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Background: This study investigated the efficacy of Diabetinol® in people with diabetes on 

medication but not meeting the American Association of Clinical Endocrinologists and American 

Diabetes Association glycemic, blood pressure, and lipid targets.

Subjects and methods: Fifty subjects, aged 18–75 years, with fasting blood glu-

cose #15.4 mmol/L, hemoglobin A
1c

 levels #12%, and a body mass index between 25 and 

40 kg/m2, were enrolled in a 24-week, randomized, double-blind, placebo-controlled, parallel 

study. Diabetinol® or placebo was administered as 2×525 mg capsules/day.

Results: In the Diabetinol® group, 14.3% versus 0% in the placebo group, 33.3% versus 15.4% 

in placebo, 20.0% versus 12.5% in placebo, and 83.3% versus 60% in placebo achieved the 

American Association of Clinical Endocrinologists and American Diabetes Association targets 

for hemoglobin A
1c

, low-density lipoprotein, total cholesterol, and systolic blood pressure, 

respectively. There was no difference in the maximum concentration (C
max

) of serum glucose or 

area under the curve (AUC)
0–240 minutes

. The time to C
max

 was longer for participants on Diabetinol® 

than placebo group at week 12 (P=0.01). Fasting blood glucose increased from baseline to week 

24 in both groups; however, this increase was 14.3 mg/dL lower in the Diabetinol® group versus 

placebo. The Diabetinol® group showed an increase of 5.53 mg/dL in fasting insulin at week 12 

(P=0.09) and 3.2 mg/dL at week 24 (P=0.41) over and above the placebo group. A decrease of 

1.5% in total cholesterol, 5.8% in low-density lipoprotein, and a 1.6% increase in high-density 

lipoprotein concentrations were seen in the Diabetinol® group. Diabetinol® improved 6-month 

oral glucose tolerance test and 2-hour postprandial glucose profiles in participants between 40 

and 60 years of age.

Conclusion: The current study suggests a role for Diabetinol® as an adjunctive therapy for 

glycemic maintenance and for decreasing the risk of diabetes-associated comorbidities in type 

2 diabetic patients on conventional therapies.

Keywords: diabetes, insulin, citrus flavonoids, limonoids, hyperlipidemia,  hypercholesterolemia, 

adjunctive therapy

Introduction
In the United States, 26 million people suffer from diabetes with 1.3 million more 

being diagnosed with the disease each year.1,2 An aging population, rising obesity 

rates, and an increasingly sedentary lifestyle have been attributed to the increase in 

the incidence and prevalence rates. Ten percent of adults and more than 25% of the 

population over 65 years of age are living with diabetes.1 Furthermore, the rapid 

increase of type 2 diabetes mellitus (T2DM) in people 30–39 years of age as well as  
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children and  adolescents in recent years is alarming.2 Global 

prevalence rates are expected to increase from 6.4% or 285 

million in 2010 to 7.7% or 439 million people by 2030.3

Clinical treatment goals for T2DM are directed at lower-

ing blood glucose levels in order to prevent diabetes-related 

complications.4 Recently, the use of pharmacotherapies and 

their negative impact on the cardiovascular system have 

caused concern with the available treatment modalities. An 

increased risk of myocardial ischemia has been identified 

with thiazolidinedione use5 and sulfonylureas have been 

linked to an increased risk of cardiovascular disease (CVD).6 

Complicating the issue, the ACCORD study reported that 

lowering blood glucose to normal levels was associated 

with increased mortality,7 although the ADVANCE study 

did not report similar results.8 Such conflicting outcomes 

may suggest that treatment strategies for T2DM are not fully 

understood. This raises the question as to whether lowering 

blood glucose level is sufficient to provide clinical merit in the 

treatment algorithm for T2DM. Several strategies currently 

include metformin in the management algorithm for T2DM 

with mono-, di-, and tri-therapies needing to be added to the 

algorithm.9 Therapies involving existing pharmaceuticals 

have limited efficacy or tolerability and show significant 

side effects.10 Many of the side effects of pharmaceuticals 

are thought to be associated with nutritional deficiencies with 

long-term use, ultimately resulting in a cascade of biochemi-

cal changes due to drug-associated nutrient depletion.11 In 

the United States, metformin is currently the most common 

antidiabetic drug with over 30 million prescriptions filled 

annually; however, long-term metformin treatment is associ-

ated with complications.12,13

The “State of Diabetes in America” report by the  American 

Association of Clinical Endocrinologists (AACE) on diabetes 

management found that despite advances in diabetes care, 

blood sugar levels were poorly controlled, putting diabetics 

at an increased risk for disease-related complications.14 The 

report stated that two out of three Americans with T2DM 

did not achieve the AACE recommended glycosylated hemo-

globin A
1c

 (HbA
1c

) goal of #6.5%14 which directly impacts 

CVD risk factors. Furthermore, the 1999–2000 National 

Health and Nutrition Survey reported that only 7.3% of all 

adults with T2DM were within the acceptable range for the 

CVD risk factors, HbA
1c

, blood pressure, and total cholesterol 

(TC).15,16 These results suggest that novel treatment strate-

gies are required for more effective control of T2DM and to 

alleviate the risk of associated comorbidities.

Nutraceutical products hold promise as potential adjunc-

tive therapies for patients with diabetes. Combination 

 therapies that consist of pharmaceutical drugs and nutraceu-

tical products may provide a new treatment algorithm that 

would be beneficial to diabetic patients who do not respond 

to drug management alone. In fact, the AACE acknowl-

edges the importance of nutritional medicine and identifies 

“complementary” or “integrative nutritionals” as products 

that may be used in combination with US Food and Drug 

Administration (FDA)-approved therapies.17 Nutraceutical 

products have been reported to reduce hyperglycemia and 

lipid disorders in individuals with T2DM or with a predis-

position to T2DM.18–20 While conventional treatments such 

as insulin and other pharmacological interventions are effec-

tive in managing diabetes, microvascular complications and 

atherothrombosis are not prevented and can cause damage to 

the kidney, retina, and lens.21 Complementary and alternative 

medicine (CAM) has gained popularity as consumers seek 

alternatives to conventional pharmacological  medications.22 

According to a recent survey, 75% of Canadians with dia-

betes use alternative medicines and supplements in addition 

to conventional treatment,23 although CAMs have not been 

thoroughly tested in randomized controlled trials as concomi-

tant therapies for FDA-approved drugs.

Citrus flavonoids (eg, naringin, hesperidin, nobiletin, 

and tangeretin) encompass several subgroups of flavonoids 

that have lipid-lowering, antidiabetic, anti-inflammatory, and 

antihypertensive properties.24 In animal models of metabolic 

syndrome and diabetes, citrus flavonoids not only improve 

glucose tolerance and insulin sensitivity but also reduce 

plasma and/or hepatic cholesterol and triglyceride levels,25–29 

suggesting that they could be beneficial in controlling diabetes 

and comorbid conditions such as CVD. In fact, a recent study 

showed that flavonoid intake was associated with a lower risk 

of death from CVD.30 Unfortunately, administration of the 

 citrus flavonoid, naringin, to hypercholesterolemic patients 

only decreased plasma low-density lipoprotein cholesterol 

(LDL-C) levels while having no effect on triglyceride and high-

density lipoprotein cholesterol (HDL-C) levels.31 Hesperidin 

(800 mg) also failed to have an effect.32 Several variables (dose, 

flavonoid type, etc) likely account for these less than optimal 

results in humans; however, it is possible that citrus flavonoids 

alone are not sufficient to attenuate the biochemical changes 

associated with diabetes. Plant-derived molecules, such as 

tocotrienols33,34 and limonoids,35 have also been shown to 

attenuate hyperlipidemia and hypercholesterolemia in animal 

models. The pathways involved in regulating metabolism, 

triglyceride, and cholesterol levels are complex, and it is 

possible that a product consisting of tocotrienols, limonoids, 

and a broader range of flavonoids could act synergistically 
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with conventional antidiabetic medications to provide better 

glycemic, cholesterolemic, and triglyceridemic control. In sup-

port of this, it was previously shown that coadministration of 

tocotrienol and insulin was more effective than either treatment 

alone in elevating plasma insulin and reducing plasma glucose 

in the streptozotocin-induced diabetic rat.33

The nutraceutical product, Diabetinol®, is rich in citrus 

flavonoids, limonoids, and tocotrienols and holds promise as an 

adjunctive therapy in T2DM. In a previous study, Diabetinol® 

supplementation for 3 months in subjects with mild impaired 

fasting glucose showed significantly reduced peak hypergly-

cemic response, TC, and LDL-C levels and a trend toward 

decreased HbA
1c

 levels.36 We hypothesized that the results of 

the previous study could be extended, to subjects with greater 

severity of impaired fasting glucose, with longer supplemen-

tation of Diabetinol®. Thus, the objective of this study was to 

evaluate the antidiabetic and antihyperlipidemic potential of 

Diabetinol® in a 6-month study in people with diabetes, on 

medication, but not meeting the AACE and American Diabetes 

Association (ADA) targets of control.

Methods
Study participants
Fifty subjects between 18 and 75 years of age with a fasting 

blood glucose (FBG) concentration #15.5 mmol/L (up to 

280 mg/dL), HbA
1c

 #12%, and a body mass index (BMI) 

of 25–40 kg/m2 were recruited through local advertisements 

and the clinic’s electronic patient database. Subjects were per-

mitted to continue prescribed medications for the control of 

diabetes and CVD. Subjects were excluded from the study if 

they were pregnant or breastfeeding, on medications affecting 

weight, taking insulin, had a history of heart disease, cancer, 

alcohol or drug abuse, had participated in a clinical trial within  

30 days prior to randomization, had food restrictions, or allergies 

or intolerances to the investigational product. All study investi-

gations were conducted in accordance with the Declaration of 

Helsinki and in compliance with the International Conference 

on Harmonisation   Guidelines for Good Clinical Practices. This 

study was reviewed and approved by IntegReview Ethical Review 

Board (Austin, TX, USA). All subjects provided written informed 

consent prior to any study procedures being performed.

Study design
The study was a randomized, double-blind, placebo-

controlled, parallel study conducted at SIBR Research, Inc. 

(West Bradenton, FL, USA) over a 24-week period.

At the screening visit, inclusion and exclusion criteria, 

medical history, and concomitant medications were reviewed. 

Heart rate, blood pressure, height, weight, and hip and waist 

circumference were measured and BMI calculated. Fasting 

blood was collected for the determination of complete blood 

count, electrolytes (Na+, K+, Cl–), kidney function (creatinine 

and creatinine kinase), liver function (aspartate aminotrans-

ferase, alanine transaminase, and bilirubin), glucose, HbA
1c

, 

and lipid profile (TC, HDL-C, LDL-C, and triglycerides). 

Female participants also provided a urine sample for preg-

nancy testing.

At baseline and at all other visits (weeks 4, 8, 12, 16, 

20, and 24) blood pressure and heart rate were assessed, 

anthropometric measurements recorded, and BMI  calculated. 

Fasting blood was collected for the determination of glucose, 

insulin, and HbA
1c

. An oral glucose tolerance test (OGTT) 

was conducted on all participants at baseline, 12 weeks, and 

24 weeks, in which participants consumed a 100 g glucose 

beverage over a 10-minute period. Blood samples were col-

lected at 30, 60, 120, 180, and 240 minutes post-glucose 

consumption and analyzed for glucose and insulin levels. 

Fasting blood was also collected at weeks 12 and 24 for the 

determination of complete blood count, electrolytes, kidney 

function, liver function, glucose, HbA
1c

, and lipid profile.

Participants maintained a diary for the duration of the study 

period to record concomitant therapies and adverse events 

(AEs). The diaries were reviewed at each study visit.

randomization and blinding
Fifty subjects were eligible to participate in the study. Par-

ticipants were randomized in a 1:1 ratio to receive either 

Diabetinol® or placebo in five blocks of ten, using a computer-

generated randomization list. The test products were similar 

in shape, size, weight, and color, and packed in identical 

bottles that could only be identified by the randomization 

number to maintain blinding. Each randomization number 

had a corresponding sealed envelope containing the identity 

of the test product, and the investigator was to open the 

envelope only in an emergency where it became necessary 

to unblind the subject. All envelopes remained sealed during 

this study.

investigational product
Diabetinol® (a 525 mg citrus bioflavonoid complex  formulation/

capsule) and placebo (525 mg of microcrystalline  cellulose/ 

capsule) were encapsulated by Innovative Health  Products 

(Largo, FL, USA). The active ingredients of  Diabetinol® 

included mainly nobiletin (49%) and tangeretin (13%), together 

with limonoids, tocotrienols, and vitamin E.  Participants were 

instructed to take two capsules per day, one capsule in the 
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 morning and one in the evening, with food for 24 weeks in 

addition to their prescribed  medications. Unused products were 

returned at each study visit to calculate compliance.

Statistical analysis
The per-protocol analysis included participants who completed 

all visits of the 24-week study, and were compliant to the 

 protocol. Data are presented as mean (± standard deviation, 

SD) for those participants who completed the study; descriptive 

statistics were calculated for each study group and statistical 

comparisons of glucose and HbA
1c

 were performed using 

the analysis of covariance (ANCOVA) adjusting for baseline 

 values.  Statistical comparisons for baseline characteristics, lipid 

profiles, insulin response, and measures of safety (hematology, 

blood chemistry, biometrics, and vital signs) were performed 

using the analysis of variance. Comparisons of area under 

the glucose and insulin concentration curves and maximum 

concentration of serum glucose (C
max

) were made using data 

that were log-transformed prior to statistical comparisons. 

 Within-group comparisons were made using a paired t-test. 

Due to the exploratory nature of this study, no alpha control was 

used. Differences were considered significant at P#0.05.

The participants were divided into two age-related 

subgroups in order for OGTT curves to be compared while 

controlling for age-related differences.37,38 The subgroups 

consisted of participants between 40 and 60 years and those 

greater than 60 years of age. Between-group statistical com-

parisons of FBG and 2-hour postprandial (PP) glucose were 

performed using ANCOVA adjusting for baseline values, and 

within-group comparisons were made using a paired t-test.

The safety analysis was based on all randomized partici-

pants who were known to have taken at least one dose of the 

experimental or placebo product. Participants that did not 

meet the AACE/ADA-recommended goals at baseline for 

diabetes treatment (ie, reduction of CVD risk factors and 

diabetes control) were reassessed at 24 weeks and the pro-

portion of participants that had achieved the recommended 

goals were identified and categorized accordingly.

Results
The disposition of the participants for the study is shown in 

Figure 1. There were no differences in baseline characteristics 

among the 50 participants that were randomized. Thirty-four 

participants completed the trial and participant baseline 

Patients screened (n=54)

Passed screening
(eligible) (n=50)

Reasons:

Non-compliance (n=1)

Did not meet inclusion criteria (n=2)

Met exclusion criteria (n=1)

Withdrew (n=10) Withdrew (n=6)
Reasons: Reasons:

Withdrew consent (n=1)
Adverse events (n=5)* Adverse events (n=1)*

Withdrew consent (n=4)

Lost to follow up (n=2) Lost to follow up (n=1)

Non-compliance (n=1)

Participants completing all study
visits (n=15)

Excluded from ITT efficacy
analysis as participants had no
post-baseline efficacy data (n=3)

Excluded from ITT efficacy
analysis as participants had no
post-baseline data (n=4)

Number of participants included in ITT analysis: n=43

Number of participants included in per-protocol analysis: n=34

Participants completing all study
visits (n=19)

Randomized to placebo (n=25)
Randomized to 
Diabetinol® (n=25)

Screening failures (n=4)

PI discretion (n=1)

Figure 1 Disposition of participants in this study.
Notes: *The adverse events in the Diabetinol® group were diarrhea (n=3), elevated liver enzymes (n=1), and gastric complications (n=1). in the placebo group, one subject 
withdrew due to diarrhea. Two cases of diarrhea were assessed by the principal investigator as having a possible or probable relationship to the investigational product.
Abbreviations: iTT, intent-to-treat; Pi, principal investigator.
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characteristics were similar between groups (Table 1). There 

were 16 withdrawals during the study (Figure 1); however, 

the number of withdrawals were not significant between 

groups (P=0.36). Anthropometric measures (weight, BMI, 

waist circumference, hip circumference, and waist-to-hip 

ratio) were consistent across both groups from baseline to 

week 24. Vital signs (systolic blood pressure, diastolic blood 

pressure, and heart rate) were not significantly different 

between the Diabetinol® and placebo groups after 24 weeks 

of supplementation (data not shown).

The glycemic parameters of participants at baseline, 

weeks 12 and 24 are presented in Table 2. Glucose toler-

ance tests at baseline, week 12, and week 24 demonstrated 

a peak in blood glucose at 120 minutes, with levels remain-

ing above fasting levels at 240 minutes (Figure 2A and B). 

Both groups showed a mean increase in area under the curve 

(AUC)
(0–240 minutes)

 and C
max

 from baseline to weeks 12 and 24; 

however, there were no significant between-group differences 

in the C
max

 (all P.0.90) or AUC
(0–240 minutes)

 (all P.0.60) at 

baseline, week 12 or 24. The time to reach C
max

 (T
max

) was on 

Table 1 Baseline characteristics of study participants that 
completed the 24-week study

Baseline  
characteristics

Diabetinol® 
(N=15)

Placebo  
(N=19)

P-valuea

Mean ± (SD) Mean ± (SD)

age (years) 58.5±13.0 57.7±7.7 0.84
Sex  
 Male 
 Female

 
7 (46.7%) 
8 (53.3%)

 
10 (52.6%) 
9 (47.4%)

1.00b

On diabetic medication 12 (80.0%) 14 (73.7%) 1.00b

height (m) 1.7±0.1 1.7±0.1 0.98
Weight (kg) 99.3±30.6 99.7±12.0 0.96
BMi (kg/m2) 34.5±7.8 35.1±4.4 0.77
Waist  
circumference (cm)

109.2±16.7 111.0±9.7 0.52

hip circumference (cm) 117.5±16.0 118.1±10.3 0.83
Waist-to-hip ratio 0.93±0.09 0.94±0.08 0.73
hba1c (%) 7.03±0.80 7.06±1.49 0.93
Fasting blood glucose  
(mg/dl)

152±18 143±46 0.50

Fasting blood insulin  
(μiU/ml)

14.5±10.8 16.1±18.0 0.91

2-hour PP glucose  
(mg/dl)

311±70 297±94 0.62

Triglycerides (mg/dl) 181±125 167±88 0.70
Total cholesterol  
(mg/dl)

182±42 183±50 0.98

hDl-c (mg/dl) 38.7±9.6 40.8±13.0 0.60
lDl-c (mg/dl) 112±28 114±37 0.84

Notes: aStatistical comparisons were performed using analysis of variance (anOVa); 
bstatistical comparisons were performed using Fisher’s exact test.
Abbreviations: BMi, body mass index; hba1c, hemoglobin a1c; hDl-c, high-
density lipoprotein cholesterol; lDl-c, low-density lipoprotein cholesterol; PP, 
postprandial; SD, standard deviation.

Table 2 glycemic parameters of study participants that 
completed the 24-week study

Glycemic 
parameters  

Diabetinol®  
(N=15)

Placebo  
(N=19)

P-valuea

Mean ± (SD) Mean ± (SD)

FBg (mg/dl)
 Baseline 152±18 143±46 –
 Week 12 153±37 167±69 0.235
 Week 24 159±54 166±69 0.462
insulin (mg/dl)
 Baseline 14.5±10.8 15.6±18.1 –
 Week 12 19.1±17.8 14.5±12.9 0.097
 Week 24 16.7±15.7 14.3±14.5 0.417
hba1c (%)
 Baseline 7.03±0.80 7.06±1.49 –
 Week 12 6.95±0.86 6.90±1.57 0.724
 Week 24 7.65±1.28 7.46±2.09 0.598
2-hour PP glucose (mg/dl)
 Baseline 311±70 297±94 –
 Week 12 330±86 330±102 0.543
 Week 24 329±102 326±104 0.633

Note: aStatistical comparisons were performed using analysis of covariance 
(ancOVa) adjusting for baseline values.
Abbreviations: SD, standard deviation; FBg, fasting blood glucose; hba1c, 
hemoglobin a1c; PP, postprandial.

average 32.8 minutes longer for participants on Diabetinol® 

than placebo at week 12 (95% confidence interval [CI] [8.0, 

57.6]; P=0.01) but this difference was not sustained through 

week 24 (95% CI [–19.2, 28.7]; P=0.70).

FBG increased from baseline to week 24 in both groups; 

however, this increase was, on average, 14.3 mg/dL lower in 

the Diabetinol® group compared to placebo (95% CI [–23.3, 

51.9]; P=0.46) (Figure 3). The within-group increase in FBG 

in the placebo group showed a trend toward significance at 

week 12 (95% CI [–3.3, 51.3]; P=0.08), and reached signifi-

cance at week 24 (95% CI [0, 46.1]; P=0.05) (Figure 3A).

After 24 weeks of supplementation, the 4-hour insu-

lin AUC showed smaller excursions from baseline in the 

Diabetinol® group, which was not seen in the placebo 

(Figure 2C and D). Participants on Diabetinol® had an 

increase of 5.53 mg/dL in fasting insulin at week 12 

(95% CI [–1.0, 12.1]; P=0.09) and 3.2 mg/dL at week 24 

(95% CI [–4.7, 11.1]; P=0.41) over and above the placebo 

group (Table 2). As well, participants on Diabetinol® had 

an increase of 0.08% in HbA
1c

 at week 12 (95% CI [–0.37, 

0.54]; P=0.72) and 0.23% at week 24 (95% CI [–0.64, 1.09]; 

P=0.59) over and above the placebo group (Table 2). The 

within-group changes were not significant between groups 

for either fasting insulin (all P.0.40) (Figure 3B) or HbA
1c

 

(all P.0.60) at weeks 12 or 24 (Figure 3C).

A significant within-group increase of 33 mg/dL in 2-hour 

PP glucose concentration was seen in the placebo group at 
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Figure 3 change from baseline in glycemic parameters after supplementation with placebo or Diabetinol®.
Notes: The mean (± SD) change from baseline in fasting serum (A) blood glucose, (B) fasting insulin, (C) hba1c levels, and (D) blood glucose levels 2 hours PP after 12 and 
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Figure 2 Four-hour postprandial serum glucose and insulin levels after supplementation with placebo or Diabetinol®.
Note: The mean (± SD) 4-hour postprandial serum glucose (A and B) and insulin levels (C and D) in participants at baseline (diamonds, straight line) and after 12 (squares, 
hatched line) and 24 weeks (triangles, dotted line) of supplementation with placebo (A and C) or Diabetinol® (B and D).
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week 12 (95% CI [0, 66.6]; P=0.05), with a trend toward 

an increase at week 24 (of 29 mg/dL, 95% CI [–2.5, 60.5]; 

P=0.07) (Figure 3D). A trend in the within-group change 

was also seen in the Diabetinol® group with an increase of 

19 mg/dL at week 12 (95% CI [–2.0, 40]; P=0.07), but the 

increase of 18 mg/dL at week 24 was not significant (95% 

CI [–15.6, 51.6]; P=0.30) (Figure 3D).

A subgroup investigation of the individual OGTT curves 

of participants over 60 years of age found that the profiles did 

not show the characteristic increase and subsequent decrease 
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of a glucose challenge (data not shown). Participants between 

40 and 60 years of age presented with characteristic profiles, 

with those on placebo showing greater OGTT excursions 

from baseline at weeks 12 and 24 (Figure 4A). In contrast, 

participants on Diabetinol® presented with lesser excursions 

from baseline at weeks 12 and 24 (Figure 4B). The placebo 

group had higher average fasting glucose of 6.6 mg/dL 

(95% CI [-55.9, 69.1]; P=0.82) than the Diabetinol® group 

at week 12 which increased further to 18.8 mg/dL (95% CI 

[-30.3, 68.0]; P=0.43) by week 24. The 2-hour PP glucose 

concentrations of the placebo group were 18.2 mg/dL (95% 

CI [–53.9, 90.4]; P=0.59) and 39.4 mg/dL (95% CI [–37.8, 

111.5]; P=0.25) higher than the Diabetinol® group at weeks 

12 and 24, respectively.

The lipid panel (triglycerides, TC, HDL-C, and LDL-C) 

improved for participants in the Diabetinol® group when 

compared to the placebo group. There were decreases in TC 

(-2.7 mg/dL, 95% CI [-17.7, 12.3]; P=0.71) and LDL-C 

(-6.5 mg/dL, 95% CI [-16.6, 3.5]; P=0.19) and an increase 

in HDL-C (0.7 mg/dL, 95% CI [–2.7, 4.1]; P=0.68) in the 

Diabetinol® group from baseline to week 24 (Figure 4). In 

contrast, increases in TC (19.8 mg/dL, 95% CI [6.8, 32.8]; 

P,0.01) and LDL-C (6.1 mg/dL, 95% CI [–5.4, 17.7]; 

P=0.28) and a decrease in average HDL-C (–1.9 mg/dL, 

95% CI [–5.9, 2.1]; P=0.31) were seen in the placebo group 

(Figure 5). Although triglyceride concentration increased in 

both groups, there was a larger increase (47.9 mg/dL, 95% CI 

[–26.7, 122.5]; P=0.22) in the placebo group over and above 

the Diabetinol® group; however, the difference between the 

groups was not significant.

A greater proportion of subjects in the Diabetinol® group 

(47%) were above AACE and ADA target levels at baseline 

compared to those in the placebo group (21%). Of the par-

ticipants that did not meet the AACE/ADA-recommended 

targets at baseline for diabetes treatment, the  recommended 

goal for HbA
1c

 (#7%) was achieved by 14.3% of Diabetinol®-

treated participants after 24 weeks versus 0% in the placebo 

group. Thirty-three percent of the participants on Diabetinol® 

achieved the recommended LDL #100 mg/dL versus 15.4% 

in the placebo group. Twenty percent of participants on 

Diabetinol® achieved the recommended TC levels #200 mg/

dL versus 12.5% receiving placebo. Of the participants on 

Diabetinol®, 83.3% achieved the recommended systolic blood 

pressure #130 mmHg versus 60% in those on placebo.

There were no differences between the groups with 

respect to any laboratory or clinical measures of safety 

including complete blood count, electrolytes, and kidney or 

liver function at any point during the study. A total of five 

AEs were assessed by the investigator as being possibly or 

probably related to treatment, four in the Diabetinol® group 

and one in the placebo group (nausea). Three of the four 

AEs in the Diabetinol® were reported by one participant 

who had diarrhea and one person reported indigestion. Test 

product was discontinued for the two participants reporting 

diarrhea and they were withdrawn from the study.

Discussion
The current treatment algorithm for type 2 diabetes falls 

short of meeting AACE and ADA targets for patients. 

A recent consensus report on diabetes urges future research 

to allow and account for the complexity and heterogene-

ity encountered in these populations in order to address 

AACE and ADA treatment targets.39 Broadening inclusion 

criteria for randomized clinical trials to include subjects 

with multiple comorbidities and comparative effectiveness 

evidence from “real world” populations are encouraged and 

recommended. Most available glycemic control treatments 

have been used in combination to lower blood glucose in 

individuals with T2DM. A rational selection for effective 

diabetes management would include therapies which lower 
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glucose production, increase insulin levels, and control CVD 

risk. CAM therapies commonly used to treat type 2 diabetes 

include cinnamon, green tea, bitter melon, fenugreek, fiber, 

and gymnema. However, a recent review of the literature 

found a paucity of evidence evaluating the effects of these 

therapies on biomarkers that are used as targets by physicians 

in treating diabetes.21 These authors found that reasonable 

conclusions, as to the efficacy of the interventions, were 

limited due to additional factors such as inadequate study 

duration, poor design, and confusing dosing regimens. Cur-

rently, there is no CAM research addressing microvascular 

or macrovascular clinical outcomes of these therapies.

The current 6-month study investigated a role for Dia-

betinol® in a combined management model. In our previous 

study, Diabetinol® significantly reduced glucose intoler-

ance, TC, and LDL-C concentrations in subjects with FBG 

between 6.1 and 9.0 mmol/L and HbA
1c

 #7% and not on 

insulin therapy.36 Here we extend upon the findings to further 

explore the possibility of Diabetinol® supplementation as 

an adjunctive therapy in a heterogeneous T2DM population 

with broader inclusion criteria in order to address AACE- 

and ADA-recommended treatment targets.  Therefore, 

subjects on diabetic, lipid-lowering, and hypertension 

medications were allowed into the study. There was no diet 

restriction required for participation to better simulate real-

world conditions.

Participants in both groups of this study showed simi-

lar excursions in the OGTT curve from baseline to weeks 

12 and 24; however, those on Diabetinol® showed excur-

sions at weeks 12 and 24 that remained similar to baseline 

 profiles. This was reflected by the significantly longer T
max

 

as compared to the placebo group at week 12. Higher fasting 

insulin at weeks 12 and 24 in participants on Diabetinol® 

supported the smaller increase in FBG observed in this group 

compared to placebo. Furthermore, after 24 weeks, 53% 

of the Diabetinol®-treated participants showed a decrease 

in their 2-hour PP glucose concentration as compared to 

 baseline. The FBG and OGTT excursions of participants that 

failed to meet all three diabetic targets at baseline (ie, FBG  

.100 mg/dL, 2-hour PP glucose .140 mg/dL, and HbA
1c

 

of .7%) were higher at weeks 12 and 24 in the placebo 

group, supporting the significantly higher fasting and 2-hour 

PP glucose levels observed in this group.

Analysis of diurnal glycemic profiles of non-insulin-

treated diabetics has demonstrated that PP hyperglycemia 

excursions are a strong predictor of CVD compared to 

FBG.40 PP blood glucose excursions are better correlated to 

HbA
1c

 levels than FBG; however, HbA
1c

 has been determined 

to be a function of both fasting and PP hyperglycemia.41,42 

A  progressive shift in the contribution of fasting and PP glu-

cose to hyperglycemia occurs when patients progress from 

mild to moderate hyperglycemia with FBG levels increasing 
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as diabetes progresses and worsens.43 The significant within-

group increase in FBG and 2-hour PP glucose concentrations 

in the placebo group despite being on diabetes medications 

confirms that conventional therapies alone are inadequate 

to prevent disease progression. Diabetinol® prevented the 

increase in FBG and 2-hour PP glucose concentrations seen 

after a glucose challenge in placebo-treated participants, 

suggesting better glycemic control.

It is well established that there is an age-related response 

to post-challenge glucose.37,38 Rhee et al reported that post-

challenge glucose rose significantly with age even when 

glucose tolerance was normal.44 The greater proportion of 

participants that were 60 years of age and older on Dia-

betinol® compared to placebo, together with the non-char-

acteristic OGTT profiles that were observed in this group, 

may have led to the obscuring of improvement in glucose 

tolerance. However, the improvement in OGTT profiles that 

were observed in participants between 40 and 60 years of 

age suggested that the efficacy of Diabetinol® was better 

seen in this age group.

The ACCORD and ADVANCE studies reported on the 

limitations of conventional diabetic treatments for decreas-

ing CVD risk.7,8 In addition to the purported increased CVD 

risk associated with available treatment modalities, the risk 

of cardiovascular events has increased two- to fourfold in 

T2DM patients.45 As beta cell function declines, intensified 

treatment beyond the initial monotherapy regimen is required. 

The prevalence of obesity is also a concern in these patients 

and is thought to contribute to cardiovascular events. Data 

from the Emerging Risk Factors Collaboration indicates 

that in individuals with an FBG concentration exceeding 

100 mg/dL, each additional 18 mg/dL increases the risk 

of cancer by 5%, CVD by 13%, and a risk of death from 

other causes by 10%.46 The results of the current study show 

decreases of 1.5% and 5.8% in TC and LDL-C concentra-

tions, respectively, and a 1.7% increase in HDL-C concen-

trations following 24 weeks of Diabetinol® supplementation 

in contrast to 10.8% and 5.3% increases in TC and LDL-C 

concentrations, respectively, and a 4.9% decrease in HDL-C 

concentration in placebo-treated participants. Though not 

significant, these results are still noteworthy since decreasing 

TC by 10% results in a 30% reduction in the risk of coronary 

heart disease, and every 1% reduction in LDL-C is associated 

with a 2% drop in heart disease rates, and for each decrease 

of 1 mg/dL in HDL-C there is a 2%–3% increase in the risk 

of heart disease.47 –49 As well, since all measured outcomes 

in the lipid panel showed results (though not significantly) in 

favor of Diabetinol®, the lack of statistical significance was 

likely a reflection of the study being underpowered and not 

due to a lack of efficacy.

Participants on Diabetinol® showed no differences in any 

laboratory or clinical measures of safety compared to those 

on placebo. As well, given only four AEs were reported by 

subjects on Diabetinol® (with three reported by the same 

subject) and one in the placebo were classified as having 

possible or probable relationship with test product, it can be 

concluded that Diabetinol® was safe and well tolerated by 

participants. It is possible that the higher dropout rates of 

participants enrolled in the current study was a reflection of 

the greater disease severity and number of comorbidities of 

the study population.

The placebo group in this study demonstrated the pro-

gression of disease in the absence of an intervention. This 

concept is of value in dietary supplement studies and has 

previously been discussed in the literature.50,51 It is interest-

ing that participants on placebo showed deteriorated clini-

cal readings compared to those on Diabetinol®, suggesting 

that Diabetinol® had a role in decreasing the progression of 

glucose impairment and improving lipid profiles. These are 

important achievements that are of clinical value and should 

be explored further in a larger, more homogenous population 

of participants.

The mechanism of action of citrus flavonoids has been 

previously established in both in vitro and in vivo models. 

In vitro studies on nobiletin and tangeretin suggest that 

these citrus flavonoids promoted glucose uptake in murine 

adipocytes in a concentration-dependent manner.52 As well, 

nobiletin was found to restore glucose tolerance and insulin 

sensitivity in hepatic and peripheral tissues.53 Nobiletin also 

induced apoptosis and suppressed lipid accumulation in adi-

pocytes, and tangeretin suppressed intracellular triglyceride 

accumulation in adipocytes.54 In in vivo studies, Lee et al 

reported that ob/ob mice given nobiletin had lowered fast-

ing and non-fasting plasma glucose, improved OGTT, and 

increased GLUT4 protein expression.55 Nobiletin has also 

been found to attenuate diet-induced obesity, hepatic steato-

sis, dyslipidemia, and increased hepatic fatty acid oxidation 

in Ldlr-/- mice.53 A previous study using hamsters on a high-

fructose diet to induce hyperlipidemia and insulin-resistance 

found that those treated with Diabetinol® for 4 weeks showed 

decreased glucose and insulin levels, as well as reduced 

blood cholesterol, triacylglycerol, and non-esterified fatty 

acid concentrations.36

The current study, together with the results from our 

previous study and data obtained from both in vitro and 

in vivo research on nobiletin and tangeretin, suggests that 
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 Diabetinol® may have a role in improving glucose tolerance 

and reducing CVD risk in T2DM patients.

One limitation of this study was that the population in 

the current study was more heterogeneous, with greater 

severity and perhaps progression of diabetes than the popu-

lation in the previous study. The inclusion criteria for the 

current study required participants to have higher fasting 

glucose and HbA
1c

 levels. Furthermore, participants were 

on concomitant medications that indicated they were being 

treated for hypertension and hyperlipidemia. It is possible 

that the heterogeneity of participants, together with the 

relatively small sample size, contributed to the study not 

achieving statistical significance. Another limitation of 

this study was that participants were not required to con-

trol their diet. For future studies, a larger sample size is 

certainly warranted.  Decreasing the heterogeneity of the 

study population by limiting the age range may eliminate 

the complication of the age-related response to the post-

glucose challenge. The improvement in the glucose curve 

that was observed in participants 40–60 years of age is 

intriguing, and should be further explored in a future study 

with a larger sample size.

Conclusion
It is apparent that conventional treatments alone are inad-

equate to control fluctuations in PP glucose.14 The rec-

ommended goals for HbA
1c

 were achieved by 14.3% of 

participants while 33% achieved LDL targets, 20% achieved 

TC targets, and 83.3% achieved systolic blood pressure 

targets. The results of the current study, in conjunction with 

the current understanding of the mechanisms of action of 

nobiletin and tangeritin from in vitro and in vivo studies, 

suggests that Diabetinol® administration holds promise as 

a synergistic adjunctive therapy that may slow or prevent 

disease progression, more closely control PP glucose fluctua-

tions, and decrease CVD risk.
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