each of the RCTs included in this

review (Figure 2). The majority of RCTs (82% of included studies)

were published before the year 2000, prior to standardization of

reporting of RCTs. However, it is clear that thiazides lower blood

pressure, that this is dose-related and that the magnitude is proba-

bly approximately what is reported here. Although the magnitude

of systolic and diastolic blood pressure-lowering is similar to the
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effect when using thiazide as a second-line drug (Chen 2009), we

downgraded the quality of evidence from high to moderate for

some doses as it is an indirect comparison of the effect size with

wider confidence intervals compared to the Chen review, which

used similar inclusion/exclusion criteria.

There is a high risk of bias in the adverse effect data (Figure 3),

therefore the available evidence for adverse events is likely not an

accurate reflection of reality.

The evidence is very low quality for the metabolic data due to the

high risk of selective outcome reporting bias and a weak inter-

pretation due to multiple indirect comparisons between different

thiazide drugs.

Potential biases in the review process

One limitation of this review is that it is restricted to published

trials and it is possible that smaller trials are missing (publication

bias). See funnel plot (Figure 4). Our judgement of an unclear

to high risk of bias in most of the included trials could also have

led to an overestimation of blood pressure-lowering effect and

underestimation of adverse metabolic effects. The finding in this

review that withdrawals due to adverse effects are lower with a

thiazide compared to placebo is unlikely to be true. The short

duration of trials in this review make it good for estimating the

blood pressure-lowering effect, but not accurate for estimating

long-term benefits or harms of thiazides.

Although we have followed the method of analysis for multiple

armed studies described in the Cochrane Handbook for Systematic
Reviews of Interventions (section 16.5.4) (Handbook 2011), since

many of the included studies had multiple dose-ranging treat-

ment arms being compared to the same placebo group, the result-

ing comparisons remain co-related and this method only partially

overcomes unit of analysis error. The approach we used to over-

come this unit of analysis error was to split the shared placebo

group in to two or more groups with smaller sample sizes, to in-

clude two or more reasonably independent comparisons in the

meta-analysis as if they were from different studies.

We have followed the usual convention to round up numbers if

> 0.5 and round down if < 0.5, therefore the magnitude of the

blood pressure-lowering effect is reported up to one decimal point

and for metabolic data it is reported up to two decimal points in

the Results section of this review. However, in the Abstract, for the

sake of simplicity, using the usual convention the overall systolic/

diastolic blood pressure-lowering effect in mmHg is rounded to

the nearest number (mmHg) without decimal points.

Agreements and disagreements with other
studies or reviews

Messerli 2011 conducted a systematic review of the blood pressure-

lowering efficacy of hydrochlorothiazide for a minimum treat-

ment period of four weeks in randomized trials comparing hy-

drochlorothiazide to other antihypertensive drug classes. Both of-

fice and ambulatory blood pressure measurements were available in

eight studies (488 patients in total) using hydrochlorothiazide 12.5

to 25 mg/day for a mean duration of eight weeks. The mean base-

line office systolic/diastolic blood pressure was 163/98 mmHg.

The reduction in office systolic blood pressure from baseline was

12/7 mmHg, whereas the reduction in ambulatory 24-hour blood

pressure was 8/4 mmHg. The Messerli review is misleading and

has been used to suggest that hydrochlorothiazide lowers office

blood pressure more than ambulatory blood pressure. The ambu-

latory blood pressure reduction observed in the Messerli review is

very similar to the reduction in placebo-corrected office systolic/

diastolic blood pressure in our review(6 to 8/3 to 4 mmHg). Our

review is a more robust treatment effect estimate based on a greater

number of RCTs and patients compared to the Messerli 2011 re-

view.

Law 2009 included 354 randomized, double-blind, placebo-con-

trolled trials of thiazides, beta-blockers, ACE inhibitors, ARBs and

calcium channel-blockers administered either singly or in combi-

nation. They included both parallel and cross-over trials together

in their analysis. However, they presented placebo-adjusted reduc-

tions in systolic and diastolic blood pressure according to dose

expressed as a multiple of standard (recommended) doses of the

drugs. What were considered as the standard doses for thiazide

drugs were not described in the review. They combined trial data

for specified equivalent daily doses of different drugs as the “usual

maintenance dose” in reference pharmacopoeias. When a range

was given they considered the lower dose as standard dose. The

Law review did not present the magnitude of blood pressure-low-

ering efficacy of each of the drugs within the thiazide diuretic class

at all available doses from the included trials but presented data

from all thiazide drugs together as a multiple of standard doses.

Therefore, unlike the Law review, our review provides evidence

that there is a dose-related effect for hydrochlorothiazide and thus

combining all doses is not rational.

The overall estimated reduction in systolic/diastolic blood pres-

sure with thiazide diuretics in this review (-9/-4 mmHg) is simi-

lar to the treatment effect estimate in a systematic review of loop

diuretics (-8/-4 mmHg) (Musini 2009c). This estimate was based

on nine trials in 460 patients with a baseline blood pressure of

162/103 mmHg for a mean duration of nine weeks and was likely

an overestimate due to the high risk of bias in the included studies.

The loop diuretics review also did not provide a good estimate of

the incidence of associated harms because of the short duration

of the trials and the lack of reporting of adverse effects in many

of the them. This review shows that thiazides lower systolic blood

pressure and pulse pressure more and diastolic blood pressure less

than shown in other Cochrane reviews on ARBs (Heran 2009b),

ACE inhibitors (Heran 2009a), renin inhibitors (Musini 2008)

and non-selective beta-blockers (Wong 2014). This observation is

based on an indirect comparison between different antihyperten-

sive drug class reviews compared to placebo control using simi-

lar inclusion/exclusion criteria. Therefore the common belief that
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different classes of antihypertensive drugs have the same blood

pressure-lowering effect is likely to be wrong.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

This systematic review demonstrates a dose-related blood pres-

sure-lowering effect of hydrochlorothiazide. The blood pressure-

lowering effect over the dose range 6.25, 12.5, 25 and 50 mg/day

is 4/2, 6/3, 8/3 and 11/5 mmHg, respectively. The data for the

other thiazide drugs did not show evidence of a dose response,

but showed that lower doses (indapamide 1.25 to 1.5 mg/day and

chlorthalidone 12.5 mg/day) achieved a probable maximal blood

pressure-lowering effect of 8 to 10/4 mmHg. As there is a greater

effect on systolic blood pressure than diastolic blood pressure, thi-

azides lower pulse pressure by 4 to 6 mmHg. This exceeds the

mean 3 mmHg pulse pressure reduction achieved by angiotensin-

converting enzyme (ACE) inhibitors, angiotensin receptor block-

ers (ARBs) and renin inhibitors and the 2 mmHg pulse pres-

sure reduction with non-selective beta-blockers as shown in other

Cochrane reviews, which compared these antihypertensive drug

classes with placebo and used similar inclusion/exclusion criteria

(Heran 2009a; Heran 2009b; Musini 2008; Wong 2014).

Thiazides did not increase withdrawals due to adverse effects in

these short-term trials, but there is a high risk of bias for that out-

come. Thiazides reduced potassium, increased uric acid and in-

creased total cholesterol and triglycerides. These effects were dose-

related and were least for hydrochlorothiazide. Chlorthalidone in-

creased serum glucose but the other thiazides did not. There is a

high risk of bias in the metabolic data.

Implications for research

For hydrochlorothiazide, more trials are needed for doses of 50 to

100 mg/day. For thiazides other than hydrochlorothiazide, more

randomized controlled trials (RCTs) are needed at lower doses

to define the dose-related blood pressure-lowering effect. Many

thiazides have no RCT data on the blood pressure-lowering effect.

All RCTs should report withdrawals due to adverse effects and all

laboratory data that are measured in the trial.

Blood pressure-lowering effect should be reported separately by

sex and race, as at the present time it is not known whether there

are differences in these subgroups.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Ambrosioni 1998

Methods Randomized, double-blind, placebo-controlled trial (dose-finding). Wash-out period =

1 month. Multicenter; France, UK, Italy, Belgium, Spain

Participants DBP 95 to 114 mmHg. Mean age 54 years. Males 51.5%. Baseline BP was 164.5/101.

7 mmHg in the treatment group and 164.4/102.5 mmHg in the control group. Pulse

pressure = 62.8 in the treatment group and 61.9 in the control group

Interventions Indapamide IR 2.5 mg/d (N = 59), indapamide SR 1.5 mg (N = 57), 2.0 mg (N = 55)

or 2.5 mg/d (N = 56), or placebo (N = 58)

Trial duration = 2 months. IR = immediate release and SR = sustained release

Outcomes Change from the baseline in trough supine and standing DBP and SBP; BP response

rate; serum biochemistry

Notes A sample size calculation was provided based on 200 patients to detect a 10 mmHg

difference in supine DBP between placebo and treatment groups. Baseline characteristics

did not differ between treatment groups. No placebo data for metabolic changes

Indapamide 2.5 SR and 2.5 IR results added and presented as weighted mean changes

in SBP, DBP and withdrawal due to adverse events (WDAE). Results were pooled from

2 identical studies. Original publication also included an equivalence study comparing

indapamide 1.5 SR to indapamide 2.5 IR (no placebo arm; therefore not included in

this review)

Additional publications: Mallion JM et al. Journal of Cardiovascular Pharmacology 1998;

32(4): 673-8ambulatory BP was measured in a subset of patients from the original trial)

and Leonetti G. Drugs 2000;, 59 (Suppl 2):27-38

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “...hypertensive patients were randomly al-

located to parallel groups...” (line 15 un-

der “Patients and Methods-Study objective

and design” p.1678). No further informa-

tion was given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “...hypertensive patients were randomly al-

located to parallel groups (inclusion visit

month 0) for one of the above treatments

on a double-blind basis for 2 months...

” (line 15 under “Patients and Methods-

Study objective and design” p.1678). No
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Ambrosioni 1998 (Continued)

further information was given

Incomplete outcome data (attrition bias)

All outcomes

Low risk Efficacy and safety analysis was based on an

ITT with LOCF (last observation carried

forward) technique

Exclusions: 79/364 (22%) patients were ex-

cluded from study during the 1- month,

single-blind, placebo run-in period prior to

randomization

Attrition: 17/285 (6%) patients withdrew

from the study. Reasons were, in the IND

2.5 IR group: 1 patient - adverse events;

IND 1.5 SR group: 1 - major protocol vi-

olation, 1 - causes unrelated to treatment,

and 1 - adverse events; IND 2.0 SR group:

1 - major protocol violation and 1 - adverse

events; IND 2.5 SR group: 1 - causes un-

related to treatment and 5 - adverse events;

Placebo group: 2 - major protocol viola-

tion, 1 - severe hypertension, 1 - causes un-

related to treatment and 1 - adverse events

WDAEs: 9/285 (3%) patients withdrew

due to adverse events for the following rea-

sons: 1 patient in the IND 2.5 IR group

for “serum potassium of 2.8 mmol/L”; 1

patient for a “skin allergy” in the IND 1.

5 SR group; 1 patient for “skin allergy” in

the IND 2.0 SR group; in the IND 2.5 SR

group: 1 - “serum potassium of 2.8 mmol/

L”, 2 - “dizziness”, 1 - “asthenia” and 1 -

“gout”; and in the placebo group 1 patient

for a “headache”

Selective reporting (reporting bias) High risk Baseline standing BP was measured but not

reported. Serum biochemical data were re-

ported, but not mentioned in the methods

section of the study

SAEs were not clearly documented but

were inferred based on the authors’ state-

ment that “no serious treatment-related ad-

verse event was observed...” (line 3 under

“Safety” p.1680)

Placebo and indapamide 2.0 and 2.5 mg

treatment arms were not shown for bio-

chemical data (IND 2.5 IR and 1.5 SR

only)

Study authors did not comment on all-

cause mortality and total AEs were not re-

ported
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Ambrosioni 1998 (Continued)

Industry sponsorship Unclear risk Sponsor not reported

Benz 1998

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

2 to 4 weeks; conducted in USA

Participants DBP 95 to 115 mmHg. Mean age 52 years. Males 57%. Baseline BP was 152.8/101.

5 mmHg in the treatment group and 152.7/101.4 mmHg in the control group. Pulse

pressure = 51.3

Interventions Valsartan 80 mg (N = 99) or 160 mg/d (N = 99), valsartan 80 mg or 160 mg/d + HCTZ

12.5 mg or 25 mg/d (all combined, N = 379), HCTZ 12.5 mg (N = 100) or 25 mg/d

(N = 100), or placebo (N = 94)

Treatment duration = 8 weeks

Outcomes Change from the placebo in trough mean sitting SBP and DBP; pulse rate, body weight,

ECG, serum chemistry, hematology and urinalysis. Withdrawals due to adverse events

were not given in each treatment group

Notes A sample size calculation was provided based on 85 patients per treatment group to

detect a difference in mean sitting DBP of 4 mmHg (standard deviation = ± 8 mmHg)

between treatments at a power of 90%. Baseline patient demographics, measurements

and medical history were similar across all treatment groups (P value = NS). Standard

deviation (SD) of change in BP not given (95% CI given)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “The study was ... randomized...” (line 2

under “Study Design” p.862). “Eligible pa-

tients were randomized into one of nine

double-blind treatment groups...” (line 10

under “Study Design” p.862). Technique

for sequence generation not stated explic-

itly by study authors

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Low risk “....a randomized, double-blind, multiple

dose, placebo controlled, multifactorial,

parallel trial” (line 2 under “Study Design”

p.862). “Study drugs were packaged in

double-dummy fashion to maintain blind-

ing, with each patient taking two capsules

per day at 8 am.” (line 3 from bottom under
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Benz 1998 (Continued)

“Study Design” p.862). Both low and high

doses of HCTZ and placebo were supplied

as identical capsules

Incomplete outcome data (attrition bias)

All outcomes

High risk “The primary efficacy analysis was an ITT

analysis...” (line 7 under “Statistical analy-

sis” p.862)

Exclusions: number of patients excluded

from study after the single-blind placebo

run-in period before randomization was

not reported

Attrition: there were 79/871 (9%) with-

drawals due to: 41 - AEs, 9 - unsatisfactory

therapeutic effect, 7 - did not meet proto-

col criteria, 2 - non-compliance, 15 - with-

drew consent, 5 - lost to follow-up

WDAEs: 41/871 (4.7%) of patients with-

drew due to an adverse event (description

of AE not given). Note that data from each

treatment group were pooled and there-

fore it could not be ascertained how many

patients receiving HCTZ monotherapy or

placebo were withdrawn

Selective reporting (reporting bias) High risk Baseline age, height and weight were mea-

sured but not reported. Only differences

in change in mean sitting DBP or SBP

(HCTZ - placebo) were shown at endpoint,

not the actual mean change for each in-

dividual treatment group (see Table 2, p.

864). Standard deviation of change in BP

not given. Study authors did not comment

on mortality. Serious adverse events: 1 pa-

tient from the HCTZ 12.5 mg group, 2

from the HCTZ 25 mg group and 1 from

placebo group (reasons not given). Adverse

events regardless of relationship to study

drug were reported for all treatment groups

combined only (464/867), not for individ-

ual groups; whereas, drug-related AEs were

reported for each treatment group (PLB =

17/93, HCTZ 12.5 = 23/100, HCTZ 25

= 18/100)

Industry sponsorship High risk Sponsored by Novartis
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Bradley 1993

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

2 to 8 weeks (depending on previous use of anti-hypertensive medication). Conducted

in USA

Participants DBP 90 to 104 mmHg. Non-smoking men. Mean age 51 years. Males 100%. Baseline

BP was 140/92 mmHg in the treatment group and 145/91 mmHg in the control group

Interventions Chlorthalidone 45 mg/d (N = 16) or placebo (N = 18)

Trial duration = 12 weeks

Outcomes Change from baseline in sitting SBP and DBP; LDL-3, LDL-1, LDL-2, TG, VLDL,

TC, HDL-C, HDL-2, HDL-3, pulse rate, body weight; serum biochemistry (i.e. serum

potassium, glucose and creatinine) and insulin. WDAEs

Notes A sample size calculation was based on change in LDL-3; refer to Discussion p.639.

BP was a secondary outcome measure of the study, and therefore statistical powering

was based on LDL 3, the primary endpoint. No SD for BP data. Withdrawals due to

adverse events were none. Patients were all non-smoking, hypertensive males with mild

hypertension. This inclusion criteria differ compared to studies with no restrictions on

smoking and/or gender. A small sample size of 34 patients. There were no statistically

significant differences (P value = NS) across treatment groups in patients’ lipid levels,

BP, glucose, insulin or body weight at baseline

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “...we conducted a randomized, double-

blind, placebo-controlled, 12 week clinical

trial...” (line 7 from bottom of p.636). “Par-

ticipants were randomly assigned to treat-

ment with 45 mg/day of chlorthalidone or

placebo.” (line 21 under “Design” p.637)

. Comment: no further information given

on how patients were randomized

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Low risk “A double-blind, placebo-controlled, par-

allel group, 12 week trial was conducted.

” (line 1 under “Design” p.637). “Partic-

ipants randomized to the chlorthalidone

group took three 15 mg tablets once daily

while those randomized to placebo took

three identical placebo tablets.” (line 28 un-

der “Design” p.637)

Comment: no further information given
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Bradley 1993 (Continued)

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Not known whether efficacy analysis was

based on an ITT or per-protocol technique

Exclusions: no patients were excluded from

study after the wash-out period prior to

randomization

Attrition: t here was 1/18 (5.6%) with-

drawals from the placebo group due to

“symptomatic ulcerative colitis”

WDAEs: it is presumed that the 1 pa-

tient withdrawal for “symptomatic ulcera-

tive colitis” was considered to be an adverse

event, however this is not stated explicitly

by the study authors

Selective reporting (reporting bias) High risk Variability (i.e. SD) of mean change from

baseline in BP was not given. Mortality,

SAEs and AEs were not reported. Pulse,

serum potassium, creatinine, insulin and

glucose levels were measured at baseline and

endpoint, however the change in mean ±

SD at endpoint was not given. Variability

for change in weight at endpoint was not

given

Industry sponsorship Unclear risk Sponsor not reported

Brown 1990

Methods Randomized, double-blind, placebo-controlled trial. Wash-out period = 2 weeks. 2 cen-

ters: conducted in UK and France

Participants Supine DBP 95 to 115 mmHg. Patients 18 to 70 years. Mean age 58 years. Males 47.

5%. Baseline supine and erect BP was 184/105 mmHg and 183/108 in the treatment

group and 174/103 and 172/106 in the control group

Interventions Perindopril 4 mg/d (N = 10), perindopril 4 mg/d + HCTZ 25 mg/d (N = 10), HCTZ

25 mg (N = 10) or placebo (N = 10)

Treatment duration = 4 weeks DB

Outcomes Change from baseline in trough mean supine and erect SBP and DBP; ECG, hematology

and serum biochemistry; plasma renin and ACE activity, plasma aldosterone; perindopril/

perindoprilat assay

Notes Sample size calculation was not provided. Small sample size of 10 patients per group. The

study authors did not state whether there were statistically significant differences across

treatment groups in the baseline patient demographics and characteristics. However, the

reviewers determined the P value between HCTZ and placebo groups to be statistically

significant (P value < 0.05) for supine SBP and DBP and for erect SBP. Baseline patient
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Brown 1990 (Continued)

demographics such as age, sex ratio and body weight were not reported. Only standard

error of the mean (SEM) of change in BP was given. Metabolic data were not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “All 40 patients selected were then ran-

domised to treatment and received either

placebo (N = 10), perindopril 4 mg/day

(N = 10), hydrochlorothiazide 25 mg/day

(N = 10), or perindopril 4 mg/day and hy-

drochlorothiazide 25 mg/day (N = 10) for

the next 4 weeks.” (line 11 under “Study

Design” p.328)

Comment: no further information was

given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Low risk “In order to ensure double-blind condi-

tions, each patient received once daily, two

tablets which were identical in appearance.

” (line 15 under “Study Design” p.328).

“The double-blind code was then broken

by a nurse who had no part in the clinical

study and those patients taking perindopril

(10 taking perindopril alone and 10 tak-

ing the combination of perindopril and hy-

drochlorothiazide) continued to take their

treatment daily for a further 3 or 4 days.”

(line 16 from bottom of p.328)

Incomplete outcome data (attrition bias)

All outcomes

Low risk Not known whether efficacy analysis was

based on an intention-to-treat (ITT) or

per-protocol technique Exclusions: no pa-

tients were excluded from the study dur-

ing the single-blind placebo run-in period

prior to randomization

Attrition: no patients withdrew from the

study, however, there was one patient (1/

10 = 10%) from the placebo group who

was excluded from analysis because of “ag-

itation which prevented BP measurements

under stable conditions”

WDAEs: not stated, but presumed to be

none
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Brown 1990 (Continued)

Selective reporting (reporting bias) High risk Variability in baseline patient demograph-

ics and characteristics was not given. SEM

(standard error of the mean) of BP was pro-

vided at baseline and SEM of change in

BP at endpoint. Weight and heart rate were

measured but not reported at the end of the

study. Metabolic data were not given. Mor-

tality, SAEs and total AEs were not docu-

mented. There was no systematic way of

reporting AEs, only case by case reports

Industry sponsorship Unclear risk Sponsor not reported

Burris 1990

Methods Randomized, double-blind, placebo-controlled trial. Wash-out period 4 to 6 weeks.

Multicenter, conducted in USA

Participants Supine DBP 95 to 110 mmHg. Patients 18 to 70 years. Mean age 52 years. Males 62%.

Baseline supine BP was 151.6/99.4 mmHg. The majority of patients were male (62%)

with an average weight of 94 kg, indicating that they were obese

Interventions Diltiazem SR 60 mg (N = 15), 90 mg (N = 15), 120 mg (N = 15) or 180 mg bid (N =

15), diltiazem 60 mg, 90 mg, 120 mg or 180 mg bid + HCTZ 6.25 mg, 12.5 mg or 25

mg bid (all combined, N = 180), HCTZ 6.25 mg (N = 15), 12.5 mg (N = 15) or 25 mg

bid (N = 15), or placebo (N = 15) Treatment duration = 6 weeks

Outcomes Change from baseline in trough mean supine DBP (primary) and SBP (secondary); heart

rate, ECG, serum biochemistry, liver function

Notes A sample size calculation was provided based on 15 patients per treatment group to

detect a difference in DBP reduction of 4 mmHg (SD ± 7.5 mmHg) between treatments

(combination therapy versus HCTZ monotherapy) at a power of 94%. The study authors

stated that there were no statistically significant differences across treatment groups in the

baseline patient demographics and characteristics. SAEs and total AEs were not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “This was a randomised, double-blind, fac-

torial-design, placebo-controlled, parallel-

group, multicenter study...” (line 1 un-

der “Methods-Study Design” p.1508). “.

..qualifying patients were randomised to

a 6-week double-blind treatment phase...”

(line 19 under “Methods-Study Design” p.

56Blood pressure-lowering efficacy of monotherapy with thiazide diuretics for primary hypertension (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Burris 1990 (Continued)

1508)

Comment: no further information was

given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “This was a randomised, double-blind, fac-

torial-design, placebo-controlled, parallel-

group, multicenter study...” (line 1 un-

der “Methods-Study Design” p.1508). “.

..qualifying patients were randomised to

a 6-week double-blind treatment phase...”

(line 19 under “Methods-Study Design” p.

1508)

Comment: no further information was

given

Incomplete outcome data (attrition bias)

All outcomes

Low risk The efficacy analysis was based on an in-

tention-to-treat technique

Exclusions: 127/424 (30%) of patients

were excluded from the study during the

single-blind placebo run-in period prior to

randomization

Attrition: 36/297 (12%) of patients with-

drew from the study for the following rea-

sons: 10 patients for “intolerable side effects

from medication”, 7 for “inadequate BP

control”, 19 for “administrative reasons”.

Data were pooled, therefore it could not be

determined from which treatment groups

the patients originated

WDAEs: 2% of patients from all HCTZ

groups (6.25, 12.5 and 25 mg) combined.

Reasons were not specified

Selective reporting (reporting bias) High risk SBP, heart rate, ECG, body weight, hema-

tology, liver function and serum biochem-

ical values (except for serum glucose and

cholesterol levels) were measured, but not

reported at endpoint of the study. Vari-

ability in DBP was not given. Effects of

HCTZ 6.25, 12.5 and 25 mg on DBP at

time points between week 0 and 6 were not

shown. Mortality: none; SAEs: not given;

and total AEs were not reported only those

related to treatment. Reporting of AEs was

incomplete
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Burris 1990 (Continued)

Industry sponsorship High risk The study was supported by grants and sta-

tistical services provided by Marion Labo-

ratories

Canter 1994

Methods Randomized, double-blind, placebo-controlled trial. Wash-out period = 2 to 4 weeks.

Multicenter, conducted in USA and Europe

Participants Sitting DBP 100 to 115 mmHg. Patients ≥ 18 years. Mean age 53 years. Males 63%.

Baseline sitting BP was 162/105 mmHg

Interventions Quinapril 2.5 mg, 10 mg or 40 mg/d (all combined, N = 86), quinapril 2.4 mg, 10 mg

or 40 mg/d + HCTZ 6.25 mg, 12.5 mg or 25 mg/d (all combined, N = 259), HCTZ

6.25 mg, 12.5 mg or 25 mg/d (all combined, N = 88) or placebo (N = 27)

Treatment duration = 8 weeks

Outcomes Change from baseline in trough mean sitting DBP (primary) and SBP (secondary);

response rate; serum potassium

Notes A sample size calculation was provided based on 25 patients per treatment group to

detect a difference in mean DBP of 3.5 mmHg (SD ± 7 mmHg) between treatments

(combination therapy versus HCTZ or quinapril monotherapy) at a power of 80%.

“No clinically important differences between treatment groups were found for any of

the baseline demographic parameters.” (line 3 under “Results-Patient characteristics and

disposition” p.158). Patient demographics/characteristics were given for all randomized

patients combined (not separately for each treatment arm). Therefore statistical differ-

ences could not be determined. Standard deviations for BP change was not reported

There were no mortalities during the study. SAEs defined as “hospitalizations” occurred

in 1 patient from the HCTZ 25 mg group only (due to prostate resection)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “..qualifying patients were randomised to

an eight week double-blind phase with one

of 16 parallel treatments: placebo, one of

three doses of quinapril (2.5, 10 or 40 mg

once daily), one of three doses of HCTZ

(6.25, 12.5 or 25 mg once daily) or one of

nine possible corresponding combinations

of quinapril and HCTZ doses.” (line 11

under “Patients and methods-Patient selec-

tion and study design” p.156)

Comment: no further information was

given
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Canter 1994 (Continued)

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “..qualifying patients were randomised to

an eight week double-blind phase with one

of 16 parallel treatments...” (line 11 un-

der “Patients and methods-Patient selec-

tion and study design” p.156). “All patients

received fixed doses throughout the dou-

ble-blind phase...” (line 17 under “Patients

and methods-Patient selection and study

design” p.156). No further information on

blinding was given

Incomplete outcome data (attrition bias)

All outcomes

Low risk The analysis in the study was based on an

ITT technique with the LOCF (last obser-

vation carried forward)

Exclusions: number of patients excluded

from study during the single-blind placebo

run-in period before randomization was

not reported

Attrition: 41/460 (9%) patients withdrew

from the study for the following reasons: 14

- adverse events, 15 - lack of efficacy and 12

- non-compliance and surgery. The num-

ber of patients who withdrew from each

treatment group was not given

WDAEs: 14/460 (3%); specific reasons

were not given

Selective reporting (reporting bias) High risk Standard deviations (SD) were not reported

for baseline patient demographics/charac-

teristics, BP or serum potassium levels.

Heart rate and laboratory parameters were

measured but not reported. Total AEs were

not reported on. AEs associated with treat-

ment in all HCTZ groups combined = 15%

of patients, and in the placebo group =

19%. The nature of each AE was included

in a table (see table 2 p.160) if it occurred

in at least 6 or more patients

Industry sponsorship Unclear risk Sponsor not reported
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Capone 1983

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

6 weeks. Multicenter, conducted in USA

Participants DBP 95 to 114 mmHg. Mean age 52 years. Males 66%. Baseline BP was 152/102.8

mmHg in the treatment group and 153/103.8 in the control group

Interventions Indapamide 1.0 mg (N = 24), 2.5 mg (N = 23) or 5.0 mg/d (N = 23) or placebo (N =

22)

Trial duration = 8 weeks (+ 2 weeks of single-blind follow-up)

Outcomes Standing and supine SBP and DBP (taken at 2-week intervals); response rate; pulse rate,

ECG, body weight, serum biochemistry and urinalysis

Notes Primary efficacy analysis not stated by study authors. A sample size calculation was not

provided. Baseline patient demographics, measurements and other variables were similar

across all treatment groups (P value = NS). BP data in graph form only (see Fig. 2 and 4,

p.310-311) with no SD. No SD for metabolic data and number of subjects not provided.

Mortalities, SAEs and WDAEs were not explicitly reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “The study was conducted according to

a randomised, double-blind, parallel de-

sign with four groups receiving once-daily

dosages of placebo or 1mg, 2.5 mg, or 5

mg indapamide. Equal numbers of patients

were randomly assigned to each of the four

treatment groups.” (line 1 under “Meth-

ods” p.307). Technique for sequence gener-

ation not stated explicitly by study authors

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “The study was....double-blind...” (line 1

under “Methods” p.307). No further infor-

mation on blinding was given

Incomplete outcome data (attrition bias)

All outcomes

High risk It is not known whether study was based

on an ITT or per-protocol technique

Exclusions: number of patients excluded

from study after the single-blind placebo

run-in period and before randomization

was not reported

Attrition: there were 4/92 (4.3%) patient

withdrawals for dizziness (IND 2.5), pan-

creatitis (IND 1.0), lack of therapeutic re-
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Capone 1983 (Continued)

sponse (PLB), and dizziness + lack of re-

sponse (PLB). In addition, 5/92 (5.4%)

patients were excluded from the evalua-

tion of the efficacy of indapamide due to

various reasons including poor compliance

and headaches (IND 1.0 mg group), in-

creased hypertension (PLB), a stomach le-

sion (IND 5.0), concomitant use of pheny-

toin (IND 2.5 mg) and rash (IND 5.0 mg)

, however, it is not known whether any of

these 5 patients were amongst the 4 patients

who eventually withdrew

WDAEs were not stated explicitly by study

authors (but based on information in the

results section of the study it was presumed

to be: 2 patients from the IND 1.0 mg

group, 1 from IND 2.5 mg group, 2 from

IND 5.0 and 2 from the placebo group)

Selective reporting (reporting bias) High risk Baseline patient demographics and char-

acteristics were not reported. Weight and

pulse were measured but not reported. BP

data were graphed in figures only. No stan-

dard deviations (SD) for BP or metabolic

data were given. Study authors did not

comment on all-cause mortality, and SAEs

and WDAEs were not clearly stated. AEs,

regardless of relationship to study drug

were not reported. Only drug-related AEs

were reported; for each treatment group

there were: PLB = 1/22 (4.5%), IND 1.0

= 4/24 (17%), IND 2.5 = 6/23 (26%) and

IND 5.0 = 6/23 (26%)

Industry sponsorship Unclear risk Sponsor not reported

Carlsen 1990

Methods Randomized, double-blind, placebo-controlled dose-ranging trial (parallel arms). Wash-

out period = 6 weeks. Conducted in New Zealand and Denmark

Participants DBP 100 to 120 mmHg. Mean age 57.4 years. Males 40%. Baseline BP was 165.2/104

mmHg in the treatment group and 161.9/101.8 in the control group

Interventions Bendrofluazide 1.25 mg (N = 50), 2.5 mg (N = 52), 5 (N = 52) or 10 mg/d (N = 51),

or placebo (N = 52)

Treatment duration = 12 weeks
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Carlsen 1990 (Continued)

Outcomes Sitting SBP and DBP (taken at 4, 10 and 12 weeks); BP response rate; heart rate; serum

biochemistry

Notes A sample size calculation was provided based on 50 patients per treatment group to

detect a difference in BP of 5 mmHg (SD ± 7 mmHg) between treatments (power level

not given). Patients who took less than 80% of their tablets (placebo) during the 6-week

placebo run-in period were excluded from entering the study. After taking placebo for 6

weeks only patients with DBP between 100 and 120 mmHg were included in the study.

The 10 mg bendrofluazide dose was chosen based only on 1 prior trial by the Medical

Research Council. The study’s authors stated that “there were no large differences” be-

tween treatment groups in patients’ baseline demographics and characteristics (Table 1

p.976)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “[Patients] were randomly allocated in

blocks of 10 on a double-blind basis to re-

ceive placebo or bendrofluazide at a dose of

1.25, 2.5, 5, or 10 mg a day.” (line 1 under

“Study Design” p.975). No further detail

provided

Allocation concealment (selection bias) Unclear risk Not stated explicitly by study authors

Blinding (performance bias and detection

bias)

All outcomes

Low risk “[Patients] were randomly allocated in

blocks of 10 on a double-blind basis...

” (line 1 under “Study Design” p.975).

“Placebo and active tablets were identical in

appearance and taste. All patients received

four tablets daily, two in the morning and

two at lunch. Those receiving fewer than

four active tablets daily were given the ac-

tive tablets in the morning.” (line 15 from

bottom under “Study Design” p.975)

Incomplete outcome data (attrition bias)

All outcomes

High risk Not known whether efficacy analysis was

based on an ITT or per-protocol technique

Exclusions: number of patients excluded

from study after the placebo run-in period

and before randomization was not reported

Attrition: total withdrawals and reasons for

withdrawing were not given

WDAEs: 9/257 (3.5%) of patients with-

drew due to adverse events (2 in placebo,

1.25, 2.5 and 10 mg group, and 1 in 5 mg

group), however the precise reasons were
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Carlsen 1990 (Continued)

not given

Selective reporting (reporting bias) High risk Sodium levels and pulse were measured

both at beginning and end of study but not

reported on. Variability in baseline patient

demographics and characteristics was not

given. Change in weight from baseline was

not reported. Mortalities and SAEs were

not documented. Total AEs: BDFZ 1.25 (8

patients), 2.5 (14 patients), 5 (12 patients)

, 10 mg/d (24 patients) and placebo (9 pa-

tients)

Industry sponsorship Unclear risk Sponsor not reported

Chrysant 1994

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

4 weeks. Multicenter, conducted in USA

Participants DBP 100 to 114 mmHg. Mean age 53.5 years. Males 58.2%. Baseline BP was 155/103

mmHg in both the treatment groups as well as the control group

Interventions Lisinopril 10 mg/d (N = 85), lisinopril 10 mg/d + HCTZ 12.5 mg or 25 mg/d (all

combined, N = 168), HCTZ 12.5 mg (N = 87), or 25 mg/d (N = 84), or placebo (N =

81)

Trial duration = 8 weeks

Outcomes Change from the baseline in trough mean sitting and standing SBP and DBP; ECG,

heart rate, serum biochemistry, hematology and urinalysis

Notes Sample size calculation was provided - study had a power of 95% to detect a change in

sitting DBP of 5 mmHg between treatment groups. The study authors stated that “there

were no significant differences between the various treatment groups” in baseline patient

demographics and characteristics (i.e. age, body weight, BP and heart rate). BP data

in graphical form only. Mean change from the placebo group with 95% CIs available.

WDAEs, mortalities, SAEs and total AEs not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “...patients...were randomised into the

double-blind phase of the study...” (line 21

under “Patients and Methods” p.738). No

further information was given

Allocation concealment (selection bias) Unclear risk Not stated by study authors
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Chrysant 1994 (Continued)

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “This was a multicenter, double-blind, par-

allel, placebo-controlled study.” (line 1 un-

der “Patients and Methods” p.738). No fur-

ther information was given

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Efficacy analysis was based on an ITT tech-

nique

Exclusions: 244/749 (33%) patients were

excluded from study after the 4-week sin-

gle-blind, placebo run-in period prior to

randomization for “having BP lower than

those required for inclusion.”

Attrition: 38/505 (7.5%) patients with-

drew from the study, 8 from the HCTZ

12.5 mg group, 7 from the HCTZ 25 mg

group and 10 from the placebo group. The

reasons for withdrawing were not given

WDAEs: not given

Selective reporting (reporting bias) High risk Gender, medical history and variability (i.e.

SD) in baseline patient demographics and

characteristics were not given. BP data were

graphed only and variability was expressed

as SEM (standard error of the mean), not

SD. Blood cell counts and ECG were mea-

sured but not reported; weight and heart

rate were measured and reported at base-

line, but not at endpoint. Mortalities, SAEs

and total AEs were not reported. Only 5

of the most commonly reported adverse of

events were given. Results from a subgroup

analysis of BP-lowering effects in black and

elderly patients were shown but the anal-

ysis was not mentioned a priori (i.e. was

not included in the methods section of the

study); refer to Table 3 p.740

Industry sponsorship High risk Supported by a grant from ICI Pharmaceu-

ticals Group

Chrysant 1996

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

1 to 4 weeks. Multicenter, conducted in USA

Participants Sitting DBP 95 to 114 mmHg. Mean age: HCTZ 25 mg = 53.2; placebo = 53.8 years.

Males: HCTZ 25 mg = 53% and placebo = 55%
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Chrysant 1996 (Continued)

Interventions Benazepril 20 mg/d (N = 42), benazepril 5 mg, 10 mg or 20 mg/d + HCTZ 6.25 mg,

12.5 mg or 25 mg/d (all combined, N = 207), HCTZ 25 mg/d (N = 45) or placebo (N

= 40)

Treatment duration = 6 weeks

Outcomes Change from the baseline in trough mean sitting DBP and SBP; pulse rate, serum

potassium, body weight

Notes Study was adequately powered (73% and 87% power to detect a 5 and 6 mmHg difference

in BP, respectively between any pair of treatments). The authors of the study did not

state whether there were statistically significant differences across treatment groups in

baseline demographics and characteristics. SD for BP data were not given (SEM only).

Baseline BP was not given

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk “...patients were assigned to receive placebo

or one of seven active treatment regimens

according to a computer-generated ran-

domisation table.” (line 4 under “Design”

p.18)

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Low risk “The study was a 6-week, randomised,

double-blind, placebo-controlled, parallel-

group multicenter trial.” (line 1 under “De-

sign” p.18). “Study medication was pro-

vided as tablets of identical appearance and

capsules of identical appearance...”

Incomplete outcome data (attrition bias)

All outcomes

Low risk Efficacy analysis was based on an ITT tech-

nique

Exclusions: 73/407 (18%) of patients were

excluded from the study during the single-

blind, placebo run-in period prior to ran-

domization, the majority of whom failed

“to meet the Sitting DBP entry criterion.”

Attrition: 33/334 (10%) of patients with-

drew from the study for the following rea-

sons: 12 - lack of efficacy, 11 - adverse

events, 5 - lost to follow-up, 3 - consent

withdrawal and 2 - protocol violations

WDAEs: 11/334 (3.3%) of patients (across

all 8 treatment arms) withdrew due to ad-

verse events (termed “adverse experiences”)
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Chrysant 1996 (Continued)

. This included 1 patient (1/45) receiving

HCTZ 25 mg (1/45 = 2.2%) and 2 patients

in the placebo group (2/40 = 5%); however

the precise reasons were not given. Note:

Data on total withdrawals were pooled (not

presented as separate treatment arms)

Selective reporting (reporting bias) High risk Weight, heart rate, hematology and serum

chemistry (except for potassium levels), uri-

nalysis and ECG were measured, but not

reported. BP data were provided as graphs

only; variability in BP was expressed as

SEM (standard error of the mean); base-

line BP was not given. Variability in base-

line patient demographics and characteris-

tics was not given. Medical history of pa-

tients at baseline was not reported. SAEs:

4/334 (1.2%) across all treatment groups;

authors did not account for all 4 patients,

e.g. reasons were given for 2 patients only

(hypotension and syncope). Note that data

for SAEs were combined, not presented

separately across all treatment groups. To-

tal AEs were not reported; only AEs possi-

bly or probably related to study drug were.

Except for potassium levels, the follow-

ing were measured but not reported on:

weight, serum hematology, glucose, lipids,

electrolytes, ECG and urinalysis. Mortali-

ties were not mentioned. A post hoc sub-

group analysis of black versus non-black pa-

tients and patients < 65 and ≥ 65 years of

age was performed and the results presented

in 2 graphs; yet there was no mention of it

in the methods section of the study

Industry sponsorship Unclear risk Sponsor was not reported

Chrysant 2004

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). 3 x 4 factorial design.

Wash-out period = 4 weeks. Multicenter, conducted in USA

Participants Sitting DBP ≥ 100 and ≤ 115 mmHg. Mean age: HCTZ 12.5 mg = 54.1; HCTZ 25

mg = 54.7; placebo = 54.0 years. Males: HCTZ 12.5 mg = 55.6%; HCTZ 25 mg =

49%; placebo = 64.3%. Baseline mean sitting SBP/DBP ranged from 151.9 to 156.6

mmHg/102.6 to 104.4 mmHg
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Chrysant 2004 (Continued)

Interventions Olmesartan medoxomil 10 mg (N = 39), 20 mg (N = 41) or 40 mg/d (N = 45), olmesartan

medoxomil 10 mg, 20 mg or 40 mg/d + HCTZ 12.5 mg or 25 mg/d (all combined, N

= 247), HCTZ 12.5 mg (N = 45) or 25 mg/d (N = 43), or placebo (N = 42)

Trial duration = 8 weeks

Outcomes Change from baseline in trough mean sitting and standing DBP and SBP; BP response

rate; heart rate, serum biochemistry, hematology and urinalysis

Notes Sample size calculation was based on change (magnitude not given) from baseline in

sitting DBP at week 8 (90% power)

SD for BP data were not given. Biochemical data not given. Mortalities and total AEs

were not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “This was a randomised, double-blind, fac-

torial design study...” (line 1 under “Meth-

ods-Study Population” p.253) “...eligible

patients (N = 502) were randomised to one

of 12 treatment groups...” (line 2 under

“Methods-Study Design” p.253). No fur-

ther information given

Allocation concealment (selection bias) Unclear risk Not stated by the study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “...eligible patients (N = 502) were

randomised to one of 12 treatment

groups for 8 weeks of double-blind treat-

ment with placebo, olmesartan medox-

omil monotherapy, HCTZ monotherapy,

or olmesartan medoxomil/HCTZ combi-

nation therapy...” (line 2 under “Methods-

Study Design” p.253). No further informa-

tion given

Incomplete outcome data (attrition bias)

All outcomes

High risk Efficacy analysis was based on an ITT tech-

nique with the LOCF (last observation car-

ried forward)

Exclusions: 863 patients were screened and

750 of these were enrolled. 248/750 (33%)

of patients were excluded from the study

during the single-blind, placebo run-in pe-

riod prior to randomization. The reasons

for these exclusions were not given

Attrition: 51/502 (10%) patients withdrew

from the study; the reasons for withdraw-
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Chrysant 2004 (Continued)

ing were not given. Data were combined,

not presented separately for each treatment

group

WDAEs: the study reported WDAEs only

for those patients receiving one or both

of the study drugs (not placebo), which

was about 2%. The precise reasons for

these withdrawals and from which treat-

ment group the patients originated were

not given

Selective reporting (reporting bias) Unclear risk Baseline and endpoint body weight, heart

rate, height, hematology, serum chemistry

and urinalysis were measured but actual

values were not reported; any changes at

endpoint were noted qualitatively. Variabil-

ity in BP data was not given. Variabil-

ity in baseline patient demographics and

characteristics was also not given. Baseline

standing BP was measured, but not re-

ported. Medical history was measured but

not reported with the baseline patient de-

mographics and characteristics. Mortalities

were not mentioned

SAEs: 1 patient in the placebo group with

“unstable angina”; no other SAEs were re-

ported. Total AEs were not reported; only

the most commonly reported AEs were

mentioned

Industry sponsorship High risk Supported by a grant from Sankyo Pharma

Inc.

Curry 1986

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period ≤

4 weeks. Multicenter, conducted in USA

Participants Sitting DBP 90 to 110 mmHg. Age range: 30 to 71 years. Males 43%. 59% Black race.

Baseline BP 146 to 154/97 in the 3 treatment groups and 151/99 in the control group

Interventions Metolazone 0.5 mg (N = 26), 1 mg (N = 25), 2 mg/d (N = 27) or placebo (N = 27)

Treatment duration = 6 weeks

Outcomes Sitting and standing SBP and DBP (at 2-week intervals); response rate; ECG, hematol-

ogy, serum biochemistry and urinalysis
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Curry 1986 (Continued)

Notes A sample size calculation was not provided. Anomalously high DBP response (-31

mmHg) from 1 patient in the placebo group increased the mean and variability in that

group substantially enough to lessen the magnitude of statistical difference compared

to active treatment (analysis was done including this outlier patient). There were no

significant differences between treatment groups in baseline demographics. Medical his-

tory was not included in baseline characteristics. All AE data grouped together. Detailed

reporting of biochemical data restricted to potassium levels only. Mortalities, SAEs and

total AEs were not reported. Publication consisted of 2 studies (the positive-controlled

study did not include a placebo arm, therefore this study will not be discussed further

in this review)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “In the placebo-controlled study, patients

were randomly assigned to receive single

daily doses of placebo, or 0.5, 1.0, or 2.0

mg of...metolazone.” (line 3 under “Drugs”

p.49). Technique for sequence generation

not stated explicitly by study authors

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “...a double-blind, parallel clinical [study]”

(line 17 from top under “Introduction” p.

48). No further information given of how

the study was blinded

Incomplete outcome data (attrition bias)

All outcomes

High risk Not known whether efficacy analysis was

based on an ITT or per-protocol technique

Exclusions: 43/148 (29%) of patients were

excluded from the study during the placebo

run-in phase prior to randomization

Attrition: 7/105 (6.7%) of patients with-

drew from the study. Reasons for with-

drawals included: 1 - voluntary withdrawal,

4 - increased blood pressure and 2 - missed

visit

WDAEs: 0/105 (0%) of patients withdrew

due to adverse events (termed “adverse ex-

periences”), however the precise reasons

were not given. Note: data from each treat-

ment group were pooled (not presented

separately)

Selective reporting (reporting bias) High risk Except for potassium levels, the follow-

ing were measured but not reported on:
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Curry 1986 (Continued)

serum hematology, glucose, lipids, elec-

trolytes, ECG and urinalysis. Mean and

SD for baseline patient demographics and

characteristics were not given. Mortalities,

SAEs and total AEs were not documented

(see line 1 under “Adverse Experiences” p.

55)

Industry sponsorship Unclear risk Sponsor not reported

Drayer 1995

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

4 weeks. Multicenter, conducted in USA

Participants Sitting DBP 95 to 114 mmHg. Mean age 56 years. Males 62%. Baseline DBP was 99.

9 mmHg in the HCTZ 12.5 mg group and 100.2 mmHg in the placebo group. Pulse

pressure was not reported

Interventions Moexipril 3.75 mg (N = 49), 7.5 mg (N = 42), 15 mg (N = 47) or 30 mg/d (N = 45),

moexipril 3.75 mg, 7.5 mg or 15 mg/d + HCTZ 12.5 mg/d (all combined, N = 137),

HCTZ 12.5 mg/d (N = 48), or placebo (N = 45)

Trial duration = 8 weeks

Outcomes Change from baseline in mean sitting DBP and SBP after 8 weeks; serum biochemistry,

plasma renin activity and aldosterone levels

Notes Sample size calculation was not provided. Study authors did not state whether there

were statistically significant differences across treatment groups in baseline patient de-

mographics and characteristics. BP data in graph form only

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “This was a randomised, double-blind,

multicenter, placebo-controlled, parallel

group study to evaluate the efficacy and

safety of moexipril, alone or in combina-

tion with a low-dose diuretic.” (line 1 un-

der “Methods” p.526) “The second [phase]

was a double-blind treatment period dur-

ing which patients were randomly allocated

to one of nine separate study groups.” (line

5 under “Protocol” p.526). No further in-

formation was given

Allocation concealment (selection bias) Unclear risk Not stated by study authors
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Drayer 1995 (Continued)

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “This was a randomised, double-blind,

multicenter, placebo-controlled, parallel

group study to evaluate the efficacy and sa-

fety of moexipril, alone or in combination

with a low-dose diuretic.” (line 1 under

“Methods” p.526). “The second [phase]

was a double-blind treatment period dur-

ing which patients were randomly allocated

to one of nine separate study groups.” (line

5 under “Protocol” p.526)

Comment: no further information was

given

Incomplete outcome data (attrition bias)

All outcomes

Low risk The primary efficacy analysis was presumed

to be based on an ITT technique (from

information given in the Results section of

the study, line 3 from bottom of p.527)

Exclusions: 90/503 (18%) of patients were

excluded from the study during the single-

blind placebo run-in period prior to ran-

domization

Attrition: 22/413 (5%) of patients with-

drew from the study: 14 due to “adverse ex-

periences”, 2 due to “lack of therapeutic re-

sponse” and the 6 other patients for “other

reasons”

WDAEs: 3/48 (6%) and 2/45 (4.4%)

of patients from the HCTZ and placebo

groups, respectively, withdrew due to ad-

verse events. The specific reasons were not

given

Selective reporting (reporting bias) High risk Heart rate and results for serum biochem-

istry, except for potassium levels, were not

given (i.e. actual values were not shown at

baseline or endpoint). Variability in base-

line patient demographics and character-

istics was not shown; medical history was

also not included. BP data (mean change ±

SEM) were presented in graph form only.

Mortalities and SAEs were not stated ex-

plicitly. Total AEs were reported (HCTZ

= 46%, placebo = 47%); a detailed listing

of only the “principal adverse experiences”

was provided

Industry sponsorship Unclear risk Sponsor not reported
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Fernandez 1994

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out = 4 weeks.

Multicenter, conducted in Mexico

Participants DBP 95 to 110 mmHg. Mean age 54.7 years. All patients were of “mestizo” race. Males

34.3%. Baseline BP was 149.9/100.6 mmHg in the treatment group and 146.6/100.3

mmHg in the control group

Interventions Fosinopril 20 mg/d (N = 16), fosinopril 20 mg/d + HCTZ 12.5 mg/d (N = 17), HCTZ

12.5 mg/d (N = 17) or placebo (N = 17). Treatment duration = 8 weeks

Outcomes Change from the baseline in trough mean sitting SBP and DBP at 0, 2, 4, 6 and 8 weeks;

BP response rate; ECG, hematology, urinalysis and serum biochemistry

Notes A sample size calculation was not provided. Study authors stated that there were no sig-

nificant differences between treatment groups in baseline general demographics, BP and

heart rate. Gender was not balanced between HCTZ and placebo groups. Biochemical

data were measured, but values were not shown. Mortalities and SAEs were not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “Patients were randomised in a double-

blind, placebo-controlled fashion in four

parallel groups...” (line 12 from bottom p.

I-207)

Comment: no further information given

Allocation concealment (selection bias) Unclear risk Not stated by the study authors

Blinding (performance bias and detection

bias)

All outcomes

High risk “Those continuing to period B received

randomised, double-blind, placebo-con-

trolled treatment for 8 weeks.” (line 3 from

top under “Methods” p.I-208). No fur-

ther information given on how study was

blinded, however, it is suspected that blind-

ing was broken for 2 reasons as stated by the

authors: 1) “Fosinopril plus hydrochloroth-

iazide combination therapy consisted of in-

dividual distinct tablets of each drug,” (line

7 from bottom p.I-207) and 2) “The dou-

ble-blind procedure was not tested at the

end of the study.” (line 4 from bottom un-

der “Methods” p.I-208)

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Primary efficacy analysis was based on an

ITT technique

Exclusions: number of patients excluded

from the study during the single-blind
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Fernandez 1994 (Continued)

placebo run-in period was not reported

Attrition: 3/67 (4.5%) of patients with-

drew from the study: 1 receiving fosinopril

(an ACE inhibitor) for an acute gout attack,

1 receiving placebo for persisting dizziness

and headache, 1 receiving placebo for un-

known reasons

WDAEs: information not given (it is pre-

sumed that the dizziness and headache ex-

perienced by the patient on placebo could

be counted as an AE). Note: fosinopril, an

ACE inhibitor, is outside the scope of this

review and will not be discussed further

Selective reporting (reporting bias) Unclear risk Heart rate, body mass index, hematol-

ogy, serum chemistry (including lipids, glu-

cose, electrolytes, metabolites) and urinal-

ysis were measured both at baseline and at

end of study but not reported on accord-

ingly. Mortalities were not stated explic-

itly. SAEs: none. Total AEs: 8/17 (47%)

of patients on HCTZ and 5/17 (29%) on

placebo

Industry sponsorship Unclear risk Sponsor not reported

Ferrara 1984

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

2 weeks. Conducted in Italy

Participants Mild to moderate hypertension. Values not mentioned. Mean age 45.5 years. % of males

not given. Mean baseline SBP/DBP was 161/107 mmHg in the treatment group and

151/104 in the placebo group. Pulse pressure 54/47 respectively

Interventions Slow-release nifedipine 20 mg/d, chlorthalidone 25 mg/d or placebo (all combined, N

= 30 patients randomized)

Trial duration = 8 weeks

Outcomes Standing and supine SBP and DBP; heart rate; left ventricular mass and function; systolic

time intervals

Notes A sample size calculation was not provided. Study authors did not state whether there

were statistically significant differences between treatment groups in baseline patient

demographics and characteristics. The majority of patients were overweight (average

BMI = 27) at baseline. A separate group of 10 patients (group A) who did not enter

a wash-out period at the beginning of the study due to adequate BP control on other

antihypertensives were not included in this review. Total withdrawals (TW), WDAEs,

mortalities, SAEs and total AEs were not reported. Biochemical data not given
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Ferrara 1984 (Continued)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “...patients...were randomly allocated to

chlorthalidone 25 mg/day (Group B), slow

release nifedipine 20 mg/day (Group C) or

placebo (Group D).” (line 9 under “Sum-

mary” p.525). No further information was

given for how patients were randomized to

treatment

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “The study was performed according to a

double blind model since echocardiograms

were numerically coded and read by two

blinded observers.” (line 3 from bottom

of p.526). As well as the statement by the

study authors above, the title of study in-

cluded the word “double-blind”; no further

information was given, however

Incomplete outcome data (attrition bias)

All outcomes

High risk Whether primary efficacy analysis was

based on an ITT or per-protocol technique

was not reported

Exclusions: the number of patients ex-

cluded from the study during the run-in pe-

riod prior to randomization was not given

Attrition: total number of withdrawals and

their reasons were not given

WDAEs: information not given

Selective reporting (reporting bias) High risk Gender, weight and medical history of pa-

tients were not given at baseline. Biochem-

ical data including hematology, serum

chemistry, urinalysis and ECG were not re-

ported. For BP data, statistical significance

was calculated within groups but not be-

tween groups. Number of patients random-

ized to each treatment arm was not reported

and it is not known how many were in-

cluded in the efficacy and safety analysis.

Mortalities, SAEs and total AEs were not

reported

Industry sponsorship Unclear risk Sponsor not reported
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Fiddes 1997

Methods Randomized, double-blind, placebo-controlled trial (parallel groups). Wash-out period

= 4 weeks. Multicenter, conducted in USA

Participants DBP 95 to 114 mmHg. Mean age 69.7 years. Males 55%. Baseline BP was 159.3/98.8

mmHg in the treatment group and 160.3/99.8 in the control group

Interventions Indapamide 1.25 mg/d (N = 103) or placebo (N = 101)

Treatment duration = 8 weeks

Outcomes Mean change from the baseline in standing and supine DBP and SBP (at 2-week intervals)

; response rate, heart rate, body weight, ECG, serum biochemistry, hematology and

urinalysis

Notes Sample size calculation was not provided. The study authors did not state whether

there were statistically significant differences between indapamide and placebo treatment

groups in baseline patient demographics and characteristics. The minimum age of 65

years for patients to be included in the study was much older than most other studies

assessed in this review. This elderly population may present with a different profile of

underlying diseases not seen in young adult patients of 18 years of age or older. Patients

with low serum potassium during the trial were given potassium supplements. For BP

and biochemical data the number of subjects changes over the duration of treatment

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “This was a multicentre, randomised study.

..” (line 1 under “Design” p.240) “[Pa-

tients] were randomised to receive inda-

pamide 1.25 mg or placebo...” (line 5 from

top of p.240). No further information was

given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

High risk “This was a multicentre, randomised study

consisting of two periods: a single-blind

placebo washout period and a double-

blind treatment period.” (line 1 under “De-

sign” p.240) “Eligible patients were...en-

tered into an 8-week double-blind treat-

ment period.” (line 4 from top of p.240).

The investigator at his/her discretion gave

hypokalemic patients potassium supple-

mentation which could have broken the

blinding

No further information was given
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Fiddes 1997 (Continued)

Incomplete outcome data (attrition bias)

All outcomes

Low risk Efficacy and safety analysis was based on

an “all-treated patient population” (line 1

under “Statistical Analysis” p.240)

Exclusions: the number of patients ex-

cluded from the study during the placebo

run-in period prior to randomization was

not given

Attrition: 11/103 (11%) and 16/101

(16%) of patients from the indapamide

and placebo groups, respectively, withdrew

from the study. Reasons for withdrawals in-

cluded (IND versus PLB): 4 versus 6 pa-

tients - adverse events, 1 versus 6 - inef-

fective therapy, 1 versus 2 - protocol devi-

ations, 1 versus 1 - withdrawn consent, 2

versus 0 - lost to follow-up and 2 versus 1

- other reasons

WDAEs: 5/103 (5%) patients receiving

indapamide and 6/101 (6%) receiving

placebo withdrew due to adverse events;

precise reasons were not given. Note: 11

WDAEs is contrary to the number (n = 10)

the study accounted for on line 9 under

“Results” p.241

Selective reporting (reporting bias) High risk Variability was not included in baseline pa-

tient demographics and characteristics or

in baseline mean BP readings. Body weight

was reported at baseline, but not at end-

point. Heart rate and ECG were measured

but not reported. Reporting of biochemical

data was based on a selection of measured

parameters, therefore some data like hema-

tology and urinalysis were missing. Baseline

standing BP was measured but not reported

and the variability in mean change in stand-

ing BP at endpoint was not reported. Med-

ical history of patients was not given. Mor-

talities: 1 patient in the indapamide group

died from arteriosclerosis and 1 patient in

the placebo group died from a myocardial

infarction). SAEs: 2/103 (1.9%) patients

on indapamide and 5/101 (5%) patients on

placebo. Total AEs: 32/103 (31%) patients

on indapamide and 38/101 (38%) patients

on placebo. A list of AEs (with description)

occurring in at least 2% of patients was pro-

vided
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Fiddes 1997 (Continued)

Industry sponsorship Unclear risk Sponsor not reported

Frei 1994

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out (placebo

run-in) period = 4 weeks. Multicenter, Germany

Participants DBP 95 to 114 mmHg and SBP ≤ 240 mmHg. Mean age: 55.1 years. Males: 50%.

Baseline BP was 166/103 mmHg in the HCTZ 25 mg treatment group and 166/102

in the placebo group. Pulse pressure was not reported

Interventions Moxonidine 0.4 mg/d (N = 38), moxonidine 0.4 mg/d + hydrochlorothiazide 25 mg/d

(N = 42), hydrochlorothiazide (HCTZ) 25 mg/d (N = 40) or placebo (N = 41)

Treatment duration = 8 weeks

Outcomes Mean change from the baseline in sitting DBP and SBP; responder rates; blood and

urine lab tests

Notes Sample size calculation was not provided. Patients were permitted to take medication for

diseases unrelated to hypertension which is contrary to what most other studies investi-

gating the BP-lowering effects of thiazides allow. Most other studies either restrict or ban

and monitor any use of other medications during the study. Details were not provided.

Patients with more serious SBP levels as high as 240 mmHg were permitted to enter the

study. The study authors did not state whether there were statistically significant differ-

ences between HCTZ and placebo treatment groups in baseline patient demographics

and characteristics. Biochemical data measured but not reported. Total AEs not given

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “The study was designed as a multicenter,

double-blind, placebo-controlled, parallel-

group, prospectively randomised study...”

(line 23 under “Subjects and Methods” p.

S26). No further information was given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “The study was designed as a multicenter,

double-blind, placebo-controlled, parallel-

group, prospectively randomised study...”

(line 23 under “Subjects and Methods” p.

S26)

Incomplete outcome data (attrition bias)

All outcomes

Low risk Efficacy analysis was based on an intention-

to-treat (ITT) technique

Exclusions: 14/177 (8%) of patients were
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Frei 1994 (Continued)

excluded from the study during the placebo

run-in period prior to randomization

Attrition: 3 patients (3/163 = 1.8%) were

not included in the efficacy analysis of

the ITT population: 2 patients did not

take study medications following random-

ization and 1 patient was without a post-

baseline measurement. It is not known

from which treatment groups these patients

came

WDAEs: 4/161 (2.5%) of patients with-

drew due to adverse events, 1 patient from

the placebo group for headache and the

remaining 3 from other treatment groups

other than the HCTZ 25 mg group (note:

safety data were based on an ITT group of

161 patients)

Selective reporting (reporting bias) High risk Baseline patient demographics and charac-

teristics did not include weight or vital signs

and variability was omitted. Biochemical

data were measured but not reported. Mor-

talities and SAEs were not explicitly stated

by study authors. Total AEs were not re-

ported, only the most commonly occurring

AEs were included (but no systematic ap-

proach to reporting them was taken)

Industry sponsorship Unclear risk Sponsor not reported

Frishman 1994

Methods Randomized, double-blind, placebo-controlled trial (parallel groups). 3 x 4 factorial

design. Wash-out period = 4 to 6 weeks. Multicenter, USA

Participants Sitting DBP 95 to 115mmHg. Mean age: 53 years. Males: 71%. Race: 71% non-black.

Baseline sitting BP was 151/101 mmHg. Sitting heart rate = 76 bpm

Interventions Bisoprolol 2.5 mg, 10 mg or 40 mg/d (all combined, N = 197), bisoprolol 2.5 mg, 10

mg or 40 mg/d + HCTZ 6.25 mg or 25 mg/d (all combined, N = 190), HCTZ 6.25

mg (N = 29) or 25 mg/d (N = 33), or placebo (N = 63)

Duration = 12 weeks + 2-week taper period

Outcomes Mean change from the baseline in trough sitting DBP and SBP at 3 to 4 weeks; analyses

of the effects of age, sex, race and baseline DBP on change in BP; serum biochemistry
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Frishman 1994 (Continued)

Notes A sample size calculation was provided based on 60 patients in the bisoprolol monother-

apy group and 30 patients in all others groups to detect a difference of 3.6 to 5.1 mmHg

and 5.1 to 7.3 mmHg, respectively, with 80% power. The study authors stated that there

were no significant differences across treatment groups in the baseline patient charac-

teristics. SD for BP data not given. BP data at endpoint (i.e. 12 weeks) not reported;

midpoint only

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “The study reported on here was 12-

week, randomised, double-blind, placebo-

controlled, multicenter 3x4 factorial trial...

” (line 1 under “Methods-Study Design” p.

1462). No further information was given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Low risk “Patients whose mean sitting diastolic

blood pressure was stable and between 95

and 115 mmHg (inclusive) qualified for

randomisation to one of 12 double-blind

treatment groups. To maintain blinding,

matching placebo tablets were provided for

both bisoprolol and hydrochlorothiazide.”

(line 27 under “Methods-Study Design” p.

1462)

Incomplete outcome data (attrition bias)

All outcomes

High risk It is not known whether efficacy analysis

was based on an intention-to-treat or per-

protocol technique

Exclusions: 208/720 (29%) patients were

excluded from the study during the single-

blind placebo run-in period prior to ran-

domization. The specific reasons for these

exclusions were not given

Attrition: 109/512 (21%) patients with-

drew from the study; the specific reasons

were not given

WDAEs: 41/512 (8%) patients withdrew

due to “a laboratory abnormality or adverse

experience”. This included 9 patients (or

14%) from the placebo group and a range

of between 2% and 10% in each of the

HCTZ 6.25 mg and HCTZ 25 mg treat-

ment groups (actual % was not given). The

specific reasons were not given. Note that
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Frishman 1994 (Continued)

the data above were pooled, not presented

as separate for each treatment group

Selective reporting (reporting bias) High risk Baseline BP in each of the treatment groups

was not reported (data were combined).

Although the duration of the study was

12 weeks, the primary efficacy outcome

(change from baseline in sitting DBP) was

reported on at weeks 3 to 4 only. Reduc-

tions in DBP between 3 to 4 and 12 weeks

were mentioned as being “similar” (no

further information was given). All-cause

mortality and SAEs were not clearly docu-

mented. Total AEs were not reported; only

AEs occurring in at least 2% of patients and

either dose-related or somehow related to

active treatment were listed. Weight, heart

rate, ECG, serum chemistry including glu-

cose, lipids and calcium were measured but

actual values were not reported on at end-

point

Industry sponsorship Unclear risk Sponsor not reported

Frishman 1995

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

4 to 6 weeks. Multicenter, conducted in USA

Participants Sitting DBP 95 to 115 mmHg. Mean age: not given. % patients < 60 years: HCTZ 25

mg group = 61% versus placebo = 69%

Males: HCTZ 25 mg = 62% versus placebo = 64%. Non-black race: HCTZ 25 mg =

84% versus placebo = 80%. Baseline sitting BP was 151/101 mmHg in HCTZ 25 mg

group and 152/100 in placebo group. Sitting heart rate = 76 versus 75

Interventions Bisoprolol 5 mg/d (N = 158), bisoprolol 5 mg/d + HCTZ 6.25 mg/d (N = 160), HCTZ

25 mg/d (N = 148) or placebo (N = 81)

Trial duration = 4 weeks

Outcomes Mean change from baseline in trough sitting DBP and SBP at 3 and 4 weeks; analyses

of the effects of age, sex, race, smoking status and baseline sitting DBP on change in BP;

response rates; serum biochemistry

Notes A sample size calculation was provided based on 120 patients in each treatment group

and 60 patients in the placebo group to detect a difference of at least 2.5 mmHg between

active treatments and 3.1 mmHg between active treatment and placebo with 80% power.

The study authors stated that there were no statistically significant differences across

treatment groups in the baseline patient demographics and characteristics. SD for BP
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Frishman 1995 (Continued)

data (change from baseline) not given; it was reported as SE

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “This was a multicenter, randomised,

placebo-controlled, parallel-group study...

” (line 1 under “Methods-Study Design”

p.183). Eligible patients were randomized

to treatment (see line 9 under “Methods-

Study Design” p.183). No further informa-

tion was given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “This was a multicenter, randomised,

placebo-controlled, parallel-group study...

followed by a 4-week double-blind treat-

ment period...” (line 1 under “Methods-

Study Design” p.183). Eligible patients en-

tered the 4-week, double-blind treatment

period (line 20 from top of p.183). No fur-

ther information was given

Incomplete outcome data (attrition bias)

All outcomes

Low risk Efficacy analysis was based on an ITT tech-

nique

Exclusions: the number of patients who

were excluded from the study during the

single-blind, placebo run-in period prior to

randomization was not given

Attrition: 38/547 (7%) patients were not

included in the BP analysis. It is not known

how many patients withdrew from the

study and for what reasons

WDAEs: 9/547 (1.6%) patients withdrew

due to “clinical adverse experiences” for the

following reasons: 7 - “related to underlying

medical conditions or concomitant illness”

and 1 - “bradycardia” and 1 - “impotence”.

2 other patients withdrew due to “labora-

tory findings” (not clearly explained). Note

that the WDAE data were pooled, not pre-

sented as separate for each treatment group

Selective reporting (reporting bias) High risk Heart rate was measured but not reported

at the end of the study. ECG, a vital sign,

was not reported. Variability in metabolic

data was not reported. Glucose levels were
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Frishman 1995 (Continued)

measured but not reported

All-cause mortality and SAEs were not doc-

umented. Total AEs were not reported;

drug-related “adverse experiences” were

Industry sponsorship High risk Supported by a grant from American

Cyanamid Company

Goldberg 1989

Methods Randomized, double-blind, placebo-controlled trial (parallel groups). 3 x 4 factorial

design. Wash-out period = up to 4 weeks on placebo followed by another 4 weeks

”qualification phase“. Multicenter, conducted in USA

Participants DBP 95 to 110 mmHg. Mean age 53.6 years. Males 52%. Baseline BP was 151.0/99.9

mmHg. Heart rate 74.1 bpm

Interventions Pinacidil 12.5 mg (N = 30), 25 mg (N = 34) or 37.5 mg bid (N = 32), pinacidil 12.5

mg, 25 mg or 37.5 mg bid + HCTZ 12.5 mg or 25 mg bid (N = 190, all combinations)

, HCTZ 12.5 mg (N = 34) or 25 mg bid (N = 33) or placebo (N = 31)

Duration of treatment = 8 weeks

Outcomes Change from the baseline in trough mean supine and standing SBP and DBP; heart rate,

body weight; hematology, urinalysis, serum biochemistry, pinacidil and HCTZ plasma

concentrations

Notes Sample size calculation was not provided. The study authors stated that there were no

significant differences across treatment groups in the baseline patient characteristics (line

3 under ”Results“ p.213). Supine BP in graphical form. Mortalities, SAEs and total AEs

were not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk ”...a randomised, double-blind, 4 x 3 facto-

rial, modified fixed-dose multicenter trial.

“ (see abstract p.208)

”...patients were randomly allocated to one

of 12 treatments in blocks of 12.“ (line 15

from top of p.209, left column)

Comment: no further information was

given.

Allocation concealment (selection bias) Unclear risk Not stated by study authors
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Goldberg 1989 (Continued)

Blinding (performance bias and detection

bias)

All outcomes

Low risk ”...a randomised, double-blind, 4 x 3 facto-

rial, modified fixed-dose multicenter trial.

“ (see abstract p.208)

”At entry into the study, a placebo was pre-

scribed for all patients (one capsule bid,

identical in appearance to eventual double-

blind capsules).“ (line 8 under ”Study de-

sign p.209). No further information was

given

Incomplete outcome data (attrition bias)

All outcomes

High risk Efficacy and safety analysis was based on an

ITT technique

Exclusions: 205/589 (35%) of patients

were excluded from study during the

placebo run-in period before randomiza-

tion

Attrition: 87/384 (22.7%) of patients with-

drew early from the study of which 9.

1% withdrew for “failure to report, proto-

col violation, or physician/patient decision.

” The number of withdrawals from each

treatment group was not given

WDAEs: HCTZ 12.5 mg bid = 1/34 (2.

9%) for “other reasons”, HCTZ 25 mg

bid = 1/33 (3%) for “other reasons” and

placebo = 2/31 (6.5%) 1 - weight gain, 1 -

“other reasons”

Selective reporting (reporting bias) High risk Standing SBP and DBP were measured

but not reported. Supine SBP and DBP is

shown in graphical form only (no standard

deviations shown in graph). All-cause mor-

tality, SAEs and total AEs were not docu-

mented

Industry sponsorship High risk Supported by Eli Lilly and Company

Hall 1994

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

4 weeks. Conducted in USA

Participants DBP 95 to 110 mmHg. Mean age 50.2 years. Males 40%. Baseline BP was 150.2/100.

1 mmHg in the treatment group and 149.8/99.6 in the control group

Interventions Indapamide 1.25 mg daily (N = 98) or placebo (N = 97)

Trial duration = 8 weeks
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Hall 1994 (Continued)

Outcomes Change from the baseline in trough mean sitting and standing SBP and DBP (at 2, 4, 6

and 8 weeks); response rate; heart rate, ECG, hematology, urinalysis, serum biochemistry,

body weight, vital signs

Notes A sample size calculation was not provided. Baseline patient characteristics did not

include medical history. The study authors did not state whether there were statistically

significant differences between indapamide and placebo groups with regard to baseline

patient demographics and characteristics. Standard error (SE) given for BP data. SD or

SE not given for biochemical data

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “Patients who met the entry criteria were

randomised at the end of a four week single-

blind placebo wash-out period to either 1.

25 mg indapamide or placebo...” (line 1 un-

der “Design” p.572). No further informa-

tion about sequence generation was given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “Three of the [indapamide] patients re-

ceived potassium supplements concomi-

tant with double-blind medication.” (line 8

p.575). This could have broken the blind-

ing. Blinding not explicitly stated by study

authors

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Not known whether efficacy analysis was

based on an intention-to-treat (ITT) or

per-protocol technique, however sitting

SBP results were based on the “all-treated

population...” (line 22 from top p.573)

Exclusions: number of patients excluded

from the study during the placebo run-

in period prior to randomization was not

given

Attrition: 16/98 (16%) and 7/97 (7%) of

patients from the indapamide and placebo

groups, respectively, withdrew from the

study. Reasons for withdrawals included

(IND versus PLB): 8 -protocol violations,

3 - treatment failures, 3 - clinical adverse

experiences, 1 - withdrawal of consent and

1 - lost to follow-up versus 2 - clinical ad-

verse experiences, 2 - lost to follow-up, 1
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Hall 1994 (Continued)

- protocol violation, 1 - treatment failure

and 1 - other reasons

WDAEs: withdrawals due to “clinical ad-

verse experiences” included: IND group, 3/

98 (3.1%) versus placebo group, 2/97 (2.

1%) for the following reasons: (rash + ab-

normal ECG), (dizziness) and (dizziness +

headache + nausea + vomiting + photo-

phobia + hypertension) versus (breast car-

cinoma) and (headache)

Selective reporting (reporting bias) High risk Baseline sitting BP did not include SD or

SE; change in sitting BP was reported at

endpoint with SE. Variability was not re-

ported for baseline patient characteristics

or biochemical data. Baseline standing BP

was measured but not reported. Change

in heart rate, serum sodium and chloride

levels, hematology, urinalysis, vital signs,

weight and ECG were measured but not

reported at endpoint. Mortalities and SAEs

were not clearly documented. Total AEs:

54/98 (55%) patients in indapamide group

and 46/97 (47%) in the placebo group. A

list of AEs (with description of event) oc-

curring in at least 3% of patients was in-

cluded

Industry sponsorship High risk Received grants from General Research

Support of the School of Public Health,

University of Minnesota and from Merck

Sharp & Dohme

Hulley 1985

Methods Randomized, double-blind, placebo-controlled trial (parallel arms) - a pilot study of the

SHEP program-isolated systolic hypertension in the elderly. Wash-out period = 8 weeks.

Multicenter, conducted in USA

Participants SBP 160 to 219 mmHg. DBP < 90 mmHg. Age > 70 years: 61% of patients. Males 36%.

Baseline BP was 172/75 in the treatment group and 174/77 in the control group. The

study included elderly (60 years or older) patients with isolated systolic hypertension

only (i.e. SBP 160 to 219 mmHg and DBP < 90 mmHg)

Interventions Chlorthalidone 25 mg daily (N = 443) or placebo (N = 108) for first 4 weeks. A step-

up protocol was used wherein poor response (i.e. BP goal not reached) after 4 weeks

led to a doubling of drug dosage from 1 to 2 capsules of chlorthalidone per d; poor

response in patients receiving placebo led to a simulated randomization with a doubling

of placebo capsules. If the goal BP was not reached after 12 additional weeks, patients
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Hulley 1985 (Continued)

on chlorthalidone were re-randomized to step II drugs including reserpine, metoprolol,

or hydralazine

Outcomes Trough mean sitting SBP and DBP; serum biochemistry including potassium, uric acid,

creatinine, glucose and cholesterol levels

Notes A sample size calculation was provided based on a sample of 500 patients to detect a mean

difference in SBP of 6 mmHg at 90% power. BP results were taken from the first 4 weeks

of fixed monotherapy. The study authors stated that the baseline patient demographics,

characteristics and medical history were “reasonably well distributed” across the 2 groups

except for angina and carotid bruit which were statistically more common in the placebo

group (P value < 0.05). BP data of the 1st 4 weeks was used from figure 1 on page 916

(SD not given). Change in serum potassium level given but no SD

Additional publications: Smith WM et al. Drugs 1986; 31(Suppl 4):154-64; Hulley SB

et al. J Am Ger Society 1986 [data from first 3 months], SHEP. JAMA 1991; 265(24):

3255-64 and Kostis JB et al. JAMA 1997;278(3):2126.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “Elderly men and women who met eligibil-

ity criteria at 4 baseline examinations were

randomised in a double-blind fashion to

chlorthalidone or matching placebo.” (line

1 under “Methods” p.914). “We used an

adaptive randomisation procedure that var-

ied treatment assignment probabilities by

10% in one or the other direction in order

to balance the step I study groups within

race, sex, age and baseline systolic BP strata.

” (line 15 from top of p.914, right column)

. No further information was given

Allocation concealment (selection bias) Low risk “Each randomisation was carried out by

telephone between the clinic staff and the

coordinating centre data manager, who

checked that eligibility criteria were met be-

fore assigning the participant to chlorthali-

done or placebo.” (line 9 from top of p.914,

right column)

Blinding (performance bias and detection

bias)

All outcomes

Low risk “Elderly men and women who met eligibil-

ity criteria at 4 baseline examinations were

randomised in a double-blind fashion to

chlorthalidone or matching placebo.” (line

1 under “Methods” p.914). “Upon ran-

domisation into the study, participants en-

tered the step-up protocol and received 25
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Hulley 1985 (Continued)

mg/day of chlorthalidone or placebo (sup-

plied as identical capsules by USV Phar-

maceutical Corp.) (line 1 under ”Methods-

Blood pressure treatment, p.914)

Incomplete outcome data (attrition bias)

All outcomes

High risk The analysis of efficacy was based on an

intention-to-treat (ITT) technique

Exclusions: 27,199 patients were screened;

2130 of these were included in the first

baseline clinic visit. 1579/2130 (74%) of

patients were excluded from the study dur-

ing the 3 baseline clinic visits following

screening, but prior to randomization

Attrition: total number of withdrawals

were not clearly documented

WDAEs: not given. 7 patients receiving

chlorthalidone (3 - dizziness on standing, 1

- syncope on standing, 1 - rash, 1 - hyper-

glycemia and 1 - sexual dysfunction) and 2

patients receiving placebo (1 - asthma and 1

- escaping BP) had their medications termi-

nated due to drug-related events; the time

point was not given, therefore these data

were not useful (note that only the 1st 4

weeks out of the 12-month trial were use-

able)

Selective reporting (reporting bias) High risk BP variability was not given. BP data from

the placebo group were in graph form only

(Fig. 1, p.916)

Except for serum potassium levels, all other

biochemical data were reported at baseline

and 12 months only, not at 4 weeks (there-

fore not useable). Mortalities, SAEs and

total AEs were not reported. Only more

severe AEs characterized as “troublesome”

or “intolerable” were reported in the study

(AEs determined to be “not troublesome”

were not mentioned)

Industry sponsorship Low risk Supported by grants from the National

Heart, Lung and Blood Institute, the Na-

tional Institute of Aging and the National

Institute of Mental Health, National Insti-

tutes of Health, Bethesda, Maryland
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Jounela 1994

Methods Randomized, double-blind, placebo-controlled dose-ranging trial (parallel arms). Wash-

out period = 4 weeks. Multicenter, conducted in Scandinavia (Finland, Sweden, Norway

and Denmark)

Participants DBP 95 to 115 mmHg. Mean age 48.5 years. Males 39.6%. Baseline BP was 152.8/99.

3 mmHg in the treatment group and 152.5/99.8 mmHg in the control group

Interventions HCTZ 3 mg (N = 22), 6 mg (N = 22), 12.5 mg (N = 22), 25 mg/d (N = 23) or placebo

(N = 22)

Treatment duration = 6 weeks

Outcomes Change from the baseline in mean standing and supine DBP and SBP; heart rate; serum

biochemistry, hematology, urinalysis, ECG; plasma renin activity

Notes A sample size calculation was not provided. Baseline patient characteristics did not

include medical history. Study authors stated that baseline patient characteristics were

similar across treatment groups. Standing BP change from baseline available but no SD

given. Supine BP with SD given. Mortality data were not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk “Patients...were randomly allocated on a

double-blind basis to receive placebo or hy-

drochlorothiazide (HCTZ) at a dose of 3,

6, 12.5, or 25 mg once daily.” (line 1 un-

der “Study Design” p.231). “Random al-

location was performed using randomisa-

tion tables.” (line 5 under “Study Design”

p.231)

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Low risk “Patients...were randomly allocated on a

double-blind basis to receive placebo or hy-

drochlorothiazide...” (line 1 under “Study

Design” p.231) “Placebo and active tablets

were identical in appearance and taste.”

(line 6 under “Study Design” p.231)

Incomplete outcome data (attrition bias)

All outcomes

Low risk Not known whether efficacy analysis was

based on an intention-to-treat (ITT) or

per-protocol technique Exclusions: no pa-

tients were excluded from the study during

the placebo run-in period prior to random-

ization

Attrition: 3/111 (3%) patients withdrew

from the study for the following reasons:
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Jounela 1994 (Continued)

1 - headache, palpitation and vertigo (12.

5 mg HCTZ group), 1 - palpitation (25

mg HCTZ group) and 1 - lost to follow-

up (group not specified)

WDAEs: HCTZ 12.5 mg group: 1 patient

due to headache, palpitation and vertigo;

HCTZ 25 mg group: 1 patient due to pal-

pitation

Selective reporting (reporting bias) High risk ECG, heart rate, urinalysis, serum creati-

nine levels, hemoglobin, hematocrit, WBC

and platelets were measured but their val-

ues (mean ± SD) not reported at base-

line or endpoint. Variability was not given

for baseline patient characteristics. Stand-

ing BP was not reported at baseline and its

variability not reported at endpoint. Mor-

talities were not documented. SAEs: no

patients had what study authors reported

to be “serious clinical adverse experiences”.

Total AEs: in HCTZ 3, 6, 12.5 and 25 mg/

d and placebo groups there were 2 (9%), 4

(18%), 3 (13.6%), 4 (17%) and 1 (4.5%)

patients who experienced AEs

Industry sponsorship Unclear risk Sponsor not reported

Kayanakis 1987

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

2 weeks. Multicenter, conducted in France

Participants SBP 160 to 200 mmHg. DBP 95 to 120 mmHg. Mean age 53.5 years. Males 54.8%.

Baseline BP was 176.6/103.2 mmHg in the treatment group and 172/102.5 mmHg in

the control group

Interventions Captopril 50 mg/d (N = 43), captopril 50 mg/d + HCTZ 25 mg/d (N = 45), HCTZ

25 mg daily (N = 43) or placebo (N = 86) Treatment duration = 8 weeks

Outcomes Trough standing and supine SBP and DBP; response rate; heart rate, hematology, uri-

nalysis, body weight, serum biochemistry

Notes A sample size calculation was not provided. Although the study’s focus was on mild to

moderate essential hypertension, patients with relatively severe BP as high as 200/120

mmHg were included (line 2 under “Patients” p.89S). Study authors stated that the

baseline patient demographics and characteristics were similar across treatment groups.

BP and SD in graph form only (Fig. 1 and 2 p.91S). Biochemical data restricted to serum

potassium from patients in the HCTZ group. Mortalities and SAEs were not reported
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Kayanakis 1987 (Continued)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “The study was divided into two phases:

a placebo run-in period of 2 week’s du-

ration and an active treatment period of

8 weeks duration when the patients were

randomised in four groups: captopril 50

mg, hydrochlorothiazide 25 mg combina-

tion once daily, captopril 50 mg alone once

daily, hydrochlorothiazide 25 mg alone

once daily or placebo once daily.” (line 1

under “Methods-Trial Design” p.90S). No

further information given

Allocation concealment (selection bias) Unclear risk Not stated by the study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “A double-blind design was used for the

8 weeks of active treatment.” (line 9 un-

der “Methods-Trial Design” p.90S). Com-

ment: no further information given

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Not known whether efficacy analysis was

based on an intention-to-treat (ITT) or

per-protocol technique Exclusions: 4/221

(1.8%) of patients were excluded from the

study during the placebo run-in period

prior to randomization (line 1 under “Re-

sults-Patient Population” p.90S)

Attrition: 2/43 (4.7%) and 3/86 (3.5%)

of patients from the HCTZ and placebo

groups, respectively, withdrew from the

study. Reasons for withdrawals included

(HCTZ versus PLB): 1 - inefficacy and 1 -

lost to follow-up versus 2 - inefficacy and 1

- lost to follow-up

WDAEs: 0/211 (0%) of patients withdrew

due to adverse events

Selective reporting (reporting bias) Unclear risk Baseline patient characteristics did not in-

clude medical history. Standing BP, heart

rate and weight were measured but not re-

ported at the end of the study. BP data were

graphed only. Except for potassium levels,

changes in mean ± SD for serum biochem-

istry, hematology and urinalysis were not

shown at endpoint
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Kayanakis 1987 (Continued)

Mortalities and SAEs were not clearly doc-

umented. Total AEs: 9/43 (20%) patients

in HCTZ group and 14/86 (16%) patients

on placebo. The most commonly occurring

AE, GI upset was experienced by 8 patients

receiving HCTZ and 10 patients receiving

placebo

Industry sponsorship Unclear risk Sponsor not reported

Kochar 1999

Methods Randomized, double-blind, placebo-controlled trial. 4 x 4 factorial design. Wash-out

period = 4 to 5 weeks. Multicenter, conducted in USA

Participants Supine, seated or standing DBP ≥ 95 mmHg (and seated DBP < 110 mmHg). Mean

age 55 years. Males: 65%. Baseline seated BP was 151/100 mmHg

Interventions Irbesartan 37.5 mg, 100 mg or 300 mg/d (all combined, N = 126), irbesartan 37.5 mg,

100 mg or 300 mg/d + HCTZ 6.25 mg, 12.5 mg or 25 mg/d (all combined, N = 390),

HCTZ 6.25 mg, 12.5 mg or 25 mg/d (all combined, N = 123) or placebo (N = 44)

Treatment duration = 8 weeks

Outcomes Mean change from baseline in trough DBP measured at 8 weeks; heart rate; serum

biochemistry and ECG. WDAE given

Notes A sample size calculation based on 40 patients in each treatment group to detect a

difference of 1.3 mmHg from the true mean in sitting DBP was provided at 95% power.

The study authors stated that there were no statistically significant differences between

treatment groups in baseline patient demographics and characteristics. Baseline BP was

not given

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “This randomised, double-blind, placebo-

controlled study was conducted at 46 sites

in the United States.” (line 1 under “Ma-

terials and Methods-Study Design” p.798).

“To be eligible for randomisation, patients

had to have a mean seated DBP at both

weeks 3 and 4 between 95 and 100 mmHg

and demonstrate good compliance.” (line 5

under “Materials and Methods-Study De-

sign” p.798). No further information was

given
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Kochar 1999 (Continued)

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “This randomised, double-blind, placebo-

controlled study was conducted at 46

sites in the United States.” (line 1 un-

der “Materials and Methods-Study Design”

p.798). “All patients were instructed to

take three capsules (irbesartan or matching

placebo) and one tablet (HCTZ or match-

ing placebo) once daily between 6 AM and

10 AM for 8 weeks.” (line 1 from top of p.

798). No further information was given

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Efficacy analysis was not mentioned (was

it based on an intention-to-treat (ITT) or

per-protocol technique?). It was stated that

680 patients were included in the efficacy

analysis

Exclusions: 443/1126 (39%) patients were

excluded from the study during the sin-

gle-blind run-in period prior to random-

ization. Specific reasons for each excluded

patient were not given

Attrition: 52/683 (7.6%) patients with-

drew from the study for the following rea-

sons: 22 - “adverse events”, 9 - “patient re-

quest”, 10 - “poor BP control”, 4 - “loss to

follow-up”, 7 - for various reasons, includ-

ing “poor compliance”, “use of prohibited

medications” and “administrative issues”. It

is not known from which treatment groups

these patients withdrew

WDAEs: 22/683 (3.2%) patients with-

drew due to adverse events. WDAE data

were expressed in percentages only and

were pooled, not presented as separate

according to each treatment group (i.e.

HCTZ 6.25/12.5/25 mg = 4.1%; placebo

= 4.5%). The most common reasons for

the adverse events were given and were

expressed in percentages, not in terms of

numbers of patients

Selective reporting (reporting bias) High risk Baseline patient medical history was not

given. Glucose, lipids and blood urea ni-

trogen levels; heart rate, ECG and urinal-

ysis were measured but actual values were

not reported on at the study’s endpoint.

Standing BP was measured, but not re-
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Kochar 1999 (Continued)

ported. Subgroup analysis of elderly versus

young, black versus white and male ver-

sus female patients was reported, but not

mentioned in the methods section of the

study. Variability in the mean change of

serum potassium and uric acid levels was

not shown in the graphs at endpoint. Mor-

talities: none (0%). SAEs: 8/683 (1.2%)

patients; specific reasons were not given.

For the reporting of AEs, the HCTZ 6.

25, 12.5 and 25 mg treatment groups were

combined. Total AEs were not reported,

only the “most common treatment-emer-

gent adverse events” were

Industry sponsorship High risk Sponsored by Bristol-Myers Squibb Phar-

maceutical Research Institute

Krantz 1988

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

6 weeks. Conducted in USA

Participants DBP 90 to 108 mmHg. Mean age 45.2 years. All patients were male. Baseline BP was

138.2/89 mmHg in the treatment group and 136.3/86.8 mmHg in the placebo group

Interventions Atenolol 25 mg bid (N = 12), propranolol 40 mg bid (N = 12), HCTZ 25 mg bid

(N = 10) or placebo (N = 12). After 2 weeks on atenolol, propranolol or HCTZ non-

responsive patients had their dosages doubled. All patients were determined to either

have not achieved BP response and/or exceeded exercise-induced increases in heart rate,

therefore, this review will compare the HCTZ 50 mg bid dosage versus placebo

Treatment duration = 2 weeks (low-dose) + 4 weeks (high-dose)

Outcomes Sitting (resting) DBP and SBP measured at 4 weeks; heart rate, ECG; psychological and

behavioral testing

Notes A sample size calculation was not provided. Dosage of HCTZ was doubled from 25 to

50 mg bid for all patients receiving HCTZ after 2 weeks of treatment. Study authors

did not report whether there were statistically significant differences in baseline patient

demographics and characteristics across treatment groups. Resting BP measurements

were taken while patient was sitting. Baseline BP was not given. Peak or trough BP not

mentioned. WDAEs, mortalities, SAEs and total AEs were not reported. Biochemical

data not given

Risk of bias

Bias Authors’ judgement Support for judgement
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Krantz 1988 (Continued)

Random sequence generation (selection

bias)

Unclear risk “In a double-blind study, mild hyperten-

sive’s were assigned randomly to receive ei-

ther propranolol, atenolol, placebo, or a di-

uretic (hydrochlorothiazide) for 6 weeks.”

(line 1 under “Methods-Overview” p.617)

. No further information was given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

High risk “In a double-blind study, mild hyperten-

sive’s were assigned randomly to receive ei-

ther propranolol, atenolol, placebo, or a di-

uretic (hydrochlorothiazide) for 6 weeks.”

(line 1 under “Methods-Overview” p.617)

“...subjects were randomised into one of

four treatments following double-blind

procedures.” (line 6 from top of p.617). “.

..only the treating physician (JDL or EF),

who did not conduct any of the behavioural

or psychophysiological testing, was aware

of individual patients’ drug assignments.”

(line 8 from top of p.617)

This did not imply that the treating physi-

cian did not perform BP readings and,

therefore, had knowledge of which patients

may be receiving treatment as opposed to

a placebo pill

“Initial drug dosages were 25 mg b.i.d. for

hydrochlorothiazide and for atenolol and

40 mg b.i.d. for propranolol, taken in vi-

sually identical white capsules.” (line 14

from top of p.617). After the second week

of treatment, drug dosages were doubled

for all patients, but it is not known if the

placebo group also received 2 times as many

capsules

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk It was not stated whether efficacy analysis

was based on an intention-to-treat (ITT)

or per-protocol technique Exclusions: the

number of patients excluded from the study

during the drug wash-out period prior to

randomization was not given

Attrition: 5 patients withdrew from the

study for the following reasons: 1 - “unto-

ward side effects”, 4 - “errors in conduct-

ing the protocol” or “life events requiring

withdrawal”. Although the study authors
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Krantz 1988 (Continued)

stated that the patients were about equally

distributed between treatment groups, the

actual number of dropouts between groups

was not reported

WDAEs: not given

Selective reporting (reporting bias) High risk Except for mean age, baseline patient de-

mographics and characteristics were not

documented. Variability was not included

in the mean age of patients at baseline.

Biochemical including hematology, serum

chemistry and urinalysis data were not

reported in the study. Psychological and

symptom questionnaires were conducted

during the study, but their results were not

reported. Mortalities, SAEs and total AEs

were not reported

Industry sponsorship Low risk Supported by NIH grant HL31514 and

USUHS protocol R07233

Lacourciere 1994

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). 3 x 4 factorial design.

Wash-out period = 4 weeks. Conducted in Canada

Participants DBP 95 to 110 mmHg. Mean age not given. % of males not given. Baseline BP was

158/101 mmHg in both the treatment as well as the control group

Interventions Nebivolol 1 mg (N = 20), 5 (N = 20) or 10 mg/d (N = 20), nebivolol 1 mg, 5 mg or 10

mg/d + HCTZ 12.5 mg or 25 mg/d (N = 120, all combinations), HCTZ 12.5 mg (N

= 20) or 25 mg/d (N = 20) or placebo (N = 20)

Treatment duration = 12 weeks

Outcomes Change from the baseline in mean trough sitting SBP and DBP; heart rate, body weight

and serum biochemistry (i.e. lipids profile). WDAE data available

Notes A sample size calculation was not provided. In addition to BP taken in the clinical

setting, ambulatory BP, using a non-invasive device was monitored to address “white-

coat hypertension”. The latter was considered to be a research tool primarily and not

yet clinically useful in the diagnosis and management of hypertension (see additional

publication - line 2 from top of p.143)

After only 4 weeks of DB therapy (out of a total of 12 weeks), unresponsive patients

who were withdrawn from the study were still considered fully evaluable in the efficacy

analysis. (see additional publication - line 19 from top of p.138)

Study authors stated that sex, age, clinic and ambulatory BP and body mass index did

not differ significantly across treatment groups. Metabolic data available as % change

from baseline and not as actual values. Mortalities, SAEs and total AEs were not stated
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Lacourciere 1994 (Continued)

clearly

Additional publication: Lacourciere Y et al. Am J Hypertens 1994;7:137-45; ambulatory

BP was measured using a 24 hour, non-invasive BP device. Incidence of AEs (listed as

WHO terms) was included in duplicate publication only

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “Patients...were randomly assigned to pe-

riod B which consisted of a 12 week dou-

ble-blind treatment.” (line 8 under “Study

Design” p.284)

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “Patients...were randomly assigned to pe-

riod B which consisted of a 12 week dou-

ble-blind treatment.” (line 8 under “Study

Design” p.284)

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Primary efficacy analysis was based on an

intention-to-treat (ITT) technique (see ad-

ditional publication - p.139)

Exclusions: 73/313 (23%) of patients were

excluded from the study during the single-

blind placebo run-in period prior to ran-

domization (see duplicate publication - p.

139)

Attrition: 14/240 (5.8%) patients with-

drew from the study. Reasons for with-

drawals included, in the placebo group,

6 patients for inadequate response; in the

HCTZ 12.5 mg group 1 patient was lost to

follow-up and in the HCTZ 25 mg group

there were no withdrawals. The remaining

patients who withdrew were receiving other

(non-thiazide) drugs (see additional publi-

cation - p.139)

WDAEs: 0/240 (0%) of patients withdrew

due to an adverse event from the HCTZ

12.5 mg, HCTZ 25 mg or placebo groups

(see additional publication - p.139)

Selective reporting (reporting bias) Unclear risk Baseline BP was not given. Variability in

mean change from baseline in BP was not

given. Baseline patient demographics and

characteristics were measured but not re-

ported. Vital signs, laboratory values and
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Lacourciere 1994 (Continued)

ECG were measured but not reported. To-

tal AEs were reported in the duplicate pub-

lication, if present, in at least 3 patients re-

ceiving active treatment which is equivalent

to 3/40 = 7.5% of patients. This cut-off

percentage is much higher than the min-

imum of 3% chosen to present AE data

in most other studies on use of thiazides

for BP-lowering. AEs were pooled using

data from the HCTZ 12.5mg and HCTZ

25 mg treatment groups. Mortalities, SAEs

and total AEs were not stated clearly

Industry sponsorship High risk Supported in part by a grant from Janssen

Research Foundation and by Le Centre

Hospitalier de l’Universite Lavale

Lawton 1979

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

4 weeks. Conducted in USA

Participants DBP 90 to 105 mmHg. Mean age 37 years. Males 71%. Baseline BP was 135/93 mmHg

in the treatment group and 137/93 mmHg in the control group

Interventions Chlorthalidone 50 mg/d (N = 42) or placebo (N = 42)

Trial duration = 4 weeks

Outcomes Sitting SBP and DBP; urinalysis (includes urinary sodium, creatinine, catecholamines

and norepinephrine), plasma renin activity and serum dopamine β-hydroxylase enzyme

Notes A sample size calculation was not provided. The average age of patients included in

the study was younger than in most other studies under this review. The study authors

stated that there were no statistically significant differences across treatment groups in the

baseline patient demographics and characteristics, except for age (average age was 34.5 in

chlorthalidone group and 38.9 in placebo group). Baseline BP following randomization

was not reported. BP data with SD at 1 month available. Total withdrawals, WDAEs,

mortalities, SAEs, total AEs and biochemical data were not reported. Study included a

separate group of 116 normotensive patients whose dopamine β-hydroxylase levels were

monitored (not included in the review)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “...patients were

randomly assigned to receive either active

treatment with chlorthalidone 50 mg qam
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Lawton 1979 (Continued)

or placebo.” (line 32 from top of p.1064).

No further information was given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “The study was conducted in a double-

blind manner.” (line 35 from top of p.

1064). No further information was given

Incomplete outcome data (attrition bias)

All outcomes

High risk Primary efficacy analysis is not known (was

it based on an intention-to-treat (ITT)

or per-protocol technique). Exclusions: the

number of patients excluded from the “be-

fore treatment” period of the study prior to

randomization was not given

Attrition: total patient withdrawals and

their reasons were not given

WDAEs: not given

Selective reporting (reporting bias) High risk Mean age was the only of the baseline pa-

tient demographics and characteristics re-

ported by the study authors. Metabolic

data including hematology, serum chem-

istry, lipids and ECG were not docu-

mented (urine sodium and creatinine were

included). Mortalities, SAEs and total AEs

were not documented

Industry sponsorship Low risk Supported by Research and Development

Division, Veterans Administration Hospi-

tal and by VA-NIH Mild Hypertension

Cooperative Study #8

London 2006

Methods Randomized, double-blind, placebo-controlled trial. Wash-out period = 4 weeks. Mul-

ticenter; conducted in France, Germany and Spain

Participants SBP/DBP 150 to <180/95 to < 110 mmHg or SBP/DBP 160 to < 180/< 90. Mean age

59 years. Males 50.7%. Baseline BP was 164/96.5 mmHg in the IND SR treatment

group and 165/9 mmHg in the control group

Interventions Candesartan 8 mg/d (N = 435), amlodipine 5 mg/d (N = 445), indapamide SR 1.5 mg/

d (N = 441), or placebo (N = 441) Treatment duration = 12 weeks

Outcomes Mean trough supine SBP and DBP; pulse pressure; response rate; automated ambulatory

BP over a 24-hour period; heart rate, body weight, hematology, serum biochemistry,

hepatic and renal function
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London 2006 (Continued)

Notes A sample size calculation (based on unknown number of patients in each treatment

group) was provided to detect a difference of 3 mmHg at 83% power. The study authors

stated that the baseline patient demographics and characteristics (including their cardio-

vascular risk factors) were similar across all treatment groups (P value = NS). Biochemical

data not given (except for serum potassium in IND SR group only). A subset of patients

with isolated systolic hypertension was also evaluated, but not included in this review

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “This was a multicenter, multinational,

randomised, double-blind, placebo-con-

trolled study with four parallel treatment

arms.” (line 1 under “Study Design” p.114)

. “...patients were randomised to receive ei-

ther placebo, indapamide (1.5 mg) SR (sus-

tained release), candesartan (8 mg), or am-

lodipine (5 mg)...” (line 4 under “Study

Design” p.114). No further information

given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “This was a multicenter, multinational,

randomised, double-blind, placebo-con-

trolled study with four parallel treatment

arms.” (line 1 under “Study Design” p.114)

. No further information given

Incomplete outcome data (attrition bias)

All outcomes

Low risk Primary efficacy analysis was based on the

an intention-to-treat (ITT) technique

Exclusions: 608/2370 (25.7%) of patients

were excluded from the study during the

placebo run-in period prior to randomiza-

tion

Attrition: 14/441 (3.2%) patients from the

IND SR group and 36/441 (8.2%) of pa-

tients on placebo, respectively, withdrew

from the study. Reasons included (IND SR

versus placebo) protocol violation: 3 versus

8; lack of efficacy: 1 versus 14; non-medi-

cal reason: 2 versus 4 and adverse events: 8

versus 10

WDAEs: 8/441 (1.8%) of patients from

the IND SR group and 10/441 (2.3%) of

patients from the placebo group withdrew

due to adverse events; the precise reasons
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London 2006 (Continued)

were not given

Selective reporting (reporting bias) Unclear risk Weight, heart rate and laboratory param-

eters (including hematology, glucose lev-

els, lipids profile and hepatic and renal

function) were measured but not reported

at baseline or endpoint. Mortalities: 1 pa-

tient from myocardial infarction in IND

SR group; 0 in placebo group. SAEs: none.

Total AEs were not reported

Industry sponsorship Unclear risk Sponsor not reported

Lucas 1985

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

4 weeks. Conducted in USA

Participants DBP 100 to 115 mmHg. Mean age 50 years. Males 65%. Baseline BP not given

Interventions HCTZ 25 mg bid (N = 78), HCTZ 50 mg bid (N = 82) or placebo (N = 84)

Treatment duration = 4 weeks. This period was followed by 4 weeks of add-on therapy

with bevantolol 200 mg bid (therefore only the first 4 weeks were included in this review)

Outcomes Mean change from baseline in trough sitting DBP at 4 weeks; BP response rate; heart

rate, body weight, hematology, urinalysis, serum biochemistry

Notes A sample size calculation was not provided. “At each clinic visit, four blood pressure

readings were obtained at a time as close as possible to 12 hours after the previous dose.”

(line 5 from bottom on p.51). The study authors did not state whether baseline patient

demographics and characteristics were statistically different or similar across treatment

groups. No SD for BP or biochemical data. Biochemical data as % and not actual values.

Mortalities, SAEs and total AEs were not reported. Total withdrawals and WDAEs were

shown as combined data

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “Subjects were then randomly allocated

to one of three treatment groups and re-

ceived either 50 mg/day of hydrochloroth-

iazide (25 mg twice daily), 100 mg/day of

hydrochlorothiazide (50 mg twice daily),

or placebo for four weeks.” (line 4 under

“Methods” p.51). No further information

given
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Lucas 1985 (Continued)

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “...patients entering the double-blind

phase...” (line 4 from bottom of p.51). No

further information given

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Primary efficacy analysis whether based on

an intention-to-treat (ITT) or per-protocol

technique is not reported

Exclusions: it is not known whether any pa-

tients were excluded from the study during

the placebo run-in period prior to random-

ization

Attrition: 16/244 (6.6%) patients with-

drew from the monotherapy phase of the

study. Reasons for withdrawals were not

given

WDAEs: 7/244 (3%) patients withdrew

due to adverse events; the precise reasons

were not given. Data on total withdrawals

and WDAEs (above) were pooled rather

than shown separately for each treatment

group

Selective reporting (reporting bias) High risk Weight, general physical condition, hema-

tology and urinalysis results were measured

but not reported at baseline or endpoint.

Serum biochemical levels including lipids

were expressed as percentages rather than

as mean ± SD changes from baseline. Vari-

ability in BP and heart rate data were not

given. Mortalities, SAEs and total AEs were

not documented

Industry sponsorship Unclear risk Sponsor not reported

Materson 1978

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

4 weeks. Multicenter, conducted in USA

Participants Standing DBP 90 to 109 mmHg. Mean age 53.6 years. Males 58%. Baseline BP was

146.1/97.2 mmHg in the treatment group and 145.3/95.8 mmHg in the control group

Interventions Chlorthalidone 12.5 mg (N = 20), 25 mg (N = 20), 50 mg (N = 20), 75 mg/d (N = 20)

or placebo (N = 20)

Treatment duration = 12 weeks
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Materson 1978 (Continued)

Outcomes Mean standing and supine SBP and DBP (Korotkoff sounds 4 and 5 reported for DBP)

at baseline and end of treatment; BP response rate; ECG; serum biochemistry, urinalysis

and body weight

Notes A sample size calculation was not provided. Patients were excluded based on a disabil-

ity, geographic location, poor motivation, psychosis and other restrictive criteria which

surpassed those of similar trials investigating the BP lowering of thiazides. The mean

BP at endpoint was calculated by taking the average of BP readings at the 3 last treat-

ment visits. Normally endpoint measurements are taken from the last evaluable time

point in the study. The study authors stated that the baseline patient demographics and

characteristics (i.e. BP, body weight and serum biochemical values) were similar across

treatment groups (P value = NS). Korotkoff phase 5 was used for determining DBP in

this review. Mortalities and SAEs not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “...patients were randomly and in a dou-

ble-blind fashion placed on one of the fol-

lowing 5 regimens of medication...” (line 7

from bottom of p.193). No further infor-

mation was given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Low risk “...patients were randomly and in a dou-

ble-blind fashion placed on one of the fol-

lowing 5 regimens of medication taken

once daily replacing an identical-appearing

placebo used in the placebo run-in period.

..” (line 7 from bottom of p.193)

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk It is not known if primary efficacy analysis

was based on an intention-to-treat (ITT)

or per-protocol technique

Exclusions: the study did not report how

many, if any patients were excluded from

the study during the placebo run-in period

prior to randomization

Attrition: a total of 6/100 (6%) patients

withdrew from the study, this included 3/

20 (15%) from the chlorthalidone 50 mg

group: 2 patients for “adverse reactions”

and 1 for “treatment failure”; 1/20 (5%)

from the chlorthalidone 75 mg group for

“adverse reactions”; and 2/20 (10%) pa-

tients from the placebo group for “treat-
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Materson 1978 (Continued)

ment failure” and “prolonged hospitaliza-

tion for low back pain”

WDAEs: 3/100 (3%) patients withdrew

due to what study authors referred to as

“adverse reactions” (presumed to be adverse

events); 2 from the chlorthalidone 50 mg

group for “rash” and “severe headaches” and

1 from the chlorthalidone 75 mg for “or-

thostatic hypotension”

Selective reporting (reporting bias) High risk Heart rate, ECG and urinalysis were mea-

sured but not reported on in the study. Vari-

ability was not included in baseline patient

demographics and characteristics; medi-

cal history of patients was not reported.

BP and biochemical (i.e. serum potassium,

uric acid and glucose) data were expressed

as baseline and endpoint averages, not as

change from baseline; in addition, SE (stan-

dard error of mean), not SD, was given.

Baseline weight and serum chloride levels

were measured, but the study only reported

the mean change from baseline. Mortalities

and SAEs were not stated explicitly. Total

AEs: in the chlorthalidone 12.5, 25, 50 and

75 mg groups: 3 (15%), 6 (30%), 7 (35%)

and 7 (35%) patients; and in the placebo

group: 3 patients (15%)

Industry sponsorship Unclear risk Sponsor not reported

McGill 2001

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). 4 x 5 factorial design.

Wash-out period = 4 weeks

Multicenter, conducted in USA

Participants Supine DBP 90 to 114 mmHg. Mean age 53 years. Males 60.3%. Baseline BP was 154.

0/100.7 mmHg

Interventions Telmisartan 20 mg, 40 mg, 80 mg or 160 mg/d (all combined, N = 209), telmisartan 20

mg, 40 mg, 80 mg or 160 mg/d + HCTZ 6.25 mg, 12.5 mg or 25 mg/d (all combined,

N = 414), HCTZ 6.25 mg, 12.5 mg or 25 mg/d (all combined, N = 121); or placebo

(N = 74)

Treatment duration = 8 weeks

Outcomes Change from baseline in mean trough supine and standing DBP and SBP; BP response

rate; heart rate; vital signs, ECG, plasma renin activity and serum biochemistry
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McGill 2001 (Continued)

Notes A sample size calculation based on 75 patients in each key treatment group to detect a

difference of at least 4 mmHg for each comparison (combination versus monotherapy)

was provided at a power of 86%. The study authors stated that the baseline patient

demographics and characteristic were comparable across treatment groups. Primary ef-

ficacy analysis did not include 6.25 and 25 mg doses of HCTZ. SD not used (SE was)

Additional publications: McGill. Blood Pressure Monitoring 2001; 6 (Suppl 1): S3-S13.

Reported data were identical. Subgroup analysis of black patients included in Littlejohn

III. Blood Pressure Monitoring 2001; 6 (Suppl 1): S15-S21 and McGill. Clinical Cardiology
2001;24:66-72

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk “This was a multicenter, randomised,

double-blind, placebo-controlled, parallel-

group study...”

“Randomization was according to enrol-

ment order and a computer-generated list.

..” (line 17 under “Study Design” p.836)

Allocation concealment (selection bias) Unclear risk Not stated by the study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “[An] 8-week, double-blind,

double-dummy comparison of telmisar-

tan monotherapy, HCTZ monotherapy,

telmisartan/HCTZ combination therapy

and placebo.” (line 5 under “Study Design”

p.836). No further information was given

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk The primary efficacy analysis was based on

an intention-to-treat (ITT) technique with

the LOCF (last observation carried for-

ward)

Exclusions: 475/1293 (37%) patients were

excluded from the study during the placebo

run-in period prior to randomization

Attrition: 69/818 (8.4%) patients with-

drew from the study for the following rea-

sons: 24 patients for an “adverse event”, 18

- “lack of efficacy”, 7 - “noncompliance”, 6

- “lost to follow up”, 6 - “withdrawal of con-

sent” and 8 - “other reasons”. Note that data

were pooled, which made it impossible to

ascertain from which treatment groups the

patients originated. WDAEs: 24/818 (3%)

patients withdrew due to adverse events.

The study authors stated that 3 of the 24
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McGill 2001 (Continued)

patients were receiving HCTZ monother-

apy or placebo, but it was not mentioned

from which groups the patients originated.

The precise reasons were not given

Selective reporting (reporting bias) High risk Vital signs, ECG and serum chloride, uric

acid, BUN and glucose levels were mea-

sured but not reported at endpoint. Serum

potassium levels and PRA (plasma renin ac-

tivity) were expressed as mean change from

baseline and did not include baseline mea-

surements or variability. Variability in some

of the baseline patient demographics and

characteristics was not given; moreover, the

data for the patients in the HCTZ groups

were combined into one. Primary efficacy

analysis did not include 6.25 and 25 mg

doses of HCTZ. SE (standard error of the

mean) was given for BP data, not SD. Re-

sults for standing DBP and SBP as well as

heart rate were not reported. Trough-peak

ratios were not clearly stated for all treat-

ment groups. Mortalities were not men-

tioned. SAEs: 1 patient in the HCTZ 6.

25 mg group had a “uterine fibroid”, 1 pa-

tient in the HCTZ 12.5 mg group had

“syncope” and 1 patient on placebo had

“oesophageal ulceration”. Total AEs were

reported in 50% of patients (all HCTZ

groups combined) and in 42% of patients

on placebo

Industry sponsorship High risk Supported by a restricted grant from

Boehringer Ingelheim Pharmaceuticals,

Inc

McVeigh 1988

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

4 weeks. Conducted in Belfast

Participants DBP 90 to 110 mmHg. Mean age 57 years. Males 41.5%. Baseline BP was 166.7/97

mmHg in the treatment group and 157/94 mmHg in the control group

Interventions Cyclopenthiazide 50 µg/d (N = 13), 125 µg/d (N = 15), 500 µg/d (N = 13) or placebo

(N = 12)

Trial duration = 8 weeks
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McVeigh 1988 (Continued)

Outcomes Sitting SBP and DBP (at weeks 2, 4, 6 and 8 intervals); ECG, serum biochemistry,

plasma renin activity, urinalysis and body weight

Notes A sample size calculation based on 6 or more patients per treatment group to detect a

10 mmHg (± 5 mmHg) difference in DBP was provided at a power of 80%. There was

a small sample size of 12 to 15 patients in each treatment group. The study authors

stated that the baseline patient age and body weight were similar across treatment groups.

Mortalities and SAEs not given

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk “...patients were randomly allocated in a

double-blind fashion to one of four reg-

imens of treatment incorporating 50µg,

125µg and 500µg cyclopenthiazide or a

placebo that looked identical.” (line 17

from bottom of p.96). “Randomisation was

achieved with a balanced block design.”

(line 20 from bottom of p.96)

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Low risk “...patients were randomly allocated in a

double-blind fashion to one of four reg-

imens of treatment incorporating 50µg,

125µg and 500 µg cyclopenthiazide or

a placebo that looked identical.” (line 17

from bottom of p.96)

Incomplete outcome data (attrition bias)

All outcomes

Low risk It was not shown whether the primary effi-

cacy analysis was based on an intention-to-

treat (ITT) or per-protocol technique

Exclusions: 30/83 (36%) patients were ex-

cluded from the study during the placebo

run-in period prior to randomization. 22 of

these patients became normotensive (DBP

< 90 mmHg), 3 were unable to tolerate

the placebo, 2 were hospitalized for low

back pain, 1 developed “unacceptable” an-

kle edema, 1 had a SBP exceeding 240

mmHg and 1 had DBP exceeding 110

mmHg

Attrition: no patients withdrew from the

study

WDAEs: none
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McVeigh 1988 (Continued)

Selective reporting (reporting bias) Unclear risk Mean body weight was reported at baseline

only. Serum levels of creatinine and magne-

sium were measured but actual values were

not shown. BP data were presented as mean

± SD at both baseline and endpoint

Medical history was not included in the

baseline patient characteristics. Mortalities

and SAEs were not mentioned. Total AEs:

cyclopenthiazide 50, 125 and 500 µg/d

groups - 13, 13 and 8 patients; placebo

group - 9 patients

Industry sponsorship Unclear risk Sponsor not reported

Mersey 1993

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Placebo run-in pe-

riod = 4 to 6 weeks Multicenter, conducted in USA

Participants Seated DBP 92 to 109 mmHg. Mean age (HCTZ 12.5 mg versus placebo): 52.1 versus

50.7 years. Males (HCTZ 12.5 mg versus placebo): 63% versus 59%. Baseline BP was

143.5/97.3 mmHg in the treatment group and 142.8/97.6 mmHg in the placebo group

Interventions Captopril 25 mg/d (N = 68), captopril 25 mg/d + HCTZ 12.5 mg/d (N = 69), captopril

50 mg/d + HCTZ 25 mg/d (N = 69), HCTZ 12.5 mg/d (N = 69) or placebo (N = 70)

Trial duration = 8 weeks

Outcomes Change from baseline in mean trough seated, standing and supine DBP and SBP; BP

response rate, heart rate; serum biochemistry (glucose, potassium, cholesterol, uric acid,

BUN and creatinine levels)

Notes A sample size calculation was not provided. Study authors stated that baseline patient

demographics and characteristics were similar across treatment groups. Variability in BP

data was not given

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “Qualified patients were randomly as-

signed in a double-blind manner to one

of five treatment groups...” (line 12 under

“Patients and Methods-Patients and Treat-

ment” p.503). No further information was

given

Allocation concealment (selection bias) Unclear risk Not stated by study authors
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Mersey 1993 (Continued)

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “Qualified patients were randomly as-

signed in a double-blind manner to one

of five treatment groups...” (line 12 under

“Patients and Methods-Patients and Treat-

ment” p.503)

Comment: no further information was

given

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk It is not known if the primary efficacy anal-

ysis was based on the per-protocol or an

intention-to-treat (ITT) population of pa-

tients

Exclusions: 152/497 (31%) of patients

were excluded from the study during the

single-blind placebo run-in period prior to

randomization

Attrition: total withdrawals were reported

separately based on study phase. 23/345

(7%) of patients withdrew from the study

following randomization but prior to col-

lection of efficacy data. The reasons were: 9

- “loss to follow-up”, 6 - “adverse drug ex-

periences”, 4 - “patient request”, 1 - “con-

comitant illness”, 1 - “noncompliance”, 1 -

“prohibited medication”, 1 - seated DBP <

92 mmHg after the lead-in period“. 26/345

(7.5%) more patients withdrew before the

end of the study for the following reasons:

8 - ”adverse drug experiences“, 3 - ”loss to

follow-up“, 5 - ”specific requests“, 3 - ”ab-

normal test results“, 2 - ”prohibited medi-

cation“, 2 - ”seated DBP ≥ 115 mmHg, 3 -

“other reasons”. Therefore, total number of

withdrawals during the study was 49/345

(14%) of patients. Note that the data were

pooled, making it impossible to determine

from which treatment group the patients

originated

WDAEs: the number of patients who with-

drew due to any adverse events is not

known; data were presented in terms of “ad-

verse drug experiences” of which there were

14/345 (4%). Three more patients were

withdrawn due to “abnormal lab test re-

sults”; if taken into account (presuming ab-

normal laboratory result = an adverse event)

, there were a total 17/345 (4.9%) WDAEs
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Mersey 1993 (Continued)

for the following reasons: in the HCTZ 12.

5 mg group, 1 patient with “tightness and

fluttering in chest” and 1 - “proteinuria”; in

the placebo group, 1 - “chest pain”. The re-

maining 14 patients with WDAEs were re-

ceiving non-thiazide monotherapy or thi-

azide + non-thiazide combo therapy (out-

side the scope of this systematic review)

Selective reporting (reporting bias) Unclear risk Hematology results were not shown;

other biochemical data included the mean

change and SE (standard error of the mean)

. Heart rate and change from baseline in

standing and supine DBP and SBP were

measured but actual values were not re-

ported on at endpoint. Mean changes in

seated DBP and SBP were represented in

2 graphs, however, variability in BP was

not included in either. Variability was not

given for baseline patient demographics

and characteristics. There were no mortali-

ties during the study. SAEs were not clearly

stated. Total number of patients with any

AEs were not reported, but a list of only the

most frequently reported AEs was shown

Industry sponsorship High risk Funded by a grant from Bristol-Myers

Squibb Company

Morledge 1986

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

4 weeks. Multicenter, USA

Participants SBP ≥ 160 mmHg (patients with isolated systolic hypertension). Mean age 73 years.

Males 38.5%. Baseline BP was 176/84 in the treatment group and the control group

Interventions Chlorthalidone 12.5 mg/d (N = 47), 25 mg/d (N = 43), 50 mg/d (N = 47) or placebo

(N = 39)

Trial duration = 12 weeks

Outcomes Sitting and standing SBP and DBP (average of 6 readings at 1, 2, 4, 6, 8, 10 and 12

weeks); BP response rate; pulse rate, ECG, body weight; hematology, urinalysis and

serum biochemistry

Notes A sample size calculation was not provided. Study authors stated that baseline patient

demographics and characteristics were comparable across treatment groups (P value > 0.

10), except in the case of concomitant illness (P value < 0.05). Number of participants
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Morledge 1986 (Continued)

unknown for BP and biochemical data; data on BP from figure only (no standard devi-

ation). Patients received potassium supplements at the discretion of the physician

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk “...patients were randomly assigned, ac-

cording to a computer-generated code, to

one of four treatment groups: chlorthali-

done 12.5, 25.0, or 50.0 mg or placebo.”

(line 5 from top of p.200)

Allocation concealment (selection bias) Unclear risk Not stated by the study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “During the double-blind treatment pe-

riod...” (line 17 from top of p.200). Some

of the patients received potassium supple-

ments as required which could have broken

the blinding. No further information was

given

Incomplete outcome data (attrition bias)

All outcomes

High risk It is not known if the primary efficacy

analysis was based on an intention-to-treat

(ITT) or per-protocol population of pa-

tients. The study authors did state how-

ever, that “patients who failed to respond

satisfactorily to their assigned medication

could be dropped from the study any time

after the first week of treatment, but were

included in the statistical analyses of safety

and efficacy.” (line 12 from top of p.200).

The total number of patients presumed to

be randomized to treatment was 176

Exclusions: it is not known if any patients

were excluded from the study during the

wash-out period prior to randomization

Attrition: 36/176 (20%) patients withdrew

from the study. 17/176 (10%) of these pa-

tients withdrew due to “treatment failures

(i.e. unsatisfactory response to treatment)

”: 6 (13%), 1 (2%), 2 (5%) and 8 (21%)

in the chlorthalidone 12.5, 25.0, 50 mg

and placebo groups, respectively. It is not

known for what reasons the other 19 pa-

tients withdrew

WDAEs: 19/176 (11%) of patients with-

drew due to adverse events (referred to
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as “adverse reactions”). 3 (6%), 4 (9%),

7 (15%) and 5 (13%) patients from the

chlorthalidone 12.5, 25.0, 50.0 mg and

placebo groups, respectively. The precise

reasons were not given

Selective reporting (reporting bias) High risk Body weight, pulse rate and ECG were

measured but actual values were not shown

at endpoint. Results for serum chemistry

parameters (except for potassium and uric

acid levels), hematology and urinalysis were

not shown. Mean BP (from baseline to end-

point) was presented in graph form only

(Fig 1 and 2, p.201; no values were shown)

and variability was not given

Mortalities: 1 patient from the chlorthali-

done 50.0 mg group died of “ventricular

fibrillation”. SAEs: not stated explicitly by

the study’s authors. The total number of

patients with AEs (referred to as “adverse

reactions”) was shown (chlorthalidone 12.

5, 25.0, 50.0 mg and placebo: 22, 23, 31

and 21 patients), but a complete listing of

descriptions for the AEs was not; only the 5

most frequently occurring AEs were men-

tioned in the study (data were pooled)

Industry sponsorship High risk Supported by a grant from USV Laborato-

ries

Moser 1991

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

2 to 4 weeks. Multicenter, conducted in USA

Participants Sitting DBP 95 to 114 mmHg. Mean age 50 years. Males 66%. Baseline BP range was

151 to 154/101 to 102 mmHg

Interventions Benazepril 2 mg (N = 34), 5 mg (N = 38), 10 mg (N = 34) or 20 mg/d (N = 36),

hydrochlorothiazide 25 mg/d (N = 33) or placebo (N = 31)

Trial duration = 4 weeks (followed by a 2-week open-label HCTZ phase in non-respon-

ders; not to be discussed here)

Outcomes Mean trough sitting, standing and supine DBP and SBP (at 1-week intervals from weeks

1 to 4); response rate; pulse rate; ECG and on a periodic basis plasma renin activity,

hematology, urinalysis and serum biochemistry
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Notes A sample size calculation was not provided. Study authors stated that there were no

statistically significant differences (P value = NS) in baseline patient demographics and

characteristics across treatment groups. Mortalities and SAEs not given. Subgroup anal-

ysis in black versus non-black patients

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “...patients were randomised to placebo, 25

mg, hydrochlorothiazide, or 2, 5, 10, or 20

mg benazepril once daily for a 4-week dou-

ble-blind treatment period.” (line 5 from

top of p.323). No further information was

given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “...patients were randomised to placebo, 25

mg, hydrochlorothiazide, or 2, 5, 10, or 20

mg benazepril once daily for a 4-week dou-

ble-blind treatment period.” (line 5 from

top of p.323). No further information was

given

Incomplete outcome data (attrition bias)

All outcomes

Low risk The primary efficacy analysis was based on

an intention-to-treat (ITT) technique

Exclusions: 87/293 (30%) of patients were

excluded from the study during the single-

blind placebo run-in period prior to ran-

domization

Attrition: 2/33 (6%) versus 5/31 (16%)

of patients from the HCTZ and placebo

groups, respectively withdrew from the

study due to 1 - “lost to follow up” and 1 -

“protocol violation”, versus 2 - “lost to fol-

low up”, 2 - “lack of efficacy” and 1 - “ad-

verse experience”

WDAEs: 1 patient from the placebo group

withdrew due to an “adverse experience”

for “lymphoma”

Selective reporting (reporting bias) Unclear risk Standing and supine BP, ECG, serum

chemistry and urinalysis were measured,

but actual values were not reported on at

the end of the study. Mortalities and SAEs

were not given. Total AEs (referred to in

the study as “adverse experiences”) were
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reported in terms of percentages of pa-

tients: HCTZ, 55%; placebo, 45%. Only

the most frequently occurring AE (i.e.

headache) was listed

Industry sponsorship High risk Supported by a grant from Ciba-Geigy

Pharmaceuticals

Mroczek 1996

Methods Randomized, double-blind placebo-controlled trial (parallel arms). Wash-out period =

4 weeks. Multicenter, conducted in USA (and Germany)

Participants Sitting DBP 95 to 114 mmHg. Mean age 56 years. Males 66%. Baseline BP was 154/

102 in the treatment group and 154/101 in the control group

Interventions Moexipril 7.5 mg (N = 51) or 15 mg/d (N = 47), HCTZ 25 mg/d (N = 51) or placebo

(N = 51)

Trial duration = 12 weeks

Outcomes Change from baseline in mean trough sitting and standing DBP and SBP (at 2-week

intervals); pulse rate; plasma renin activity and aldosterone; serum biochemistry and

other laboratory tests (not specified)

Notes A sample size calculation was not provided.The study authors stated that the baseline

patient demographics and characteristics including BP, pulse rates and duration of hy-

pertension, were comparable across treatment groups (P ≥ 0.38). WDAEs, mortalities

and SAEs not given

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk ”This investigation was a randomised, dou-

ble-blind, multicenter, placebo-controlled,

parallel-group study. After a 4-week, sin-

gle-blind placebo period, patients who ful-

filled the entrance requirements were ran-

domised to receive moexipril 7.5 mg or

15 mg, HCTZ 25 mg, or placebo once a

day for 12 weeks. (line 11 under “Patients

and Methods” p.80). “Patients with mild

hypertension (SiDBP 95 to 104 mmHg)

were randomised according to a schedule

in ascending order, whereas patients with

moderate hypertension (SiDBP 105 to 114

mmHg) were randomised according to a

schedule in descending order.” (line 1 from
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top of p.81)

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “This investigation was a randomised, dou-

ble-blind, multicenter, placebo-controlled,

parallel-group study”. (line 11 under “Pa-

tients and Methods” p.80). “To enter the

double-blind period, the patients needed

an SiDBP between 95 and 114 mmHg at

the last two consecutive placebo follow-up

visits...” (line 1 from bottom of p.80). No

further information was given

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Efficacy analysis was based on an intention-

to-treat (ITT) technique

Exclusions: 38/238 (16%) of patients were

excluded from the study during the placebo

run-in period prior to randomization. Spe-

cific reasons for each patient were not given,

however the authors did state that “inad-

equate therapeutic response was the most

frequent reason...” (refer to line 3 under

“Results” p.82)

Attrition: 23/200 (11.5%) of patients with-

drew from the study, 7/51 (14%) and 6/

51 (12%) from the HCTZ and placebo

groups, respectively. The specific reasons

for withdrawing were not given, except that

“inadequate therapeutic response” caused

2 patients to discontinue from the HCTZ

group and 4 from the placebo group; the

other 7 patients were not accounted for

WDAEs: not given

Selective reporting (reporting bias) High risk Variability was not shown for the baseline

patient demographics and characteristics

and a medical history at baseline was not

included in the study. Standing BP read-

ings between 0 and 12-week time points

were measured, but not reported on (only

endpoint changes were given). Pulse, serum

biochemistry, plasma renin activity (PRA)

and aldosterone were measured, but ac-

tual values were not reported on at end-

point. The study authors commented on

PRA, aldosterone and serum potassium lev-

els in the discussion section of the study

only. Mortalities and SAEs were not doc-
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umented. Total AEs: 53% (27/51) of pa-

tients in the HCTZ group and 61% (31/

51) in the placebo group. Other AEs: the 2

most commonly occurring AEs were upper

respiratory infection and headache

Industry sponsorship High risk Supported by a grant from Schwarz Pharma

AG

Myers 2000

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out = 4 weeks

(single-blind placebo run-in). Multicenter; conducted in Europe and Canada

Participants In Europe: supine DBP 95 to < 114 mmHg; in Canada: 95 to < 109 mmHg. Mean age

56 years. Males 54%

Baseline supine (standing) BP was 161/101 (160/103) in the treatment group and 164/

102 (166/104) in the control group

Interventions Perindopril 2 mg, 4 mg or 8 mg/d + indapamide 0.625 mg, 1.25 mg or 2.5 mg/d (N =

317, all combined), indapamide 1.25 mg daily (N = 60) or placebo (N = 61)

Trial duration = 8 weeks

Outcomes Change from baseline in mean trough supine and standing DBP and SBP; 24-hour

ambulatory BP, response rate; heart rate; serum biochemistry

Notes A sample size calculation was not provided. Markedly obese patients (BMI > 32) were

excluded from the study. Patients received potassium supplementation if their serum

potassium levels fell below 3.4 mmol/L. The study authors stated that there were no

significant differences in the baseline patient characteristics across treatment groups.

Total AEs not given

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “...patients were randomly allocated to

an 8-week treatment period with either

a perindopril/indapamide combination or

placebo being administered using a double-

blind, parallel-group study design.” (line

9 under “Methods-Patient population and

inclusion criteria” p.318). “The study was

a multinational, randomised, double-blind

comparison of perindopril and indapamide

versus placebo using a seven-way parallel-

group study design.” (line 1 under “Study

Design” p.318)
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Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “...patients were randomly allocated to

an 8-week treatment period with either

a perindopril/indapamide combination or

placebo being administered using a double-

blind, parallel-group study design.” (line

9 under “Methods-Patient population and

inclusion criteria” p.318)

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Efficacy and safety analysis was based on an

intention-to-treat technique with the last

observation carried forward (LOCF)

Exclusions: 58/496 (12%) of patients were

excluded from the study during the placebo

run-in period prior to randomization. Spe-

cific reasons included: 12 patients for “pa-

tient choice”, 19 - supine DBP < 95

mmHg, 9 - side effects, 6 - supine DBP <

114 (Europe) or > 109 (Canada); 4 - ab-

normal laboratory parameter, 3 - investi-

gator decision and 3 - protocol violation.

Note that 2 patients (i.e. their reasons for

being excluded from the study) were not

accounted for

Attrition: 17/438 (3.9%) of patients with-

drew from the study, 12 for adverse events,

4 for lack of efficacy and 1 for non-medical

reasons. The treatment groups from which

these 17 patients withdrew were not men-

tioned

WDAEs: 12/438 (2.7%) of patients with-

drew due to AEs (dizziness, headache and

nausea). The treatment groups from which

these patients withdrew was not given

Selective reporting (reporting bias) Low risk Heart rate was measured, but not reported.

Several serum biochemical levels, including

sodium, uric acid, creatinine, glucose and

cholesterol were reported in the results but

not mentioned in the methods section

Variability in baseline patient characteris-

tics and BP data was expressed in terms of

standard error of the mean (SEM), rather

than as standard deviation (SD). Mortali-

ties: none. SAEs: 1 patient with myocardial

infarction and 1 with angina reported as ad-

verse events but that did not lead to death

116Blood pressure-lowering efficacy of monotherapy with thiazide diuretics for primary hypertension (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Myers 2000 (Continued)

were mentioned, however there is no indi-

cation whether these patients were hospi-

talized or were forced to withdraw from the

study. Total AEs: not reported. The inci-

dence of 1 specific AE, cough, was reported

(in the indapamide 1.25 mg group: 5%; in

the placebo group: 0%)

Industry sponsorship Unclear risk Sponsor not reported

Papademetriou 2000

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

1 week wash-out + single-blind placebo run-in of 4 to 5 weeks. Multicenter, USA

Participants DBP 95 to 114 mmHg. Mean age 52 years. Males 56%; blacks 21%. Average weight:

males, 213 lb and females, 184 lb

Baseline BP was 152/100

Interventions Candesartan 32 mg/d (N = 73), candesartan 32 mg/d + HCTZ 12.5 mg/d (N = 64),

HCTZ 12.5 mg/d (N = 72) or placebo (N = 66)

Trial duration = 8 weeks

Outcomes Change from baseline in trough sitting and standing DBP and SBP (at weeks 2, 4 and

8); peak SBP and DBP; BP response rate; heart rate; serum potassium levels and other

laboratory parameters (not specified). Subgroup analyses were performed (black versus

non-blacks)

Notes A sample size calculation was not provided. The study included patients who had an

average body weight of 213 and 184 lb. for men and women. Excess weight and obesity

is associated with other diseases, which could have biased the BP and safety results. The

medical history of patients at baseline was not included in the study. It was not stated

whether there were statistically significant differences in baseline patient demographics

and characteristics across treatment groups. BP data contained SEM (standard error of

the mean), not SD. Total withdrawals and total AEs not given

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “[Patients] were randomly assigned to one

of the following 4 groups: placebo, hy-

drochlorothiazide (HCTZ) 12.5 mg daily,

candesartan 32 mg daily, or a combination

of candesartan and HCTZ.” (line 1 from

top of p.373)

Allocation concealment (selection bias) Unclear risk Not stated by study authors
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Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “This was a multicenter, double-blind,

placebo-controlled study of patients with

essential hypertension.” (line 1 under

“Methods” p.373). “The duration of the

double-blind treatment phase was 8 weeks.

” (line 3 from top of p.373)

Incomplete outcome data (attrition bias)

All outcomes

High risk Primary efficacy analysis was based on an

intention-to-treat (ITT) technique with

the LOCF (last observation carried for-

ward)

Exclusions: not given

Attrition: not given

WDAEs: a total of 10/275 (3.6%) patients

withdrew due to adverse events (5 from

non-thiazide treatment groups), 3/72 (4.

2%) patients receiving HCTZ 12.5 mg and

2/66 (3%) patients on placebo. The precise

reasons were not given

Selective reporting (reporting bias) High risk Body weight (except at baseline), heart rate

and serum chemistry (except for potas-

sium) were measured but actual values were

not given. ECG was not reported. Mortal-

ities: none. SAEs: 1 patient in the HCTZ

group and 4 patients in the placebo group.

Total AEs were not reported. The most

commonly reported AEs were upper respi-

ratory infections and headache (treatment

groups not specified)

Industry sponsorship Unclear risk Sponsor not reported

Papademetriou 2006

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Factorial design.

Wash-out period = 4 to 5 weeks. Multicenter, USA

Participants Sitting DBP 95 to 114 mmHg and SBP < 180 mmHg. Mean age 53 years. Males ~50%.

Mean body mass index > 30: 57% of patients. Baseline BP was 151/100

Interventions ER-metoprolol 25 mg/ (N = 89), 50 mg (N = 94), 100mg (N = 96) or 200 mg/d (N

= 52), ER-metoprolol 25 mg, 50 mg, 100 mg or 200 mg/d + hydrochlorothiazide 6.25

mg/d or 25 mg/d (all combined, N = 849), hydrochlorothiazide 6.25 mg (N = 86), 12.

5 mg (N = 105), 25 mg daily (N = 48) or placebo (N = 152)

Trial duration = 8 weeks (followed by a 2-week drug taper period)
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Outcomes Change from baseline in trough sitting and standing DBP and SBP; peak BP; BP response

rate; ECG, heart rate, hematology, urinalysis and serum biochemistry. Subgroup analyses

were performed (i.e. based on age, sex and race)

Notes A sample size calculation was provided and was based on 1485 patients to detect a

difference in standard deviation of 8 mmHg (sitting DBP) at 80% power. The majority

of patients in the study (57%) were overweight with a body mass index (BMI) over 30, a

characteristic that is not reflected in most other trials included in this review. The study

authors stated that baseline patient characteristics were well balanced across treatment

groups, however the reviewers determined there to be statistically significant differences

(P value < 0.05) in terms of mean age, incidence of diabetes mellitus and BP goals above

JNC-7 at baseline. Total AEs were not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk ”This was a multicenter (in the USA)

, randomised, double-blind, placebo-con-

trolled, parallel group, unbalanced facto-

rial study...“ (line 1 under ”Study De-

sign“ p.1218) ”...eligible patients were ran-

domly allocated to one of the 17 treat-

ment groups...“ (line 4 from bottom of

p.1218). ”A central, computer-generated

randomisation schedule using an interac-

tive voice response system allocated patient

to treatment groups within the study cen-

tre. As certain treatment groups were of

greater importance for pair wise compar-

isons, patients were assigned in an alloca-

tion ratio of 1 (indicating least important),

2 (more important), or 3 (most important)

“. (line 1 under ”Randomization, Blinding

and Study Treatments“ p.1218)

Allocation concealment (selection bias) Low risk ”A central, computer-generated randomi-

sation schedule using an interactive voice

response system allocated patient to treat-

ment groups within the study centre.“ (line

1 under ”Randomization, Blinding and

Study Treatments“ p.1218)

Blinding (performance bias and detection

bias)

All outcomes

Low risk The dose of ER-metoprolol was doubled

after 1 week of therapy, however the inves-

tigators stated that it was a ”blinded esca-

lation to the assigned dose“. (line 1 from

top of p.1218) ”To blind study treatments,
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HCTZ in identically appearing tablets of

6.25, 12.5, or 25 mg, or matching placebo

and ER-metoprolol tablets of 25 or 100

mg or matching placebo, were blister-card

packaged according to a double-dummy

design.“ (line 7 under ”Randomization,

Blinding and Study Treatments p.1218)

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Primary efficacy analysis was based on an

intention-to-treat (ITT) technique with

the LOCF (last observation carried for-

ward)

Exclusions: 1260/2831 (44.5%) of patients

were excluded from the study during the

placebo run-in period prior to randomiza-

tion. Some of the reasons included patients

failing eligibility criteria (814) and those

withdrawing consent (262)

Attrition: 176/1571 (11%) of patients

withdrew from the study for the following

reasons: 46 - “adverse event”, 51 - “lack of

therapeutic response”, 45 - “patient consent

withdrawn”, 19 - “loss to follow-up” and

15 - “other reasons”. Note that since the

data were combined, it was impossible to

ascertain from which treatment groups the

withdrawn patients originated (there were

17 treatment groups in total, some with

patients receiving non-thiazide mono- and

combo-therapies)

WDAEs: a total of 46/1571 (2.9%) pa-

tients withdrew due to adverse events (5

from non-thiazide treatment groups), 3/72

(4.2%) patients receiving HCTZ 12.5 mg

and 2/66 (3%) patients on placebo. The

precise reasons were not given

Selective reporting (reporting bias) Unclear risk The study was a 4 x 5 factorial design

which means there were 20 possible treat-

ment groups to assign patients, however

the authors stated that 3 of the groups

(combo-therapy: ER-metoprolol/HCTZ:

200/6.25, 25/25 and 50/25 mg) were not

investigated (see line 5 under “Study De-

sign” p.1218). Results for serum chemistry

(except for potassium and uric acid lev-

els), hematology, lipids and urinalysis tests

and ECG were measured but actual val-

ues were not reported at the study’s end-
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point. Standing BP data were measured,

but not reported on. Peak:trough BP was

measured but not reported for each separate

treatment group. Subgroup analyses of sex

(male versus female) age (< 65 years versus

≥ 65 years) and ethnicity (African Ameri-

can versus other) were documented in the

results section of the study only (actual val-

ues were not shown for sex and age differ-

ences); but not included in the methods.

Mortalities: none. SAEs: 5 patients had a

“coronary artery disease manifestation” e.g.

myocardial infarction, but it was not stated

from which treatment group the patients

originated. Total AEs were not reported.

Only the single most commonly occurring

AE (headache) was reported in the study

Industry sponsorship High risk Supported by AstraZeneca LP

Persson 1996

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

4 weeks. Multicenter; conducted in Germany and Sweden

Participants DBP 95 to 114 mmHg. Mean age 70 years. Males 57%. Baseline BP was 171/102 in

the treatment group and 172/103 in the control group

Interventions Moexipril 7.5 mg (N = 50) or 15 mg/d (N = 53), HCTZ 25 mg/d (N = 50) or placebo

(N = 48)

Trial duration = 8 weeks

Outcomes Change from the baseline in mean trough sitting and standing SBP and DBP (at 2, 4,

6 and 8 weeks); BP response rate; trough:peak BP ratios; pulse rate; ECG, urinalysis,

hematology, body weight, serum biochemistry; plasma renin activity (PRA) and aldos-

terone. Subgroup analysis was performed based on mild versus moderate hypertension

Notes A sample size calculation was not provided. This study included elderly patients only

(65 to 80 years of age). Elderly patients present with a different set of problems, some

of which are more concomitant illnesses and metabolic differences, so results of this

study may differ. Study authors stated that age and DBP of patients at baseline were not

significantly different (P value = NS) across treatment groups. Biochemical data (except

for PRA and aldosterone) not available. Mortalities not given

Risk of bias

Bias Authors’ judgement Support for judgement
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Persson 1996 (Continued)

Random sequence generation (selection

bias)

Unclear risk “This was a multicentre, randomised,

double-blind, placebo-controlled, parallel

study...” (line 1 under “Patients and Meth-

ods” p.259) “...patients were randomised

to treatment with moexipril 7.5 mg, moex-

ipril 15 mg, HCTZ or placebo for 8 weeks.

” (line 8 under “Protocol” p.260). No fur-

ther information was given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “This was a multicentre, randomised,

double-blind, placebo-controlled, parallel

study...” (line 1 under “Patients and Meth-

ods” p.259). No further information was

given

Incomplete outcome data (attrition bias)

All outcomes

Low risk Primary efficacy analysis was based on an

intention-to-treat (ITT) technique

Exclusions: 88/289 (30%) of patients were

excluded from the study during the single-

blind, placebo run-in period prior to ran-

domization. The specific reasons were not

given

Attrition: a total of 17/201 (8.4%) of pa-

tients withdrew from the study for the fol-

lowing reasons: 6 - “withdrawn consent,

protocol violations, or failure to meet crite-

ria for continuation”; 4 - “inadequate ther-

apeutic response (1 patient receiving moex-

ipril (group was not given: 7.5 mg or 15

mg?) and 3 on placebo); and 7 - ”adverse

experiences“. Note that data were pooled,

not presented as separate according to each

treatment group

WDAEs: 7/201 (3.5%) of patients with-

drew due to ”adverse experiences“. The rea-

sons included, 3/50 (6%) of patients in the

HCTZ treatment group: 1 - ”malignancy“,

1 - atrial fibrillation” and 1 - “serum crea-

tinine increased”; and 1/48 (2.1%) patient

in the placebo group for “myocardial in-

farction”. (Note: the other 3 patients were

receiving a non-thiazide drug)

Selective reporting (reporting bias) Unclear risk Variability of the mean in baseline patient

demographics and characteristics and in re-

sults for serum biochemistry (except al-
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Persson 1996 (Continued)

dosterone and plasma renin activity), heart

rate, ECG and urinalysis were not given.

SEM (standard error of the mean) was in-

cluded in BP data and in PRA and aldos-

terone; instead of SD

Trough: peak ratios were reported in the

results section of the study, but not docu-

mented in the methods as an outcome to

be measured. Mortalities: not given. SAEs:

2 patients in the HCTZ treatment group, 1

each for “haemorrhoid bleeding” and “sec-

ond-degree heart block”. No patients in the

placebo group had SAEs

Total AEs: 28% (14/50) of patients in

the HCTZ group and 35% (17/48) of

patients on placebo. The authors listed

only the most commonly occurring AEs,

“headache” and “respiratory symptoms”

Industry sponsorship Unclear risk Sponsor not reported

Philipp 1997

Methods Randomized, double-blind, placebo-controlled trial. Factorial design. Wash-out period

= 2 to 6 weeks. Multicenter, conducted in Germany

Participants DBP 95 to 110 mmHg. Mean age 55.1 years

Interventions Candesartan 2 mg, 4 mg, 8 mg or 16 mg/d, candesartan 2 mg, 4 mg, 8 mg or 16 mg/

d + HCTZ 12.5 mg or 25 mg/d, HCTZ 12.5 mg (N = 60) and 25 mg/d (N = 123) or

placebo (N = 119). N = 1096 randomized

Trial duration = 8 weeks

Outcomes Change from the baseline in mean sitting DBP and SBP (measured using an automated

BP device); BP response rate; heart rate, ECG, urinalysis and blood tests

Notes A sample size calculation was not provided. Study authors stated that baseline patient

demographics and characteristics, including medical history and previous treatment with

antihypertensives were “well matched” across treatment groups. Baseline BP was not

given. Variability in BP not given. Mortalities, SAEs and total AEs were not given.

Biochemical data measured but not reported

Risk of bias

Bias Authors’ judgement Support for judgement

123Blood pressure-lowering efficacy of monotherapy with thiazide diuretics for primary hypertension (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Philipp 1997 (Continued)

Random sequence generation (selection

bias)

Unclear risk “...1096 patients were randomised to once-

daily oral treatment with candesartan cilex-

etil 2, 4, 8, or 16 mg, HCTZ 12.5 or 25 mg,

combination therapy with both agents at

these respective doses, or placebo.” (line 7

under “Patients and Methods” p.S67). No

further information was given

Allocation concealment (selection bias) Unclear risk Not stated by the study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “[Patients] were recruited to this double-

blind, factorial design study...” (line 3 un-

der “Patients and Methods” p.S67). No fur-

ther information was given

Incomplete outcome data (attrition bias)

All outcomes

High risk Primary efficacy analysis was based on an

intention-to-treat (ITT) technique

Exclusions: 210/1306 (16%) of patients

were excluded from the study during the

wash-out and placebo run-in periods prior

to randomization. The specific reasons

were not given

Attrition: the number of patients who with-

drew from the study was not given nor how

their data were analyzed has been provided

WDAEs: not clearly documented. It was

stated that “2.4% of patients withdrew

from the study due to adverse occurrences.

” (line 7 from top of p.S68), but no further

information was given

Selective reporting (reporting bias) High risk Heart rate, ECG, serum chemistry and uri-

nalysis were measured, but not given. Ex-

cept for mean age, all other baseline patient

demographics and characteristics were un-

documented. Variability was not included

in BP data. Baseline BP was not reported.

Mortalities, SAEs and total AEs were not

given

Industry sponsorship Unclear risk Sponsor not reported
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Pool 1993

Methods Randomized, double-blind, placebo-controlled trial. Wash-out period = 4 to 6 weeks.

Multicenter, USA

Participants Mean age 53 years. Males 67%. Supine DBP 95 to 110 mmHg. Supine SBP 153.4 + 2.

2 (SEM) mmHg and supine DBP 100.2 + 0.5 (SEM) mmHg

Interventions Diltiazem SR 120 mg q12h (N = 73), diltiazem SR 120 mg q12h + HCTZ 12.5 mg

q12h (N = 77), HCTZ 12.5 mg q12h (N = 74), or placebo (N = 74)

Trial duration = 6 weeks

Outcomes Change from the baseline in mean trough supine and standing DBP and SBP; 12-

hour BP monitoring; heart rate; ECG; hematology and serum biochemistry. Subgroup

analyses were performed (based on age, race, weight, sex and smoking status)

Notes A sample size calculation was not provided. Both male and female patients were, on

average overweight or obese which has several implications including a higher incidence of

concomitant illnesses compared to other studies reviewed here. 114 of the study’s patients

selected from certain clinics underwent BP monitoring while in clinic both at baseline

and at endpoint to determine residual drug effects every 2 hours for up to 12 hours post-

dose. Study authors stated that the baseline patient demographics and characteristics

were not significantly different across treatment groups. WDAEs, mortalities and SAEs

were not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk ”Eligible patients were allocated to one

of four treatment groups, as noted above,

using a blinded, blocked randomisation

schedule.“ (line 1 under ”Randomization

and Dose Selection“ p.489)

Allocation concealment (selection bias) Low risk ”Eligible patients were allocated to one

of four treatment groups, as noted above,

using a blinded, blocked randomisation

schedule. (line 1 under “Randomization

and Dose Selection” p.489)

Blinding (performance bias and detection

bias)

All outcomes

Low risk “In this multicenter, randomised, double-

blind, placebo-controlled, parallel group

trial, DTZ SR-HCTZ 120 mg-12.5 mg

(Cardizide), DTZ SR 120 mg (Cardizem

SR), HCTZ 12.5 mg, or placebo was ad-

ministered every 12 hours.” (line 1 under

“Methods-design” p.488). “All drugs and

placebo were identical in appearance.” (line

3 under “Randomization and Dose Selec-

tion” p.489)
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Pool 1993 (Continued)

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Primary efficacy analysis was based on an

intention-to-treat (ITT) technique

Exclusions: 206/504 (41%) of patients

were excluded from the study during the

single-blind, placebo run-in period prior to

randomization

Attrition: 44/298 (15%) of patients with-

drew from the study. 10 patients withdrew

for “protocol violations”, but the specific

reasons were not given for the other 34

patients. Data were pooled from all treat-

ment groups, therefore it could not be de-

termined from which groups the withdraw-

ing patients originated

WDAEs: not given

Selective reporting (reporting bias) High risk Medical history was not included in the

baseline patient demographics and charac-

teristics. Heart rate and ECG were mea-

sured, but not reported on at the study’s

endpoint. Multivariate analyses comparing

BP effects based on age, sex, weight, eth-

nicity and smoking status were conducted

without any details included in the meth-

ods section of the study. Variability in resid-

ual BP and HR effects (i.e. 0 to 12 hours

post-dose) was not reported. Mortalities

and SAEs were not documented. All ad-

verse events were not reported. Treatment-

related adverse events: 40.5% (30/74) of

patients in the HCTZ group and 27% (20/

74) of patients in the placebo group. Only

the 8 most commonly reported AEs “pos-

sibly” related to the study drug were listed

Industry sponsorship High risk Funded by a research grant from Marion

Merrell Dow Inc.

Pool 1997

Methods Randomized, double-blind, placebo-controlled trial. Modified 4 x 4 factorial design.

Wash-out period = 4 to 5 weeks. Multicenter, USA

Participants Mean age 51.5 years. Males 61%. Body weight: 90.5; body mass index: 30.6. Seated

DBP 95 to 110 mmHg. Seated SBP 149.5 + 15.7 mmHg and seated DBP 100.1 + 4.0

mmHg
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Pool 1997 (Continued)

Interventions Fosinopril 2.5 mg (N = 33), 10 mg (N = 30) or 40 mg/d (N = 32), fosinopril 2.5 mg, 10

mg, 20 mg or 40 mg/d + HCTZ 5 mg, 12.5 mg or 37.5 mg/d (all combined, N = 325)

, HCTZ 5 mg (N = 32), 12.5 mg (N = 32) or 37.5 mg/d (N = 32), or placebo (N = 32)

Trial duration = 8 weeks

Outcomes Change from the baseline in mean trough sitting, standing and supine DBP and SBP;

response rate; heart rate; hematology, urinalysis, serum biochemistry

Notes A sample size calculation was not provided. Patients in the study were overweight/obese

with an average BMI of 31. Study authors stated that except for seated DBP, the baseline

patient demographics and characteristics were not significantly different across treatment

groups (P value = NS). Variability in BP not given. Biochemical data measured but not

reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “The...study was a modified 4 x 4 factorial,

randomised, double-blind, parallel group

trial of 17 different doses of the combina-

tion of Fos and HCTZ, comparing each

of the combinations with the individual

components and placebo.” (line 1 under

“Study Design” p.118). No further infor-

mation was given

Allocation concealment (selection bias) Unclear risk Not stated by the study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “The...study was a modified 4 x 4 fac-

torial, randomised, double-blind, parallel

group trial...” (line 1 under “Study De-

sign” p.118). “Subjects took their first ran-

domised, double-blind medication under

supervision in the clinic...” (line 20 under

“Study Design” p.118). No further infor-

mation was given

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Primary efficacy analysis was based on both

an intention-to-treat (ITT) and per-proto-

col technique, however the study included

data from the ITT population only

Exclusions: 159/709 (22.4%) of patients

were excluded from the study during the

placebo run-in period prior to randomiza-

tion

Attrition: 45/550 (8%) of patients with-

drew from the study; the specific reasons
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Pool 1997 (Continued)

were not given. Data were pooled from all

treatment groups, therefore it could not be

determined from which groups the patients

originated

WDAEs: 19/550 (3.5%) of patients with-

drew due to adverse events; this included

1% of patients from the HCTZ 5, 12.5 and

37.5 mg groups combined and 3.1% of pa-

tients from the placebo group. The specific

reasons were not given

Selective reporting (reporting bias) High risk Parameters for biochemistry, hematology

and urinalysis were measured, but not re-

ported on. Variability in BP data was not

reported. Serum biochemistry, hematology

and urinalysis results were measured but

not reported. Mortalities and total AEs

were not documented. There were 5 SAEs;

specific reasons were not given

Industry sponsorship High risk Supported by grant from Bristol-Myers

Squibb Company

Pool 2007

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

2 weeks, followed by a 2 to 4-week single-blind, placebo run-in. Multicenter, conducted

in USA and Canada

Participants Mean age, all HCTZ groups combined (~53 years); placebo (52 years). Males, all HCTZ

groups (62%); placebo (49%). Body mass index, HCTZ group (32); placebo (31). Sitting

DBP 90 to < 110 mmHg after wash-out. SBP 151.2 + 12.7 mmHg and DBP 99.1 + 3.

9 mmHg in HCTZ group and SBP = 150.4 + 12.7 mmHg and DBP = 99.1 + 3.7 in

placebo group

Interventions Valsartan 160 mg (N = 166) or 320 mg/d (N = 170), valsartan 160 mg or 320 mg/d +

HCTZ 12.5 mg or 25 mg/d (all combined, N = 505), HCTZ 12.5 mg (N = 169), 25

mg/d (N = 167) or placebo (N = 169)

Trial duration = 8 weeks

Outcomes Change from the baseline to endpoint in mean trough seated DBP and SBP; response

rate; pulse rate; hematology, serum biochemistry

Notes A sample size calculation was provided (number of patients per treatment group not

specified) to detect a difference of 3 mmHg in seated DBP (SD ± 8 mmHg) at 90%

power. Patients in the study were overweight/obese with an average BMI of 31 to 32

Study authors stated that except for gender (P value = 0.03), the baseline patient demo-

graphics and characteristics, including BP were not significantly different across treat-

ment groups (P value = NS). SE (standard error of mean) was given for BP, not SD.
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Pool 2007 (Continued)

Biochemical data incomplete. SAEs and total AEs were not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “...this study was an 8-week, multicen-

ter, randomised, double-blind, placebo-

controlled, parallel-group trial...” (line 1

under “Patients and Methods” p.62). “...

patients who met the study inclusion cri-

teria were randomised (visit 3, week 0) in

a double-blind fashion to 1 of 8 treatment

groups: VAL monotherapy at a dose of 160

or 320 mg; HCTZ monotherapy at 12.5

or 25 mg; VAL/HCTZ 160/12.5, 320/12.

5, or 320/25 mg; or placebo.” (line 7 under

“Study Design” p.62). No further informa-

tion was given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “...this study was an 8-week, multicen-

ter, randomised, double-blind, placebo-

controlled, parallel-group trial...” (line 1

under “Patients and Methods” p.62). No

further detail provided

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Primary efficacy analysis was based on an

intention-to-treat (ITT) technique with

the LOCF (last observation carried for-

ward)

Exclusions: the number of patients ex-

cluded from the study during the placebo

run-in period prior to randomization was

not given

Attrition: 185/1346 (14%) of patients

withdrew from the study. Data on total

withdrawals was incomplete. Study authors

selectively reported the specific reasons i.

e. “the most common reasons for discon-

tinuations were unsatisfactory therapeu-

tic effect (4.4%), AEs (3.1%) and with-

drawn consent (2.2%).” (see line 8 un-

der “Results” p.65). Note that data were

pooled from all treatment groups, there-

fore it could not be determined from which

groups the patients originated
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Pool 2007 (Continued)

WDAEs: 3.1% of patients withdrew due

to adverse events. The specific reasons were

not given and no details were given as to

which treatment groups the patients origi-

nated. The study authors were selective in

their reporting of WDAEs, i.e. in terms of

a range of percentages only

Selective reporting (reporting bias) High risk Pulse rate, hematology, serum biochemistry

(except for potassium levels) were mea-

sured, but not reported

BP data included SE (standard error of

the mean), not SD. Variability in BP data

and in serum potassium levels were not re-

ported. Mortalities: 1 patient receiving val-

sartan 320 mg died (reason was not given).

No patients from HCTZ or placebo groups

died. SAEs: not given. Total AEs were not

reported; study authors were selective in

their reporting of AEs, i.e. in terms of a

range of percentages and a listing of the 3

most commonly occurring AEs only

Industry sponsorship High risk Funded by Novartis Pharmaceuticals Cor-

poration

Pordy 1994

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). 4 x 3 factorial design.

Wash-out period = 4 weeks. Multicenter, USA

Participants Mean age 54 years. 60% males. Sitting DBP 95 to 115 mmHg. Baseline DBP = 100.3

mmHg

Interventions Cilazapril 0.5 mg, 5 mg or 10 mg/d (all combined, N = 288), cilazapril 0.5 mg, 5 mg

or 10 mg/d + HCTZ 12.5 mg or 25 mg/d (all combined, N = 579), HCTZ 12.5 mg or

25 mg/d (all combined, N = 198), or placebo (N = 97)

Trial duration = 4 weeks

Outcomes Change from baseline in trough mean sitting DBP; response rate; peak BP and trough:

peak ratios; heart rate, ECG, body weight, hematology, serum biochemistry, urinalysis

Notes A sample size calculation was not provided. Study authors stated that there were no

“overt differences” (P value = NS) in baseline patient demographics and characteristics

across treatment groups. Total AEs were not reported

Risk of bias
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Pordy 1994 (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “This double-blind, randomised, placebo-

controlled, multicenter study compared

the effects of three doses of the ACE in-

hibitor, cilazapril (CLZ) and two doses of

HCTZ, alone and in combination.” (line

21 from top of p.312). “...patients [were]

randomly assigned in blocks of 12 to one of

12 treatment groups.” (line 1 under “Ma-

terials and Methods-Study Design” p.312)

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “...period II (active treatment) consisted of

a 4-week, double-blind, placebo-controlled

comparison of three doses of CLZ and two

doses of HCTZ, alone and in combination.

” (line 4 from top of p.312). No further

information was given

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk The primary efficacy analysis was based on

an intention-to-treat (ITT) technique

Exclusions: 856/2018 (42%) of patients

were excluded from the study during the

placebo run-in period prior to randomiza-

tion

Attrition: 74/1088 (6.8%) of patients with-

drew from the study, 13/198 (6.6%) from

the HCTZ 12.5 and 25 mg groups com-

bined and 11/97 (11%) from the placebo

group (the other 50 patients were receiving

non-thiazides). The reasons for withdraw-

ing were given, but with the data pooled,

it was not possible to ascertain from which

treatment groups the patients originated

WDAEs: 33/1088 (3%) of patients with-

drew due to adverse events, 5 (2.5%) from

the HCTZ 12.5 and 25 mg group and 3

(3%) from the placebo group; the other 25

patients were receiving non-thiazides. No

specific reasons were given

Selective reporting (reporting bias) High risk Heart rate, body weight, ECG and labora-

tory results including serum biochemistry,

hematology, lipids and urinalysis were mea-

sured but actual values were not reported

on at either baseline or endpoint. BP data
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Pordy 1994 (Continued)

were expressed in terms of mean ± SEM

(standard error of the mean). Mortalities: 1

death from the CLZ + HCTZ combo ther-

apy group. None from HCTZ or placebo

groups. SAEs: 30 patients in total, includ-

ing 6 from the HCTZ 12.5 and 25 mg

groups, combined. Total AEs were not re-

ported. Only AEs related in some way to

the medication were reported

Industry sponsorship Unclear risk Sponsor not reported

Prisant 2000

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

4 weeks. Multicenter, USA

Participants Supine DBP 95 to 114 mmHg. Mean age 51.6 years. Males 60%. Baseline BP was 156.

7/101.8 mmHg in the indapamide 2.5 mg group and 153.4/100.5 mmHg in the placebo

group

Interventions Diltiazem XR 120 mg, 180 mg, 240 mg, or 360 mg/d (all combined, N = 187), diltiazem

XR 120 mg, 180 mg or 240 mg/d + indapamide 1.25 mg or 2.5 mg/d (all combined, N

= 75), indapamide 1.25 mg (N not reported) or 2.5 mg/d (N = 24), or placebo (N = 43)

Trial duration = 6 weeks

Outcomes Change from baseline in mean trough supine SBP and DBP; 24-hour ambulatory BP

(using an automated monitoring device); ECG, hematology, urinalysis, serum biochem-

istry

Notes A sample size calculation was not provided. The small sample in the indapamide treat-

ment group could have biased the results

Forced-titration schedule for all patients assigned to receive non-thiazides in the 1st week

of DB treatment. Female patients were in the majority in the placebo group (60%), but in

the minority in the indapamide 2.5 mg group (25%). Study authors stated that baseline

patient demographics of age, race and gender were “evenly distributed” across treatment

groups. Study does not report on the patient group receiving 1.25 mg/d indapamide due

to large variability relative to effect. Total withdrawals and total AEs not given

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “This was a randomised, double-blind,

placebo-controlled, parallel-group, multi-

center study in patients with mild to mod-

erate hypertension. After 4 weeks on sin-

gle-blind placebo treatment, qualifying pa-
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Prisant 2000 (Continued)

tients were randomly assigned to double-

blind medication.” (line 1 under “Meth-

ods-Study Design” p.178). No further in-

formation was given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Low risk “Blinding was achieved by placing dilti-

azem XR tablets and indapamide powder

in capsules, which were identical in appear-

ance, size, shape and colour to those of their

respective placebos. Each patient took three

capsules of medication once a day in the

morning.” (line 11 under “Methods-Study

Design” p.178)

Incomplete outcome data (attrition bias)

All outcomes

High risk It was not stated whether the primary effi-

cacy analysis was based on an intention-to-

treat (ITT) or per-protocol technique

Exclusions: the number of patients ex-

cluded from the study during the placebo

run-in period prior to randomization was

not given. However, because of the high

variability in the BP effect in patients re-

ceiving indapamide 1.25 mg/day, this treat-

ment arm was excluded from the analysis of

results (presumed to be an N = 67 patients)

Attrition: not given

WDAEs: 29 (7.3%) patients withdrew due

to adverse events (referred to by the authors

as “adverse clinical events”). The specific

reasons were not given and no details were

given as to which treatment groups the pa-

tients originated from

Selective reporting (reporting bias) High risk Serum chemistry (except potassium and

uric acid levels), hematology, urinalysis and

ECG were measured, but actual values were

not reported on at endpoint. Statistical

analysis of the effects of indapamide on am-

bulatory 24-hour BP changes was not per-

formed. Study authors removed patients in

the indapamide 1.25 mg treatment group

from analysis due to large variability effect

in that group. Variability in BP data was

not given. Mortalities: None. SAEs: 17 pa-

tients (treatment group not specified and

reasons not given). Total AEs not reported.

There was no detailed list of each AE pa-

133Blood pressure-lowering efficacy of monotherapy with thiazide diuretics for primary hypertension (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Prisant 2000 (Continued)

tients experienced

Industry sponsorship High risk study was sponsored by manufacturer

Roque 1996

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period ≥

1 week. Multicenter, Argentina

Participants DBP 95 to 115 mmHg. No black patients. Mean age 62.5 years. Males 41%. Baseline

BP was 160.2/98.8 mmHg in the treatment group and 163.4/99.1 mmHg in the control

group

Interventions HCTZ 12.5 mg/d (N = 49) or placebo (N = 51)

Trial duration = 8 weeks

Outcomes Change from baseline in mean supine SBP and DBP (at 4 and 8 weeks); BP response rate;

heart rate. Subgroup analyses were performed (based on sex, age, severity of hypertension)

Notes A sample size calculation was provided based on 100 patients (50 per treatment group) to

detect a difference of 4 mmHg (SD ± 7 mmHg) between groups at a power 80%. Patients

were enrolled without regard to previous anti-hypertensive medication (sensitivity to

prior drugs was most likely a case of the study authors not stating it, but it was possibly

overlooked) (refer to inclusion criteria p.285). Study authors stated that baseline patient

demographics and characteristics were not significantly different across treatment groups.

The majority of patients were female with mild hypertension (in both HCTZ and placebo

groups). Total withdrawals, WDAEs, biochemical data, mortalities, SAEs and total AEs

were not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk This was a...“prospective, multicenter, ran-

domised, double-blind, placebo-controlled

trial conducted in Argentina.” (line 2 under

“Patients and Methods” p.285). No further

information given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Low risk “Coded medications were prepared by the

Pharmaceutical Development Center at

the University Medical School of South

Carolina. All qualified patients were ran-

domised to receive either a 12.5 mg HCTZ

tablet or a matched placebo capsule once

daily in the morning.” No further informa-
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Roque 1996 (Continued)

tion given

Incomplete outcome data (attrition bias)

All outcomes

High risk Primary efficacy analysis was based on the

per-protocol population of patients as well

as the an intention-to-treat (ITT) popula-

tion with LOCF (last observation carried

forward)

Exclusions: 18/118 (15%) of patients were

excluded from the study during the placebo

run-in period prior to randomization

Attrition: total withdrawals not stated ex-

plicitly

WDAEs: not given

Selective reporting (reporting bias) High risk Heart rate and AEs were measured but

not reported at the end of the study. For

AEs, the authors stated “no side effects at-

tributable to either study medication were

reported.” (p.289). Serum biochemistry,

hematology, urinalysis and ECG were not

reported. Mortalities, SAEs and total AEs

were not given

Industry sponsorship Unclear risk Sponsor not reported

Saruta 2007

Methods Randomized, double-blind, placebo-controlled trial. Wash-out period = 4 weeks. Mul-

ticenter; Japan, USA and Peru

Participants Sitting DBP 95 to 115 mmHg. Mean age 55 years. Males 59%. Baseline BP was 155/

99.8 mmHg in the HCTZ 12.5 mg group and 153/100 mmHg in the placebo group

Interventions Losartan 50 mg/d (N = 160), losartan 25 mg or 50 mg/d + HCTZ 6.25 mg or 12.5 mg/

d (all combined, N = 472), HCTZ 12.5 mg/d (N = 163) or placebo (N = 159)

Trial duration = 8 weeks

Outcomes Change from the baseline in mean trough sitting, standing and supine DBP and SBP;

heart rate, ECG, body weight, laboratory tests (including serum biochemistry and uri-

nalysis). Subgroup analyses were performed (based on age and severity of hypertension)

Notes A sample size calculation was not provided. Study authors stated that there were no

significant differences in the baseline patient demographics and characteristics across

treatment groups. Patients were of Japanese descent

Risk of bias

Bias Authors’ judgement Support for judgement
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Saruta 2007 (Continued)

Random sequence generation (selection

bias)

Unclear risk “This randomised,

placebo-controlled, double-blind, parallel-

group study...” (line 1 under “Study Proce-

dures” p.730). “..those [patients] who con-

tinued to fulfil the eligibility criteria were

randomised into 1 of 6 treatment arms...”

(line 20 from bottom of p.731). No further

information was given

Allocation concealment (selection bias) Unclear risk Not stated by the study authors

Blinding (performance bias and detection

bias)

All outcomes

Low risk “If eligible, patients were given 5 placebo

tablets matched to each of losartan 50

mg plus HCTZ 12.5 mg, losartan 50

mg plus HCTZ 6.25 mg, losartan 25 mg

plus HCTZ 6.25 mg, losartan 50 mg and

HCTZ 12.5 once daily for 4 weeks.” (line

9 from top of p.731)

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk The primary efficacy analysis was based on

a “full-analysis set” with the LOCF (last

observation carried forward)

Exclusions: it was not stated whether any

patients were excluded from the study dur-

ing the placebo run-in period prior to ran-

domization

Attrition: the total number of withdrawals

was not given, except that there were 7 pa-

tients excluded from both efficacy and sa-

fety analyses in whom “previous medica-

tion for essential hypertension was discon-

tinued or tapered before obtaining written

consent”

WDAEs: 4/163 (2.5%) patients receiving

HCTZ12.5 and 1/159 (0.6%) patients re-

ceiving placebo withdrew due to adverse

events; the specific reasons were not given

Selective reporting (reporting bias) High risk Trough standing BP, heart rate, ECG and

body weight were measured, but not re-

ported in the study

BP data at 2, 4 and 6 week time points

were graphed. Results for the subgroup

analyses comparing BP effects in terms

of age and severity of hypertension were

not shown. Serum biochemistry (except for

uric acid, potassium and glucose levels) was

not reported. Mortalities: none. SAEs: 9
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patients (reasons were not given; and treat-

ment groups were not specified). Total AEs

were not clearly documented; they were re-

ported separately as: “clinical” and “labo-

ratory” AEs. By combining these 2 groups,

it was then determined that 107/163 (65.

6%) and 103/159 (64.8%) patients in the

HCTZ and placebo groups, respectively,

experienced AEs. A description of the 6

most commonly occurring “clinical” AEs

in at least 2% of patients were reported. In

addition, 5 of the most commonly occur-

ring “laboratory” AEs in at least 4% of pa-

tients were reported

Industry sponsorship High risk Sponsored by Banyu Pharmaceutical Co.

Schmieder 2009

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

2 weeks followed by a single-blind placebo run-in of 2 to 5 weeks. Multicenter; Belgium,

Finland, Germany, Italy, the Netherlands and Spain

Participants DBP 90 to < 110 mmHg. Mean age in HCTZ group: 56 years. Males 56%, white 99%,

obese 34% in HCTZ group

Baseline BP in HCTZ group was 154.3/99.0 mmHg (PLB arm demographics/charac-

teristics not mentioned)

Interventions Aliskiren 150 mg/d forced titrated at week 3 to 300 mg/d (N = 459), HCTZ 12.5 mg/

d forced titrated at week 3 to 25 mg/d (N = 444) or placebo (N = 221)

Duration 12 weeks (full trial duration including extension phase was 52 weeks). After the

first 6 weeks patients in the placebo arm were re-assigned to aliskiren or HCTZ and after

12 weeks, combination therapy was introduced with aliskiren 300 mg/d + amlodipine

5 mg or 10 mg/d, or HCTZ 25 mg/d + amlodipine 5 mg or 10 mg/d

Outcomes Change from the baseline to endpoint in mean trough sitting DBP and SBP; response

rate; ECG, hematology, urinalysis and serum biochemistry. Subgroup analysis was per-

formed (based on age)

Notes A sample size calculation was provided based on approximately 440 patients in each

active treatment group to detect a non-inferiority margin of 2 mmHg between aliskiren

and HCTZ regimens (SD ± 8 mmHg) at a power of 95%. The study authors stated that

there were no statistically significant differences in the baseline patient demographics and

characteristics between the HCTZ and aliskiren (not classified as a thiazide) treatment

groups. The study did not make comparisons between HCTZ and placebo groups.

Baseline patient demographics and characteristics were not reported in the placebo group

Patients randomized to receive the placebo were on it for 6 weeks before being switched

to active treatment, therefore only BP data of up to 6 weeks can be used in this review,
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including that from the HCTZ group. Another important note: after 3 weeks on HCTZ

12.5 mg, patients were given a forced titration to 25 mg

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk “...[a] randomised, double-blind, paral-

lel-group, active-controlled, dose-titration

study was performed...” (line 1 under

“Study Design” p.418). “Randomization

by centre was performed by the interactive

system that automates the random assign-

ment of patients to randomisation num-

bers.” (line 19 from top of p.418, right col-

umn)

Allocation concealment (selection bias) Unclear risk “Randomization data were kept strictly

confidential until the time of unblinding.”

(line 22 from top of p.418, right column).

No further information was given

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “...[a] randomised, double-blind, paral-

lel-group, active-controlled, dose-titration

study was performed...” (line 1 under

“Study Design” p.418). No further infor-

mation was given

Incomplete outcome data (attrition bias)

All outcomes

Low risk The primary efficacy analysis was based on

an intention-to-treat (ITT) technique with

the LOCF (last observation carried for-

ward)

Exclusions: 151/1275 (12%) of patients

were excluded from the study during the

placebo run-in period prior to randomiza-

tion (specific reasons were given)

Attrition: 67/1124 (6%) of patients with-

drew from the study after 6 weeks of

DB therapy; 26/444 (5.9%) and 21/221

(9.5%) of patients from the HCTZ and

placebo groups, respectively. The main rea-

sons for withdrawing: AEs (see below) and

withdrawal of consent (HCTZ: 11 pa-

tients; placebo: 6 patients)

WDAEs: 5/444 (1%) of patients in the

HCTZ group and 6/221 (2.7%) of patients

from the placebo group withdrew due to

adverse events
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Selective reporting (reporting bias) High risk Baseline demographics and characteris-

tics were not reported in patients on

the placebo. Results from physical exams,

hematology, biochemistry and urine sam-

ples were not reported at baseline and only

BUN and serum potassium and creatinine

levels (patients were grouped according to

certain threshold levels; actual mean val-

ues were not given) were reported at the

study’s endpoint. Mortalities: none. SAEs:

Only those considered by the investigator

to be related to the study medications were

counted; they included 1 from the HCTZ

group (moderate hypokalemia) and 1 from

the placebo group (myocardial infarction)

. Total AEs: 24.5% of patients in HCTZ

group and 28.5% in the placebo group

experienced AEs. A listing of other AEs

and laboratory results from patients in the

placebo group were not reported

Industry sponsorship High risk Supported by Novartis Pharmaceuticals

Schoenberger 1995

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

4 weeks. Multicenter, USA

Participants DBP 95 to 115 mmHg. Mean age 53.5 years. Males 60%. Baseline BP was 152.2/100.

9 in the treatment group and 152.3/101.3 in the control group

Interventions Losartan 50 mg/d (N = 139), losartan 50 mg/d + HCTZ 6.25 mg or 12.5 mg/d (all

combined, N = 282), HCTZ 12.5 mg/d (N = 142) or placebo (N = 140)

Trial duration = 12 weeks

Outcomes Change from the baseline in trough mean sitting and standing SBP and DBP; BP response

rate; heart rate and laboratory tests (not specified). Subgroup analyses were performed

(black versus non-black patients; severity of hypertension)

Notes A sample size calculation was provided based on 703 patients in total to detect a difference

of 3 to 5 mmHg between treatment groups at a power of 95%. Regarding baseline

patient demographics and characteristics, the study authors stated that “there were no

statistically significant differences between treatment groups” (P value = NS). No SD

given for BP data. Biochemical data not available

Additional publication: MacKay JH et al. Arch Intern Med 1996;156: 278-85. Additional

data on AEs and serum uric acid levels

Risk of bias
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Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “The study was randomly allocated...” (line

3 from top of p.S44, right column). The

authors stated that the sequence genera-

tion design was randomized block (see line

12 under “Statistical Methods” in dupli-

cate publication); but no further informa-

tion was given

Allocation concealment (selection bias) Unclear risk Not stated by the study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “The study was randomly allocated, in par-

allel and placebo-controlled and double-

blinded.” (line 3 from top of p.S44, right

column). No further information provided

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk It is not known if primary efficacy analysis

was based on an intention-to-treat (ITT)

or per-protocol technique

Exclusions: it was not reported whether any

patients were excluded from the study dur-

ing the placebo run-in period prior to ran-

domization

Attrition: a total of 99/703 (14%) pa-

tients withdrew from the study; this in-

cluded 20/142 (14%) from the HCTZ 12.

5 mg group: 6 patients for “clinical ad-

verse experiences”, 1 - “other adverse ex-

perience”, 5 - “therapy ineffective” and 8

- “other”; and 26/140 (19%) from the

placebo group, 3 patients for “clinical ad-

verse experiences”, 14 - “therapy ineffec-

tive” and 9 - “other”. WDAEs: 6/142 (4.

2%) and 3/140 (2.1%) patients from the

HCTZ and placebo groups, respectively,

withdrew due to what the authors referred

to as “adverse experiences”; the precise rea-

sons were not given

Selective reporting (reporting bias) Unclear risk Heart rate, body weight, ECG, hematol-

ogy, serum chemistry (except for uric acid

and potassium levels - see duplicate publi-

cation) were measured but not reported at

the end of the study. Variability was not in-

cluded in the baseline patient demograph-

ics and characteristics. Peak sitting DBP

was reported in the results, yet the intention
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to measure it was not clearly stated in the

methods section. Mortalities: none. SAEs:

1 patient in the placebo group with “sub-

arachnoid hemorrhage”. Total AEs: 52%

(74/142) of patients from the HCTZ group

and 52% (73/140) from the placebo group.

The most commonly reported clinical AEs

(≥ 4%) were reported in the secondary

publication

Industry sponsorship High risk Supported by Merck Research Laboratories

Scholze 1993

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). 4 x 3 factorial design.

Wash-out period = 2 to 4 weeks. Multicenter, conducted in Germany

Participants DBP 100 to 115 mmHg. Median age 48.2 years (range 21 to 68). Males 56.6%. Baseline

BP range was 157.4 to 163.9/105.9 to 108.1 mmHg across the 12 treatment groups

Interventions Ramipril 2.5 mg, 5 mg or 10 mg/d, ramipril 2.5 mg, 5 mg or 10 mg/d + HCTZ 12.5

mg or 25 mg/d, HCTZ 12.5 mg or 25 mg/d, or placebo. N = 534 randomized (42 to

48 patients per treatment group)

Trial duration = 6 weeks

Outcomes Change from the baseline in trough mean standing and supine SBP and DBP (at weeks

1, 2, 4 and 6); pulse rate; biochemical data including serum potassium and uric acid;

hematology and urinalysis (values not shown)

Notes A sample size calculation of 40 patients per treatment group was required to detect a

difference ranging from 3 to 6 mmHg between groups depending on monotherapy versus

placebo or combination therapy versus monotherapy comparisons at a power of 37% to

99%. The study authors stated that “overall, the treatment groups were balanced” with

respect to baseline patient demographics and characteristics and baseline BP. Baseline data

were incomplete, therefore we could not calculate P values. Body weight, hematology,

urinalysis and serum biochemistry (except for potassium levels) were measured but actual

values were not reported on. Mortalities, SAEs and total AEs were not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “This study was a randomised placebo-con-

trolled, parallel-group, Multicenter trial

with a 4 x 3 factorial design (2.5, 5 and

10 mg ramipril; 12.5 and 25 mg HCT;

all combinations of ramipril and HCT;

placebo).” (line 1 under “Methods-Design”
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p.218). “Randomization was stratified by

centre.” (line 9 under “Methods-Design” p.

218). No further information was given

Allocation concealment (selection bias) Unclear risk Not stated by the study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “A 2- or 4-week, single-blind, placebo run-

in phase was followed by a 6-week, double-

blind, active treatment phase.” (line 5 un-

der “Methods-Design” p.218). No further

information was given

Incomplete outcome data (attrition bias)

All outcomes

Low risk Efficacy analysis was based on an intention-

to-treat (ITT) technique

Exclusions: 47/581 (8%) of patients were

excluded from the study before randomiza-

tion i.e. during or after the run-in period

Attrition: a total of 17/534 (3.2%) of pa-

tients withdrew from the study early due

to the following reasons: 5 - adverse events

alone, 6 - adverse events + elevated BP, 2 -

adverse events + low BP, 3 - persistent ele-

vation of BP and 1 - alcohol abuse. Four of

the 17 patients were receiving combination

therapy; it is not known which treatment

groups the remaining 13 patients were from

WDAEs: 13/534 (2.4%) patients with-

drew due to adverse events: 5 - adverse

events alone, 6 - adverse events + elevated

BP, 2 - adverse events + low BP. Of these 13

patients, 1 (0.19%) was receiving HCTZ

and 1 placebo, however it is not known

what the adverse event was that caused

them to withdraw

Selective reporting (reporting bias) Unclear risk Body weight, hematology, urinalysis and

serum biochemistry (except for potassium

levels) were measured at baseline and end-

point but actual values were not reported

on. BP was measured but not reported

at weeks 1, 2 and 4. Variability was not

given for serum potassium levels or base-

line patient demographics and characteris-

tics. Mortalities, SAEs and total AEs were

not reported. Treatment-related (possibly

or probably related) AEs: 6.8% of patients,

all HCTZ groups combined; and 9.1% in

the placebo group
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Industry sponsorship High risk Supported by Hoechst AG

Siegel 1992

Methods Randomized, double-blind, placebo-controlled trial. Wash-out period = 1 month

Participants DBP 95 to 105 mmHg. Mean age range: 58.1 to 62.2 years. All male patients with

abnormal resting ECG (e.g. arrhythmias)

Interventions HCTZ 50 mg/d + potassium 40 mmol/d (N = 32), HCTZ 50 mg/d + potassium 40

mmol/d and magnesium 400 mg/d (N = 35), HCTZ 50 mg/d + triamterene 100 mg/d

(N = 32), HCTZ 50 mg/d (N = 66), chlorthalidone 50 mg/d (N = 34) or placebo (N =

33)

Trial duration = 8 weeks

Outcomes 24-hour Holter monitoring (for arrhythmias). Serum and intracellular potassium and

magnesium levels. Data on glucose and insulin levels available from duplicate publication

Notes A sample size calculation was not provided. All of the patients were males with resting

electrocardiographic abnormalities (stratified by the presence or absence of left ventricular

hypertrophy). It is not known how many patients were randomized to each treatment

group; a range of 42 to 48 per group was given. The study authors stated that there were no

statistically significant differences (P value = NS) in the baseline patient demographics and

characteristics across all treatment groups. No data on DBP or SBP. WDAEs, mortalities,

SAEs and total AEs were not reported

Additional publication: Siegel et al. Hypertension 1994;23(part 1): 688-94; measurement

of glucose and insulin levels only

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk “Participants were then assigned to a study

medication using a randomised block de-

sign, stratified by the presence or absence

of left ventricular hypertrophy on ECG.”

(line 15 from top of p.1084, middle col-

umn). No further information was given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Low risk “Treatment assignment was blinded from

participants, clinicians and laboratory staff

by having another member of the staff dis-

pense and count the blindly labelled med-

ications, which were identically packaged.

” (line 19 from top of p.1084, middle col-
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umn)

Comment: no further information was

given

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk The primary efficacy analysis was based on

an intention-to-treat (ITT) technique

Exclusions: It is not known if there were any

patients who were excluded from the study

during the placebo run-in period prior to

randomization

Attrition: 21/233 (9%) of patients with-

drew from the study (data were not avail-

able for each treatment group). Reasons for

withdrawing were not specified

WDAEs: not given

Selective reporting (reporting bias) High risk BP was not measured. Except for serum

potassium, glucose and insulin levels, bio-

chemical data were not reported on. Mor-

talities, SAEs and total AEs were not re-

ported

Industry sponsorship Low risk Supported by grant HL-36821 and by Na-

tional Heart, Lung and Blood Institute Pre-

ventive Cardiology Academic Award HL-

02081

Soltero 1989

Methods Randomized, double-blind, placebo-controlled cross-over trial. Wash-out period = 15

days. Conducted in Venezuela

Participants Mild to moderate BP (cut-offs not defined). Patients either never received antihyperten-

sive treatment before or in the 3 months prior to entering the trial. Mean age 48 years

(range: 20 to 70). Males 33%. Baseline sitting (standing) BP was 147.2/103.7 (149.5/

102.1) mmHg in the treatment group and 140.0/100.6 (142.9/100.8) mmHg in the

control group

Interventions Indapamide 2.5 mg/d or placebo. N = 24 patients randomized. Each treatment period

= 8 weeks (2 periods in all with a 4-week wash-out period in between)

Outcomes Trough mean sitting and standing SBP and DBP; biochemical data including serum

potassium, sodium, uric acid and lipids; heart rate; body weight

Notes A sample size calculation was not provided. Total withdrawals and WDAEs reported

for periods I and II combined. Mortalities and SAEs were not reported and data for

total AEs not useable. BP variability was given as standard error of the mean (SEM), not

standard deviation
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Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “The patients were randomised to group A

(indapamide followed by placebo) or group

B (placebo followed by indapamide), fol-

lowing a 15-day washout period.” (line 12

under “Patients and Methods” p.164). No

further information was provided

Allocation concealment (selection bias) Low risk “The codes of the active drug and the

placebo were kept at the laboratory supply-

ing the tablets.” (line 15 under “Patients

and Methods” p.164)

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “The study was conducted according to

a double-blind, crossover, placebo-con-

trolled methodology...” (line 11 under “Pa-

tients and Methods” p.164). No further in-

formation was given

Incomplete outcome data (attrition bias)

All outcomes

Low risk It is not known if the study was based on

an intention-to-treat (ITT) or per-protocol

technique

Attrition: a total of 3/24 patients (12.

5%) withdrew from the study early; 2 pa-

tients while receiving indapamide due to

severe faintness and 1 patient while receiv-

ing placebo due to severe hypertension

WDAEs: 3/24 (12.5%)

Selective reporting (reporting bias) Unclear risk Variability was not given for heart rate,

biochemical data or body weight. BP, bio-

chemical data and vital signs were presented

separately (not combined) for each group

of patients (group A and group B) as well

as for the indapamide and placebo treat-

ment phase. Therefore, both indapamide

and placebo represent 2 data sets. Mortali-

ties and SAEs were not reported. Total AEs

were presented for group A and B sepa-

rately, however there is no information in-

dicating which treatment (IND or PLB)

the patient was receiving at the time the ad-

verse event was reported
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Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

6 weeks. Johannesburg, South Africa

Participants DBP 95 to 115 mmHg. Mean age 61 years. Males 7%. Baseline standing BP was 157/

96 in the treatment group and 158/96 in the control group

Interventions Indapamide 2.5 mg/d or placebo. N = 35 randomized

Trial duration = 8 weeks (followed by another 8 weeks of magnesium chloride added

onto IND or PLB in patients with low serum potassium levels; not discussed in this

review)

Outcomes Mean standing and supine SBP and DBP at weeks 4, 8, 12 and 16; heart rate; body

weight, serum biochemistry; RBC Na+, K+ and Mg2+

Notes Incomplete reporting of total withdrawals. WDAEs, mortalities, SAEs and total AEs

were not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk ”....patients were randomly allocated, in

double-blind fashion, to indapamide 2.5

mg daily or matching placebo.“ (line 2 un-

der ”Trial Design“ p.274). No further in-

formation given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk No further information given on how

blinding was achieved. ”After 7 weeks both

groups received magnesium chloride pre-

sented as enteric-coated slow-release 535

mg tablets, taken in two doses, 3 at break-

fast and 3 at dinner, for a further 8 weeks.“

(line 6 under ”Trial Design“ p.274). It was

further stated that, ”Although magnesium

chloride was not given in double-blind

form it appears to have had no additive ef-

fect, either alone or with indapamide, on

the blood pressure in these elderly patients

with mild hypertension.“ (line 6 from bot-

tom p.276). Comment: adding another ac-

tive medication at the midpoint of the trial

could have compromised patient blinding.

Some patients, those with low serum potas-

sium levels, were administered supplemen-

tal potassium medication

146Blood pressure-lowering efficacy of monotherapy with thiazide diuretics for primary hypertension (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Taylor 1988 (Continued)

Incomplete outcome data (attrition bias)

All outcomes

High risk The study authors did not state whether

the primary efficacy analysis was based on

an intention-to-treat (ITT) or per-protocol

technique

Exclusions: it is not known if any patients

were excluded from the study during the

placebo run-in period prior to randomiza-

tion

Attrition: 8/35 (23%) of patients withdrew

from the study, 2 - ”tachycardia“, 4 - ”de-

veloped diastolic pressure > 115 mmHg (1

- indapamide, 3 - placebo) and 2 - “left for

domestic reasons.”

WDAEs: not given

Selective reporting (reporting bias) High risk Heart rate, serum creatinine, calcium, uric

acid and hematology were measured but

not reported on at the end of the study. Re-

sults were expressed as mean ± SEM. Mor-

talities, SAEs and total AEs were not re-

ported

Industry sponsorship High risk Supported by Servier Laboratories SA (Pty)

Ltd and the South African Medical Re-

search Council

Vardan 1987

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

2 weeks. USA

Participants DBP 91 to 104 mmHg. Mean age not given. Males 65.7%. Baseline BP was 142.9/97.

3 mmHg in the treatment group and 144.9/96.8 mmHg in the control group

Interventions Chlorthalidone 15 mg (N = 71) or 25 mg/d (N = 75) or placebo (N = 76)

Trial duration = 12 weeks

Outcomes Mean standing and supine SBP and DBP (at weeks 2, 4, 8 and 12); pulse rate; body

weight, ECG, hematology, urinalysis, serum biochemistry; liver function tests

Notes A sample size calculation was not provided. The study included elderly (60 years or

older) patients with isolated systolic hypertension only (i.e. SBP 160 to 219 mmHg and

DBP < 90 mmHg). A step-up protocol was used wherein poor response (i.e. BP goal

not reached) after 4 weeks led to a doubling of drug dosage from 1 to 2 capsules of

chlorthalidone per day; poor response in patients receiving placebo led to a simulated

randomization with a doubling of placebo capsules. Therefore with increasing and/or

changing medication, BP results were taken from the first 4 weeks of the study only.

The study authors stated that there were no statistically significant differences (P value =
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Vardan 1987 (Continued)

NS) across treatment groups in baseline SBP and DBP. Gender and race were available

for all patients combined into one group therefore P values could not be calculated.

We determined that baseline biochemical levels were not statistically significant between

treatment groups. Mean ± SEM for BP data at 4, 8 and 12 weeks useful. Not all patients

received potassium supplementation. Mortalities and SAEs were not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “The patients were then randomly allo-

cated in double-blind fashion to receive the

15-mg or 25-mg chlorthalidone prepara-

tion or the placebo...” (left column, bot-

tom line of p.485). No further information

given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Low risk “The patients were then randomly allo-

cated in double-blind fashion to receive the

15-mg or 25-mg chlorthalidone prepara-

tion or the placebo in identical tablet forms

to be taken once a day throughout the trial

period of 12 weeks.” (left column, bottom

line of p.485)

Incomplete outcome data (attrition bias)

All outcomes

Low risk The study authors did not state whether

the primary efficacy analysis was based on

an intention-to-treat (ITT) or per-protocol

technique

Exclusions: 27,199 patients were screened;

2130 of these were included in the first

baseline clinic visit. 1579/2130 (74%) of

patients were excluded from the study dur-

ing the 3 baseline clinic visits following

screening, but prior to randomization

Attrition: 5/71 (7%) and 9/75 (12%) pa-

tients receiving chlorthalidone 15 mg and

25 mg doses, respectively, and 6/76 (8%)

patients receiving placebo withdrew from

the study. Reasons included: 12 patients for

“unacceptable side effects”, 5 - “further ele-

vation in blood pressure” and 3 - “protocol

violations”

WDAEs: 12 patients withdrew due to ad-

verse events (referred in the study as “unac-

ceptable side effects”). The specific reasons
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Vardan 1987 (Continued)

in the chlorthalidone 15 mg group were 3/

71 (4%) patients: 1 - “rash, drowsiness, de-

pression, weakness, sleep disturbances”, 1

- “nausea” and 1 - “rash with pruritus”; in

the chlorthalidone 25 mg group were 7/75

(9%) patients: 1 - “rash with pruritus”, 1 -

“painful eyes, headache, cramps, nausea”, 1

- “light-headedness, diplopia”, 1 - “coryza,

pruritus, flu symptoms”, 1 - “palpitations,

light-headedness”, 1 - “headache” and 1 -

“hypokalemia”. In the placebo group were

3/76 (4%) patients: 1 - “headache, edema,

tinnitus” and 1 - “rash, periorbital edema,

choking, swollen, ulcerated uvula”

Selective reporting (reporting bias) High risk ECG, hematology, urinalysis and liver

function were measured, but not reported

on in the study. Pulse rate was measured,

but not reported. Baseline for body weight

was not shown. Endpoint BP was expressed

as mean ± SE (standard error of the mean)

, not as change from baseline to endpoint.

SE was given for biochemical data, not SD.

Reporting of baseline patient demograph-

ics and characteristics was incomplete, i.

e. mean age and medical history were not

shown. Mortalities and SAEs were not doc-

umented

Total AEs: 22.5% (16/71), 32% (24/75)

and 19.7% (15/76) of patients from the

CTD 15 mg and 25 mg and placebo

groups, respectively. The 3 to 4 most com-

monly reported AEs in each treatment

group were mentioned

Industry sponsorship High risk Supported by Boehringer Ingelheim Phar-

maceuticals Inc.

Villamil 2007

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Multi-factorial.

Wash-out period = 1 week followed by a single-blind, placebo run-in of 2 to 4 weeks.

Multicenter, USA

Participants Sitting DBP 95 to < 110 mmHg. Mean age: HCTZ (all doses) 55.2 years; placebo 54.4

years. Males 55%. Baseline BP was 153.8/99.2 mmHg in the HCTZ treatment group

(all doses) and 152.7/99.3 mmHg in the placebo group
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Interventions Aliskiren 75 mg (N = 184), 150 mg (N = 185) or 300 mg/d (N = 183), aliskiren 75 mg,

150 mg or 300 mg/d + HCTZ 6.25 mg, 12.5 mg or 25 mg/d (all combined, N = 1471)

, HCTZ 6.25 mg (N = 194), 12.5 mg (N = 188) or 25 mg/d (N = 176) or placebo (N

= 195)

Trial duration = 8 weeks

Outcomes Change from the baseline in mean trough sitting DBP and SBP (at 2-week intervals);

response rate; heart rate, plasma renin activity and renin concentrations; serum potassium

levels

Notes A sample size calculation was provided based on 161 patients per treatment group to

detect a difference of 3.2 mmHg (SD ± 8 mmHg) in DBP between combination therapy

and both respective monotherapy treatment groups at a power of 90%. Comparison

between aliskiren monotherapy and placebo groups also calculated. The study authors

stated that the baseline patient demographics and characteristics were similar across

treatment groups. Total withdrawals and SAEs not given

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “This was an 8-week, multicenter, ran-

domised, double-blind, placebo-con-

trolled, multifactorial, parallel-group trial.

” (line 1 under “Study Design” p.218). No

further information given

Allocation concealment (selection bias) Unclear risk Not stated by the study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “Eligible patients were randomised to re-

ceive double-blind treatment with placebo,

aliskiren monotherapy (75, 150 or 300 mg)

, HCTZ monotherapy (6.25, 12.5 or 25

mg), or a combination of aliskerin and

HCTZ (every dose combination except

aliskerin/HCTZ 300/6.25 mg) in a facto-

rial design.” (line 11 under “Study Design”

p.218). No further information given

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk The primary and secondary efficacy analy-

sis was based on an intention-to-treat (ITT)

technique

Exclusions: 414/3190 (13%) of patients

were excluded from the study during the

placebo run-in period prior to randomiza-

tion

Attrition: total withdrawals were not given

WDAEs: 1%, 0.5% and 2.3% of patients
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in the HCTZ 6.25, 12.5 and 25 mg treat-

ment groups, respectively, and 3.6% of pa-

tients in the placebo group withdrew due

to adverse events. The specific reasons were

not given

Selective reporting (reporting bias) High risk Dose-response surface analyses graphs for

BP were not shown. Heart rate was mea-

sured, but not reported in the study. Vari-

ability was not included in the baseline pa-

tient demographics and characteristics. SE

was given for DBP data, not SD. Variability

in SBP was not shown. Other than the re-

porting of results for PRA and serum potas-

sium levels, biochemical data were incom-

plete. Mortalities: no patients died while

receiving HCTZ monotherapy or placebo.

SAEs were not clearly documented. The

study authors only provided a general range

of 0% to 2.6% in the incidence of SAEs

across all treatment groups. Total AEs were:

39%, 42% and 42% of patients in the

HCTZ 6.25, 12.5 and 25 mg treatment

groups, respectively, and 44% of patients

on placebo. Treatment-related AEs were

also reported

Industry sponsorship Unclear risk Sponsor not reported

Weidler 1995

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

4 weeks. Multicenter, USA

Participants DBP 95 to 110 mmHg. Mean age 60.9 years. Males 48%. Baseline BP was 150.7/98.9

mmHg in the treatment group and 152.5/98.7 mmHg in the control group

Interventions Indapamide 1.25 mg/d (N = 111) or placebo (N = 111)

Trial duration = 8 weeks

Outcomes Change from the baseline in mean trough sitting and standing SBP and DBP (at weeks

2, 4, 6 and 8); BP response rate; heart rate; ECG, vital signs, body weight, hematology,

urinalysis, serum biochemistry

Notes A sample size calculation was not provided. Only patients older than 50 years of age were

included in the study. The study authors did not state whether there were any statisti-

cally significant differences in baseline patient demographics and characteristics across

treatment groups. The number of participants changes for BP over time. Mortalities and
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Weidler 1995 (Continued)

SAEs were not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “Patients who met the entry criteria were

randomised at the end of a 4-week single-

blind placebo washout period to either 1.25

mg of indapamide or placebo in a double-

blind manner.” (line 1 under “Design” p.

46). No further information was given

Allocation concealment (selection bias) Unclear risk Not stated by the study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “Patients who met the entry criteria were

randomised at the end of a 4-week single-

blind placebo washout period to either 1.25

mg of indapamide or placebo in a double-

blind manner.” (line 1 under “Design” p.

46). No further information was given

Incomplete outcome data (attrition bias)

All outcomes

High risk The primary efficacy analysis was based on

the “treated patient” population

Exclusions: 414/3190 (13%) of patients

were excluded from the study during the

placebo run-in period prior to randomiza-

tion

Attrition: 30/111 (27%) of patients in the

indapamide (IND) group and 24/111 (21.

6%) of patients on placebo withdrew from

the study for the following reasons: (IND;

placebo) 20;12 - “protocol violations”, 6;5

- “clinical adverse events”, 1;2 - “lack of

efficacy”, 1;1 - “lost to follow-up” and 2;1 -

“withdrawal of consent”; 0;1 - “laboratory

adverse event”; 0;2 - “other reasons”

WDAEs: 6/111 (5.4%) of patients in

the indapamide group withdrew due to

adverse events including 1 patient each

for “headache and dizziness”, “headache

and abnormal vision”, “hyperthyroidism”,

“dizziness and tinnitus”, “atrial fibrilla-

tion” and “dizziness”. 5/111 of patients on

placebo (4.5%) withdrew due to AEs in-

cluding 1 patient each for “bone fracture

and skin disorder”, “edema”, “depression”,

“hypotension, dizziness and asthenia” and

“dizziness”
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Weidler 1995 (Continued)

Selective reporting (reporting bias) High risk Variability in baseline patient demograph-

ics and characteristics was not given. Re-

sults for serum biochemistry (except for

potassium, uric acid and BUN levels),

hematology, lipids, urinalysis, heart rate

and ECG were measured, but actual val-

ues were not shown in the study. SE (stan-

dard error of the mean) was given for mean

change from baseline in BP, not SD. Mor-

talities and SAEs were not documented.

Total AEs: 41% (46/111) of patients from

the indapamide group and 40% (44/111)

from the placebo group. AEs were listed by

body system in at least 3% of patients in

either treatment group

Industry sponsorship Unclear risk Sponsor not reported

Weir 1992

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

4 to 6 weeks. Multicenter, USA

Participants Supine DBP 95 to 110 mmHg. Mean age 53.5 years. Males 65%. Baseline BP 152.6/

99.8 mmHg in HCTZ group and 152.7/99.5 mmHg in placebo group

Interventions Diltiazem SR 60 mg, 90 mg or 120 mg bid (all combined, N = 72), diltiazem SR 60

mg, 90 mg or 120 mg bid + HCTZ 6.25 mg or 12.5 mg bid (all combined, N = 75),

HCTZ 6.25 mg or 12.5 mg bid (all combined, N = 76), or placebo (N = 75)

Trial duration = 12 weeks (3 consecutive 4-week treatment periods; 1st 8 weeks of data

available)

Outcomes Change from baseline in mean trough standing and supine DBP and SBP (at weeks 4,

8 and 12); BP response rate; heart rate, ECG and serum biochemistry

Notes A sample size calculation was not provided. Patients in the 6.25 mg indapamide group

were subjected to forced titration to 12.5 mg indapamide 8 weeks into DB treatment.

Therefore, data after 8 weeks were excluded from the review. The study authors stated

that the baseline patient demographics and characteristics (i.e. age, race, smoking status,

height and body weight) were similar across treatment groups except for gender. All

patients receiving the HCTZ 6.25 mg bid dose were force-titrated to HCTZ 12.5 mg

bid after 8 weeks. Mortalities, SAES and total AEs were not reported

Risk of bias

Bias Authors’ judgement Support for judgement
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Weir 1992 (Continued)

Random sequence generation (selection

bias)

Unclear risk “This was a randomised, double-blind,

placebo-controlled, parallel-group, mul-

ticentre study comparing various doses

of DTZ SR/HCTZ combination therapy

with DTZ SR and HCTZ monotherapies

and placebo... ” (line 1 under “Methods-

Study Design” p.134). “...qualifying pa-

tients were randomised to a 12-week dou-

ble-blind treatment phase...” (line 13 un-

der “Methods-Study Design” p.134). No

further information was given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “...qualifying patients were randomised to

a 12-week double-blind treatment phase...

” (line 13 under “Methods-Study Design”

p.134). No further information was given

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk The primary efficacy analysis was based on

an intention-to-treat (ITT) technique with

the LOCF (last observation carried for-

ward)

Exclusions: 115/413 (28%) of patients

were excluded from the study during the

placebo run-in period prior to randomiza-

tion

Attrition: 44/298 (15%) of patients with-

drew from the study. Reasons given in-

cluded “intolerable side effects” and “in-

ability to control BP”, however these 2 rea-

sons did not account for all patients with-

drawing. Specific reasons were not given

and from which group the patients origi-

nated is not known

WDAEs: if assumed to be equivalent to

“intolerable side effects”, there were 6 pa-

tients from the HCTZ group and 2 from

the placebo group who withdrew due to ad-

verse events. Specific reasons were not given

Selective reporting (reporting bias) High risk ECG was not reported at the study’s end-

point. BP data were available in graph form

only. SE (not SD) was included in mean

BP change. Mortalities, SAEs, total AEs

were not documented. Treatment-related

AEs were reported
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Weir 1992 (Continued)

Industry sponsorship High risk Funded by research grant from Marion

Merrell Dow Inc.

Yodfat 1994

Methods Randomized, double-blind, placebo-controlled trial (parallel arms). Wash-out period =

4 weeks. Multicenter; Israel and Italy

Participants Sitting DBP > 100 mmHg. Mean age 53 years. 65% males. Baseline BP was not given

Interventions Cilazapril 2.5 mg or 5 mg/d (all combined, N = 94), cilazapril 1.25 mg, 2.5 mg or 5 mg/

d + HCTZ 6.25 mg, 12.5 mg or 25 mg/d (all combined, N = 142), HCTZ 12.5 mg or

25 mg/d (all combined, N = 95), or placebo (N = 46)

Trial duration = 8 weeks

Outcomes Change from baseline in mean trough sitting DBP and SBP (at weeks 2, 6 and 8); peak

BP; response rate; pulse rate, ECG, hematology, urinalysis and serum biochemistry

Notes A sample size calculation was not provided. The study authors did not state whether

there were statistically significant differences between the treatment groups in terms of

the baseline patient demographics and characteristics. We determined there to be no

statistically significant differences (P value = NS) in mean age, body weight, height or

gender. Mortalities and total AEs not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “This report presents the results of a paral-

lel-group, placebo-controlled, randomised

study...” (line 12 from top of p.118). “All

patients who entered period II were ran-

domly assigned to a double-blind, fixed

dose, active treatment period of eight

weeks.” (line 6 (right column) from top of

p.118). No further information was given

Allocation concealment (selection bias) Unclear risk Not stated by study authors

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk “All patients who entered period II were

randomly assigned to a double-blind, fixed

dose, active treatment period of eight

weeks.” (line 6 (right column) from top of

p.118). No further information was given

Incomplete outcome data (attrition bias)

All outcomes

Low risk The primary efficacy analysis was based on

an intention-to-treat (ITT) technique
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Yodfat 1994 (Continued)

Exclusions: 161/538 (30%) of patients

were excluded from the study during the

placebo run-in period prior to randomiza-

tion

Attrition: 14/377 (3.7%) of patients with-

drew from the study; the specific reasons

and the treatment groups from which the

patients originated were not given

WDAEs: 7/377 (1.9%) of patients with-

drew due to “adverse reactions”, includ-

ing 1 from the HCTZ group, however it

is not known which dosage, 12.5 or 25

mg, the patient was receiving (the other 6

patients were receiving cilazapril + HCTZ

combo therapy). The specific reasons were

not given

Selective reporting (reporting bias) High risk Heart rate, body weight, ECG, hematol-

ogy, serum biochemistry and urinalysis re-

sults were measured but actual values were

not reported at the study’s endpoint. Data

for the HCTZ 12.5 mg and 25 mg treat-

ment groups were pooled. BP measure-

ments were not shown beyond week 4 of

the 8-week study. All DBP data were in

graph form only and variability in the mean

was not given. SBP was measured, but not

shown

Baseline patient demographics and char-

acteristics did not include medical history.

Mortalities: not given

SAEs: 3 patients receiving HCTZ (12.

5 and 25 mg groups combined) for “ag-

gravated hypertension”, “AV-block” and

“angina”. Total AEs were not reported;

treatment-related AEs were. Only the 5

most commonly occurring AEs in patients

receiving combination therapy (i.e. cilaza-

pril + HCTZ) were listed

Industry sponsorship Unclear risk Sponsor not reported

ACE: angiotensin-converting enzyme

AE: adverse effect

BDFZ: bendrofluazide

bid: twice a day

BMI: body mass index

BP: blood pressure
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BUN: blood urea nitrogen

CI: confidence interval

CLZ: cilazapril

CTD: chlorthalidone

d: day

DB: double-blind

DBP: diastolic blood pressure

ECG: electrocardiography

ER: extended release

GI: gastrointestinal

HCTZ: hydrochlorothiazide

HDL: high-density lipoprotein

HR: heart rate

IND: indapamide

IR: immediate release

ITT: intention-to-treat

LDL: low-density lipoprotein

LOCF: last observation carried forward

NS: non-significant

PLB: placebo

PRA: plasma renin activity

q12h: every 12 hours

RBC: red blood cells

SAE: serious adverse event

SBP: systolic blood pressure

SD: standard deviation

SE: standard error

SEM: standard error of the mean

SR: sustained release

VAL: valsartan

WBC: white blood cells

WDAE: withdrawal due to adverse events

XR: extended release

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Amery 1978 EPWHE study. Combination of 25 to 50 mg HCTZ with triamterene. Exclusion criteria met

Anavekar 1979 Randomized, double-blind, placebo-controlled trial (a cross-over trial). There is no parallel placebo

treatment arm

Bateman 1979 Randomized, double-blind, placebo-controlled trial. Meets criteria but data not available. Also there

was no wash-out period in between treatment periods. 1st 4 weeks’ data useful but not available.

Chlorthalidone 25 mg versus placebo
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Batterman 1966 Publication includes 110 trials in 62 patients which used both randomized and double-blind methods.

Blood pressure measurements were not taken under resting condition but determined as soon as the

patients were seated

Blaufox 1992 There is no mention of whether this RCT was double-blinded

Boike 1982 A double-blind, cross-over study in which data are not reported at the end of the first treatment period

(parallel placebo control part of the trial)

Borghi 1993 No mention if trial was blinded. Data available only from 6 months onwards. BP and biochemical data

from hypertensive patients were not reported separately from those of normotensive patients

Carretta 1988a A single-blinded, cross-over trial. Indapamide 2.5 mg versus placebo for 3 months. There was no wash-

out between cross-over treatment so data from 1st 3 months useful but not available

Carretta 1988b A double-blind, cross-over study in which data are not reported at the end of the first treatment period

(parallel placebo control part of the trial)

Chalmers 1976 A double-blind, cross-over study in which data are not reported at the end of the first treatment period

(parallel placebo control part of the trial)

Chalmers 1982 A double-blind, cross-over study in which data are not reported at the end of the first treatment period

(parallel placebo control part of the trial)

Chalmers 1986 A double-blind, cross-over study in which data are not reported at the end of the first treatment period

(parallel placebo control part of the trial)

Christiansen 1981 Randomized, double-blind, placebo-controlled trial. Bendroflumethiazide 5 mg/day versus placebo.

Patients were all healthy, postmenopausal women (selection of patients was not based on blood pressure,

except if > 170/105 mmHg)

Consoli 1985 Foreign language (Italian). No placebo treatment arm

Cranston 1962 Although it is a double-blind RCT in 10 patients randomized to chlorthalidone 50 mg/day or placebo,

data are available at week 27 and not between 3 and 12 weeks

Crowe 1987 There was a placebo wash-out period prior to randomization but no parallel placebo treatment arm

Datta 1989 Randomized, double-blind, placebo-controlled trial. BP data reported at baseline and 24 weeks. Data

requested but not available for other time points in between. The author is deceased

Davis 1993 Subgroup of TAIM study. The TAIM study is a double-blind RCT. Patients were randomized to placebo,

chlorthalidone 25 mg/day or atenolol 50 mg/day. However, the dose was titrated only in non-responders

from 2 weeks onwards

Dean 1971 Although randomized patients to HCTZ and placebo there is no mention of a wash-out period before

randomization
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Durel 1992 A double-blind, cross-over study in which data are not reported at the end of the first treatment period

(parallel placebo control part of the trial)

Eames 2005 Randomized, double-blind, placebo-controlled trial. Bendrofluazide 2.5 mg/d versus placebo. Study

duration was 7 days

Elliot 1991 Randomized, double-blind, placebo-controlled trial (a cross-over trial). Indapamide 1.25 mg, HCTZ

25 mg/day or placebo for 4 weeks. No wash-out between treatments. 1st 4 weeks’ data not available

Erwteman 1984 A double-blind, cross-over study in which data are not reported at the end of the first treatment period

(parallel placebo control part of the trial)

Fagard 1976 No mention if trial was randomized. In addition to patients with essential hypertension there were 7

with renovascular hypertension and 5 with renal parenchymal hypertension, however separate data for

these 3 groups of patients were not available

Fernandez 1980 A double-blind, cross-over study in which data are not reported at the end of the first treatment period

(parallel placebo control part of the trial)

Flack 2001 Multicentre randomized, double-blind, placebo-controlled trial. Combination therapy consisting of

hydrochlorothiazide and losartan versus placebo. HCTZ monotherapy treatment arm absent

Gall 1992 Randomized, double-blind, placebo-controlled trial (a cross-over trial). No wash-out phase between

cross-over. 12.5 mg/day in 1st 4 weeks after which the dose was doubled in non-responders only.

Therefore, only 1st 4 weeks’ data useful but not available

Galloway 1974 Randomized, double-blind, placebo-controlled trial. Meets criteria but data not available. Cross-over

without a wash-out period in between treatment. 1st 4 weeks’ data useful but not available. Bendroflu-

azide 2.5 mg or placebo for 4 weeks. DBP recorded by phase IV muffle sound

Gerber 1985 This is a single-blinded RCT and is therefore excluded

Gleerup 1996 Randomized, double-blind, placebo-controlled trial (a cross-over trial). HCTZ 24 mg versus placebo.

Since no wash-out period before cross-over, data from 1st 4 weeks useful but not available

Goldman 1980 VA study. Randomized, double-blind, placebo-controlled trial. Baseline inclusion 85 to 105 mmHg;

since mean DBP > 90 mmHg, inclusion was justified. Chlorthalidone 50 mg/day versus placebo. Step

1 data useful. At step 2, dose was doubled in non-responders only. Data given at the end of 1 year and

not the required 3 to 12-week window

Grimm 1981 A double-blind, cross-over study in which data are not reported at the end of the first treatment period

(parallel placebo control part of the trial)

Grimm 2002 Randomized, double-blind, placebo-controlled trial. Chlorthalidone 15 mg/day versus placebo. 15 mg

dose of CTD was doubled to 30 mg/day in non-responders only. Also, BP data was not reported

separately for the 2 CTD doses
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(Continued)

Hobbs 1964 Randomized, double-blind placebo controlled trial that meets the criteria but provides only mean BP

data. Data for SBP and DBP were not provided

Horvath 1979 Bendrofluazide versus placebo in 18 patients with a treatment period of 8 weeks’ duration. No wash-

out period. The 1st 8 weeks’ data useful but not available. Also BP recorded as mean arterial pressure

Jackson 1986 Randomized, double-blind, placebo-controlled trial (a cross-over trial). HCTZ + amiloride combination

was used therefore the trial was excluded. There was no thiazide monotherapy arm

Jain 1985 All patients were started on chlorthalidone 25 mg/day open-label for 2 weeks and then randomized to

added therapy with either guanfacine or clonidine. There was no parallel placebo arm

Johnson 1986 Randomized, double-blind, placebo-controlled trial. A cross-over trial without a wash-out period be-

tween treatment. Data needed from the 1st 4 weeks but not available. HCTZ 100 mg/day versus

placebo

Jueng 1987 After 1 week of double-blind therapy, dose of HCTZ was doubled (from 25 mg to 50 mg) in patients

not responding to treatment (defined as a diastolic BP > 90 mmHg). Inclusion criteria not met

Koskelainen 1985 A double-blind, cross-over study in which data are not reported at the end of the first treatment period

(parallel placebo control part of the trial)

Kuramoto 1981 Randomized, double-blind, placebo-controlled trial. Meets criteria but data not available. 35/44 patients

were treated with thiazide monotherapy (i.e. trichlormethiazide 1 to 4 mg), however the exact number

of patients in each arm is not known. Data between weeks 3 and 12 are not reported

Kuramoto 1985 Japanese language trial. No parallel placebo arm, therefore excluded

Lechi 1982 A double-blind, cross-over study in which data are not reported at the end of the first treatment period

(parallel placebo control part of the trial)

Lutterodt 1980 Randomized, double-blind, placebo-controlled trial. Meets criteria but data not available. A cross-over

trial without a wash-out period in between treatment. 1st 12 weeks’ data useful but not available. HCTZ

50 mg or placebo. N = 27 of which 16 were eliminated so more than 50% withdrawals. The remaining

11 patients completed the trial. Mean arterial pressure given. SBP or DBP not given

Materson 1993 Randomized, double-blind, placebo-controlled trial. Inclusion DBP 95 to 109 mmHg. HCTZ 12.5

mg up to 50 mg/day. Dose titrated every 2 weeks until DBP < 90 mmHg was achieved or maximal pre-

determined dose reached (data, however, were not available in the 1st 4 weeks)

Maus 1978 Foreign language trial (French). No placebo arm

Maximilian 1970 Foreign language trial (Romanian)

McCorvey 1993 Randomized, double-blind, placebo-controlled trial (cross-over trial). No adequate drug wash-out prior

to randomization of patients to either enalapril, propranolol, HCTZ or placebo
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(Continued)

Merrill 1987 No placebo arm of study

Milliez 1975 Randomized, double-blind, placebo-controlled trial (cross-over design). Meets criteria but data not

available. No wash-out period in between treatment periods. 1st 6 weeks data useful but not available.

Indapamide 5 mg or chlorothiazide 500 mg or placebo for 1 month. WDAE not given

Morgan 2001 Randomized, placebo-controlled trial. Trial not blinded

Moser 1986 Trial not randomized

MRC Working Party 1983 Randomized, double-blind, placebo-controlled trial. Meets criteria but data not available. Bendroflu-

azide 5 or 10 mg/day versus placebo. Also the number of patients taking 5 mg or 10 mg not specified

Muiesan 1987 Randomized, placebo-controlled trial. Single-blinded, stepped-up dosage for patients who did not

respond after 4 weeks of double-blind active treatment. Only patients with a DBP < 100 mmHg were

permitted to enter a subsequent phase of double-blind treatment

Myers 1982 Randomized, double-blind, placebo-controlled trial. Meets criteria but data not available. Diuretic

treatment arms combined together. No wash-out period prior to double-blind treatment

Myers 1983 Randomized, double-blind, placebo-controlled trial (cross-over trial). No wash-out period prior to

randomization of patients to double-blind treatment and no drug wash-out between treatment periods.

It meets the criteria but data from 1st 6 weeks not available. HCTZ 50 mg versus placebo

Okun 1978 Randomized, double-blind, placebo-controlled trial with 4 weeks wash-out period. Ticrynafen 250 mg,

HCTZ 50 mg or placebo for 6 weeks. Dose titrated after 2 weeks in patients whose BP did not decrease

by more than 10 mmHg

Okun 1979 Randomized, double-blind, placebo-controlled trial. Tienilic acid 250 mg, HCTZ 50 mg versus placebo.

2 weeks after randomization dose doubled in patients whose BP did not decrease by 10 mmHg. Does

not meet inclusion criteria

PATS Col. Group 1995 Randomized, double-blind, placebo-controlled trial. Indapamide 2.5 mg versus placebo. Patients in-

cluded hypertensive and normotensive with history of a minor or major stroke (cut-off values for base-

line BP were not specified)

Petersen 1996 Randomized, double-blind, placebo-controlled trial (a cross-over trial). HCTZ 6 mg versus placebo.

Since no wash-out period before cross-over, data from 1st 4 weeks useful but not available

Reisin 1997 Randomized, double-blind, placebo-controlled trial where data from first 4 weeks after randomization,

before dose was titrated in non-responders could have been included. Author (Reisin) was contacted

by email. He lost the data from this study in hurricane Katrina

Russel 1968 Meets criteria but data not available. Randomized, double-blind, placebo-controlled trial cross-over

without wash-out period in between treatment. 1st 6 weeks’ data useful but not available. HCTZ 200

mg versus placebo
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(Continued)

Safar 1994 Although it meets the inclusion criteria, data are available only in poster format. Details of the study

methodology not available and unable to grade quality of evidence

Salvetti 1969 Randomized, double-blind, placebo-controlled trial (cross-over design). Wash-out phase between dou-

ble-blind treatment not mentioned. Inclusion DBP 101 to 114 mmHg. Chlorthalidone 25 mg/day or

placebo for 1 month. Data for 1 month not available

Salvetti 1989 A double-blind, cross-over study in which data are not reported at the end of the first treatment period

(parallel placebo control part of the trial)

Samson 1965 Randomized, double-blind, placebo-controlled trial. Cross-over design (3 treatment periods in each

patient: chlorthalidone 100 mg/d, polythiazide 4 mg/d, placebo; duration of each period was 2 months

- no data between 3 and 12 weeks available). Also, there was no placebo run-in period

Schaller 1985 This trial, although double-blind, does not mention whether patients were randomized to indapamide

or placebo

Shahinfar 1999 Double-blind randomized controlled trial. There was no wash-out period prior to randomization - all

patients received HCTZ

Shimizu 1977 A foreign language RCT (Japanese). Non-blinded in methodology, therefore excluded from this review

Siegel 1990 Patients were withdrawn from diuretic treatment before entering study. Outcome is left ventricular

hypertrophy (LVH) on ECG. No data on SBP, DBP or WDAEs

Stein 1992 Dose-ranging trial in 19 black patients. Each dose of 6.25 mg, 12.5 mg, 25 mg and 50 mg of hy-

drochlorothiazide or placebo given randomly for 6 weeks. No wash-out between treatment periods.

Data from 1st 6 weeks useful but not available

Stornello 1990 A double-blind, cross-over study in which data are not reported at the end of the first treatment period

(parallel placebo control part of the trial)

TOMHS 1991 Randomized, double-blind, placebo-controlled trial. TOMHS (the Treatment Of Mild Hypertension

Research) Group, USA. Trial excluded because dose of chlorthalidone was doubled from 15 mg to 30

mg daily in non-responding patients only (defined as a diastolic BP ≥ 95 mmHg on 3 successive visits

or ≥ 105 mmHg at a single visit). Data from the titrated group were not available separately

Duplicate publications (e.g. Grimm Jr. JAMA,1996)

Valmin 1975 Randomized, double-blind, placebo-controlled trial (cross-over design). Meets criteria but data not

available. No wash-out period in between treatment periods. 1st 4 weeks’ data useful but not available.

Furosemide 12.5 mg, 25 mg, 40 mg, or HCTZ 25 mg or placebo for 4 weeks

Wassertheil-Smoller 1992 TAIM study is a double-blind RCT with patients randomized to placebo, chlorthalidone 25 mg/day

or atenolol 50 mg/day. However, dose was titrated in non-responders only from 2 weeks onwards

Weber 1977 Randomized, double-blind, placebo-controlled trial (cross-over trial). Meets criteria but data not avail-

able. No wash-out in between treatment periods. 1st 4 weeks’ data useful but not available. Xipamide

20 mg, 40 mg or placebo
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(Continued)

Webster 1980 A double-blind, cross-over study in which data are not reported at the end of the first treatment period

(parallel placebo control part of the trial)

Weinberger 1983 Randomized, placebo-controlled trial (Study B). Blinding of trial not mentioned nor referenced as

blinded in PubMed (MeSH terms)

Wiggam 1999 A double-blind, cross-over study in which data are not reported at the end of the first treatment period

(parallel placebo control part of the trial)

Wilcox 1978 Randomized, double-blind, placebo-controlled trial (cross-over trial). Does not meet inclusion criteria

as treatment below the minimum 3 weeks’ duration. Bendrofluazide 5 mg or 10 mg versus placebo.

Each dose given for only 2 weeks

Wing 1982 Meets criteria but data not available. Randomized, double-blind, placebo-controlled trial, cross-over

study with no wash-out period in between treatment. 1st 5 weeks’ data valid but not available

Wing 1997 Randomized, double-blind, placebo-controlled trial (cross-over trial). No wash-out period before cross-

ing over treatment. After 1st 2 weeks of double-blind treatment HCTZ 25 mg titrated to achieve SBP

< or = 160 mmHg in non-responders only

Wing 1998 Randomized, double-blind trial (cross-over trial). Not placebo-controlled. No wash-out between treat-

ment periods. Last 2 weeks of data provided for each 6-week phase of treatment. No thiazide monother-

apy arm; combination therapy of indapamide plus perindopril only

Zachariah 1993 Study #1 This double-blind placebo-controlled RCT meets the inclusion criteria but since the number of patients

randomized to each treatment group has not been reported it had to be excluded in the data analysis

Zachariah 1993 Study #2 This double-blind placebo-controlled RCT meets the inclusion criteria but since the number of patients

randomized to each treatment group has not been reported it had to be excluded in the data analysis

BP: blood pressure

CTD: chlorthalidone

d: day

DBP: diastolic blood pressure

ECG: electrocardiogram

HCTZ: hydrochlorothiazide

RCT: randomized controlled trial

SBP: systolic blood pressure

WDAE: withdrawals due to adverse effects
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D A T A A N D A N A L Y S E S

Comparison 1. Bendrofluazide versus placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Systolic blood pressure 1 257 Mean Difference (IV, Fixed, 95% CI) -10.43 [-14.06, -6.

80]

1.1 1.25 mg/day 1 63 Mean Difference (IV, Fixed, 95% CI) -7.70 [-14.98, -0.42]

1.2 2.5 mg/day 1 65 Mean Difference (IV, Fixed, 95% CI) -10.9 [-18.14, -3.66]

1.3 5.0 mg/day 1 65 Mean Difference (IV, Fixed, 95% CI) -10.6 [-17.84, -3.36]

1.4 10 mg/day 1 64 Mean Difference (IV, Fixed, 95% CI) -12.5 [-19.76, -5.24]

2 Diastolic blood pressure 1 257 Mean Difference (IV, Fixed, 95% CI) -6.48 [-8.82, -4.14]

2.1 1.25 mg/day 1 63 Mean Difference (IV, Fixed, 95% CI) -5.80 [-10.49, -1.11]

2.2 2.5 mg/day 1 65 Mean Difference (IV, Fixed, 95% CI) -6.9 [-11.57, -2.23]

2.3 5.0 mg/day 1 65 Mean Difference (IV, Fixed, 95% CI) -6.20 [-10.87, -1.53]

2.4 10 mg/day 1 64 Mean Difference (IV, Fixed, 95% CI) -7.0 [-11.68, -2.32]

3 Withdrawals due to adverse

effects

1 257 Odds Ratio (M-H, Fixed, 95% CI) 0.19 [0.07, 0.57]

3.1 1.25 mg/day 1 63 Odds Ratio (M-H, Fixed, 95% CI) 0.23 [0.03, 1.81]

3.2 2.5 mg/day 1 65 Odds Ratio (M-H, Fixed, 95% CI) 0.22 [0.03, 1.74]

3.3 5.0 mg/day 1 65 Odds Ratio (M-H, Fixed, 95% CI) 0.11 [0.01, 1.30]

3.4 10 mg/day 1 64 Odds Ratio (M-H, Fixed, 95% CI) 0.22 [0.03, 1.77]

4 Serum potassium mmol/L 1 257 Mean Difference (IV, Fixed, 95% CI) -0.37 [-0.50, -0.24]

4.1 1.25 mg/day 1 63 Mean Difference (IV, Fixed, 95% CI) -0.25 [-0.51, 0.01]

4.2 2.5 mg/day 1 65 Mean Difference (IV, Fixed, 95% CI) -0.29 [-0.54, -0.04]

4.3 5.0 mg/day 1 65 Mean Difference (IV, Fixed, 95% CI) -0.42 [-0.68, -0.16]

4.4 10 mg/day 1 64 Mean Difference (IV, Fixed, 95% CI) -0.54 [-0.80, -0.28]

5 Serum uric acid µmol/L 1 257 Mean Difference (IV, Fixed, 95% CI) 46.57 [33.24, 59.91]

5.1 1.25 mg/day 1 63 Mean Difference (IV, Fixed, 95% CI) 24.0 [0.04, 47.96]

5.2 2.5 mg/day 1 65 Mean Difference (IV, Fixed, 95% CI) 34.0 [8.33, 59.67]

5.3 5.0 mg/day 1 65 Mean Difference (IV, Fixed, 95% CI) 68.0 [33.12, 102.88]

5.4 10 mg/day 1 64 Mean Difference (IV, Fixed, 95% CI) 73.0 [47.55, 98.45]

6 Serum creatinine µmol/L 1 257 Mean Difference (IV, Fixed, 95% CI) 5.50 [1.90, 9.11]

6.1 1.25 mg/day 1 63 Mean Difference (IV, Fixed, 95% CI) 5.1 [-1.89, 12.09]

6.2 2.5 mg/day 1 65 Mean Difference (IV, Fixed, 95% CI) 5.2 [-1.63, 12.03]

6.3 5.0 mg/day 1 65 Mean Difference (IV, Fixed, 95% CI) 5.00 [-3.58, 13.58]

6.4 10 mg/day 1 64 Mean Difference (IV, Fixed, 95% CI) 6.5 [-0.33, 13.33]

7 Serum blood glucose mmol/L 1 257 Mean Difference (IV, Fixed, 95% CI) 0.13 [-0.06, 0.33]

7.1 1.25 mg/day 1 63 Mean Difference (IV, Fixed, 95% CI) -0.11 [-0.49, 0.27]

7.2 2.5 mg/day 1 65 Mean Difference (IV, Fixed, 95% CI) 0.22 [-0.15, 0.59]

7.3 5.0 mg/day 1 65 Mean Difference (IV, Fixed, 95% CI) 0.12 [-0.25, 0.49]

7.4 10 mg/day 1 64 Mean Difference (IV, Fixed, 95% CI) 0.35 [-0.09, 0.79]

8 Total cholesterol mmol/L 1 257 Mean Difference (IV, Fixed, 95% CI) 0.15 [-0.05, 0.35]

8.1 1.25 mg/day 1 63 Mean Difference (IV, Fixed, 95% CI) 0.03 [-0.38, 0.44]

8.2 2.5 mg/day 1 65 Mean Difference (IV, Fixed, 95% CI) 0.06 [-0.34, 0.46]

8.3 5.0 mg/day 1 65 Mean Difference (IV, Fixed, 95% CI) 0.18 [-0.22, 0.58]

8.4 10 mg/day 1 64 Mean Difference (IV, Fixed, 95% CI) 0.31 [-0.08, 0.70]

9 Triglycerides mmol/L 1 257 Mean Difference (IV, Fixed, 95% CI) 0.26 [-0.06, 0.58]
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9.1 1.25 mg/day 1 63 Mean Difference (IV, Fixed, 95% CI) 0.13 [-0.49, 0.75]

9.2 2.5 mg/day 1 65 Mean Difference (IV, Fixed, 95% CI) 0.52 [-0.11, 1.15]

9.3 5.0 mg/day 1 65 Mean Difference (IV, Fixed, 95% CI) 0.08 [-0.65, 0.81]

9.4 10 mg/day 1 64 Mean Difference (IV, Fixed, 95% CI) 0.27 [-0.34, 0.88]

Comparison 2. Cyclopenthiazide versus placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Systolic blood pressure 1 53 Mean Difference (IV, Fixed, 95% CI) -10.75 [-18.44, -3.

05]

1.1 0.05 mg/day 1 17 Mean Difference (IV, Fixed, 95% CI) -5.3 [-18.71, 8.11]

1.2 0.125 mg/day 1 19 Mean Difference (IV, Fixed, 95% CI) -12.0 [-25.16, 1.16]

1.3 0.5 mg/day 1 17 Mean Difference (IV, Fixed, 95% CI) -14.90 [-28.31, -1.

49]

2 Diastolic blood pressure 1 53 Mean Difference (IV, Fixed, 95% CI) -6.23 [-11.19, -1.27]

2.1 0.05 mg/day 1 17 Mean Difference (IV, Fixed, 95% CI) -3.0 [-11.65, 5.65]

2.2 0.125mg/day 1 19 Mean Difference (IV, Fixed, 95% CI) -8.60 [-17.09, -0.11]

2.3 0.5 mg/day 1 17 Mean Difference (IV, Fixed, 95% CI) -7.0 [-15.65, 1.65]

3 Serum potassium µmol/L 1 53 Mean Difference (IV, Fixed, 95% CI) -0.18 [-0.42, 0.07]

3.1 0.05 mg/day 1 17 Mean Difference (IV, Fixed, 95% CI) 0.10 [-0.35, 0.55]

3.2 0.125 mg/day 1 19 Mean Difference (IV, Fixed, 95% CI) -0.10 [-0.52, 0.32]

3.3 0.5 mg/day 1 17 Mean Difference (IV, Fixed, 95% CI) -0.50 [-0.92, -0.08]

4 Serum uric acid µmol/L 1 53 Mean Difference (IV, Fixed, 95% CI) 19.54 [-36.18, 75.

26]

4.1 0.05 mg/day 1 17 Mean Difference (IV, Fixed, 95% CI) 30.0 [-70.86, 130.

86]

4.2 0.125 mg/day 1 19 Mean Difference (IV, Fixed, 95% CI) 20.0 [-75.05, 115.

05]

4.3 0.5 mg/day 1 17 Mean Difference (IV, Fixed, 95% CI) 10.0 [-84.04, 104.

04]

5 Total cholesterol mmol/L 1 47 Mean Difference (IV, Fixed, 95% CI) 0.79 [0.36, 1.23]

5.1 0.05 mg/day 1 16 Mean Difference (IV, Fixed, 95% CI) 1.2 [0.46, 1.94]

5.2 0.125 mg/day 1 17 Mean Difference (IV, Fixed, 95% CI) 0.90 [0.17, 1.63]

5.3 0.5 mg/day 1 14 Mean Difference (IV, Fixed, 95% CI) 0.2 [-0.60, 1.00]

6 Triglycerides mmol/L 1 48 Mean Difference (IV, Fixed, 95% CI) 0.20 [-0.17, 0.57]

6.1 0.05 mg/day 1 16 Mean Difference (IV, Fixed, 95% CI) 0.3 [-0.30, 0.90]

6.2 0.125 mg/day 1 17 Mean Difference (IV, Fixed, 95% CI) 0.4 [-0.29, 1.09]

6.3 0.5 mg/day 1 15 Mean Difference (IV, Fixed, 95% CI) -0.1 [-0.74, 0.54]
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Comparison 3. Metolazone versus placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Systolic blood pressure 1 105 Mean Difference (IV, Fixed, 95% CI) -11.63 [-16.89, -6.

38]

1.1 0.5 mg/day 1 35 Mean Difference (IV, Fixed, 95% CI) -11.40 [-20.50, -2.

30]

1.2 1.0 mg/day 1 34 Mean Difference (IV, Fixed, 95% CI) -11.6 [-20.75, -2.45]

1.3 2 mg/day 1 36 Mean Difference (IV, Fixed, 95% CI) -11.90 [-20.95, -2.

85]

2 Diastolic blood pressure 1 105 Mean Difference (IV, Fixed, 95% CI) -5.83 [-9.22, -2.44]

2.1 0.5 mg/day 1 35 Mean Difference (IV, Fixed, 95% CI) -5.90 [-11.77, -0.03]

2.2 1.0 mg/day 1 34 Mean Difference (IV, Fixed, 95% CI) -6.40 [-12.30, -0.50]

2.3 2.0 mg/day 1 36 Mean Difference (IV, Fixed, 95% CI) -5.2 [-11.04, 0.64]

Comparison 4. Chlorthalidone versus placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Systolic blood pressure 7 1153 Mean Difference (IV, Fixed, 95% CI) -11.98 [-13.71, -10.

24]

1.1 12.5 to 15 mg/day 3 185 Mean Difference (IV, Fixed, 95% CI) -10.09 [-13.88, -6.

30]

1.2 25 to 30 mg/day 5 752 Mean Difference (IV, Fixed, 95% CI) -13.64 [-16.03, -11.

25]

1.3 45 to 50 mg/day 4 192 Mean Difference (IV, Fixed, 95% CI) -9.92 [-13.44, -6.39]

1.4 75 mg/day 1 24 Mean Difference (IV, Fixed, 95% CI) -12.9 [-24.65, -1.15]

2 Diastolic blood pressure 7 1153 Mean Difference (IV, Fixed, 95% CI) -3.93 [-5.13, -2.74]

2.1 12.5 to 15 mg/day 3 185 Mean Difference (IV, Fixed, 95% CI) -2.55 [-5.07, -0.02]

2.2 25 to 30 mg/day 5 752 Mean Difference (IV, Fixed, 95% CI) -3.98 [-5.69, -2.28]

2.3 45 to 50 mg/day 4 192 Mean Difference (IV, Fixed, 95% CI) -4.91 [-7.29, -2.53]

2.4 75 mg/day 1 24 Mean Difference (IV, Fixed, 95% CI) -5.5 [-13.08, 2.08]

3 Withdrawals due to adverse

events

5 1058 Odds Ratio (M-H, Fixed, 95% CI) 0.49 [0.28, 0.87]

3.1 12.5 mg/day 2 85 Odds Ratio (M-H, Fixed, 95% CI) 0.11 [0.02, 0.55]

3.2 15 mg/day 1 101 Odds Ratio (M-H, Fixed, 95% CI) 0.79 [0.13, 4.94]

3.3 25 mg/day 4 732 Odds Ratio (M-H, Fixed, 95% CI) 0.68 [0.29, 1.57]

3.4 45 mg/day 1 34 Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

3.5 50 mg/day 2 81 Odds Ratio (M-H, Fixed, 95% CI) 0.42 [0.13, 1.43]

3.6 75 mg/day 1 25 Odds Ratio (M-H, Fixed, 95% CI) 0.85 [0.03, 23.82]

4 Serum potassium mmol/L 5 1203 Mean Difference (IV, Fixed, 95% CI) -0.40 [-0.45, -0.34]

4.1 12.5 to 15 mg/day 3 235 Mean Difference (IV, Fixed, 95% CI) -0.40 [-0.51, -0.29]

4.2 25 to 30 mg/day 4 784 Mean Difference (IV, Fixed, 95% CI) -0.26 [-0.34, -0.19]

4.3 50 mg/day 3 161 Mean Difference (IV, Fixed, 95% CI) -0.77 [-0.90, -0.64]

4.4 75 mg/day 1 23 Mean Difference (IV, Fixed, 95% CI) -0.6 [-1.05, -0.15]

5 Serum uric acid µmol/L 2 285 Mean Difference (IV, Fixed, 95% CI) 64.16 [45.69, 82.63]
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5.1 12.5 to 15 mg/day 2 120 Mean Difference (IV, Fixed, 95% CI) 52.71 [26.11, 79.30]

5.2 25 to 30 mg/day 2 120 Mean Difference (IV, Fixed, 95% CI) 74.44 [47.85, 101.

02]

5.3 50 mg/day 1 22 Mean Difference (IV, Fixed, 95% CI) 90.0 [-47.99, 227.

99]

5.4 75 mg/day 1 23 Mean Difference (IV, Fixed, 95% CI) 70.0 [-70.76, 210.

76]

6 Serum blood glucose mmol/L 3 394 Mean Difference (IV, Fixed, 95% CI) 0.34 [0.12, 0.55]

6.1 12.5 mg/day 1 24 Mean Difference (IV, Fixed, 95% CI) 0.17 [-0.68, 1.02]

6.2 15 mg/day 1 122 Mean Difference (IV, Fixed, 95% CI) 0.05 [-0.33, 0.43]

6.3 25 to 30 mg/day 2 147 Mean Difference (IV, Fixed, 95% CI) 0.58 [0.23, 0.93]

6.4 50 mg/day 2 77 Mean Difference (IV, Fixed, 95% CI) 0.43 [-0.04, 0.91]

6.5 75 mg/day 1 24 Mean Difference (IV, Fixed, 95% CI) 0.17 [-0.61, 0.95]

7 HDL cholesterol mmol/L 1 Mean Difference (IV, Fixed, 95% CI) Subtotals only

7.1 45 mg/day 1 34 Mean Difference (IV, Fixed, 95% CI) -0.11 [-0.22, 7.88]

8 Total cholesterol mmol/L 2 213 Mean Difference (IV, Fixed, 95% CI) 0.41 [0.18, 0.64]

8.1 15 mg/day 1 88 Mean Difference (IV, Fixed, 95% CI) 0.23 [-0.24, 0.70]

8.2 25 mg/day 1 91 Mean Difference (IV, Fixed, 95% CI) 0.20 [-0.24, 0.64]

8.3 45 mg/day 1 34 Mean Difference (IV, Fixed, 95% CI) 0.6 [0.28, 0.92]

9 Triglycerides mmol/L 1 Mean Difference (IV, Fixed, 95% CI) Subtotals only

9.1 45 mg/day 1 34 Mean Difference (IV, Fixed, 95% CI) 0.69 [0.05, 1.33]

Comparison 5. Hydrochlorothiazide versus placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Systolic blood pressure 35 6725 Mean Difference (IV, Fixed, 95% CI) -6.94 [-7.56, -6.31]

1.1 3.0 to 6.25 mg/day 8 663 Mean Difference (IV, Fixed, 95% CI) -3.56 [-5.57, -1.54]

1.2 12.5 mg/day 22 2645 Mean Difference (IV, Fixed, 95% CI) -6.27 [-7.24, -5.31]

1.3 25 mg/day 25 3062 Mean Difference (IV, Fixed, 95% CI) -6.00 [-8.96, -7.04]

1.4 37.5 mg/day 1 40 Mean Difference (IV, Fixed, 95% CI) -7.30 [-16.30, 1.70]

1.5 50 mg/day 2 169 Mean Difference (IV, Fixed, 95% CI) -10.47 [-14.60, -6.

35]

1.6 100 mg/day 2 146 Mean Difference (IV, Fixed, 95% CI) -9.91 [-14.05, -5.77]

2 Diastolic blood pressure 39 7284 Mean Difference (IV, Fixed, 95% CI) -3.25 [-3.59, -2.90]

2.1 3.0 to 6.25 mg/day 8 663 Mean Difference (IV, Fixed, 95% CI) -2.43 [-3.67, -1.19]

2.2 12.5 mg/day 25 2877 Mean Difference (IV, Fixed, 95% CI) -3.12 [-3.71, -2.53]

2.3 25 mg/day 29 3359 Mean Difference (IV, Fixed, 95% CI) -3.28 [-3.77, -2.79]

2.4 37.5 mg/day 1 40 Mean Difference (IV, Fixed, 95% CI) -3.7 [-9.26, 1.86]

2.5 50 mg/day 3 199 Mean Difference (IV, Fixed, 95% CI) -4.97 [-6.65, -3.30]

2.6 100 mg/day 2 146 Mean Difference (IV, Fixed, 95% CI) -3.90 [-6.57, -1.23]

3 Withdrawals due to adverse

events

20 3698 Odds Ratio (M-H, Fixed, 95% CI) 0.64 [0.43, 0.93]

3.1 3.0 mg/day 1 27 Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

3.2 6.0 mg/day 1 27 Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

3.3 6.25 mg/day 1 259 Odds Ratio (M-H, Fixed, 95% CI) 0.09 [0.02, 0.43]

3.4 12.5 mg/day 11 1676 Odds Ratio (M-H, Fixed, 95% CI) 0.94 [0.53, 1.67]

3.5 25 mg/day 12 1645 Odds Ratio (M-H, Fixed, 95% CI) 0.60 [0.33, 1.07]
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3.6 50 mg/day 1 64 Odds Ratio (M-H, Fixed, 95% CI) 0.45 [0.04, 5.26]

4 Serum potassium mmol/L 11 2036 Mean Difference (IV, Fixed, 95% CI) -0.22 [-0.25, -0.18]

4.1 3.0 mg/day 1 27 Mean Difference (IV, Fixed, 95% CI) 0.03 [-0.26, 0.32]

4.2 6.0 mg/day 1 27 Mean Difference (IV, Fixed, 95% CI) 0.10 [-0.22, 0.42]

4.3 12.5 mg/day 7 1026 Mean Difference (IV, Fixed, 95% CI) -0.16 [-0.21, -0.11]

4.4 25 mg/day 7 805 Mean Difference (IV, Fixed, 95% CI) -0.30 [-0.36, -0.24]

4.5 50 mg/day 2 151 Mean Difference (IV, Fixed, 95% CI) -0.48 [-0.68, -0.29]

5 Serum uric acid µmol/L 5 1043 Mean Difference (IV, Fixed, 95% CI) 32.88 [26.12, 39.65]

5.1 3.0 mg/day 1 27 Mean Difference (IV, Fixed, 95% CI) 10.40 [-26.09, 46.

89]

5.2 6.0 mg/day 1 27 Mean Difference (IV, Fixed, 95% CI) 11.5 [-29.31, 52.31]

5.3 12.5 mg/day 5 835 Mean Difference (IV, Fixed, 95% CI) 33.00 [25.67, 40.34]

5.4 25 mg/day 2 154 Mean Difference (IV, Fixed, 95% CI) 47.15 [24.38, 69.92]

6 Serum creatinine µmol/L 3 527 Mean Difference (IV, Fixed, 95% CI) 0.32 [-2.63, 3.26]

6.1 12.5 mg/day 2 258 Mean Difference (IV, Fixed, 95% CI) 0.57 [-3.40, 4.55]

6.2 25 mg/day 2 269 Mean Difference (IV, Fixed, 95% CI) 0.0 [-4.38, 4.38]

6.3 50 mg/day 0 0 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

7 Serum blood glucose mmol/L 6 1041 Mean Difference (IV, Fixed, 95% CI) -0.12 [-0.24, 0.01]

7.1 3.0 mg/day 1 27 Mean Difference (IV, Fixed, 95% CI) 0.07 [-0.45, 0.59]

7.2 6.0 mg/day 1 27 Mean Difference (IV, Fixed, 95% CI) -0.18 [-0.68, 0.32]

7.3 12.5 mg/day 4 605 Mean Difference (IV, Fixed, 95% CI) -0.10 [-0.33, 0.13]

7.4 25 mg/day 3 298 Mean Difference (IV, Fixed, 95% CI) 0.01 [-0.19, 0.20]

7.5 50 mg/day 1 84 Mean Difference (IV, Fixed, 95% CI) -0.5 [-0.81, -0.19]

8 HDL cholesterol mmol/L 1 159 Mean Difference (IV, Fixed, 95% CI) -0.17 [-0.53, 0.19]

8.1 3.0 mg/day 1 44 Mean Difference (IV, Fixed, 95% CI) -0.52 [-1.15, 0.11]

8.2 6.0 mg/day 1 44 Mean Difference (IV, Fixed, 95% CI) 0.01 [-0.68, 0.70]

8.3 12.5 mg/day 1 32 Mean Difference (IV, Fixed, 95% CI) -0.12 [-1.03, 0.79]

8.4 25 mg/day 1 39 Mean Difference (IV, Fixed, 95% CI) 0.04 [-0.67, 0.75]

9 Total cholesterol mmol/L 4 450 Mean Difference (IV, Fixed, 95% CI) 0.20 [0.17, 0.22]

9.1 3.0 mg/day 1 27 Mean Difference (IV, Fixed, 95% CI) -0.4 [-0.67, -0.13]

9.2 6.0 mg/day 1 27 Mean Difference (IV, Fixed, 95% CI) 0.06 [-1.15, 1.27]

9.3 12.5 mg/day 2 159 Mean Difference (IV, Fixed, 95% CI) -0.04 [-0.34, 0.27]

9.4 25 mg/day 3 237 Mean Difference (IV, Fixed, 95% CI) 0.21 [0.18, 0.23]

10 Triglycerides mmol/L 2 255 Mean Difference (IV, Fixed, 95% CI) 0.09 [-0.11, 0.30]

10.1 3.0 mg/day 1 27 Mean Difference (IV, Fixed, 95% CI) 0.03 [-0.67, 0.73]

10.2 6.0 mg/day 1 27 Mean Difference (IV, Fixed, 95% CI) -0.17 [-0.88, 0.54]

10.3 12.5 mg/day 1 28 Mean Difference (IV, Fixed, 95% CI) -0.11 [-0.77, 0.55]

10.4 25 mg/day 2 173 Mean Difference (IV, Fixed, 95% CI) 0.16 [-0.08, 0.40]

Comparison 6. Indapamide versus placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Systolic blood pressure 10 2104 Mean Difference (IV, Fixed, 95% CI) -8.69 [-9.96, -7.42]

1.1 1.0 mg/day 1 29 Mean Difference (IV, Fixed, 95% CI) -9.7 [-19.89, 0.49]

1.2 1.25 mg/day 4 736 Mean Difference (IV, Fixed, 95% CI) -7.37 [-9.21, -5.54]

1.3 1.5 mg/day 2 955 Mean Difference (IV, Fixed, 95% CI) -9.40 [-11.51, -7.29]

1.4 2.0 mg/day 1 74 Mean Difference (IV, Fixed, 95% CI) -8.7 [-17.38, -0.02]
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1.5 2.5 mg/day 5 281 Mean Difference (IV, Fixed, 95% CI) -11.94 [-15.88, -7.

99]

1.6 5.0 mg/day 1 29 Mean Difference (IV, Fixed, 95% CI) -9.6 [-19.40, 0.20]

2 Diastolic blood pressure 10 2104 Mean Difference (IV, Fixed, 95% CI) -3.88 [-4.63, -3.14]

2.1 1.0 mg/day 1 29 Mean Difference (IV, Fixed, 95% CI) -1.00 [-9.57, 3.57]

2.2 1.25 mg/day 4 736 Mean Difference (IV, Fixed, 95% CI) -3.55 [-4.57, -2.52]

2.3 1.5 mg/day 2 955 Mean Difference (IV, Fixed, 95% CI) -4.05 [-5.38, -2.72]

2.4 2.0 mg/day 1 74 Mean Difference (IV, Fixed, 95% CI) -3.60 [-8.27, 1.07]

2.5 2.5 mg/day 5 281 Mean Difference (IV, Fixed, 95% CI) -5.32 [-7.65, -2.98]

2.6 5.0 mg/day 1 29 Mean Difference (IV, Fixed, 95% CI) -4.0 [-10.32, 2.32]

3 Withdrawals due to adverse

events

6 1874 Odds Ratio (M-H, Fixed, 95% CI) 0.83 [0.49, 1.42]

3.1 1.0 mg/day 1 29 Odds Ratio (M-H, Fixed, 95% CI) 0.10 [0.00, 2.66]

3.2 1.25 mg/day 3 621 Odds Ratio (M-H, Fixed, 95% CI) 1.07 [0.49, 2.32]

3.3 1.5 mg/day 2 958 Odds Ratio (M-H, Fixed, 95% CI) 0.73 [0.30, 1.79]

3.4 2.0 mg/day 1 74 Odds Ratio (M-H, Fixed, 95% CI) 0.33 [0.02, 5.61]

3.5 2.5 mg/day 2 163 Odds Ratio (M-H, Fixed, 95% CI) 1.06 [0.17, 6.53]

3.6 5.0 mg/day 1 29 Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

4 Serum potassium mmol/L 5 541 Mean Difference (IV, Fixed, 95% CI) -0.32 [-0.38, -0.26]

4.1 1.0 mg/day 1 31 Mean Difference (IV, Fixed, 95% CI) -0.11 [-0.38, 0.16]

4.2 1.25 mg/day 2 398 Mean Difference (IV, Fixed, 95% CI) -0.30 [-0.37, -0.23]

4.3 2.5 mg/day 3 81 Mean Difference (IV, Fixed, 95% CI) -0.41 [-0.57, -0.26]

4.4 5.0 mg/day 1 31 Mean Difference (IV, Fixed, 95% CI) -0.65 [-0.91, -0.39]

5 Serum uric acid µmol/L 4 558 Mean Difference (IV, Fixed, 95% CI) 39.81 [33.54, 46.08]

5.1 1.0 mg/day 1 46 Mean Difference (IV, Fixed, 95% CI) 35.69 [14.15, 57.23]

5.2 1.25 mg/day 2 398 Mean Difference (IV, Fixed, 95% CI) 36.14 [28.70, 43.58]

5.3 2.5 mg/day 2 69 Mean Difference (IV, Fixed, 95% CI) 52.33 [34.50, 70.16]

5.4 5.0 mg/day 1 45 Mean Difference (IV, Fixed, 95% CI) 57.17 [35.17, 79.17]

6 Serum creatinine µmol/L 1 Mean Difference (IV, Fixed, 95% CI) Subtotals only

6.1 1.25 mg/day 1 203 Mean Difference (IV, Fixed, 95% CI) 0.0 [-2.43, 2.43]

7 Serum blood glucose mmol/L 3 490 Mean Difference (IV, Fixed, 95% CI) 0.13 [-0.11, 0.37]

7.1 1.0 mg/day 1 31 Mean Difference (IV, Fixed, 95% CI) -0.08 [-1.12, 0.96]

7.2 1.25 mg/day 2 398 Mean Difference (IV, Fixed, 95% CI) 0.12 [-0.14, 0.38]

7.3 2.5 mg/day 1 30 Mean Difference (IV, Fixed, 95% CI) 0.34 [-0.71, 1.39]

7.4 5.0 mg/day 1 31 Mean Difference (IV, Fixed, 95% CI) 0.25 [-0.76, 1.26]

8 HDL cholesterol mmol/L 1 Mean Difference (IV, Fixed, 95% CI) Subtotals only

8.1 1.25 mg/day 1 203 Mean Difference (IV, Fixed, 95% CI) -0.05 [-0.10, -0.00]

9 Total cholesterol mmol/L 2 Mean Difference (IV, Fixed, 95% CI) Subtotals only

9.1 1.25 mg/day 2 398 Mean Difference (IV, Fixed, 95% CI) 0.12 [0.02, 0.23]

10 Triglycerides mmol/L 1 Mean Difference (IV, Fixed, 95% CI) Subtotals only

10.1 1.25 mg/day 1 203 Mean Difference (IV, Fixed, 95% CI) 0.23 [0.03, 0.43]
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Comparison 7. Thiazide versus placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Systolic blood pressure 47 7733 Mean Difference (IV, Fixed, 95% CI) -9.14 [-9.76, -8.51]

1.1 Bendrofluazide 1.25 to 10

mg/day

1 257 Mean Difference (IV, Fixed, 95% CI) -10.4 [-14.03, -6.77]

1.2 Chlorthalidone 12.5 to

100 mg/day

7 1167 Mean Difference (IV, Fixed, 95% CI) -11.79 [-13.50, -10.

08]

1.3 Cyclopenthiazide 0.5 mg/

day

1 25 Mean Difference (IV, Fixed, 95% CI) -14.90 [-24.58, -5.

22]

1.4 Hydrochlorothiazide 25

to 100 mg/day

28 4099 Mean Difference (IV, Fixed, 95% CI) -8.68 [-9.49, -7.87]

1.5 Indapamide 1.0 to 5.0

mg/day

9 2080 Mean Difference (IV, Fixed, 95% CI) -8.37 [-9.65, -7.10]

1.6 Metolazone 0.5 to 2.0 mg/

day

1 105 Mean Difference (IV, Fixed, 95% CI) -11.7 [-16.95, -6.45]

2 Diastolic blood pressure 51 8064 Mean Difference (IV, Fixed, 95% CI) -3.63 [-3.97, -3.28]

2.1 Bendrofluazide 1.25 to 10

mg/day

1 257 Mean Difference (IV, Fixed, 95% CI) -6.5 [-8.84, -4.16]

2.2 Chlorthalidone 12.5 to

100 mg/day

7 1153 Mean Difference (IV, Fixed, 95% CI) -3.07 [-4.27, -1.87]

2.3 Cyclopenthiazide 0.125 to

0.5 mg/day

1 40 Mean Difference (IV, Fixed, 95% CI) -7.90 [-13.16, -2.64]

2.4 Hydrochlorothiazide 25

to 100 mg/day

32 4429 Mean Difference (IV, Fixed, 95% CI) -3.50 [-3.92, -3.08]

2.5 Indapamide 1.0 to 5.0

mg/day

9 2080 Mean Difference (IV, Fixed, 95% CI) -3.77 [-4.52, -3.02]

2.6 Metolazone 0.5 to 2.0 mg/

day

1 105 Mean Difference (IV, Fixed, 95% CI) -5.8 [-9.19, -2.41]

3 Serum potassium mmol/L 22 3868 Mean Difference (IV, Fixed, 95% CI) -0.25 [-0.28, -0.22]

3.1 BDFZ 1.25 to 10 mg/day 1 218 Mean Difference (IV, Fixed, 95% CI) -0.38 [-0.62, -0.14]

3.2 CTD 12.5 to 100 mg/day 4 1068 Mean Difference (IV, Fixed, 95% CI) -0.32 [-0.38, -0.25]

3.3 CYPTZ 0.05 to 0.5 mg/

day

1 53 Mean Difference (IV, Fixed, 95% CI) -0.20 [-0.45, 0.05]

3.4 HCTZ 3 to 100 mg/day 11 1988 Mean Difference (IV, Fixed, 95% CI) -0.21 [-0.24, -0.17]

3.5 IND 1.0 to 5 mg/day 5 541 Mean Difference (IV, Fixed, 95% CI) -0.32 [-0.38, -0.26]

4 Serum uric acid µmol/L 13 2332 Mean Difference (IV, Fixed, 95% CI) 38.22 [34.24, 42.20]

4.1 BDFZ 1.25 to 10 mg/day 1 255 Mean Difference (IV, Fixed, 95% CI) 50.30 [36.62, 63.98]

4.2 CTD 12.5 to 100 mg/day 2 285 Mean Difference (IV, Fixed, 95% CI) 64.74 [46.11, 83.36]

4.3 CYPTZ 0.05 to 0.5 mg/

day

1 53 Mean Difference (IV, Fixed, 95% CI) 20.0 [-35.61, 75.61]

4.4 HCTZ 3 to 100 mg/day 5 1122 Mean Difference (IV, Fixed, 95% CI) 32.74 [26.00, 39.48]

4.5 IND 1.0 to 5 mg/day 4 617 Mean Difference (IV, Fixed, 95% CI) 37.77 [32.23, 43.31]

5 Serum creatinine µmol/L 5 987 Mean Difference (IV, Fixed, 95% CI) 1.34 [-0.31, 2.99]

5.1 BDFZ 1.25 to 10 mg/day 1 257 Mean Difference (IV, Fixed, 95% CI) 5.45 [1.99, 8.91]

5.2 HCTZ 3 to 100 mg/day 3 527 Mean Difference (IV, Fixed, 95% CI) 0.32 [-2.63, 3.26]

5.3 IND 1.0 to 5 mg/day 1 203 Mean Difference (IV, Fixed, 95% CI) 0.0 [-2.43, 2.43]

6 Serum blood glucose mmol/L 12 1989 Mean Difference (IV, Fixed, 95% CI) 0.03 [-0.05, 0.12]

6.1 BDFZ 1.25 to 10 mg/day 1 257 Mean Difference (IV, Fixed, 95% CI) 0.15 [-0.04, 0.34]

170Blood pressure-lowering efficacy of monotherapy with thiazide diuretics for primary hypertension (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



6.2 CTD 12.5 to 100 mg/day 3 326 Mean Difference (IV, Fixed, 95% CI) 0.37 [0.14, 0.60]

6.3 HCTZ 3 to 100 mg/day 6 916 Mean Difference (IV, Fixed, 95% CI) -0.11 [-0.22, 0.01]

6.4 IND 1.0 to 5 mg/day 3 490 Mean Difference (IV, Fixed, 95% CI) 0.13 [-0.11, 0.37]

7 Serum total cholesterol mmol/L 11 1394 Mean Difference (IV, Fixed, 95% CI) 0.21 [0.18, 0.23]

7.1 BDFZ 1.25 to 10 mg/day 1 257 Mean Difference (IV, Fixed, 95% CI) 0.44 [0.24, 0.64]

7.2 CTD 12.5 to 100 mg/day 2 213 Mean Difference (IV, Fixed, 95% CI) 0.41 [0.18, 0.63]

7.3 CYPTZ 0.05 to 0.5 mg/

day

1 53 Mean Difference (IV, Fixed, 95% CI) 0.79 [0.37, 1.21]

7.4 HCTZ 3 to 100 mg/day 4 450 Mean Difference (IV, Fixed, 95% CI) 0.20 [0.18, 0.23]

7.5 IND 1.0 to 5 mg/day 3 421 Mean Difference (IV, Fixed, 95% CI) 0.11 [0.01, 0.21]

8 Serum HDL mmol/L 3 348 Mean Difference (IV, Fixed, 95% CI) -0.06 [-0.10, -0.02]

8.1 CTD 45 mg/day 1 34 Mean Difference (IV, Fixed, 95% CI) -0.11 [-0.22, 7.88]

8.2 HCTZ 25mg/day 1 111 Mean Difference (IV, Fixed, 95% CI) -0.15 [-0.72, 0.42]

8.3 IND 1.25 mg/day 1 203 Mean Difference (IV, Fixed, 95% CI) -0.05 [-0.10, -0.00]

9 Triglycerides 6 697 Mean Difference (IV, Fixed, 95% CI) 0.21 [0.08, 0.33]

9.1 BDFZ 1.25 to 10 mg/day 1 157 Mean Difference (IV, Fixed, 95% CI) 0.37 [-0.09, 0.83]

9.2 CTD 45 mg/day 1 34 Mean Difference (IV, Fixed, 95% CI) 0.69 [0.05, 1.33]

9.3 CYPTZ 0.5 mg/day 1 48 Mean Difference (IV, Fixed, 95% CI) 0.21 [-0.16, 0.58]

9.4 HCTZ 25 mg/day 2 255 Mean Difference (IV, Fixed, 95% CI) 0.09 [-0.11, 0.30]

9.5 IND 1.25 mg/day 1 203 Mean Difference (IV, Fixed, 95% CI) 0.23 [0.03, 0.43]

C O N T R I B U T I O N S O F A U T H O R S

James Wright and Vijaya Musini formulated the idea for the review and developed the basis for the protocol.
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the review.

D E C L A R A T I O N S O F I N T E R E S T

Vijaya Musini: none known.

Mark nazer: none known.

Ken Bassett: none known.

James Wright: none known.

171Blood pressure-lowering efficacy of monotherapy with thiazide diuretics for primary hypertension (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



S O U R C E S O F S U P P O R T

Internal sources

• University of British Columbia, Department of Anesthesiology, Pharmacology & Therapeutics, Canada.

External sources

• Canadian Institutes of Health Research, Canada.

Grant to the Cochrane Hypertension Review Group

D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

The inclusion criteria for patients with hypertension in the protocol was defined as those with systolic and/or diastolic blood pressure

of 160/90 mmHg or more, which was corrected to include the generally accepted standard definition of hypertension as systolic and/

or diastolic blood pressure of 140/90 mmHg or more.

The search methods section in the protocol was limited to searching of MEDLINE, EMBASE and CENTRAL until June 2008, using

the standard search strategy of the Cochrane Hypertension Group, with additional terms used to identify the relevant articles. In this

completed review, the search of electronic databases also included ClinicalTrials.gov, Web of Science and bibliographic citations. In case

of incomplete reports, we used MEDLINE to search for related papers. We searched bibliographies of pertinent articles, reviews and

texts for additional citations. We used previously published meta-analyses on the dose response of thiazide diuretics, as well as narrative

reviews, to help identify references to trials. We searched electronic databases using a strategy combining the Cochrane Highly Sensitive

Search Strategy for identifying randomized trials in MEDLINE: sensitivity-maximizing version (2008 revision) with selected MeSH

terms and free-text terms relating to the individual thiazide drugs and hypertension. We used no language restrictions. We updated the

search from June 2008 until February 2014.

In order to address missing data we attempted to contact the study’s authors using the first author firstly then any of the co-authors.

Since using the address and telephone contact details of authors of trials before 1990 was proving to be very difficult, we decided to

use the publication year 1990 as a cut-off for verifying the authors’ contact information.

The hierarchy of imputing standard deviation data in this review has minor differences from that stated in the protocol and was

standardized to match other Cochrane reviews measuring the blood pressure-lowering efficacy of other antihypertensive drug classes

(ACE inhibitors, angiotensin receptor blockers) using similar inclusion/exclusion criteria.

To reflect the content of the review better the title was changed from ’Blood pressure lowering efficacy of thiazide diuretics for primary

hypertension’ to ’Blood pressure-lowering efficacy of monotherapy with thiazide diuretics for primary hypertension’.
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