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Abstract
Hyperglycemia is a pathological condition associated with prediabetes and diabetes. The incidence
of prediabetes and diabetes is increasing and imposes great burden on healthcare worldwide.
Patients with prediabetes and diabetes have significantly increased risk for cardiovascular diseases
and other complications. Currently, management of hyperglycemia includes pharmacological
interventions, physical exercise, and change of life style and diet. Food supplements have
increasingly become attractive alternatives to prevent or treat hyperglycemia, especially for
subjects with mild hyperglycemia. This review summarized current patents and patent applications
with relevant literature on five commonly used food supplements with claims of hypoglycemic
effects, including emblica officinalis (gooseberry), fenugreek, green tea, momordica charantia
(bitter melon) and cinnamon. The data from human clinical studies did not support a
recommendation for all five supplements to manage hyperglycemia. Fenugreek and composite
supplements containing emblica officinalis showed the most consistency in lowering fasting blood
sugar (FBS) or glycated hemoglobin (HbA1c) levels in diabetic patients. The hypoglycemic
effects of cinnamon and momordica charantia were demonstrated in most of the trials with some
exceptions. However, green tea exhibited limited benefits in reducing FBS or HbA1c levels and
should not be recommended for managing hyperglycemia. Certain limitations are noticed in a
considerable number of clinical studies including small sample size, poor experimental design and
considerable variations in participant population, preparation format, daily dose, and treatment
duration. Future studies with more defined participants, standardized preparation and dose, and
improved trial design and size are warranted.
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INTRODUCTION
As the most important energy source for human body, glucose plays a vital role in
maintaining health [1]. In most cells of human body, glucose molecules are broken down to
produce adenosine triphosphate molecules, the fuel that powers numerous cellular processes.
Glucose is delivered to cells through blood circulating. To ensure steady supply of glucose
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as an energy source for cells to function, a relatively constant level of glucose in blood is
maintained [1]. Failure to maintain such homeostatic level of glucose in blood results in
hypoglycemia or hyperglycemia.

Under the physiological condition, the concentration of blood glucose is tightly regulated by
various mechanisms [2, 3]. The major source of glucose comes from the food we eat. After
digestion, glucose is released from the food, absorbed by small intestine and finally enters
the blood stream. The other source of blood glucose is from the liver in which the storage
form of glucose, glycogen, is converted into glucose entering the blood stream. On the other
hand, the major pathway that decreases blood glucose levels is the uptake of glucose by the
cells for use as a source of energy in most of the tissues or to be stored for future use in the
adipose tissue and liver. Therefore, blood glucose concentration reflects the combined
effects of food consumption, glucose production, transport into and out of cells and
utilization by the body.

Hyperglycemia is a pathological condition characterized by elevated blood glucose levels. It
is a manifestation most commonly associated with such disease conditions as pre-diabetes
and diabetes mellitus [4–6]. Prediabetes is a condition which does not satisfy the diagnostic
criteria for diabetes but the blood glucose levels are elevated. All the diabetes patients go
through such non-diabetic hyperglycemia stage before escalating into full-blown diabetes [4,
5]. Studies have shown that both prediabetic and diabetic subjects have significantly
increased risk for cardiovascular diseases and other complications [6–9]. The incidence of
prediabetes and diabetes is increasing and imposes great burden on healthcare worldwide
[10, 11].

Various pharmacological therapies are currently available to control hyperglycemia [12].
However, those pharmacological treatments are associated with various adverse responses
such as hypoglycemia and weight gain with sulfonylureas, digestive track problems with
most of oral drugs, potential liver toxicity with thiazolidinediones and skin rash with insulin
injection [13–17]. In addition, it is not uncommon that the blood glucose levels are not well
controlled by pharmacological therapies alone mainly due to poor compliance, inappropriate
self-care behavior, and psychological problem with insulin injection [18]. On the other hand,
the herbal food supplements reviewed in this article have been used for human consumption
for centuries and their safety in human has been well established. With good safety profile
and convenience, those food supplements have increasingly become attractive additions to
the regular pharmacological therapies in diabetic patients, especially for those whose blood
glucose levels are not well controlled by the therapies alone [19–22]. In addition, those food
supplements are becoming more and more popular to manage hyperglycemia in prediabetic
patients [20, 21], especially for those whose blood glucose levels are on the borderline and
pharmacological therapies have not been initiated.

This review summarized current patents and patent applications with relevant literature on
five commonly used food supplements with claims of hypoglycemic effects, including
emblica officinalis (gooseberry), fenugreek, green tea, momordica charantia (bitter melon)
and cinnamon. The focus of this review is on human clinical trials although a large body of
evidence is well documented in preclinical studies. The quality of each clinical trial is rated
with the Jadad scoring system (Table 1) [23] and the quality of evidence for the
hypoglycemic effect of the five food supplements is categorized based on the criteria listed
in (Table 2). The results from human clinical studies did not support a recommendation for
all five supplements to manage hyperglycemia.
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EMBLICA OFFICINALIS
Emblica officinalis, known as India gooseberry or amla, is an edible fruit from the tree of
the phyllanthaceae family. The fruit is eaten raw, cooked or pickled. In addition to serving
as fruit, emblica officinalis has been used to treat a variety of disease conditions including
hyperlipidemia and diabetes. In two recent patents, it was claimed that emblica officinalis
had hypoglycemic effects and could be used for managing hyperglycemia [24, 25]. Such
claims were largely supported by 4 clinical trials with diabetic patients.

The first trial recruited 120 diabetic patients without complication or symptomatically
normal [26]. The subjects were randomly assigned into two groups, treatment or control. A
composite supplement containing a teaspoon of emblica officinalis juice and other
hypoglycemic herbals including 2.5 g of ocimum sanctum leaves powder, aqueous extract of
60 g of syzygium cumini fruit, 10 g seed powder of syzygium cumini, 5 g of momordica
charantia juice and 2 g of gymnema sylvestre leaves was given to treatment group daily for
3 months. The control group received normal diet. At the end of the study, fasting blood
sugar (FBS) levels were significantly decreased in patients received the composite
supplement whereas no changes were detected in control group. Glycated hemoglobin
(HbA1c) values were also significantly reduced in experimental group while the values
remained unchanged in the control group.

The second trial had 53 participants including 43 patients with type 2 diabetes and 10
healthy volunteers [27]. The diabetic patients were divided into three age groups, age 35–45
(15 patients), 46–55 (13 patients) and over 55 (15 patients). All the diabetic subjects
received daily two tablets (500mg/tablet) each containing 25% of emblica officinalis, 25%
curcuma longa L and 50% salacia oblonga wall fort for 3 months. The healthy subjects did
not take any tablets serving as normal controls. At the end of the study, a significant
reduction in both FBS and HbA1c levels were detected in all the three age groups. When
grouping the patients based on initial FBS levels into subjects with FBS levels above or
below 145.9 mg/dL, both groups exhibited significant decreases in FBS and HbA1c levels.
However, it remained undetermined how much emblica officinalis contributes to the
observed hypoglycemic effect.

The third trial was a randomized and controlled study with 49 diabetic patients. The
participants were randomly assigned into treatment group (30 patients) and control group
(19 patients) [28]. The treatment group took a medium sized fresh amla (~35g) on a daily
bases while the control group received no supplementation for 2 months. During the course
of study, no modification in the diet or medication was made in both groups. At the end of
study, no significant reduction in both FBS and HbA1c levels were detected in the treatment
and control group. However, more detailed analysis of the data revealed that a significant
reduction in FBS was achieved in subjects with FBS > 150 mg/dl, accompanied by a non
significant fall in HbA1c levels. It was thus concluded that consumption of fresh emblica
officinalis fruit improved FBS levels in diabetic patients with high FBS levels.

The most recent clinical study recruited 13 uremic diabetic patients and 15 healthy
volunteers [29]. The uremic diabetic patients received a daily supplement of 3 tablets each
containing 100 mg emblica officinalis extract, 100 mg green tea extract and 50 mg excipient
starch for 3 months. The healthy subjects did not receive any supplement serving as controls
for normal ranges. Supplementation with a combination of emblica officinalis and green tea
extract resulted in a significant reduction in FBS levels compared with the baseline levels
prior to treatment. The HbA1c levels were not statistically different before and after
treatment. The data thus suggested that a 1:1 combination of emblica officinalis and green
tea extract is a safe and effective treatment for uremic patients with diabetes.
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In summary, the quality of trials ranges from 0 to 4 of the Jadad scale (Table 3). It is thus
concluded that there is strong scientific evidence (Level B1) to support that composite
supplements containing emblica officinalis is effective in lowering blood glucose levels in
diabetic patients. However, there was not enough evidence to supports the hypoglycemic
activity of emblica officinalis alone.

FENUGREEK
Fenugreek, also known as its scientific name of trigonella foenum-graecum L., leguminosae,
belongs to the plant family fabaceae (or leguminosae). It grows in most of the countries
around world with major production in Asia, Europe and American including United States.
The health-promoting property of fenugreek has been long documented when it is taken as
vegetables, food supplements or medicinal remedies. Four recent patents or patent
applications described usages and applications of fenugreek in managing metabolic diseases
including hyperglycemia and diabetes. One patent application described making dietary
supplements with fenugreek fibers to control blood glucose [30]. Another patent application
claimed making food products with fenugreek seed powder for prevention of obesity and
diabetes [31]. The third patent application disclosed an anti-diabetic composition of food
supplement with fenugreek seed extract [32]. Clinical studies with human volunteers
showed a dosage form of 500 mg given once or twice daily either alone or in combination
with standard, synthetic anti-diabetic drugs such as metformin and glipizide provided
beneficial effects on controlling plasma glucose levels. One recently issued patent illustrated
a composition with fenugreek seeds to lower glucose and cholesterol [33].

Those claims are largely supported by the findings from human clinical trials. Four such
trials were conducted with type 1 and 2 diabetic patients before 2000. The first study
involved non-insulin dependent diabetic patients [34]. Supplementation of 15 g fenugreek
seed soaked in water resulted in a significant reduction in postprandial glucose levels in 21
diabetic patients. The second study was a randomized, controlled crossover trial with 15
diabetic patients [35]. A diet supplemented with 100 g of fenugreek seed powder was given
daily for 10 days in treatment group (7 patients) while a regular diet was given to the control
group (8 patients). Then the patients were crossed over for additional 10 days. It was found
that supplementation with fenugreek seed powder significantly reduced FBS and improved
the glucose tolerance test. In the third study, ten non-insulin dependent diabetic patients
were enrolled in a randomized, controlled crossover trial [36]. Treatment for 5 subjects
included a diet supplemented with 25 g fenugreek daily for 15 days. Without a washout
period, the patients were crossed over for additional 15 days. The results showed that
fenugreek supplement significantly reduced the area under the plasma glucose curve and
improved glucose tolerance. In the fourth trial [37], forty patients with coronary artery
disease and non-insulin-dependent diabetes mellitus and 30 healthy volunteers were given a
diet containing 5 g of fenugreek for 3 months. At the end of the study, twenty patients with
mild hyperglycemia exhibited a significant reduction in FBS and postprandial glucose
levels. However, the changes in patients with severe hyperglycemia and healthy subjects
were not statistically significant.

Four clinical trials were carried out more recently with diabetic patients. In a small double
blind and controlled study [38], twenty five newly diagnosed type 2 diabetic patients were
divided into two groups, treatment and control. Twelve patients in the treatment group were
supplemented with 1 g hydroalcoholic extract of fenugreek seeds whereas 13 patients in the
control group received placebo capsules for daily 2 months. No significant differences in
FBS and oral glucose tolerance test were detected between the two groups. However,
significant differences in the area under curve of blood glucoses and insulin sensitivity were
noticed. Two relatively large clinical trials were carried out in 2005 [39] and 2008 [40]. One
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trial involved 60 male subjects with non-insulin dependent diabetes [39]. Thirty patients in
one group received a daily dose of 1 g mixed powder containing equal amount of raw
fenugreek seed, bitter gourd and jambu seed powder in the form of capsules whereas the
other group with 30 patients consumed same dose in the form of salty biscuits for 1.5
months, followed by ingesting an increased daily dose of 2 g mixed powder for another 1.5
months. At the end of the study, a significant reduction in FBS and post-prandial glucose
levels was achieved in both groups. The other trial was conducted in 69 type 2 diabetic
patients with not well controlled blood glucose levels using oral sulfonylureas [38]. The
treatment group with 46 patients received 18 pills of fenugreek daily while the control group
with 23 patients took placebo for 12 weeks. All the patients continued their original
hypoglycemic drugs during the study. Supplement with fenugreek pills in the treatment
group significantly decreased FBS, postprandial blood glucose and HbA1c levels,
companied with improved clinical symptoms. It was thus concluded that supplementation of
sulfonylureas hypoglycemic drug with fenugreek was an effective therapy to manage
diabetic patients with uncontrolled blood glucose with hypoglycemic drug alone. The last
trial recruited 18 type 2 diabetic patients [41]. The subjects were divided into two groups.
One group with 11 patients received a daily dose of 10 g fenugreek seed powder in hot water
whereas the other group with 7 subjects consumed the same amount of fenugreek seeds
mixed with yoghurt for 8 weeks. Significant decreases in FBS was detected in group
consuming fenugreek in hot water but not in the group given fenugreek mixed with yoghurt.
It was concluded that fenugreek seeds was an effective adjuvant in the control of type 2
diabetes in the form of soaked in hot water. Mixing of fenugreek seeds with yoghurt may
interfere with the absorption of active ingredients of fenugreek seeds in the gastrointestinal
track.

The hypoglycemic activity of fenugreek was also evaluated in three clinical trials with
healthy or healthy obese volunteers. The first early trial recruited 20 male healthy subjects
[42]. The treatment group received 40mg/kg aqueous extract of fenugreek seeds whereas the
control group received placebo. Four hours post-ingestion, blood glucose levels were
significantly reduced in the treatment group. The second trial was a single blind,
randomized, crossover study and conducted in 18 healthy obese subjects [43]. Two
treatment groups received 4g or 8g of isolated fenugreek fiber whereas the control group
received a placebo. No significant changes were noticed in postprandial blood glucose levels
and insulin sensitivity within 3.5 hours post-ingestion between the three groups. The third
trial is a double-blind, randomized, and placebo-controlled study with 38 healthy overweight
male volunteers [44]. Treatment group with 18 subjects received 1176mg daily dose of
hydroalcohol extract of fenugreek seed for 6 weeks while the control group with 20 subjects
received placebo. At the end of the study, no significant differences in FBS and insulin were
detected between the control and treatment group.

Taken together, the quality of trials with diabetic patients ranges from 0 to 3 in the Jadad
scale (Table 4). Therefore, there is good scientific evidence (Level B2) suggesting that
fenugreek is effective in reducing blood glucose levels in diabetic patients. The quality of
trials with healthy, obese or overweight subjects ranges from 0 to 3 in the Jadad scale with
majority of the trials exhibiting no hypoglycemic effect (Table 4). There is thus good
scientific evidence (Level B2) to support that fenugreek is not effective in lowering blood
glucose in healthy, obese or overweight subjects.

GREEN TEA
Green tea is one of the most consumed beverages in the world, especially in Asian. As a dry
product, tea is the processed leaf from the plant Camellia sinensis. Health promoting
benefits of tea consumption have been indicated in a variety of diseases including metabolic
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syndromes and diabetes. Several recent patents and patent applications claimed the
hypoglycemic activity of green tea or its main ingredient catechin alone or in combination
with other natural products [25, 45–48].

Four clinical trials have been reported to evaluate whether green tea has hypoglycemic
effects in patients with type 2 diabetes. The first trial was a randomized and controlled study
with 66 diabetic patients [49]. The treatment group took a packet of green tea extract
containing 544 mg polyphenols or 456mg catechins daily for 2 months whereas the control
group did not take any extract. At the end of the study, the FBS and HbA1c levels were
significantly lower than the respective values before treatment. However, when compared
with placebo control, there were no significant differences in FBS and HbA1c levels. In
conclusion, the daily supplementary intake of green tea did not have significant effects on
blood glucose and HbA1c levels.

The second trial was a double-blind, placebo-controlled, randomized multiple-dose study
with 49 diabetic patients [50]. The two treatment groups consumed daily 375 mg or 750 mg
of green tea for 3 months where the control group received placebo. The results showed that
no significant differences in HbA1c were detected among the three groups. Therefore, it was
concluded that green tea had no hypogly-cemic effect in patients with type 2 diabetes.

In the third study [51], the effects of continuous ingestion of a catechin-rich beverage in 43
diabetic patients who were not receiving insulin therapy were evaluated with a double-blind
controlled study. One group with 23 subjects consumed daily 582.8 mg of catechin-
containing green tea whereas the other group with 20 patients ingested 96.3 mg of catechins-
containing green tea for 12 weeks. At the end of the study, there were no apparent
differences in blood glucose and HbA1c levels between the two groups.

In the most recent study with 80 diabetic patients [52], the effect of a decaffeinated green tea
extract on obese individuals with type 2 diabetes was investigated. The study was a
randomized, double-blind, placebo-controlled clinical trial. The treatment group received a
daily dose of 1500 mg of green tea extract while the control group received placebo for 16
weeks. No statistically significant differences were detected between the treatment and
placebo groups in any measured variable including FBS and HbA1c levels.

Four clinical trials were also conducted with healthy or healthy obese volunteers to evaluate
the hypoglycemic activity of green tea. The first trial was a crossover study with 60
participants [53]. One group consumed daily a packet of green tea extract containing 544 mg
polyphenols (456 mg catechins) for 2 months, followed by 2 month-nonintervention period.
Conversely, the other group had a 2 month-nonintervention period, followed by ingesting
daily same dose of green tea extract for 2 months. At the end of the study, HbA1c levels
were significantly decreased following the intervention. However, no significant changes in
FBS levels were detected.

The second trial was to evaluate the effect of acute ingestion of green tea extract on glucose
tolerance of healthy volunteers during moderate-intensity exercise [54]. One treatment group
with 12 subjects performed a moderate exercise before and after supplementation of green
tea extract containing 890 mg polyphenols. The other treatment group with 11 subjects took
an oral-glucose-tolerance test before and after supplementation. The results showed that the
insulin area under the curve decreased in both treatment groups with a concomitant increase
in insulin sensitivity. It was thus concluded that acute green tea extract ingestion improved
insulin sensitivity and glucose tolerance in healthy young men. Therefore, it was concluded
that a combination of excise and ingestion of green tea may represent a practical approach to
prevent prediabetes or diabetes.
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The third trial was carried out in 88 overweight or obese male subjects [55]. The participants
were randomly assigned into two groups, treatment and control. The treatment group with
46 subjects ingested a daily dose of 800 mg epigallo-catechin-3-gallate (EGCG), the active
ingredient of green tea for 8 weeks. The control group with 42 subjects took the placebo
lactose. At the end of the study, it was revealed that supplementation with EGCG for 8
weeks had no significant effects on FBS and HbA1c levels, insulin sensitivity, insulin
secretion, glucose tolerance.

The most recent trial was a crossover study with 14 healthy volunteers [56]. The subjects
were randomized into treatment or control group. The subjects in treatment group took
300ml of green tea with their breakfast whereas control subjects received water. Multiple
blood samples were drawn within the 2 hour period after the ingestion. Plasma glucose
levels were increased in the treatment group 2 hours after ingestion when compared with the
control group. No significant differences were found in serum insulin levels, the area under
the curve for glucose or insulin. It was thus concluded that green tea showed no glucose or
insulin-lowering effect.

Altogether, the quality of clinical trials ranges from 0 to 4 in the Jadad scale with majority
being negative in reducing blood glucose levels (Table 5). There is thus strong scientific
evidence (Level B1) indicating that green tea is not effective in controlling hyperglycemia in
diabetic patients as well as healthy subjects.

MOMORDICA CHARANTIA (BITTER MELON)
Momordica charantia, known as bitter melon or gourd, is widely consumed as a vegetable
and bitter flavoring in cookery, especially in Asian countries such as China and India.
Consumption of momordica charantia has been linked to a variety of health-promoting
benefits, including lowering blood glucose in hyperglycemic subjects. Five recent patent
applications described momordica charantia-containing compositions for managing
hyperglycemia [45, 57–60]. A large number of preclinical studies support the claim that
momordica charantia is able to lower plasma glucose levels. However, the results from
human clinical trials are not conclusive.

The results from three early clinical trials support the hypoglycaemic activity of momordica
charantia. The first study recruited 14 diabetic patients and 5 healthy volunteers [61].
Insulin-like substance, called vegetable insulin (v-insulin), was extracted from momordica
charantia. Injection of mormordica charantia extract containing 10, 20 or 30 units of v-
insulin dependent on the severity of the diabetes in 9 diabetic patients resulted in significant
reduction in FBS by 21.5% to 49.2% within the period of 12 hours post-treatment. The
control group including 5 diabetic and 5 healthy subjects received a placebo and exhibited a
5% decrease in FBS. The second trial with 9 diabetic patients showed that daily
consumption of 230 g fried momordica charantia fruit for 8 to 11 weeks significantly
improved glucose tolerance [62]. Drinking of 50 ml of fresh momordica charantia fruit juice
also significantly reduced plasma glucose levels and the area under curve within the period
of 1.5 hours post-drinking. The third trial is a case study with 100 moderate non-insulin
dependent diabetic patients [63]. Drinking of the aqueous homogenized suspension of the
vegetable pulp resulted in a significant reduction in FBS and postprandial sugar levels in 86
subjects with a mean reduction of 18%.

However, such claim was challenged by the results from two randomized and placebo-
controlled trials. The first trial had 50 type 2 diabetic patients [64]. The participants were
randomized into treatment or control group. The 26 subjects in the treatment group took 4 g
dry bitter gourd daily for 2 and 4 weeks while the control group with 24 subjects received
Riboflavin as placebo. Patients in both group continued with their routine anti-diabetic
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treatment including dietary modification and oral hypoglycemic agents such as
sulfonylureas and biguanides. At the end of the trial, no significant changes in FBS,
postprandial sugar levels and fructosamine were detected in both treatment and control
group. The second trial was a randomised, double-blind and placebo-controlled trial with 40
either newly diagnosed or poorly controlled type 2 diabetic patients [65]. The treatment
group were given 6 capsules of momordica charantia extract daily for 3 months whereas the
control group received a placebo. It was found that supplementation with momordica
charantia extract did not significantly reduced FBS and HbA1c levels although the HbA1c
levels were decreased in treatment group compared with the control group.

Additional two clinical trials were carried out to investigate the hypoglycaemic activity of
momordica charantia in combination or comparison with oral hypoglycemic drugs. One trial
investigated the effect of momordica charantia extract in combination with regular oral
hypoglycaemic drugs on type 2 diabetic patients [66]. Fifteen subjects were recruited and
randomized into three equal groups. The three groups received oral hypoglycaemic drug
metformin, glibenclamide, or combination of metformin and glibenclamide for 7 day,
followed by taking half dose of the hypoglycaemic drugs supplemented with a daily dose of
400 mg momordica charantia extracts for 7 additional days. FBS and PPS levels were
significantly reduced after oral hypoglycemics for 7 days and a further reduction was
achieved at half oral hypoglycemics supplemented with momordica charantia extract. It was
thus concluded that momordica charantia extract acted in synergism with oral
hypoglycemics and potentiated their hypoglycemic effect in diabetic patients. The second
trial was a multicenter, randomized, double-blind, active-control trial [67]. Type 2 diabetic
subjects were randomly divided into four groups. Group 1–3 received a daily dose of 500
mg, 1000 mg or 2000 mg of momordica charantia for 4 weeks. Group 4 took a daily dose of
1000 mg metformin for 4 weeks. At the end of the trial, a significant reduction in
fructosamine levels was detected in patients receiving 1000 mg metformin or 2,000 mg
momordica charantia. No significant changes were noticed in groups consuming 500 mg or
1000 mg momordica charantia. It was thus concluded that momordica charantia had a
modest hypoglycemic effect and significantly reduced fructosamine levels at the high dose.
However, the hypoglycemic effect of momordica charantia was less than metformin at a
dose of 1000 mg/day.

In summary, the quality of trials ranges from 0 to 4 in the Jadad scale with majority being
positive in reducing blood glucose levels (Table 6). Thus there is good scientific evidence
(Level B2) to suggest that momordica charantia is effective in reducing blood glucose levels
in diabetic patients. However, such hypoglycemic effect was not consistently detected in
two clinical trials.

CINNAMON
Cinnamon, obtained from the inner bark of plants cinnamomum, has been used as a spice in
cookery worldwide and is an important ingredient in the traditional Chinese medicine and
Ayurveda for centuries. The dry bark of cinnamon trees is rich in botanical source of
polyphenolics and has been used to improve general health and treat a variety of disease
conditions including diabetes. Five recent patents and patent applications disclosed
compositions with cinnamon for the management of metabolic diseases including diabetes
[2, 68–71]. A relatively large number of clinical trials have been conducted to evaluate
cinnamon’s hypoglycemic effects in diabetic patients and health volunteers.

The results from four clinical trials with diabetic patients support the claim that cinnamon
supplements have hypoglycemic effects. In a study with 60 type 2 diabetic patients [72], the
subjects were randomized into 6 groups. Group 1, 2 and 3 ingested 1, 3 or 6 g cinnamon
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daily for 40 days. As controls, groups 4, 5 and 6 consumed placebo capsules corresponding
to the number of capsules ingested for groups 1, 2 and 3. Patients in all the groups continue
their routine sulfonylurea drugs. After 40 days, FBS levels were significantly reduced in
groups 1, 2 and 3 by 18–29% while no significant changes were detected in placebo groups.

The second study was a randomized, double-blind and placebo-controlled trial [73]. Seventy
nine participants with type 2 diabetes not on insulin therapy but treated with oral
antidiabetics or diet were randomly assigned into treatment or control group. The treatment
group took aqueous extract of 3 g cinnamon powder daily for 4 months while the control
group received placebo capsules. At the end of the study, FBS and postprandial blood
glucose levels were significantly reduced in the treatment group compared with placebo
group. However, no significant differences in HbA1c levels were detected intra- and inter-
group. In addition, it was noted that the decrease in FBS correlated significantly with the
baseline concentrations, indicating that subjects with a higher initial plasma glucose level
may benefit more from cinnamon intake.

The third trial was also a randomized and controlled clinical study [74]. One hundred nine
type 2 diabetic patients were randomized into treatment or control group. In the treatment
group, participants were supplemented with 1 g cinnamon capsules daily for 90 days. The
control group was not given supplement. Patients in both groups continued with their routine
anti-diabetic medications. It was found that supplement with cinnamon significantly lowered
HbA1c levels in diabetic patients.

The fourth study was also a randomized and placebo-controlled trial with 58 type 2 diabetic
patients [75]. The participants were randomized into treatment or control group. The
treatment group received 2 g cinnamon daily for 12 weeks while the control group
consumed placebo capsules. At the end of the trial, HbA1c levels were significantly
decreased in the cinnamon group compared with placebo group. A significant reduction in
FBS levels were also detected compared to the baseline in the cinnamon group. However,
the changes were not significant when compared to placebo group.

The hypoglycemic effects of cinnamon supplement were challenged by the results from
following three clinical studies. The first study recruited 25 postmenopausal type 2 diabetic
patients [76]. The participants received either a supplement of 1.5 g cinnamon or placebo
daily for 6 weeks. During the experimental period, all the subjects maintained their normal
dietary and physical activity pattern, and continued with their anti-diabetic medications. At
the end of the study, no significant changes were detected in FBS, HbA1c and insulin
sensitivity after the cinnamon intervention. The second study was a prospective, double-
blind and placebo-controlled trial with 72 adolescent type 1 diabetic patients [77]. The
subjects were given either a supplement of 1 g cinnamon or an equivalent-appearing placebo
daily for 90 days. All patients continued with their daily insulin dose and maintained routine
medical care, diet, or exercise. At the end of the trial, there were no significant differences in
Hb A1C levels, total daily insulin intake, and the number of hypoglycemic episodes between
the cinnamon and placebo arms. The third study was also a randomized, double-blind and
placebo-controlled trial with 58 type 2 diabetic patients [78]. The subjects received either a
capsule containing 500 mg cinnamon or wheat flour placebo daily for 3 months. Patients in
both groups continued with their routine anti-diabetic and lipid-lowering medications. No
significant differences between the cinnamon and placebo groups in FBS, HbA1c and
insulin levels were detected at the end of the trial. The authors concluded that cinnamon
supplement did not have hypoglycemic effects in type 2 diabetic patients and the effects of
cinnamon might differ by population.
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In addition to the clinical studies with diabetic patients, three small clinical trials were
carried out to investigate the hypoglycemic effect of cinnamon in healthy volunteers. The
first study recruited 27 healthy subjects to determine whether cinnamon, vinegar or
combination of both lowered blood glucose levels [79]. The subjects consumed a normal
meal or a normal meal supplemented with either 4 g cinnamon, 28 mM acetic acids or
combination of both, followed by multiple detections of blood glucose during the 2 hour
period postprandially. A significant reduction in blood glucose level was noted in subjects
supplemented with a combination of cinnamon and acetic acids 15 minutes post-ingestion.
The second study had 8 male volunteers [80]. The subjects received either 3 g cinnamon or
placebo supplement daily for 14 days. Oral glucose tolerance tests were performed multiple
time points during the study period. The results showed that cinnamon supplement
significantly decreased glucose and insulin response to the glucose tolerance test and
improved insulin sensitivity. The third study was a crossover trial with 15 healthy volunteers
[81]. The subjects were randomly assigned into three groups. Two treatment groups ate rice
pudding with 1 or 3 g cinnamon while the control group ate only rice pudding. Supplement
with 1 or 3 g cinnamon had no significant effect on blood glucose level. However, the
insulin response at 60 min and the area under the curve at 120 min were significantly
decreased after ingestion of rice pudding with 3 g cinnamon.

In summary, there are four trials scoring 2 or 3 in Jadad scale showing positive in lowering
blood glucose in type 2 diabetic patients. Thus there is very strong scientific evidence (Level
A) to support that cinnamon is effective in lowering blood glucose levels in type 2 diabetic
patients. However, such hypoglycemic effect was not detected in specific subject
populations such as type 1 diabetic patients and postmenopausal type 2 diabetic patients.

CURRENT AND FUTURE DEVELOPMENTS
The five herbal food supplements emblica officinalis, fenugreek, green tea, momordica
charantia and cinnamon are currently used for controlling hyperglycemia, especially in
Asian countries such as India and China and are gaining more and more popularity in
western countries including US. However, clinical data did not support a recommendation
for all the five supplements to manage hyperglycemia.

For emblica officinalis, there are limited 4 clinical trials reported with only one having high
quality [26]. The consistent finding from those clinical studies is the significant reduction in
FBS levels after consumption of composite supplements containing emblica officinalis,
especially in patients with high initial FBS levels. One limitation associated with the trials is
that the composite supplements contain other substances in addition to emblica officinalis,
making it impossible to determine how much emblica officinalis contributes to the observed
hypoglycemic effects. Additional trials with emblica officinalis as the supplement are
required for establishing its possible hypoglycemic activity. In addition, different forms and
doses of emblica officinalis were used in the trials, including fresh fruit, juice and extract. It
remains to be determined which form and dose provide the most benefits in controlling
hyperglycemia.

Despite of the differences in sample size, experimental design, dose and duration among the
clinical studies, accumulative results indicate that fenugreek supplement alone or in
combination with oral hypoglycemic drugs provide beneficial effects in controlling
hyperglycemia in diabetic patients. However, such hypoglycemic effect is not certain or
diminished in healthy, obese or overweight subjects. Additional trials with high quality
study design and increased sample size are required to substantiate the claim of fenugreek’s
hypoglycemic effect.
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Based on the data from clinical studies, dietary supplement with green tea or its active
ingredients has minimal effects on controlling hyperglycemia in diabetic patients. It is thus
not recommended to drink green tea to manage high blood glucose levels in diabetic
patients. It is still controversial whether consumption of green tea has beneficial benefits in
lowering blood glucose levels in healthy or healthy obese subjects. Additional studies with
improved experimental design and increased sample size are warranted.

Majority of the clinical studies support the hypoglycemic effects of momordica charantia in
diabetic patients. However the effects were not consistently detected in two trials [64, 65].
Differences in methods for making momordica charantia preparations and relative small
sizes may explain the discrepancy in the two trials. Overall, the data suggest that
combination of momordica charantia with oral anti-diabetic drugs may represent a practical
option to better control hyperglycemia in diabetic patients, especially for those whose blood
glucose levels are not well controlled by oral hypoglycemic drug alone. Additional clinical
studies with improved experimental design, standardized preparation and dose, and
increased size are required to firmly establish the hypoglycemic activity of momordica
charantia.

Among the five food supplements, cinnamon has been clinically studied the most with
relatively good quality trials. There is very strong scientific evidence supporting the
hypoglycemic activity of cinnamon in type 2 diabetic patients. However, cinnamon provides
limited benefits in lowering blood glucose levels in certain subject populations including
type 1 diabetic [77] and postmenopausal type 2 diabetic patients [76]. In addition, the
difference in ethnic background may explain the negative result in one trial with type 2
diabetic patients [78]. Therefore, additional clinical studies with more defined subject
population are warranted.
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Table 1

The Jadad Scoring System

Trial Profile Scoring

1 The trial was a randomized study (this includes words such as randomly, random, and randomization) +1

2 The method used to generate the sequence of randomization was described and appropriate (table of random numbers,
computer-generated, etc)

+1

3 The trial was described as double blind +1

4 The method of double blinding was described and appropriate (identical placebo, active placebo, dummy, etc) +1

5 There was a description of withdrawals and dropouts +1

6 If the method used to generate the sequence of randomization was described and it was inappropriate (patients were allocated
alternately, or according to date of birth, hospital number, etc)

−1

7 If the study was described as double blind but the method of blinding was inappropriate (e.g., comparison of tablet vs. injection
with no double dummy).

−1
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Table 2

Categories of the Quality of Evidence for Health Benefits

Levels Evidence

A Very strong scientific evidence from systematic review or meta-analysis

B1 Strong scientific evidence from one or more randomized controlled trials

B2 Good scientific evidence from one or more randomized controlled trials of limited size or methodology

C Fair scientific evidence from one or more cohort studies or outcome studies or case control studies

D Weak scientific evidence from case series

E Indirect evidence from case reports or expert opinion or laboratory studies

F Historical or traditional evidence
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