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Diuretics are listed in hypertension guidelines as one of
three equally weighted first-line treatment options. In
order to differentiate between antihypertensives, a lot of
discussion has been directed at side effect profiles and as a
result, has created a perhaps disproportionate fear of the
metabolic effects that can be associated with diuretics.
Data, however, show that the risk of a clinically
meaningful change in laboratory parameters is very low,
whereas the benefits of volume control and natriuresis are
high and the reductions in morbidity and mortality are
clinically significant. Moreover, as clinically significant
differences in safety and efficacy profiles exist among
diuretics, several international guidelines have started
making a distinction between thiazides
(hydrochlorothiazide) and thiazide-like (chlorthalidone,
indapamide) diuretics; and some of them now recommend
longer acting thiazide-like diuretics. In time, pending more
data, chlorthalidone and indapamide may need to be
subdivided further into separate classifications.
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A
s all monogenic forms of hypertension have sodium
retention as the main mechanism of the increase in
blood pressure, increasing urinary sodium excre-

tion is a logical and fundamental part of treatment of
hypertension [1]. Consistent with this understanding, thia-
zide diuretics are listed in hypertension guidelines as one of
three equally weighted first-line antihypertensive options
alongside calcium channel blockers and blockers of the
renin–angiotensin system (RAS) [2–8]. Indeed, randomized
control trials and meta-analyses have demonstrated that
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when compared with placebo or no treatment, blood
pressure lowering by these antihypertensive drug classes
is accompanied by significant reductions of stroke and
major cardiovascular events [9]. In order to differentiate
between the three options, a lot of discussion has been
directed at side effect profiles. Multiple meta-analyses, for
instance, have documented concerns that treatment with
diuretics could lead to disruptions in electrolyte levels, to
unfavorable metabolic effects, and to an increased risk of
developing type 2 diabetes mellitus [10–15]. These data,
though important, have generated a perhaps dispropor-
tionate fear of the side effects that can be associated with
diuretic treatment.

Understanding the place of diuretics in the treatment of
hypertension is complicated by the fact that in many
countries, diuretics are more commonly used in combina-
tion with other classes rather than alone as a first-line
therapy. In fact, the emphasis of guidelines on combination
treatments and single-pill combinations continues to
increase [8]. In addition, historically, thiazide and thia-
zide-like diuretics have been grouped under the single
heading ‘thiazide.’ More and more evidence, however,
suggest that thiazide and thiazide-like diuretics need to
be considered separately as they have different mecha-
nisms of action, safety profiles, and possibly different
efficacy profiles.

In this review, we will reaffirm the place of diuretics as
essential initial treatments in hypertension and discuss,
which patient populations benefit most from diuretics.
We will then focus on the need to differentiate between
thiazide and thiazide-like diuretics. We will use the term
‘thiazide’ for diuretics with a bi-cyclic benzothiadiazine
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backbone [such as hydrochlorothiazide (HCTZ) and bend-
roflumethiazide] and ‘thiazide-like’ for diuretics that also
target the early segment of the distal convoluted tubule, but
lack the bi-cyclic benzothiadiazine backbone (such as
chlorthalidone, indapamide, and metolazone). We will
focus, whenever possible, on HCTZ (12.5–50mg), chlor-
thalidone (12.5–50mg), and indapamide (sustained release
1.5 mg and immediate release 1.25–2.5 mg). Lastly, we will
explore the differences within the thiazide-like group.
REAFFIRMINGTHE PLACEOF
DIURETICS IN HYPERTENSIONAND
COMORBIDITIES

A first-line treatment in guidelines
Guidelines throughout the world list diuretics as one of the
first-line treatments for patients with essential hypertension
[2–8]. This choice is based on the observation that a wide
range of patients can benefit from diuretics, which counter
the extracellular volume expansion and the salt retention
associated with hypertension and reduce morbidity and
mortality. For most patients, the risk of a clinically mean-
ingful change in laboratory parameters is rather low,
whereas the clinical benefits of diuretics are high.
FIGURE 1 Results of recent meta-analyses that compare therapeutic classes. Results
endpoints with that of other therapeutic classes [16–20]. (a) Stroke and heart failure. (b
converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel b
ND, no data in publication; PL, placebo; RASI, renin–angiotensin system inhibitor; RR, re
diuretic.
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The American College of Cardiology/American Heart
Association (ACC/AHA) hypertension guidelines [6], for
instance, name the reduction of clinical events as the main
criterion for endorsing any antihypertensive medication
and cite results of meta-analyses that show that diuretics
perform as well as angiotensin-converting enzyme (ACE)
inhibitors, calcium channel blockers (CCB), and angioten-
sin receptor blockers (Fig. 1) [16–20]. These meta-analyses
include key randomized controlled trials, such as the Anti-
hypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT; N¼ 33 357), which is of partic-
ular interest because it compared the long-term effects of
treatment with chlorthalidone, amlodipine, and lisinopril
[21]. In this cohort of hypertensive patients who had at least
one other coronary heart disease risk factor, no significant
between-group differences were found for the primary
outcome (combined fatal coronary heart disease or nonfatal
myocardial infarction) or for all-cause mortality. Higher
fasting glucose levels were observed with chlorthalidone,
but there was no conclusive evidence that the modestly
increased risk of developing diabetes mellitus resulted in an
increased risk of other clinical events [22].

Differences between therapeutic classes were, however,
noted for the secondary outcomes. In the comparison
between amlodipine and chlorthalidone, the 6-year relative
of recent meta-analyses that compare the effect of diuretics on selected clinical
) Cardiovascular and all-cause mortality. �Not explicitly defined. ACEI, angiotensin-
locker; CI, confidence interval; HTN, hypertension; HR, hazard ratio; LD, low dose;
lative risk; T2D, type 2 diabetes mellitus; TL, thiazide-like diuretic; TZ, thiazide
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risk (RR) of heart failure was higher with amlodipine than
with chlorthalidone [RR 1.38 (95% confidence interval, CI)
1.25–1.52)]. In the comparison between lisinopril and
chlorthalidone, the RR of cardiovascular disease, stroke,
and heart failure were significantly higher with lisinopril
than with chlorthalidone [RR 1.10 (95% CI: 1.05–1.16); RR
1.15 (95% CI: 1.02–1.30); RR 1.20 (95% CI: 1.09–1.34),
respectively] [21]. These data suggest that, in addition to
being beneficial in the general hypertensive population,
diuretics may be particularly well suited for certain patient
profiles. Indeed, diuretics are specifically recommended in
patient groups who have been shown to be especially
responsive to diuretics [2–6,8]. These included patients
with diabetes, elderly, patients of African origin, patients
with a history of stroke or a low renin but also patients with
heart failure, isolated systolic hypertension or resistant
hypertension.

Type 2 diabetes mellitus
In hypertensive patients with diabetes mellitus, particularly
those with kidney disease, RAS inhibitors are a first-line
treatment. However, as hypertensive patients with diabetes
mellitus are prone to fluid retention and are at significant
risk of developing heart failure or renal impairment [23],
such patients are also likely to benefit from the volume
control and/or natriuresis provided by diuretics, despite the
potential effect of some diuretics on metabolic parameters
[13]. This dichotomy is reflected in guidelines: American
Diabetes Association guidelines and Hypertension Canada
guidelines support equally the prescription of diuretics and
RAS inhibitors, but give preference to RAS inhibitors in
presence of proteinuria or microalbuminuria [4,24]. The
most recent European Society of Cardiology and European
Society of Hypertension (ESC/ESH) guidelines have
addressed this issue by recommending the initiation of
treatment with a combination of a RAS inhibitor and a
diuretic (or a CCB) [8].

Evidence that supports equal weight being given to
treatment with diuretics and ACE inhibitors can be found
in the Natrilix sustained release versus Enalapril Study in
Hypertensive Type 2 Diabetics With Microalbuminuria trial
[(NESTOR); N¼ 565) of hypertensive patients with type 2
diabetes mellitus [25]. In this study, both treatments
increased urinary sodium excretion. However, the drug-
induced reduction in plasma sodium was a significant and
independent factor associated with SBP reduction after
treatment with indapamide sustained release 1.5 mg, but
not after treatment with enalapril 10mg, suggesting that
indapamide was more effective in patients with a marked
fluid and sodium retention [26]. Effects on microalbuminu-
ria (urinary albumin:creatinine ratio) were equivalent, and
therefore, challenged the perception that RAS inhibitors
should be the preferred treatment in the presence of micro-
albuminuria [25]. However, a higher rate of hypokalemia
(10.2 versus 1.0%, respectively) was noted with indapamide
than with enalapril [25].

In addition, data from several recent meta-analyses show
that treatment of patients with diabetes and hypertension
with a diuretic is as effective as treatment with other
antihypertensive therapeutic classes when cardiovascular
1576 www.jhypertension.com
endpoints (Fig. 1) [18,19] and renal endpoints (no signifi-
cant differences between groups) [20] are considered. In
one meta-analysis, the risk of heart failure was decreased
significantly more with diuretics than with other therapeutic
classes [19]. In addition, the increased risk of negative
metabolic effects [13] does not appear to result in negative
effects on outcomes [18,19]. Similarly, in patients with
diabetes (with or without hypertension) (Fig. 1) [20], no
significant differences in endpoint reduction were found
between diuretics and RAS inhibitors; and treatment with-
drawal because of adverse effects was similar between
groups [RR 1.06 (95% CI: 0.51–2.20)] [20].

Elderly
The elderly (�65 years of age) often take multiple medi-
cations and are at higher risk of having adverse events or
electrolyte imbalances. As few studies compare therapeutic
classes in elderly patients, many guidelines list all antihy-
pertensive therapeutic classes equally or do not specifically
address treatment in the elderly population [2–4,8]. Others,
such as the Latin American Society of Hypertension guide-
lines, list diuretics as a preferred first-line treatment based
on the strong chlorthalidone and indapamide data [5].

Two major trials support the preferred use of chlortha-
lidone and indapamide in the elderly. The placebo-con-
trolled Systolic Hypertension in the Elderly Program
[(SHEP), N¼ 4736], which enrolled hypertensive patients
at least 60 years of age, showed that patients who were
treated for 4.5 years with chlorthalidone 12.5–25mg (with
atenolol as needed) had significantly lower rates of stroke
[RR 0.63 (95% CI: 0.49–0.82)], myocardial infarction [RR 0.67
(95% CI: 0.47–0.96)], coronary heart disease [RR 0.75 (95%
CI: 0.60–0.94)], heart failure [RR 0.51 (95% CI: 0.37–0.71)],
and all-cause mortality [RR 0.87 (95% CI: 0.73–1.05)] than
patients treated with placebo [27,28]. Concerns about safety
were evaluated after 3 years; and data showed that although
treatment led to statistically significant effects on laboratory
parameters, these changes were not clinically significant for
most patients as the rate of new cases of diabetes after
chlorthalidone treatment was not significant [29]. The rate of
hypokalemia (3.9 versus 0.8% with placebo) was, however,
higher in the chlorthalidone group and was perceived to
have blunted the benefits of treatment with chlorthalidone
[27].

The value of treatment with chlorthalidone is further
supported by the sub-analysis of ALLHAT data in patients at
least 65 years of age (n¼ 19 173) [21]. Chlorthalidone per-
formed significantly better than amlodipine for heart fail-
ure; and in the comparison with lisinopril, chlorthalidone
performed significantly better for heart failure, the com-
bined endpoint for coronary heart disease, and the com-
bined endpoint for cardiovascular disease.

The results of the Hypertension in the Very Elderly Trial
[(HYVET); N¼ 3845] [30] and the HYVET Extension [31]
dispelled any uncertainty about the benefits of treating
hypertension in the very elderly. Results showed that in
patients at least 80 years of age, 2 years of treatment with
indapamide sustained release 1.5 mg (and perindopril as
needed to reach a blood pressure target of 150/80mmHg)
reduced the risk of stroke [unadjusted hazard ratio 0.70
Volume 37 � Number 8 � August 2019
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(95% CI: 0.49–1.01); P¼ 0.06], cardiovascular events (unad-
justed hazard ratio 0.66 (95% CI: 0.53–0.82); P< 0.001],
heart failure [unadjusted hazard ratio 0.36 (95% CI: 0.22–
0.58); P< 0.001], cardiovascular mortality [unadjusted haz-
ard ratio 0.77: (95% CI: 0.60–1.01); P¼ 0.06], mortality from
stroke [unadjusted hazard ratio 0.61 (95% CI: 0.38–0.99);
P< 0.05], and all-cause mortality [unadjusted hazard ratio
0.79 (95% CI: 0.65–0.95); P¼ 0.02] compared with placebo
[30,31]. In addition, no significant differences in levels of
serum potassium, uric acid, glucose, or creatinine were
noted with indapamide treatment [30].

Thus, not only do data support treatment of the elderly
with a diuretic, but they also support treatment of the very
elderly with indapamide. In both the SHEP and the HYVET
studies, the benefits of treatment outweighed the risks.

History of stroke
Several recent guidelines underscore the importance of
treating patients with a history of stroke or transient ische-
mic attack with a diuretic and possibly with a diuretic/ACE
inhibitor combination [4,6]. Latin American Society of
Hypertension guidelines specifically recommend indapa-
mide sustained release, possibly in combination with an
ACE inhibitor, as a first-line treatment [5].

These recommendations are largely based on data from
the two placebo-controlled trials performed in patients with
a history of stroke or transient ischemic attack. In the Post-
Stroke Antihypertensive Treatment Study [(PATS);
N¼ 5665], treatment with indapamide immediate release
2.5 mg reduced stroke, the primary endpoint, by 29% [RR
0.71 (95% CI: 0.58–0.88)] and total cardiovascular events by
23% [RR 0.77 (95% CI: 0.63–0.93)] compared with placebo
[32]. In the Perindopril Protection Against Recurrent Stroke
Study [(PROGRESS); N¼ 6105], significant reductions in
stroke [RR 0.57 (95% CI: 0.46–0.70)] and major vascular
events [RR 0.60 (95% CI: 0.51–0.71)] were noted compared
with placebo in patients treated with perindopril and inda-
pamide sustained release, but not in patients treated with
perindopril alone [33]. This difference in effects may be in
part attributable to the larger decrease in blood pressure
with the combination treatment (12/5 versus 5/3 mmHg for
perindopril alone) [33].

Black patients of African or Caribbean descent
Latin American Society of Hypertension and ACC/AHA
guidelines recommend a thiazide-like diuretic or a CCB
as the first-line treatment for black patients in monotherapy
or as part of a combination therapy [5–7].

Several studies support the idea that diuretics are par-
ticularly efficacious in this patient population. In a sub-
analysis of ALLHAT in black patients (n¼ 11 792) [34], the
relative risks for stroke, heart failure, and combined end-
points for coronary heart disease and cardiovascular dis-
ease were significantly lower with chlorthalidone treatment
than with lisinopril treatment. Moreover, in an analysis of an
electronic record database, after propensity score matching
(n¼ 10 674), treatment of black patients with ACE inhibitors
was associated with a significantly higher risk of the primary
outcome [composite of mortality, myocardial infarction,
and stroke: hazard ratio 1.65 (95% CI: 1.33–2.05),
Journal of Hypertension
P< 0.0001], myocardial infarction [hazard ratio 4.00 (95%
CI: 1.34–11.96), P¼ 0.01], stroke [hazard ratio 1.97 (95% CI:
1.34–2.92), P¼ 0.001], heart failure [hazard ratio 3.00 (95%
CI: 1.99–4.54), P< 0.0001], and all-cause mortality [hazard
ratio 1.35 (95% CI: 1.03–1.76), P¼ 0.03] compared with
treatment with diuretics [35].

Salt-sensitive and low-renin hypertension
Lastly, though not addressed in most guidelines, patients
with salt-sensitive hypertension and/or low-renin hyper-
tension have characteristics that lend themselves well to
treatment with a diuretic. In most cases, low levels of renin
are an indication that the RAS is suppressed because of
volume overload and sodium retention. In such patients, as
well as in salt-sensitive patients, treatment with diuretics,
which reduce volume and increase sodium excretion,
would be expected to be efficacious, whereas treatment
with RAS inhibitors would be expected to suppress the RAS
further. In fact, in the few clinical trials that have looked at
patients with low-plasma renin activity and/or salt sensitiv-
ity, effective blood pressure lowering strategies include
HCTZ, chlorthalidone, indapamide, or spironolactone
[36–42].

As salt-sensitive hypertension is especially common in
black patients, older adults, and in patients with more
severe blood pressure or with comorbidities, such as meta-
bolic syndrome, diabetes mellitus, or chronic kidney dis-
ease [6,43] and as low-renin hypertension is particularly
common in African Americans, the elderly, and patients
with resistant hypertension [40,44], it is not surprising that
diuretics have been shown to be particularly effective in
these patient populations.

SELECTINGTHIAZIDE-LIKE DIURETICS
OVERTHIAZIDE DIURETICS
A number of recent guidelines [2–7], though not the most
recent 2018 ESC/ESH hypertension guidelines [8], recom-
mend the ‘preferred’ use of thiazide-like diuretics rather
than thiazide diuretics (Table 1) [2–8]. The decision of
certain guidelines to favor treatment with thiazide-like
diuretics centers mainly around duration of action data,
the ability to lower blood pressure, and long-term cardio-
vascular endpoint reduction data. Hypertension Canada,
United Kingdom National Clinical Guideline Centre, and
ACC/AHA hypertension guidelines currently give prefer-
ence to longer acting thiazide-like diuretics (chlorthalidone
and/or indapamide) [2,4,6]. In 2017, the ACC/AHA singled
out chlorthalidone as the preferred diuretic treatment
because of proven cardiovascular risk reduction and rec-
ommended substituting HCTZ treatment by indapamide or
chlorthalidone treatment in patients with resistant hyper-
tension [7]. For hypertensive patients with diabetes, the
American Diabetes Association gives preference to thia-
zide-like diuretics (chlorthalidone and indapamide)
because they are longer acting diuretics that have a proven
effect on cardiovascular event reduction [45]. Differences in
mechanism of action, pleiotropic effects, metabolic pro-
files, and subclinical markers are also cited in some guide-
lines [2]. Lastly, though the 2018 ESC/ESH guidelines give
www.jhypertension.com 1577



TABLE 1. Diuretics included as first-line treatments in recommendations

Essential hypertension Resistant hypertensiona

National Clinical Guideline Centre (United Kingdom
2011) [2]

Thiazide-like diuretics preferred over thiazide
diuretics

Increase dose of thiazide-like diuretic treatment if
K >4.5 mmol/l
Use low-dose spironolactone if K �4.5 mmol/l

National Heart Foundation of Australia (2016) [3] Thiazides (chlorthalidone, HCTZ, or indapamide) No instructions to change diuretic treatment
Add spironolactone

Hypertension Canada (2016) [4] Thiazides, but longer acting thiazide-like diuretics
preferred

No instructions to change diuretic treatment

Latin American Society of Hypertension (2017) [5] Thiazide diuretics, indapamide, and chlorthalidone
equally recommended

No instructions to change diuretic treatment
Use spironolactone and/or an alpha blocker

American College of Cardiology/American Heart
Association (2017) [6,7]

Thiazides, but chlorthalidone preferred Maximize diuretic treatment (substitute HCTZ by
indapamide or chlorthalidone)
Add a mineralocorticoid receptor antagonist

European Society of Cardiology and the European
Society (2018) [8]

Thiazide/thiazide-like diuretics equally
recommended

Add low-dose spironolactone
Increase dose of thiazide if intolerance to
spironolactone

Terminology is defined as follows (not necessarily as defined in guidelines): thiazide, diuretics with a bicyclic benzothiadiazine backbone (such as HCTZ and bendroflumethiazide).
Thiazide-like, diuretics that target the early segment of the distal convoluted tubule, but lack the bicyclic benzothiadiazine backbone (such as chlorthalidone, indapamide, and
metolazone). Thiazide, thiazide and thiazide-like. HCTZ, hydrochlorothiazide; K, potassium.
aUncontrolled blood pressure despite the use of three antihypertensive agents of different classes including a diuretic.
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equal weight in their recommendations to thiazide-like and
thiazide diuretics because of a lack of head-to-head ran-
domized controlled trials, guidelines do note that this
recommendation was influenced by the fact that many of
the approved single-pill combinations are based on HCTZ.
These guidelines also underscore the fact that chlorthali-
done and indapamide are more potent per milligram than
HCTZ for blood pressure reduction [8].

Blood pressure reduction
Traditionally, thiazide and thiazide-like diuretics are con-
sidered to have similar blood pressure-lowering effects.
However, significant differences become apparent when
data analysis is anchored in notions of duration of action,
potency, and dose response (Table 2) [46–54].

Hydrochlorothiazide appears to be less potent per
milligram than chlorthalidone for blood pressure reduc-
tion (HCTZ 50 mg is equipotent with chlorthalidone 12.5–
25 mg; Table 2) [51–53]. A 2014 meta-analysis of 26 trials
(N¼ 4683), for example, showed that to decrease office
SBP by 10 mmHg, an 8.6 mg of chlorthalidone or an
26.4 mg of HCTZ were needed [52]. In addition, a 2014
Cochrane database analysis showed that a reduction in
SBP of 8.7–11.9 mmHg could be reached after treatment
with a 1.5–5 mg dose of indapamide and that, for
SBP, indapamide sustained release 1.5 mg was roughly
equipotent to HCTZ 25–50 mg [53]. This analysis also
suggested that the effects of indapamide and chlorthali-
done on blood pressure are not dose-dependent over the
1–5 mg and the 12.5–75 mg ranges, respectively, whereas
reductions in SBP with HCTZ treatment increase with dose
from less than 5 mmHg at the 6.25 mg dose to 10.5 mmHg
at the 50 mg dose [53].
TABLE 2. Duration of action, potency, and half-life

Hydrochlorothiazide

Half-life [46–48] 6–15 h

Duration of action [49,50] 16–24 h

Equipotency for office SBP [51–53] 25 mg

Dose effect for office SBP [53,54] Yes

SR, sustained release.
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Other analyses, however, come to different conclusions.
In a meta-analysis of 14 randomized trials (N¼ 883), both
chlorthalidone and indapamide lowered SBP more than
HCTZ (Fig. 2) [51,55–67]. Though these differences were
significant, the magnitude of the between-group differen-
ces may be lower than might have been expected from the
previously cited studies (�5.1 and �3.6 mmHg) [52,53,55].
Moreover, a review of two meta-analyses suggests that
25mg of HCTZ is indeed associated with a decrease in
SBP of approximately 10mmHg, but that indapamide 1.25–
5mg is associated with a 5mmHg decrease in SBP and that
SBP reduction for chlorthalidone is not dose independent,
but varies from 3 to 10mmHg depending on the dose [54].
Thus, additional data are needed to understand fully the
blood pressure dose–response curves.

When duration of action is taken into consideration, the
clinical picture is even more complex. Chlorthalidone and
indapamide have notably longer durations of action and
half-lives than HCTZ (>24 versus<24 h, respectively; Table
2) [49,50]. The clinical implications of these pharmacoki-
netic differences are significant. In a study, in which equi-
potent doses of chlorthalidone and HCTZ were used, office
blood pressure after 8 weeks of treatment was equivalent in
both groups, but reductions from baseline in 24-h and
night-time SBP were larger with chlorthalidone 25mg than
with HCTZ 50mg (�12.4 versus �7.4 mmHg, P¼ 0.054 for
24-h SBP and�13.5 versus�6.4 mmHg, P¼ 0.009 for night-
time SBP) [51]. A similar observation was made when HCTZ
and chlorthalidone were compared in combination with
azilsartan medoxomil [68]. The association of azilsartan
medoxomil with chlorthalidone provided better 24-h blood
pressure control and a higher likelihood of achieving blood
pressure control than the combination with HCTZ. In
Chlorthalidone Indapamide SR

40–60 h 14–24 h

48–72 h >24

12.5 mg 1.5 mg

Mixed data No
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FIGURE 2 Meta-analysis for SBP reduction. (a) Indapamide versus HCTZ. (b) Chlor-
thalidone versus HCTZ. Adapted with permission from [55]. Studies: Elliott et al.
[56], Malini et al. [57], Spence et al. [58], Emeriau et al. [59], Kreeft et al. [60],
Madkour et al. [61], Plante et al. [62], Plante et al. [63], Krum et al. [64], Radevski
et al. [65], Ernst et al. [51], Kwon et al. [66], Pareek et al. [67]. Differences in
means and 95% CI are presented. HCTZ, hydrochlorothiazide; CI, confidence
interval.
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another more recent study, in which similar results were
found, authors suggested that controlled office BP after
treatment with HCTZ might actually mask ongoing 24-h
hypertension [69]. Indeed, in this study, authors showed
that a low dose of chlorthalidone (6.25 mg) reduced blood
pressure during daytime as well as during night-time,
whereas HCTZ 12.5 mg daily lowered blood pressure only
during the day [69]. By contrast, in the Natrilix sustained
release Versus Candesartan and Amlodipine in the Reduc-
tion of Systolic Blood Pressure in Hypertensive Patients
Trial [(X-CELLENT); N¼ 577], 3 months of treatment with a
regular 1.5 mg dose of indapamide sustained release was
shown to reduce 24-h, day-time, and night-time SBP [50].
Blood pressure variability over 24 h, which has been shown
to have a significant impact on end-organ damage [70], was
also reduced compared with placebo [50].

Together, these data challenge the idea that thiazide and
thiazide-like diuretics have similar effects on blood pres-
sure and underscore the fact that because of significant
TABLE 3. Laboratory parameters

Hydrochlorothiazide

Laboratory parameters
Serum potassium [29,52,59] Decreasedþ
Serum glucose [13,29,71] Increased

Serum lipids [13,29,71] Increased

Serum uric acid [29,52,59,71] Increased

Renal function [29,71,72] Decreased

SR, sustained release. þ,þþ,þþþ indicates the intensity of the variation from mild, moderate,
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pharmacokinetic differences, thiazide and thiazide-like
should not be considered as a homogenous class of anti-
hypertensive agents. These data are the basis for the
endorsement of longer acting thiazide-like molecules by
some guidelines [2,4,6].

Tolerability
Potency, dose–response, and elimination half-lives are
also fundamental drivers of tolerability (Table 3)
[13,29,52,59,71,72]. For all three molecules, effects on
serum potassium and metabolic parameters have been
shown to be dose-dependent [11,53,73,74]. Lower doses
of thiazide-like diuretics can be prescribed in order to
minimize the impact of treatment on laboratory parameters
without jeopardizing blood pressure reduction. This was
illustrated in a study of hypertensive patients with mild-to-
moderate hypertension (N¼ 690) who were treated with
indapamide sustained release 1.5 mg or indapamide imme-
diate release 2.5 mg. Equivalent blood pressure reductions
were noted, but the risk of hypokalemia (Kþ <3.4 mmol/l)
was reduced 62% with the lower sustained release dose [75].
The indapamide sustained release 1.5 mg dose was also
associated with smaller increases in uric acid than the
immediate release 2.5 mg dosage (34 versus 51 mmol/l) [75].

Consistent with this understanding, a pooled analysis of
phase III trials (N¼ 1195) showed that with the sustained
release 1.5 mg dose, indapamide had a neutral effect on
laboratory parameters (serum lipid levels, glucose levels,
renal function) [71]. Serum uric acid levels were temporarily
increased, but returned to baseline rapidly [71]. Metabolic
neutrality has also been recorded in the elderly and in
patients with type 2 diabetes mellitus in the NESTOR and
HYVET studies [25,30]. Even in the elderly subgroup of
patients in NESTOR (patients with type 2 diabetes mellitus
and microalbuminuria aged 65–80 years; n¼ 187), 1 year of
treatment with indapamide was well tolerated [76]. Lipids,
fasting plasma glucose, and HbA1c remained clinically
stable throughout the study; and no differences with the
enalapril group were observed with respect to kidney
function. Differences between groups were only observed
for serum potassium and uric acid [76].

By contrast, both HCTZ and chlorthalidone are known to
affect laboratory parameters more significantly (Table 2)
[53]. The clinical implications, which can be measured by
withdrawal rates and impact on long-term endpoints, are,
however, not always clear. In the 2012 Peterzan meta-
analysis, a serum potassium decrease of 0.4 mmol/l was
reached by a four times lower dose of chlorthalidone than
of HCTZ (11.9 versus 40.5 mg, respectively) and a urate
Chlorthalidone Indapamide SR

Decreasedþþ Decreased

Increased Neutral

Mixed data Neutral

Increased þ Increasedþ
Decreased Neutral

intense.
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increase of 36 mmol/l was found with a 12.3 mg dose of
HCTZ and a 8.9 mg dose of chlorthalidone [52].

Studies have also shown that serum creatinine levels
increase significantly with HCTZ and chlorthalidone treat-
ments [29,72]. In a post hoc analysis of the Systolic Hyper-
tension in Europe [(Syst-Eur); N¼ 4406) trial, for example,
treatment with HCTZ 12.5–25mg, alone or in combination,
increased serum creatinine by þ6.7 mmol/l (P< 0.001)
compared with baseline in older patients with isolated
systolic hypertension [72]. Similarly, 3 years of treatment
of the elderly with the chlorthalidone 12.5–25 mg (þ aten-
olol as needed) in SHEP led to increases in serum creatinine
compared with placebo (þ2.8 mmol/l; P< 0.001) [29]. As all
drugs that lower blood pressure tend to increase creatinine
because of reduced renal perfusion pressure, this effect
may be only partially related to the drug per se.

Effects on serum glucose, dysmetabolic effects and
increases in the probability of developing type 2 diabetes
mellitus are typically considered to be similar for chlortha-
lidone and HCTZ. However, close analysis of the Elliott
2007 network meta-analysis (N¼ 143 153), which com-
pared the risk of new onset diabetes associated with the
use of the major antihypertensive drug classes and placebo
versus diuretics as reference class, suggests that the impact
on new onset diabetes may not be the same whether the
reference group included chlorthalidone or not [10].
Indeed, the increase in new onset diabetes induced by
diuretics compared with placebo lost its significance in the
sensitivity analysis when chlorthalidone was considered
alone whereas it remained unchanged when HCTZ alone
was considered. These data highlight possible differences
between thiazide and thiazide-like diuretics with respect to
long-term impact on new onset diabetes.

In addition, differences in the clinical acceptability of
indapamide and HCTZ were noted in a head-to-head
comparison of indapamide sustained release 1.5 mg and
HCTZ 25mg (N¼ 50), in which indapamide was metaboli-
cally neutral, whereas HCTZ was associated with significant
increases in triglycerides and glucose levels [77]. Moreover,
in a study of elderly patients (N¼ 524), after 12 weeks of
treatment, more patients had moderate/severe hypokale-
mia (<3.0 mmol/l) in the HCTZ 25mg group than in the
indapamide sustained release 1.5 mg group (2.3 versus
0.6%, respectively) [59]. This different impact on serum
potassium may partly explain the lower incidence of
new onset diabetes observed with indapamide though in
the Prevention and Treatment of Hypertension with Algo-
rithm-based Therapy (PATHWAY) 3 study, there was no
impact of potassium on glucose metabolism [78].

Two recently published articles from Denmark have
suggested that the long-term use of HCTZ (>10 years) is
associated with an increased risk of skin cancers [79,80].
The first case–control study showed an increased risk of
basal cell (BCC) and squamous cell (SCC) carcinoma. The
use of high cumulative doses of HCTZ (>50 g) was associ-
ated with a dose-dependent increase in the risk of BCC
(odds ratio 1.29, 95% CI: 1.23–1.35) and SCC (odds ratio
3.84, 95% CI: 3.68–4.31). The mechanism hypothesized is
the photosensitizing effect of HCTZ. Thus, the increased
risk was not shared by chlorthalidone or indapamide. In a
second analysis of the same databases, the same authors
1580 www.jhypertension.com
reported an increase in the risk of nodular melanoma with
the use of HCTZ. Therefore, one now recommend to inform
patients of this risk and to examine patients’ skin regularly.
Switching patients to chlorthalidone or indapamide may be
another alternative in patients at high risk of skin cancers or
those who are very worried about developing cancer.
Clinical endpoints
The most recent ESC/ESH guidelines cite the lack of head-
to-head studies with clinical event data and the low avail-
ability of single-pill combinations that include thiazide-like
diuretics as the main reasons for not differentiating between
thiazide and thiazide-like diuretics [8]. Yet, other guidelines
[2,4] have based their recommendation to differentiate
between the two groups of diuretics on the results of
meta-analyses that evaluate cardiovascular event risk after
treatment with HCTZ, chlorthalidone and indapamide
(Table 4) [2,81–84]. Interestingly, in one of these meta-
analyses (21 studies), in which two analyses were per-
formed (with and without adjustment for changes in blood
pressure), the reduction in risk of cardiovascular events and
heart failure was significant for thiazide-like diuretics
(chlorthalidone and indapamide) irrespective of the adjust-
ment for blood pressure [81]. For thiazides (chlorothiazide,
HCTZ, trichlormethiazide, bendroflumethiazide, bendro-
fluazide), however, the reduction in risk was only signifi-
cant when no adjustment for blood pressure reduction was
made. These data suggest that blood pressure independent
reduction of risk occurred with thiazide-like, but not
thiazide diuretics.
Mortality
With respect to mortality, results of meta-analyses are
particularly noteworthy as they are consistently different
between thiazide and thiazide-like diuretics. In the Olde
Enberink et al. meta-analysis, treatment with thiazide-like
diuretics, but not thiazides, resulted in a significant reduc-
tion in all-cause mortality compared with placebo [RR 0.84
(95% CI: 0.74–0.96), no adjustment for blood pressure;
Table 4) [81]. In the 2015 meta-analysis by Thomopoulos
et al. (N¼ 195 267), only treatment with indapamide signif-
icantly reduced all-cause mortality [RR 0.86 (95% CI: 0.75–
0.99), no adjustment for blood pressure] [83].

These opposing effects on mortality raise an important
question about heterogeneity and the interpretation of
meta-analyses that combine data for thiazide and thia-
zide-like diuretics. In the elderly, anti-hypertensive treat-
ment has been reported to have no effect on mortality; but
authors also report significant heterogeneity because of
HYVET, which was the only indapamide trial and the only
trial to show an improvement in mortality risk [85]. In
diabetic patients, no effect of diuretic treatment on mortality
was found in several meta-analyses [18–20]. However, in
the diabetes sub-analysis of the placebo-controlled SHEP
trial (n¼ 1226) significant improvements in cardiovascular
and all-cause mortality were noted after chlorthalidone
treatment [adjusted hazard ratio 0.69 (95% CI: 0.53–0.85)
for cardiovascular mortality and 0.81 (95% CI: 0.68–0.95)
for total mortality] [86]). These data, thus, suggest that
combining of data from thiazide-like and thiazide diuretics
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Redefining diuretics use in hypertension

Journal of Hypertension
may mask differences between these two classes
of diuretics.

End-organ damage and vascular health
Improvements in clinical endpoints are in large part attrib-
utable to decreases in blood pressure. The three drug
classes recommended as first-line therapy improve markers
of renal function and of cardiovascular health. However,
when the effects on end-organ damage and vascular health
that are not driven by blood pressure reduction are consid-
ered, differences not only between drug classes but also
between drugs belonging to the same therapeutic class start
to appear.

Among diuretics, markers of renal function respond
differently to treatment with HCTZ, chlorthalidone, and
indapamide [25,87–89]. Recently, in hypertensive patients
whose blood pressure was controlled by adding indapa-
mide 1.5 mg or HCTZ 12.5 mg to treatment with losartan
50mg (n¼ 90), urine albumin–creatinine ratio, urine neu-
trophil gelatinase-associated lipocalin, and renal resistive
index improved compared with baseline in both groups
[89]. Favorable changes in these markers of renal injury and
renal hemodynamics, however, were significantly greater
in the losartan/indapamide group than in the losartan/
HCTZ group [89].

Markers of heart damage also respond differently
depending on the treatment [90–92]. In a randomized
controlled study in which decreases in DBP were similar
in all treatment groups (N¼ 151), 6 months treatment with
indapamide reduced left ventricular mass, whereas treat-
ment with HCTZ did not [91]. More recently, the heteroge-
neity among diuretics was illustrated in a meta-analysis (12
trials, N¼ 1005) showing that treatments with chlorthali-
done, indapamide, and potassium-sparing diuretics, but not
with HCTZ, were associated with significant reductions in
left ventricular mass compared with RAS inhibitors [92]. In
this meta-analysis, chlorthalidone, indapamide, and potas-
sium-sparing diuretics surpassed RAS inhibitors in terms of
reduction of left ventricular mass [92]. Interestingly, in a
study of 56 hypertensive patients with diabetes mellitus, 6
months treatment with indapamide sustained release
1.5 mg or HCTZ 25 mg, on a background of quinapril,
led to similar changes in blood pressure, but indapamide
was associated with significantly greater improvements in
endothelial and arterial function and with increases in
longitudinal left ventricular function compared with HCTZ
[90]. Increases in flow-mediated dilation were also observed
with combination indapamide sustained release 1.5 mg, but
not with HCTZ 25mg [90].

These blood pressure-independent effects are likely to
be fundamental contributors to the differences in long-term
endpoints between thiazide and thiazide-like diuretics.
They are also likely to be the result of pleiotropic effects
that are not governed by the targeting of the kidney.

SELECTINGTHE RIGHT TERMINOLOGY:
DIFFERENTMECHANISMS OFACTION
Historically, thiazide and thiazide-like diuretics were
grouped together as they target the same segment of the
distal convoluted tubule [93]. It was thought that the
www.jhypertension.com 1581



TABLE 5. Differences in pathways that may mediate vasodilation

Hydrochlorothiazide Chlorthalidone Indapamide

Effect on KCA channels [96,97] þ ND –

Desensitization to calcium via RhoA and Rho kinase [98] þ þ ND

Calcium channel antagonism [99] – – þ
Carbonic anhydrase inhibition [100–103] þ þþþ þþ
Increase in urinary prostaglandins PGE2 and PGF2a [104,105] ND þ þ
VEGF-C and TGF-b3 transcription decrease [106] ND þ ND

Oxidative stress reduction [107–109] – – þ
Platelet aggregation reduction [106,110] – þ þ

KCA, potassium-activated calcium; ND, no data; PGE2, prostaglandin E2; PGF2a, prostaglandin F2alpha; TGF, transforming growth factor; VEGF, vascular endothelial growth factor.

Burnier et al.
targeting of the sodium-chloride transporter in this part of
the kidney tubule mediated the decreases in blood pressure
and cardiac output by causing volume loss. The mechanism
of action for the blood pressure-lowering effect of diuretics
is, in fact, more complex. Only the initial blood pressure
reduction (1–2 weeks) is mediated by the kidney: the
hypovolemia rapidly stimulates the activation of RAS,
which stalls the decrease in blood pressure and results in
volume and cardiac output returning almost to baseline [94].
It is the second phase, during which the diuretic treatment
targets peripheral vascular resistance and vasodilation that
mediates the bulk of the ongoing (4–8 weeks) and long-
term blood pressure reduction [95].

Moreover, although all diuretics induce some vasodila-
tion, the mechanisms that lead to endothelium and vascular
smooth muscle relaxation [95] are complex and appear to
be significantly different between thiazide and thiazide-like
diuretics (Table 5) [95–111]. In head-to-head comparisons,
significant differences have been found in the antagonism
of calcium channels [99], the opening of the KCA channel
[96,97], the inhibition of carbonic anhydrases [100,101,103],
and the inhibition of RhoA and Rho kinase expression [98].

Data have also shown that reductions in morbidity and
mortality are likely to be influenced by a range of blood
pressure-independent and molecule-specific effects [111].
Thus, HCTZ appears to have a weaker effect on platelet
aggregation than indapamide; and chlorthalidone has been
shown to be more potent than bendroflumethiazide in this
respect [106,110]. These differences in effects on platelets
could play a role in the observed differences in stroke and
mortality [106]. In addition, chlorthalidone, but not bendro-
flumethiazide, decreases vascular endothelial growth factor-
C and transforming growth factor-b3 transcription, both of
which are implicated in angiogenesis and vascular perme-
ability [106]. Authors of the study suggested that chlorthali-
done’s effects on vascular permeability could be the basis for
the reduced risk of heart failure associated with chlorthali-
done treatment [28,106]. Lastly, indapamide appears to
reduce oxidative stress, whereas chlorthalidone and HCTZ
do not [107–109]. As the endothelium mediates direct vaso-
dilation at least in part by responding to nitric oxide, benefi-
cial cardiovascular effects of indapamide may also be related
to improvements in endothelial function, which, in turn,
improves vasomotor tone, arterial stiffness and remodeling,
inflammation, and target organ damage [112].

Thus, chlorthalidone and indapamide are similar in their
renal mechanism of action to thiazides as they target the
same segment of the kidney; however, their overall struc-
ture and longer half-life and pleiotropic effects set them
1582 www.jhypertension.com
apart as separate types of molecules from thiazide diuretics.
We believe that the significant differences in the long-term
processes could drive the differences in clinical outcomes
and justify systematically differentiating between thiazide
and thiazide-like diuretics. Head-to head clinical trials are
needed to confirm this hypothesis.

GUIDELINE DIFFERENCES BETWEEN
CHLORTHALIDONE AND INDAPAMIDE
Some guidelines do not group chlorthalidone and indapa-
mide under the heading thiazide-like diuretic, but rather,
they treat the two molecules separately. In the Latin Ameri-
can Society of Hypertension guidelines, indapamide is
preferred in patients with a history of stroke or transient
ischemic attack; whereas in the most recent ACC/AHA
hypertension recommendations, chlorthalidone is listed
as the optimal choice [5,6].

These recommendations are based on meta-analyses
that highlight potential differences between chlorthalidone
and indapamide. The Thomopoulos et al., 2015 meta-anal-
ysis, for instance, separates out the chlorthalidone and the
indapamide data [83]. Data from the chlorthalidone trials,
but not the indapamide trials, reached statistical signifi-
cance for coronary heart disease [RR 0.69 (95% CI: 0.49–
0.97)], whereas only the indapamide data reached signifi-
cance for all-cause mortality [RR 0.86 (95% CI: 0.75–0.99)].
Both treatments had significant effects on stroke and on the
composite endpoint (stroke and coronary heart disease).
Similar results were obtained by the United Kingdom
National Clinical Guideline meta-analysis for stroke (signif-
icant versus placebo for both treatments) and all-cause
mortality (only significant versus placebo for indapamide)
[2]. Coronary heart disease, however, was significantly
reduced with indapamide, but not chlorthalidone [2].

As there are no head-to-head trials comparing these two
molecules, it is likely that variations in patient populations
and differences in study methods influence these results.
However, considering the significant differences in struc-
ture and pharmacokinetic profiles, the next step in our
understanding of diuretics may well be a reflection about
the differences among thiazide-like diuretics.

CONCLUSION
In clinical practice, there is a tendency to consider all
molecules in a therapeutic class as equivalent. Unfortu-
nately, this is rarely the case. The data presented herein
support a clear distinction between thiazide and thiazide-
Volume 37 � Number 8 � August 2019
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like diuretics. Indapamide and chlorthalidone are suffi-
ciently structurally and mechanistically distinct from HCTZ
to warrant a separate classification and clinical data under-
score the importance of distinguishing between these mol-
ecules in clinical practice.

Overall, the long-term risk:benefit ratio of thiazides is
less favorable than that of thiazide-like diuretics; and an
overwhelming amount of data describing HCTZ and its
potential metabolic effects has skewed our understanding
of treatment options away from diuretics in general. When
thiazide-like diuretics are considered alone, for the many
patients, for whom volume control is essential, the risk:be-
nefit ratio shifts in favor of the diuretic treatment. In such
patients, the benefits of volume control, blood pressure
reduction, and long-term cardiovascular morbidity and
mortality prevention exceed the risk of adverse events.

Looking forward, as most guidelines now recommend
combination treatments, comparisons of thiazide and thia-
zide-like diuretics should probably be made in the context
of combinations with a RAS inhibitor. More studies and
more single-pill combinations that include thiazide-like
diuretics are needed.
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