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in between interventions. The systolic BP increased following stevia
intake from 114.5£12.7 to 119.9£12.9mmHg (p<0.001) and diastolic BP
from 70.8+£9.4 to 75.7+£9.6mmHg (p<0.01). Systolic BP increased slightly
after the sugar placebo to 115.3£13.6 mmHg (not significant). The mean
free cortisol excreted in urine has increased from 91.8+49.1 to
125.7460.5nmole/day ~ (p<0.01)  after the stevia and to
109.1+42.6nmole/day after the placebo (p = 0.210). The ratio of urinary
free cortisol/cortisone showed a statistically significant increase from
1.73+£0.78 to 2.65+1.03 after stevia (p<0.0001). Salivary cortisol levels
have also increased (p<0.01 at AM) after stevia. Placebo intake did not
produce a significant change in salivary cortisol. The ratio of salivary
cortisol/cortisone during the stevia has increased only in the morning
(from 1.22+0.65 to 1.75+0.72, p = 0.05) and a modest increase in the daily
average of salivary cortisol/cortisone. There was small insignificant
reduction in weight and BMI after stevia intervention (p = 0.246 and p
= 0.249 respectively). In conclusion, we have shown that short term
stevia intake produced a small but significant increase in BP and effect
on body weight and BMI were not significant. The rise in BP might be
due to the increase in cortisol levels and cortisol/cortisone ratio
indicating that stevia may possibly inhibit 113-HSD2 enzyme by
reducing the conversion of cortisol into cortisone. Therefore caution
should be taken by the public who want to consume stevia for longer
period of time as a weight reducing sweetener.
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Introduction sugar) and has previously been used in traditional medicine
o (Giuffré et al., 2013; Sorensen et al., 2014). Currently it is

Stevia is a sweetener and a natural herb that comes used in some countries as a substitute for sugar by
from .the Asteraceae famﬂy originating from South overweight, obese and diabetic patients (Hwang et al.,
America that is several times sweeter than sucrose (cane 2007; Goyal and Samsher, 2010; Shivanna ef al., 2013).
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Several active stevioside glycosides metabolites
(Gardana et al., 2003; Geun ef al., 2007) have been found
in the leaves of stevia including: Isosteviol, stevioside,
rebaudiosides A to F, steviolbioside and dulcoside; though
stevioside and rebaudioside A are the focal metabolites that
are the most sweet, heat stable, pH stable and non-
fermentable compounds (Khalil ez al., 2014; Gupta et al.,
2013). Stevia leaves are thought to possess useful
pharmaceutical properties (Brahmachari et al., 2011)
and several studies have reported a number of health
benefits associated with stevia consumption. It has been
found that the leaves of S. Rebaudiana have medicinal
properties; antimicrobial, antiviral, antifungal, anti-
hypertensive, anti-hyperglycaemic, anti-inflammatory,
anti-tumour and diuretic effects (Wheeler et al., 2008;
Roberts and Munro, 2009; Gheisar and Kim, 2014;
Onakpoya and Heneghan, 2015). Toxicological
reports have also shown that secondary metabolites
present in stevia did not have teratogenic, mutagenic
(Lemus-Mondaca et al., 2012) or carcinogenic effects.
No allergic reactions have been detected following stevia
consumption as a sweetener (Carakostas et al., 2008;
Ferri et al., 2006; Gupta et al., 2013).

In recent years obesity has become a dilemma
internationally and a noticeable factor that influences the
increase incidence of obesity is the excess consumption
of foods and drinks that contain a great amount of
refined sugars and calories (Bryant ef al., 2014). Stevia
has been found to contain no calories or carbohydrates
(Ahmed ef al., 2011) and thus received some attention
by the general public and has become increasingly
popular as a sweetener. Therefore it has been suggested
by some researchers that stevia being a natural herb
could be a successful method to control weight gain if it
replaces sugar in the diet (Anton ef al., 2010; Yadav and
Guleria, 2012; Gupta et al., 2013). A study on rats
seemed to show a decrease in body weight when stevia
was orally ingested (Curry and Roberts, 2008).
Additionally it has also been suggested that stevia might
have an anti-hyperglycaemic effect (Gregersen et al., 2004;
Jeppesen et al., 2006) and a recent study concluded that
there was a significant reduction in blood glucose levels
in rats after stevioside intake (Rizzo er al., 2013).
Stevioside and steviol have also been shown to have a
direct effect on the beta cells of the pancreas to stimulate
the secretion of insulin and improve glucose tolerance
that might prove to have a positive impact in the
prevention of type 2 diabetes mellitus (Sattigeri, 2012).
However, Ferri et al. (2006) and others (Chan ef al.,
2000; Hsieh et al., 2003) reported no significant effect of
stevia on glucose homoestasis.

Hypertension occurs when both systolic and diastolic
blood pressure in the arteries become elevated
persistently at or above 140mmHg systolic and 90mmHg
diastolic (Whitworth, 2003). Many studies have shown that

stevia can be used to decrease Blood Pressure (BP), both
systolic and diastolic (Chan et al., 2000; Ranjan et al.,
2011). However, the reduction was very small and not
significant in systolic BP according to a recent
systematic review and meta-analysis of randomised
clinical trials, but there was a significant reduction in
diastolic BP and fasting blood glucose (Onakpoya and
Heneghan, 2015). On the other hand, another systematic
review found that the effects of stevia on blood pressure
were debatable as the results were diverse and
inconclusive as far as the increase or decrease in blood
pressure depending on the duration of study and
participating subjects (Ulbricht et al., 2010). The review
has also found that in studies performed for a period of 1
to 3 months, stevia increased blood pressure. Therefore,
it is apparent that this subject remains controversial and
requires further studies. An interesting study presented a
case report that showed a middle aged woman who
suffered  from  oedema,  hypocalcaemia  and
prehypertension brought on by inhibiting the enzyme-
HSD2 (11B-Hydroxysteroid dehydrogenase 2) which
was caused by the consumption of stevia over a long
period of time. It was found that the daily consumption
of stevia as a sweetener could lead to an increase in
blood pressure by reducing the amount of cortisol that
was converted into cortisone through the inhibition of
11B-HSD2 and therefore enhancing the activity of
cortisol in the kidney nephrons to reabsorb sodium and
water (Esmail and Kabadi, 2012).

The effect of stevia on the levels of cortisol and
cortisone after stevia consumption was another aim of
this study. Naturally produced by the body, cortisol is a
glucocorticoid hormone also known as the stress
hormone where the active form is cortisol and the
inactive form is cortisone. The hormone released in
response to stress and low blood sugar levels, serves to
control inflammation by suppressing some of the
immune system inflammatory markers and exerts a
variety of metabolic functions. Cortisone (the inactive
form) is converted to the active form, cortisol by the
enzyme 11B-HSDI1 (Fig. 1). While 11B-HSD2 prevents
overstimulation of the mineral corticoid receptor by
cortisol that works to increase the active steroid levels in
responsive tissues (Quinkler and Stewart, 2013). Studies
have also seemed to show that stevia increases levels
of cortisol in the body by suppressing 11p-HSD2 in
human participants (Esmail and Kabadi, 2012), yet
some other studies have reported that stevia
consumption by participants for over a month did not
produce any considerable effect on cortisol and
cortisone levels (Corcuff and Brossaud, 2014).
Therefore, there seems to be controversial data on the
effect of stevia on glucocorticoids levels.
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Fig. 1. Inter-conversion of inactive cortisone and active cortisol by 11B-HSD enzymes (Al-Dujaili et al., 2011)

Materials and Methods
Study Population

For this project, a total of 16 volunteers who met
the criteria for this study and were eligible to take part
recruited from Queen Margaret University’s staff and
student population through the QMU moderator email
as well as the general public out with the University.
The necessary criteria that had to be attained by
volunteers for this project were evaluated through a
health status questionnaire in which male or female
subjects with a wide range of BMI were included.
Volunteers were included between the ages of 19to 60
years. The inclusion criteria were male and females
who were apparently healthy, non-smokers, not
diabetics and not on medications that lower BP. The
exclusion criteria involved individuals who were
under the age of 18 or above 65 with a medical history
of CVD including hypertension and diabetes mellitus.
In addition, volunteers who smoke were excluded
from the study as smoking may potentially have an
effect on blood pressure changes. The 16 volunteers
that agreed to participate in the study were provided
with an information sheet and consent forms that were
completed by all participants. The samples and data
collected from all volunteers had been kept
anonymous by replacing their names with
identification numbers. The study procedure and
ethical approval was granted by Queen Margaret
University’s Research Ethics Committee.

Study Design

This project adopted a randomised cross over
placebo controlled study where each volunteer was
given a code number for identification. Measurements
on each volunteer were taken three times; at baseline,
after stevia or the placebo intervention. The
volunteers taking part in this study were randomly
divided into two groups and both groups started with a

3 day washout period, followed before and after each
intervention to prevent a carryover effect. The first
group were allocated stevia to be taken for 7 days and
the second group were allocated the placebo (sucrose,
table sugar) to be taken for 7 days and were given
specific instructions not to take any additional or
excess amounts of sugar in their diet during this
period. Figure 2 illustrates the design of the crossover
study for this project.

Sample Collection

At the start of the project each volunteer was asked to
provide a 24 h urine collection and 3 saliva (morning,
afternoon and evening) samples as a baseline
measurement. The data was necessary for the repeated
measure statistics and comparison between stevia and the
placebo. After the 3 days initiation period each
participant was given either 5g of sugar or 0.2g of stevia
to consume 3 times a day for 1 week. On the 7" day of
the intervention, each participant was required to collect
a 24 h urine sample along with 3 saliva samples;
morning, afternoon and evening. This process was
repeated for another week when participants crossed
over to take the opposite intervention and samples were
once again collected on the 7" day.

Intervention Diet

In this study, 100% pure natural stevia was used in
the form of powder and purchased from Boots Ltd,
UK. The placebo used in this study was Tate Lyle
table sugar. Volunteers were asked to consume the
stevia or sugar 3 times a day, preferably in a hot drink
of their choice. Volunteers were instructed to refrain
from consuming any other forms of sweeteners and
sugar, throughout the duration of the study. The dose
of stevia consumed by our participants was chosen to
simulate the routine use of stevia as a substitute for
sugar in their daily life and not to evoke any unwanted
side effects.
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Fig. 2. Crossover design of the study showing the protocol each participant has to follow during the entire study. A 3-day wash out
period was chosen due to time restriction and subject convenience

Measurements

Physiological variables that were measured in this
study alongside the biomarkers in urine and saliva were
blood pressure, weight, height and BMI. To measure BP,
a digital sphygmomanometer was used while participants
were seated comfortably and allowed to relax for 5 to 10
min to avoid “white coat” hypertension (Franklin et al.,
2013). BP was taken three times with 5-minute intervals
in between, with the mean calculated and used. Weight
and height were also measured to obtain each volunteer
BMI score before and after each intervention. The height
of each volunteer was measured by a leister-height scale
and their weight was measured by the same digital scale
every time to prevent inaccuracies. The BMI of each
volunteer was calculated by the following equation: BMI
(kg/m?) = weight (kg)/ height* (m). The urine and saliva
samples collected were weighed and stored in the freezer
at -20°C in small sample tubes, to avoid any fungal or
bacterial growth. Cortisol and cortisone in saliva
samples were then analysed by the Enzyme-Linked
Immunosorbent Assay (ELISA) technique using
Salimetric kits (USA). For urine samples, an in-house
indirect ELISA method was used prior to solvent
extraction (Al-Dujaili et al., 2012).

Statistical Analyses

A parametric test was carried out when all variables
had been assessed for normal distribution. To evaluate

the variation between the three interventions; basal,
stevia and placebo, one way ANOVA was performed.
Post hock comparisons using Bonferroni’s method was
used to see which groups were statistically different
(Pallant, 2001). Since not all parameters were normally
distributed the ANOVA reading might be biased and
thus, a student 2-tailpaired t-test was also performed to
compare differences between the baseline and the two
interventions; stevia and placebo. This method was
carried out using SPSS statistics (version17.0) and
Microsoft Word Excel 2010. All results presented as the
mean+ SD or SEM and significance by the p value <0.05
(Bland, 2015; Field, 2005).

Results
Subject Characteristics

In this study 16 healthy volunteers participated (8
males and 8 females) with an age range of 18-60 years
and mean + SD of 27.75+13.75 years and BMI of the
participants ranged from 20.6-36.4kg/m” and mean of
26.33+5.26kg/m”. Table 1 shows the characteristics and
demographics of subjects participating in the study. Six
participants were regular coffee and tea drinkers
consuming between 2-4 cups a day, whereas 10 people
were not. Three participants were taking protein shakes
and all female participants were not on any type of
contraceptive drugs. All participants did regular exercise
of at least 30 min of walking per day.
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Effect on Blood Pressure

Basal Blood pressure measurements of participants
were attained after the first 3 days initiation period and the
mean + SD values were as follows; systolic BP was
114.5+12.7mmHg and diastolic BP 70.8+£9.4mmHg. The
systolic BP increased to 119.9+12.9mmHg (p<0.001) after
the stevia intervention and increased slightly again after
the placebo sugar intervention to 115.3+13.6mmHg.
However this increase was found to be statistically
insignificant (p = 0.685). All the parameters measured
were presented as mean + SD in Table 2. For diastolic
blood pressure, there was also a significant increase from
basal 70.84+9.4 to 75.7+£9.6mmHg after stevia intervention
(p<0.01), but there was no significant change after placebo
intervention (Fig. 3A). Also there was a statistically
significant difference when comparing BP following
stevia intake with placebo intervention (p = 0.01 and p =
0.044 for SBP and DBP respectively).

Effect on Anthropometrical Parameters

At basal measurements the participant’s weight and
BMI mean values were 74.82+16.5 kg and 26.33+5.2 kg/m’
respectively. There was no significant reduction found in
weight or BMI after stevia intervention (p = 0.246 and p =
0.249 respectively), yet there was a slight decrease shown
in both parameters (mean of 74.2+16.1kg and 26.1+£5.1
kg/m®). Again no significant changes were found after
placebo intervention with p = 0.787 for weight and p =
0.796 for BMI, but mean values showed a very slight
increase at 75.116.6 kg for weight and 26.4+5.3 kg/m” for
BMI. When comparing both interventions similarly no
significant changes were found with p = 0.242 for weight
and p = 0.227 for BMI (Table 2).

Effect on Urinary and Salivary Cortisol and
Cortisone levels

The mean basal levels excreted in urine were as follows
(Fig. 3B); free cortisol was 91.8449.1 nmole/day and free
cortisone 57.3 nmole/day. Cortisol daily excretion has
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increased in the urine to 125.7+60.5 nmole/day (p<0.01)
after the stevia intervention and to 109.1+42.6 nmole/day
after the placebo intervention which was not significant (p =
0.210). There was also no statistical significance found
when comparing the cortisol concentration after stevia and
placebo intervention (p = 0.243). Urinary free cortisone also
slightly decreased after stevia intervention to 49.5+20.6
nmole/day (p = 0.02) and after placebo intervention to 55.6
nmole/day, however this was not statistically significant (p
= 0.703). Most importantly, the ratio of excreted urinary
free cortisol over free cortisone showed a statistically
significant increase from 1.73+0.78 at basal to 2.65+1.03
after stevia (p<<0.0001) or placebo intervention to 2.08+0.71
which was just not significant (p = 0.07, Table 2).

Salivary cortisol and cortisone showed an expected
good circadian rhythm; Fig. 3C and 3D demonstrate the
salivary daily rhythm for cortisol and cortisone at basal
levels and following the consumption of stevia or placebo
for one week. For cortisol, there was a rise in the salivary
levels at all 3 points but only in the morning, the increase
was significant (p<0.01) after stevia. Placebo intake did not
produce a significant change in salivary cortisol. For
Cortisone, stevia did not affect significantly cortisone
circadian rhythm. However, intake of placebo was found to
increase noon saliva cortisone significantly (p = 0.01). The
ratio of cortisol/cortisone during stevia was increased only
at the morning time (from 1.22+0.65 to 1.75+£0.72, p =
0.05) compared to basal ratio, but was not significant at
noon and evening times. Following placebo, there was a
significant decrease in the ratio only at the morning time
(from 1.2240.65 to 1.06+£048, p = 0.01). The overall mean
basal cortisol concentration found in saliva calculated by
averaging the level at am, noon and pm has increased from
5.58+£2.5 to 6.77£3.1 nmole (p<0.01) following stevia,
however no significant increase was obtained after the
placebo (p = 0.09, Table 2). Also there was no significant
change observed in salivary cortisone levels after stevia or
placebo (Table 2). The ratio of cortisol/cortisone average
saliva output (am+ noon + pm) was increased after stevia
which was just significant (p = 0.050), but again no
statistical significance was found between the ratio at
average basal and after placebo (p = 0.371, Table 2).
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Fig. 3. Effects of stevia consumption on physiological and biochemical markers in healthy volunteers: (a) Systolic and Diastolic BP
(mean + SD) at basal, after stevia or placebo intervention. SBP and DBP increased modestly but significantly after stevia
compared to basal levels. No significant change was observed after the placebo, (b) Urinary Free Glucocorticoids excretion.
Free cortisol daily excretion has increased significantly after the stevia compared to basal levels. No significant change in free
cortisone excretion and nor following the placebo were observed. (c) Salivary cortisol circadian rhythm (mean =+ sem). There
was a rise in salivary cortisol levels at all 3 points after stevia but only at the AM period, the increase was significant. There
was no significant difference between placebo and basal salivary levels, (d) Salivary Cortisone circadian rhythm (mean +
sem). Stevia did not affect significantly cortisone circadian rhythm levels. However, intake of placebo has increased slightly
salivary cortisone levels significantly at noon compared to stevia intake **p<0.001, *p<0.01 and ['p =0.01
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Table 1. Characteristics and demographics of subjects participating in the study

Characteristic Male Female Overall
Gender 8 8 16

Age (year) 26.2+9.7 30.3+15.6 27.75+13.75
Weight (kg) 78.53£19.8 71.11£13.4 74.82+16.59
Height (m) 1.69+0.112 1.677+0.096 1.68+0.11
BMI (kg/m?) 27.434+6.56 25.2343.8 26.33+5.26
SBP (mmHg) 114.9+13.6 114.3£12.1 114.5£12.7
DBP (mmHg) 73.5+8.7 68.2+7.9 70.8+9.4
Coftee/tea pre-study intake (n) 3 3 6

Ethinicity origin

(a) Scottish 4 3 7

(b) Asian 4 5 9

Table 2. Population characteristics and effect of intervention on physiological, anthropometry parameters and stress hormones

Volunteers parameters Baseline Mean = SD  Stevia Mean + SD Placebo Mean + SD
Weight (kg) 74.82+16.5 74.2+16.1 75.1£16.6

BMI (kg/m?) 26.33+5.2 26.1+5.1 26.4+53

Systolic BP (mmHg) 114.5+12.7 119.9£12.9%* 115.3+£13.6
Diastolic BP (mmHg) 70.8+£9.4 75.7+£9.6* 70.9+11.9

Average saliva Cortisone at am, noon and pm (nmole) 3.72+1.7 3.64+1.4 3.9+1.5

Average saliva Cortisol at am, noon and pm (nmole) 5.5842.5 6.77+3.1% 5.542.3

Ratio of average Saliva Cortisol/cortisone at am, noon and pm  1.68+0.77 1.98+0.84# 1.64+0.68

Ratio Urinary excretion of Cortisol/cortisone 1.73+0.78 2.65+1.03%** 2.08+0.75

#£%p<0.0001, **p<0.001,*p<0.01, # p = 0.05

Discussion

The important finding of this study was that the
consumption of stevia for one week did slightly increase
systolic and diastolic BP and such increase was
statistically significant. However, placebo did not change
systolic and diastolic BP significantly. Additionally, this
study demonstrated that the consumption of stevia, even
though did not lead to a significant reduction in body
weight, did show a trend for possible loss in body weight
bearing in mind the short duration of the study. The
findings from the analysis of the participants’ urine and
saliva samples at basal and post interventions revealed a
significant increase in salivary and urinary free cortisol
levels. Cortisone levels however were not much affected.
The ratio of cortisol/cortisone which is an indicative
marker of the activity of 11B-HSD enzymes has
significantly increased following stevia intake. The
increase in both systolic and diastolic BP was
corroborated in the case study by Esmail and Kabadi
(2012) that presented a middle aged woman with
oedema, prehypertension and hypocalcaemia who
consumed stevia regularly for 9 months who showed an
increase in blood pressure that resulted in her developing
hypertension. Laboratory tests also found that there was
an increase in plasma cortisol/cortisone ratio and seemed
to conclude that a reduced rate of conversion of cortisol
into cortisone by inhibiting 113-HSD2 enzyme. This was
again investigated in a systematic review which
concluded that studies performed for 1-3 months found
stevia intake produced an increase in blood pressure, but
there was lowering of BP in hypertensive patients
consuming stevia for longer periods of 1-2 years

(Ulbricht et al., 2010). In contrast to our findings, other
studies have found stevia extract intake or its isolated
glycosides has contributed to healthy blood pressure
regulation by inducing vaso-relaxation in a 2-year study
using a very high dose of 1500mg stevioside daily
(Gupta et al., 2013). The anti-hypertensive effects of
stevia have been also reported by Ahmed et al. (2011)
and another study showed a decrease in systolic and
diastolic BP in participants with mild hypertension using
a high dose of 750mg stevia (Thomas and Glade, 2010).
Therefore, it seems that the latter studies have used much
larger doses than our study which might have caused some
side effects and interfere in other mechanisms that modulate
BP on the other hand, several researchers have found no
effects of stevia consumption on blood pressure (Ferri et al.,
2006; Barriocanal et al., 2008; Maki ef al., 2008).

Stevia consumption was found to increase cortisol
levels significantly in this study in both urine and saliva
samples. However the mean values of cortisone were not
changed significantly. However another study has shown
that stevia consumption over one month did not produce
any considerable effect on cortisol and cortisone levels
(Corcuff and Brossaud, 2014). Esmail and Kabadi (2012)
found that the daily consumption of stevia over a period of
9 months showed an increase in plasma cortisol/cortisone
ratio due to a reduction in the amount of cortisol getting
converted into cortisone as there was an inhibition of 11f3-
HSD2 enzyme in agreement with our findings. The
connection between cortisol and cortisone levels and blood
pressure and hypertension has been recognized to occur
either with a deficit of 11B-HSD2 as a congenital defect
or inhibited by the chronic consumption of liquorice
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(Stewart et al., 1990; Edwards, 1991). Liquorice and stevia
seem to have similar effects in regards to oral consumption
and their effects on both BP and glucocorticoid levels
(Al-Dujaili et al,, 2011). Other researchers have also
investigated the effects of rebaudioside A on the excretion
of cortisol metabolites in 23 healthy subjects consuming 4
pellets of a sweetener containing stevia three times per day
(Corcuff and Brossaud, 2014). They suggested that intake
of stevia extracts had no significant modification of the
ratios of free cortisol/cortisone or their metabolites.
However, they concluded that further research would be
needed since their study was short term and used a
particular rebaudioside A product and stevia extract
powder could be a mixture of molecules that can be
extremely variable. Further investigations were required
to establish the long term effects of stevia on the
cortisone/cortisol ratio and blood pressure. The
production of cortisol has been known to be in response
to stress and cortisol is an essential hormone that
regulates several physiological and metabolic processes
(Delaney, 2014) and in particular, in type 2 diabetes
and metabolic syndrome where enzyme activities may
be modified and superimposed rebaudioside effect
could act differently in these conditions (Pereira et al.,
2012). In addition, high levels of cortisol could result
in a reduced sensitivity to insulin and eventually
leading to cardiovascular damage and Cushing’s
syndrome (NHS Choice, 2013).

There was a very small reduction in body weight and
BMI seen in this study though statistically insignificant
which might be due to the short duration of the study. A
study by Curry and Roberts (2008) found that a decrease
in body weight in rats when stevia was orally ingested.
Consumption of stevia was also found to reduce the
craving for fatty and sweet foods, which could help in
weight loss programmes (Giuffré et al., 2013). Studies
have also suggested that stevia intake was able to reduce
dietary intake of sugar and thus beneficial to obese
individuals, diabetics and those with increased blood
glucose levels (Thomas and Glade, 2010). Therefore, we
could speculate that a longer duration of stevia intake, up
to 4 weeks or more, could have shown a marked
reduction of body weight and BMI. Recent systematic
reviews compared the effects of stevia and other low-
calorie sweeteners with sucrose intake, satiety and body
weight in healthy and obese individuals observed that
stevia reduced the calorie intake of healthy and obese
participants compared to those consuming sucrose
(Ashwell, 2015; Rogers et al., 2016). Our participants
were instructed to reduce or not consume any excess
sucrose in their diet during the stevia and placebo
intervention. A small reduction in weight and BMI was
obtained that might be due the effects of stevia in
reducing the glucose uptake in the small intestine
(O’Brien-Nbors, 2011). In addition, all volunteers were

instructed to maintain their minimum of 30 min of
exercise every day and not to do vigorous exercise as
this might affect their mean weight and this could signify
a potential confounding factor. If a higher dose of stevia
were given (1g instead of 0.2 g of stevioside), the results
might have shown a significant difference in weight
compared to the baseline stevia or placebo intervention
(Geeraert et al., 2010).

The dose of stevia consumed by our participants was
small with ad libitum diet because we did not intend to
restrict the habitual diet. However, there were few issues
that have to be mentioned; firstly the amounts of stevia
given in the sachets may not have been all consumed and
therefore, there was no valid mean to confirm all
participants were taking the correct dosage. Although
stevia has been reported to be safe (Puri, 2012; Swithers,
2013), nevertheless, we did not want to use larger doses
of stevia as the toxicity studies were not fully validated
and the aim of study was explorative and short term.
Secondly the stevia was a fine powder whereas the sugar
placebo was crystallised, this may have had effects of
recognition by the participants. Thirdly, a problem that a
crossover study always faces was the carryover effect
and the intervention period was only one week, so this
problem could have been overcome by extending the
washout period (Simpson et al., 2010). There was a high
variance between participants and a small population that
makes it difficult to draw any definite conclusions in the
general population. This could perhaps be overcome
with a more in depth inclusion and exclusion criteria and
a larger number of volunteers. Future research should
look into the effects of stevia consumption in different
forms and preparations in both males and females from a
range of different age groups, BMI and both
hypertensive and normotensive individuals together with
a cross-section population for longer and shorter periods
of time. In addition, other physiological and biochemical
parameters should be looked at such as fasting and
postprandial blood glucose, insulin, gut and stress
hormones. Moreover, examination of stevia consumption
in diabetic patients would be useful to enhance our
understanding of glucose metabolism and control that
may occur over longer periods of time (Sattigeri, 2012).

Conclusion

This small study has shown that a short period of
stevia intake caused a small but significant increase in
BP and effects on body weight and BMI were not
significant. The rise in BP could have been due to the
increase in cortisol levels and modulation of 11B-HSD
type 1 and 2 enzymes activity. Although further research
in this area would be necessary, caution should be taken
by the public who consume stevia for longer periods of
time as a sweetener or other purposes.
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