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Abstract

Purpose This randomised controlled trial assessed the
acute and long-term effects of daily supplementation of
kanuka honey, formulated with cinnamon, chromium
and magnesium on glucose metabolism, weight and lipid
parameters in individuals with type 2 diabetes.

Methods Twelve individuals with type 2 diabetes received
53.5 g of a formulated honey and a control (non-formu-
lated) kanuka honey in a random order for 40 days, using
cross-over design. Fasting glucose, insulin, HbAlc, lipids
and anthropometric measures were measured at baseline
and end of treatment. A meal tolerance test was performed
at baseline to assess acute metabolic response.

Results There was no statistically significant difference
in acute glucose metabolism between treatment groups, as
measured by the Matsuda index and AUC for glucose and
insulin. After the 40-day intervention with honey, fasting
glucose did not differ significantly between the two treat-
ments (95 % CI —2.6 to 0.07). There was no statistically
significant change in HbAlc or fasting insulin. There was
a statistically significant reduction in total cholesterol by
—0.29 mmol/L (95 % CI —0.57 to —0.23), LDL cholesterol
by —0.29 mmol/L (95 % CI —0.57 to —0.23) and weight
by —2.2 kg (95 % CI —4.2 to —0.1). There was a trend
towards increased HDL and reduced systolic blood pres-
sure in the intervention treatment.
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Conclusion The addition of cinnamon, chromium and
magnesium supplementation to kanuka honey was not
associated with a significant improvement in glucose
metabolism or glycaemic control in individuals with type 2
diabetes. Use of the formulated honey was associated with
a reduction in weight and improvements in lipid parame-
ters, and should be investigated further.
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Introduction

In the last two decades, there has been increasing focus
on the use of complementary therapies in the management
of type 2 diabetes (T2DM). Honey, in particular, has been
extensively investigated. Honey has long been acknowl-
edged as having useful medicinal purposes, with descrip-
tions of its healing powers in the Holy Qur’an [1]. In more
recent times, honey has been recognised as a useful ‘sugar
substitute’ in patients with both type 1 and type 2 diabetes,
with slower absorption and less plasma glucose excursions
[2-6]. This may be due to the unique composition of honey,
with high concentrations of fructose and various oligosac-
charides, resulting in a low glycaemic index (GI). There
may also be prebiotic or antioxidant properties influencing
glucose metabolism [4, 7].

Other natural substances have been found to have ben-
eficial effects on glucose metabolism in animal and human
studies. In particular, recent meta-analyses have analysed
the effects of supplementation of cinnamon, chromium and
magnesium in individuals with T2DM, and have shown
potential improvements in insulin sensitivity and glycaemic
control [8-11].
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Taking these findings into account, a kanuka honey has
been formulated, with the addition of cinnamon, chro-
mium and magnesium, to create a honey dietary supple-
ment which may deliver positive effects on blood glucose
and insulin levels. This study aimed to determine the acute
and longer-term effects of daily supplementation of three
tablespoons (53.5 g) of this formulated kanuka honey when
compared with regular kanuka honey over a 40-day period,
on glucose metabolism, glycaemic control and lipids in
men and women with T2DM.

Methods

This study was an open-label, randomised cross-over trial
comparing the impact of regular kanuka honey and for-
mulated kanuka honey on glucose metabolism, glycaemic
control and lipid levels in patients with T2DM. The study
was approved by the Ministry of Health Central Regional
Ethics Committee (13/CEN/91) and was registered with
the Australian New Zealand Clinical Trials Registry
(ACTRN12613000624785).

Inclusion criteria included participants with T2DM,
treated with metformin or diet alone. Participants using

10,000

The study design allowed for the assessment of the acute
effects and impact of longer-term supplementation of the
treatment honeys.

Acute treatment

At baseline, participants attended the Centre for Endo-
crine Diabetes and Obesity Research Wellington (CEDOR
Wellington) in a fasted state, after withholding their
morning oral hypoglycaemic agents. Blood samples were
taken at time O for fasting insulin and glucose, as well as
HbA1c and lipids. To assess the acute effects of the honey
treatments on glucose metabolism in the immediate post-
prandial phase, a meal tolerance test was performed after
ingestion of 53.5 g of the randomised honey on two pieces
of wholemeal bread (70.4 g of carbohydrate in total).
After insertion of an intravenous cannula, blood samples
were taken at 30-min intervals for 120 min (a total of five
samples), for glucose and insulin measurements, to allow
calculation of an integrated measure of insulin sensitiv-
ity using the same formula as the Matsuda index derived
from an oral glucose tolerance test [12]. This formula is
shown as:

Matsuda index =

go X ip X

(80-15+g30-30+g60-30+290-30+2120-15) % (ig-154130-30+i60-30+i90-30+i120-15)
120

120

sulphonylureas or insulin were excluded, due to the impact
of these medications on insulin measurements, as were par-
ticipants treated with other medications which could affect
glucose tolerance, such as oral glucocorticoids. Participants
with suboptimal glycaemic control (HbAlc > 80 mmol/
mol or 9.5 %) were excluded, due to the potential risk of
worsening hyperglycaemia with administration of honey
products. Participants taking supplements containing cinna-
mon, chromium or magnesium were not excluded from the
study; however, a washout period of 20 days was required
prior to commencement of the first treatment arm. Partici-
pants were recruited through attendance at a secondary care
diabetes clinic, or via advertisement.

The study was divided into two treatments—a con-
trol treatment, consisting of regular kanuka honey, and
an intervention treatment, consisting of 53.5 g of a for-
mulated honey, comprised of 4.5 g food grade cinnamon,
200 pg chromium polynicotinate and 120 mg magnesium
citrate mixed with 100 % kanuka honey. Participants
received both control and intervention treatments in a
random order, using computer-generated randomisation.
Due to the colour, aroma and taste of the cinnamon, it was
not possible to blind study participants to the honey type;
however, investigators remained blinded throughout.
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where g represents the plasma glucose concentration at the
different time points and i represents the plasma insulin
concentration at the different time points. The areas under
the curve (AUC) for insulin and glucose during the meal
test were also calculated using the trapezoidal rule.

Longer-term treatment

At a baseline visit, after completion of the meal tolerance
test, subjects received a supply of honey to take home.
They were instructed to consume 53.5 g (three tablespoons)
of this honey each day for 40 days, measured in individual
containers. Subjects were able to include the honey in their
diet as per individual preferences. Subjects returned for
assessment at day 40. At this visit, all containers of honey
were returned and assessed for quantity of honey remain-
ing, as a marker of compliance.

At baseline and at day 40, blood tests to measure fast-
ing insulin and glucose, HbAlc and lipids were performed.
Anthropometric measures of blood pressure, heart rate and
weight were collected at each visit. Subjects were required
to complete a food diary of the 3 days prior each visit
(baseline and day 40). Three-day food diaries were ana-
lysed using the FoodWorks7 programme (Xyris Software,
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Australia), providing a breakdown of dietary intake
parameters.

After completion of the first 40-day treatment, there
was a 20-day washout period before commencement of the
second.

Blood samples were batched and processed at an accred-
ited laboratory (Diabetes and Lipid Laboratory, University
of Otago, Dunedin) using standard commercial laboratory
assays (Roche Diagnostics).

Statistical analysis

A sample size of 12 participants had 80 % power, with type
1 error of 5 %, to detect a paired difference in fasting glu-
cose of 1.6 mmol/L (similar to that seen in a study by Khan
et al. [13]), with an assumed standard deviation of 1.8.

Statistical analysis was performed using a mixed linear
model with order of treatment, baseline value of the vari-
able and randomised treatment as fixed effects, and the par-
ticular participant as a random effect, to enable the cross-
over design to be taken into account. SAS version 9.3 was
used for this analysis.

Results

Thirty individuals were assessed for eligibility and 12
were recruited to the study (Fig. 1). Baseline characteris-
tics of participants are shown in Table 1. Participants were
predominantly of New Zealand European ethnicity with a
mean age of 61.7 years (range 51.2-68.1). Mean duration
of T2DM was 5.4 years (range 1-13.9). All participants
were taking metformin.

Mean compliance with honey supplementation was
85 % for the control honey and 86 % for the intervention
honey. No participants were lost to follow-up; however, one
participant declined the second treatment with honey due
to deterioration in glycaemic control during the first treat-
ment. This participant underwent full testing as per proto-
col, with results analysed on an intention to treat basis.

Dietary intake as derived from 3-day food diaries at com-
mencement and completion of each treatment is shown in
Table 2. There were no significant differences between study
treatments for any dietary parameter; however, the increase
in total sugar intake after 40 days of honey treatment neared
significance for participants for both the control treatment
(p = 0.09) and intervention treatment (p = 0.08).

Acute treatment
The Matsuda index of insulin sensitivity was calculated

for each participant at the commencement of each treat-
ment, from the insulin and glucose measurements during

each meal tolerance test (Table 3). There was no difference
between each honey preparation with a mean (SD) Matsuda
index of 2.87 (1.72) for the control honey and 2.75 (2.05)
for the intervention honey. After adjusting for baseline, the
Matsuda index was 0.12 (95 % CI —0.95 t0 0.71, p = 0.76)
lower with the intervention treatment. The AUC of glucose
and insulin were also calculated from the meal tolerance
test results (Table 3). There was no statistically significant
difference between treatment arms for AUC glucose, at
0.7 mmol/L/120 min (95 % CI —0.9 to 2.3; p = 0.38), or
for AUC insulin, at —7.41 pU/mL/120 min (95 % CI —16.7
to 1.8, p =0.11).

Longer-term treatment

Table 4 demonstrates fasting glucose and insulin results
at the commencement and completion of both treatments
for all 12 participants. Using a mixed linear model, after
adjusting for baseline, fasting glucose did not differ signifi-
cantly after 40 days between the two treatments (95 % CI
—2.6 t0 0.07, p = 0.06). Neither fasting insulin nor HbAlc
differed significantly after 40 days between the two honey
treatments (95 % CI —4.3 to 6.5, p = 0.67 and 95 % CI
—6.0t0 0.7, p = 0.11, respectively). After consumption of
the formulated honey, there was a reduction in total cho-
lesterol by —0.37 mmol/L (95 % CI —0.073 to —0.008,
p = 0.046) and LDL cholesterol by —0.29 mmol/L (95 %
CI —-0.57 to —0.23, p = 0.039) compared to the control
honey (Table 4). There was a trend towards increased HDL
in the intervention treatment; however, this did not reach
statistical significance.

After adjusting for baseline, there was a statistically
significant reduction in weight of 2.2 kg (95 % CI —4.2 to
—0.1, p = 0.039) in the intervention treatment. The point
estimate for systolic blood pressure favoured the inter-
vention treatment with a reduction in blood pressure of
—10 mmHg (95 % CI —22.1 to 2.0, p = 0.09); however,
the confidence intervals were consistent with no difference.

Discussion

In this study, no beneficial effects of the use of kanuka
honey formulated with cinnamon, chromium and mag-
nesium were found on immediate glucose metabolism or
on fasting plasma glucose, fasting insulin or HbAlc after
40 days of daily supplementation, although changes in fast-
ing plasma glucose did near statistical significance. Statisti-
cally significant reductions in total body weight, total cho-
lesterol and LDL were found in participants supplemented
with the formulated honey, and weak evidence of a reduc-
tion in systolic blood pressure and increased HDL was also
noted; however, these did not reach statistical significance.
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Fig. 1 Study flow diagram

Acute glucose metabolism

in glucose and insulin over 2 h after ingestion of each of
the honey preparations. No statistically significant dif-

Assessment of the acute effects of the consumption of  ference was seen in either the AUC glucose or insulin, or
the formulated honey on immediate glucose metabo-  using an integrated measure of both. Whilst several stud-
lism was assessed in this study by measuring the changes  ies have assessed changes in glycaemic control in patients
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after supplementation of chromium, cinnamon and mag-
nesium, fewer have examined the impact of these supple-
ments on glucose and insulin in the acute setting as in our
present study. Only one RCT has demonstrated a statisti-
cally significant reduction in post-glucose load glycaemia
in patients supplemented with chromium [14], whilst others
were unable to find a statistically significant difference in
AUC glucose [15-20]. Magistrelli et al. [21] demonstrated
a reduction in AUC glucose (p = 0.008) after ingestion
of 6 g of ground cinnamon during a cereal-based glucose
tolerance test. This dose is significantly greater than the
current formulated honey and may imply an important
dose-response effect. In addition, the impact on acute
absorption of adding these supplements to a honey solution
is unknown and may have impacted on the findings.

Table 1 Baseline demographic information (n = 12)

Mean (SD)
Age (years) 61.7 (6.2)
BMI (kg/m?) 36.6 (12.3)
Duration of diabetes (years) 5.4 (4.1)
Number
Male sex 7 (58 %)
Ethnicity: n (%)
NZ European 9 (75 %)
NZ Maori 2 (17 %)
Indian 1 (8 %)

Impact of 40-day honey supplementation on glycaemic
control

Neither honey preparation reduced fasting blood glucose
or HbAlc, or altered insulin levels significantly after 40
days supplementation, suggesting a lack of benefit of the
honey itself. The relatively short study period may have
precluded demonstration of any clinically significant
change in HbAlc level. Several studies have demonstrated
variable effects of honey on fasting plasma glucose levels
and HbAlc. In animal studies, there is some evidence that
short- and long-term ingestion of honey leads to improve-
ment in plasma glucose levels and HbAlc in diabetic rats
in a dose-dependent manner [22, 23]. The administration of
honey in addition to glibenclamide or metformin has been
shown to significantly reduce serum glucose and fructosa-
mine, and increase insulin in diabetic rats, over and above
treatment with these medications alone [5]. Despite this,
other studies in rats have failed to show differences in glu-
cose and insulin levels with longer-term intake of either a
high honey or high sugar diet [24].

Several small studies in human subjects have looked at
the impact of honey on fasting glucose, insulin levels and
HbAlc, with mixed results. Bahrami et al. [25] assessed
the effect of 8 weeks of honey supplementation com-
pared to usual diet in patients with T2DM, with no differ-
ence in fasting blood glucose at the end of the study. This
study remains the only study to date to assess HbAlc in
participants with T2DM after prolonged honey supplemen-
tation. Their results demonstrated a significant increase
in HbAlc in the group treated with honey, from a mean

Table 2 Dietary intake after 40 days of control and intervention honey (n = 12) [mean (SD)]

Energy (kj) Protein (g) Fat (g) Carbohydrate (g) Sugars (g) Alcohol (g) Fibre (g)
Control
Baseline  8328.3 (2967.8) 90.2 (27.0) 75.2 (30.4) 236.2 (99.1) 95.9 (35.3) 3.3(6.5) 26.0 (10.9)
Day 40 8898.1 (2341.4) 88.1 (26.0) 78.4 (34.7) 258.0 (65.2) 118.9 (20.3) 6.7 (13.9) 21.1 (9.3)
Intervention
Baseline 8094.4 (3081.5) 84.5 (28.7) 79.2 (46.5) 219.8 (67.1) 80.9 (36.8) 2.5(5.0) 20.5 (8.9)
Day 40 7946.1 (1738.9) 83.9 (19.6) 73.7 (31.4) 204.4 (37.0) 98.9 (32.1) 2.0 (4.0) 20.7 (12.4)
Tabl.e' 3. Measures Of. insulin Control Intervention Difference (95 % CI)*
sensitivity after baseline meal
tolerance test (n = 12) AUC glucose (mmol/L/120 min) 105 (2.3) 11.1 3.3) 0.7 (=0.9 t0 2.3)
AUC insulin (WU/mL/120 min) 55.2 (20.6) 47.8 (22.2) —7.41 (—16.7 to 1.8)
Matsuda Index 2.87 (2.05) 2.75 (1.72) —0.12 (—0.95 t0 0.71)

# Mixed linear model analysis
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Table 4 Outcome measures at baseline and day 40 (n = 12) [mean (SD)]

Control Intervention Difference (95 % CI)*

Baseline Day 40 Baseline Day 40
Fasting glucose (mmol/L) 7.5(1.9) 8.2(2.2) 8.2(3.4) 7.2 (1.8) —1.3(-2.6t00.07)
Fasting insulin (uU/mL) 16.9 (12.5) 18.5 (10.5) 20.6 (13.0) 22.4(12.8) 1.1 (—4.3106.5)
HbA 1c (mmol/mol) 49.8 (10.9) 519 (11.4) 50.8 (11.2) 50.3 (10.3) —2.7(—6.0t0 0.7)
Total cholesterol (mmol/L) 4.4 (0.9) 4.8 (1.1) 4.5(1.1) 4.5(0.9) —0.37 (—0.073 to —0.008)*
LDL cholesterol (mmol/L) 2.47 (0.72) 2.72 (0.93) 2.50 (0.71) 2.46 (0.68) —0.29 (—0.57 to —0.02)*
HDL cholesterol (mmol/L) 1.02 (0.33) 1.08 (0.27) 1.0 (0.35) 1.0 (0.26) 0.06 (—0.13 t0 0.01)
Triglycerides (mmol/L) 2.07 (0.85) 2.20 (0.80) 2.25(1.14) 2.29 (1.16) 0.05 (—0.51t0 0.41)
Systolic BP (mmHg) 126.8 (16.8) 137.4 (22.4) 133.6 (20.6) 131.8 (13.4) —10.0 (—22.1 t0 2.0)
Diastolic BP (mmHg) 75.2 (9.6) 78.2 (11.9) 76.3 (10.2) 75.0 (9.9) —43(-9.6to 1.1)
Weight (kg) 105.5 (42.5) 107 (44.1) 107.9 (45.1) 107.2 (44.0) —2.2(—4.2to —0.1)*
*p <0.05

4 Mixed linear model after adjusting for baseline. Assesses day 40 data of intervention treatment as compared to control treatment

HbAlc of 7.1 % to 7.7 % (p < 0.01). In this study, overall
dietary intake of sugars was increased in the intervention
group which may have attenuated any improvement in fast-
ing blood glucose, and may have contributed to the HbAlc
findings. Whilst no increase in HbAlc was noted in the pre-
sent study, a non-statistically significant increase in dietary
sugar intake was noted, which may have reduced the likeli-
hood of improved HbAlc in participants. Indeed, one par-
ticipant declined the formulated honey due to deterioration
in glycaemic control with the control honey.

In a cross-over study of children and adolescents with
type 1 diabetes, Abdulrhman et al. [26] assessed the impact
of honey versus usual diet on glucose metabolism. Honey
significantly reduced fasting glucose and increased both
fasting and postprandial C-peptide levels, which is of
interest in a type 1 population. A study of healthy subjects
showed no reduction in fasting glucose [3], whilst others in
overweight and obese patients suggested an improvement
of —4.2 % or 0.22 mmol/L (p = 0.042); however, this was
unlikely to be clinically significant [27].

A variety of mechanisms have been proposed in the
literature to explain potential effects of honey on glycae-
mic control. Fructose and oligosaccharides may lead to
delayed gastric emptying, slower digestion and reduced
intestinal absorption of glucose [4, 7]. In addition, there is
increasing evidence from animal studies of the impact of
gut microbiota on obesity and insulin resistance. Studies in
both animals and humans suggest an increase in beneficial
gut microorganisms after ingestion of certain oligosaccha-
rides found in honey, suggesting that these components act
as prebiotics [7]. Oligosaccharides may also increase glu-
cose-stimulated insulin release from the pancreas and may
be associated with increased plasma levels of GLP-1 and
peptide YY [4, 7]. Honey is also known to have antioxidant
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properties, which may lead to improvements in beta cell
function and hepatic insulin sensitivity [4].

Several explanations for the lack of improvement in
parameters in the present study may be hypothesised. The
small increase in dietary sugar intake in both study arms
may have attenuated any effect; however, previous studies
with positive findings have used greater quantities of honey
[26, 27]. In addition, participants were instructed to incor-
porate the honey into their diet as they saw fit, which may
have resulted in inconsistencies in absorption or interac-
tions with other dietary components. Whilst kanuka honey
is understood to be chemically similar to the more com-
mon manuka honey, GI has not been formally tested and
could be different. However, GI and insulinaemic index (II)
have been found to strongly correlate with fructose content,
making this less likely [28].

Impact of 40-day formulated honey supplementation
on glycaemic control

This study also assessed whether the addition of cinnamon,
chromium and magnesium to honey had an effect on glu-
cose metabolism. In in vitro and animal models, cinnamon
supplementation has insulin-like properties, stimulating
glucose uptake into skeletal muscle and adipose tissue, and
up-regulating GLUT4 expression. In addition, the poly-
phenol content has an antioxidant effect [29]. However,
the evidence for benefit in man is conflicting. A recent
meta-analysis assessed 10 RCTs of cinnamon on glycae-
mic control in participants with T2DM [9]. There was
significant heterogeneity between cinnamon preparations,
doses (120 mg—6 g/day) and duration of supplementation
(4-18 weeks). A statistically significant mean reduction in
fasting plasma glucose of —1.36 mmol/L (95 % CI —2.25
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to —0.48 mmol/L) was described; however, no improve-
ment in HbAlc was seen.

Chromium deficiency in the critically unwell has been
demonstrated to lead to reversible insulin resistance and
diabetes [30]. The effects of supplementation in patients
with T2DM who are not deficient in this micronutrient
are less well understood; however, it is proposed that
chromium supplementation may lead to improved gly-
caemic control by stimulating insulin receptors, increas-
ing the activity of glucokinase in the liver and enhancing
beta-islet function [31, 32]. Two meta-analyses assessing
chromium supplementation have yielded variable results.
A recent meta-analysis of 7 RCTs assessing the effect of
chromium supplementation in patients with T2DM dem-
onstrated a small decrease in fasting plasma glucose of
—0.95 mmol/L (95 % CI —1.42 to —0.49 p < 0.0001)
[32]. A larger meta-analysis of 41 studies assessing
patients with normoglycaemia, impaired fasting glucose
and T2DM was performed [10]. A significant reduction
in fasting plasma glucose of 1 mmol/L (95 % CI —1.4 to
—0.5) in patients with T2DM was demonstrated; however,
no change was noted in participants with no diabetes or
impaired fasting glucose. Half of the studies included
were of poor quality, and there appeared to be a signifi-
cant variation in effect depending on dose and prepara-
tion which could not be further drawn out in the analy-
sis. Meta-analyses assessing the impact of chromium on
HbAlc have been conflicting, with one showing no effect
and one showing a small reduction of —0.6 % (95 % CI
—0.9 to —0.2) [10, 32].

Magnesium is an important co-factor for meta-
bolic reactions, including insulin-dependent activation
of tyrosine kinase in the metabolism of glucose [33].
Magnesium supplementation is purported to assist with
improved first- and second-phase insulin secretion [34].
A tendency towards lower average serum magnesium
levels has been noted in patients with T2DM, compared
with healthy controls [33]. A meta-analysis of nine RCTs
assessing the use of magnesium supplementation in
patients with T2DM demonstrated a small reduction in
fasting plasma glucose of —0.56 mmol/L (95 % CI —1.1
to —0.01, p = 0.02) after 4-16 weeks supplementation to
treatment; however, no statistically significant effect on
HbA1lc was seen [11].

Despite the evidence to support the supplementation of
these additives in patients with T2DM, there was no benefit
of the addition of these to honey in the present study. Ben-
efit of these additives may be variable depending on dose
and preparation effects and may not have been optimised
in the formulated honey. The effect on absorption and the
bioavailability of these additives when prepared in a honey-
based solution is currently unknown.

Secondary outcome measures

A statistically significant reduction in LDL cholesterol and
a small significant reduction in total cholesterol were noted
with the formulated honey, with a trend towards increased
HDL cholesterol. The evidence surrounding this remains
conflicting. It is purported that cinnamon improves lipid
profiles by inhibiting hepatic 3-hydroxy-3-methylglutaryl
CoA reductase activity [35]. Cinnamon supplementation
has been found to significantly reduce total cholesterol, tri-
glycerides and LDL, and increase HDL in one meta-anal-
ysis [9], however not in one other [35]. In RCTs specifi-
cally designed to assess the effect of cinnamon on lipids,
only one of four showed an improvement in lipid levels
[36]. This occurred at high dose of cinnamon supplemen-
tation. Two meta-analyses in patients supplemented with
chromium were unable to determine a significant effect
on lipid profiles, although some small studies do appear to
demonstrate significant increase in HDL levels [10, 32]. A
meta-analysis of the use of magnesium suggested a small
increase in HDL; however, this was not statistically signifi-
cant [11]. In the present study, it is not possible to deter-
mine which active ingredient led to improvements in the
lipid profile. Larger studies, looking at this in particular
detail, may be of benefit.

In the present study, a statistically significant reduc-
tion in weight was noted with use of the formulated honey
despite no specific instruction on energy intake. Food diary
data did not show any significant difference in energy
intake in this group. Accepting the limitations of food
diaries, this suggests the possibility that weight loss may
have been due to an effect of formulated honey on energy
expenditure. There is a lack of evidence in the literature to
explain this. Pooled mean data from animal studies have
suggested statistically significant weight gain in rats treated
with cinnamon, felt secondary to improvement in glycae-
mic control and therefore improvements in catabolic state
[37]. Akilen et al. [38] performed a double-blinded RCT
of cinnamon use in patients with T2DM and demonstrated
a trend towards lower BMI; however, this did not reach
statistical significance. Others have found increased lean
mass and decreased body fat in patients with metabolic
syndrome who are treated with cinnamon [39]. No statisti-
cally significant change in weight has been seen in meta-
analyses using chromium or magnesium supplementation
in a population with T2DM [11, 32]. One small RCT has
shown reduced hunger and reduced food intake in over-
weight women supplemented with chromium for 8 weeks
[40]; however, cinnamon use has been found to not have
an effect on satiety [41]. In the present study, it is likely
that the food diary data were not sensitive enough to detect
small changes in total energy intake from other dietary
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components. However, more controlled studies using calo-
rimetry may be worthwhile to explore this further.

The impact of the formulated honey treatment on
blood pressure is equivocal. Whilst it did not reach statis-
tical significance, there was a trend towards lower blood
pressure in concordance with some literature findings. A
meta-analysis of the effects of cinnamon supplementa-
tion on blood pressure demonstrated significant reduc-
tions in both systolic (by 5.39 mmHg, 95 % CI —6.89
to —3.89) and diastolic blood pressure (by 2.6 mmHg,
95 % CI —4.53 to —0.66) [42]. No effect on blood pres-
sure was seen with magnesium supplementation [11] and
has not clearly been assessed with chromium supplemen-
tation. It is again difficult to determine the significance of
the findings in this present study or indeed which active
component, if any, is responsible for this trend in blood
pressure.

Overall, the positive findings of the present study are
in keeping with those described in the literature. Findings
regarding improvements in fasting blood glucose and insu-
lin sensitivity are highly variable in the literature, and the
present study continues to reflect this. Significant differ-
ences between this study and others with regards to dosing
regimen, preparation and duration of treatment are likely to
have impacted greatly on this. In particular, the properties
of kanuka honey as compared to other honey preparations
are not fully understood, and the impact of ingesting cin-
namon, chromium and magnesium in a honey-based solu-
tion is unclear. In addition, ethnic differences cannot be
discounted, with many published studies assessing popula-
tions of predominantly Middle Eastern and Southern Asian
origin.

There were several strengths of this study. The cross-
over design allowed participants to act as their own control.
The study was adequately powered to observe an effect,
and study dropout was low with 100 % follow-up. Whilst
one participant did not take the second honey treatment,
analysis was completed in an intention-to-treat manner.
The use of dietary data illustrated that any effect seen was
not secondary to statistically significant changes in dietary
intake across the study.

The inability to blind participants to the honey formula-
tions was a significant weakness. The ability for patients to
ingest their daily dose of honey in a manner of their choos-
ing also introduced potential heterogeneity in terms of bio-
availability of the dose administered, whilst participant
compliance may often be difficult to guarantee when inter-
ventions are performed in ‘real-life’ settings. In addition,
the short duration of the study meant that potential statis-
tically significant changes in HbAlc and anthropometric
measures were less likely to become apparent. The multiple
statistical analyses also increased the risk of type 1 error.
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Conclusion

In conclusion, the addition of cinnamon, chromium and
magnesium supplementation to kanuka honey does not
appear to have a significant impact on glucose metabolism
or glycaemic control in patients with T2DM. There is much
inconsistency in the literature as to the relative effects of
each of these supplements and the findings of this study
further reflect this. There was evidence of a statistically sig-
nificant change in body weight and improvement in lipid
parameters with use of the formulated honey, and a larger
trial with a longer duration of supplementation is required
to further elucidate this. On the basis of this study, there
is no evidence to support the supplementation of kanuka
honey or additional formulation of kanuka honey with cin-
namon, chromium and magnesium for the management of
patients with T2DM on metformin therapy; however, an
improvement in body weight and lipid parameters cannot
be discounted.
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