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ABSTRACT

Complementary health approaches, otherwise known
as non-mainstream practices, are commonly used by
patients with diabetes. Natural products, including
dietary supplements, are the most frequently used
complementary approach by patients with diabetes.
While popular, there are regulatory, safety, and
efficacy concerns regarding natural products.
Commonly used dietary supplements for diabetes can
be categorized as hypoglycemic agents, carbohydrate
absorption inhibitors, and insulin sensitizers.
Hypoglycemic agents of interest include banaba, bitter
melon, fenugreek, and gymnema. American ginseng,
banaba, berberine, chromium, cinnamon, gymnema,
milk thistle, prickly pear cactus, soy, and vanadium are
insulin sensitizers that have been studied in patients
with diabetes. The carbohydrate absorption inhibitors
aloe vera gel, fenugreek, flaxseed, prickly pear cactus,
soy, and turmeric may be used in patients with
diabetes. Mind body therapies including yoga,
massage, and tai chi have preliminary evidence to
support use in patients with diabetes. Deceptive
marketing tactics may be employed by sellers of
natural products. Consumers and clinicians must be
aware of potential risks and make informed choices.
Resources such as the Food and Drug
Administration’s (FDA’s) MedWatch may be helpful.

The FDA’s online health fraud website informs
consumers on various types of fraud and how to avoid
them.

BACKGROUND OF COMPLEMENTARY AND
ALTERNATIVE MEDICINE

This chapter reviews information regarding
complementary health approaches used to treat
diabetes.  First, background information on
complementary health approaches (sometimes
referred to as complementary and alternative
medicine or CAM) will be presented. This will be
followed by a description of non-mainstream practices
used by patients with diabetes. An evidence-based
description of specific natural products used to treat
diabetes will be next. Mind body practices will be
addressed. The chapter will conclude with specific
ways clinicians can assist patients in choosing safe
natural products. Please note information regarding
therapies to treat comorbidities of diabetes are
covered elsewhere in this text.

To help clarify the contents of this chapter,
nomenclature definitions relevant to complementary
and alternative medicine will be provided as defined
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by the National Institute of Health (NIH).
Complementary medicine is defined as non-
mainstream practices that are used together with
conventional medicine. In contrast, alternative
medicine describes non-mainstream practices used
instead of conventional medicine. Complementary
health approaches are non-mainstream practices. The

term integrative medicine refers to medicine that
brings complementary and conventional health
approaches together in a coordinated fashion. Lastly,
integrative  health  describes  complementary
approaches that are incorporated into mainstream
healthcare (1).

Table 1. Definitions of Terms Relevant to Complementary and Alternative Medicine

Term Definition

Alternative Medicine
medicine

Non-mainstream practice used instead of conventional

Complementary Health
Approaches

Non-mainstream practices

Complementary Medicine
medicine

Non-mainstream practice used together with conventional

Integrative Health

Complementary approaches being incorporated into
mainstream healthcare

Integrative Medicine

Medicine that brings complementary and conventional health
approaches together in a coordinated fashion

Table Data Source- National Institutes of Health, Last updated April 1, 2021 (1)

“Complementary health approaches” is an umbrella
term for non-mainstream practices. Complementary
health approaches include both natural products and
mind and body practices. “Natural products” refers to
herbs, vitamins, minerals, and probiotics. Mind and
body practices include yoga, chiropractic and

osteopathic manipulation, meditation, massage,
acupuncture, tai chi, healing touch, hypnotherapy, and
movement therapy. Definitions of terms relevant to
complementary and alternative medicine are provided
in Table 1. The concepts behind complementary
health are provided in Figure 1.
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Complementary Health
Approaches

Natural Products
(herbs, vitamins, minerals,
probiotics)

Figure 1. Complementary Health Approaches

REGULATIONS OF DIETARY SUPPLEMENTS
AND NATURAL PRODUCTS

Background Information

The Dietary Supplement Health and Education Act
(DSHEA) was passed in 1994. This legislation created
the category of dietary supplements. Prior to DSHEA,
natural products (herbs, vitamins, minerals, probiotics)
were classified as either food or drug. Even though
natural products are biologically active, they are
considered food products and are exempt from the
same approval process as drugs (2).

Under DSHEA, natural product manufacturers are not
allowed to sell any adulterated or misbranded product.
Manufacturers are expected to ensure natural
products are effective and safe. However,
manufacturers are not required to provide proof of

efficacy or safety before marketing and selling a
particular product (2).

When DSHEA was passed, it required that good
manufacturing practices (GMPs) be established.
Several years later the Food and Drug Administration
(FDA) provided these standards. The standards say
products must be labeled correctly and be free of
impurities or adulterants (3).

Labeling requirements for dietary supplements exist.
Products sold as dietary supplements must contain
certain informational pieces on their labels. Items such
as the product name, the word “supplement”, the net
content quantity, the name and place of business of
the manufacturer/packer/distributor, directions for use,
a “Supplement Facts” panel, and a listing of all
nondietary ingredients must be included. Table 2
reviews labeling requirements and Figure 2 is an
example “Supplement Facts” panel (4).

www.EndoText.org 3



Table 2. Information Required to Appear on Dietary Supplement Labels
Dietary Supplement Labeling Requirements

Product Name

The word “supplement” or a statement the product is a supplement

Net content quantity

Manufacturer’s, packer’s, or distributor's name

Manufacturer’s, packer’s, or distributor’s place of business

Directions for use

“Supplement Facts” panel listing serving size, dietary ingredients, amount per serving size,
and percent daily value (if established)

Nondietary ingredients such as fillers, artificial colors, sweeteners, binders,
Table Source (4)

>app.

Amount Per % Daily

Serving Value

Vitamin A (as retinyl acetate and 5000 U 100%
~ 50% as beta-carotene) o L
Vitamin C (as ascorbic acid) 60 mg ~ 100%
Vitamin D (as cholecalciferol) 400 W 100%
Vitamin E (as di-alpha tocopheryl acetate) 30 U 100%
Thiamin (as thiamin mononitrate) ~ 15mg  100%
Rboflavin  17mg  100%
Niacin (as niacinamide) 20 mg 100%
Vitamin Bg (as pyridoxine hydrochioride) ~ 20mg  100%
Folate (as folic acid) - 400 mcg  100%
Vitamin By, (as cyanocobalamin) __ 6mcg  100%
Biotin 4 . 30meg 1%
Pantothenic Acid (as calcium pantothenate) 10 mg 100%
)

Other ingredients: Gelatin, lactose, magnesium stearate,
microcrystalline cellulose, FD&C Yellow No. 6, propylene glycol,
propylparaben, and sodium benzoate.

Figure 2. Example Supplement Facts Label.

https://www.fda.gov/food/quidanceregulation/quidancedocumentsregulatoryinformation/dietarysupplements/uc
m070597.htm#4-59

Dietary supplement products are allowed to make of a disease. For example, a product may claim to
claims about maintaining structure or function of the  “maintain a healthy pancreas.” Conversely, a product
body. However, products are not allowed to make  may not claim to “treat diabetes.” If a product does
claims about diagnosis, treatment, cure, or prevention = make a health maintenance claim, the label must
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include the following statement: “This statement has
not been evaluated by the Food and Drug
Administration (FDA). This product is not intended to
diagnose, treat, cure, or prevent any disease” (4).

Reporting of Adverse Events

The Dietary Supplement and Nonprescription Drug
Consumer Protection Act was signed into law in 2006.
This act required manufacturers to report adverse
events for dietary supplements and nonprescription
drugs. In addition, individuals are encouraged to report
supplement and nonprescription drug adverse events
to the FDA (5). Despite the Dietary Supplement and
Nonprescription Drug Consumer Protection Act, there
is concern of underreporting of adverse events.

Safety Concerns

Safety surrounding dietary supplements and natural
products is a concern for clinicians and consumers
alike. Despite DSHEA and the Dietary Supplement
and Nonprescription Drug Consumer Protection Act,
adverse events and safety issues regarding natural
products abound. In fact, an article published in 2015
in The New England Journal of Medicine estimated
23,005 emergency room visits annually were a result
of adverse effects related to dietary supplements (6).

The FDA publishes recalls for prescription drugs,
nonprescription drugs, and dietary supplements. The
most serious recalls are classified as Class |. A Class
| drug recall is one where the product in question has
“reasonable probability that the use of or exposure to

. . will cause serious adverse health consequences
or death”(7). From 2008 to 2012, half of all Class | drug
recalls were from dietary supplements (8).

INTEGRATIVE HEALTH USE IN THE UNITED
STATES

According to the Council for Responsible Nutrition
(CRN), Americans spend an estimated $35 billion on
dietary supplements each year. The market appears
to be growing each year. CRN estimates 77% of adults
in the United States use supplements (9).

Most users of natural products take a multivitamin.
Other commonly used supplements include specific
vitamins (D, C, and B), calcium, omega-3 fatty
acids/fish oil, probiotics, green tea, protein bars, whey
protein powders, and energy drinks. Mass
merchandizers and pharmacies are the most common
places where dietary supplements are purchased (9).

Reasons for dietary supplement use vary. The most
popular was to support overall health and wellness.
Other popular reasons include filling nutrient gaps,
heart health, healthy aging, immune health, energy,
bone health, preventing iliness, and joint health (9).

Integrative Health Use Amongst Patients with
Diabetes

According to a meta-analysis published in 2021, 51%
of patients with diabetes globally use some form of
CAM. Use prevalence was highest in Europe, where
76% of patients with diabetes in France using CAM,;
prevalence was lowest in North America, where 45%
of patients used CAM (10). Reasons for CAM use
specific to the United States (US) varies from overall
wellness (28% of users), treatment of diabetes (15%),
or a combination of the two (57%) (11). Figure 3
illustrates the reasons for CAM use in patients with
diabetes.
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Figure 3. Reasons for CAM Use in Patients with Diabetes in the United States (11)

Overall, the most common forms of CAM used in US
patients with diabetes were herbal therapies (56.7% of
users), chiropractic (25.3%), and massage (20.2%).
See Figure 4 for an illustration. For those citing
treatment alone as their reason for complementary

health approach use, the most common types were
chiropractic, herbal therapies, and massage. Those
that cited wellness alone as their reason, the most
common types of CAM utilized were herbal therapies,
massage, and chiropractic (11).

Herbal Therapies

Figure 4. Most Common Types of CAM Used in Patients with Diabetes (11)
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In terms of sociodemographics, there are several
differences in US CAM users with diabetes. The
racial/ethnic  group most likely to utilize
complementary health approaches were non-Hispanic
Whites. Those employed and with higher education
attainment were also more likely to use CAM (11).

Due to the high usage, clinicians should gather
comprehensive complementary health approach use
histories from patients. This may prevent dangerous
CAM-herb and CAM-disease interactions.

Older Adults

In particular, managing older adults with diabetes that
utilize CAM can present unique challenges. Older
adults tend to have more chronic medical conditions
and diabetes complications. Additionally, older adults
utilize more medications compared to the general
population.

One-quarter of older adults with diabetes utilize
complementary, alternative, or integrative medicine
(12). Of these older adults, 62.8% utilize herbal
therapies specifically (12). Chiropractic (23.9%),
massage (14.7%), acupuncture (10.2%), and yoga
(5.2%) were the other most popular therapies used.

Clinicians should query older adult patients with
diabetes on active CAM use. This may prevent
dangerous CAM-herb and CAM-disease interactions.

NATURAL PRODUCTS

Natural products have been used for thousands of
years. Natural products were depicted on clay tablets
in ancient Mesopotamia (2600 BC). An ancient
Egyptian pharmaceutical record, the Ebers Papyrus,

dates back to 2900 BC and documents hundreds of
natural therapies. Documented records of natural
product use have also been found in China (the
Chinese Materia Medica) and Greece (from the
physician Dioscorides) (13).

This section will discuss natural products that are
commonly used in patients with type 2 diabetes for
glycemic control. A brief description of each product
will be followed by an overview of proposed
mechanisms of action. Next, currently available
evidence for the product will be reviewed. A brief
discussion of adverse effects and drug interactions will
also be included.

While botanical products are often hypothesized to
work by multiple mechanisms, each product is
categorized below by the major mechanism thought to
exert its effect. For your convenience, an alphabetized
table of botanical products is also presented below.

Hypoglycemic Agents

The natural products covered in this section are all
agents that theoretically lower blood glucose. Each
individual product may have additional mechanisms of
action, which are also covered.

BANABA (LAGERSTROEMIA SPECIOSA)

Banaba is a crepe myrtle species indigenous to India.
The first published report of banaba use is from 1940.
Banaba is used for diabetes and weight loss. See
Figure 5 for an illustration of the banaba plant. The
banaba leaf is the portion thought to exert beneficial
effects. It is thought the active constituents of the
banaba leaf are corosolic acid and ellagitannins
(lagerstroemin, flosin B, and reginin A) ((14-16).
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Figure 5. Banaba Plant

https://commons.wikimedia.org/wiki/File:Inflorescence of Lagerstroemia speciosa.JPG

Mechanism of Action

It is hypothesized that banaba lowers blood glucose
by having an insulin-like effect and by activation of
insulin receptors (15-17).

Evidence

A randomized controlled trial studied the activity of 1%
corosolic acid (an active constituent of banaba) on
glucose control in patients with type 2 diabetes. This
was a dose-response study of 10 subjects aged 55-70
years. Subjects did not use any oral hypoglycemic
medications for 45 days prior to the clinical trial. Five
subjects in each group received either a hard or soft
gelatin capsule containing 1% corosolic acid of 16, 32,

and 48 mg doses (equivalent to 0.16 mg, 0.32 mg, and
0.48 mg of corosolic acid). Doses were given
sequentially with a 10-day wash-out period between
dose escalation. Blood glucose levels were measured
via finger-prick sample. Compared to control blood
glucose levels, 1% corosolic acid from a soft gelatin
capsule resulted in a statistically significant percent
reduction in blood glucose levels at the 32 mg (10.7%
1+ 1.4) and 48 mg (30.0% % 3.4) doses (p <0.05). The
hard gel formulation resulted in a significant (p <0.05)
percentage reduction in blood glucose for only the 48
mg dose (20.2% = 1.29). Results are summarized in
Table 3 (16).
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Table 3. Percent Reduction in Basal Blood Glucose Levels in Patients with Type 2
Diabetes After 15 Days of Treatment with Different Doses of 1% Corosolic Acid
Dosage Dose of 1% Corosolic Percent Reduction in Blood p-value
Form Acid (Equivalent Glucose Levels (£ SD)

Corosolic Acid Dose)

32 mg (0.32 mg) 10.7+1.4 <0.01

48 mg (0.48 mg) 30.0+34 <0.002

32 mg (0.32 mg) 6.5+1.13 <0.09

48 mg (0.48 mg) 20.2+1.29 <0.001

Data Source (16)

Fukushima and colleagues performed a double-blind
cross-over design trial in 31 subjects with type 2
diabetes. In this study, subjects were not randomized.
Subijects received oral supplementation with a 10 mg
corosolic acid (an active constituent of banaba)
capsule or placebo five minutes prior to a 75-g oral
glucose tolerance test. The majority of the subjects
had type 2 diabetes (n=19) while seven had impaired
glucose tolerance, one had impaired fasting glucose,
and four had normal glucose according to 1998 WHO
criteria. Subjects with diagnosed hypertension,
hepatic, or renal disease; engaged in heavy exercise;
or took any medication were excluded. Thirty minutes
after the oral glucose tolerance test, there were no
differences in plasma glucose levels. The corosolic
acid treatment group showed lower glucose levels
from 60 minutes until 120 minutes after glucose
administration. Statistical significance was reached at
90 minutes (p<0.05). (18)

Adverse Effects and Warnings

Banaba extract appears to be well tolerated when
used orally. Dizziness, headache, tremor, weakness,
diaphoresis, and nausea have been reported.

Interactions

As banaba lowers blood glucose, it should be used
with caution in those using other hypoglycemic agents.
Banaba may also lower blood pressure and may have
an additive effect with other antihypertensives (16).

Summary

Banaba is possibly effective for the treatment of type
2 diabetes. Data from human studies investigating
banaba demonstrate corosolic acid’s potential to lower
blood glucose. Small sample size and short study
duration limit applicability of results.

BITTER MELON (MOMORDICA CHARANTIA)

Bitter melon is a plant cultivated in India, Asia, South
America, and the Caribbean. Local nomenclature for
Bitter melon varies — in India it is known as karela,
bitter melon, and bitter gourd. It can also be known as
wild cucumber, ampalaya, and cundeamor. (19 20). A
member of the melon family, bitter melon is consumed
in Asian cuisine and used both orally and topically.
Uses for bitter melon include diabetes, cancer, and
HIV. See Figure 6 for an image of the bitter melon
plant (21).
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Figure 6. Bitter Melon Plant

https://lcommons.wikimedia.org/wiki/File:Momordica charantia_ (Bitter melon) leaves and a flower.jp

9

Mechanism of Action

It is thought bitter melon has insulin-like properties.
Additionally, it is hypothesized bitter melon decreases
hepatic gluconeogenesis, increases hepatic glycogen
synthesis, and increases peripheral glucose oxidation
in erythrocytes and adipocytes (22).

Evidence

A randomized, double-blind, placebo-controlled trial
studied the effect of bitter melon on hemoglobin A1c

(HbA1c) in patients with diabetes. Forty patients with
newly diagnosed or inadequately controlled type 2
diabetes with HbA1c between 7 and 9% were
included. In addition to standard treatment, patients
were randomized to receive bitter melon capsules or
placebo capsules. After 12 weeks, the mean
difference in HbA1c was 0.22% lower in the treatment
group (95% CI: -0.40 to 0.84). This result was not
statistically significant (p=0.4825) (23).

A meta-analysis was conducted to evaluate the
efficacy of bitter melon in lowering elevated plasma
glucose levels in patients with prediabetes and type 2
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diabetes mellitus. Ten studies were included in the
meta-analysis and ranged from 4 to 16 weeks in follow
up. Overall, bitter melon lowered fasting plasma
glucose by 13 mg/dL (95% CI. -23.9 to -2.2).
Postprandial glucose decreased by 25.7 mg/dL (95%
Cl: -39.2 to -12.1) and HbA1c decreased by 0.26%
(95% CI, -0.49 to 0.03). Of note, the studies had
overall bias risk of moderate to high. The study authors
rated the evidence quality low due to risk of bias and
inadequate sample size (24).

A Cochrane Review of four randomized controlled
trials found no statistically significant difference in
glycemic control with bitter melon compared to
placebo. Additionally, there was no significant change
in glycemic control compared to metformin and
sulfonylureas. Of note, no significant interactions were
noted (25).

Adverse Effects and Warnings

Adverse effects reported include abdominal

discomfort, pain, and diarrhea (23).

Bitter melon has been used as an abortifacient agent.
Animal research confirms two proteins isolated from the
plant possess abortifacient properties and may decrease
fertility (26).

Interactions

As bitter melon may lower blood glucose, it should be
used with caution in those using other hypoglycemic
agents.

Bitter melon may increase levels of drugs that are P-
glycoprotein substrates. For example, levels of
apixaban, cimetidine, corticosteroids, diltiazem,
erythromycin, fexofenadine, linagliptin, rivaroxaban,
and verapamil may be increased with concurrent
bitter melon use.

Those with G6PD deficiency should avoid use due to
risk of developing favism (22).

Summary

Bitter melon is commonly used medicinally and in
cuisine. There is a paucity of evidence to support its
blood glucose lowering efficacy in patients with type 2
diabetes. Bitter melon has abortifacient properties and
should be avoided in pregnancy.

FENUGREEK (TRIGONELLA FOENUM-GRAECUM)

Fenugreek is an aromatic herb native to the
Mediterranean region, southern Europe, and western
Asia. The plant appears clover-like and leaves are
used in Indian cuisine (see Figure 7 for an illustration).
The seed is considered to be the pharmaceutically
active portion of Trigonella foenum-graecum. If
consuming fenugreek seeds, one must crush them to
release the viscous gel fiber to increase efficacy. The
flavor and fragrance of the seed is similar to maple
syrup. Fenugreek seeds are approximately 50% fiber
(30% soluble and 20% insoluble fiber) (27).
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Figure 7. Fenugreek Plant https://en.wikipedia.org/wiki/Fenugreek

Mechanism of Action

Fenugreek is thought to lower blood glucose via
multiple mechanisms. As fenugreek seeds are fiber
rich, it is thought this may slow postprandial glucose
absorption (27). Bioactive compounds in fenugreek
include 4-hydroxyisoleucine (which accounts for the
majority), saponins, alkaloids, and coumarins (28). 4-
hydroxyisoleucine increases glucose-dependent

insulin secretion in human beta-islet cells (29).
Fenugreek, along with other herbal products used for
the treatment of type 2 diabetes, contains biguanide-
related compounds. In fact, the history of metformin
can be traced back to the use of French lilac as herbal
medicine in medieval Europe (30).

Evidence
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A meta-analysis evaluating ten trials of fenugreek
found both fasting blood glucose and HbA1c
significantly decreased with fenugreek compared to
placebo. The weighted mean difference in HbA1c was
-0.58% (95% CI: -0.99 to -0.17, p<0.05). The same

analysis found a difference in fasting blood glucose of
—12.94 mg/dL (95% CI: -21.39 to -4.49, p<0.05). See
Table 4 for a summary of the results of the meta-
analysis (31).

Table 4. Fenugreek Meta-Analysis Results

Parameter Pooled Mean Heterogeneity p-value
Difference (1?) Heterogeneity
(95% ClI)

HbA1c -0.58% (-0.99t0 -0.17) | 0% 0.61

Fasting blood glucose | -12.94 mg /dL 85% 0.0001

Data Source (31)

A study evaluating the effect of fenugreek on glycemic
control enrolled 25 patients with type 2 diabetes
mellitus. Baseline fasting glucose was less than 200
mg/dL in all study participants. Half of patients
received 1 g of hydroalcoholic extract of fenugreek
seeds while the other half received placebo. At the end
of two months, the fenugreek group’s fasting and two
hour post prandial glucose levels were not different
from placebo. There was, however a difference
favoring fenugreek in area under the curve of blood
glucose (2375 +/- 574 vs 27597 +/- 274) as well as
insulin (2492 +/- 2536 vs. 5631 +/- 2428) (p < 0.001).
Homeostatic model assessment for insulin resistance
(HOMA-IR) was lower in the fenugreek group (86.3 +/-
32 vs. 70.1 +/- 52) and insulin sensitivity increased
(112.9 +/- 67 vs 92.2 +/- 57) (p < 0.05) (32).

Adverse Effects and Warnings

Adverse effects of fenugreek include diarrhea,

heartburn, and flatulence (27).

Fenugreek is aromatic and smells similar to maple
syrup. Consumption prior to delivery may cause the
neonate to have this odor, which may lead to
confusion with maple syrup urine disease (33).

Patients with chickpea allergies should use fenugreek
with caution as there is potential for cross-reactivity.
Furthermore, fenugreek may cause uterine
contractions and should be avoided in pregnancy (27).

Interactions

Fenugreek preparations may contain coumarin and
increase the risk of bleeding with anticoagulants.
Theophylline levels may be decreased with
concomitant use. As fenugreek may lower blood
glucose levels, use cautiously with other agents that
decrease glucose (27).

Summary

Fenugreek is a commonly used herb that is possibly
effective for the treatment of hyperglycemia in patients
with type 2 diabetes. Due to the risk of uterine
contractions, fenugreek should not be used in
pregnancy. Fenugreek may contain coumarin and
should be used cautiously with anticoagulants.

GYMNEMA (GYMNEMA SYLVESTRE)
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Gymnema is a plant native to tropical and subtropical
regions of Asia, Africa, and Australia. Ayurvedic
medicine has long utilized gymnema and its Hindi
name is gurmar, which means “destroyer of sugar”

(34). The pharmaceutically active parts of gymnema
are the leaves and roots. See Figure 8 for an image of
the gymnema plant (35).

Figure 8. Gymnema Plant HTTPS://COMMONS.WIKIMEDIA.ORG/WIKI/FILE:GYMNEMA_SYLVESTRE_R.BR_-_FLICKR_-

_LALITHAMBA.JPG

Mechanism of Action

The active constituents of gymnema appear to be
gymnemosides, saponins, stigmasterol, and various
amino acid derivatives. In terms of glucose lowering, it
appears gymnema reduces intestinal absorption of
glucose. It may also increase enzymes that promote
cellular glucose update. It is hypothesized gymnema
impacts beta cells — particularly by increasing cell
quantity and by stimulation of insulin release (36-38).

Evidence

Despite gymnema’s historical use, there are few
human studies evaluating its efficacy in patients with
diabetes.

Gymnema was studied in 64 patients with type 1
diabetes in an open-label, non-randomized, controlled
trial. The study group received 200 mg twice daily of a
water-soluble extract of gymnema by mouth for 6 to 60
months. All participants remained on insulin
throughout the duration of the study. Insulin
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requirements were reduced by 50% in those in the
gymnema group. Additionally, blood glucose and
HbA1c levels were reduced (39).

An open-label and non-randomized trial studied
gymnema in 47 patients with type 2 diabetes mellitus.

400 mg of a water-soluble extract of gymnema was
administered for 18 to 20 months to 22 of the
participants. At the conclusion of the study, the
gymnema group had significantly lower fasting
glucose (29% reduction, p<0.001). HbA1c levels were
also significantly (p<0.001) lower in the gymnema

H o) o
In addition to conventional oral hypoglycemic agents, group (.baselllne 11.9% to 8.48%). Results are
summarized in Table 5 (40).
Table 5. Effect of Gymnema on Patients with Type 2 Diabetes Mellitus
Gymnema Group Control Group
Baseline 18-20 months | p-value | Baseline | 18-20 | p-value
months
Fasting blood glucose (mg/dL) | 174 +7 124 £ 5 <0.001 | 150+4 | 157+ | >0.05
4
HbA1c (%) 11.91+0.30 | 848+0.13 |<0.001 | 10.24+ | 10.47 | >0.05
0.15 +0.14
Data Source (40)
Adverse Effects and Warnings Summary

A case of acute hepatitis secondary to gymnema use
has been reported (34).

Interactions

Gymnema may potentiate the effects of other agents
that lower glucose. There is evidence to suggest
gymnema can inhibit and induce certain liver
enzymes. For example, gymnema may inhibit
cytochrome P450 (CYP) 1A2 and increase circulating
levels of medications such as clozapine,
cyclobenzaprine, mexiletine, olanzapine, propranolol,
theophylline, and zolmitriptan. Gymnema may induce
CYP 2C9 and decrease levels of concurrently used
medications such as nonsteroidal anti-inflammatory
drugs, glipizide, losartan, and warfarin (41).

Gymnema has been long used in Ayurvedic medicine.
It is thought to lower blood glucose via multiple
mechanisms. There are minimal human studies
evaluating gymnema’s efficacy, but preliminary
evidence shows promise.

Insulin Sensitizers

The natural products contained in this section are
known to be insulin sensitizers. This means they
improve the sensitivity of cells to the effects of insulin.
Products may also employ other mechanisms of
action, which are addressed.

AMERICAN GINSENG (PANAX QUINQUEFOLIUS)
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American ginseng is from the Panax genus. While
named similarly, American ginseng (Panax
quinquefolius) is different from Asian ginseng (Panax
ginseng). As the name suggests, American ginseng is
found mostly in North America and is considered

endangered in some states (42). Currently in the
United States, only eighteen states allow for the
harvesting of American ginseng. See Figure 9 for an
image of the American ginseng plant (43).

Figure 9. American Ginseng Plant HTTPS://COMMONS.WIKIMEDIA.ORG/WIKI/FILE:AMERICAN-GINSENG-WITH-

FRUIT.JPG

Mechanism of Action

The root of the American ginseng plant is the portion
that exerts a pharmaceutical effect. Saponins,
specifically ginsenosides, are hypothesized to reduce
glucose levels (44 45). The primary mechanism is
thought to be insulin sensitization, but increased
insulin secretion may also play a part (45).

Evidence

Vuksan and colleagues performed a randomized,
double-blind, cross-over trial to evaluate the efficacy
and safety of American ginseng as complementary
therapy in patients with type 2 diabetes mellitus using
conventional therapy. Participants (n=24) received
either 1 g of American ginseng extract or placebo for
8-weeks while continuing their original conventional
therapies. After a 4-week washout period, participants
were crossed over to the opposite 8-week treatment
arm. American ginseng reduced HbA1c by 0.29% (p =
0.041) and plasma blood glucose by 12.8 mg/mL
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(p=0.008). The safety parameters studied, liver and
kidney function, were not affected (46).

Vuksan and colleagues performed a randomized,
single-blind, controlled study in ten patients to
evaluate the efficacy of various doses of American
ginseng. Participants received either placebo or 3, 6,
or 9 g of American ginseng prior to a 25-g oral glucose
challenge. Capillary glucose was measured during the
study duration. Compared to placebo, American
ginseng significantly decreased glucose (p<0.05) for
the 3, 6, and 9 g doses. Glucose area under the curve
was also reduced (19.7% for the 3 g dose, 15.3% for
the 6 g dose, and 15.9% for the 9 g dose). There was
no difference between the various American ginseng
doses (45).

Due to concern over varying ginsenoside
concentrations in different products, a follow up study
was completed. The objective of this study was to
determine the efficacy of American ginseng with a
different ginsenoside profile. Twelve participants
received 6 g of American ginseng or placebo after a
75-g oral glucose load. There was no significant
difference in venous blood glucose levels at -40, 0, 15,
30, 45, 60, 90, and 120 minutes between the groups.
There was also no difference in plasma insulin levels.
The American ginseng used in this study contained
1.66% total ginsenosides with the breakdown being
0.90% protopanaxodiol ginsenosides (PPD) and
0.75% protopanaxatriol ginsenosides (PPT) (47).

Adverse Effects and Warnings

Headache is the most common side effect reported
with American ginseng use (48).

American ginseng should not be confused for Asian
ginseng (Panax ginseng) or Siberian ginseng
(Eleutherococcus senticosus) (42).

Interactions

American ginseng may stimulate immune function and
may theoretically decrease the effect of
immunosuppressants (49).

American ginseng can decrease the efficacy of
warfarin. Concomitant use is not advised (50).

As American ginseng can lower glucose, it should be
used cautiously with other glucose lowering agents
(45).

Summary

Limited trials suggest American ginseng (Panax
quinquefolius) may lower blood glucose. However,
variability of product ginsenoside profile can impact
efficacy. Concomitant warfarin use is not
recommended due to decreased warfarin
effectiveness. American ginseng is often confused
with Asian (Panax ginseng) or Siberian ginseng
(Eleutherococcus senticosus).

BANABA (LAGERSTROEMIA SPECIOSA)

Banaba is a natural product with multiple mechanisms.
It was previously covered in the “Hypoglycemia
Agents” section.

BERBERINE

Berberine is a bitter tasting plant alkaloid extracted
from various plants. Goldenseal, goldthread, Oregon
grape, European barberry, phellodendron, and tree
turmeric are all sources. See Figure 10 for an image
of European barberry, a source of berberine.
Berberine is used for glucose lowering, dyslipidemia,
hypertension, and infections (51).
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Figure 10. European Barberry (Berberis vulgaris) — A Source of Berberine
HTTPS://COMMONS.WIKIMEDIA.ORG/WIKI/FILE:BERBERIS_VULGARIS_%27ATROPURPUREA%27_003.JPG

Mechanism of Action

Berberine’s glucose lowering properties are thought to
be from increased insulin secretion, increased
glycolysis, increased levels of GLUT-4 and GLP-1,
activation of PPAR gamma receptors, and alpha-
glucosidase inhibition (52-54).

Evidence

A systematic review and meta-analysis evaluated the
effect of berberine on glucose control in patients with

type 2 diabetes mellitus. Twenty-eight studies were
included and weighted mean differences (WMD) were
calculated for fasting blood glucose, post-prandial
glucose, and HbA1c. Berberine appeared to decrease
all parameters. However, there was significant
heterogeneity between the studies in all parameters.
Results of the meta-analysis are shown in Table 6
(55).
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Table 6. Effect of Berberine on Glucose in Patients with Type 2 Diabetes Mellitus

Parameter | Weighted Mean Heterogeneity | p-value p-value | p-value
Distribution (1) Heterogeneity | Egger’s | Begg’s
(95% Cl) test Test

HbA1c (%) |-2.0(-2.2t0-1.7) 97.6% 0.000 0.048 0.045

Fasting 9.7 88.1% 0.000 797 0.902

blood (-13.9t0-5.4)

glucose

(mg/dL)

Post -16.9 71.3% 0.000 0.846 0.573

prandial (-22.9 to -11.0)

glucose

(mg/dL)

Data Source (55)

Berberine has also been studied in a randomized
controlled trial compared to metformin, a medication in
the biguanide class. In this study, 36 patients that were
recently diagnosed with type 2 diabetes were
randomized to either berberine 500 mg three times
daily or metformin 500 mg three times daily for three
months. In the berberine group, HbA1c decreased
from 9.5 £ 0.5% to 7.5 + 0.4% (p<.01). Fasting blood
glucose changed from 191 + 16 mg/dL to 124 + 9
mg/dL (p<0.01). Postprandial glucose also decreased
from 357 £ 31 mg/dL to 214 + 16 mg/dL (p<0.01).
These differences were similar to metformin. At the
end of the trial, the HbA1c lowering effect of berberine
was similar to metformin (56).

Adverse Effects and Warnings

Gastrointestinal side effects are most common with
berberine (diarrhea, constipation, flatulence,
abdominal pain, and vomiting).

Uterine contractions are a side effect of berberine.
Berberine is also thought to cross the placenta and
neonatal kernicterus may result when ingested during
pregnancy. Use in pregnancy is not recommended.

Berberine can be transferred through breastmilk (57
58).

Interactions

Berberine may inhibit cytochrome P450 3A4, 2D6, and
2C9 and should be used cautiously with other agents
that are substrates, inhibitors, or inducers of these
hepatic enzymes. Of note, cyclosporine levels can be
increased and concomitant use is not advised (59 60).

As berberine lowers glucose, caution should be
exercised when used with other agents that lower
glucose. Berberine may increase the risk of bleeding
when used with anticoagulants (61).

Summary

Berberine is an alkaloid extract derived from various
plants. There is evidence to suggest berberine lowers
fasting glucose, postprandial glucose, and HbA1c.
Berberine may cause uterine contractions and
kernicterus so should be avoided during pregnancy.
There is concern that berberine inhibits several CYP
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enzymes and may contribute to multiple drug
interactions.

CHROMIUM

Chromium is a mineral essential to humans. It is found
naturally in brewer's yeast (where it was first
discovered), oysters, mushrooms, liver, potatoes,
beef, cheese, and fresh vegetables. Chromium exists
in two valences — trivalent and hexavalent. Trivalent
chromium (Cr*® or Cr Ill) is the biologically active form
found in food and supplements. Hexavalent chromium
(Cr*® of Cr VI) is a toxic manufacturing byproduct and
may cause lung cancer, dermatologic issues, and
perforated nasal septum with chronic exposure (62
63). Chromium in this section will refer to the
commercially available trivalent chromium.

Chromium may be referred to as glucose tolerance
factor (63 64). However, glucose tolerance factor is a
complex that contains, amongst other molecules,
chromium. There is an apparent association between
low chromium levels and impaired glycemic control
(65).

The Food and Nutrition Board of the Institute of
Medicine determined there was not sufficient evidence
to set an Estimated Average Requirement for
chromium consumption. However, they did suggest
Adequate Intake (Al) levels. For adults, the Al is 35
mcg per day for men and 25 mcg per day for women.
Due to the fact few serious adverse effects are
associated with excess chromium from food, there is
no designated Tolerable Upper Intake Level (63).

Chromium is typically found in the chloride, nicotinate,
and picolinate salt forms. It is thought the picolinate
salt is absorbed by humans best (62 66).

Mechanism of Action

The exact mechanism of chromium has not been
elucidated. Chromium has an insulin sensitizing effect
by reducing the content and activity of the tyrosine
phosphatase PTP-1B (67). Alternatively, chromium
might act directly on the insulin receptor (68 69).

Evidence

Despite plausible mechanisms of action, there is
mixed evidence surrounding chromium for the
treatment of diabetes (64 70).

A meta-analysis of 28 randomized controlled studies
was published in 2020. It was conducted to investigate
the effect of chromium on glycemic control in patients
with type 2 diabetes mellitus. The weighted mean
differences revealed significant reductions in HbA1c (-
0.71%, p = 0.004) and fasting blood glucose (-19.0
mg/dL, p = 0.030) with chromium use. Insulin levels (-
12.35 pmol/L, p <0.001) and homeostatic model
assessment for insulin resistance (HOMA-IR) were
also significantly lower with chromium. HOMA-IR
levels decreased by 1.53 (p <0.001). There was
significant heterogeneity between studies for HbA1c,
fasting blood glucose, insulin, and HOMA-IR. Results
are shown in Table 7 (71).
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Table 7. Meta-Analysis Results of the Effect of Chromium on Glycemic Control in

Patients with Diabetes

Parameter | Weighted Mean | p-value Heterogeneity | p-value p-value
Distribution Weighted (1) Heterogeneity | Begg’s
(95% Cl) Mean test

Distribution

HbA1c (%) |-0.71 0.004 99.2% <0.001 0.143
(-1.19t0 -0.23)

Fasting -19.0 0.030 99.8% <0.001 0.086

blood (-36.15 to -1.85)

glucose

(mg/dL)

Insulin level | -12.35 <0.001 98.1% <0.001 0.363

(pmol/L) (-17.86 to -6.83)

HOMA-IR -1.53 <0.001 89.9% <0.001 0.466
(-2.351t0 -0.72)

Data Source: (71)

Another meta-analysis of 25 randomized controlled

trials evaluating the efficacy of chromium
supplementation was published in 2014. Of these
trials, the majority studied chromium

monosupplementation (22) while two trials studied
chromium in combination with biotin and one trial
studied chromium with vitamins C and E. Trial duration
varied from 4 to 24 weeks. In the fourteen included
trials that assessed HbA1c, there was a statistically
significant change of -0.55% (95% ClI, -0.88 to -0.22).
Twenty-four studies evaluated fasting glucose and the

pooled mean change was -20.7 mg/dL (95% ClI, -33.1
to -8.5). Monosupplementation with chromium
significantly decreased triglycerides (-26.6 mg/dL,
p=0.002) and increased high density lipoprotein
concentration (4.6 mg/dL, p=0.01). There was no
change in total cholesterol or low-density lipoprotein
concentrations. The meta-analysis authors concluded
chromium supplementation had favorable effects on
HbA1c and fasting glucose in patients with diabetes
(64). Results from this meta-analysis are presented in
Table 8.

Table 8. Meta-Analysis Results of the Effect of Chromium on Glycemic Control in

Patients with Diabetes

Parameter Pooled Mean Difference Heterogeneity P-Value
(95% CI)

HbA1c (%) -0.55% (-0.88 to -0.22) <0.00001

Fasting glucose (mg/dL) -20.7 mg/dL (-33.1 to -8.5) <0.00001

Data Source: (64)

A meta-analysis from 2002 of 15 randomized
controlled trials was conducted to determine the

efficacy of chromium on glycemic control. Doses in the
included trials ranged from 10 to 1,000 micrograms of
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chromium daily and varied in terms of source
(brewer’s yeast, chromium chloride, chromium
nicotinate, chromium picolinate, or chromium-niacin).
Study duration ranged from one to 16 months. In terms
of fasting glucose, 14 studies and 463 patients were
included (n=38 with diabetes and n=425 without
diabetes). For all included patients, the fasting glucose
pooled mean difference was 0.5 mg/dL (95% Cl, -1.6
to 2.7) with no evidence of heterogeneity (p=0.97).
The effect of chromium supplementation on two-hour
OGTT results were included in five of the 14 trials. The
majority of patients did not have a diabetes diagnosis
(n=133 versus 8 with a diabetes diagnosis). The
pooled mean difference was 4.7 mg/dL (95% ClI, -4.3
to 13.7) with no evidence of heterogeneity (p=0.98).
Fasting insulin levels were recorded in 10 of the
studies (8 patients with diabetes and 326 without
diabetes). The pooled mean difference in fasting
insulin with chromium use was 0.28 pmol/L (95% ClI, -
7.0 to 7.5, heterogeneity p=0.097). Three of the trials

assessed HbA1c (33 healthy subjects, 24 with glucose
intolerance, and 155 with diabetes). There was no
association between chromium supplementation and
HbA1c in the study of healthy subjects. The single
study that included subjects with glucose intolerance
showed chromium supplementation was associated
with a nonsignificant reduction in HbA1c (mean
difference -0.30%; 95% ClI, -0.86 to 0.25). The study
that included subjects with diabetes showed a
reduction in HbA1c for different chromium doses
(mean difference for 1000 micrograms: -1.90%; 95%
Cl, -2.34 to -1.46; mean difference for 200
micrograms: -1.00%, 95% CI -1.55 to -0.45). Data
from the meta-analysis is presented in the following
table. The authors of the meta-analysis concluded
there was no effect of chromium on glucose or insulin
concentrations in subjects without diabetes. The data
for those with diabetes was inconclusive. Table 9
summarizes these results (70).

Table 9. Meta-Analysis Results of the Impact of Chromium on Glycemic Control
Parameter Number of | N N Patients | Chromium Heterogeneity
Studies Patients without Supplementation | P Value
with Diabetes Pooled Mean
Diabetes Difference (95%
Cl)

Fasting 14 38 425 0.5(-1.6t0 2.7) 0.97
glucose
(mg/dL)
2-hour 5 8 133 4.7 (-4.31t013.7) 0.98
glucose
tolerance test
(mg/dL)
Fasting 10 8 326 0.28 (-7.0t0 7.5) 0.097
insulin
(pmol/L)

Data Source: (70)
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Adverse Effects and Warnings

Trivalent chromium has demonstrated safety in large
doses (63 64). The picolinate form may cause
cognitive, perceptual, and moto dysfunction (72).

Hexavalent chromium is toxic and is listed as a known
carcinogen (63).

Interactions

There is a theoretical interaction between chromium
and iron (63).

Summary

Chromium is a mineral essential to humans and may
be referred to as glucose tolerance factor. There is
conflicting evidence in terms of efficacy. Meta-
analyses published in 2020 and 2014 suggested
chromium decreased HbA1c and fasting glucose in
patients with diabetes. Another meta-analysis
published in 2002 found chromium to have no impact
on glycemic control in those without diabetes.

CINNAMON (CINNAMOMUM AROMATICUM,
CINNAMOMUM CASSIA)

Cinnamon is a natural product derived from the dried
inner bark of the evergreen tree. It is commonly used

in many cuisines. Cinnamon commonly found in
grocery stores for culinary purposes is usually
Cinnamomum cassia, but may be Ceylon cinnamon
(73 74).

Mechanism of Action

Procyanidin polymers appear to be responsible for
cinnamon’s insulin sensitizing actions. It may also
stimulate insulin release and increase GLP-1 and
GLUT-4 levels. Evidence also suggests cinnamon
increases cellular glucose uptake (75-77).

Evidence

Cinnamon has shown mixed results in various trials in
patients with diabetes (78-80).

In 2012, a Cochrane Review was published evaluating
the effectiveness of cinnamon in patients with type 2
diabetes mellitus. The primary outcomes included
fasting glucose, postprandial glucose, and adverse
effects. Change in HbA1c was a secondary outcome.
There was not a statistically significant change in
fasting glucose (-1.4 mg/dL (95% ClI, -6.1, 3.2)), post-
prandial glucose (-7.0 (95% CI, -14.9, 0.9)), or HbA1c
-0.06% (95% Cl, -0.29, 0.18). There was no difference
in adverse effects between users and non-users of
cinnamon (OR 0.83 (95% CI, 0.22, 3.07), P = 0.77; n
= 264; 4 trials). Table 10 presents results from this
review (81).
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Table 10. Cochrane Review Results of the Effect of Cinnamon on Glycemic Control in
Patients with Diabetes
Parameter Weighted Mean p-value Heterogeneity | Number of
Distribution Weighted (1?) Trials
(95% Cl) Mean
Distribution
HbA1c (%) -0.06% 0.63 0% 6
(-0.29 t0 0.18)
Fasting -1.4 0.06 0% 8
blood (-6.1 to 3.2)
glucose
(mg/dL)
Postprandial | -7.0 0.08 n/a 1
glucose (-14.91t0 0.9)
(mg/dL)

Data Source: (81)

More recently, a systematic review and meta-analysis
by Deyno and colleagues was published to evaluate
the efficacy of cinnamon in patients with type 2
diabetes mellitus and pre-diabetes. Sixteen
randomized controlled studies were included in the
meta-analysis. There was no significant change in
weighted mean difference of HbA1c and lipid profiles.

There was, however, a statistically significant
difference in fasting blood glucose and Homeostatic
Model Assessment for Insulin Resistance (HOMA-IR).
High heterogeneity was observed in the included
studies and cinnamon doses ranged from 1 g to 14.4
g a day. Results can be found in Table 11 (82).

Table 11. Meta-Analysis Results for the Effect of Cinnamon on Glycemia and

Lipoprotein Levels

Parameter Weighted Mean Difference Heterogeneity
(95% ClI) (1?)

Glycemic

Fasting plasma glucose (mg/dL) | -9.8 (-16.4 to -3.2) 83.6%

HbA1c (%) -0.104 (-0.138, 0.110) 69.6%

HOMA-IR -0.714 (-1.388, -0.04) 84.4%

Lipoprotein

Total Cholesterol (mg/dL) -3.6 (-7.3,0.2) 86.4%,

Low density lipoprotein -2.1(-4.9100.7) 86.0%

concentration (mg/dL)

High density lipoprotein -0.1(-1.1t0 0.9) 81.0%

concentration (mg/dL)

Triglycerides (mg/dL) -1.8 (-4.0t0 0.4) 69.0%

Data Source: (82)
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A meta-analysis by Allen and colleagues published 5 years prior aimed to evaluate the efficacy of cinnamon on
glycemia and lipoprotein levels. This meta-analysis reviewed ten randomized controlled cinnamon studies
(n=543). The doses of cinnamon ranged from 120 mg daily to 6 g daily for one to four months. Fasting plasma
glucose was significantly lower in cinnamon users (24.59 mg/dL; 95% CI, -40.52 to -8.67). HbA1c was not
significantly different (-0.16%; 95% CI, -0.39 to 0.02). LDL-C, or low- density lipoprotein concentration, and
triglycerides were significantly lower. High density lipoprotein concentration (or HDL-C) significantly increased.
The authors suggested a major limitation to the analysis was the high degree of heterogeneity of the various
studies analyzed (72).

A randomized, double-blind, placebo-controlled trial evaluated the effect of cinnamon on 66 Chinese patients
with type 2 diabetes (HbA1c greater than 7% and fasting glucose greater than 144 mg/dL). Patients were not
receiving insulin or other glucose-lowering agents aside from glicazide, a sulfonylurea, of which all participants
were taking 30 mg daily. Patients were randomized to 120 mg daily of cinnamon, 360 mg daily of cinnamon, or
placebo for 12 weeks. Both the 120 mg and 360 mg cinnamon groups significantly lowered HbA1c and fasting
plasma glucose. There was no significant change in either parameter for the placebo group Results are provided
in Table 12 (83).

Table 12. Effect of Various Cinnamon Doses on Glycemic Parameters

Cinnamon 120 mg
Daily Group

Cinnamon 360 mg
Daily Group

Placebo Group

Change in HbA1c
(%) (95% ClI)

-0.67 (-1.1 to -0.25)

-0.93 (-1.38 t0 -0.47)

0.00 (-0.61 to 0.61)

Change in fasting

-18.4 (-29.0 to -7.57)

-29.2 (-41.8t0 -16.8)

-3.96 (-24 to 16)

plasma glucose
(mg/dL) (95% Cl)
Data Source: (83)

Adverse Effects and Warnings Due to concerns of hepatic injury when large doses of
cinnamon are used, use cautiously with other

Cinnamon is typically tolerated well (84-86). hepatotoxic agents.

Cinnamon may decrease glucose levels and should
be used cautiously with other agents that lower
glucose.

Cinnamon is a natural source of coumarin and use
therefore presents a theoretical risk of hepatic injury
(87).

. Summar
Interactions y

Cinnamon is derived from the dried inner bark of
evergreen trees and is commonly used as a spice in
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cuisine. In terms of glycemic lowering, cinnamon
studies have shown varying results. However, the
most recent meta-analysis published suggests a
significant decrease in fasting plasma glucose with a
non-significant decrease in HbA1c. Cinnamon is
typically well tolerated.

GYMNEMA (GYMNEMA SYLVESTRE)

Gymnema has multiple mechanisms of action is
addressed under the “Hypoglycemic Agents” section.

MILK THISTLE (SILYBUM MARIANUM)

Milk thistle (Silybum marianum) is a member of the
aster family which also includes daisies and thistles
(88). The plant itself is edible and was native to Europe
before introduction to North America. Currently, milk
thistle is found in Europe, North America, India, China,
South America, Africa, and Australia (89).

Milk thistle has a long history of medicinal use. Use
dates back to the time of ancient Greece. Milk thistle
is used for diabetes, liver support, and menstrual
support. An image of the milk thistle plant can be found
in Figure 11 (89, 90).
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Figure 11. Milk Thistle Plant https://commons.wikimedia.org/wiki/File:(1)_Milk_thistle.jpg

Mechanism of Action

The mechanism of action of milk thistle for glycemic
control is not fully understood. The pharmaceutically
active portions of the plant are the seeds and the
above ground portions. Milk thistle seed extract is
comprised primarily (up to 80%) of silymarin. Silymarin
contains various flavonolignans, the most active being
silybin or silibinin (88 89 91).

Silymarin decreases insulin resistance and may have
a protective pancreatic effect through a mechanism
thought to involve antioxidant properties (92 93).

Carbohydrate-induced glycolysis is decreased by
silibinin through pyruvate kinase inhibition (89 94).

Evidence

Milk thistle has been studied in randomized controlled
trials. In 2020, a meta-analysis was published to
evaluate the efficacy and safety of milk thistle in
patients with glucose or lipid metabolic dysfunction.
Sixteen studies (n=1358) were included in the
analysis. Fasting blood glucose levels and HbA1c
were reduced significantly in milk thistle users
compared to placebo. There was no difference
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between the groups in liver enzymes, creatinine
phosphokinase, or creatinine. Results are shown in
Table 13 (95).

Table 13. Effect of Silymarin on Glucose and Lipid Parameters

Parameter Weighted Mean Difference p-value
(95% CI)

Fasting plasma glucose (mg/dL) | -22.9 mg/dL (-32 to -13.7) <0.001

HbA1c (%) -1.88 (-2.57 to -1.20) <0.001

Data Source: (95)

A meta-analysis of trials was published in 2011 that
evaluated the impact of milk thistle on glycemic control
in patients with type 2 diabetes. Two studies (n=89)
were identified that met analysis criteria. The mean
pooled difference in fasting glucose was -38.1 mg/dL
(95% Cl, -66.6 to -9.5). The mean pooled difference in
HbA1c was -1.92% (95% CI, -3.32 to -0.51).
Heterogeneity for both had p-values of less than 0.05.

The authors concluded milk thistle may improve
glycemic control in patients with type 2 diabetes.

The two studies included in the aforementioned meta-
analysis each individually showed statistically
significant change in fasting glucose as well as HbA1c
(92 96). Results are shown in the Tables 14 and 15.

Table 14. The Effect of Milk Thistle on Glycemic Control

Parameter Milk Thistle Treatment (SD) | Control (SD) P-Value

Fasting glucose 133 (39) 188 (48) 0.001

(mg/dL)

HbA1c (%) 6.8 (1.1) 9.5(2.2) 0.001
Data Source: (92)

Table 15. The Effect of Milk Thistle on Fasting Glucose and HbA1c

Parameter Milk Thistle Treatment (SD) | Control (SD) P-Value

Fasting glucose 167.58 (9.9) 193.14 (16.1) <0.01

(mg/dL)

HbA1c (%) 7.45 (0.8) 8.71 (0.63) <0.05

Data Source: (96)

Milk thistle has also been studied in combination with
berberine. The combination of the two was more
effective than berberine alone in reducing HbA1c in
type 2 diabetes patients (97).

Adverse Effects and Warnings

Milk thistle is typically well tolerated. Side effects
include nausea, diarrhea, and abdominal bloating
(98).

As milk thistle is a member of the aster family, cross
reactivity may exist with other plants. Those with a
daisy or ragweed allergy may experience a cross
reaction with milk thistle use (88).
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Interactions

Milk thistle may inhibit certain cytochrome P450
isoenzymes. The isoenzymes 2C8, 2C9, 2D6, 3A4,
and 3A5 may all be inhibited with concomitant use (99
100).

As milk thistle may lower glucose levels, it should be
used cautiously with other hypoglycemia agents.
Increased warfarin levels may occur with concomitant
use (101).

Summary

Milk thistle is a member of the aster family and is used
for lowering glucose, liver support, and menstrual
support. There is modest evidence to suggest milk
thistle may lower glucose in patients with diabetes.

PRICKLY PEAR CACTUS (OPUNTIA FICUS-INDICA
AND OTHER OPUNTIA SPECIES), NOPAL

Prickly pear cactus is native to Mexico and found
widely in the southwestern United States, Africa,
Australia, and the Mediterranean. The berries of the
cactus are oval, edible, and may vary in color (102
103). Prickly pear cactus has been used historically in
Mexican cultures as a treatment for type 2 diabetes.
Figure 12 illustrates the prickly pear cactus plant
(104).
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Figure 12. Prickly Pear Cactus Plant
https://commons.wikimedia.org/wiki/File:Prickly pear cactus in Texas.jpg
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Mechanism of Action

Much of the prickly pear cactus plant is
pharmaceutically active — the leaves, flowers, stems,
and fruit are all thought to exert an effect. The plant
contains carbohydrate, protein, fat, and fiber (105). It
is thought prickly pear cactus lowers glucose by acting
as an insulin sensitizer and by slowing carbohydrate
absorption (102 105 106).

Evidence

A randomized, double-blind, placebo-controlled study
was conducted to evaluate and effect of prickly pear
cactus in obese patients with pre-diabetes. Patients
received either 200 mg of a proprietary prickly pear
product (n=15) or placebo (n=14). Patients underwent
two different oral glucose tolerance tests — one without
prickly pear cactus to determine baseline values and
one half an hour after prickly pear cactus ingestion.
There was a significant difference (p<0.05) in plasma
glucose concentrations at 60, 90, and 120 minutes
following the glucose tolerance test for the prickly pear
cactus group. There was no difference in HbA1c,
insulin levels, high sensitivity C-Reactive Protein, body
weight, or fat mass. There was also no difference in
comprehensive metabolic profile parameters (107).

Most prickly pear cactus trials were published in
Spanish only with abstracts available in English. Two
trials showed a decrease in postprandial glucose from
prickly pear administration (108 109). Another trial
showed when added to a high-carbohydrate or high-
soy-protein breakfast, prickly pear cactus decreased
glucose area under the curve (110).

Adverse Effects and Warnings

Prickly pear cactus is generally tolerated well when
used orally. Side effects include nausea, diarrhea, and
headache (105).

Interactions

Prickly pear cactus may lower glucose levels and
should be used cautiously with other agents that
impact glycemic control (107 110).

Summary

Prickly pear cactus was used historically in Mexican
cultures and is gaining popularity. There is preliminary
data to suggest prickly pear cactus may be effective in
lowering glucose. However, more studies are needed
to determine efficacy. Prickly pear cactus is usually
well tolerated.

SOY (GLYCINE MAX)

Soy comes from the soybean, a legume originating
from Asia. In fact, prior to the 1950s soybean was
seldom grown outside of the region. Now soybeans
are grown in other regions such as North and South
America. Soybeans are used in various food
preparations such as edamame, tofu, and soymilk. An
image of a soybean plant can be found in Figure 13
(111).
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Figure 13. Soybean Plant https://pixabay.com/en/soy-soybean-nature-green-998566/

Mechanism of Action

The portion of soy that is pharmaceutically active is the
bean. Soybeans are protein-rich and contain calcium,
iron, potassium, amino acids, vitamins, and fiber
(112). Soybeans contain phytoestrogens (isoflavones
and lignans) and phytosterols, which are biologically
active (113 114).

Soy works via various mechanisms. Soy has insulin
sensitizing properties and may slow carbohydrate
absorption due to its fiber content. It is hypothesized

that the fiber content of soy helps reduce glucose
levels (112 115).

Evidence

Results on the efficacy of soy in type 2 diabetes are
conflicting. A systematic review and meta-analysis
summarizing the association of soy intake and the risk
of type 2 diabetes was published in 2020. Fifteen
studies were included (n = 565,810) and multivariable-
adjusted relative risks were determined. The relative
risk of incidence of type 2 diabetes was 0.83 (95% Cl,
0.68 to 1.01); p>0.05) for total soy. The relative risk for
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soy milk was 0.89 (95% CI, 0.71 to 1.11; p>0.05); tofu
was 0.92 (95% CI, 0.84 to 0.99; p<0.05), soy protein
was 0.84 (95% ClI, 0.75 to 0.95; p<0.05), and soy
isoflavones was 0.88 (95% ClI, 0.81 to 0.96; p<0.05).
High heterogeneity was observed in the total soy (I° =
90.8%) and soy milk (1> = 91.7%) categories. Inverse
linear associations were observed for the tofu, soy
protein, and soy isoflavone groups. The quality of
evidence was rated as low for the total soy, soy milk,
tofu, soy protein, and soy isoflavone groups. The study
authors suggested dietary intake of tofu, soy protein,
and soy isoflavones are inversely associated with type
2 diabetes incidence. They found no association
between total soy intake and incidence of type 2
diabetes. The authors cautioned that the overall
quality of evidence was low (116).

In 2018, a meta-analysis was published that aimed to
evaluate the efficacy of soy in preventing diabetes.
Eight studies were included in the meta-analysis. Soy
intake decreased the risk of type 2 diabetes with an
overall risk reduction of 0.77 (95% CI, 0.66 to 0.97).
Soy protein and isoflavone intake lowered the risk of
diabetes with risk reduction of 0.77 (95% CI, 0.80 to
0.97). A subgroup analysis looked at the relationship
of soy intake in women and Asian populations.
Women had a risk reduction of 0.65 (95% ClI, 0.49 to
0.87) and Asian populations had a risk reduction of
0.73 (95% CI, 0.61 to 0.88). The study authors
concluded soy intake may be associated with a
decreased risk of type 2 diabetes (117).

Yang and colleagues performed a meta-analysis
evaluating the impact of soy on glycemic control and
lipoproteins in patients with type 2 diabetes. Eight
studies were included and found there was no
association between soy consumption and fasting
glucose and HbA1c. There was, however, a significant
reduction in serum cholesterol, triacylglycerol, and
LDL-C, associated with soy use (p<0.001 for all). The
authors concluded there was no significant effect of

soy on fasting glucose, insulin, or HbA1c, but there
was a favorable effect on serum lipids (118).

Another meta-analysis was published in 2011
examining the impact of soy intake on glycemic
control. Twenty-four trials were included (n=1,518).
The pooled mean change in fasting glucose was -0.69
mg/dL (95% CI, -1.65 to 0.27). Fasting insulin
concentrations decreased by 0.18 mg/dL (95% CI, -
0.70 to 0.34). The authors concluded there was no
significant overall effect of soy on fasting glucose and
insulin, but there was a favorable change in studies
that used whole soy foods or soy diet (119).

Adverse Effects and Warnings

Soy is generally well tolerated with side effects being
nausea, diarrhea, and bloating. There is concern that
soy may alter thyroid function, but this appears to
occur in those with iodine deficiency (120-122).

Interactions

Fermented soy products such as tofu may contain
small amounts of tyramine. Tyramine should be
avoided in those using monoamine oxidase inhibitors
(123).

Summary

Soy comes from the soybean plant and contains
phytoestrogens and phytosterols. There is some data
to suggest soy consumption may decrease the risk of
type 2 diabetes. Two meta-analyses showed soy did
not decrease fasting glucose of HbA1c in patients with
type 2 diabetes.

VANADIUM
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Vanadium is a mineral found in food sources such as
mushrooms, shellfish, black pepper, parsley, dill seed,
and certain prepared foods. Beer and wine are also
sources. Grains account for 13 to 30 percent of
vanadium in adult diets (63).

Mechanism of Action

Vanadium increases sensitivity to insulin and may
mimic insulin’s actions. It may stimulate glucose
oxidation and transport, stimulate hepatic glycogen
synthesis, inhibit hepatic gluconeogenesis, and
increase  glucose uptake. Vanadium inhibits
phosphotyrosine phosphatase enzymes which impact
the insulin receptor (124 125).

Evidence

A systematic review of five trials (n=48) evaluated
vanadium’s impact in glycemic control. Doses varied
from 50 mg to 300 mg of vanadium over three to six
weeks. All trials reported reductions in fasting glucose
values. However, none of the trials included controls
(73).

A study of vanadium’s role in glycemic control enrolled
11 patients with type 2 diabetes. Patients were treated
with 150 mg of vanadyl sulfate (a salt form of
vanadium) for 6 weeks. Treatment with vanadyl sulfate
decreased fasting glucose from 194 mg/dL + 16 to 155
mg/dL + 15. There was no change in body weight.
Patients had an increased rate of hepatic glucose
production (HGP) compared with controls (4.1 £ 0.2
vs. 2.7 £ 0.2 mg/kg lean body mass/min; p< 0.001),
which was closely correlated with fasting glucose (r =
0.56; p< 0.006). Vanadyl sulfate reduced HGP by
about 20% (P < 0.01), and the decline in HGP was
correlated with the reduction in FPG (r = 0.60; p<0.05).
Vanadyl sulfate also caused a modest increase in
insulin-mediated glucose disposal (from 4.3 £+ 0.4 to
5.1 £ 0.6 mg/kg lean body mass/min; P < 0.03),

although the improvement in insulin sensitivity did not
correlate with the decline in fasting glucose after
treatment (r = -0.16; p>0.05). Thus, vanadyl sulfate at
a dose of 150 mg/day for 6 weeks improves hepatic
and muscle insulin sensitivity in patients with type 2
diabetes. The glucose-lowering effect of vanadyl
sulfate correlated well with the reduction in HGP, but
not with insulin-mediated glucose disposal, suggesting
that liver, rather than muscle, is the primary target of
vanadyl sulfate action at therapeutic doses (126).’

Adverse Effects and Warnings

Acute vanadium toxicity does not appear to be a
common concern. Mild gastrointestinal effects such as
abdominal cramps and loose stools may occur. Animal
studies suggest vanadium may cause anemia.
However, this has not been shown in humans (63).

Interactions

There is theoretical concern that vanadium may
increase the risk of bleeding in anticoagulant agents
(127).

Summary

Vanadium is a mineral that may increase sensitivity to
insulin. There is a lack of human data to support the
use of vanadium as a glucose lowering agent, but
there is promise.

Carbohydrate Absorption Inhibitors

The natural products contained in this section are
known to be carbohydrate absorption inhibitors. This
means they theoretically lower plasma glucose by
preventing the absorption of ingested carbohydrate.
Products may also employ other mechanisms of
action, which are addressed.
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ALOE VERA GEL

Aloe is a desert plant that appears similar to a cactus
and typically grows in hot and dry climates. See Figure

14 for an image of the aloe plant. Aloe byproducts are
commonly used in cosmetics and medicine. The
byproducts aloe vera gel and aloe latex are common
(128).

Figure 14. Aloe Vera Plant https://en.wikipedia.org/wiki/File:Aloe aristata.jpg

Mechanism of Action

The portion of the aloe extract that is thought to be
pharmaceutically active is the leaf. Aloe gel is clear
and can be extracted from the leaf (129 130).
Monosaccharides, polysaccharides, tannins, sterols,

enzymes, amino acids, salicylic acid, arachidonic acid,
lipids, vitamins, and minerals are all found in aloe vera
gel (130). Studies in mice suggest aloe gel may
stimulate beta-cells, while human studies show
conflicting  evidence. Aloe latex contains
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anthraquinones and may be toxic. Aloe latex should
not be confused with aloe gel (131 132).

Evidence

A meta-analysis was published in 2016 evaluating the
impact of aloe vera on fasting glucose and HbA1c in
patients with type 2 diabetes. Nine studies were
included in the fasting glucose analysis. Aloe vera use
decreased fasting glucose by 26.6 mg/dL (p<0.001).
Five studies were included in the HbA1c analysis.
HbA1c decreased by 1.05% in aloe vera treated
individuals (p<0.004). Results suggested patients with
higher fasting glucose levels may benefit more from
aloe vera use as these patients had a decrease in

109.9 mg/dL (p<0.01). The authors concluded their
results support the use of aloe vera for decreasing
fasting glucose and HbA1c in patients with diabetes
(133).

Aloe vera has also been studied in pre-diabetes.
Alinejad-Mofrad and colleagues compared aloe vera
to placebo in patients with prediabetes (n=72).
Patients were randomized to three groups: aloe vera
300 mg daily, aloe vera 500 mg daily, and placebo for
eight weeks. Treatment with aloe vera (both 300 mg
and 500 m daily) decreased fasting glucose and
HbA1c compared to placebo. Results are presented in
Table 16 (134).

Table 16. Comparison Fasting Glucose and HbA1c with use of Aloe Vera in Patients
with Prediabetes
Parameter | Time Placebo | Within | Aloe Within | Aloe Within | Between
Group | Vera Group | Vera Group | Group p-
p- 300 p- 500 p- value
Value | mg Value | mg Value
Group Group
Fasting Baseline | 110 n/a 112 + n/a 111 £ n/a 0.69
glucose 3.91 2.5 4.1
(mg/dL) 8 weeks | 110 0.19 108 + | 0.001 104 + | <0.001 | 0.001*
4.22 2.78* 4.2*
HbA1c (%) | Baseline | 6.01 £ n/a 6+ n/a 6+ n/a 0.37
0.16 0.24 0.23
8 weeks | 6.03 £ 0.059 |58+ 0.042 |56 0.011 0.04*
0.14 0.21* 0.33*

* Indicates statistical significance compared to placebo (p<0.05). Data Source: (134)

A meta-analysis and systematic review of randomized
controlled trials evaluated aloe vera in patients with
type 2 diabetes and prediabetes. Eight trials were
included (five enrolled patients with diabetes and three
enrolled patients with prediabetes). In patients with
diabetes, both fasting glucose (-21 mg/dL, p<0.05)
and HbA1c (-1%, p=0.01) decreased significantly. In
patients with prediabetes, fasting glucose decreased

statistically significantly, but in a very small amount (-
4 mg/dL, p<0.0001). There was no change in HbA1c
in the prediabetes patients (135).

Adverse Effects and Warnings
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Aloe vera gel, when used orally, is well tolerated. Aloe
latex, however, can cause abdominal pain and
cramps. Unlike aloe vera gel, aloe latex contains
anthraquinones which may be toxic

(130).

Interactions

Aloe vera gel may decrease glucose and should be
used cautiously with other products with the same
effect. It may also increase the risk of bleeding when
used with anticoagulant or antiplatelet drugs (130).

Summary

Aloe vera gel is derived from the leaf of the aloe plant.
There is preliminary evidence to suggest it lowers
glucose in those with diabetes and prediabetes. Aloe
vera gel is typically well tolerated.

FENUGREEK (TRIGONELLA FOENUM-GRAECUM)

Fenugreek has multiple mechanisms of action is
addressed under the “Hypoglycemic Agents” section.

FLAXSEED (LINUM USITATISSIMUM)

Flaxseed is a grain that is native to Europe, Asia, and
the Mediterranean. Flax is a blue flowering crop and
the seeds exist in brown, yellow, and green colors (see
Figure 15). Whole flaxseeds primarily contain fat
(41%), dietary fiber (28%), and protein (21%). The oll
contained in flaxseeds is particularly rich in
polyunsaturated fat (73%) and lower in
monounsaturated (18%) and saturated (9%) fats.
Flaxseed oil is the richest source of the omega-3 fatty
acid alpha linolenic acid (ALA) (136).

Figure 15. Brown Flaxseeds https://en.wikipedia.org/wiki/Flax
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Mechanism of Action

The pharmaceutically active portion of flaxseed is the
seed and the oil. The high soluble fiber content is
thought to decrease carbohydrate absorption. The
high omega-3 fatty acid content is also thought to play
a crucial role as these acids have been shown improve
insulin sensitivity and glycemic control. Flaxseeds
contain lignans, which have been proven to have
antioxidant effects (137-139).

Evidence

A single-blinded, randomized, controlled trial
evaluated the impact of flaxseed in 53 patients with
type 2 diabetes that also had constipation. Patients
either received cookies with flaxseed twice a day or
cookies free of flaxseed twice daily for 12 weeks.
Constipation scores, weight (-3.8 kg), and fasting
plasma glucose (-26.7 mg/dL) all decreased from
baseline in the flaxseed group (p<0.05). Constipation
scores, weight (-3.8 versus 0 kg), fasting plasma
glucose (-26.7 versus 1.9 mg/dL), and HbA1c (-0.8%
versus 1.0%) were significantly different in the
flaxseed group compared to placebo (p<0.05) (140).

A placebo-controlled, crossover study evaluated the
impact of flaxseed on diabetes. Seventy-three patients
with type 2 diabetes took either placebo or 360 mg
daily of flaxseed for 12 weeks. After an eight-week
washout period, patients crossed over to the other
group. HbA1c decreased a small, but significant,
amount (0.1%, p=0.01). There was no significant
change in fasting plasma glucose or lipoprotein levels
(141).

An open-label study evaluated the effect of flaxseed in
patients with type 2 diabetes (n=29). Patients received
10 g of flaxseed daily (n=18) or placebo (n=11).

Fasting glucose decreased 28.9 mg/dL in the flaxseed
group (p=0.02) and slightly increased in the placebo
group. HbA1c decreased 0.59% (from 8.75% to
8.16%) in the flaxseed group (p=0.009) and increased
0.1% in the placebo group. Triglycerides and LDL-C
also decreased significantly in the flaxseed group
(142).

Flaxseed has also been studied in patients with
prediabetes. Hutchins and colleagues randomized 25
patients with prediabetes to take 26 g of flaxseed, 13
g of flaxseed, or placebo for 12 weeks. After a 2-week
washout period, patients were crossed over to another
group. Fasting glucose levels did not decrease
significantly in the 26 g group compared to placebo.
However, levels decreased significantly in the 13 g
group compared to placebo (-2 mg/dL, p=0.036).
Insulin levels also decreased significantly in the 13 g
group (p=0.021) (143).

Adverse Effects and Warnings

Few adverse effects are reported with flaxseed use
(140). Gastrointestinal side effects are the most
commonly reported (136).

Interactions

Oil from flaxseeds is shown to decrease platelet
aggregation and may, therefore, increase the risk of
bleeding in users of anticoagulants and antiplatelets
(144).

Theoretically, flaxseed may decrease the absorption
of acetaminophen and ketoprofen. However, this
interaction has not been show in human studies (145).
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Summary

Flaxseed is rich in fat (primarily omega-3 fatty acids)
and fiber. There are conflicting results regarding
flaxseed’s efficacy in glycemic control. Most
individuals tolerate flaxseed well.

PRICKLY PEAR CACTUS (OPUNTIA FICUS-
INDICA), NOPAL

Prickly pear cactus has multiple mechanisms of action
is addressed under the “Insulin Sensitizers” section.

SOY (GLYCINE MAX)

Soy has multiple mechanisms of action is addressed
under the “Insulin Sensitizers” section.

TURMERIC (CURCUMA LONGA, CURCUMA
DOMESTICA, CURCUMA AROMATIC)

Turmeric is a member if the Zingiberaceae (ginger)
family (146). Turmeric has a long history of use in
Ayurvedic and Chinese medicine (see Figure 16).
Curcumin is considered the active constituent of
turmeric and is yellow-colored and fragrant. Curcumin
is typically what is used as a flavoring and coloring
agent in turmeric-containing products (147).

Figure 16. Turmeric https://en.wikipedia.org/wiki/Wikipedia:Featured picture candidates/Turmeric

Mechanism of Action

Turmeric has multiple proposed mechanisms of action
relating to glycemia. Turmeric can induce peroxisome
proliferator-activated receptor-gamma activation. It
may also activate hepatic enzymes associated with

glycolysis and gluconeogenesis. Turmeric may also
enhance tumor necrosis factor alpha (147).

Evidence

A systematic review and meta-analysis published in
2021 was conducted to evaluate the effect of curcumin
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on glycemic and lipid profiles in patients with type 2
diabetes. There was a statistically significant
difference in HbA1c in turmeric users (-0.42%, 95% CI
-0.72 t0 -0.11; p< 0.05). There was non-significant (p
= 0.107) moderate heterogeneity (1> = 42.42) (148).

The effect of turmeric in delaying the development of
type 2 diabetes was studied in patients with
prediabetes in a randomized, double-blinded,
placebo-controlled trial. Subjects (n=240) were
randomly assigned to curcumin capsules or placebo
for nine months. After nine months, 16.4% of subjects
in the placebo group were diagnosed with type 2
diabetes. No subjects in the curcumin group were
diagnosed in this timeframe (p<0.05). Markers of
insulin sensitivity also showed favor for the curcumin
group (higher HOMA-beta and lower HOMA-IR,
p<0.05) (149).

Adverse Effects and Warnings

Turmeric is usually well tolerated. Itching,
constipation, and vertigo have been reported with use
(149).

Interactions

There is a risk of increased bleeding when turmeric is
combined with anticoagulants (150).

Summary

Turmeric and its active constituent, curcumin, have
been long used medicinally. There is limited evidence
in humans to suggest curcumin use may delay the
onset of type 2 diabetes in patients with prediabetes.
Turmeric is typically well tolerated.

Summary of Natural Products

A summary of the natural products is presented
alphabetically in Table 17.

Table 17. Summary of Natural Products Used for Diabetes Listed Alphabetically

Natural Product Side Effects

Interactions

Aloe Vera Gel
Aloe latex (which contains

pain and cramps

Aloe vera gel is typically well tolerated

anthraquinones) can cause abdominal

May decrease glucose and should be
used cautiously with other products with
the same effect

Uterine contractions

during pregnancy

Banaba Dizziness, headache, tremor, Additive effect with antihypertensives
(Lagerstroemia weakness, diaphoresis, nausea Use with caution in those using
speciosa) hypoglycemic agents

Berberine Diarrhea, constipation, flatulence, May inhibit cytochrome P450 3A4 and

abdominal pain, and vomiting

May cross the placenta and result in
neonatal kernicterus when ingested

should be used cautiously with other
agents that are substrates, inhibitors, or
inducers of this hepatic enzyme

As berberine lowers glucose, caution
should be exercised when used with
other agents that lower glucose
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Bitter melon

Abdominal discomfort, pain, and
diarrhea
May contain abortifacient proteins

Use with caution in those using other
hypoglycemic agents

Those with G6PD deficiency should
avoid use due to risk of developing
favism

Cinnamon is a natural source of
coumarin and use therefore presents a
theoretical risk of hepatic injury

Chromium Chromium picolinate may cause There is a theoretical interaction
cognitive, perceptual, and moto between chromium and iron
dysfunction

Cinnamon Cinnamon is typically tolerated well Use cautiously with other hepatotoxic

agents due to concerns of hepatic injury
when large doses are used

May decrease glucose levels and should
be used cautiously with other agents that
lower glucose

Fenugreek (Trigonella
foenum-graecum)

Diarrhea, heartburn, and flatulence
Fenugreek smells similar to maple
syrup; consumption prior to delivery
may cause the neonate to have this
odor, which may lead to confusion with
maple syrup urine disease

Patients with chickpea allergies should
use fenugreek with caution as there is
potential for cross-reactivity
Fenugreek may cause uterine
contractions and should be avoided in
pregnancy

May contain coumarin and increase the
risk of bleeding with anticoagulants
Theophylline levels may be decreased
with concomitant use

Use cautiously with other agents that
decrease glucose

Flaxseed (Linum
usitatissimum)

Gastrointestinal side effects are the
most commonly reported

Flaxseed may decrease the absorption
of acetaminophen and ketoprofen
Flaxseed oil may increase the risk of
bleeding with antiplatelets and
anticoagulants

American Ginseng
(Panax quinquefolius)

Headache

May stimulate immune function and
theoretically decrease the effect of
immunosuppressants

Can decrease the efficacy of warfarin;
concomitant use is not advised

Use cautiously with other glucose
lowering agents
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Gymnema (Gymnema
sylvestre)

A case of acute hepatitis secondary to
gymnema use has been reported

May potentiate the effects of other
agents that lower glucose

Milk thistle (Silybum
marianum)

Nausea, diarrhea, and abdominal
bloating may occur with use

Those with a daisy or ragweed allergy
may experience a cross reaction with
milk thistle use

May inhibit certain cytochrome P450
isoenzymes; the isoenzymes 2C8, 2C9,
2D6, 3A4, and 3A5 may all be inhibited
with concomitant use (99, 100, 101)
Increased warfarin levels may occur with
concomitant use

May lower glucose levels and should be
used cautiously with other hypoglycemia
agents

Prickly Pear Cactus
(Opuntia ficus-indica
and other Opuntia
species), Nopal

Prickly pear cactus is generally
tolerated well when used orally

Side effects include nausea, diarrhea,
and headache

Prickly pear cactus may lower glucose
levels and should be used cautiously
with other agents that impact glycemic
control

Soy

Soy is generally well tolerated with side
effects being nausea, diarrhea, and
bloating

Concern soy may alter thyroid function,
but this appears to occur in those with
iodine deficiency

Fermented soy products such as tofu
may contain small amounts of tyramine;
tyramine should be avoided in those
using monoamine oxidase inhibitors

Turmeric (Curcuma
longa, Curcuma
domestica, Curcuma
aromatic)

Itching, constipation, and vertigo have
been reported with use

There is a risk of increased bleeding
when turmeric is combined with
anticoagulants

Vanadium

Mild gastrointestinal effects such as
abdominal cramps and loose stools
may occur

Animal studies suggest vanadium may
cause anemia

Theoretical concern that vanadium may
increase the risk of bleeding in
anticoagulant agents

MIND BODY PRACTICES FOR TYPE 2 DIABETES

According to the National Institute of Heath, mind body
practices include yoga, chiropractic and osteopathic
manipulation, meditation, massage, acupuncture, tai
chi, healing touch, hypnotherapy, and movement

manipulation. (National Institutes of Health, Last
updated 2021 April 1 #1) Mind body practices are used
for overall health and to help with specific disease
states. There is recent interest in studying the impact
of mind body practices on type 2 diabetes.
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Yoga has been studied in patients with type 2
diabetes. Preliminary studies indicate yoga may
reduce BMI, improve glycemic control, improve lipid
levels, and improve body composition. Yoga may also
decrease blood pressure (151-153).

The impact of massage on glycemic control in patients
with diabetes has been studied. A study showed
parent-provided full body massage at bedtime
improved serum glucose levels and decreased anxiety
of both the massage giver and receiver (154).

Studies on tai chi have shown it may decrease fasting
glucose values in patients with diabetes. However, tai
chi does not appear to reduce glucose more than other
types of gentle exercise. Tai chi does not seem to
impact HbA1c (155-157).

RELIABLE RESOURCES FOR PROVIDERS AND
PATIENTS

Clinicians need to be aware of the deceptive
marketing tactics employed by natural product

manufacturers. Patients and clinicians need reliable
and dependable resources regarding integrative
medicine.

MedWatch is a website developed and updated by the
FDA. MedWatch provides timely safety information on
dietary supplements as well as medications and
cosmetics. MedWatch can be accessed at:
https://www.fda.gov/Safety/MedWatch/.

The FDA also has a health fraud online resource. The
website describes health fraud and provides
actionable ways patients can protect themselves. The
FDA’s health fraud website can be accessed at:
https://www.fda.gov/consumers/health-fraud-scams

In terms of efficacy, primary literature is a reasonable
resource. The US National Library of Medicine has an
online database that can be searched free of change.
The database can be accessed at:
https://www.ncbi.nim.nih.gov/pubmed.

Additional online resources are provided in Table 18.

Table 18. Complementary Health Approach Online Resources for Patients and Clinicians

use of herbal medicine

Source Description Website Address
American Non-profit, international member-based | http://abc.herbalgram.org/site/Pa
Botanical Council | organization providing education using geServer

evidence-based and traditional
information to promote the responsible

ConsumerlLab.co

manufacturers

Independent testing site that reviews
m natural products and specific

http://www.consumerlab.com

National Center

Complementary
and Integrative
Health (NCCIH)

National (US) center that supports and
for disseminates research results on
complementary health approaches

https://www.nccih.nih.gov
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National Institute
of Health Office

National (US) center that supports and
disseminates research results on dietary

http://ods.od.nih.gov/index.aspx

of Dietary supplements

Supplements

(ODS)

Natural A scientifically-based and practical https://naturalmedicines.therape
Medicines database on natural medicines uticresearch.com

(Subscription required)

The Cochrane
Library

An electronic database designed to
provide high quality scientific evidence

https://www.cochranelibrary.com

United States
Food and Drug
Administration
Health Fraud
Website

The website describes health fraud and
provides actionable ways patients can
protect themselves.

https://www.fda.gov/consumers/
health-fraud-scams

United States
Food and Drug
Administration
MedWatch

MedWatch provides timely safety
information on dietary supplements as
well as medications and cosmetics.

https://www.fda.gov/Safety/Med
Watch/

United States
Food and Drug
Administration
Office of
Nutritional
Products,
Labeling, and
Dietary
Supplements

FDA office responsible for developing
policy and regulations for dietary
supplements, medical foods, and related
areas, as well as for their scientific
evaluation

http://www.fda.gov/Food/Dietary
Supplements/default.htm

WebMD Health

WebMD provides comprehensive health
information and tools for managing
health care for health care professionals
and their patients

http://diabetes.webmd.com/defa
ult.htm

IDENTIFYING POTENTIALLY HARMFUL
PRODUCTS

According to the FDA’s health fraud website, there are
certain red flags that can alert a consumer to
potentially harmful natural products, including dietary
supplements. Red flags to be wary of include: claims
that a product is a cure-all for a wide variety of
ailments; suggestions that a product can treat or cure

diseases; promotions using words such as "scientific
breakthrough" or "miraculous cure"; undocumented
testimonies by consumers or doctors claiming
amazing results; limited availability and advance
payment requirements; promises of no-risk, money-
back guarantees; promises of an "easy" fix; and claims
that the product is "natural" or "non-toxic" (which
doesn't necessarily mean safe). These safety alerts
are provided in Table 19.
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Table 19. FDA Health Fraud Indicators a Natural Product May Be Ineffective or Unsafe
Claims that a product is a quick, effective cure-all or a diagnostic tool for a wide variety of

ailments

Suggests that a product can treat or cure diseases

Promotions using words such as "scientific breakthrough,

ingredient," and "ancient remedy"

miraculous cure," "secret

Text with impressive-sounding terms such as: "hunger stimulation point" and "thermogenesis"

for a weight loss product

Undocumented case histories by consumers or doctors claiming amazing results
Limited availability and advance payment requirements

Promises of no-risk, money-back guarantees
Promises of an "easy" fix

Claims that the product is "natural" or "non-toxic" (which doesn't necessarily mean safe)

Data Source: (158)

Additionally, the FDA fraud website warms to avoid
websites that fail to list the company’s name, physical
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