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Abstract

Objective: To examine the efficacy and safety of Curalin supplement in patients
with type 2 diabetes.

Research design and methods: Adult patients with type 2 diabetes were random-
ized 1:1 to receive Curalin supplement or placebo. The primary endpoint was HbA1c
decrease at 1 month. The secondary endpoint was a decrease in HbAlc by more
than 0.5% and 1% and a change in 7 daily blood glucose measurements. A satis-
faction questionnaire was used as an exploratory endpoint. Safety variables and
adverse events were assessed.

Results: After 1 month of intervention, HbA1c was reduced by 0.94% in the Curalin
arm versus 0.4% in the placebo arm (P = 0.008). 72% of Curalin patients had
decreased HbA1c levels >0.5% versus 35% in the placebo arm (P < 0.05). The

Treatment Satisfaction Questionnaire indicated that Curalin arm patients reported
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1 | INTRODUCTION

In Western countries, the estimated prevalence of type 2 diabetes is
over 10% of the adult population.! Patients with uncontrolled dia-
betes on antidiabetic drugs or who have significant side-effects might
be able to improve their glycaemic indices by supplementing with
complementary and alternative medicine (CAM) therapy.?®

Curalin, a combination of natural herbal plants with hypoglycemic
traits that are used in traditional medicine, achieves a synergistic effect
through several mechanisms of action (details in supplement).**°

This pilot, double-blind placebo, randomized control trial was
designed to evaluate the efficacy of Curalin versus placebo as an add-
on therapy among 36 adults with uncontrolled, type 2 diabetes.
Safety and treatment satisfaction were also evaluated.

and was well-tolerated.

higher overall satisfaction.
Conclusions: Curalin treatment significantly reduced HbA1c over a 1-month period

add-on therapy, natural herbal plants, supplement, type 2 diabetes

2 | MATERIALS AND METHODS
2.1 | Study design

The study was powered at 80% to detect any statistical difference
between groups under the assumptions of a mean difference in
HbA1c of 0.8% between groups, with a standard deviation of 0.75%.

Eligible patients received two capsules of either Curalin or pla-
cebo thrice daily for 30 days (Figure S1). Patients were asked to take
7 glucose measurements once-a-week on the same day using a
Freestyle glucometer that was supplied to them. Information on
concomitant medications was collected by study site personnel from
medical record reviews and patient interviews. Visits and their timing
are summarised in Table S1.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, pro-

vided the original work is properly cited.
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2.2 | Ethics information

The study was registered at clinicalTrials.gov (Number NCT0543
9473). Ethical approval was obtained from the Edith Wolfson Medical
Center Ethics Committee (0160-20-WOMC). Patients provided
written informed consent to participate.

2.3 | Outcomes

The primary efficacy endpoint was change in HbA1c after 1 month of
Curalin treatment. The secondary endpoint was defined as the
number of patients with significant improvement in HbA1c (>0.5%
and >1%) and in the mean of the 7 blood glucose measurements
taken on the same day, once-a-week. The Diabetes Treatment
Satisfaction Questionnaire (DTSQ) was used as an exploratory
endpoint. In addition to adverse events (Aes) and serious adverse
events (SAEs), safety variables included fasting blood count,

biochemical tests, and vital signs.

2.4 | Blinding and randomisation

Within 1-2 weeks after screening, the participants were randomized
1:1 into the supplement and placebo groups, using stratification
based on HbA1c levels at screening (7.5%-9% and >9%-11%), ac-
cording to a computer-generated randomisation scheme. Of the 36
patients in the study, 24 with HbA1c < 9% and 12 with HbAlc > 9%
were equally allocated between treatment arms.

2.5 | Statistical methods

Continuous baseline variables are presented as mean, standard devi-
ation (SD), median, interquartile range (IQR), and range. Dichotomous
variables are presented as count and proportion. Treatment arms
were compared using both the t-test and Wilcoxon rank sum test for
continuous variables and the Wald test or Fisher's exact score for
dichotomous variables, each as appropriate. For the primary outcome
of change in HbA1c, comparisons between treatment arms for the
overall study sample as well as for a subgroup of predefined HbA1lc
levels at baseline were calculated and evaluated using a t-test. Linear
regression was built to analyse the association between the decrease
in HbA1c and the treatment group adjusted for baseline HbA1c. In
addition, improvement in HbA1c was defined based on the thresholds
of decrease in HbA1c during the study of at least 0.5% or at least 1%. A
comparison between treatment arms was tested on the basis of
Fisher's exact score. The changes in clinical measurements between
treatment arms were compared using a t-test. Treatment satisfaction
was calculated based on the DTSQ questionnaire responses at the
beginning and end of the study. The total and individual scores at
baseline and their change during the study are presented as mean, SD,

median, interquartile range, and range. Changes in scores between

treatment arms were compared using the Wilcoxon rank sum test.
Means and 95% confidence intervals (Cl) of the 7 daily blood glucose
measurements are presented and compared using t-test.

Statistical significance was set at a p-value<0.05. All analyses
were performed using R software v3.4.1.

3 | RESULTS

From 3 August 2021 to 1 May 2022, 51 patients with type 2 diabetes
were enroled in the study (Figure S1). Among them, 36 eligible pa-
tients were randomized. Each treatment arm consisted of 18 pa-
tients. One patient randomized to the placebo group reported an AE
and discontinued the study on day 10 due to abdominal pain. A total
of 35 patients completed the study per protocol.

3.1 | Demographics and preprocedural baseline
characteristics

There were no significant differences in baseline characteristics be-
tween the Curalin and placebo groups, indicating overall balanced
randomisation (P > 0.05) (Table 1).

3.2 | HbA1c change

The primary efficacy endpoint was the mean decrease in HbA1c after
1 month of intervention was 0.94% in the Curalin arm and 0.4% in
the placebo arm. The mean (SD) difference between Curalin versus
placebo was 0.54% (0.57), (P = 0.008). The comparison of Curalin and
placebo treatment arms regarding HbAlc < 9% resulted in mean
decreases of 0.83% (0.52) and 0.13% (0.45) in the Curalin and pla-
cebo arms, respectively (P = 0.001). The mean HbA1c >9% decreased
by 1.16 in the Curalin group and 0.88 in the placebo group (P = 0.458,
Table 2).

Linear regression revealed a significant decrease in HbA1c in the
Curalin versus placebo arms (P < 0.01; Table 2). Multivariate analysis
showed similar results (mean difference in decrease: 0.58 (SE = 0.18,
P < 0.01; Table 2). The results of this analysis are based on the
intention to treat 36 patients with imputation for the patient who
discontinued the study due to an AE. The secondary endpoint
demonstrated a significant decrease in HbAlc of >0.5% in 72% of
patients treated with Curalin versus 35% of patients treated with
placebo (P < 0.05). Among patients who received Curalin, 44.4%
experienced a >1% decrease in HbA1lc, compared to 11.8% of pa-

tients in the placebo group (P = 0.06, Figure 1).

3.3 | Glucose measurements

The mean glucose levels for all patients in both treatment arms

during the 30-day trial are presented in Figure 2. There was a
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TABLE 1 Patient demographics and clinical characteristics at baseline.

Variable Total (N = 36) Curalin (N = 18) Placebo (N = 18) p-value* p-value**

HbA1c (%) Mean (SD) 8.86 (0.94) 8.82 (0.87) 8.9 (1.03) 0.808 0.937
Median (IQR) 8.62 (8.2, 9.46) 8.73 (8.08, 9.43) 8.44 (8.35, 9.49)
Range (7.62, 11.3) (7.74, 10.32) (7.62,11.3)

Sex, % (n) F 38.9 (14) 33.3 (6) 44.4 (8) 0.496
M 61.1 (22) 66.7 (12) 55.6 (10)

Age, years Mean (SD) 63.08 (8.68) 63.28 (8.17) 62.89 (9.41) 0.895 0.949
Median (IQR) 64 (55, 69.5) 64 (55, 69) 63.5 (55, 70)
Range (45, 78) (50, 77) (45, 78)

Age, years (n, %) <65 63.9 (23) 66.7 (12) 61.1 (11) 0.730
>65 36.1 (13) 33.3 (6) 38.9 (7)

Diabetes duration, years Mean (SD) 14.2 (8.8) 13.39 (6.9) 15.06 (10.6) 0.581 0.830
Median (IQR) 13(7,2) 12.5 (8, 20) 13 (7, 22)
Range (2, 36) (2, 25) (2, 36)

Diabetes duration, years, % (n) <10 44.4 (16) 44.4 (8) 44.4 (8) >0.999
>10 52.8 (19) 55.6 (10) 50 (9)

BMI (kg/m?) Mean (SD) 30.44 (4.49) 30.78 (4.37) 30.09 (4.71) 0.649 0.602
Median (IQR) 30.65 (26.95, 34.25) 30.7 (27.3, 34.7) 29.95 (26.3, 33.9)
Range (22.5, 41) (23.2, 37.7) (225, 41)

BMI, % (n) <30 47.2 (17) 44.4 (8) 50 (9) 0.740
>30 52.8 (19) 55.6 (10) 50 (9)

Waist circumference, cm Mean (SD) 105.05 (13.71) 107.61 (11.25) 102.48 (15.7) 0.268 0.580
Median (IQR) 106.5 (99.5, 114) 107 (101, 113) 106 (92, 114)
Range (66.7, 130) (88, 130) (66.7, 120)

Systolic BP, mmHg Mean (SD) 133.3 (14.07) 133.7 (12.72) 132.8 (15.66) 0.862 0.962
Median (IQR) 131 (122.5, 144.5) 134 (124, 144) 130.5 (120, 147)
Range (106, 159) (114, 159) (106, 158)

Diastolic BP, mmHg Mean (SD) 81.11 (9.77) 81.89 (10.59) 80.33 (9.11) 0.640 0.635
Median (IQR) 81.5 (73.5, 88) 81.5 (79, 91) 81 (73, 85)
Range (61, 102) (61, 100) (67, 102)

Creatinine Mean (SD) 0.85 (0.24) 0.81 (0.23) 0.88 (0.24) 0.379 0.326
Median (IQR) 0.84 (0.65, 0.97) 0.75 (0.65, 0.91) 0.88 (0.65, 1.02)
Range (0.48, 1.34) (0.48, 1.3) (0.57, 1.34)

ALT Mean (SD) 24.11 (13.38) 22.61 (14.12) 25.61 (12.83) 0.509 0.296
Median (IQR) 20.5 (15, 27) 20 (13, 24) 23 (16, 31)
Range (8, 68) (8, 68) (12, 63)

AST Mean (SD) 19.43 (7.98) 19.88 (9.03) 19 (7.09) 0.749 0.921
Median (IQR) 17 (14, 22) 17 (16, 22) 17.5 (13, 22)
Range (9, 47) (9, 47) (10, 36)

Insulin use, % (n) No 86.1 (31) 88.9 (16) 83.3 (15) 0.632
Yes 13.9 (5) 11.1 (2) 16.7 (3)

Note: Continuous variables are presented as mean, SD, median, interquartile range (IQR), and range. Dichotomous variables are presented as count and
proportion. Treatment arms were compared using the t-test (*) or Wilcoxon rank sum test (**). Comparison between treatment arms for dichotomous
variables was performed using the Wald test (*) or Fisher's exact test (**), each as appropriate.

Abbreviations: ALT, alanine transaminase; AS, aspartate transaminase; BP, blood pressure.
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TABLE 2 Change in HbAlc from baseline to the end of the study.

Treatment N Mean (SD) Median (IQR) Range of change p value (t-test)
Curalin 18 —-0.94 (0.62) —-0.92 (-1.30, -0.34) (-2.03, +0.03)
Placebo 18 —0.40 (0.52) —-0.36 (-0.60, —0.05) (=1.50, +0.54)
Difference Curalin versus Placebo —0.54 (0.57) 0.008
HbAlc < 9% Curalin 12 —0.83 (0.52) —0.91 (-1.28, -0.44) (=1.55, +0.03)
Placebo 12 —0.13 (0.35) —0.09 (-0.36, 0.13) (=0.60, +0.54)
Difference Curalin versus Placebo —0.70 (0.45) 0.001
HbAlc >9% Curalin 6 -1.16 (0.78) -1.16 (-2.03, -0.34) (-2.03, -0.26)
Placebo 6 —0.88 (0.43) —-0.88 (-1.21, -0.45) (-1.50, -0.39)
Difference Curalin versus placebo —0.28 (0.63) 0.458

Linear regression

Variable Label Parameter estimate (Cl 95%) Standard error p-value
Treatment Curalin versus placebo —0.58 (-0.93, —0.23) 0.18 0.003
HbA1c at baseline -0.27 (-0.43, —0.08) 0.09 0.008

Note: Change in HbA1c is presented as mean, SD, median, interquartile range, and range. A comparison between treatment arms was performed using a
t-test. Linear regression analysed the association between a decrease in HbA1c and treatment group, adjusted for baseline HbA1c.

P=0.044
80
72.2%

. P=0.060
60
50 44.4%
40 35.3%
30
20

10

0

>0.5% @ curalin Placebo >1%

FIGURE 1 Percentage of participants with
a clinically significant improvement in HbA1lc.

11.8%

Improvement in HbA1c during the study was defined as a decrease in HbA1c of at least
0.5% or at least 1%. A comparison between treatment arms was tested based on the

Fisher's Exact score.

statistically significant decrease in the 7 daily blood glucose mea-
surements of the Curalin arm versus the placebo arm during weeks 1
(P=0.04), 3 (P=0.02) and 4 (P = 0.01). Curalin treatment resulted in
an overall decrease in mean blood glucose levels at all time points of
the day compared with placebo (Figure S2A-G).

3.4 | Anti-diabetes drugs

Differences in drug use between treatment arms were not significant
(Table S2).

3.5 | Clinical measurements

Overall, the differences between treatment arms in clinical and lab-
oratory measurements before and at the end of the study were not
significant (Table 1, Table S3).

3.6 | Treatment satisfaction questionnaire

The DTSQ was used to measure patients' treatment satisfaction at

baseline and at the end of the study. DTSQ scores at baseline were
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FIGURE 2 Averaged values of glucose
monitoring at baseline during week 1, week 2,

300
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week 3, and week 4 of the 7-daily glucose 250
measurements. Ese.es
< 200 189.57 i78.87 77.93 7.6
g
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Presented are average of all measurements throughout the day values of glucose
monitoring at baseline, during week 1, week 2, week 3, week 4, at 7-daily glucose
measurements.

not significantly different between treatment arms (Table S4A). At
the end of the study, the Curalin group had significantly higher scores
for improvement in treatment satisfaction (Q1) (P = 0.01), recom-
mendation of treatment (Q7) (P = 0.038), continuing treatment (Q8)
(P = 0.008), and perceived hyper- and hypoglycemia levels (Q2 and
Q3) (P = 0.002 and P = 0.005, respectively) (Table $4B).1¢

3.7 | Adverse events
Patients experiencing AEs reported them as mild. No deaths or SAEs
occurred during the study (Table S5).

4 | DISCUSSION

This study evaluated the effect of Curalin as an add-on therapy for
patients with type 2 diabetes mellitus. The results showed that par-
ticipants in the Curalin arm experienced a significant reduction in
HbA1c levels after 1 month of therapy. The study also demonstrated
2-fold and 4-fold decreases in HbAlc of >0.5% and >1% in patients
treated with Curalin versus placebo. The effect was on fasting, pre-,
and post-prandial blood glucose levels.

This effect was observed in 35/36 patients with long-term dia-
betes who had previously received anti-diabetes drugs but failed to
attain the desired HbA1c target values.

In a meta-analysis of different food supplements for weight loss,
subjects who took nutritional supplements were found to have
reduced appetite, increased energy expenditure, and a 2 kg decrease
in body weight.'”

In the current study, the short exposure to Curalin supplement
failed to result in reduced body weight. Longer studies using Curalin
supplement may show a reduction in body weight as a benefit in
addition to significant decreases in haemoglobin HbAlc.

Based on the DTSQ, patients in the Curalin treatment arm
perceived overall higher satisfaction than placebo-treated patients.
Curalin, which was added to the patients' treatment regimen that
included hypoglycemic drugs, was shown to be well-tolerated.

The use of CAM for the treatment of type 2 diabetes mellitus has
been previously researched; however, inter-study comparisons are
challenging. Most studies that demonstrated the superiority of CAM
over placebo included mostly naive patients or patients taking one
anti-diabetes drug.'® The efficacy and minimal side-effects of Curalin
therapy reported here support the need for larger and longer studies

to approve the findings of this pilot study.

4.1 | Limitations

The study included a relatively small sample and was too short in
duration to demonstrate the effect of the supplement on HbA1c over
a long exposure. The participants were not on dietary control;
consequently, we cannot draw conclusions based on their dietary
behaviour. The effect of the supplement is more difficult to evaluate
compared to pharmacological drugs due to possible differences in

efficacy between batches.

5 | CONCLUSION

Curalin intake had a significantly positive effect on reducing HbA1c
levels, demonstrated a positive safety profile, and therapeutic rele-
vance for type 2 diabetes mellitus treatment. Based on these findings,
further evaluation of Curalin as a potential CAM treatment option for
type 2 diabetes mellitus should be conducted on a larger scale for a

longer period.
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