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Abstract 

Objectives: To examine the eff ect of dietary supplements on diabetic risk progression, blood 
glucose level, and lipid profi les.

Methods: A randomized, double-blind, placebo-controlled study was conducted at Rajavithi 
hospital, Thailand. Participants with prediabetes were randomly allocated to three arms of dietary 
supplements: placebo (PL) or curcumin plus fi sh oil and vitamin D (CFD), or curcumin plus 
fi sh oil (CF) for 24 weeks. Primary outcomes were the progression of glycemic status and the 
progression to overt diabetes at 24-week and 36-week follow-ups. Secondary outcomes were 
changes in glycemic profi les (fasting plasma glucose, 75 g OGTT 2-h plasma glucose or HbA1C), 
body weight, BMI and lipid profi les.

Results: A total of forty-seven participants (PL, n = 16; CFD, n = 15; CF, n = 16) were 
included in the study. At the 24-week follow-up, the participants with worsening glycemic status 
in the intervention groups were lower, CFD, CF and Placebo, 14.29%, 13.33% and 31.25%, 
respectively. However, the primary outcome, progression of glycemic status, was statistically 
diff erent, with p - value = 0.046 (p < 0.05) when excluding previous diabetes in the study. As well 
as the incidence of type 2 diabetes at 24-week follow-up was not statistically diff erent between 
the three groups, 14.29%, 13.33%, and 12.5%, p - value = 0.699 (p < 0.05) in CFD, CF, PL 
group, respectively. The secondary outcomes also failed to demonstrate the eff ect of dietary 
supplements on blood glucose, lipid profi les, weight, BMI and blood chemistry.

Conclusion: The combined dietary supplements which contained curcumin-fi sh oil-vitamin D,
could lower the glycemic status progression in prediabetes at six months follow-up and were 
well-tolerated among the participants.

Introduction
Curcumin, ϐish oil, and vitamin D have been widely used 

as dietary supplementation worldwide [1,2]. They are also 
one of the most popular dietary supplements in Thailand. 
Curcumin’s pharmacological effect was well known for its anti-
inϐlammatory, and antioxidant properties [3-6]. Moreover, 
curcumin was found to improve insulin resistance, improve 
beta cell function, delay the development of type 2 diabetes 

[7-10] and improve lipid levels in animal models and human 
studies [11-18].

Fish oil which contained Omega-3 fatty acids was reviewed 
as improving lipid and blood glucose levels, increasing 
adiponectin levels, and its anti-inϐlammatory property, which 
related to decreased risk of diabetes and cardiovascular 
events [19-21].

Vitamin D during the COVID era was studied for its anti-
inϐlammatory properties and health beneϐits of metabolic 
proϐile. Vitamin D level in hypertensive patients was related to 
a 2 times increased risk of cardiovascular events. And the low 
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level of vitamin D level was associated with increased blood 
glucose levels [22-26]. 

The combined multiple dietary ingredients in one pill were 
preferable due to its convenience and multiple health beneϐits. 
We were interested in the ingredients which had scientiϐic 
evidence of lowering blood sugar and lipid level. However, 
randomized prospective trials on these dietary supplements 
on health beneϐits in Thailand were scarce.

The incidence of prediabetes in Thailand was doubling 
in ten years. In 2011, the prevalence of prediabetes by 
impaired glucose tolerance (IGT) was 8.7% while in 2021 the 
prevalence was 15.5% [27]. Approximately 25% of individuals 
with prediabetes will develop type 2 diabetes in three to ϐive 
years, and 70% of individuals with prediabetes will develop 
overt diabetes within their lifetime [28]. Once the person 
develops prediabetes, the cardiovascular risk has increased, 
the study found that the cardiovascular events occurred in 
18% of individuals with prediabetes compared with 11% 
of individuals with normal blood glucose levels at ϐive years 
follow up [29]. 

Based on health data of Rajavithi hospital healthcare 
personnel in 2019 - 2020, found that 20% of the staff were at 
risk of metabolic syndrome such as impaired fasting glucose 
(IFG), hypercholesterolemia, overweight, and obesity.

This study aimed to evaluate the anti-diabetic property and 
effect on metabolic proϐiles of combined dietary supplement 
regimens, containing curcumin, ϐish oil and vitamin D which 
might decrease the risk of diabetes among the healthcare 
personnel in Rajavithi hospital.

Methods and design
Study design

This study was conducted in Rajavithi Hospital, Bangkok, 
Thailand. Participants with impaired fasting glucose (IFG)
or impaired glucose tolerance (IGT), were recruited 
from Rajavithi hospital healthcare personnel. They were 
screened through the yearly routine checkup and laboratory 
information and were informed by telephone based on the 
inclusion criteria: Rajavithi hospital healthcare personnel 
aged more than 20 years old, diagnosed with IFG (impaired 
fasting glucose); fasting plasma glucose (FPG) 100 mg/dL - 
125 mg/dL, IGT (impaired glucose tolerance test); 75 grams 
oral glucose tolerance test 2 hours plasma glucose (75 g OGTT 
2-h PG) 140 mg/dL - 199 mg/dL), or HbA1C 5.7% - 6.5%.

Exclusion criteria included diagnosis with type 2 diabetes, 
pregnancy, allergic to any ingredients in the study, diagnosis 
with any medical conditions which need prompt treatment, 
taking antidiabetic/lipid-lowering agents or any agents that 
affect blood glucose and lipid level, history of other dietary 
supplements in previous 3 months before the study, impaired 
liver function; AST/ALT above 5 times of upper normal range 
or impaired renal function; GFR < 60 ml/min/1.73 m2.

Intervention

At baseline and at the 24-week visit of the study, the 
participants were appointed for 75 grams oral glucose 
tolerance test and other blood tests including hemoglobin 
A1C, lipid proϐiles, renal function, liver function, blood cell 
count (CBC), vitamin D level, serum calcium, phosphate, 
magnesium, and electrolytes. They were advised to stop 
eating and drinking 10 – 12 hours before the test. They were 
asked to drink the liquid that contained glucose 75 grams 
of within 5 minutes and had blood drawn before and 2 
hours after they drank the glucose. At the 12-week visit, the 
participants were appointed for blood tests including fasting 
blood glucose, hemoglobin A1C, lipid proϐiles, renal function, 
liver function, blood cell count (CBC), vitamin D level serum 
calcium, phosphate, magnesium, and electrolytes. They were 
also advised to stop eating and drinking 10 - 12 hours before 
the blood test.

Curcumin, ϐish oil, vitamin D combined, and placebo (olive 
oil) [30-32] soft gels were prepared by Orient innovation 
company (OIC), Bangkok, Thailand, and were approved by 
the Thai FDA in March 2020. Each soft gel contained 125 mg 
of curcumin, 500 mg of ϐish oil and 100 IU of vitamin D or 
placebo which were similar in color, smell, taste and texture. 

Three regimens of the dietary supplement were provided 
to the three participants groups, group 1 PL contained 
a placebo (olive oil), group 2 CFD contained 125 mg of 
curcumin, 500 mg of ϐish oil, and 100 IU vitamin D, group 
3 CF contained 125 mg of curcumin and 500 mg of ϐish oil. 
Participants were appointed every 12 weeks at 0, 12 and 24 
weeks of intervention. Participants took 1 capsule twice a day.

The amount of each ingredient was under the limit of 
the Thai FDA announcement for active ingredients allowed 
in food supplement products. Curcumin should not be more 
than 2,000 grams per day. The ϐish oil should meet the quality 
and amount of not more than 3 grams allowed in the Thai FDA 
announcement of ϐish oil in 2021. Vitamin D should not be more 
than 400 IU per day in the dietary supplementation and not 
lower than 15% of the Thai recommended dietary allowance 
(Thai RDA). We decided to use our dietary supplement dosage 
of up to 10% - 50% of the maximum dosage of each ingredient 
in this study due to safety concerns.

The quality-of-life scores [33], compliance assessment, and 
adverse effects were monitored by phone call, SMS, or chat 
application monthly due to the social distancing policy during 
a COVID outbreak in Thailand. This study was approved by 
Ethics Committees on Researches Involving Human Subjects 
Rajavithi Hospital, Bangkok, Thailand in April 2021, EC number 
081/2021. The trial has been registered with Rajavithi clinical 
trial registry in May 2021.

Procedures

All participants gave their informed consent before 
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participating in the study. The three groups visited 4 times at 
0, 12, 24 and 36 weeks of intervention. Personal demographic 
information was obtained by case record form and phone 
calls for additional data. At each visit, blood pressure, height, 
weight, BMI were measured and 10 ml - 15 ml blood samples 
were collected after 10 - 12 hours of fasting and 75 grams 
glucose tolerance test was performed at weeks 0 and 24. The 
short form of compliance and quality of life assessment in Thai, 
provided in the Supplementary Appendix, were obtained at 
0, 24 weeks of the study.

Study outcomes

Primary outcomes were the progression of glycemic status 
and the incidence of type 2 diabetes at 24-week and 36-week 
follow-ups. The progression of glycemic status was estimated 
by glycemic status progression in Table 1. The 36-week follow-
up outcome was ongoing and will be ϐinished in April 2022.

The glycemic status progression was clinically important 
due to the different annual rates of type 2 diabetes progression 
in each glycemic status, Table 2. 

Secondary outcomes of this study were changes in glycemic 
proϐiles (fasting plasma glucose, 75 g OGTT 2-h plasma glucose 
or HbA1C), body weight, Body Mass Index (BMI) and lipid 
proϐiles at 24, 36 weeks follow-up.

Randomization and statistical analysis

Randomization was conducted using simple random 
sampling. None of the participants, technicians, statisticians, 
or investigators know the prescribed regimen during the 
study. Sample size [35] was calculated based on data from 
the study by Chuengsamarn, et al. [7], n = 15 per study arm 

was estimated. We included a total of 47 participants in the 
study. Baseline characteristics were analyzed by using an 
independent sample t - test for continuous data and a chi-
square test for categorical data. The primary and secondary 
outcomes were analyzed by paired sample t - test.

Ethical considerations

The study was approved by the Rajavithi human research 
study ethics committees, Rajavithi hospital in April 2021. The 
trial has been registered with Rajavithi clinical trial registry. 
We obtained informed consent from all participants.

Results
The study started on July 2021 to February 2022 in 

Rajavithi Hospital, Bangkok, Thailand. 192 health checkup 
data was reviewed and selected. 47 participants were eligible 
and randomized to three groups (N = 47) (Figure 1). One 
participant in the curcumin-ϐish oil-vitamin D group was 
withdrawn from the study at week 8 due to abnormal liver 

Table 1: Glycemic status classifi cation and defi nition of prediabetes [34].
Glycemic status classifi cation Defi nition

1 Normal FPG < 100 mg/dL and HbA1C < 5.7%

2 IFG FPG 100 mg/dL - 125 mg/dL or HbA1C 
5.7% – 6.4%

3 IGT 75 g OGTT 2 hr. PG 140 mg/dL - 199 mg/
dL or HbA1C 5.7% – 6.4%

4 IFG and IGT FPG 100 mg/dL - 125 mg/dL and 75 g 
OGTT 2 hr. PG 140 mg/dL - 199 mg/dL

5 T2D by 75 g OGTT 2 hr. PG or 
HbA1C

75 g OGTT 2 hr. PG ≥ 200 mg/dL or 
HbA1C ≥ 6.5%

6 T2D by 75 g OGTT 2 hr. PG and 
HbA1C

75 g OGTT 2 hr. PG ≥ 200 mg/dL and 
HbA1C ≥ 6.5%

FPG: Fasting Plasma Glucose; IFG: Impaired Fasting Glucose; IGT: Impaired 
Glucose Tolerance; 75 g OGTT: 75 Grams Oral Glucose Tolerance Test; 2-h PG: 2 
hours Plasma Glucose.
*For all three tests, the risk is continuous, extending below the lower limit of the range 
and becoming disproportionately greater at the higher end of the range.

Table 2: The annual rates of progression to type 2 diabetes [37].
Forms of glucose tolerance IFG IGT IFG + IGT T2D
Normal glucose tolerance 1.3 3.9 0.5 0.6

IFG 3.7 6.5 2.4
IGT 0.9 2.7

IFG + IGT 9.9
IFG: Impaired Fasting Glucose; IGT: Impaired Glucose Tolerance; T2D: Type 2 Diabetes
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Figure 1: Consort fl ow diagram.
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function test and was diagnosed with autoimmune hepatitis 
by liver biopsy. One participant in the curcumin-ϐish oil group 
was lost to follow-up due to a move to another province. At 
the end of the study, 14 participants in the curcumin-ϐish 
oil-vitamin D group, 15 in the curcumin-ϐish oil group and 
16 in the placebo group completed the study. The baseline 
characteristics between the intervention groups and placebo 
group were not statistically different as shown in Table 3. 
The adherence of the participants was more than 80%. The 
quality-of-life score at baseline and at the 24-week outcome in 
each group was not different, Table S3 in the Supplementary 
Appendix. In the outcomes of 36 weeks, we found only a 
curcumin base regimen that decreases the risk of diabetes 
progression in 24 weeks study but not found in 36 weeks 
study. 

We found that the glycemic status at 24-week follow-
up in the two intervention groups tended to be better than 
the placebo group. The numbers of the participants with 
worsening glycemic status at 24-week follow-up in the 
intervention groups were lower than in the placebo group, as 
shown in Table 4 and (Supplement Appendix Figure S1-S3),
CFD, CF, Placebo, 14.29%, 13.33%, 31.25%, respectively. 
However, the progression of glycemic status at 24-week 
follow-up was not statistically different between the three 
groups, p - value = 0.311 (p < 0.05) due to the small number 
of participants in the study. As well as the incidence of type 2 
diabetes at 24-week follow-up was not different between the 
three groups, 14.29%, 13.33% and 12.5%, p - value = 0.699 (p 
< 0.05) in CFD, CF, and PL group, respectively. Moreover, the 
means of body weight, BMI change or blood chemistries used 
in the study, such as FPG, 75 gm OGTT 2-h PG, HbA1C, and Lipid 
proϐiles, as shown in Table 5, were not statistically different. 
No serious adverse events were reported. In Table 5, we found 
that in curcumin base treatment in group 2(CFD) and group 

3(CF) trend of FBS and triglyceride levels that lower than in 
the control group. We found greater changes from baseline 
in both intervention groups, but not statistically signiϐicant. 
Only group 2 that composite of Vitamin D in a regimen that 
the only regimen that showed an increased level of vitamin D 
higher than another group with a p - value of 0.098 as shown 
in Table 5. 

In an analysis of the ϐinal report, we didn’t ϐind statistically 
signiϐicantly different in glycemic parameters and any diabetes 
risk progression score to T2D (not report).

Adverse eff ects

During the study, we monitored the adverse effects of 
the dietary supplements [36] by phone call, weight, blood 
pressure, and blood chemistries for liver and kidney functions. 
We found no signiϐicant differences in the interventions 
and placebo groups. A few participants in the intervention 
groups reported minor nonspeciϐic symptoms, such as an 
itching symptom that occurred in one participant in the ϐirst 
2 weeks of the study and was spontaneously resolved without 
any treatment. GERD-like symptom sometimes occurred in 
two participants and was improved with the proton pump 
inhibitors and prokinetic medications. These symptoms were 
remarked as not related to the prescribed dietary supplements. 
During the 24-week study, none of the participants developed 
cardiovascular events or death. 

Discussion
This study aimed to examine the health beneϐit of metabolic 

proϐiles of combined dietary supplements, which contained 
curcumin, ϐish oil and vitamin D. The results represented the 
clinical beneϐit of the decreased risk of diabetic progression 
among prediabetes individuals. The effect of the dietary 
supplements on body weight, BMI change, or blood 

Table 3: Baseline characteristics
Variables Group 1 PL (N = 16) Group 2 CFD (N = 15) Group 3 CF (N = 16) p - value

Sex (%) (male: female)
 Male (%)

 Female (%)

2:14
12.5
87.5

0:15
0

100

2:14
12.5
87.5

0.359

Age (years) 50 ± 8.76 54.6 ± 10.11 46.75 ± 9.67 0.082
BW (kg) 69.52 ± 13.60 70.41 ± 19.79 73.54 ± 15.50 0.769

BMI (kg/m2) 27.45 ± 5.16 29.22 ± 7.40 28.8 ± 4.77 0.677
FPG (mg/dL) 102.56 ± 12.09 97.47 ± 11.65 100.44 ± 10.61 0.469

75 g OGTT PG at 2 hr. (mg/dL) 148.73 ± 57.37 132.93 ± 39.57 121.06 ± 32.3 0.228
HbA1C (%) 5.89 ± 0.39 5.83 ± 0.46 5.72 ± 0.38 0.503
LDL (mg/dL) 144.94 ± 40.78 126.60 ± 46.91 128.25 ± 30.58 0.368

Triglycerides (mg/dL) 132.94 ± 85.36 162.20 ± 127.46 132.19 ± 54.61 0.600
Total cholesterol (mg/dL) 216.69 ± 45.89 209.14 ± 51.96 200.19 ± 32.61 0.571

HDL (mg/dL) 53.88 ± 10.21 60.47 ± 16.60 52.88 ± 10.91 0.215
Creatinine (mg/dL) 0.69 ± 0.16 0.66 ± 0.12 0.70 ± 0.15 0.701

AST (U/L) 26.25 ± 13.33 24.20 ± 8.36 22.19 ± 11.61 0.602
ALT (U/L) 34.81 ± 31.49 25.33 ± 15.21 22.81 ± 13.27 0.269

Vitamin D level (ng/ml) 23.99 ± 6.40 24.23 ± 10.56 22.14 ± 6.77 0.751
Hb (g/dL) 13.5 ± 0.92 13.44 ± 0.87 13.56 ± 1.18 0.957

PL: Placebo Group; CFD: Curcumin-Fish oil-vitamin D group; CF: Curcumin-Fish oil group; FPG: Fasting Plasma Glucose; OGTT: 75 gram Oral Glucose Tolerance Test; 
A1C: Hemoglobin A1C; LDL: LDL cholesterol; TG: Triglycerides. TC: Total Cholesterol; HDL: HDL Cholesterol; Cr: Creatinine; AST: Aspartate Transaminase; ALT: Alanine 
Transaminase; VitD: Vitamin D level; Hb: Hemoglobin; BW: Body Weight (kg); BMI: Body Mass Index.
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chemistries, such as FPG, 75 gm OGTT 2-hr PG, HbA1C, and 
lipid proϐiles was not shown a signiϐicant difference compared 
with placebo.

The previous studies [7,8] showed the favorable effects 
of curcumin, one of the ingredients in our combined dietary 
supplements, with higher dosages of up to 1,500 mg of the 
curcumin daily prescribed on body weight different from our 
study lower than 6 times dose of curcumin a day (curcumin 
250 mg daily in our study), FPG and HbA1C changes. 

The curcumin particle process in this study that made by 
a novel innovation technique with spray dries which made 
curcumin particle-sized that lower to nanoparticle by 0.4 

nm ± 0.02 nm. With a Z-average of the particle around 166.6 
nm ± 2.34 nm. The composite of Tuna ϐish oil could be the 
proper vector that takes curcumin particles to the cell directly 
independent of another process of distribution into the cell 
membrane of target organs such as another commercial 
turmeric extract powder.

Moreover,  in our study, the participants were not aggressive 
and strictly adhered to dietary and lifestyle modiϐications. 
During the COVID outbreak lockdown, most participants 
were less active and increased amount of food intake, the 
information obtained from participant interviewing during 
the follow-up. Our study outcomes also showed weight gain 
in both intervention groups, 0.39 ± 2.01, 0.15 ± 1.75 kg, but 

Table 4: Glycemic status and annual risk for type 2 diabetes progression.
Group 1 PL (N = 16) Group 2 CFD (N = 14) Group 3 CF (N = 15) p - value

Glycemic status at wk. 0 (N, %)

0.380*
 IFG 11 (68.75%) 8 (57.14%) 10 (66.67%)
 IGT 0 2 (14.29%) 0

 IFG + IGT 5 (31.25%) 4 (28.57%) 5 (33.33%)
Glycemic status at wks. 24 (N, %)

0.864*

 Normal glucose tolerance 4 (25%) 3 (21.43%) 4 (26.67%)
 IFG 5 (31.25%) 6 (42.86%) 7 (46.67%)
 IGT 0 1 (7.14%) 0

 IFG + IGT 5 (31.25%) 2 (14.29%) 2 (13.33%)
 T2D by OGTT or A1C 1 (6.25%) 2 (14.29%) 2 (13.33%)

 T2D by OGTT and A1C 1 (6.25%) 0 0
Progression of glycemic status by stage at 24-week follow up

0.699*
 Step up of glycemic status (N, %) 5 (31.25%) 2 (14.29%) 2 (13.33%)

 Step down of glycemic status (N, %) 5 (31.25%) 6 (42.86%) 5 (33.33%)
 Same glycemic status (N, %) 6 (37.50%) 6 (42.86%) 8 (53.33%)

Incidence of T2D in prediabetes 
at 24 weeks (N, %) 2 (12.5%) 2 (14.29%) 2 (13.33%) 0.699†

Step up of glycemic status (N, %) 5 (31.25%) 2 (14.29%) 2 (13.33%) 0.311†

Step down of glycemic status (N, %) 5 (31.25%) 6 (42.86%) 5 (33.33%) > 0.999†

Progression of glycemic status by stage at 24-week follow-up by exclude T2D enroll
Group 1 PL (N = 14) Group 2 CFD (N = 13) Group 3 CF (N = 16) p – value

Progression of glycemic status  0.64 ± 1.82  -0.77 ± 1.17 0 .19 ± 1.28 0.046†

Δ risk for annual T2D 4.10 ± 10.58 -3.16 ± 5.13 2.95 ± 10.72 0.108
Δ risk score x Δ status 7.44 ± 17.48 -7.15 ± 12.29 2.33 ± 17.17 0.067

*Statistically signifi cant at p - value < 0.05 determined by Cramer's V.
†Statistically signifi cant at p - value < 0.05 determined by Fisher's exact test.
PL: Placebo Group; CFD : Curcumin-Fish Oil-Vitamin D group; CF: Curcumin-Fish Oil Group.

Table 5: Secondary outcomes: changes of parameters from baseline (Table S1 and S2 appendix).
Variables Group 1 PL (N = 16) Group 2 CFD (N = 14) Group 3 CF (N = 15) p - value
BW (kg) -0.84 ± 3.05 0.39 ± 2.01 0.15 ± 1.75 0.321

BMI (kg/m2) -0.35 ± 1.22 0.15 ± 0.84 0.05 ± 0.70 0.318
FPG (mg/dL) 0.75 ± 9.56 -2.57 ± 4.82 -1.67 ± 13.88 0.652

75 g OGTT PG at 2 hr. (mg/dL) -6.25 ± 68.74 -10.71 ± 20.46 -2.8 ± 36.24 0.904
HbA1C (%) 0.02 ± 0.25 0.08 ± 0.25 0.15 ± 0.24 0.362
LDL (mg/dL) -5.63 ± 28.27 -5.07 ± 50 -8.27 ± 30.88 0.969

Triglycerides (mg/dL) -2.00 ± 53.84 -37.07 ± 75.79 -1.60 ± 39.12 0.177
Total cholesterol (mg/dL) -7.13 ± 26.90 -8.38 ± 40.17 -17.80 ± 39.21 0.670

HDL (mg/dL) -0.75 ± 4.54 -0.50 ± 6.30 -2.27 ± 6.12 0.658
Creatinine (mg/dL) -0.01 ± 0.09 0.04 ± 0.08 -0.02 ± 0.06 0.140

AST (U/L) -3.40 ± 6.84 -2.64 ± 5.67 1.00 ± 15.72 0.480
ALT (U/L) -6.20 ± 16.21 -0.71 ± 8.48 1.67 ± 18.21 0.349

Vitamin D level (ng/ml) -1.51 ± 4.32 2.32 ± 5.28 -0.95 ± 4.37 0.098
Hb (g/dL) -0.1 ± 0.44 -0.45 ± 0.61 -0.51 ± 0.76 0.180

PL: Placebo Group; CFD: Curcumin-Fish Oil-Vitamin D group; CF: Curcumin-Fish oil group; FPG: Fasting Plasma Glucose; OGTT: 75 gram Oral Glucose Tolerance Test; 
A1C: Hemoglobin A1C; LDL: LDL cholesterol; TG: Triglycerides; TC: Total Cholesterol; HDL: HDL cholesterol; Cr: Creatinine; AST: Aspartate Transaminase; ALT: Alanine 
Transaminase; VitD: Vitamin D level; Hb: Hemoglobin; BW: Body Weight (kg); BMI: Body Mass Index.
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weight loss in the placebo group, -0.84 ± 3.05 kg, p - value = 
0.321 (p < 0.05). Two participants were the high-risk contact 
with COVID patients and were home-quarantined for fourteen 
days, however, none of the participants was infected with 
COVID-19 during the study.

Limitations of the study
This study was conducted in a single center and included 

only healthcare personnel in the study due to the COVID 
lockdown policy which did not represent the generalizability 
of the population and include a too small number of 
participants. A 12-week follow-up and adherence evaluation 
by phone call during the COVID era was quite a long duration 
which may lead to poorer adherence compared with short-
duration, face-to-face reminders. Daily calorie intake control 
between the three groups was not implemented, while the 
previous studies input the dietary and lifestyle modiϐication 
along with dietary supplementation [7,8]. Curcumin dosage in 
this study might be insufϐicient or underdosed compared with 
the previous studies.

Larger numbers, more variety of participants, and longer 
periods of the study including different dosages of dietary 
ingredients were needed in further studies to support the 
study outcomes. And the two intervention groups which 
included curcumin and ϐish oil with and without vitamin D 
respectively can easily use in further studies for increasing the 
dosage of curcumin and ϐish oil without overdosage of vitamin 
D allowed.

In conclusion, the combined dietary supplements 
containing curcumin-ϐish oil-vitamin D beneϐit beyond the 
progression of glycemic status, prevent the risk of prediabetes 
progression to overt diabetes, and its minor adverse effect is 
well-tolerated in most people. Current evidence suggests that 
carbohydrate, lipid and amino acid metabolites not only are 
altered in individuals but also exhibit signiϐicant prospective 
associations with prediabetes and/or type 2 diabetes. The 
basic nutrition for pre-diabetes should be concerned with low 
carbohydrate components, sugar from food begins to build 
up in your bloodstream because insulin can’t easily move the 
sugar from the extracellular ϐluid. Curcumin and ϐish oil with/
without vitamin D supplementation may decrease progression 
to diabetes but should be integrated with exercise according 
to the standard recommendation.
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