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Abstract Diuretics have long been used for the treatment of
hypertension. Thiazide diuretics are the most commonly pre-
scribed diuretics for hypertension, but other classes of di-
uretics may be useful in alternative circumstances. Although
diuretics are no longer considered the preferred agent for treat-
ment of hypertension in adults and children, they remain ac-
ceptable first-line options. Diuretics effectively decrease
blood pressure in hypertensive patients, and in adults with
hypertension reduce the risk of adverse cardiovascular out-
comes. Because of varied pharmacokinetic and pharmacody-
namic differences, chlorthalidone may be the preferred thia-
zide diuretic in the treatment of primary hypertension. Other
types of diuretics (e.g., loop, potassium sparing) may be useful
for the treatment of hypertension related to chronic kidney
disease (CKD) and other varied conditions. Common side
effects of thiazides are mostly dose-related and involve elec-
trolyte and metabolic abnormalities.
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While supervising the nephrology fellow’s clinic you are pre-
sented with an obese 15-year-old Caucasian boy with repeated
elevated office blood pressure readings that have persisted
despite a 6-month trial of lifestyle modifications. Both parents
developed hypertension in their mid-20s and several members
of the family developed cardiovascular disease between 40

and 50 years of age. Aside from obesity, his physical examina-
tion is unremarkable as are his serum electrolytes, creatinine,
urinalysis, and thyroid studies. Hemoglobin A1c is mildly ele-
vated and the fasting lipid profile demonstrates a mild increase
in total cholesterol, low-density lipoprotein (LDL) cholesterol,
and triglycerides. The echocardiogram shows mild concentric
left ventricular hypertrophy (LVH) with normal function.

In view of the blood pressure elevations that have persisted
despite lifestyle modifications, a strong family history of hy-
pertension and cardiovascular disease, and target organ in-
volvement (e.g., LVH), the fellow recommends starting phar-
macologic treatment and suggests initiating therapy with a
diuretic. A discussion among the fellows in clinic results in
the formation of several clinical questions related to diuretic
use and hypertension.

Are diuretics recommended as preferred first-line
antihypertensive agents in current hypertension
guidelines?

In the current adult guidelines for the management of hyper-
tension [1–6], the thiazide class of diuretics is recommended
as one of several potential preferred drugs for initial antihy-
pertensive drug therapy (Table 1). This is a change from pre-
vious guidelines that recommended the use of thiazide di-
uretics as the preferential initial therapy, a recommendation
that was based on outcome trials available at that time (e.g.,
ALLHAT) [7, 8], cost, and other considerations. Using the
most up-to-date literature on treatment, overall mortality, and
cardiovascular, cerebrovascular, and renal outcomes, the
member consensus opinion of the majority of the Eighth
Joint National Committee (JNC 8) [1] concluded that a thia-
zide diuretic, angiotensin-converting enzyme (ACE) inhibitor,
angiotensin II receptor antagonist (ARB), or long-acting

* Douglas L. Blowey
dblowey@cmh.edu

1 Pediatrics and Pharmacology, Division of Pediatric Nephrology,
Children’s Mercy Hospital, University of Missouri, 2401 Gillham
Road, Kansas City, MO 64108, USA

Pediatr Nephrol (2016) 31:2223–2233
DOI 10.1007/s00467-016-3334-4

http://crossmark.crossref.org/dialog/?doi=10.1007/s00467-016-3334-4&domain=pdf


calcium channel blocker are all reasonable options for initial
drug therapy in the non-black hypertensive patient. In the
black population, a thiazide diuretic or calcium channel
blocker is preferred for initial therapy based on studies that
demonstrated inferior blood pressure reduction and worse car-
diovascular outcomes in black patients receiving monothera-
py with ACE inhibitors as compared to those that received a
calcium channel blocker or thiazide diuretic [7]. In hyperten-
sive patients with chronic kidney disease (CKD) and protein-
uria, including black patients, an ACE inhibitor or ARB is

preferred as the initial antihypertensive agent with the addition
of a diuretic agent if the blood pressure goal is not achieved
[1].

For primary hypertension, a diuretic from the thiazide class
is preferred unless there is a compelling indication for an agent
from a different diuretic classification. An alternative diuretic
may be considered with hypertension that occurs in patients
with advanced CKD, acute glomerulonephritis, oliguric acute
kidney injury (AKI), hyperaldosteronism, heart failure, ENaC
mutations (e.g., Liddle syndrome), and apparent drug resis-
tance. Despite the long-held belief that thiazide diuretics are
not effective when the glomerular filtration rate (GFR) is below
30 ml/min/1.73 m2, there are important differences in potency,
duration of action, and off-target effects such that there may be
some circumstances where thiazide diuretics can provide some
blood pressure-lowering benefit in patients with moderate-to-
advanced CKD [9–13]. The mechanism responsible for
improved blood pressure control in patients with CKD needs
to be further examined but could result from a mild diuresis
produced by the more potent and/or longer-acting thiazide
agents, or more likely, a result of the off-target effects causing
vasodilatation. When thiazides are not used as the initial treat-
ment option in primary hypertension, they are appropriate
agents to be added to the antihypertensive regimen when blood
pressure goals have not been reached with the initial agent.
Due to a different mechanism of action and the potential for
counteracting the sodium and water retention induced bymany
of the other classes of antihypertensive agents, diuretics
produce an additive blood pressure-lowering effect [14].

Although the indications for antihypertensive drug treat-
ment in a hypertensive child are relatively clear, the pediatric
hypertension guidelines do not endorse a specific agent for
initial treatment of children with primary hypertension [15,
16]. Mostly, this is due to a lack of any comparative studies
of antihypertensive agents in children. Nonetheless, diuretics
are considered an appropriate choice for initial drug therapy in
children requiring pharmacologic intervention. Other antihy-
pertensive agents considered appropriate for initial therapy by
all pediatric guidelines include ACE inhibitors, ARBs, and
calcium channel blockers. The European guidelines [16] also
include beta-blockers in the list of acceptable first-line agents.
If diuretic therapy is initiated, it is recommended that therapy
begin with low doses and that the dosage is titrated slowly.

Have thiazide diuretics been shown to decrease blood
pressure in patients with hypertension?

Thiazide diuretics have been widely used to treat high blood
pressure for more than 50 years and numerous studies in
adults have demonstrated a significant dose-related blood
pressure-lowering effect [17]. The evidence for a blood
pressure-lowering effect of thiazide diuretics in children is

Table 1 Summary of the guideline recommendations for the use of
diuretics in primary hypertension

Guideline Recommendation

Adult

JNC 8 [1] 2014 Recommended selection among
four medication classes
• Thiazide-type diuretics
• ACE inhibitors
• Angiotensin receptor
antagonist
• Calcium channel blockers
(long-acting)

ESH/ESC [5] 2013 Recommended selection among
five medication classes
• Thiazide-type diuretics
• ACE inhibitors
• Angiotensin receptor
antagonist
• Calcium channel blockers
(long-acting)
• Beta-blocker

NICE [6] 2011 >55 years or African American/
Caribbean
• Thiazide-type diuretic if
calcium channel blocker
not suitable for evidence of
high risk of heart failure

Step #3
• Thiazide-type diuretic

Canadian [3] 2014 Recommended selection
among four
medication classes
• Thiazide-type diuretics
• Beta-blocker (<60 years)
• ACE inhibitors
• Calcium channel blockers
(long-acting)

WHO [4] 2003 Thiazide-type diuretic

Management of
hypertension in blacks [2]

2010 Thiazide-type diuretics
Calcium channel blockers

Pediatric

Task force 4th Report [15] 2004 No preferred agents, diuretics
can be considered

European Society of
Hypertension [16]

2009 No preferred agents, diuretics
can be considered

ACE, angiotensin converting enzyme
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limited. A systematic review of the dose–response relation-
ship of thiazides in lowering blood pressure in adult patients
with hypertension was completed by the Cochrane
Collaboration in 2014 [17]. The analysis included 60 trials
involving over 11,000 adult subjects who participated in a
randomized trial where a thiazide diuretic was compared to
placebo. While the vast majority of participants received hy-
drochlorothiazide, the pooled analysis included, in decreasing
frequency of use, indapamide, chlorthalidone, bendrofluazide,
metolazone, and cyclopenthiazide. In the pooled data, using
the lowest dose that achieved maximal blood pressure reduc-
tion for each of the six drugs, the average magnitude in sys-
tolic and diastolic blood pressure lowering was (−)9.1 and
(−)3.6 mmHg, respectively. While the magnitude of blood
pressure lowering among the different thiazide agents using
study visit (e.g., office) blood pressure measurements did not
favor a specific thiazide diuretic, other studies suggest that
there may be pharmacokinetic and/or pharmacodynamic fac-
tors that favor specific thiazide agents in the treatment of pri-
mary hypertension, namely, chlorthalidone.

Thiazide diuretics are characterized by a flat or shallow
dose–response curve, meaning that there is minimal difference
between the blood pressure reduction observed at the lowest
and highest effective dose. Initial thiazide dosing strategies
were mistakenly based on the assumption that the long-term
antihypertensive effect of a thiazide diuretic was directly re-
lated to the level of sodium excretion (natriuresis) and doses at
the upper end of the natriuretic dose–response curve were
prescribed (e.g., hydrochlorothiazide 100 mg/day). In 1990,
the concept that the maximal blood pressure lowering dose of
a thiazide diuretic may not be the same as the maximal natri-
uretic dose was investigated by Carlsen et al. [18]. The
placebo-controlled trial enrolled 257 adult patients with hy-
pertension and compared the blood pressure-lowering effect
of four escalating doses of bendrofluazide, the most potent of
the thiazide diuretics [19]. At 3 months, there was no signifi-
cant difference in the magnitude of blood pressure lowering
between those subjects that received the lowest dose (i.e.,
1.25 mg/day) and the higher dosing regimens (i.e., 2.5, 5,
and 10 mg/day). The suggestion that maximal blood pressure
reduction occurs at the lower end of the thiazide dosing range
was examined on a larger scale by the previously described
Cochrane systemic review of thiazide diuretics for primary
hypertension [17]. The analysis of hydrochlorothiazide in-
cluded 40 trials with dosages ranging from 3 to 100 mg/day.
Hydrochlorothiazide doses of 6.25, 12.5, 25, and 50–100 mg/
day resulted in approximately 40, 60, 80, and 100 % of the
maximal diuretic-induced blood pressure reduction (Fig. 1).
As most of the blood pressure-lowering benefit was realized
with titration to the 25 mg/day dose, this was defined as the
lowest dose that causes maximal blood pressure reduction and
currently characterizes the upper end of the hydrochlorothia-
zide dosing range for primary hypertension [1]. In contrast, no

dose response was observed for chlorthalidone as maximal
blood pressure lowering was observed at the lowest dosage
studied (12.5 mg/day). The fact that chlorthalidone is more
potent than hydrochlorothiazide [19] is the most likely expla-
nation for the lack of a dose–response relationship that may
have been observed if lower doses (e.g., 6.25 mg or lower)
were studied.

The other meaningful observation in the trials evaluating
the blood pressure-lowering effect of thiazide diuretics is that
changes in blood pressure occur slowly, with the greater part
of the response being apparent by 4–6 weeks [19, 20]. In some
circumstances, the complete blood pressure-lowering effect
may not be fully realized until 12 weeks of therapy [20].

While extrapolation of the adult data would support the use
of thiazide diuretics in children with hypertension, there are
only a few studies available involving a small number of chil-
dren with hypertension [21–23]. In a cross-over study com-
paring propranolol and chlorthalidone in 12 children with es-
sential hypertension, treatment with chlorthalidone prescribed
as a single dose every 48 h (0.5–1.7 mg/kg/dose) decreased
the mean arterial pressure by 15 mmHg [22]. Four children
(25 %) required potassium supplementation for hypokalemia.
In a study that randomized 94 children with hypertension to
placebo or treatment with escalating doses of the beta-blocker
bisoprolol fumarate combined with a fixed dose of hydrochlo-
rothiazide (6.25 mg), the combined drug regimen induced
significant reductions in systolic and diastolic blood pressure
[21]. Although the study protocol did include an independent
hydrochlorothiazide arm, there were too few children enrolled
for analysis, and it remains unclear if the blood pressure re-
duction was due to the bisoprolol, the hydrochlorothiazide, or
the combination. A similar study randomized 90 children with
high blood pressure measurements (e.g., >90th percentile) to
observation or treatment with a program that included educa-
tion on dietary and exercise modification and combined drug
therapy consisting of propranolol (20–40 mg per day) and
chlorthalidone (6.25–12.5 mg per day) [23]. The treatment
group had a mild decrease in both systolic (−3.59 mmHg)
and diastolic (−1.73 mmHg) blood pressure. Again, due to
the absence of an independent chlorthalidone arm, its contri-
bution to the blood pressure reduction is unclear.

In what conditions are other types of diuretics useful
in the treatment of hypertension?

In CKD, acute glomerulonephritis, or oliguric AKI where ex-
tracellular fluid (ECF) volume is expanded and there is an
impaired natriuretic response, a more efficacious diuretic such
as a loop diuretic may be needed to achieve the level of diure-
sis required to reduce ECF volume and decrease blood pres-
sure. In adults with CKD, acute treatment with a loop diuretic
results in a significant increase in natriuresis, reduction in ECF
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volume, and lowering of blood pressure [24, 25]. Similar to
the mechanism of blood pressure lowering with long-term
thiazide diuretics, blood pressure lowering with chronic dos-
ing of loop diuretics in CKD involves both volume regulation
and direct vascular effects [24]. In children, loop diuretics are
often prescribed to treat the hypertension associated with
acute glomerulonephritis (e.g., acute post-infectious glomeru-
lonephritis). Despite the intuitive benefits one would expect,
there is very little published on the blood pressure-lowering
effectiveness of loop diuretics in these settings [26, 27]. While
loop diuretics may be useful in lowering blood pressure in
those with CKD, acute glomerulonephritis and AKI, there is
not enough information on the magnitude and pattern of blood
pressure lowering, impact on cardiovascular outcomes, or po-
tential for harm to support the routine use of loop diuretics in
patients with primary hypertension [28].

Potassium-sparing diuretics, which include mineralocorti-
coid receptor antagonists (i.e., spironolactone and eplerenone)
and epithelial sodium channel (ENaC) blockers (i.e.,
amiloride) can be beneficial in hypertension associated with
hyperaldosteronism, heart failure, ENaC mutations (e.g.,
Liddle syndrome), and apparent drug-resistant hypertension.
Eplerenone, an agent that in contrast to spironolactone has
relative selectivity in binding mineralocorticoid receptors
compared to progesterone and androgen receptors, decreases
blood pressure in adults with essential hypertension [29].
Low-dose aldosterone blockade is also effective in lowering
blood pressure in adults with apparent drug-resistant hyper-
tension [30–32]. The blood pressure-lowering effect of
eplerenone was evaluated in a randomized, dose–response
study involving 304 children aged 4–16 years of age with
hypertension defined as a systolic BP ≥95th percentile [33].
About 30 % were receiving other antihypertensive drugs at
study entry. Children were randomized to 6 weeks of
eplerenone therapy in a dose-stratified protocol: low-dose
(25 mg once daily), medium-dose (25 mg twice daily), and

high-dose (25 mg twice daily titrated to 50 mg twice daily).
The reduction in systolic blood pressure at the end of 6 weeks
ranged from (−)7.66 to (−)7.99 mmHg with no impact of dose
on the extent of blood pressure reduction. The diastolic blood
pressure reduction ranged from (−)2.7 to (−)3.8 mmHg. At the
end of the 6-week treatment phase, subjects were randomized
to continued treatment with eplerenone or placebo for an ad-
ditional 4 weeks. The blood pressure reduction compared to
placebo was significant only for the high-dose eplerenone
group (50 mg BID) with a modest systolic blood pressure
reduction of (−)2.76 mmHg. No significant reduction was
observed for diastolic blood pressure. No subject discontinued
the study due to hyperkalemia or serious adverse events relat-
ed to the study drug. While eplerenone may provide a modest
reduction in blood pressure in children with hypertension, its
place in the treatment algorithm for children with hyperten-
sion remains unclear.

How do diuretics lower blood pressure in patients
with hypertension?

The modern era of diuretic therapy began in the 1950s with
the synthesis of chlorothiazide, followed closely by the devel-
opment of several similar agents [34]. Thiazide and thiazide-
type diuretics are characterized by their chemical structure
(Table 2). A thiazide diuretic contains a benzothiadiazene ring
plus a sulfonamide moiety. In contrast, thiazide-type diuretics
contain the sulfonamide group but lack the benzothiadiazene
core. As a class, thiazide diuretics have a commonmechanism
of action as it relates to natriuresis, but there are pharmacoki-
netic and pharmacodynamic differences among the thiazide
diuretics that may impact the extent and temporal pattern of
blood pressure reduction, cardiovascular outcomes, and fre-
quency of adverse events.
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Thiazide diuretics inhibit sodium reabsorption by blocking
the electroneutral sodium-chloride cotransporter (NCCT) lo-
cated on the apical membrane in the distal convoluted tubule
where 5–10 % of the filtered sodium load is reabsorbed
[34–36]. The thiazides are rapidly absorbed by the gastroin-
testinal tract and display a high degree of plasma protein bind-
ing, which limits their filtration at the glomerulus. In order for
thiazide diuretics to reach the site of action, which is located
on the luminal (filtrate) side of the nephron, thiazide diuretics
must be actively secreted through the renal organic anion
transporter in the proximal tubule. In renal failure, competition
for the proximal tubular anion transporter by accumulated
organic anions may decrease the amount of thiazide diuretic
that reaches the tubular fluid and diminish the natriuretic ef-
fect. Additionally, there are marked differences in the volume
of distribution and elimination half-life of some thiazides that
have clinical significance. Due to binding with erythrocyte
carbonic anhydrase and partitioning of the drug within the
erythrocyte, chlorthalidone, indapamide, and to some extent
metolazone have a much larger volume of distribution and
longer elimination half-life as compared to the other diuretics
in this class. The prolonged elimination half-life results in an
extended duration of action that, in part, may play a role in the
improved BP control and cardiovascular outcomes observed
with chlorthalidone [37–40].

The mechanism(s) responsible for the blood pressure-
lowering effect observed with a thiazide diuretic are incom-
pletely understood and are likely different for blood pressure
lowering seen at the onset of treatment and blood pressure
lowering observed with chronic therapy [41]. The blood
pressure-lowering effect observed at the onset of therapy
with a thiazide diuretic is associated with a reduction in
ECF volume and diminished cardiac output. This mecha-
nism of blood pressure reduction is supported by the obser-
vation that restoration of the plasma volume during this
phase with infusions of dextran returns the blood pressure

to pretreatment levels [42]. The reduced cardiac output in-
duced by the thiazide-associated volume depletion leads to
stimulation of the renin–angiotensin–aldosterone (RAAS)
and sympathetic nervous (SNS) systems resulting in gradual
sodium and water retention. Within 4–6 weeks, the compen-
satory salt and water reabsorption returns the ECF volume
towards baseline. Interestingly, the antihypertensive effect of
thiazides persists despite normalization of the ECF volume
due to a decrease in peripheral vascular resistance [43, 44].
The factors responsible for the vasodilatation and enduring
blood pressure lowering are not clearly defined and appear
to involve both a direct and indirect action on the vascular
endothelium and/or musculature (Table 3). The capacity of
an individual thiazide diuretic to induce off-target
(pleiotropic) effects, including vasodilatation, may be the
foundation for the efficacy of blood pressure lowering and
the extent of cardiovascular benefit.

Similar to other antihypertensive agents, around one-half of
adult patients treated with a thiazide diuretic achieve adequate
blood pressure control [5]. Determinants of a favorable re-
sponse may include a higher baseline blood pressure, female
gender, and lower plasma renin activity (e.g., black, elderly,
diabetics) but these factors only explain a small percentage of
the variability in response [34]. Other factors possibly related
to the magnitude of blood pressure response to thiazide di-
uretics may include genetic variations in the genes associated
with NCCT function (e.g., SLC12A3,WNK1,WNK 4) [34, 41,
45–48], the activity of other blood pressure counter-regulatory
systems (e.g., RAAS, SNS), compliance, and dietary indiscre-
tion, among others.

Do thiazide diuretics improve the cardiovascular
outcome in patients with hypertension?

Hypertension is a strong and independent risk factor for death
and cardiovascular events [49]. Lowering blood pressure de-
creases the risk of these undesired outcomes [50]. Although
thiazide diuretics have a dose-related blood pressure-lowering
effect [17], the magnitude of blood pressure reduction does
not necessarily correlate with the observed reduction in mor-
bidity and mortality [50]. Other factors outside of the extent of
blood pressure lowering, such as off-target effects and the rate

Table 2 Classification of thiazide and thiazide-type diuretics

Thiazide drugs

• Chlorothiazide *

• Hydrochlorothiazide *

• Bendroflumethiazide

• Polythiazide

• Methyclothiazide

Thiazide-type drugs

• Chlorthalidone

• Metolazone *

• Indapamide

• Xipamide

*Pediatric dosing present on labeling/drug insert

Table 3 Proposed mechanisms for the thiazide vasodilatory effect

• Activation of vascular potassium channels

• Opening of large conductance Ca2+-activated K+ channels (BKCa)

• Ca2+ desensitization

• Inhibition of voltage-dependent L-type Ca2+ channels

• Endothelial-dependent relaxing factor/nitric oxide release

• Increased release of local vasodilatory factors (e.g., prostaglandins)
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and magnitude of metabolic complications (e.g., electrolyte
abnormalities, alterations in lipid or glucose metabolism),
may play a role in the advantageous as well as unfavorable
effects of thiazide drugs.

In the 1970s, a series of randomized controlled trials that
enrolled adult patients with hypertension showed that, when
compared to placebo, a thiazide diuretic reduced mortality and
the rate of cardiovascular events [50]. A recent Cochrane anal-
ysis of 19 randomized controlled trials compared outcomes
from patients with hypertension treated with a thiazide diuretic
as a first-line agent to those patients that received a placebo or
no pharmacologic treatment. Compared to the untreated con-
trol group, those receiving a first-line thiazide diuretic as treat-
ment for hypertension demonstrated a reduction in mortality
[relative risk (RR) 0.89], stroke (RR 0.63), coronary heart
disease (RR 0.84), and all-cause cardiovascular events (RR
0.70). Total cardiovascular events were defined as strokes,
coronary heart disease, hospitalization or death from conges-
tive heart failure, and other significant vascular death (e.g.,
ruptured aneurysm). Despite similar reductions in blood pres-
sure, there was a significant difference in the impact on out-
come between low-dose thiazide trials and high-dose thiazide
trials. High-dose regimens for the most commonly encoun-
tered drugs were defined as: hydrochlorothiazide ≥50 mg/
day, chlorthalidone ≥50 mg/day, indapamide and
bendrofluazide ≥5 mg/day. First-line low-dose thiazide thera-
py reduced the risk of all outcomes (i.e., mortality, stroke,
coronary heart disease, and total cardiovascular events). In
contrast, first-line high-dose thiazide therapy reduced the risk
of stroke and total cardiovascular events but not the risk of
coronary heart disease or mortality despite a similar reduction
in blood pressure. One possible explanation for this discrep-
ancy is that high-dose thiazide regimens induce more meta-
bolic complications (e.g., hypokalemia, glucose, and lipid ab-
normalities, etc.) that mask the beneficial effect of blood pres-
sure lowering.

Subsequent randomized controlled trials compared the
blood pressure-lowering effect and cardiovascular outcomes
of thiazide diuretics and the newer classes of antihypertensive
drugs [50] that include ACE inhibitors, ARBs, and calcium
channel blockers. The largest and most influential study was
The Antihypertensive and Lipid Lowering Treatment to
Prevent Heart Attack trial (ALLHAT) [7]. In this
community-based study, over 33,000 patients who were at
least 55 years of age and had at least one other cardiovascular
disease risk factor were randomized to receive either the thia-
zide diuretic chlorthalidone, the calcium channel blocker
amlodipine, the ACE inhibitor lisinopril, or the alpha-
adrenergic blocker doxazosin. The doxazosin arm was
stopped early when the interim analysis found an increased
rate of cardiovascular disease and heart failure. At the conclu-
sion of the study, the mean follow-up was 4.9 years and there
was no difference between treatments groups in the

occurrence of the primary outcome—combined fatal coronary
heart disease or nonfatal myocardial infarction. Systolic blood
pressure control was slightly better with chlorthalidone, which
measured 1–2mmHg lower than the other groups.When com-
pared to chlorthalidone, amlodipine was associated with an
increased risk of heart failure, but the consensus opinion of
the JCN8 members concluded that while this should be con-
sidered when selecting the drug for initial therapy, calcium
channel blockers remain a viable option for first-line therapy
[1]. In blacks, when compared to those allocated to lisinopril,
chlorthalidone treatment was associated with a significant re-
duction in systolic blood pressure ((−)4 mmHg) and a reduced
risk for stroke and combined cardiovascular disease. For
blacks, including those with diabetes, thiazide diuretics along
with calcium channel blockers are the preferred first-step an-
tihypertensive agents [1, 2].

Do all thiazide diuretics have the same effect on blood
pressure and cardiovascular outcome?

Thiazide diuretics are prescribed with the primary goal of
lowering blood pressure and improving health outcomes by
decreasing the incidence of death and adverse cardiovascular
events. As discussed above, it is clear that thiazide diuretics, as
a group, lower blood pressure and improve cardiovascular
outcomes. Because hypertension is a complex disease that
results from alterations in multiple pathways of blood pressure
regulation, it is not surprising that there are a significant num-
ber of people with hypertension that do not achieve normal
blood pressure values with a thiazide diuretic [5] and that the
blood pressure response and outcome may vary among the
different thiazide agents [28, 37–39, 50]. The variability in
the blood pressure lowering effects and the rate of cardiovas-
cular events among thiazide diuretics may result from phar-
macokinetic differences, pharmacodynamic differences, or
variations in genes (e.g., single nucleotide polymorphisms)
related to treatment effects.

Despite the lack of large randomized trials directly compar-
ing the effectiveness of the different thiazide diuretics, there is
mounting evidence that favors chlorthalidone as the preferred
agent. The factors that favor chlorthalidone likely emanate
from pharmacokinetic (e.g., prolonged half-life) and pharma-
codynamic differences (e.g., potency and off-target effects).
Thiazide diuretics appear to have parallel dose–response
curves as it relates to natriuresis, but different thiazide agents
display diversity in potency and duration of action. Potency is
the amount of drug, either dose or concentration in the plasma,
required to produce an effect. A more potent drug does not
imply a superior therapeutic agent but simply reflects the dose
required to achieve an effect. Thiazides have similar efficacy,
or maximal effect, but different potency. Compared to hydro-
chlorothiazide, chlorthalidone is 2–3 times more potent and

2228 Pediatr Nephrol (2016) 31:2223–2233



has a much longer elimination phase (48 vs. 6–12 h, respec-
tively) [19, 34, 36].

Although the Cochrane meta-analysis on the blood pres-
sure lowering effect of thiazide diuretics prescribed as mono-
therapy in primary hypertension [17] did not find a significant
difference in the extent of blood pressure lowering among the
thiazide diuretics when using the study-based (e.g., office)
blood pressure measurements, there does appear to be a ben-
efit that favors chlorthalidone when the blood pressure profile
across an entire day is assessed by 24-h ambulatory blood
pressure (ABPM) monitoring. In a trial of 20 adults with hy-
pertension or pre-hypertension [37], office and 24-h ABPM
were compared after 8 weeks of active treatment with either
chlorthalidone (force titrated to 25 mg/day) or hydrochlorothi-
azide (force titrated to 50 mg/day). Whereas office blood pres-
sure values were similar, the 24-h ABPM indicated that
chlorthalidone produced a greater reduction in systolic blood
pressure compared to hydrochlorothiazide (−12.4±1.8 vs. –
7.4±1.7 mmHg, p=0.05), an effect that was primarily driven
by the lower nighttime blood pressure for chlorthalidone
(−13.5±1.9 vs. –6.4±1.7 mmHg, p=0.009). An improved
24-h blood pressure pattern in the chlorthalidone arm was also
observed in a study combining the ARB azilsartan with either
chlorthalidone or hydrochlorothiazide [51].

In the 1970s, a randomized primary prevention trial
(MRFIT) was completed to test the effect of an intervention
program aimed at the cessation of smoking and the reduction
of elevated cholesterol and blood pressure on the mortality
from coronary heart disease [52]. In the special intervention
group, elevated blood pressure was treated with
chlorthalidone or hydrochlorothiazide based on the pre-
scriber’s preference. An ecologic analysis (studies of risk-
modifying factors on health or other outcomes based on pop-
ulations defined either geographically or temporally) of the
MRFIT data [53] found a lower rate of LVH, defined by
ECG criteria, in centers where chlorthalidone was preferred.
Using individual patient analysis, those prescribed
chlorthalidone were found to have a lower left ventricular
mass compared to those prescribed hydrochlorothiazide. A
similar benefit favoring chlorthalidone was observed in a
more recent meta-analysis of nine randomized trials that had
at least one arm based on either hydrochlorothiazide (n=3) or
chlorthalidone (n=6) [40]. In the drug-adjusted analysis, there
was a 21 % reduction in the risk of cardiovascular events (i.e.,
myocardial infarction, diagnosis of coronary heart disease,
stroke, or congestive heart failure) with chlorthalidone com-
pared to hydrochlorothiazide—a result that was identical to
the previously described retrospective cohort analysis of
MRFIT [53]. The office systolic blood pressure adjusted anal-
ysis, an analysis comparing the risk reduction with compara-
ble reductions in blood pressure, found a significantly lower
risk (18 %) for cardiovascular events in patients receiving
chlorthalidone compared to hydrochlorothiazide. In contrast,

the risk of cardiovascular events in patients receiving hydro-
chlorothiazide was significantly higher than the risk in the
non-diuretic comparators (RR=1.19) that included calcium
channel blockers, ACE inhibitors, and an alpha-adrenergic
blocker.

What are the risks associated with the use of diuretics
in patients with hypertension?

Thiazide diuretics have been associated with numerous fluid
and electrolyte abnormalities. The most common and clinical-
ly relevant adverse effects observed in hypertension trials in-
clude hyponatremia, hypokalemia, hypomagnesemia, hyper-
uricemia, hyperlipidemia, hyperglycemia, new-onset diabetes
mellitus, and stimulation of the RAAS [19, 41, 53, 54].
Although the associations are not clear, there is concern that
the thiazide-induced metabolic effects could negate the health
outcome benefits associated with the treatment-related de-
crease in blood pressure. Many of the adverse metabolic ef-
fects are more common with high-dose thiazide therapy and
the use ofmore potent and longer acting agents [17]. Although
potentially biased due to lack of reporting, the network meta-
analysis of thiazide diuretics as monotherapy in hypertension
found that the number of subjects who dropped out of clinical
trials secondary to adverse drug effects was different between
low-dose and high-dose thiazide regimens [50]. Compared to
the control group, the relative risk of dropping out of the
clinical trial as a result of an adverse drug effect was 4.5
(95 % CI, 3.8, 5.2) for high-dose thiazide regimens and 2.4
(95 % CI, 2.1, 2.8) for low-dose thiazide regimens.

Diuretic-induced hyponatremia and hypokalemia are rela-
tively common complications when treating hypertensive pa-
tients. While usually mild and asymptomatic, occasionally,
severe depletion can lead to significant clinical manifestations
[55]. Hyponatremia is much more common in patients treated
with thiazide diuretics, occurring in up to one third of patients.
In contrast to loop diuretics, thiazide diuretics are more prone
to cause hyponatremia because they do not disrupt the forma-
tion of the medullary concentration gradient. The combination
of increased sodium excretion and unaltered water reabsorp-
tion in the presence of antidiuretic hormone promotes the de-
velopment of hyponatremia. While hyperkalemia may occur
with the use of potassium-sparing diuretics, hypokalemia is
more commonly encountered. The magnitude of hypokalemia
observed with low-dose thiazide therapy is mild, with reduc-
tions usually around 0.5 mEq/l, but the magnitude may be
greater with high-dose thiazide therapy or therapy with more
potent or longer-acting agents (e.g., chlorthalidone). In hepatic
impairment, hypokalemia induced by thiazides may precipi-
tate coma and should be avoided. The risk of hypokalemia is
decreased when diuretics are used in combination with ACE
inhibitors or ARBs. Hypokalemia develops due to increased
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potassium excretion, and the factors that promote thiazide-
induced potassium secretion include increased delivery of so-
dium to the distal segments, diuretic-induced volume deple-
tion with stimulation of the RAAS, and secondary
hyperaldosteronism. Clinically, thiazide-related hypokalemia
may induce arrhythmias particularly in patients at risk includ-
ing those with LVH, congestive heart failure, myocardial is-
chemia, and those receiving digoxin or other antiarrhythmic
drugs [56]. Thiazide and loop diuretics also inhibit renal mag-
nesium absorption and can cause hypomagnesemia. Diuretic-
induced hypomagnesemia may increase the risk of arrhyth-
mias associated with hypokalemia, and the simultaneous re-
pletion of magnesium and potassium reduces the occurrence
of arrhythmias more than potassium supplementation alone
[57]. Hypomagnesemia increases the sensitivity to digitalis
likely due to the inhibitory effect of hypomagnesemia on the
Na/K ATPase. While hypomagnesemia may be present in the
absence of symptoms, when symptoms are present they are
usually confined to the neuromuscular system and include;
weakness, muscle fasciculation, tremor, tetany, irritability,
and personality change. Because the majority of the electro-
lyte abnormalities emerge within a few weeks of initiating
therapy or upward titration of dosage, an assessment of the
serum electrolytes and magnesium should be completed 2–4
weeks after starting diuretic therapy for hypertension or up-
ward dosage adjustment and periodically thereafter (e.g., 6–12
months).

There is concern that thiazides have an adverse effect on
glucose metabolism, which could impact the cardiovascular
benefits of the thiazide-induced blood pressure lowering.
Indeed, a network meta-analysis showed an increased risk of
new-onset diabetes in patients receiving thiazide diuretics
compared to those receiving ACE inhibitors, ARBs, calcium
channel blockers, or placebo [58]. However, many of the stud-
ies included higher-dose thiazide regimens that may be asso-
ciated with an increased risk of glucose abnormalities com-
pared to the lower doses used today. The Diuretics in the
Management of Essential Hypertension study (DIME) [59]
was a randomized trial of 1130 adult patients allocated to
low-dose thiazide (12.5 mg hydrochlorothiazide or equiva-
lent) or treatment without diuretics. At a mean follow-up of
4 years, there was no difference in the number of patients who
developed new-onset diabetes in the thiazide group (4.6 %)
and the non-thiazide group (4.9 %, p=0.80).

Thiazides slightly increase serum total cholesterol, low-
density cholesterol, and triglyceride concentrations [17].
Whether the changes in the lipid profiles are dose related or
persist with long-term therapy has not been established.
Likewise, the clinical importance of these findings is not
known, but the laboratory abnormalities may be improved
with a diet low in saturated fat and cholesterol.

Elevated uric acid levels are secondary to decreased urate
clearance associated with enhanced proximal tubular

reabsorption, competition for sites of tubular secretion, or oth-
er efflux pathways. The increase in uric acid rarely provokes
gout except in patients with a history of gout.

Finally, although manufacturers state that the use of di-
uretics is contraindicated in patients who are allergic to any
sulfonamide derivative, which includes most diuretics, it ap-
pears the association between hypersensitivity to sulfonamide
antibiotics and non-antibiotic sulfonamides (e.g., thiazide di-
uretics) may be related to predisposition to allergic reaction in
general, rather than cross-reactivity to sulfa [60]. Thus, a his-
tory of sensitivity to sulfonamide antibiotics should not be
considered an absolute contraindication to the use of thiazide
diuretics.

Revisiting the case

The paper began with the presentation of a 15-year-old
Caucasian boy with elevated blood pressure measurements.
His history was complicated by obesity, mild LVH, and an
increase in the hemoglobin A1c and cholesterol. Based on
the subsequent review, it is anticipated that a low-dose thia-
zide diuretic regimen would result in a lowering of his blood
pressure. It is unclear if the blood pressure lowering would
improve his long-term cardiovascular outcome compared to
other agents (e.g., ACE inhibitors, ARBs, calcium channel
blockers). While the risk of adverse metabolic effects can be
reduced using low-dose regimens, a thiazide may result in
worsening of the dyslipidemia and hyperglycemia and mask
any beneficial effect that results from the blood pressure low-
ering. In this setting, it may be more appropriate to initiate
therapy with an ACE inhibitor, ARB, or long-acting calcium
channel blocker. However, should his blood pressure not be
controlled with the initial agent, the addition of a thiazide
diuretic is a reasonable next step.
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Key summary points

1. Thiazide diuretics are effective antihypertensive agents that can be
considered as first-line therapy for adults and children with
hypertension.

2. Chlorthalidone possesses unique pharmacokinetic and pharmacody-
namics properties and should be considered the preferred thiazide
diuretic for the treatment of hypertension.

3. Although there is a lack of outcome data in children, in adults with
hypertension treatment with a thiazide diuretic decreases the mor-
bidity and mortality associated with hypertension.

4. The long-term blood pressure-lowering effect of thiazide diuretics is
mediated by vasodilation.
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5. Electrolyte abnormalities are the most common adverse effects as-
sociated with the use of thiazide diuretics for hypertension and serial
assessment of serum electrolytes and magnesium are warranted with
chronic therapy.

Multiple-choice questions (answers are provided
following the reference list)

1. In children and adults with hypertension, which of the following
antihypertensive agents are considered appropriate for first-line
pharmacologic therapy?

a) ACE inhibitors

b) ARBs

c) Calcium channel blockers

d) Thiazide diuretics

e) All of the above

2. Which of the following thiazide diuretics is associated with a greater
improvement in the 24-h blood pressure profile?

a) Chlorthalidone

b) Hydrochlorothiazide

c) Chlorothiazide

d) Metolazone

3. Loop diuretics (e.g., furosemide) may be useful when hypertension
is associated with which of the following conditions?

a) Essential hypertension

b) Chronic kidney disease

c) ENaC mutations

d) Anuric patients on chronic hemodialysis

4. A documented allergy to sulfa-based antibiotics is a contraindication
to the use of thiazide diuretics?

a) True

b) False

5. Which of the following is the proposed mechanism for the blood
pressure-lowering effect associated with chronic thiazide therapy?

a) A decrease in the ECF volume

b) Decreased cardiac output

c) A reduction in the RAAS activity

d) Vasodilation
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2: a
3: b
4: b
5: d
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