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Diuretic-Induced Potassium Depletion and
Glucose Intolerance Are Not Related to
Hyperactivity of the Renin-Angiotensin-
Aldosterone System in Hypertensive
Patients With the Metabolic Syndrome

Douglas E. Barbieri, MD; Fernando F. Ribeiro-Filho, MD, PhD;
Artur B. Ribeiro, MD, PhD; Maria T. Zanella, MD, PhD

The metabolic syndrome (MS) has been associated
with hyperactivity of the renin-angiotensin-aldoste-
rone system (RAAS). To assess the hypothesis that
diuretic therapy in MS patients through further
stimulation of RAAS would elicit greater potassium
(K) depletion, two groups of hypertensive patients
with (MS group [MSG]; n=20) and without (control
group [CG]; n=19) MS were studied. Plasma renin
activity (PRA), aldosterone (PA), and K levels were
determined and an oral glucose tolerance test with
plasma insulin determinations for calculation of
homeostasis model assessment of insulin resistance
(HOMA-IR), sensitivity (ISI), and secretion
(HOMA-b) was performed, both before and
12 weeks after hydrochlorothiazide (HCT;
25 mg ⁄ d) therapy. At baseline, higher HOMA IR
and HOMA-b and lower ISI and plasma K were
found in the MSG than in the CG, with no differ-

ences in PA and PRA between groups. With ther-
apy, PRA increased similarly in both groups while
PA increased only in the MSG. However, greater
reduction in plasma K occurred in the CG, and the
2 groups reached similar final K values. Impairment
in glucose tolerance occurred in both groups, with
no change in HOMA-b in the CG and reduction in
the MSG, suggesting that diuretic therapy increases
insulin resistance and impairs insulin secretion
independent of abdominal obesity. These altera-
tions could not be attributed to hyperactivity of
RAAS. J Clin Hypertens (Greenwich).
2009;11:549–554. ª2009 Wiley Periodicals, Inc

With the increase of obesity prevalence, sev-
eral studies have identified the connection

between abdominal visceral fat and insulin resis-
tance.1–3 From this relationship, a new clinical
identity, currently known as the metabolic syn-
drome (MS),3 has been shown to increase the risk
of coronary artery disease and cardiovascular
mortality.4

Arterial hypertension as part of MS, presents a
strong connection with obesity and is associated
with a greater risk of diabetes and glucose intoler-
ance.5,6 Therefore, when choosing the appropriate
antihypertensive treatment for obese or MS
patients, the metabolic effects of these drugs should
be considered. Diuretic therapy, even in low doses,
may induce the development of unwanted adverse
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effects such as glucose intolerance with a subse-
quent increased risk of diabetes.7–10

Potassium depletion, induced by thiazide diuret-
ics, is described as the main cause of alterations in
glucose homeostasis.10,11 Hypokalemia affects glu-
cose metabolism through 2 different mechanisms:
impairment in insulin secretion11,12 and decrease in
peripheral insulin sensitivity.13 Thiazide diuretics
lead to potassium depletion through the activation
of the renin-angiotensin-aldosterone system (RAAS)
in response to reductions in circulating blood vol-
ume, which increases urinary potassium excretion.
In addition, the penetration of potassium in the
cells, due to diuretic-induced alkalosis, contributes
to decreased plasma potassium levels.14

Activation of the RAAS is one of the mechanisms
responsible for arterial hypertension associated with
obesity.15,16 The increase of several circulating com-
ponents of the RAAS, such as angiotensinogen, renin,
angiotensin-converting enzyme, and aldosterone,
have been observed in obese patients.16 In addition,
the presence of several RAAS components have been
demonstrated in the adipose tissue of animals and
humans.17,18 However, the contribution of the adi-
pose tissue RAAS in the increases of circulating RAAS
components is still a matter of debate.

Assuming that patients with abdominal obes-
ity ⁄MS, compared with nonobese patients, present
greater insulin resistance and activation of RAAS,
diuretic therapy in these patients that promotes
even greater activation of RAAS could potentially
induce a higher degree of potassium depletion, thus
increasing the risk of type 2 diabetes. The objective
of the present study was to assess this hypothesis.

METHODS
This prospective clinical study (case control study)
was conducted in 39 hypertensive patients assigned
to 2 different groups: the case group (the MS group
[MSG]), which was composed of 20 patients with
MS; and the control group (CG), which included
19 patients without MS. The diagnostic criteria
used to define MS were those defined by the Inter-
national Diabetes Federation (IDF).19 Participants
were recruited from the hypertension and cardio-
vascular disease outpatient clinic at the Hospital do
Rim e Hipertensão in Sao Paulo, Brazil.

The study protocol was approved by the ethics
committee of the institution where the study was
conducted. According to the research ethics criteria
‘‘in anima nobili,’’ patients were informed about
the purposes of the study, all doubts were cleared
in advance, and a written informed consent was
obtained from each patient.

Male and female hypertensive patients, aged 30
to 60 years, were eligible. In both groups, sitting
systolic and diastolic arterial blood pressure (BP)
values, in the absence of antihypertensive treatment
and after a 5-minute rest, were to be �140 mm Hg
and 90 mm Hg but not >160 mm Hg and
100 mm Hg, respectively. Hypertensive patients
taking antihypertensive therapy could have values
<140 ⁄90 mm Hg. Thus, only patients with mild
and moderate arterial hypertension were considered
eligible.

In the MSG, waist circumference in men and
womenwere�94cmand 80 cm, respectively. In addi-
tion to this criterion (already added to the presence of
arterial hypertension), at least 1 other condition
needed to be present to characterize MS, such as
triglyceride levels �150 mg ⁄dL and ⁄or high-density
lipoprotein (HDL) cholesterol <40 mg ⁄ dL and
50 mg ⁄ dL in men and women respectively, and ⁄ or
fasting glycemia �100 mg ⁄ dL. In the CG, waist
circumference in men and women were<94 cm and
80 cm, respectively. In addition, except for arterial
hypertension, patients could present only 1 more
criterion of MS.

The exclusion criteria for this study were hypo-
kalemia (plasma potassium <3.5 mEq ⁄L), body
mass index (BMI) >40 kg ⁄m2, fasting glycemia
�110 mg ⁄dL, glycemia at 120 minutes post-glucose
load �200 mg ⁄dL or diabetes while on treatment,
triglycerides >400 mg ⁄dL, congestive heart failure,
chronic renal failure, hepatopathy, or severe psychi-
atric disease. Also, patients who presented with car-
diovascular events (myocardial infarction or stroke)
within the previous 6 months and women using
oral contraceptives or who were pregnant did not
take part in this study. In addition, patients who
presented any evidence of secondary hypertension,
malignant hypertension, or sitting systolic and dia-
stolic BP levels >160 mm Hg and 100 mm Hg,
respectively, were excluded.

The study protocol had a baseline period of 4
weeks for washout of antihypertensive drugs. After
the first 2 weeks, patients were reevaluated and if
their systolic and ⁄or diastolic BPs were>160 mm Hg
and 100 mm Hg respectively, alpha-methyldopa
(maximum dosage of 500 mg twice a day) was intro-
duced for the next 2 weeks to reduce BP, according to
the ethics committee recommendation.

At the end of the baseline period, alpha-methyl-
dopa was withdrawn and all patients received
hydrochlorothiazide (HCT) 25 mg ⁄d, maintaining
their usual diet for a 12-week term. During HCT
therapy, patients were evaluated every 4 weeks for
BP, heart rate, and anthropometric determinations.
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BP was measured 3 times after 5 minutes of rest
in the sitting position and after 5 minutes in the
upright position using a sphygmomanometer with
an appropriate cuff size. The values presented
correspond to the arithmetic average of each 3
determinations.

The BMI was calculated as weight in kilograms
divided by height in squared meters. The waist cir-
cumference was determined in centimeters at the
middle point between the costal margin and the
iliac crest.

Fasting plasma potassium (K), uric acid, total cho-
lesterol, high-density lipoprotein (HDL) cholesterol,
low-density lipoprotein (LDL) cholesterol, triglyce-
rides (TGs), creatinine, plasma aldosterone (PA), and
plasma renin activity (PRA) after at least 2 hours of
deambulation were determined and an oral glucose
tolerance test (OGTT) was performed both after
the washout period (baseline) and after a 12-week
period of HCT therapy. During OGTT, glycemia
and insulinemia were determined both after fasting
and 120 minutes after an oral 75-g glucose load.
Based on these parameters, homeostasis model
assessment of insulin resistance (HOMA-IR),20 insu-
lin secretion (HOMA-b),20 and insulin sensitivity
(ISI)21 were calculated. Urinary potassium excretion
(mEq ⁄24 h) was determined both before and after
diuretic therapy.

PA was determined through Active DSL-8600 kit
assay (Webster, TX), with analytical sensitivity of
7.64 pg ⁄mL, intra-assay variability of 3.3% to
4.5%, and interassay variability of 5.9% to 9.9%.
The kit assay used for PRA determination was
GammaCoat, (Stillwater, Minnesota, MN), with
analytical sensitivity of 0.018 ng per tube, intra-
assay variability of 4.6% and 10.0%, and interassay
variability of 5.6% and 7.6%. Plasma and urinary
potassium values were determined by ion selective
electrode method and expressed as mEq ⁄L and
mEq ⁄24 h, respectively. Plasma glucose, uric acid,
total cholesterol, and TGs were determined by enzy-
matic colorimetric method. HDL cholesterol was
measured by homogeneous colorimetric enzymatic
method and LDL cholesterol was calculated by the
Friedwald formula: LDL cholesterol = total choles-
terol ) (HDL cholesterol + TG ⁄5). The analyzer
used was HITACHI 912 (Roche Diagnostics, Basel,
Switzerland). Plasma creatinine was measured
through alkaline picrate assay. Plasma insulin was
determined by microparticle enzyme immunoassay.

Statistical Analysis
Statistical analyses were performed using SPSS
version 13.0 software for Windows (SPSS, Inc,

Chicago, IL). Paired t test for dependent measures
and a t test for independent measures were used
for comparison of variables within and between
groups, respectively. Pearson coefficient was
calculated to determine correlations between dif-
ferent variables. Data were expressed as mean �
SD and statistical significance was defined as
P<.05.

RESULTS
Thirty-nine hypertensive patients of a miscigenated
Brazilian population were included in this study.
The Table shows the clinical and laboratory char-
acteristics of all patients divided into the MSG
(n=20) and the CG (n=19). There was no signifi-
cant statistical difference in sex, age, smoking habit,
or use of hormonal replacement therapy between
the 2 study groups. Also, the number of partici-
pants who required alpha-methyldopa for BP con-
trol before HCT therapy (baseline) did not differ
between the MSG (7 of 20) and the CG (7 of 19).
Higher BMI (34.0�3.4 vs 24.6�2.6 kg ⁄m2; P<.05)
and waist circumference (110.7�9.8 vs 82.9�
6.6 cm; P<.05) were observed in the MSG than in
the CG.

In the baseline period, compared with the CG, the
MSG presented greater fasting insulinemia (9.3�3.3
vs 5.8�3.2 lU ⁄mL; P<.05) and, at 120 minutes
after glucose load, higher plasma glucose (117.0�
16.2 vs 95.2�29.9 mg ⁄dL; P<.05) and insulin levels
(67.6�44.8 vs 35.1�30.1 lU ⁄mL; P<.05). Thus,
the MSG showed greater HOMA-IR (2.18�0.84
vs 1.29�0.74; P<.05) (Figure, A) and lower ISI
(0.69�0.30 vs 1.05�0.29; P<.05) (Figure, B) than
the CG.

Before diuretic therapy, no differences were
observed between the MSG and CG in PRA
(0.9�0.8 vs 1.1�1.0 ng ⁄mL ⁄h; P=not significant
[NS]), PA (16.2�6.9 vs 15.4�7.5 ng ⁄dL; NS), and
24-hour potassium urinary excretion (52.2�25.1 vs
51.1�28.9 mEq ⁄24 h; NS), respectively. Baseline
plasma K level, was lower in the MSG compared
with the CG (4.24�0.31 vs 4.50�0.28 mEq ⁄L;
P<.05) and when the 2 groups were analyzed
together, no correlation was found between base-
line plasma K and PA (r=)0.17; P=.29). However,
in the whole group, plasma K showed a negative
and significant correlation with fasting plasma insu-
lin (r=)0.46; P=.003) and HOMA-IR (r=)0.44;
P=.005).

After 12 weeks of HCT therapy, a smaller fall in
plasma K levels was observed in the MSG compared
with the CG ()0.29�)0.27 vs )0.69�)0.35 mEq ⁄L,
respectively; P<.05), resulting in similar levels of final
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plasma K in MSG and CG (3.95�0.38 vs
3.80�0.31 mEq ⁄L, respectively; NS). As shown in
the Table, this was associated with similar increases
in PRA in both groups, while a significant increase in
PA was observed only in the MSG.

Following HCT therapy, increases in blood glu-
cose occurred at fasting and 120 minutes after glu-
cose load in both groups, reaching higher levels in
the MSG. These increases in glycemia, however,
were not followed by elevations in plasma insulin
levels. Consequently, a significant increase in
HOMA-IR was noted in the MSG (2.18�0.84 to
2.57�0.78; P<.05) (Figure, A) while ISI index
decreased in the CG (1.05�0.29 to 0.89�0.33;
P<.05) (Figure, B). Also, no significant change was
observed in HOMA-b in the CG (83.5�42.3 to
86.9�74.0; NS) (Figure, C), while in the MSG,
HOMA-b index decreased significantly (106.9�
43.8 to 99.8�46.3; P<.05) (Figure, C). These were
associated with increases in TG ⁄HDL ratio and
uricemia in both groups, also indicating increases in
insulin resistance.

DISCUSSION
In contrast to other studies, our results did not
show evidence of hyperactivity of RAAS in patients
with abdominal obesity and MS. Some published
data suggest a direct association between higher
levels of PA and MS, although this association has
been demonstrated predominantly in black individ-
uals.22,23 Apart from differences in ethnicity, the
reason for our different results is not known.
Although we have studied a miscigenated popula-
tion, our data are consistent with studies involving
predominantly Caucasian individuals.24,25 Kathire-
san and colleagues24 did not find any correlation
between levels of PA and BMI values, while Egan
and colleagues25 did not find differences in mean
PA levels between patients with and without MS.

In a previous study, our group also observed that
plasma potassium levels in abdominal obese patients,
even without diuretic therapy, were lower than in
nonobese hypertensive patients.26 This was attri-
buted to a potential hyperactivity of the RAAS, not
confirmed in the present study. Thus, the reasons for

Table. Clinical and Laboratory Findings in Patients With and Without the Metabolic Syndrome

Groups Control Group Metabolic Syndrome Group

No. 19 20

Age, y 49.32�8.69 47.10�9.81
Women, % 47.4 50
DK, mEq ⁄ L )0.69�)0.35 )0.29�)0.27a

Status Baseline Post-HCT Baseline Post-HCT
Body mass index, kg ⁄ m2 24.58�2.58 24.54�2.60 34.01�3.39a 33.88�3.53a

Waist circumference, cm 82.89�6.64 82.42�6.84 110.65�9.78a 110.50�9.81a

Heart rate, bpm 73.84�8.45 71.05�8.91 76.65�8.72 77.65�5.62a

Systolic BP, mm Hg 141.89�10.70 132.16�12.66b 139.45�7.41 130.50�11.41b

Diastolic BP, mm Hg 93,42�3.02 88.42�7.43b 91.85�5.60 88.05�4.78b

Plasma K, mEq ⁄ L 4,50�0.28 3.80�0.31b 4.24�0.31a 3.95�0.38b

PA, ng ⁄ dL 15.44�7.53 20.90�12.12 16.25�6.87 28.67�15.00b

PRA, ng ⁄ mL ⁄ h 1.14�1.00 3.30�4.12b 0.90�0.85 2.35�1.72b

Glucose 0 min, mg ⁄ dL 91.26�13.25 100.53�24.04 94.70�11.22 101.20�10.77b

Glucose 120 min, mg ⁄ dL 95.21�29.90 107.74�34.43b 117.05�16.23a 130.40�27.11a,b

Insulin 0 min, lU ⁄ mL 5.78�3.17 6.74�4.31 9.31�3.30a 10.38�3.30a

Insulin 120 min, lU ⁄ mL 35.12�30.10 46.92�35.16 67.61�44.82a 69.54�43.21
Plasma creatinine, mg ⁄ dL 1.02�0.12 1.06�0.17 1.00�0.12 1.00�0.16

Total cholesterol, mg ⁄ dL 195.16�32.74 200.90�44.51 201.30�39.87 201.30�41.49
HDL cholesterol, mg ⁄ dL 58.42�12.35 58.32�17.07 49.90�15.58a 47.55�12.47a

LDL cholesterol, mg ⁄ dL 114.53�28.39 118.53�39.30 118.90�29.33 119.35�30.01

Triglycerides, mg ⁄ dL 100.32�38.93 120.42�48.89 156.55�74.01a 172.25�78.54a

Triglycerides ⁄ HDL ratio 1.84�1.00 2.30�1.39b 3.35�1.69a 3.80�2.00a,b

Uric acid, mg ⁄ dL 4.87�1.03 5.62�1.38b 5.48�1.35 6.13�1.57b

Urine volume, mL 1478.68�531.96 1401.58�668.04 1678.90�785.57 1337.25�498.75
Urinary K, mEq ⁄ 24 h 51.07�28.89 40.62�26.58 52.23�25.10 39.51�14.80b

Abbreviations: 0 min, fasting on the oral glucose tolerance test; 120 min, 120 minutes after glucose load on the oral glucose
tolerance test; BP, blood pressure; bpm, beats per minute; HCT, hydrochlorothiazide; HDL, high-density lipoprotein; K,

potassium; LDL, low-density lipoprotein; PA, plasma aldosterone; PRA, plasma renin activity. Values are expressed as mean �
standard deviation. aP<.05 vs control group. bP<.05 vs baseline.
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the lower levels of plasma K in our abdominal obese
patients are not clear. One could argue that aldo-
sterone levels were relatively high for the levels of
plasma potassium found in the MSG and that these
lower plasma potassium levels would be masking
a hyperactive RAAS by suppressing aldosterone
levels. However, this possible mechanism has yet
to be proven. The significant negative correlation
found between baseline plasma insulin and plasma
K in the present study could also suggest a role of
hyperinsulinemia in the reduction of plasma potas-
sium levels in abdominal obesity. This has been
shown acutely during euglycemic glucose clamp27

and OGTT,28 but there is no report describing long-
term hyperinsulinemia-inducing hypokalemia.

After HCT therapy, the mean plasma K level in
the MSG, which was lower than in the CG at base-
line, showed a drop that was smaller than in the
CG, despite a significant increase in PA. This
resulted in similar plasma K levels at the end of the
study in the 2 study groups, suggesting that these
lower final plasma K levels may have similarly lim-
ited the elevation of PA levels induced by HCT
therapy, thereby hindering greater K depletion.

The increased risk of diabetes associated with the
use of thiazides has been described in several stud-
ies.7,29,30 In our study, HCT induced glucose intoler-
ance not only in patients with MS but also in
nonobese patients. Those patients with MS who
were more insulin-resistant prior to HCT therapy
showed more evident alterations, particularly in
plasma glucose levels post-glucose overload. Our
results suggest a worsening of insulin resistance asso-
ciated with impairment in insulin secretion. In fact,
in other studies, the changes that occurred in glucose
metabolism after thiazide diuretic administration
have been partially attributed to K depletion,11

decrease in insulin secretion,11,12 and reduction in
peripheral insulin sensitivity.13 Diuretic-induced
increases in angiotensin II associated with hypokale-
mia may account for reductions in b-cell function
and increases in insulin resistance.11,12,31 Experimen-
tal studies have shown that angiotensin II interferes
with both insulin action32 and secretion.33 Accord-
ingly, it has been observed in clinical trials that
angiotensin II blockade in hypertensive patients
reduces the incidence of type 2 diabetes.34

The TG ⁄HDL ratio showed significant increases
in both groups, after HCT therapy, which, accord-
ing to other studies, reflects a worsening in insulin
resistance.35,36 The increase in this ratio seems to
be strongly associated with increase in the number
of small LDL cholesterol particles, which are more
atherogenic than normal-sized LDL particles,

thereby predicting a greater risk of coronary arterial
disease.37

CONCLUSIONS
Our results indicate that patients with MS do not
present systemic hyperactivity of the RAAS, which
cannot explain the lower levels of plasma K found
in abdominal obese patients. Although more pro-
nounced in obese patients, the disturbances in glu-
cose metabolism induced by thiazide diuretic
therapy seem independent of the presence of MS

Figure. (A) Homeostasis model assessment of insulin
resistance, (B) insulin sensitivity index, (C) and insulin
secretion index in the control group (CG) and meta-
bolic syndrome group (MSG). HCT indicates hydro-
chlorothiazide. *P<.05 vs baseline #P<.05 vs CG.
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and can be attributed to worsening in both insulin
resistance and secretion.
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