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ABSTRACT

Background: Stevioside, a natural glycoside isolated from the plant Stevia rebaudiana Bertoni, has been used as a commercial sweetening agent in Japan and
Brazil for >20 years. Previous animal and human studies have indicated that stevioside has an antihypertensive effect.
Objectives: This study was undertaken to investigate the long-term (2-year) efficacy and tolerability of stevioside in patients with mild essential hypertension.
Secondary objectives were to determine the effects of stevioside on left ventricular mass index (LVMI) and quality of life (QOL).
Methods: This was a multicenter, randomized, double-blind, placebocontrolled trial in Chinese men and women aged between 20 and 75 years with
mild essential hypertension (systolic blood pressure [SBP] 140–159 mm Hg and
diastolic blood pressure [DBP] 90–99 mm Hg). Patients took capsules containing
500 mg stevioside powder or placebo 3 times daily for 2 years. Blood pressure
was measured at monthly clinic visits; patients were also encouraged to monitor
blood pressure at home using an automated device. LVMI was determined by
2-dimensional echocardiography at baseline and after 1 and 2 years of treatment.
QOL was assessed using the Medical Outcomes Study 36-Item Short-Form Health
Survey. Electrocardiographic, laboratory, and QOL parameters were assessed at
the beginning of treatment, and at 6 months, 1 year, and 2 years.
Results: One hundred seventy-four patients (87 men, 87 women) were enrolled
in the study, and 168 completed it: 82 (42 men, 40 women; mean [SD] age, 52 [7]
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years) in the stevioside group and 86 (44 women, 42 men; mean age, 53 [7] years)
in the placebo group. After 2 years, the stevioside group had significant decreases in
mean (SD) SBP and DBP compared with baseline (SBP, from 150 [7.3] to 140 [6.8]
mm Hg; DBP, from 95 [4.2] to 89 [3.2] mm Hg; P < 0.05) and compared with
placebo (P < 0.05). Based on patients’ records of self-monitored blood pressure, these
effects were noted beginning ~1 week after the start of treatment and persisted
throughout the study. There were no significant changes in body mass index or blood
biochemistry, and the results of laboratory tests were similar in the 2 groups throughout the study. No significant difference in the incidence of adverse effects was noted
between groups, and QOL scores were significantly improved overall with stevioside
compared with placebo (P < 0.001). Neither group had a significant change in mean
LVMI. However, after 2 years, 6 of 52 patients (11.5%) in the stevioside group had
left ventricular hypertrophy (LVH), compared with 17 of 50 patients (34.0%) in the
placebo group (P < 0.001). Of those who did not have LVH at baseline, 3 of 46 patients (6.5%) in the stevioside group had developed LVH after 2 years, compared
with 9 of 37 patients (24.3%) in the placebo group (P < 0.001).
Conclusions: In this 2-year study in Chinese patients with mild hypertension,
oral stevioside significantly decreased SBP and DBP compared with placebo. QOL
was improved, and no significant adverse effects were noted. (Clin Ther. 2003;25:
2797–2808) Copyright © 2003 Excerpta Medica, Inc.
Key words: stevioside, hypertension, adverse effect, quality of life.

INTRODUCTION

Hypertension is one of the most important modifiable risk factors for coronary
heart disease (the leading cause of death in the United States and many European
nations), stroke (the third leading cause), congestive heart failure, end-stage renal disease, and peripheral vascular disease.1–4 Improvements in the identification and treatment of hypertension have contributed to a major reduction in the
incidence of cardiovascular disease in many countries.5,6 Despite these advances
in the detection and pharmacologic treatment of hypertension, inadequate blood
pressure control continues to be a major public health problem.7 Compliance
with antihypertensive therapy may be an important barrier to optimal blood pressure control, as some antihypertensive drug treatments can have a negative impact on quality of life (QOL).8,9 Development of new antihypertensive agents that
have good efficacy and tolerability and that could also be regarded as natural
products would be of considerable clinical interest, particularly in China, where
herbal preparations are viewed favorably by patients.
Stevioside is a natural glycoside isolated from the plant Stevia rebaudiana Bertoni
(Figure). It has been used as a commercial sweetening agent in Japan and Brazil
2798
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Figure. Chemical structure of stevioside.

for >20 years.10,11 Previous studies have shown that purified stevioside induces
blood pressure reduction, diuresis, and natriuresis in rats.12 Intravenous administration of stevioside resulted in a clinically significant hypotensive effect in spontaneously hypertensive rats, without adverse effects on heart rate or serum catecholamine levels.13 In addition, previous animal studies found that stevioside had
a short duration of action.14,15 In >20 years of use as a natural sweetener, stevioside has not been associated with significant adverse effects, which supports its tolerability during long-term use in humans. Recent preliminary data have shown its
short-term effectiveness and tolerability in patients with hypertension.16
This study was undertaken to investigate the long-term efficacy and tolerability of stevioside in the treatment of patients with mild essential hypertension. Secondary objectives were to determine the effects of stevioside on left ventricular
mass index (LVMI) and QOL.
PATIENTS AND METHODS
Patient Population

Eligible patients were Chinese men and women between the ages of 20 and 75
years with newly diagnosed mild (stage 1) essential hypertension, as defined in
the sixth report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure7 ( JNC VI)—sitting systolic blood
pressure (SBP) between 140 and 159 mm Hg, and sitting diastolic blood pressure
(DBP) between 90 and 99 mm Hg. They had to be otherwise healthy, with no target2799
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organ damage caused by hypertension, no secondary causes of hypertension, and
no cardiac disease, malignancies, significant renal impairment (serum creatinine
concentration >2.0 mg/dL), or hepatic dysfunction.
Study Design

This was a 2-year, multicenter, double-blind, placebo-controlled trial. Following a 2-week placebo run-in phase during which no antihypertensive agents were
given and blood pressure was monitored, a computer-generated randomization
scheme was used to assign patients to receive stevioside capsules (Nan Kai Chemical Factory, Tien Jing, China) 500 mg TID or matching placebo. Patients were
asked to return for follow-up visits every month during active treatment for measurement of blood pressure and assessment of adverse effects.
Because these patients had stage 1 hypertension and were free of target-organ
damage and other major cardiovascular risk factors, it was considered ethical for
the study to include a placebo group. The JNC VI guidelines recommend drug
treatment for patients with this degree of hypertension if blood pressure remains
elevated after 12 months despite lifestyle modification,7 but other guidelines (eg,
those of the World Health Organization–International Society for Hypertension17)
suggest that such low-risk patients can be observed for a longer period. Furthermore, these patients were seen frequently, making it possible to initiate conventional antihypertensive medication if blood pressure was seen to be increasing.
The study protocol conformed to the ethical guidelines of the Declaration of
Helsinki as amended in 1989 and was approved by the institutional review board
of each participating center. All patients gave written informed consent.
Study Assessments

Blood pressure was measured in the clinic using a mercury sphygmomanometer.18 Trough values were the mean of 3 readings taken 10 minutes apart with the
patient in the sitting position after a 15-minute rest. Patients were also encouraged to measure their blood pressure at home in the morning using an automated
electronic device.
Patients were asked to abstain from heavy meals for 48 hours before a visit. Venous blood for laboratory tests was drawn between 8:00 and 10:00 AM after an
overnight fast. Blood was collected into the appropriate tubes for determination
of glucose, cholesterol, triglyceride, and electrolyte concentrations; renal function
(uric acid, blood urea nitrogen, and creatinine); alanine aminotransferase (ALT);
and aspartate aminotransferase (AST). Glucose, uric acid, blood urea nitrogen,
creatinine, ALT, and AST were measured using a Monarch Autoanalyzer system
(Instrumentation Laboratories, Lexington, Massachusetts). Total cholesterol and
triglycerides were measured enzymatically using commercially available kits
(Boehringer Mannheim GmbH, Mannheim, Germany). The high-density lipopro2800
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tein cholesterol concentration was determined by precipitation, and the low-density lipoprotein cholesterol concentration was calculated using the Friedewald approximation.
LVMI was determined by 2-dimensional echocardiography (Sonos 5500 imaging
system, Hewlett-Packard Company, Palo Alto, California) at baseline and after 1 and
2 years of treatment using the area–length algorithm.19 The individual who assessed
the echocardiograms was blinded to treatment.
QOL was assessed using the Medical Outcomes Study 36-Item Short-Form
Health Survey (SF-36),20 which consists of 8 subscales—physical functioning, role
limitation–physical, bodily pain, general health perception, vitality, social functioning, role limitation–emotional, and mental health. Respondents are asked to evaluate their own health during the past 30 days. Each scale is scored from 0 (poorest
health) to 100 (optimal health). The psychometric properties of the SF-36 have
been examined extensively and found to be valid and reliable.21,22 The questionnaire has been shown to distinguish healthy from chronically ill individuals and to
differentiate between patients with various types of chronic conditions.22
Electrocardiography, laboratory tests, and QOL assessments were performed at
the beginning of treatment and at 6 months, 1 year, and 2 years. In addition,
compliance was monitored by capsule counts at each visit.
Statistical Analysis

The primary efficacy end point was reduction in trough SBP and DBP at 2 years
in the stevioside group compared with the placebo group using last-observationcarried-forward methodology. All statistical tests were 2-sided. Data are reported
as mean [SD]. Significance was set at P < 0.05 for differences between the activetreatment and placebo groups.
Based on α = 0.05 and an SD of 12 mm Hg, it was determined that 62 patients
per group would provide 90% power to detect a difference in the primary efficacy end point of 7 mm Hg. Because of a scarcity of data specific to patients with
stage 1 hypertension, this estimated SD was based on a previous study in patients
with stage 1 hypertension.23
An analysis of variance (ANOVA) model in SAS (SAS Institute Inc., Cary, North
Carolina) with site and treatment as factors was used to compare between-group
changes in trough SBP and DBP; echocardiography and QOL measurements; and
heart rate, body mass index (BMI), and electrocardiographic findings. The proportion of responders (those achieving an SBP <140 mm Hg or DBP <90 mm Hg,
or a 10% reduction in SBP or DBP from baseline) was calculated for each treatment group. ANOVA was used to assess the effects of BMI and blood pressure at
baseline on the change from baseline in LVMI. Echocardiographic findings were
analyzed only if a patient had both baseline and end-of-study examinations that
were of acceptable technical quality. The Fisher exact test was used for comparisons of efficacy and safety between treatment groups.
2801
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RESULTS
Baseline Characteristics

One hundred seventy-four patients (87 men, 87 women) were enrolled in the
study, and 168 completed it: 82 (42 men, 40 women; mean [SD] age, 52 [7] years)
in the stevioside group and 86 (44 women, 42 men; mean age, 53 [7] years) in the
placebo group. Six patients (3 in each group) were withdrawn before the last scheduled study visit for loss to follow-up (1 in each group) and adverse effects (2 in each
group). These patients were not included in the statistical analyses. Patients’ baseline
clinical and biochemical characteristics were similar at randomization (Table I).
Based on the analysis of data from patients with acceptable baseline and endof-study echocardiographic examinations (52 stevioside, 50 placebo), mean (SD)
Table I. Characteristics of the stevioside and placebo groups at baseline and end point.
Values are mean (SD) unless otherwise indicated.
Stevioside
Baseline
Sex, no.
Male
Female
Age, y
BMI, kg/m2
SBP, mm Hg
DBP, mm Hg
Heart rate, beats/min
Serum values
Creatinine, mg/dL
CPK, U/L
AST, U/L
ALT, U/L
Sodium, mEq/L
Potassium, mEq/L
Chloride, mEq/L
Plasma values, mg/dL
Glucose
Total cholesterol
HDL-C
Triglycerides

43
42
51 (6)
22.9 (2.6)
150 (7.3)
95 (4.2)
66.4 (5.8)

Placebo
End Point

42
40
52 (7)
23.0 (2.0)
140 (6.8)*†
89 (3.2)*†
68.4 (7.0)

Baseline

End Point

44
45
52 (8)
23.8 (2.6)
149 (6.0)
96 (4.2)
68.4 (6.8)

42
44
53 (7)
23.6 (2.4)
150 (7.0)
95 (4.8)
68.4 (7.8)

1.2
65
22
20
139.5
4.5
99.8

(0.4)
(7)
(5)
(4)
(4.8)
(0.4)
(7.8)

1.2
59
19
18
140.2
4.3
98.3

(0.5)
(6)
(6)
(6)
(4.3)
(0.5)
(6.8)

1.2
62
20
18
138
4.3
100.4

(0.3)
(6)
(6)
(5)
(4.8)
(0.4)
(10.8)

1.3
58
18
20
141.8
4.5
100.8

(0.4)
(8)
(7)
(6)
(3.6)
(0.3)
(12.0)

100.8
200.4
49.8
130.6

(11.2)
(26.4)
(19.2)
(30.2)

101.4
198.6
50.5
128

(10.8)
(27.4)
(18.2)
(36.6)

102.5
202.2
49.9
133.5

(12.6)
(28.2)
(18.6)
(37.1)

108.2
203.3
50.2
126.6

(11.8)
(29.4)
(20.5)
(41.9)

BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; CPK = creatinine phosphokinase; AST = aspartate aminotransferase; ALT = alanine aminotransferase; HDL-C = high-density lipoprotein cholesterol.
*P < 0.05 versus baseline.
†P < 0.05 versus placebo end point.
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LVMI was also similar at baseline in the 2 groups (stevioside, 92.4 [16.8] g/m2;
placebo, 93.4 [18.9] g/m2). Left ventricular hypertrophy (LVH) has been defined
as an LVMI >116 g/m2 for men and an LVMI >104 g/m2 for women.24 Based on
these criteria, LVH was present at baseline in 8 patients in the stevioside group
(15%) and 12 patients (24%) in the placebo group.
At baseline, the mean (SD) total score on the SF-36 was 68.8 (16.8) in the stevioside group and 67.4 (20.8) in the placebo group. There were no significant
between-group differences in scores on any SF-36 subscale at baseline. In both
groups, scores were highest on the physical functioning subscale and lowest on
the general health perception subscale.
Compliance

All patients who completed the study followed the prescribed treatment schedule throughout the 2-year treatment period, and the degree of compliance was
similar in the 2 groups. In the stevioside group, the mean (SD) intake of the
planned number of capsules was 96% (3%) following randomization and 93%
(3%) during treatment. In the placebo group, mean capsule intake was 95% (4%)
following randomization and 92% (3%) during treatment.
Efficacy

Table I summarizes baseline and end-point blood pressure data for the 2
groups. After 2 years, mean [SD] SBP and DBP were significantly reduced from
baseline in the stevioside group (SBP, from 150 [7.3] to 140 [6.8] mm Hg; DBP,
from 95 [4.2] to 89 [3.2] mm Hg; P < 0.05), representing respective reductions
of 10 and 6 mm Hg. These reductions were also significant compared with the
placebo group (P < 0.05). Based on patients’ records of self-monitored blood pressure, the reductions began ~1 week after initiation of treatment and persisted
throughout the treatment period (data not shown).
Left Ventricular Mass Index

After 2 years of treatment, neither group had a significant change from baseline in mean (SD) LVMI (stevioside, –1.2 [2.4] g/m2; placebo, +2.0 [4.8] g/m2).
However, after 2 years, 6 of 52 patients (11.5%) in the stevioside group had LVH,
compared with 17 of 50 patients (34.0%) in the placebo group (P < 0.001). Of
those who did not have LVH at baseline, 3 of 46 patients (6.5%) in the stevioside group had LVH after 2 years of treatment, compared with 9 of 37 patients
(24.3%) in the placebo group (P < 0.001).
Quality of Life

After 2 years of treatment, the stevioside group reported significantly higher total scores (P < 0.05) and scores on all SF-36 subscales except mental health (from
2803
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P < 0.001 to P < 0.05) compared with placebo (Table II). The greatest improvements from baseline were seen in scores on the bodily pain and general health
perception subscales. No significant changes in any subscale score were reported
in the placebo group.
Tolerability

Stevioside was well tolerated. Eight patients in each group reported minor adverse effects, and only 2 in each group discontinued treatment. The types and incidence of adverse effects were similar between the active-treatment and placebo
groups (Table III). Shortly after the initiation of treatment, 4 patients in the stevioside group experienced adverse effects (abdominal fullness, myalgia, nausea,
and asthenia), but all symptoms disappeared after 1 week of treatment.
There were no significant changes in body weight or biochemical parameters,
and the results of laboratory tests were similar in the 2 groups throughout the
study. No cardiovascular events or mortality occurred in either group.
DISCUSSION

Achievement of target blood pressure requires high compliance with medication
intake, and only ~20% of all hypertensive patients achieve the required level of
compliance.7 Because low compliance remains an important cause of poor blood
pressure control,25 hypertension has been used as a model for understanding

Table II. Results of the Medical Outcomes Study 36-Item Short-Form Health Survey.*
Values are mean (SD).
Stevioside (n = 82)
Baseline
Total score
Physical functioning
Role limitation–physical
Bodily pain
General health perception
Vitality
Social functioning
Role limitation–emotional
Mental health
*Each

68.8
84.8
62.8
65.6
57.3
60.5
66.2
58.1
68.2

(16.8)
(12.6)
(28.5)
(22.8)
(23.8)
(25.4)
(18.6)
(27.8)
(24.5)

End Point
78.4
92.3
83.3
76.6
79.9
72.2
88.3
80.6
69.0

(15.3)†
(7.2)‡
(12.3)§
(17.6)†
(18.2)§
(10.5)†
(15.4)§
(11.5)§
(25.6)

subscale is scored from 0 (poorest health) to 100 (optimal health).
< 0.01 versus placebo.
‡P < 0.05 versus placebo.
§P < 0.001 versus placebo.
†P
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Placebo (n = 86)
Baseline
67.4
86.5
64.2
67.8
58.4
60.7
66.7
59.3
68.4

(20.8)
(14.1)
(34.7)
(30.7)
(27.7)
(26.0)
(19.8)
(29.4)
(29.2)

End Point
66.8
84.6
63.8
66.4
56.5
61.3
65.8
58.6
67.6

(18.6)
(12.6)
(30.0)
(28.3)
(25.8)
(23.9)
(18.3)
(28.6)
(28.4)
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Table III. Adverse effects in the stevioside and placebo groups.
Adverse Effect
Abdominal fullness
Nausea
Asthenia
Dizziness
Headache
Myalgia
*This

Stevioside
(n = 85)

Placebo
(n = 89)

2
2*
1
1*
1
1

2
2*
2*
1
1
0

event was of sufficient severity for treatment to be discontinued in 1 patient.

compliance.26 One of the adverse effects that is known to affect adherence to antihypertensive therapy is sexual dysfunction,27–30 and even the expectation that
sexual function will be impaired may discourage a large number of patients from
seeking appropriate antihypertensive therapy.31 In the present study, stevioside
was effective in lowering blood pressure and had a positive effect on QOL, as
indicated by SF-36 scores and the absence of complaints about sexual function.
Another important reason for poor compliance with antihypertensive regimens
is the indefinite duration of therapy,31–33 and one of the goals of antihypertensive
therapy is to minimize the adverse impact of this factor on QOL.34 The need for
multiple medications is an additional complicating factor26; the compliance rate
decreases as the number of daily medications increases. Previous investigators have
found that compliance with antihypertensive medications improved from 59%
with a thrice-daily regimen to 86% with a once-daily regimen, and that there was
no significant difference in compliance between once- and twice-daily regimens.35
Because stevioside has been found to have a short duration of action,13 stevioside capsules were administered 3 times daily in the present study. Despite the
thrice-daily regimen, compliance was >90%. The use of alternative or complementary (traditional) medicine is very common in the Chinese population, and
adherence to traditional medicines tends to be better. Because patients in this
study were told that stevioside is a glycoside purified from a plant, they may have
regarded it as a traditional medicine.
The active-treatment group had a significant reduction in blood pressure over
the study period (P < 0.05). It is noteworthy that blood pressure began to decrease ~1 week after the initiation of stevioside therapy. Although the mechanism
underlying stevioside’s antihypertensive effect is not fully understood, the antihypertensive response to stevioside appears to occur through a mechanism of
calcium-channel antagonism similar to that of verapamil.36–38 It has been re2805
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ported that stevioside is capable of inhibiting calcium influx in rat smooth muscle cells.39
The tolerability of stevioside was similar to that of placebo in this study. Several studies have examined the effects of various antihypertensive drugs on
QOL.40–44 In the present study, stevioside treatment was associated with significant improvement in QOL. The most marked improvements compared with
placebo were seen in scores on 4 domains of the SF-36 (social functioning, general health perception, role limitation–emotional, and role limitation–physical).
CONCLUSIONS

In this 2-year study in Chinese patients with mild hypertension, oral stevioside
significantly decreased SBP and DBP compared with placebo. QOL was improved,
and no significant adverse effects were noted.
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