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Figure S1. Ultra-Performance Liquid Chromatography (UPLC) chromatogram of bioavailable turmeric extract (BCM-95®) detected at 420 nm, showing retention times of curcumin (3.439 minutes), demethoxycurcumin (3.122 minutes), and bisdemethoxycurcumin (2.831 minutes).
Supplementary S1: Certificate of Analysis for BCM-95® turmeric extract supplement.
The turmeric extract used in the study was derived from dried turmeric rhizomes (Curcuma longa), identified by a qualified botanist, with a voucher specimen retained under herbarium ID HERB-ED-22. The extract, BCM-95® (Curcugreen® from Arjuna Natural Pvt. Ltd., India), was provided in 500 mg zero size hard gelatin capsules. BCM-95® combines curcuminoids (curcumin, demethoxycurcumin, bisdemethoxycurcumin) with essential oil of turmeric, rich in ar-turmerone, to enhance bioavailability. Each capsule contained 475 mg of curcuminoids and turmeric essential oil, with the total complex comprising not less than 95%, curcuminoids not less than 88%, and curcumin not less than 68%. 

The composition of BCM-95® was characterized using ultra-performance liquid chromatography (UPLC) as shown in Figure S.1. A UPLC method was utilized to estimate Curcumin, Demethoxycurcumin, and Bisdemethoxycurcumin in BCM-95. The analysis was performed using a Waters Acquity UPLC H-Class system (Waters Corporation, Milford, USA) equipped with an Acquity UPLC BEH C18 column (2.1 x 50 mm, 1.7 µm) or an equivalent L1 column. Separation was achieved in isocratic mode with a mobile phase consisting of 0.1% formic acid in water and acetonitrile in a 55:45 (v/v) ratio. The flow rate was set at 200 µL/min and detection was carried out at 420 nm. A sample injection volume of 2 µL was used for the analysis.

Supplementary S2: Standardized healthy lifestyle recommendations provided to all participants.
The healthy lifestyle includes:

1) Follow her/his standard, individualized hypo-caloric diet was designed with at least a 7% weight loss including 45-55%, 25- 35 %, and 10–20% of their calories from carbohydrate, fat, and protein, respectively.
2) Avoid excessive intake of high-fat products (whole dairy products, poultry fat (the skin on chicken), red meat, butter, cream, ice cream, processed meats (sausages), coconut oil, and palm oil).

3) Avoid excessive sugar consumption (candy, soda, syrups, sugar-loaded desserts, caramels, chocolate).

4) Increase PA by walking or cycling for 150 minutes per week.
Supplementary S3: CONSORT 2010 Checklist
The CONSORT (Consolidated Standards of Reporting Trials) 2010 checklist was completed to ensure transparent reporting of this randomized controlled trial. The checklist is provided below.
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Checklist for Reporting of Multi-Arm Parallel-Group Randomized Trials: Extension of the CONSORT 2010 Statement randomised trial*

	Section/Topic
	Item No
	CONSORT 2010 statement Checklist item
	
	Reported on page No

	
	Title and abstract

	
	1a
	Identification as a randomised trial in the title
	Identification as a multi-arm randomized trial in the title or an indication of the number of treatment groups that the participants were randomly assigned to
	1

	
	1b
	Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts)
	Specification of the number of treatment groups; details of any groups added or dropped
	2-3

	
	Introduction

	Background and objectives
	2a
	Scientific background and explanation of rationale
	Rationale for using a multi-arm design
	4-5

	
	2b
	Specific objectives or hypotheses
	Specification of the research question referring to all of the

treatment groups

Clear statement of all hypotheses to be tested and the primary comparisons involved
	5

	
	Methods

	Trial design
	3a
	Description of trial design (such as parallel, factorial) including allocation ratio
	Specification of the number of treatment groups
	5-6

	
	3b
	Important changes to methods after trial commencement (such as eligibility criteria), with reasons
	Details of any treatment groups added or dropped (if relevant),

with reasons, and/or changes to the allocation ratio
	None 

	Participants
	4a
	Eligibility criteria for participants
	
	6

	
	4b
	Settings and locations where the data were collected
	
	6-7

	Interventions
	5
	The interventions for each group with sufficient details to allow replication, including how and when they were actually administered
	
	7-8

	Outcomes
	6a
	Completely defined pre-specified primary and secondary outcome measures, including how and when they were assessed
	
	7-9

	
	6b
	Any changes to trial outcomes after the trial commenced, with reasons
	
	None 

	Sample size
	7a
	How sample size was determined
	Planned sample size with details of how it was determined for

each primary comparison
	7

	
	7b
	When applicable, explanation of any interim analyses and stopping guidelines
	
	None 

	Randomisation:
	
	
	
	

	 Sequence generation
	8a
	Method used to generate the random allocation sequence
	
	6-7

	
	8b
	Type of randomisation; details of any restriction (such as blocking and block size)
	
	7-8

	 Allocation concealment mechanism
	9
	Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), describing any steps taken to conceal the sequence until interventions were assigned
	
	7-8

	 Implementation
	10
	Who generated the random allocation sequence, who enrolled participants, and who assigned participants to interventions
	
	8

	Blinding
	11a
	If done, who was blinded after assignment to interventions (for example, participants, care providers, those assessing outcomes) and how
	
	8

	
	11b
	If relevant, description of the similarity of interventions
	
	7-8

	Statistical methods
	12a
	Statistical methods used to compare groups for primary and secondary outcomes
	Explicitly state if no adjustments for multiplicity were applied;

if adjustments were applied, state the method used
	9

	
	12b
	Methods for additional analyses, such as subgroup analyses and adjusted analyses
	
	9

	
	Results

	Participant flow (a diagram is strongly recommended)
	13a
	For each group, the numbers of participants who were randomly assigned, received intended treatment, and were analysed for the primary outcome
	
	10-16


	
	13b
	For each group, losses and exclusions after randomisation, together with reasons
	
	10

	Recruitment
	14a
	Dates defining the periods of recruitment and follow-up
	If periods of recruitment and follow-up are different across

treatment groups (eg, groups were added or dropped), the periods of recruitment and follow-up, reason(s) for the differences, and any statistical implications should be described
	None 

	
	14b
	Why the trial ended or was stopped
	
	None 

	Baseline data
	15
	A table showing baseline demographic and clinical characteristics for each group
	
	24-25

	Numbers analysed
	16
	For each group, number of participants (denominator) included in each analysis and whether the analysis was by original assigned groups
	
	10-11

	Outcomes and estimation
	17a
	For each primary and secondary outcome, results for each group, and the estimated effect size and its precision (such as 95% confidence interval)
	Results for each prespecified comparison of treatment groups
	10-13

	
	17b
	For binary outcomes, presentation of both absolute and relative effect sizes is recommended
	
	None

	Ancillary analyses
	18
	Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre-specified from exploratory
	
	11-13

	Harms
	19
	All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)
	
	10-11, 25

	
	Discussion

	Limitations
	20
	Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
	
	19

	Generalisability
	21
	Generalisability (external validity, applicability) of the trial findings
	
	17

	Interpretation
	22
	Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence
	
	17-20

	Other information
	
	

	Registration
	23
	Registration number and name of trial registry
	
	3, 6

	Protocol
	24
	Where the full trial protocol can be accessed, if available
	
	6,8

	Funding
	25
	Sources of funding and other support (such as supply of drugs), role of funders
	
	23


*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials. Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org.
Table S1. Between-group changes in liver enzymes, blood pressure, glycemic parameter, lipid profiles and physical activity from baseline to day 90.
	Groups

Variable 
	Placebo

N= 20
	Curcumin

N= 21
	Zinc

N= 21
	Curcumin and zinc 
N= 20
	P value
	P value ▀

	
	
	
	
	
	
	Model 1

	Weight (kg)
	-2.59 ± 2.45
	-4.88 ± 3.14b
	-4.88 ± 2.63b
	-5.79 ± 2.77c
	0.004
	0.004

	BMI (kg/m2)
	- 0.92 ± 0.85
	-1.96 ± 1.299b
	-1.85 ± 1.01b
	-2.09 ± 1.17c
	0.004
	0.006

	DBP (mmHg)
	0.045 ± 0.26 a
	-0.13 ± 0.22 a
	-0.16 ± 0.22
	-0.17 ± 0.44
	0.087
	0.084

	SBP (mmHg)
	-.04 ± 0.23 a,b,c
	-0.38 ± 0.25 a
	-0.24 ± 0.20 b
	-0.27 ± 0.27 c
	< 0.001
	< 0.001

	ALT (IU/L)
	-0.7 ± 2.96
	-1.05 ± 3.93
	-1.19 ± 3.17
	-1.1 ± 3.23
	0.969
	0.96

	AST (IU/L)
	0.05 ± 2.48
	-0.81 ± 2.48
	-0.09 ± 2.38 
	0.00 ±3.31
	0.708
	0.7

	PA (MET·min·wk−1)
	-16.40 ± 777.45
	-159.38 ± 876.25
	15.48 ± 716.55
	86.07 ± 619.91
	0.763
	0.68

	FPG (mg/dl)
	-0.55 ± 3.44 a,bc
	-5.33 ± 5.98 a
	-5.24 ± 4.05 b
	-6.5 ± 6.35 c
	0.002
	0.006

	2-hPG (mg/dl)
	-2.90 ± 4.02
	-13.71 ± 7.26
	-15.71 ± 11.35
	-14.71 ± 8.83
	0.004
	0.004

	HbA1C (%)
	-0.05 ± 0.13 a,b
	-0.19 ± 0.18 a
	-0.19 ± 0.16 b
	-0.14 ± 0.14
	0.018
	0.029

	Serum Insulin (μU/ml)
	-0.12 ±1.42
	-1.48 ± 2.2
	-1.1 ± 2.03
	-1.29 ± 2.18
	0.143
	0.066

	TG (mg/dl)
	-9.45 ± 10.51
	-24.0 ± 18.97 b
	-11.24 ± 13.821
	-14.50 ± 12.094
	0.007
	0.001

	TC (mg/dl)
	-2.25 ± 5.87
	-13.24 ±
11.52
	-9.86 ± 10.94
	-10.40 ±
9.98
	0.005
	0.15

	LDL (mg/dl)
	-2.26 ± 6.83
	-16.89 ±
11.68b
	-15.96 ± 14.82a
	-17.93 ± 10.06a
	< 0.001
	0.035

	HDL (mg/dl)
	1.90 ± 1.41
	9.48 ± 4.14c
	7.76 ± 6.40c
	9.70 ± 3.23 c
	< 0.001
	< 0.001


ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; HDL, high‐density lipoprotein-cholesterol; LDL, low-density lipoprotein; MET·min·wk−1, metabolic equivalent of task minute per week; PA, physical activity; SBP, systolic blood pressure, TG, triglyceride; TC, total. cholesterol; 2hPG, 2-hour Postprandial glucose.
Data were presented as mean ± standard deviation.

P values were calculated for the comparison variables between four groups using one-way analysis of variance (one-way ANOVA) with post hoc (LSD) analysis.

▀ Model1: P values were calculated using ANCOVA adjusted for physical activity (PA) levels at the baseline.

a,b,c  Letters indicate statistically Significant differences between groups based on post hoc LSD comparisons(P ≤ 0.05).
Table S2. Supplement compliance rates (%) by intervention groups during 90 days.

	Groups

Variable 
	Placebo

N= 20
	Curcumin

N= 21
	Zinc

N= 21
	Curcumin and zinc N= 20
	P value
	Total 

N =82

	Compliance (%)
	89.2 ± 1.64
	88.9 ± 1.73
	89.24 ± 1.37
	88.1 ± 2.67
	0.21
	88.87 ± 1.93


Data were presented as mean ± standard deviation.

Between-group comparisons were performed using one-way analysis of variance (one-way ANOVA).
Table S3. Baseline of physical activity levels between the four intervention groups.
	        Groups

Variable
	Placebo

N= 20
	Curcumin

N= 21
	Zinc

N= 21
	Curcumin and zinc N= 20
	P value #

	Physical activity (MET·min·wk−1)
	445 (396-853.88)
	990 (495-1860) 
	396 (396-1440)
	396 (396-982)
	0.03


MET·min·wk−1: metabolic equivalent task minute per week.
#P value was calculated using the Kruskal-Wallis test for between-groups comparisons. 

Table S4. Post hoc pairwise comparisons of serum and urinary zinc changes for significant ANOVA results.
	Groups
	P value *

	
	Serum zinc
	Urine zinc

	Placebo
	Curcumin
	NS
	0.012

	
	Zinc
	< 0.001
	NS

	
	Curcumin and zinc
	< 0.001
	NS

	Curcumin
	Zinc
	< 0.001
	NS

	
	Curcumin and zinc
	0.001
	0.021

	Zinc
	Curcumin and zinc
	NS
	NS

	
	Placebo
	NS
	NS


ANOVA: analysis of variance; NS: non-significant 
NS indicates not significant (p ≥ 0.05).

* P values were calculated by one-way ANOVA followed by post hoc LSD analysis (P ≤ 0.05).
Table S5. Post hoc pairwise comparisons of changes in inflammatory and antioxidant biomarkers following significant ANOVA results.

	Groups   
	P value *

	
	TAC
	MDA
	SOD
	IL-1B
	hs-CRP

	Placebo
	Curcumin
	< 0.001
	0.001
	< 0.001
	0.001
	< 0.001

	
	Zinc
	< 0.001
	NS
	< 0.001
	< 0.001
	NS

	
	Curcumin and zinc
	< 0.001
	0.002
	< 0.001
	< 0.001
	0.001

	Curcumin
	Zinc
	NS
	NS
	0.001
	NS
	0.003

	
	Curcumin and zinc
	NS
	NS
	< 0.001
	0.012
	NS

	Zinc
	Curcumin and zinc
	NS
	NS
	0.016
	NS
	0.044


ANOVA: analysis of variance; NS: non-significant; hs-CRP: high-sensitivity C-reactive protein; IL-1ß: Interleukin-1-beta; MDA: malonaldehyde; SOD: superoxide dismutase; TAC: total antioxidant capacity;
NS indicates not significant (P ≥ 0.05).

* P values were calculated by one-way ANOVA followed by post hoc LSD analysis (P ≤ 0.05).
