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Abstract
Purpose of Review In patients with prediabetes or type 2 diabetes, the use of thiazides as antihypertensive agents has been
challenged because associated metabolic adverse events, including new-onset diabetes.
Recent Findings These metabolic disturbances are less marked with low-dose thiazides and, in most but not all studies, with
thiazide-like diuretics (chlorthalidone, indapamide) than with thiazide-type diuretics (hydrochlorothiazide). In post hoc analyses
of subgroups of patients with hypertension and type 2 diabetes, thiazides resulted in a significant reduction in cardiovascular
events, all-cause mortality, and hospitalization for heart failure compared to placebo and generally were shown to be non-inferior
to other antihypertensive agents.
Summary Benefits attributed to thiazide diuretics in terms of cardiovascular event reduction outweigh the risk of worsening
glucose control in type 2 diabetes and of new-onset diabetes in non-diabetic patients. Thiazides still play a key role in the
management of patients with type 2 diabetes and hypertension.
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Introduction

Diuretics have a major role in the treatment of arterial hyper-
tension and congestive heart failure [1], two common comor-
bidities associated with type 2 diabetes (T2D) [2–4]. Most
patients with T2D are overweight or obese and hypertension
linked to obesity is characterized by fluid retention [5]. This
observation paves the road to the use of diuretics in patients
with T2D and hypertension, either as monotherapy or as a
component of any combined therapy [6]. Diuretics belong to
a heterogeneous family so that several compounds may be
distinguished even within the thiazide pharmacological class

[7, 8]. It is common to separate the thiazide-type diuretics
(hydrochlorothiazide (HCTZ) as the reference compound
[9]) from the so-called thiazide-like diuretics (chlorthalidone
(CTD) and indapamide (IDP) [10, 11]).

Thiazide diuretics were the first efficient antihypertensive
drugs with a good tolerance profile that significantly reduced
cardiovascular (CV) morbidity and mortality in placebo-
controlled clinical studies [12]. No study investigated specif-
ically the effects of thiazide diuretics on CV complications
and mortality in patients with T2D. Nevertheless, interesting,
although limited, data could be derived from post hoc analyses
in subgroups of T2D individuals having participated in several
large CVoutcomes studies that enrolled patients with arterial
hypertension [13]. However, thiazides may also exert adverse
metabolic effects that may aggravate several CV risk factors;
of special interest, they have been suspected to increase the
incidence of new-onset diabetes (NOD) in non-diabetic pa-
tients with hypertension [14–16]. In 1991, because the suspi-
cion of an excess mortality associated with diuretic therapy in
diabetesmellitus, it was concluded that “until there is a clinical
trial showing a beneficial effect of diuretic treatment in dia-
betic patients, there is urgent need to reconsider its continued
usage in this population” [17]. Nevertheless, in 2017, thiazide
diuretics are still a common therapy in hypertensive patients
with T2D. In the last couple of years, systematic reviews
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compared antihypertensive agents in patients with T2D and
generally provided results that support the use of thiazide di-
uretics in this population [18•, 19••, 20•, 21•, 22•, 23•, 24••].

The main objectives of this updated narrative review de-
voted to the use of thiazide-type and thiazide-like compounds
in patients with T2D are as follows: (1) to describe the adverse
metabolic effects reported with thiazide diuretics and investi-
gate to what extent thiazides may increase the risk of NOD or
worsen the blood glucose control in T2D patients; (2) to ana-
lyze the effects of thiazide diuretics on CVoutcomes in T2D
patients with arterial hypertension; (3) to briefly discuss the
results of thiazides in T2D patients with congestive heart fail-
ure and in patients with renal impairment and/or
(micro)albuminuria; and finally (4) to compare thiazides with
inhibitors of sodium-glucose cotransporters type 2 (SGLT2), a
new class of glucose-lowering agents with diuretic properties.

Adverse Metabolic Effects of Thiazide
Diuretics

Metabolic Effects of Thiazide-Type Versus
Thiazide-Like Diuretics

A recent systematic review and meta-analysis of 26 random-
ized controlled trials (RCTs) involving 16,162 participants
demonstrated that thiazide-type diuretics are associated with
significant but small adverse effects on fasting plasma glucose
(FPG) in hypertensive patients (mean difference, +
0.27 mmol/l; 95% confidence interval or CI 0.15 to 0.39).
Patients receiving lower doses of thiazides (HCTZ or
CTD ≤ 25 mg daily) had less change in FPG (+ 0.15 mmol/
l; 95% CI 0.03 to 0.27) than those receiving higher doses (+
0.60 mmol/l; 95% CI 0.39 to 0.82) [23•].

Another meta-analysis of 10 RCTs with low-dose thiazide-
type and thiazide-like diuretics showed that the cumulative
mean change of FPG was + 0.20 mmol/l for the diuretic arm
versus + 0.12 mmol/l for the comparator arm, while the cu-
mulative mean change of serum potassium was − 0.22 mmol/l
for the diuretic arm versus + 0.05 mmol/l for the comparator
arm [25]. A role of hypokalemia in the worsening of glucose
tolerance in patients treated with HCTZ has long been
suspected [26]. In a quantitative review of 59 clinical trials
with 83 thiazide diuretic study arms, an inverse relationship
was noticed between changes in glucose and potassium levels
(Pearson’s correlation coefficient: − 0.54; 95% CI − 0.67 to −
0.36; p < 0.01) [27]. These data suggest that thiazide-induced
hypokalemia is associated with increased blood glucose.
Consequently, treatment of thiazide-induced hypokalemia
may reverse glucose intolerance and possibly prevent the
future development of diabetes [26]. This was confirmed in
the PATHWAY-3 trial in non-diabetic patients, in whom
the combination of amiloride, a potassium-sparing diuretic,

with HCTZ prevents glucose intolerance while improving
control of blood pressure compared with HCTZ monotherapy
[28].

Head-to-head comparisons in RCTs demonstrate that both
CTD and IDP are more potent antihypertensive agents than
HCTZ at commonly prescribed doses without evidence for
greater adverse metabolic effects (Table 1) [29]. This was
confirmed in a recent meta-analysis of 12 head-to-head trials
(five comparing IDP versus HCTZ and seven comparing CTD
versus HCTZ). Using thiazide-like diuretics was superior to
thiazide-type diuretics in reducing blood pressure without in-
creasing the incidence of hypokalemia, hyponatremia, and
any change of blood glucose (+ 0.13 mmol/l; 95% CI − 0.16
to 0.41, p = 0.39) and serum total cholesterol (Table 1) [20•].

Hydrochlorothiazide

According to a recent meta-analysis of parallel-design RCTs,
13 studies, involving 720 patients, compared the metabolic
effects of HCTZ versus no-HCTZ hypertension treatment in
patients with T2D [18•]. FPG (standardized mean difference
(SMD) = + 0.27 mmol/l; 95% CI 0.11 to 0.43) and glycated
hemoglobin (HbA1c) (+ 1.09%; 95% CI 0.47 to 1.72 or +
9.8 mmol/mol, 95% CI 4.2 to 15.5) significantly increased
while high-density lipoprotein-cholesterol (HDL-C) (−
0.44 mmol/l; 95% CI − 0.81 to − 0.08) decreased in the pa-
tients treated with HCTZ [18•]. However, although low doses
(12.5–25mg/day) of HCTZ elevated serum glucose and wors-
ened lipid profile, the magnitude of effects was small in most
cases and probably of minor clinical significance [30].

HCTZ treatment worsened hepatic steatosis measured as
hepatic triglyceride content, caused visceral fat accumulation,
and reduced insulin sensitivity [31, 32]. Furthermore, HCTZ
resulted in a slight but significant deterioration in endothelial
function as assessed by flow-mediated vasodilation (FMD) of
the brachial artery after 12 and 24 weeks of therapy, despite a
significant improvement in blood pressure in hypertensive
non-diabetic patients [33].

Chlorthalidone

In ALLHAT (Antihypertensive and Lipid-Lowering Heart
Attack Trial) among non-diabetic hypertensive patients at
baseline, FPG increased from 5.17 to 5.80mmol/l after 4 years
in the CTD group (12.5 to 25 mg/day); this increase was less
marked in the lisinopril group (from 5.18 to 5.58 mmol/l,
p < 0.001 vs CTD) but almost similar in the amlodipine group
(from 5.17 to 5.73 mmol/l, p = 0.11 vs CTD) [34].

In the SHEP (Systolic Hypertension in the Elderly
Program) trial, small effects of CTD (12.5 mg or 25 mg) com-
pared with placebo were observed after 3 years of therapywith
FPG (+ 0.20 mmol/l; p < 0.01), total cholesterol (+
0.09 mmol/l; p < 0.01), and HDL-C (− 0.02 mmol/l;
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p < 0.01). Larger effects were seen with fasting levels of tri-
glycerides (+ 0.9 mmol/l; P < 0.001), uric acid (+ 35
micromol/l; p < 0.001), and potassium (− 0.3 mmol/l;
p < 0.001) [35].

Despite these metabolic changes, CTD improved endothe-
lial function, reversed abnormal arteriolar structure, and
slowed albumin permeation in hypertensive non-diabetic pa-
tients with metabolic syndrome [36].

Indapamide

In a 2-year Italian multicenter open-label study in non-diabetic
patients with systemic hypertension, glucose tolerance was
unchanged despite slight but significant reductions in serum
potassium with IDP, 2.5 mg once daily. Total cholesterol,
HDL-C, and serum triglycerides were unchanged, while uric
acid increased significantly in patients receiving IDP [37].

Several studies investigated the metabolic effects of IDP in
hypertensive patients with T2D and reported heterogeneous
results [11]. The results in people with diabetes were incon-
clusive due to the small number of participants studied or
obtained in different ethnic populations. In an open study in
only 10 T2D patients with hypertension, no change in plasma
glucose or insulin levels during an oral glucose tolerance test
occurred at any time during 1-year therapy with IDP 2.5 mg/
day [38]. However, in another open-label trial in 13 hyperten-
sive T2D patients, both mean FPG and integrated glucose
responses after an oral glucose load and HbA1c were signifi-
cantly higher after 24 weeks of IDP therapy compared to
baseline levels. In the same trial, IDP caused a slight but
non-significant rise in the total triglyceride, total cholesterol,
and low-density lipoprotein cholesterol levels, while HDL-C
decreased [39]. A placebo-controlled RCT showed that a 3-
month treatment with IDP (sustained-release formulation) in
hypertensive T2D Chinese patients does not alter or aggravate
lipid and glucose profiles and does not exert adverse effects of
hypokalemia and hyperuricemia [40]. In a head-to-head trial

in hypertensive diabetic patients receiving a background
angiotensin-converting enzyme (ACE) inhibitor therapy, IDP
2.5 mg/day resulted in a comparable metabolic profile as com-
pared to HCTZ 12.5 mg/day [41].

Of notable interest, a 6-month treatment with IDP was
found to improve measures of endothelial and arterial func-
tions and to increase longitudinal left ventricular function
compared with HCTZ in patients with hypertension and
T2D [42].

New-Onset Diabetes in Thiazide-Treated Patients

People with elevated blood pressure are at increased risk of
diabetes and estimates are similar even after excluding indi-
viduals prescribed antihypertensive therapies [43].
Nevertheless, some CV and antihypertensive drugs such as
thiazides and beta-blockers increase the risk of NOD diabetes
[16, 44]. The potential for occurrence of NOD certainly needs
consideration [45], but it is not an insurmountable challenge
and must not compromise aggressive blood pressure control,
which remains the primary tool for antihypertensive care [46].
Overall clinical benefit in terms of CV event reduction out-
weighs the risk of NOD [44] (see “Thiazide diuretics as anti-
hypertensive agents”).

In the Japanese DIME (Diuretics In the Management of
Essential hypertension) RCT, antihypertensive treatment with
low-dose thiazide diuretics at 12.5 mg/day of HCTZ or equiv-
alent was not be associated with an increased risk for NOD
[47]. In an observational long-term (up to 40 years) survey of
15,089 hypertensive patients attending the Glasgow Blood
Pressure Clinic, 1-in-8 hypertensive patients developed
NOD, but mortality was increased only in the 1-in-20 who
developed early NOD (no increase in those who developed
late NOD) [48]. Furthermore, in this large study, antihyperten-
sive drug use (especially proportion of thiazides) was not dif-
ferent in patients with NOD in comparison with patients who
did not develop diabetes.

Table 1 Meta-analyses of clinical trials comparing the reductions in arterial blood pressure and the associated metabolic effects with
hydrochlorothiazide (HCTZ) and two thiazides-like diuretics, chlorthalidone (CTD) and indapamide (IDP)

Comparison Number of
trials

Reduction in systolic
blood pressure
mmHg

Changes in serum
potassium
mEq/L

Changes in
blood glucose
mmol/L

Changes in total
cholesterol
mmol/L

IDP vs HCTZ [29] 13 − 5.1 (− 8.7 to − 1.6)
p = 0.004

− 0.1 (− 0.3 to 0.2)
NS

0.22 (− 0.17 to 0.61)
NS

− 13 (− 0.44 to 0.18)
NS

CTD vs HCTZ [29] 3 − 3.6 (− 7.3 to 0.0)
p = 0.052

NA NA NA

IDP/CTD vs HCTZ [20•] 4–10 − 5.59 (− 5.69 to − 5.49)
p < 0.00001 (*)

NA (**) 0.13 (− 0.16 to 0.41)
p = 0.39

0.11 (− 0.002 to 0.24)
p = 0.11

NS: not significant; NA: not available

*Difference in diastolic blood pressure: − 1.98 (− 3.29 to − 0.66) mmHg; p = 0.003

**Incidence of hypokalemia: odds ratio: 1.58 (0.80–3.12); p = 0.19
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Careful overview of the literature gives conflicting results
when considering the conclusions of systematic reviews and
meta-analyses. On the one hand, some publications conclude
that the use of thiazide diuretics is associated with the highest
risk of NOD in hypertensive patients contrasting with the
lowest risk when renin-angiotensin system (RAS) blockers
are used [49, 50]. On the other hand, other papers do not
support the hypothesis that thiazide diuretics are more strong-
ly associated with the initiation of hypoglycemic therapy than
are other antihypertensive agents [21•, 51, 52]. The reasons
for such discrepancies are unclear but may result from differ-
ences in patient characteristics, type and dose of diuretics,
criteria of definition of diabetes, and length of follow-up
across the different studies.

According to a European society of hypertension position
statement concerning the metabolic syndrome in hypertension,
RAS blockers or even calcium channel blockers are preferable
over diuretics in monotherapy. However, if a combination of
drugs is required, low-dose diuretics can be used, although a
combination of thiazide diuretics and beta-blockers should be
avoided [53]. Few prospective trials have been conducted in
the search of the ideal antihypertensive regimen in patients with
obesity and the metabolic syndrome. Though caution exists re-
garding the use of thiazide diuretics due to potential metabolic
derangements, there is insufficient data to show worsened CV
outcomes in patients treated with these drugs [54, 55].

Thiazide Diuretics as Antihypertensive Agents

Thiazides in the General Population
with Hypertension

Thiazide diuretics are one of the preferred pharmacologic
treatments for hypertension. There are significant pharmaco-
kinetic and pharmacodynamic differences between thiazide-
type and thiazide-like diuretics. For instance, CTD is approx-
imately 1.5 to 2.0 times as potent as HCTZ, and the former has
a much longer duration of action [56]. Similarly, IDP
sustained released has a smoother pharmacokinetic and phar-
macodynamic profile compared to HCTZ [11]. A systematic
COCHRANE review investigated the dose-related decrease in
systolic and/or diastolic blood pressure due to thiazide di-
uretics (HCTZ, CTD, IDP) compared with placebo in the
treatment of patients with primary hypertension (independent-
ly of the presence of diabetes) [57]. HCTZ has a dose-related
blood pressure-lowering effect over the dose range 6.25 to
50 mg/day. For CTD and IDP, the lowest doses studied re-
duced blood pressure maximally. Due to the greater effect on
systolic than on diastolic blood pressure, all thiazides diminish
pulse pressure by 4 to 6 mmHg, a difference that exceeds the
pulse pressure reduction achieved by RAS inhibitors or beta-
blockers [57].

Most studies having investigated the effects of thiazide
diuretics on CVoutcomes have recruited hypertensive patients
without diabetes. A network meta-analysis published in 2003
combined data from 42 clinical trials that included 192,478
patients randomized to major antihypertensive treatment strat-
egies, including placebo. For all clinical outcomes, low-dose
diuretics were superior to placebo: coronary heart disease (rel-
ative risk (RR), 0.79; 95% CI 0.69 to 0.92); congestive heart
failure (RR, 0.51; 0.42 to 0.62); stroke (RR, 0.71; 0.63 to
0.81); CV events (RR, 0.76; 0.69 to 0.83); CV mortality
(RR, 0.81; 0.73 to 0.92); and total mortality (RR, 0.90; 0.84
to 0.96). None of the first-line antihypertensive treatment
strategies was significantly better than low-dose diuretics for
any outcome [58]. The same authors concluded that based on
the available data from the placebo-controlled trials evaluating
low-dose diuretics, major health outcomes for CTD and other
thiazide-like drugs appear to be similar [59].

In 2015, a pooled study of 19RCTs compared thiazide diuretics
(n= 56,802) versus other therapies (control n= 55,311) in patients
with hypertension. Thiazide diuretic treatment was associatedwith
reductions in the risks of CV events (odds ratio (OR) 0.86; p=
0.007) and heart failure (OR 0.62; p< 0.001), but no difference in
strokeswas noticed (OR0.92; p= 0.438) or coronary heart disease
(OR 0.95; p=0.378) compared to controls [60•]. Further analysis
showed that the observed benefits were mainly confined to
thiazide-like diuretic therapy (CTD and IDP) rather than
thiazide-type diuretics (chlorothiazide and HCTZ) with a signifi-
cant reduction in the risk of CVevents (OR 0.78; p<0.001), heart
failure (OR0.57; p< 0.001), and stroke (OR0.82; p= 0.016). This
study suggests that use of thiazide diuretic in hypertensive patients
results in a reduction in the risk of CVevents. Moreover, thiazide-
like diuretics have greater cardioprotective effect than thiazide-type
diuretics, especially on heart failure [60•]. These results were con-
firmed in another meta-analysis of 21 RCTs (with > 480,000
patient-years) that specifically compared the effects of thiazide-
type and thiazide-like diuretics with placebo or antihypertensive
drugs on CV events and mortality in adult hypertensive patients
[61•]. Thiazide-like diuretics resulted in a 12% additional risk
reduction for CV events (p= 0.049) and a 21% additional risk
reduction for heart failure (p = 0.023) when compared with
thiazide-type diuretics [61•].

Thus, increasing evidence suggests inferiority of HCTZ in
lowering blood pressure and CV outcomes in hypertensive
patients when compared with other drugs in the same class,
especially thiazide-like diuretics. Thus, CTD and IDP should
be preferred over HCTZ in most hypertensive patients when
diuretics are required for treatment of hypertension [62].

Patients with T2D and Hypertension

A recent overview of systematic reviews concluded that the
available evidence supports treatment in people with T2D and
systolic blood pressure more than 140 mmHg, using any of
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the major antihypertensive drug classes, including thiazide
diuretics [22•]. Contrary to past recommendations, there is
little or no further benefit in lowering systolic blood pressure
below 130 mmHg in patients with T2D [63••]. According to
the recent position statement by the American Diabetes
Association [63••], initial treatment for hypertension in pa-
tients with diabetes should include drug classes demonstrated
to exert CV protection. Among thiazide diuretics, CTD and
IDP, two long-acting agents shown to reducemajor CVevents,
are preferred [63••]. Although several blood pressure-
lowering medications can beneficially be prescribed in hyper-
tensive patients with T2D, it is generally recommended to
initiate or include a RAS blocker, in patients with
microalbuminuria or proteinuria [19••, 63••, 64].

However, in a meta-analysis of 19 RCTs that enrolled
25,414 participants with diabetes for a total of 95,910 patient
years of follow-up, RAS blockers were not superior to other
antihypertensive drug classes including thiazide diuretics in
reducing the risk of hard CVendpoints and all-cause mortality
(RR versus thiazides 0.99; 95% IC 0.90–1.08; results mainly
driven by the ALLHAT data) [64]. This was confirmed in a
network meta-analysis of 27 RCTs, comprising 49,418 partic-
ipants, which showed no benefit of a single antihypertensive
class in reduction of all-cause mortality and CV mortality in
hypertensive patients with T2D [24••]. According to the 2017
standards of medical care in diabetes published by the
American Diabetes Association, “among T2D patients with-
out albuminuria for whom CV prevention is the primary goal
of blood pressure control, a thiazide-like diuretic may be con-
sidered instead of or in addition to a RAS blocker” [65].

A meta-analysis of four placebo-controlled RCTs, pub-
lished in 2000, investigated the effects of a thiazide-like di-
uretic—HCTZ or CTD—in subgroups of hypertensive pa-
tients with T2D [66]. It showed a reduction by 20% (p =
0.032) of major CV events (a composite of CV mortality,
myocardial infarction, and stroke), mainly driven by a reduc-
tion in strokes (− 36%, p = 0.011), but no significant differ-
ences in CV mortality and all-cause mortality (Table 2) [66].

Since 2000, several publications have analyzed the effects
of HCTZ, CTD, and IDP on CV outcomes and mortality in
subgroups of hypertensive patients with T2D [13, 67–73]
(Table 2). Overall, the results confirmed that thiazide diuretics
are associated with a significant reduction in CV events and
mortality when compared with placebo. When thiazide di-
uretics are compared with ACE inhibitors or calcium channel
blockers, most RCTs reported no significant differences what-
ever the criterion considered. Thiazides were associated with a
greater reduction in the rate of heart failure in some trials
(Table 2).

In 2017, a meta-analysis compared CVoutcomes with thi-
azide diuretics versus all antihypertensive agents (4–7 trials)
[19••]. No significant differences were observed in the inci-
dences of myocardial infarction, stroke, CV mortality, and all-

cause mortality. A significant reduction in the rate of heart
failure was noticed in patients treated with thiazides
(Table 2). No differences between thiazide diuretics and other
antihypertensive agents were observed in two composite end-
points: coronary heart disease plus stroke (OR 1.04; 95% IC
0.98 to 1.11) and coronary heart disease plus stroke plus heart
failure (OR 0.97; 95% IC 0.93 to 1.02) [19••].

Studies with IDP in hypertensive patients with T2D are
difficult to interpret because of the study designs [11]. In the
NESTOR (Natrilix SRVersus Enalapril Study inHypertensive
Type 2 Diabetics With MicrOalbuminuRia) trial, IDP
sustained release was not less effective than enalapril in reduc-
ing microalbuminuria and blood pressure in patients aged >
65 years of age with T2D and hypertension [74] and was more
effective than enalapril in reducing BP in elderly diabetic hy-
pertensive patients with marked sodium retention [75].
However, this 1-year study was not powered to study CV
outcomes. In the HYVET (HYpertension in the Very Elderly
Trial) study, antihypertensive treatment with IDP sustained
release, with or without perindopril, in persons 80 years of
age or older was associated with significant reductions in the
rates of strokes (− 30%), death from any cause (− 21%), death
from CV disease (− 23%), and heart failure (− 64%) after a
mean follow-up of 1.8 years; however, less than 7% of pa-
tients had diabetes, a low number that does not allow a specific
subanalysis [76]. In a subgroup analysis of the real-life, obser-
vational, PICASSO (Perindopril Plus Indapamide
Combination Blood Pressure Reduction) study, 2762 hyper-
tensive patients with T2DM or prediabetes unsuccessfully
treated with antihypertensive agents were switched to a
fixed-dose combination of perindopril 10 mg/IDP 2.5 mg;
after 3 months, the perindopril-IDP combination resulted in
significant reductions in office and 24-h ambulatory blood
pressures, with a good tolerance profile; however, besides
being an open-label study without a controlled group,
PICASSO was too short to investigate CVoutcomes [77].

The largest RCT designed to study the effect of IDP on CV
outcomes in patients with T2D and hypertension was the
ADVANCE (Action in Diabetes and Vascular Disease: Preterax
and Diamicron—MR-Controlled Evaluation) trial [69]. It inves-
tigated a fixed combination of perindopril 4 mg and IDP 1.25mg
compared to placebo on macrovascular and microvascular out-
comes in 11,140 patients with T2D. The combined therapy re-
sulted in a mean reduction in systolic blood pressure of
5.6 mmHg and diastolic blood pressure of 2.2 mmHg. After a
mean follow-up of 4.3 years, the RR of amajormacrovascular or
microvascular event was significantly reduced: HR 0.91, 95%CI
0.83–1.00; p= 0.04. The separate reductions in macrovascular
and microvascular events were almost similar but were not inde-
pendently significant. Of note, the RRs of death fromCVdisease
and death from any cause were significantly reduced (Table 2).
However, because of the design of the study, it is impossible to
dissociate the role of IDP from that of the ACE inhibitor
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perindopril on the beneficial effects reported in this trial, which
was mainly designed to assess the effect of a more intensive
blood pressure control [69].

Thiazides in Patients with T2D and Other
Comorbidities

Thiazides and Heart Failure in T2D

Heart failure is becoming a major CV complication of T2D [4]
and diuretic therapy is a part of the management plan in pa-
tients with heart failure. Of note, loop diuretics or mineralo-
corticoid antagonists rather than thiazide(like) agents are gen-
erally considered as the best option, in the absence of dedicat-
ed studies with the latter compounds. However, recent studies
suggested that combination of loop diuretics with thiazide-
type diuretics may be helpful in heart failure [78] or even
investigated the additional role of thiazide-like diuretics in
acute heart failure as a potential approach to an unmet need
[79]. The ongoing CLOROTIC trial is a double-blind, ran-
domized, placebo-controlled study to determine the effect of
combined diuretic therapy (loop diuretics with thiazide-type
diuretics) among patients with decompensated heart failure
(but not exclusively diabetic patients) [80].

Thiazides in T2D Patients with Albuminuria and/or
Renal Impairment

Diuretics are agents commonly used in diseases characterized
by excess extracellular fluid, including chronic kidney disease
(CKD) [81]. Besides their effect on extracellular fluid volume
control, they are also able to reduce excretion of protein in
urine and lessen the risk of developing hyperkalemia [81].
However, diuretic-related adverse events involve increase in
uric acid, electrolyte disturbances, and metabolic (glucose,
lipids) abnormalities, which may be of clinical relevance, es-
pecially in diabetic patients with CKD [81]. It is generally
believed that loop diuretics should be preferred in patients
(with or without diabetes) with renal impairment and that thi-
azide compounds are not sufficiently potent to cause mean-
ingful natriuresis and diuresis in patients with CKD [82].
However, thiazides may be combined with loop diuretics
[83]. Emerging evidence suggests that thiazide diuretics are
effective as blood pressure-lowering drugs in patients with
advanced CKD [84]. However, most of these studies were
performed in non-diabetic patients.

In diabetic patients, a possible renoprotective effect of thi-
azide agents has been reported. Sodium restriction, either via
low dietary intake or via HCTZ 50 mg/day, was shown to be
an effective intervention to increase RAS blockade efficacy in
T2D nephropathy [85]. The combination of HCTZ and loop
diuretics improved blood pressure levels and decreased

proteinuria even in T2D patients with advanced-stage ne-
phropathy and severe edema [86]. A 12-week crossover study
showed that IDPwas equally effective as captopril in reducing
blood pressure and albumin excretion rate (average reduction
30–40%) in d iabe t i c pa t i en t s wi th es t ab l i shed
microalbuminuria [87]. Similar results were reported in the
NESTOR trial in which IDP sustained release was equivalent
to enalapril in reducing microalbuminuria, with similar effec-
tive blood pressure reduction in patients with hypertension
and T2D [88]. In the PREMIER (Preterax in albuminuria re-
gression) trial, first-line treatment with low-dose combination
perindopril/IDP induced a greater decrease in albuminuria
than enalapril, partially independent of blood pressure reduc-
tion [89]. In the ADVANCE trial, the treatment benefits of a
routine administration of a fixed combination of perindopril-
IDP on CV and renal outcomes were consistent across all
stages of CKD at baseline [90].

Thiazides and SGLT2 Inhibitors

Hydrochlorothiazide Versus SGLT2 Inhibitors

SGLT2 inhibitors by promoting glucosuria and natriuresis im-
prove blood glucose control, reduce body weight, lower arte-
rial blood pressure, and diminish serum uric acid levels [91].
In EMPA-REG OUTCOME in T2D patients with previous
CV complications, empagliflozin reduced the incidence of
the primary composite endpoint (CVmortality, non-fatal myo-
cardial infarction non-fatal stroke), CV mortality, all-cause
mortality, and hospitalization for heart failure (Table 2) [92].
A diuretic effect has been proposed to explain these favorable
results [93], although this hypothesis may be challenged [94].

As recently reviewed [95], three studies compared the ef-
fects HCTZ 12.5 to 25 mg/day with those of a SGLT2 inhib-
itor in 4–12-week head-to-head trials: canagliflozin 300 mg/
day [96], dapagliflozin 10 mg/day [97], and ertugliflozin (up
to 25 mg/day) [98]. The blood pressure-lowering effect of
SGLT2 inhibitors was almost similar to that observed with
HCTZ, but without inducing significant changes in serum
electrolyte levels or activation of the RAS; furthermore,
SGLT2 inhibitors reduced serum uric acid levels [91], while
an increase is commonly observed with HCTZ [14].

SGLT2 Inhibitors as Add-On to Thiazide Diuretics

No significant pharmacokinetic interactions have been re-
ported between HCTZ and empagliflozin [99] or
canagliflozin [24••]. Interactions with CTD or IDP have
not been tested. When empagliflozin 25 mg was co-
administered with HCTZ 25 mg, urinary glucose excre-
tion remained high, 24-h urinary sodium excretion further
increased, and the RAS was activated [100]. In both
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EMPA-REG OUTCOME study and CANVAS program,
numerous T2D patients with an history of CV disease
were already treated with a diuretic compound (around
40–45%), mostly thiazide or thiazide-like agents, at base-
line and received a SGLT2 inhibitor or a placebo as add-
on therapy. In EMPA-REG OUTCOME, no significant
differences were observed in the reduction in CV compos-
ite endpoint (p = 0.72 for interaction patients with versus
without diuretic) and CV mortality (p = 0.46 for interac-
tion patients with versus without diuretic) whatever the
presence or not of a diuretic at baseline [92]. In the
CANVAS program, however, a marked reduction in the
composite CV endpoint was observed with canagliflozin
in patients receiving a diuretic at baseline (HR 0.66; 95%
CI 0.59 to 0.79) contrasting with no reduction at all in
patients without a diuretic as background therapy (HR
1.11; 95% CI 0.93 to 1.34), and the p value testing the
interaction was highly significant (p < 0.001) [101]. The
clinical significance of this difference remains unclear and
such post hoc subgroup analysis should only be consid-
ered as exploratory. It may be speculated that patients
already receiving a diuretic at baseline were those charac-
terized by some degree of excessive extracellular fluid, a
clinical condition that may be favorably influenced by the
addition of a SGLT2 inhibitor.

Conclusion

Thiazide diuretics may be associated with metabolic dis-
turbances, not only dyslipidemia and hyperuricemia but
also impaired glucose tolerance and NOD in hypertensive
patients who are already prone to develop T2D. Although
the changes are rather limited with low-dose thiazides, all
these metabolic abnormalities may be considered as CV
risk factors, which could interfere with CV outcomes. For
that reason, reluctance was expressed regarding the use of
thiazide diuretics for the treatment of hypertension in pa-
tients with T2D. Nevertheless, thiazides are still common-
ly used in this population, either as initial monotherapy or
more often as a key element of many combined antihy-
pertensive therapies. Despite possible metabolic adverse
effects, thiazides have shown better CV outcomes com-
pared to placebo and almost similar CV outcomes com-
pared to other antihypertensive medications not only in
the non-diabetic population but also, and to a similar ex-
tent, in patients with T2D. Thiazide-like diuretics have
been more extensively studied in patients with T2D than
thiazide-type diuretics. CTD and IDP seem to have a bet-
ter metabolic profile and may be associated with better
CV outcomes as compared to the thiazide-type reference
compound HCTZ.
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