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ABSTRACT

Background: Pharmacological treatment of high blood pressure is considered
essential in the prevention of cardiovascular morbidity and mortality, but sex
differences may disturb effectiveness. The aim of this systematic review and
metaanalysis was to evaluate possible differences in effects for diuretics on blood
pressure, heart rate and cardiac function in female compared to male
hypertensive individuals.

Methods: We performed a systematic review and meta-analysis on studies on
diuretics from 1945 to May 2020. Studies had to present both baseline and
follow-up measurements of the interested outcome variables and present data
sex-stratified. Mean differences were calculated using a random-effects model.
Results: Eighteen studies investigating diuretics were used in this review. The
effect of diuretics on blood pressure was clinically significant in both females and
males and more profound in chronic treatment. Heart rate and left ventricular
ejection fraction did not change significantly throughout treatment in both sexes,
but cardiac output decreased significantly in females. Changes in left ventricular
mass were only significant in males.

Conclusion: Diuretics decreased blood pressure in both sexes, especially when
used chronically. Nonetheless, sex depending differences on blood pressure, cardiac
output and left ventricular mass may suggest diversity in response to diuretics,
implying the importance of considering sex-specific treatment strategies.
Keywords: hypertension; cardiovascular disease; diuretics; sex differences;

systematic review; meta-analysis.
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Introduction

To date, cardiovascular disease (CVD) is the
number one cause of death worldwide'.
Hypertension is considered the leading threat
towards the development of CVD. Although
the prevalence of CVD is higher in males,
have, on the contrary,

females poorer

prognosis and higher mortality rate’
Unrecognized complaints that may relate to
disparity in underlying pathophysiological
mechanisms are thought to relate to delayed
diagnostic trajectories, unsuited treatment
and with it remote health outcome (3).
Increasing awareness regarding exposure to
cardiovascular risk factors, amongst family
history, lifestyle related diseases, cardiovascular
and  cardiometabolic  pregnancyrelated
complications, preeclampsia, fetal growth
restriction and gestational diabetes mellitus,
have not yet resulted in improved CVD

prevention in females®>.

Besides lifestyle and dietary interventions,
one of the main pillars for the prevention of
CVD is medicament treatment of high blood

pressure.
Amongst five most commonly used
antihypertensive medication, angiotensin

converting enzyme (ACE) inhibitors, angiotensin
receptor blockers, beta blockers and calcium
channel blockers, diuretics are the longest
existing antihypertensive medication type®.
Thiazides, loop diuretics, and potassium-
sparing diuretics are the three main classes of
diuretics, each exerting their effect on a different
target in the renal tubules’®. Thiazide diuretics
inhibit the Na+/2Cl- transport in the early
distal Loop diuretics
inhibit the Na+/K+/2Cl- exchange in the thick
ascending limb of the loop of Henle. Finally,

convoluted tubule.

the potassiumsparing diuretics amiloride and
triamterene inhibit the epithelial sodium
channel in the cortical collecting duct while
the potassiumsparing diuretics spironolactone
inhibit  the

receptor also in the cortical collecting duct. By

and eplerenone aldosterone
inhibiting these cellular exchange mechanisms,
diuretics enhance natriuresis and diuresis,
thereby lowering circulatory volume and with
it blood pressure®’. In these, not only sex
disparity in response to diuretics exist,
diuretics have also been linked to less user-
safety in females as compared to males.
body

pharmacodynamics and pharmacokinetics are

Differences in composition,

thought to underlie these disparities™".

Since the implementation of diuretics,
multiple studies have investigated the effects
of diuretics on blood pressure and other
cardiovascular and hemodynamic variables™ ™.
Although diuretic treatment seems to be
effective in treating hypertension, not much
attention has been paid to possible differences
in treatment effect between females and
males. To this end, we performed a systematic
review and metaanalysis comparing the
effectiveness of acute (014 days), subacute
(15-30 days), and chronic (>30 days) diuretic
treatment in female versus male adults. The
variables of primary interest were systolic and
diastolic blood pressure, mean arterial blood
pressure and heart rate. Variables of secondary
interest were cardiac output, left ventricular

ejection fraction, and left ventricular mass.

Methods

SERIES OF META-ANALYSIS
The search, inclusion and exclusion criteria are

developed for a series of systematic reviews
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and meta-analysis to assess the effect of the
five major groups of antihypertensive drugs
on cardiovascular outcome in females
specifically, as compared to males. The
current systematic review and meta-analysis
investigates the effect of diuretics. PRISMA
reporting guidelines were taken into account
(Table S1). Our review was registered in
Prospero database with registration number:

CRD42021273583.

antihypertensive medication on cardiovascular
and haemodynamic variables using PubMed
(NCBI) (Ovid)
PubMed and Embase provided publications
ranking from 1945 to May 2020. The search

terms are presented in Table 1. The search

and Embase databases.

strategy focused on the effect of the five
commonly used antihypertensive drugs on
blood pressure, left ventricular geometry and
left ventricular function. The search limits used

were ‘humans’ and ‘journal article’.

LITERATURE SEARCH
An extensive systematic literature search was
conducted on articles evaluating the effects of

Table 1 Literature search: strategy for PubMed (NCBI) and Embase (Ovid) databases

Search PubMed

Search Embase

Component 1: Antihypertensive medication:
"diuretics"[Mesh] OR "adrenergic beta-
antagonists"[Mesh] OR "beta blockers” [Title/Abstract]
OR "Antihypertensive agents"[Mesh] OR “blood
pressure lowering therapy” [Title/Abstract] OR
“antihypertensive medication” [Title/Abstract] OR
“antihypertensive therapy” [Title/Abstract] OR
"angiotensin-converting enzyme inhibitors"[Mesh] OR
"ACE inhibitors” [Title/Abstract] OR "Angiotensin
receptor antagonists"[Mesh] OR “angiotensin receptor
blockers” [Title/Abstract] OR
"sympatholytics"[Mesh]OR "Calcium Channel
Blockers"[Mesh]

Component 2: Cardiac geometry: "ventricular

remodeling"[Mesh] OR “ventricular remodeling”
[Title/Abstract] OR “cardiac remodeling”
[Title/Abstract] OR "cardiac adaptation”
[Title/Abstract] OR "LV geometry” [Title/Abstract] OR
“left ventricular geometry” [Title/Abstract] OR “cardiac
geometry” [Title/Abstract] OR “cardiac dimension”
[Title/Abstract] OR "left ventricle remodeling "[
Title/Abstract] OR " Hypertrophy, Left Ventricular
"[Mesh] OR “left ventricular hypertrophy”

Component 1: Antihypertensive
medication

exp diuretic agent/ or exp beta
adrenergic receptor blocking
agent/ or exp adrenergic receptor
blocking agent/ or exp
antihypertensive agent/ or exp
dipeptidyl carboxypeptidase
inhibitor/ or exp angiotensin
receptor antagonist/ or exp
calcium channel blocking
agent.ti,ab.

Component 2: Cardiac

geometry
exp heart ventricle remodeling/ or

(ventricular remodeling or cardiac
remodeling or cardiac adaptation
or LV geometry or left ventricular
remodeling or cardiac geometry or
cardiac dimension).ti,ab. or exp
echocardiography/ or
echocardiography.ti,ab.
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[Title/Abstract] OR "echocardiography"[Mesh] OR
Echocardiography [Title/Abstract] OR “left ventricular
mass” [Title/Abstract] OR “left ventricular mass index”
[Title/Abstract] OR “relative wall thickness”
[Title/Abstract] OR “concentric cardiac remodeling”
[Title/Abstract] OR “eccentric cardiac remodeling”
[Title/Abstract]

Component 3: Heart failure: "Heart Failure"[Mesh]
OR "Heart Failure, Systolic "[Mesh]

Component 4: Diastolic dysfunction: “heart failure,
diastolic”[Mesh] OR “diastolic dysfunction”
[Title/Abstract]

Component 5: Myocardial infarction: "myocardial
infarction" [Mesh] OR “myocardial infarction”
[Title/Abstract] OR “acute myocardial infarction”
[Title/Abstract] OR "heart attack” [Title/Abstract]
Component 6: CVA: Stroke [Mesh] OR
“cerebrovascular accident” [Title/Abstract] OR “acute

cerebrovascular accident” [Title/Abstract] OR "acute

Component 3: Heart failure
exp heart failure.ti,ab.
Component 4: Diastolic

dysfunction
exp diastolic dysfunction/ or

diastolic function.ti,ab.

Component 5: Myocardial
infarction

exp heart infarction.ti,ab.

Component 6: CVA
exp cerebrovascular accident.ti,ab.

cerebrovascular insult” [Title/Abstract]

ELIGIBILITY CRITERIA

The identified articles were assessed for
eligibility in two phases (Figure 1). First, all
studies were independently screened for
eligibility based on the title and abstract by
independent duos of ten investigators.
Second, articles were screened based on full-
text suitability based on the inclusion and
exclusion criteria also by independent duos of
the same ten investigators. Discrepancies for
first and second selections were resolved by

mutual agreement of two investigators.

included if they 1)
investigated one class of the five main groups

Studies were only

of antihypertensives (diuretics, beta-blockers
(BB), angiotensin-converting enzyme inhibitors
(ACEI), angiotensin receptor blockers (ARB),

and calcium channel blockers (CCB)), 2)
human studies, 3) included adults > 18 years
of age, 4) articles written in English or Dutch,
5) with a suitable study design (randomized
controlled trials (RCTs), prospective and
retrospective cohort studies).

We excluded articles if 1) only the abstract
was available and the full report was not
found, 2) the study design was unsuitable
reviews

(systematic and meta-analysis,

literature reviews, case reports, animal

studies, and in vitro studies), 3) no original
data used, 4)
antihypertensive

were more than one

medication was used
simultaneously, 5) data were not reported
separately for females and males, 6) no
included

reference group was (control,
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placebo, other antihypertensive medication
group), 7) the outcome was not related to one
of the predefined variables (systolic and
diastolic blood pressure, heart rate, cardiac
output, left ventricular ejection fraction,
and/or left ventricular mass), 8) data were not
reported as standard deviation (SD), standard
error (SE), or 95% confidence interval (95%
Cl), 9
information were registered, 10) participants

no specific dose and duration

were undergoing invasive  operations,
participants who were performing exercise
during measurements, or undergoing dialysis
or chemotherapy. If studies presented their
data differently (for example, median with
interquartile range), mean values with SD

were requested from the authors by email.

STUDY SELECTION

In case the articles did not separate outcomes
for females and males, but all other eligibility
criteria were met, authors from articles
published in 1980 and later were e-mailed or
approached via research gate to request sex-
specific data, and received a reminder after
two weeks. E-mail addresses from either the
first author, corresponding author, or head of
the department were retrieved from
corresponding details in the article, research
gate or world wide web searching for their
name or institution. If no contact details were
found or if authors did not respond within
three weeks after sending a reminder, the
article was excluded from the systematic
exclusion was

review. The reason for

registered for the full-text selection.

DATA EXTRACTION

Studies had to focus on acute (0-14 days),
subacute (15-30 days) and/or chronic (>30
days) therapy. Study characteristics (sample

size, control group, and study design),
anthropometric data (age and ethnicity),
intervention characteristics (dose, duration,
and method of measurement), and effect
measures (mean and SD at baseline and after
of the
variables) were collected in a predesigned

diuretic intervention predefined
format. The study results were separately
extracted for females and males. In this
systematic review only blood pressure data
measured via non-invasive methods were
extracted. For the other variables, multiple

methods were allowed.

QUALITY ASSESSMENT
The included studies were assessed for
quality and risk of bias using the Cochrane
recommended Risk of Bias 2 (RoB2) tool.
Studies were scored with “Low risk of bias”,
“Some concerns” or “High risk of bias” on
five domains including randomization process,
intended

missing data, outcome measurement, and

deviations from interventions,
data reporting. To receive an overall risk-of-
bias judgment of “Low risk of bias”, all
domains had to receive this judgment. To
receive an overall judgment of “High risk of
bias”, at least one of the domains was scored
as such. All other domain score combinations
would rate a study with an overall judgment
of “Some concerns”. The quality assessment
was performed by two reviewers (RA, LK) and
differences were solved by a third

independent reviewer (DM, SL).

STATISTICAL ANALYSIS
If a SE or 95% Cl| was reported in the article,
the SD was calculated according to the

Cochrane

Handbook  for
Interventions'. Changes in the cardiovascular

Systematic  Review of
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and hemodynamic variables from baseline
were separately analyzed for males and
females using a random-effects model as
described by and Laird".

Because the included studies had some

DerSimonian

variation in study population and design, the
random-effects model was chosen to account
for this interstudy variation (19). The primary
outcome was the mean difference and 95%
Cl between baseline and follow-up of the
intervention, visualized in forest plots. The
relative change from baseline in percentage
including 95% CI was also calculated and
reported in parentheses behind the mean
difference in the text. The |12 statistic, the ratio
between heterogeneity and variability, was
calculated as a measure of consistency and
expressed as percentage in the forest plots.
12 is able to distinguish heterogeneity in data
from solely sampling variance™. Interpretation
of 12 was based on the guidelines in the
Cochrane Handbook for Systematic Review of

Interventions. Sources of  clinical
heterogeneity (diuretic class, treatment
duration, and dosage) and methodological
heterogeneity (quality of study) were

investigated by meta-regression analyses
using a mixed-effects model"”. The Egger's
regression test for funnel plot asymmetry was
performed to test the presence of publication
bias. For the meta-analyses and meta-
regression analyses, the meta package in the
statistical programme R version 4.0.3. was
used?®?'. A significance level of 5% was used

in all analyses.

Results

STUDY SELECTION

The literature search provided a total of
73,867 unique records (Figure 1). After the

title-abstract selection, 58,737 records were
excluded (79.5%) resulting in 15,130 eligible
articles for the fulltext selection. After the full
text of these articles was examined, 14,925
articles (98.6%) met at least one exclusion
criterium. These articles were excluded for
several reasons, which are further detailed in
Figure 1. If needed, additional information
was requested by emailing study authors or
articles dated from 1980 or earlier and were
therefore not emailed. Eventually, a total of
205 articles were included for the whole series
of which 18 articles reported on diuretics and
included in this study.

Records identified through
PubMed {NCBI) searching Embass (Ovid) searching
[n=23,183) (n=73,041)

| |

Records from 1945 up to and including May 2020 after
remaval of duplicates
(n=73,887)

|

Screening of records based on title and abstract
[n=72,367)

N _

Full-text articies 2ssessad for eligibility
(n=15,130)

Records identified through

Identification

Records excluded following first scraening
(n=58737)

Eligibility

Full-text articles excluded, with resons (n = 14,925)
Article unfindable (n = 766)
Unsuitable study desizn [n = 1,144)
No ariginal datz (n = 1,058]
Ma zntihypertensive medication use (n = 1,336)
Datz not stratified by antihypertensive medication {n= 2,141}
— Data not stratified by sex [n =
Mo reference valus measurements (n
Mo useable gutcome measures {n= 3,
Data not suitably reported [n = 535]
Mo registration of dose or durztion of the medication (n = 384)
Other complications {n = 442)

Studies included in the data extraction
(n=205)

Studies zbout other antihypertensive treatment (ACE-
inhibitors, angiatansin racaptor blockers, beta blackers,
czlcium channel blockers)
n=187)

Studies investigating diuretic trestment and included in
systematic review
(n=18)

|

Studies investigating diuretic treztment and included in
metz-analysis
{n=18)

Figure 1 Flowchart of study selection and inclusion after
systematic literature search

STUDY CHARACTERISTICS

Study characteristics and anthropometric data
of the study participants are summarized in
Table S2. In total, data of 6,913 participants
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using diuretics were included in this meta-
analysis, of whom 83 were females (1.2%). The
study of Dorsch et al. # including many male
participants causes a significant discrepancy
between the number of males and females
included in this meta-analysis. The mean age
of the participants from the included studies
was 49.2 = 8.6 (SD) years.

Eleven studies reported on thiazide diuretics

22-30

(nine on hydrochlorothiazide and two on

chlorthalidone??', eight on loop diuretics (six

on furosemide3??’

, one on piretanide®, and
one on torasemide?), and two on potassium-
sparing diuretics (spironolactone®¥). The
remaining two classes of diuretics, osmotic
and carbonic anhydrase diuretics, were not
studied in this

systematic review and meta-analysis.

in the selected studies

Systolic blood pressure was reported in 12
studies???426323637 diastolic blood pressure in
13 studies?®333437 heart rate in 11 studies®*?*
28,31,33—37,39[ Cardiac
studies®33353¢6  |eft

fraction in two studies®??, and left ventricular

output  in  four
ventricular  ejection

mass in five studies?¢?831:3238,

Five studies measured the acute effects of
diuretic treatment (follow-up between 0 and
14 days)®36%.
subacute effect (follow-up between 15 and 30

Two studies measured a

days)?*. The remaining 11 studies measured
a chronic effect which means a follow-up

22-28,31,32,37,38

period of 31 days or longer

Of the included studies, 15 were RCTs2326:29-37,
two prospective cohort studies?”’?, and one
retrospective cohort study?.

Five studies included males and females but

did not report the outcomes separated for

23,24,30,32,37

sex . Sex-specific data was provided

by these authors via email. Two studies

included only females®?, and 11 studies

included only maleg??25-27:31:34:36.39,

QUALITY ASSESSMENT

Table 2 provides a summary of the risk-of-bias
assessment within studies according to the
RoB2 tool. Ten out of 18 articles had a low
overall risk of bias?%:2730333537 = Gix studies
had a high overall risk of biag???728313238 The
two prospective cohort studies??® and the
retrospective cohort study? had a high risk of
randomization and

bias due to lacking

blinding. The remaining two studies were

scored as having some concerns®~?,
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Table 2 Risk-of-bias assessment within studies

go)
(0]
ge)
C
[O]
9
£
€
o
&=
w
C
® O
o €
5 2
>
v 2
[

Solini (2019)

. Low risk

?

Trippel (2018)

Some concerns

. High risk

Okada (2017)
Kurrelmeyer (2014)
Dorsch (2011)
Goldsmith (2011)

Zamboli (2010)
Spoelstra-de  Man
(2006)

Harris (2003)
Gottdiener (1998)
Lax (1992)

Giles (1987)
Verma (1987)
Ferrara (1984)
Drayer (1983)

Drayer (1982)

‘..““. ) . ‘ o) .“..Randomization process
9---~000000 0000000
‘.““.". .‘.“.‘I\/Iissingoutcomedata
‘.““.... ...‘.“Measurementoftheoutcome
‘ .‘. . “‘ . ‘ - . ‘ “ ‘ . Selection of the reported result
00000000-0 0-00000°

Valette (1980)

Materson (1976)
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SYSTOLIC BLOOD PRESSURE

The mean systolic blood pressure (SBP) in
the studies population was 144.3 mmHg
(95% ClI, 133.5; 155.0) in females (n=44)
and 144.0 mmHg (95% Cl, 139.8; 148.2) in
males (n=6682) at baseline (p = 0.9656).
The mean

difference and relative

percentual change from baseline in
percentages for SBP are reported in Table
3 and Figure 2. SBP decreased by 17.9
mmHg (95% Cl, -24.4; -11.5)(-12.1% (95%
Cl, -16.4; -7.7)) in females after diuretic
therapy, which was greater than the effect
observed in males (-8.2 mmHg (95% Cl, -
11.4; -4.9)(-5.7% (95% Cl, -7.9; -3.4)) (p =
0.0081). The mean difference for SBP by
treatment duration is reported in Table 4.
Most studies reported chronic effects of
diuretics on SBP. The observed decrease
in SBP is most present in the chronic

phase for both females and males (Figures

3, 4, 5). Heterogeneity was low in female
data (I? = 5%) and substantial in male data
(12 = 75%). Of the clinical (diuretic class,
treatment duration, and dosage) and
methodological (study quality) sources of
heterogeneity only the diuretic class
significantly affected the
(Table 5).

regression test for funnel plot asymmetry

furosemide
change in SBP Egger's
was statistically significant for females (p =
0.0359) and not significant for males (p =
0.2782). The corrected mean difference
for females was -21.8 mmHg (95%, -29.1,
-14.4).

Table 3 Pooled changes in cardiovascular and haemodynamic parameters for females and males

Parameter Females Males
-17.9 (-24.4; -11.5) -8.2(-11.4;-4.9)
SBP (mmHg) MD %
-12.1(-16.4;-7.7) -4.2 (-5.9; -2.5)
-6.0(-11.0; -1.0) -2.7 (-5.3;-0.1)
DBP (mmHg) MD %
-7.6(-13.9;-1.2) -2.0(-4.0; -0.1)
-3.8(-9.3; 1.6 1.4; 2.6
R (bpm) MD % ( ) ¢ )
-5.1(12.3;2.2) 4(-1.0; 1.9
, -0.7 (-1.2;-0.2) -0.1 (-0.8; 0.6)
CO (L/min) MD%
-15.3 (-27.0; -3.6) -1.6(-11.4;8.2)
0(¢5.1:7.1) 1.4 (-4.7;7.4)
LVEF (%) MD%
1.6 (—8.3; 11.5) 1.5(5.1; 8.2)
-1.6 (-24.3; 21.0) -25.5 (-44.4; -6.6)
LVM (g) MD%
-0.8 (-12.5, 10.8) -6.8(-11.8;-1.8)

Values are reported as mean difference (MD) and relative change (%) compared to baseline with 95% ClI.

SBP = systolic blood pressure, DBP = diastolic blood pressure, HR = heart rate,

LVEF = left ventricular ejection fraction, LVM

= |eft ventricular mass
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Table 4 Pooled changes in cardiovascular and hemodynamic parameters by treatment duration

for females and males

Parameter Females Males
MD acute - 12.9 (-12.2; 38.0)
SBP (mmHg) MD sub-acute -17.0 (-39.6; 5.6) 1.7 (-4.0; 7.3)
MD chronic -17.4 (-25.1; -9.6) -10.6 (-13.8; -7.4)
MD acute
-1.0(-6.5;4.5) 6.6 (-5.5; 18.7)
MD sub-acute
DBP (mmHg) ) -13.5(-29.8; 2.8) 2.3(-0.6;5.2)
MD chronic
-6.9 (-12.8; -1.1) -4.7 (-7.9; -1.5)
MD acute
-4.0(-11.0; 3.0) 0.0(-3.1; 3.2)
MD sub-acute
HR (bpm) ) _ )
MD chronic
-3.6(-12.2;5.1) 1.1(-1.6; 3.8)
MD acute -1.0(-2.2;0.2) -0.6 (-1.6; 0.3)
CO (L/min) MD sub-acute - -
MD chronic -0.6 (-1.2; 0.0) 0.4 (-0.6; 1.3)

Values are reported as mean difference (MD) compared to baseline with 95% CI. Acute = 0-14 days, sub-acute = 15-
30 days, chronic = >31 days, SBP = systolic blood pressure, DBP = diastolic blood pressure, HR = heart rate, CO =
cardiac output.

Table 5 P-values of meta-regression analysis

Sources of

heterogeneity SBP DBP HR CO LVM
Furosemide 0.0371 0.0336 0.6331 - 0.4811
Hydrochlorothiazide 0.1058 0.3358 0.9320 0.2453 0.6046
Torasemide 0.1766 0.0689 0.2640 - -
Piretanide - - 0.9542 0.5001 -
Spironolactone - - 0.7705 - 0.3555
Low quality 0.3723 0.2923 0.2245 - 0.2758
Moderate quality 0.0960 0.1232 0.1796 0.5814 -
Treatment duration 0.4007 0.7066 0.2740 0.1502 0.2555
% max dose 0.9757 0.7937 0.5144 0.6394 0.3855

NB. Meta-regression analyses was not performed for left ventricular ejection fraction as only three articles were
included.

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/4269 10



https://esmed.org/MRA/index.php/mra/article/view/4269
https://esmed.org/MRA/mra

Medical
Research
Archives

Sex differences in the efficacy of diuretics in the treatment of hypertension; a

systematic review and meta-analysis

Figure 2 Forest plot of systolic blood pressure (SBP) change in mmHg after diuretic use

Study

Female

Solini et al. 2019

Trippel et al. 2018

Trippel et al. 2018

Okada et al. 2017

Zamboli et al. 2010
Spoelstra-de Man et al. 2006
Summary

F=5%

Male

Solini et al. 2019
Trippel et al. 2018
Trippel et al. 2018
QOkada et al. 2017
Dorsch et al. 2011
Dorsch et al. 2011
Goldsmith et al. 2011
Zamboli et al. 2010
Spoelstra-de Man et al. 2006
Gottdiener et al. 1998
Giles et al. 1987
Ferrara et al. 1984
Drayer et al. 1983
Drayer et al. 1982
Materson et al. 1976
Materson et al. 1976
Summary

P = 75%
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females and males. MD = mean difference
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Subacute (15-30 days)
Solini et al. 2019
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compared to baseline for

Figure 3 Forest plot of systolic blood pressure (SBP) change in mmHg after acute, sub-acute and chronic diuretic use

compared to baseline for females. MD = mean difference

Sample size
Study Treatment Reference
Acute (0-14 days)
Goldsmith et al. 2011 8 8
Summary 8 8
not applicable
Subacute (15-30 days)
Solini et al. 2019 14 14
Materson et al. 1976 15 15
Materson et al. 1976 9 9
Summary 38 38
P =0%
Chronic (>31 days)
Trippel et al. 2018 8 13
Trippel et al. 2018 7 7
Okada et al. 2017 5 5
Dorsch et al. 2011 4049 4049
Dorsch et al. 2011 2392 2392
Zamboli et al. 2010 10 10
Spoelstra-de Man et al. 2006 1 16
Gottdiener et al. 1998 29 98
Giles et al. 1987 9 9
Ferrara et al. 1984 5 5
Drayer et al. 1983 12 12
Drayer et al. 1982 20 20
Summary 6557 6636
P=72%

MD 95% CI

—f——— 129 [-12.2; 38.0]
——— 12,9 [-12.2; 38.0]

|
f——
_—

-30 -20 -10 0 10 20

Change SBP (mmHg)

1
30

-1.3 [-12.8; 10.2]
34 [-49 11.7]
14 [-9.1; 12.0]
1.7 [-4.0; 7.3]

-7.7 [-226; 7.3]
-40 [-18.7; 10.7]
-14.2 [-21.0; -7.4]
-76 [-9.4; -5.8]
-13.6 [-15.3; -11.9)
-80 [-19.0; 3.0]
-19.5 [-28.6; -10.4]
-28 [-7.9; 2.3]
-19.0 [-35.3; -2.7]
-15.0 [-24.9; -5.1]
-7.0 [-195; 5.5]
-11.0 [-19.3; -2.7]
-10.6 [-13.8; -7.4]

Figure 4 Forest plot of systolic blood pressure (SBP) change in mmHg after acute, sub-acute and chronic diuretic use

compared to baseline for males. MD = mean difference
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Figure 5 Meta-regression curve of systolic blood pressure (SBP) by treatment duration (days). Every circle is

representing one article and the size represents the number of participants included in the study, shown as a small or

larger circle

DIASTOLIC BLOOD PRESSURE

The mean diastolic blood pressure (DBP) in
the studies population was 78.7 mmHg (95%
Cl, 70.4; 86.9) in females (n=59) and 90.6
mmHg (95% Cl, 85.3; 95.9) in males (n=241)
at baseline and was statistically different
between the sexes (p = 0.0166). Although
DBP decreased by 6.0 mmHg (95% Cl, -11.0;
-1.0)(-7.6% (95% ClI, -13.9; -1.2)) in females
and by 2.7 mmHg (95% Cl, -5.3; -0.1) (-3.0%
(95% Cl, -5.8; -0.1)) in males (Table 3, Figure
6), this change was not statistically significant
between sexes (p = 0.2619). The mean
difference for DBP by treatment duration is
reported in Table 4. Most articles were
interested in a chronic effect of diuretics on
DBP. The found decrease in DBP is most
visible in the chronic phase for both females
and males (Figures 7, 8, 9). Heterogeneity was

moderate in female data (> = 49%) and

substantial male data (I? = 70%). The clinical
source of heterogeneity detected by meta-
regression analysis was furosemide (Table 5).
Egger's regression test for funnel plot
asymmetry was not statistically significant for
females (p = 0.9414) and males (p = 0.5006).
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Study Treatment Reference
Female

Solini et al. 2019 6 6
Trippel et al. 2018 2 4
Trippel et al. 2018 8 11
Okada et al. 2017 5 5
Zamboli et al. 2010 10 10
Spoelstra—de Man et al. 2006 8 8
Lax et al. 1992 18 15
Summary 54 59
17 = 40%

Male

Solini et al. 2019 14 14
Trippel et al. 2018 8 13
Trippel &t al. 2018 7 7
Okada et al. 2017 5 5
Goldsmith et al. 2011 8 8
Zamboli et al. 2010 10 10
Spoelstra-de Man et al. 2006 11 16
Gotidiener et al. 1998 29 98
Giles et al. 1987 9 9
Ferrara et al. 1984 5 5
Drayer et al. 1983 12 12
Drayer et al. 1982 20 20
Materson et al. 1976 15 15
Materson et al. 1976 9 9
Summary 162 241
= T0%

|
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-
—_—
—_—
-

=20 10 0 10
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MD 95% CI
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10 [-52 72
-27 [-5.3;-0.1]

Figure 6 Forest plot of diastolic blood pressure (DBP) change in mmHg after diuretic use compared to baseline for

females and males. MD = mean difference

Sample size
Study Treatment Reference
Acute (0-14 days)
Lax et al. 1992 15 15
Summary 15 15
not applicable
Subacute (15-30 days)
Solini et al. 2019 6 6
Summary 6 6
not applicable
Chronic (>31 days)
Trippel et al. 2018 2 4
Trippel et al. 2018 8 "
Okada et al. 2017 5 5
Zamboli et al. 2010 10 10
Spoelstra-de Man et al. 2006 8 8
Summary 33 38
?=41%
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20
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, 4.5]

-6.5; 4
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07 [-115:13.0]
-7.4 [-18.0: 32]
-50 [-12.9: 28]
-14.4 [-21.1; -7.7]
-6.9 [-12.8; -1.1]

Figure 7 Forest plot of diastolic blood pressure (DBP) change in mmHg after acute, sub-acute and chronic diuretic

use compared to baseline for females. MD = mean difference

Study

Acute (0-14 days)
Goldsmith et al. 2011
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not applicable
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Solini et al. 2019
Materson et al. 1976
Materson et al. 1976
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1=0%
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Trippel et al. 2018
Trippel et al. 2018
Okada et al. 2017
Zamboli et al. 2010
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Figure 8 Forest plot of diastolic blood pressure (DBP) change in mmHg after acute, sub-acute and chronic diuretic

use compared to baseline for males. MD = mean difference
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Figure 9 Meta-regression curve of diastolic blood pressure (DBP) by treatment duration (days). Every circle is

representing one article and the size represents the number of participants included in the study, shown as a small or

larger circle

HEART RATE

The mean heart rate (HR) in the studies
population was 74.8 bpm (95% Cl, 71.2; 78.4)
in females (n=34) and 91.6 bpm (95% Cl, 66.7;
116.6) in males (n=236) at baseline (p =
0.1916). An opposite effect between females
and males seemed to be present in HR after
diuretic use, although not statistically significant
(p = 0.1335). HR changed insignificantly by -
3.8 bpm (95% ClI, -9.3; 1.6)(-5.1% (95% Cl, -
12.3; 2.2)) in females, and 0.6 bpm (95 %Cl, -
1.4; 2.6)(0.6% (95% Cl, -1.3; 2.5)) in males (p =
0.1335) (Table 3, Figure 10). The mean
difference for HR by treatment duration is
reported in Table 4. There is no trend
observed in change in HR by treatment
(Figures 11, 12).
methodological heterogeneity did not affect

duration Clinical and

the change in HR (Table 5). Egger’s regression

test for funnel plot asymmetry was statistically
significant for males (p = 0.0200) and not for
females (p = 0.6013). The corrected mean
difference for males was -0.5 bmp (95% ClI, -
2.4;1.3).
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Study Treatment Reference
Female

Trippel et al. 2018 5 11
Spoelstra—de Man et al. 2006 8 8
Lax et al. 1992 15 15
Summary 28 4
" =0%

Male

Trippel et al. 2018 5 9
Trippel et al. 2018 1] 7
Goldsmith et al. 2011 8 8
Spoelstra-de Man et al, 2006 10 15
Harris et al. 2003 10 10
Harris et al. 2003 1 11
Gottdiener et al, 1998 28 98
Giles et al. 1987 9 9
Verma et al_ 1987 12 12
Ferrara el al. 1984 5 5
Dirayer et al. 1983 12 12
Drayer et al. 1982 20 20
Valette et al. 1980 10 10
Valette et al. 1880 10 10
Summary 157 236
"= 0%

MD  95%Cl
- 10 [-14.1;16.2]
-58 [-16.2; 4.7]
= -4.0 [-11.0; 3.0]
~—— =38 [-9.3; 1.6]

132 [-486 31.1]

42 [-10.7;19.2]

129 [-12.2, 38.0]

— -53 [-14.1; 34]
e 1.0 [-6.1; 81]

— -1.0 [-4.8 2.8]
—— -1.2 [-53 29]
1= 40 [-3911.9]

20 [-11.9;159]

1.2 [-10.1;12.5]

. 50 [-21;121]
T 30 [-4.1;101)
T 80 [-13.5 29.5]
1 20 [-22.8 26.8]
- 06 [-14; 28]

=30 =20 -10 O 10 20 30
Change HR (bpm)

Figure 10 Forest plot of heart rate (HR) change in beats per minute (BPM) after diuretic use compared to baseline for
females and males. MD = mean difference

Sample size
Study Treatment Reference MD 95%ClI
Acute (0-14 days)
Lax et al. 1992 15 15 — -4.0 [-11.0; 3.0]
Summary 15 15 ————— -4.0 [-11.0; 3.0]
not applicable
Chronic (>31 days)
Trippel et al. 2018 5 1 10 [-14.1;16.2]
Spoelstra-de Man et al. 2006 8 8 —_— -5.8 [-16.2; 4.7]
Summary 13 19 ———— =36 [-12.2; 5.1]
r=o% T T T T T !

-15 -10 -5 0 5 10 15
Change HR (bpm)

Figure 11 Forest plot of heart rate (HR) change in beats per minute (BPM) after acute, sub-acute and chronic diuretic
use compared to baseline for females. MD = mean difference

Sample size
Study Treatment Reference MD 95%Cl
Acute (0-14 days)
Goldsmith et al. 2011 8 8 129 [-12.2; 38.0]
Harris et al. 2003 10 10 — 1.0 [-6.1; 8.1]
Harris et al. 2003 11 11 E = -1.0 [-4.8; 2.8]
Verma et al. 1987 12 12 —_—— 20 [-11.9;15.9]
Valette et al. 1980 10 10 — 8.0 [-13.5;29.5]
Valette et al. 1980 10 10 2.0 [-22.8;26.8]
Summary 61 61 - 0.0 [-3.1; 3.2]
I =0%
Chronic (>31 days)
Trippel et al. 2018 5 9 —1 13.2 [-4.6;31.1]
Trippel et al. 2018 6 7 —_— 42 [-10.7;19.2]
Spoelstra—de Man et al. 2006 10 15 — -5.3 [-14.1; 34]
Gottdiener et al. 1998 29 98 - -1.2 [-5.3; 2.9]
Giles et al. 1987 9 9 —I-— 40 [-3.9;119]
Ferrara et al. 1984 5 5 —_—t 1.2 [-10.1;12.5]
Drayer et al. 1983 12 12 T 50 [-2.1;12.1)
Drayer et al. 1982 20 20 —1=— 3.0 [-4.1;10.1]
Summary 96 175 - 1.1 [-1.6; 3.8]
£=3% r T T T T ]

-30 -20 -10 0 10 20 30
Change HR (bpm)

Figure 12 Forest plot of heart rate (HR) change in beats per minute (BPM) after acute, sub-acute and chronic diuretic
use compared to baseline for males. MD = mean difference

CARDIAC OUTPUT

The mean cardiac output (CO) in the studies
population was 4.3 L/min (95% Cl, 3.9; 4.8) in
females (n=18) and 4.8 L/min (95% CI, 3.8;
5.8) in males (n=33) at baseline (p = 0.3885).

Diuretic effect on CO was analyzed based on
three male and two female studies. Although
CO decreased 0.7 L/min (95% Cl, -1.2; -0.2)(-
15.3% (95% ClI, -27.0; -3.6)) after diuretic
treatment in females, it did not have a
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statistically significant effect in males (CO, -0.1
L/min (95% Cl, -0.8; 0.6))(-2.3% (95% Cl,-16.7;
12.0)) (Table 3, Figure 13). No sex difference
in CO was observed (p = 0.2000). The mean

regression test for funnel plot asymmetry was
not statistically significant for males (p =
0.2634) and could not be performed for
females due to the small number of included

difference for CO by treatment duration is  studies.

reported in Table 4. Due to the small number

of included articles, it is hard to draw solid

conclusions on the effect of treatment

duration on CO (Figures 14, 15). Clinical and

methodological heterogeneity did not affect

the change in CO (Table 5). Egger's
Study Treatment Referance MD 95%ClI
Female
Okada et al. 2017 5 5 - -0.6 [-1.2; 0.0]
Lax et 2l 1092 13 13 -1 -1.0 [-2.2; 0.2]
Summary 18 18 - =0.7 [-1.2; -0.2)
r=0%
Male
Okada el al. 2017 5 5 i 04 [-0.8; 1.3]
Goldsmith et al. 2011 8 8 - -04 [-16 08
Valette et al. 1980 10 10 -1.1 [-5.1; 2.9]
Valette et al. 1980 10 10 ——r =1.0 [-2.7, 0.7]
Slumrnary 33 33 - -0.1 [-0.8; 0.6]
F=0%

|
-4 -2 0 2 4

Change CO (Lfmin)

Figure 13 Forest plot of cardiac output (CO) change in L/min after diuretic use compared to baseline for females and

males. MD = mean difference

Sample size

Study Treatment Reference MD 95%CI
Acute (0-14 days)
Lax et al. 1992 13 13 —_— 1.0 [-2.2; 0.2]
Summary 13 13 —— -1.0 [-2.2; 0.2]
not applicable
Chronic (>31 days)
Okada et al. 2017 5 5 —— -0.6 [-1.2; 0.0]
Summary 5 5 ——— -0.6 [-1.2; 0.0]
not applicable
T T 1
-2 -1 0 1 2

Change CO (L/min)

Figure 14 Forest plot of cardiac output (CO) change in L/min after acute, sub-acute and chronic diuretic use compared

to baseline for females. MD = mean difference

Sample size
Study Treatment Reference MD 95%CI
Acute (0-14 days)
Goldsmith et al. 2011 8 8 — =04 [-1.6; 0.8]
Valette et al. 1980 10 10 =11 [-5.1; 2.9]
Valette et al. 1980 10 10 ——— -1.0 [-2.7;0.7]
Summary 28 28 ——— -0.6 [-1.6; 0.3]
=0%
Chronic (>31 days)
Okada et al. 2017 5 5 —— 0.4 [-0.6; 1.3]
Summary 5 5 ——— 0.4 [-0.6; 1.3]
not applicable r . r s

-4

-2 0 2 4
Change CO (L/min)

Figure 15 Forest plot of cardiac output (CO) change in L/min after acute, sub-acute and chronic diuretic use compared

to baseline for males. MD = mean difference
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LEFT VENTRICULAR EJECTION FRACTION

The mean left ventricular ejection fraction
(LVEF) in the studies population was 62.0%
(95 ClI%, 57.7; 66.3) in females (n=10) and
61.2% (95% Cl, 56.8; 65.7) in males (n=15) at
baseline (p = 0.8105). The change in LVEF in
females was based on only one study. In this
study measuring a chronic effect of diuretic
use, LVEF remained unaltered (1.0% (95% Cl,
-5.1, 7.1(1.6% (95% Cl, -8.3; 11.5)) (Table 3,

Study Treatment Referance
Female

Zamboli et al. 2010 10 10
Summary 10 10

not applicable

Mala

Zamboli et al. 2010 10 10
Ferrara et al. 1984 5 5
Summary 15 15
"= 0%

=10

Figure 16). The effect in males was based on
two studies on chronic diuretic use, which also
showed an insignificant change (1.4% (95%
Cl, -4.7, 7.4)2.2% (95% ClI, -7.6; 12.1)). The
effect on LVEF from baseline was not different
between sexes (p = 0.9314). Meta-regression
analysis and Egger’s regression test for funnel
plot asymmetry could not be performed

because of the small number of included

studies.
MD 95%Cl
—_— 1.0 [-51;, 71)
e — 1.0 [-5.1; 7.1]
1.0 [-7.3; 9.3]
1.8 [-7.0;, 10.6]
———— 14 [-47; 74]
-5 0 ] 10

Change LVEF (%)

Figure 16 Forest plot of left ventricular ejection fraction (LVEF) change in % after diuretic use compared to baseline

for females and males. MD = mean difference

LEFT VENTRICULAR MASS

The mean left ventricular mass (LVM) in the
studies population was 193.9 g (95% Cl,
177.3; 210.6) in females (n=34) and 262.0 g
(95% ClI, 200.0; 324.0) in males (n=141) at
baseline (p = 0.0375). Data of two studies on
that left
ventricular mass (LVM) did not change in
females (-1.6 g (95% Cl, -24.3; 21.0)(-0.8%
(95% ClI, -12.5; 10.8)) (Table 3, Figure 17). In
males, chronic diuretic treatment lowered

chronic  diuretic use showed

LVM with 25.5 g (95% Cl, -44.4; -6.6)(-9.4%
(95% CI, -16.4; -24)). No
significant sex difference was observed (p =
0.1131).
heterogeneity did not affect the change in

statistically

Clinical and  methodological
LVM (Table 5). Egger's regression test for
funnel plot asymmetry was not statistically
significant for males (p = 0.9705) and could
not be performed for females due to the small

amount of included studies.

MD 5% CI

. 43 [-24.7: 333
— -11.0 [-47.4; 254]
- =1.6 [=24.3; 21.0]

* =14.0 [-64.5, 38.5]
—— -40.0 [-T1.4; -8.6]

Study Treatment Reference
Female

Kurrelmeyer et al. 2014 24 24
Zamboli et al. 2010 10 10
Summary 34 34
== 0%

Mala

Zambali et al. 2010 10 10
Goftdiener et al. 1988 29 88
Giles et al, 1987 8 8
Ferrara et al. 1984 5 5
Drayer et al. 1982 20 20
Summary T2 141

*= 0%

-4.0 [-217.2; 209.2]
-457 [-118.0; 26.6]

=200

- -14.0 [-43.1; 15.1]
- -25.5 [-44.4; -6.6]
=100 0 100 200
Change LVM (g)

Figure 17 Forest plot of left ventricular mass (LVM) change in g after diuretic use compared to baseline for females

and males. MD = mean difference
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Discussion effects which affect blood pressure. Most

In this systematic review and meta-analysis,
we observed that diuretics lower blood
pressure significantly in both sexes but more
pronounced in females and especially when
used  chronically.  Diuretic  treatment
significantly decreased CO in females and
LVM in males, whereas it did not change HR
and LVEF in both sexes. However, over a
period encompassing 75 years only 18 studies
were suitable to be used to stratify data based
on sex, in which a very small minority

concerned females.

Diuretics as monotherapy are especially
effective in lowering systolic blood pressure®,
a finding in line with our observation. In the
acute phase of diuretic administration, a
blood pressure decrease is caused by a
depletion in blood and plasma volume
paralleled by a decreased CO and an
increased total peripheral resistance. These
systemic hemodynamic effects change after
long-term diuretic administration as blood
and plasma volume either remains reduced or
normalizes,  whereas  total  peripheral
resistance decreases thereby maintaining a
reduced blood pressure compared to pre-
treatment levels*'. Most studies included in
this  meta-analysis  evaluated  chronic
treatment effects of diuretics. Based on the
pharmacological mechanism of diuretics, only
a change in CO in the acute phase is expected
next to a decrease in blood pressure.
However, as this meta-analysis could include
only few studies measuring CO after acute
treatment with diuretics, no decrease in CO

was found.

Next to these systemic hemodynamic effects,

diuretics also manifest renal hemodynamic

studies evaluating these renal hemodynamic
effects only studied the acute effects of
diuretics in animal models. On the one hand,
diuretic agents primarily working on the distal
convoluted tubule and collecting duct did not
affect renal blood or plasma flow, glomerular
filtration rate (GFR) or filtration fraction. On
the other hand, the carbonic anhydrase
inhibitors inhibiting transport in the proximal
nephron were shown to reduce renal blood
flow and reduce GFR. Some diuretic groups
inhibiting transport in the loop of Henle, like
sulfonamide derivates, ethacrynic acid and
mannitol, were shown to increase renal blood
flow, while exhibiting no effect on GFR and no
effect or a decreased effect on filtration
These
changes affect renal excretion by modulating

fraction. intrarenal  hemodynamic
the reabsorptive rate of the tubular system. A
second mechanism by which renal excretion
can be altered is based on a diminished
filtered load of sodium when the GFR

reduces*42.

We observed a greater effect on lowering
systolic blood pressure in females. Since in the
general practice females are more likely to be
treated with diuretics than males®“, it may be
that most females receive an effective
(systolic) blood pressure lowering treatment.
Considering the decreased renal calcium
excretion that usually accompany diuretic
usage, some even argue that it might be of
additional benefit with respect to bone
density and fracture risk as hypertension is
commonly used by postmenopausal females*.
Pharmacogenetic factors involved in the
pharmacological response to therapy might
also differ between females and males and

might explain why diuretics appear to be
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more effective in females. Schwartz et al.®®
suggested that the blood pressure response
to hydrochlorothiazide is possibly based on a
sex-specific interaction with the angiotensin |-
converting enzyme (ACE) gene, although they
could not explain this phenomenon only
based on ACE activity.

Despite good pharmacological effects of
diuretics in females, it is also known that they
experience more often adverse events
compared to males, a phenomenon which
could not be explained by a higher
prescription rate in females®. A study by
Werner et al’ found that female sex was a
predictor of the pharmacokinetics of the loop
diuretic torasemide. Moreover, an animal
study showed that renal clearance of the loop
diuretic furosemide was significantly less in
female than in male rats®. Another animal
study found that both furosemide and
torasemide caused more effective diuresis,
natriuresis, and kaliuresis in female than in
male rats™. Hyponatremia and hypokalemia
were more often reported in female patients.
Nevertheless, clinical trials did not find a
incidence  of cardiac

higher severe

arrhythmias, a serious consequence of
electrolyte disturbances, in females *°. The
pharmacokinetics of thiazide diuretics appear
to be partly influenced by sex and sex
hormones which regulate the density of renal

thiazide diuretic receptors™.

Although not the aim of this systematic
review, another important finding deserves
attention and awareness. Females are
underrepresented in clinical trials regarding
diuretics, and sex-stratified analysis are rarely
reported articles. And since we observed
differences in circulatory response to diuretics

between females and males, these findings

call for a more sex-stratified approach in
studies. A
participation of females in clinical trials on

future scoping review on

antihypertensive drugs during the past

decades showed that females are still
underrepresented in these studies. Although
an increase in inclusion of females in clinical
trials was found, between 2011 and 2020 still
only one third of the included participated
were female®'. Two systematic reviews and
meta-analyses on sex differences in effects of
beta-blockers® and calcium channel blockers
>3 also reported on this topic and stressed the
need for more sex-stratified data reporting in

clinical studies.

Our meta-analysis showed a greater effect in
blood pressure decrease after long-term
diuretic use, defined as more than 30 days. It
appears that the mechanism by which
diuretics can decrease blood pressure differs
in short-term and long-term use. In the initial
weeks after start of diuretic treatment, a
decrease in plasma volume, venous return
and cardiac output relates to a decrease in
blood pressure. In patients with long-term
diuretic treatment a decrease in arterial
resistance is mainly responsible for blood
pressure decrease, whereas cardiac output
and plasma volume nearly return to pre-

treatment values’.

To our knowledge, the current study is the first
to evaluate the sex differences in effect of
diuretics. Despite, several shortcomings at the
study and outcome level need to be reported.
First, some patients in the included studies
received  comedication for  underlying
suffering, which might have biased the
effect. But

baseline medication was reported to be

calculated intervention since

unaltered before and after diuretic treatment,
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we consider the change within individuals to
be the resultant of the used diuretic compound.
Second, this meta-analysis included more
studies which only studied male subjects. As a
result, the total amount of males studied in
this meta-analysis (n = 6,810) was not in
proportion to the total amount of females
studied (n = 68). Moreover, the vast majority
of the articles screened for this systemic
review did not report sex-stratified data for
the variables of interest. Sex-specific data was
requested via email, but the overall response
rate was low. As a result, many potentially
suitable articles had to be excluded from this
meta-analysis. Because studies who included
both sexes did not separate the outcomes for
males and females, the majority of the
included studies only investigated one sex.
Studies

available and met the inclusion criteria for this

focusing on males were more
systematic review more often. This was
especially the case for the oldest studies in
this systematic review. It may be that the old
paradigm that CVD was viewed upon as a
men'’s disease, led to the situation that, most
and mainly older studies, included only male
participants in their clinical studies **. Third,
one third of the articles included in this
systematic review were qualified as high risk
of bias by RoB2 tool. Nonetheless, the effects
of RoB2 assessed quality, did not show
significant effects on outcome as evaluated by
meta-regression  analysis.  Finally, the
presence of heterogeneity might affect
interpretation of meta-analysis outcomes.
Although we observed some heterogeneity in
some variables, which is always prerequisite
for careful interpretation of findings, our
additional meta-regression to detect sources

of heterogeneity may help to value findings.

Conclusion and Recommendations

This systematic review and meta-analysis
showed that diuretics substantially lower
blood pressure, especially when used more
than a month. Sex differences in reached
response may exist not only in pressure
response but also cardiac remodeling and
systolic function. Given the large difference in
studied females as compared to males, future
studies should aim for a more sex-stratified

approach.
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