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List of Excluded Articles and Corresponding Reasons for Exclusion

	Author (Year)
	Reason for exclusion

	Mehrotra et al (2009) [1]
	Lack of control group data

	Sharma et al (2013) [2]
	Small sample size. No qualitative data for meta-analysis

	Pantvaidya et al (2013) [3]
	Editorial review, no quantitative data available

	Sherubin et al (2013) [4]
	Plasma lipid levels analysed across histopathological grades in OSCC but did not include a control group.

	Bailwad et al (2014) [5]
	Although the paper is on lipid profile of OSCC patients, No quantitative data available

	Rawson et al (2015) [6]
	No qualitative data for meta-analysis.

	Baduni et al (2015) [7]
	No qualitative data for meta-analysis

	Subbulakshmi et al (2017) [8]
	No qualitative data available for meta-analysis

	Wang et al (2017) [9]
	Clinical study, analyzed plasma lipidomics (glycerophospholipids, sphingolipids) but did not assess conventional serum lipids.

	Rakheerathnam et al (2018) [10]
	No quantitative data for meta-analysis

	Rahman et al (2020) [11]
	Clinical study focused on lysophosphatidic acid in plasma, not standard lipid profiles (TC, LDL, HDL, VLDL), making it irrelevant

	Raychaudhuri et al (2020) [12]
	Spectrum of OSCC in a tertiary care hospital, and does not give the lipids profile, ineligible study design

	Sachdev et al (2020) [13]
	No quantitative data for meta-analysis

	Tantray et al (2020) [14]
	No quantitative data for meta-analysis

	Wang et al (2021) [15]
	In vitro cell line study, as it analyzed lipid profiles in CAL-27 tongue cancer cells and normal oral keratinocytes.

	Siddiq et al (2021) [16]
	Lack of control group

	Wilms et al (2021) [17]
	Lacks quantitative data

	Bhat et al (2022) [18]
	No quantitative data for analysis

	Jayanthiswari et al (2022) [19]
	No control group. They compare pre and post serum profile of OPMD patients.

	Khyalia (2022) [20]
	Study on serum lipid profile among OSMF and OSCC and their comparative analysis, no control group was included.

	Sangle et al (2023) [21]
	No qualitative data for meta-analysis

	Wang et al (2023) [22]
	Clinical study, focused on broad metabolomic and lipidomic profiling rather than standard lipid parameters (TC, LDL, HDL, VLDL), and it did not specifically correlate these lipids with clinical outcomes

	Ma et al (2023) [23]
	Although the study includes lipid parameters (TC, HDL, Apo-B), it is based on GWAS data analysis rather than direct clinical measurement of blood lipid profiles, which do not meet inclusion criteria

	Garg et al (2024) [24]
	Compares serum lipid levels among OSCC, OPMD, and healthy controls; however, the exclusion criteria used in that study do not align with our study design.

	Sharma et al (2024) [25]
	Compares serum lipids in OSCC but, no quantitative data available for analysis

	Ali et al (2025) [26]
	Review article

	Gonzalez et al (2025) [27]
	Review article

	Kumar et al (2025) [28]
	No qualitative data available

	Tyagi et al (2025) [29]
	Compares serum lipids in head and neck cancers but does not specifically include OSCC


Table S1. Excluded articles with reason for exclusion












Summary of Included Articles on Serum Lipids and their Association with OSCC and OPMD
	Authors (years)
	Study population Age & Sex
	Population comparison
	Geographic area
	Sample collection
	Lipids analysis
	Main Outcomes

	Patel et al (2004) [30]
	HNC: 50 yrs, 142m, 42f, control: healthy close relatives
	184 OSCC, 153 OPMD, 52 controls
	India
	Blood sample
	EC (units: mg/dl)
	Significant decrease in TC, HDL, VLDL, and TGs in cancer and OPMD patients compared to controls, with greater reduction in OSCC

	Nayak et al (2010) [31]
	OPMD: 31.4±10.5 16m, 12f; control: 28±7.5 16m, 12f
	56 participants, 14 OSMF, 14 LP, 28 controls
	India
	Blood sample
	EC (units: mg/dl)
	Reduction in TC, HDL, and LDL levels in OPMD cases compared to age- and sex-matched healthy controls.

	Lohe et al (2010) [32]
	OSCC: 36 m & 34 f, age (41.99± 15.72); control: 40 m & 30 f, age (42.36 ± 14.28)
	70 OSCC, 70 controls
	India
	Blood sample
	EC (units: mg/dl)
	Decrease in serum lipid levels particularly TC and HDL in OSCC compared to control

	Chawda et al (2011) [33]
	30 male; Age (50.66 years)
	30 subjects, 25 OSCC and 5 healthy controls
	India
	Blood sample
	EC (units: mg/dl)
	OSCC patients had lower lipids, TC, HDL than controls

	Gupta et al (2011) [34]
	LK: 42.27 yrs, 15m; OSMF: 29.87 yrs, 14m, 1f; LP: 36.40 yrs, 12m, 3f
	70 participants, 25 OSCC; 15 LK, 15 OSMF; 15 LP; 15 controls
	India
	Blood sample
	EC (units: mg/dl)
	Decrease in TC, HDL, and TGs in patients with OPMD compared to controls, indicating an inverse relationship with disease. Compared to OSCC patients, they showed relatively higher TC but lower HDL and TGs levels.

	Kumar et al (2012) [35]
	OSCC: 25m, 5f, age (34.9±8.44); oral LK 25m, 5f, age (45.23±12.18) control: 28m, 2f, age (38.26±11.61)
	90 participants: 30 OSCC, 30 oral LK, 30 controls
	India
	Blood sample
	EC (units: mg/dl)
	TC, HDL, and LDL were significantly lower in the OSCC group compared to controls

	Anuradha et al (2013) [36]
	OSCC: Mean age 45yrs, 18m, 5f; Control: 61m, 12f
	23 OSCC, 73 controls
	India
	Blood sample
	EC (units: mg/dl)
	Significant decrease in TC and LDL, while HDL was elevated compared to controls. TGs and VLDL were lower but not statistically significant, same trends in males and females.

	Kumar et al (2013) [37]
	OPMD: 49.5±9.3, 14m, 6f; Control: 33.4±8.3, 6m, 4f
	30 participants, 20 OSMF, 10 controls
	India
	Blood sample
	EC (units: mg/dl)
	Significant decrease in TC, LDL, and HDL compared to controls, reductions in VLDL and TGs were not statistically significant.

	Singh et al (2013) [38]
	OSCC: 51.07 yrs, 40m, 35f; control: age and sex matched
	75 participants, 50 OSCC, 25 controls
	India
	Blood sample
	EC (units: mg/dl)
	Significant decrease in TC, HDL, and TGs levels in the OSCC compared to controls. No significant differences observed across histological grades of OSCC.

	Srinivas et al (2013) [39]
	OSCC: 54.2±11.74, 7m, 3f; control: 48.5± 12.87, 6m, 4f
	20 participants, 10 OSCC, 10 controls
	India
	Blood sample
	EC (units: mg/dl)
	Between groups, LDL showed an overall significant difference. TC, TGs, HDL, and VLDL changes were mostly non-significant across the groups

	Ajai et al (2014) [40]
	OPMD: 33m, 12f (29.09yrs), sex matched control (29.09 yrs) 
	90 participants, 45 OSMF 45 controls
	India
	Blood sample
	EC (units:mg/dl)
	Serum lipid levels were significantly lower in OSMF patients compared to controls

	Banseria et al (2014) [41]
	OSCC & Control: Age 41-60; 68 m, 32 f
	100 OSCC, 100 controls
	India
	Blood sample
	EC (units: mg/dl)
	Decrease in lipid profile components in OSCC patients

	Ganavi et al (2014) [42]
	OSCC: Age 53.6 yrs, 5m, 5f; LK: Age 51.2 yrs, 6m, 4f; control: age 40.3yrs, 3m,7f
	30 participants, 10 OSCC, 10 LK, 10 controls
	India
	Blood sample
	EC (units: mg/dl)
	OSCC had lower TC than controls, while LK had intermediate levels no statistical significance. A feasible prognostic tool in LK patients.

	Garg et al (2014) [43]
	OSCC: age 35–70 years, 17 m, 3 f. Control: age 30–72 years, 14 m, 6 f.
	20 OSCC and 20 controls
	India
	Blood sample
	EC (units: mg/dl)
	Inverse relationship between plasma lipid levels and disease presence.

	Goel et al (2014) [44]
	OPMD: 37.2 yrs, 51m, 9f; control: 43.5 yrs, 14m, 6f
	80 participants, 20 LK, 20 OSMF, 20 LP, 20 controls
	India
	Blood sample
	EC (units: mg/dl)
	Inverse relationship between serum lipid profile and OPMD. Significant reductions in TGs and VLDL were observed in LK and LP, no significant changes in OSMF patients.

	Kamath et al (2014) [45]
	OSCC: 58.5yrs, 14m, 14f; age and sex matched sex
	56 participants, 28 OSCC, 28 controls
	India
	Blood sample
	EC (units: mg/dl)
	TC, TGs, LDL, and VLDL were slightly elevated, while HDL was markedly reduced compared to controls.

	Mahesh et al (2014) [46]
	oral LK: mean age 52.6 years, m:f 4:1, controls: age 40.3 years, 3:2 ratio
	30 participants, 15 with oral LK and 15 controls
	India
	Blood sample
	EC (units: mg/dl)
	Oral LK showed lower TC, HDL, LDL, TGs, higher VLDL levels than controls

	Mehta et al (2014) [47]
	M 50, f 10 in each group; OPMD age (32.60 ±11.79), OSCC (50.10 ±7.66), control (below 65)
	60 OPMD, 60 OSCC, 60 controls.
	India
	Blood sample
	EC (units: mg/dl)
	OSCC patients showed decreased HDL, lower TC, TGs compared to controls

	Neerupakam et al (2014) [48]
	Age (40 – 70 years)
	30 individuals: 15 OSCC patients and 15 control subjects
	India
	Blood sample
	EC (units: mg/dl)
	OSCC patients showed lower TC, HDL, LDL, with elevated VLDL and reduced TGs, altering lipid profiles.

	Radhakrishna et al (2014) [49]
	OSMF: 20-65 yrs, 30m; control 20-65 yrs, 19m
	30 OSMF, 19 controls
	India
	Blood sample
	EC (units: mg/dl)
	Significant decrease in TC and TC:HDL ratios in OSMF compared to controls. No significant differences were found across OSMF histologic grades.

	Sasankoti et al (2014) [50]
	Age and sex matched
	95 participants, 35 OSCC, 30 OSMF, 30 controls
	India
	Blood sample
	EC (units: mg/dl)
	Mean lipid levels were highest in OSCC for all parameters except HDL. The lowest values were seen in OSMF patients for most variables, while LDL was lowest in controls.

	Agarwal et al (2015) [51]
	Mean age 41.4yrs; OSCC 19m, 6f; OSMF 20m, 5f; control 43m, 32f 
	125 participants, 25 OSCC, 25, OSMF, 75 controls
	India
	Blood sample
	EC (units: mg/dl)
	Male predominance (69%) and found significantly lower serum lipid levels in OSMF and OSCC patients compared to controls. 

	Dongre et al (2015) [52]
	Mean age OSCC: 48.85 ± 10.81 yrs; OSMF: 29.65 ± 7.63 yrs; control: 30.25 ± 10.59 yrs
	60 participants, 20 OSCC, 20 OSMF, 20 healthy controls
	India
	Blood sample
	EC (units: mg/dl)
	Lower serum lipid profile levels, particularly decreased HDL and Apoprotein A1, are significantly associated with OSMF and OSCC compared to controls.

	Kanthem et al (2015) [53]
	Age and sex matched
	50 OSMF, 50 controls
	India
	Blood sample
	EC (units: mg/dl)
	Significantly decreased TC, HDL, and LDL levels in OSMF compared to controls, with TC and HDL levels declining further as clinical stage progressed. All lipid parameters reduced with advancing histological grade.

	Acharya et al (2016) [54]
	OSCC: mean age 48.6 years, 74 m,16 f; control: age & sex matched
	120 participants, 90 OSCC and 30 controls
	India
	Blood sample
	Photometric EC (units: mg/dl)
	Significant decrease serum TC, HDL, and LDL levels in OSCC patients compared to controls. No differences across stage, grade, or lymph node status, suggesting lipid reduction occurs during OSCC development and progression.

	Li et al (2016) [55]
	OSCC: Age mean 60 years, 74 m, 62 f, control: age and sex matched
	136 with OSCC control 136
	China
	Blood sample
	EC and Immunoturbidimetry (units: mmol/l)
	Lower levels of TC, LDL, apo A, and B, but higher levels of lipoprotein

	Mujoo et al (2016) [56]
	OSMF: 29.60 ± 9.92, 26m, 4f; LK: 38.27 ± 10.82, 28m, 2f; Control: 37.63 ± 7.19, 27m, 3f
	90 participants, 30 OSMF, 30 LK, 30 controls
	India
	Blood sample
	EC (units: mg/dl)
	Serum TC and TGs were significantly reduced in OPMD cases compared to controls, while other lipid and glucose parameters showed no significant difference.

	Poorey et al (2016) [57]
	OSCC: age 41 – 60 years, 68 m, 32 f; control: age & sex matched
	100 with OSCC & 50 controls.
	India
	Blood sample
	EC (units: mg/dl)
	OSCC showed reduced TC, TGs, HDL, lower levels in tobacco users compared to controls 

	Reddy et al (2016) [58]
	40-70 yrs, mostly male
	25 OSCC, 15 controls
	India
	Blood sample
	EC (units: mg/dl)
	OSCC patients had increased LDL but reduced TC, TGs, VLDL, and HDL compared to controls

	Vyas et al (2016) [59]
	Mean 19 – 78 yrs; OSCC: 17m, 8f; control: 62m, 38f
	125 participants, 25 OSCC, 100 controls
	India
	Blood sample
	EC (units: mg/dl)
	Significant declining trend in TC, LDL, VLDL, HDL, and TGs in OSCC compared to control. The greatest reduction seen in TGs (22%).

	Bhagat et al (2017) [60]
	Age: 31- 60 yrs; OSCC: 8m, 2f; OPMD: 18m, 2f; control 14m, 6f
	10 OSCC, 20 OPMD (10 LK, 10 OSMF), 20 controls
	India
	Blood sample
	EC (units: mg/dl)
	OSCC patients showed significantly decreased TC and LDL levels, while OPMD had significantly increased HDL levels compared to controls.

	Swamy et al (2017) [61]
	OPMD: 45.5±11.7, 30m, 20f; control: 45.2±10.3, 30m, 20f
	100 participants, 50 OSMF, 50 healthy controls
	India
	Blood sample
	EC (units: mg/dl)
	Significant reduction in serum TC, TGs, LDL, VLDL, and HDL was observed in patients with OSMF compared to healthy controls

	Anand et al (2018) [62] 
	Age and sex matched
	30 OSCC, 30 OSMF, 30 controls
	India
	Blood sample
	EC (units: mg/dl)
	Study showed a significant reduction in serum lipid levels in patients with OSCC and OSMF compared to healthy controls

	Anusha et al (2018) [63]
	Age 20 – 50 yrs, age and sex matched control
	150 participants, 120 OPMD, 30 controls
	India
	Blood sample
	EC (units:mg/dl)
	Significant reduction in cholesterol levels in OSMF compared to controls, with greater decreases as disease severity progressed

	Yashveer et al (2018) [64]
	OPMD: mean age 32.1 years, m:f 1.72:1; control: mean age 32.8 years m:f 1.14:1
	30 OSMF, and 30 controls
	India
	Blood sample
	Spectrophotometry (units: mg/dl)
	OPMD patients had lower TC, TGs, HDL, LDL, VLDL than controls.

	Vijay et al (2019) [65]
	OPMD: mean age 44.15 yrs, control: mean age 40.4 yrs,
	50 participants, 20 LK, 30 control
	India
	Blood sample
	EC (units: mg/dl)
	TGs, LDL, and VLDL higher in males, while TC and HDL were higher in females but not significant. LK patients showed significantly reduced serum lipid levels.

	Vyas et al (2019) [66]
	Age: 15-55 yrs, age and sex matched control
	160 participants, 20 OSCC, 20 OSCF, 20 LK, 100 control
	India
	Blood sample
	EC (units: mg/dl)
	Greatest reduction in serum lipids observed in OSCC. While OSMF and LK showed similar lipid profiles, and significantly lower than controls.

	Ramesh et al (2020) [67]
	OSMF: mean age 34.65 yrs, control: 31.10 yrs
	40 participants, 20 OSMF, 20 controls
	India
	Blood sample
	EC (units: mg/dl)
	Significantly lower serum lipid levels, hemoglobin, RBCs, and platelets in OSMF patients compared to controls. ESR and WBC counts were elevated in the OSMF group.

	Agrawal et al (2021) [68]
	OSCC: mean age 50.97±9.18, 26m, 4f; LK 46.17±10.26, 30m, 0f; OSMF 51.73±8.81, 29m, 1f; control 50.70±9.19, 27m, 3f
	120 participants, in each group
	India
	Blood sample
	EC (units: mg/dl)
	Significantly reduced TC, TGs, LDL, HDL, and VLDL levels in OSCC, OSMF, and LK patients compared to healthy controls

	Siddique et al (2021) [69]
	OPMD: 32-68 yrs, 20m, 10f; control: 28-57 yrs, 20m, 10f
	30 OSMF, 30 controls
	Pakistan
	Blood sample
	EC (units: mg/dl)
	Serum lipid levels were markedly lower in OPMD compared to controls.

	Singh et al (2021) [70]
	OSCC: 44.3yrs, 34m, 18f; LK: 43.4 yrs, 19m, 7f; OSMF: 35.2 yrs, 19m, 7f; control: 29.7 yrs, 14m, 11f
	129 participants, 52 OSCC, 26 LK, 26 OSMF, 25 controls
	India
	Blood sample
	EC (units: mg/dl)
	No significant intergroup difference in serum and salivary TC and HDL levels, while salivary TGs showed a significant variation among groups

	Alazzawi et al (2022) [71]
	OSCC: age 63 years, 11 m, 11 f; control: mean age 62.4yrs, 8 f, 14 m
	44 participants, 22 with OSCC and 22 healthy controls 
	Iran
	Blood sample
	EC and ELISA (units: mg/dl)
	OSCC patients showed reduced serum lipid profile and Apolipoprotein (Apo)-C-1 concentration compared to controls.

	Chowdhury et al (2022) [72]
	OSCC: 30-70, OPMD: 28 – 70; Control: 28-70yrs.
	225 participants, 75 OSCC, 75 OSMF, 75 controls
	India
	Blood sample
	EC (units: mg/dl)
	HDL and VLDL levels were significantly lower in the OSCC group compared to controls, while LDL showed no significant difference.

	Khyalia et al (2022) [73]
	OSCC: 30 -65 yrs, 51.13±8.56, 35m, 10f; and Control: 49.22±9.21, 35m, 10f
	90 participants, 45 OSCC; 45 healthy controls
	India
	Blood sample
	EC (units: mg/dl)
	OSCC patients showed significantly altered TC, HDL, and LDL levels, compared to healthy controls.

	Sachin et al (2022) [74]
	OPMD: 83m, 17f; control: 4m, 16f; Age matched
	100 participants with OPMD, 20 controls
	India
	Blood sample
	EC (units: mg/dl)
	Significantly lower serum HDL levels in females with OPMD, with LK showing reduced TC, HDL, and VLDL.

	Sai et al (2022) [75]
	OSCC: age 51.2yrs, 24m, 6f; OPMD: age 44.5 yrs, 21m, 9f
	90 participants, 30 OSCC, 30 OPMD, 30 controls
	India
	Blood sample
	EC (units: mg/dl)
	Reduction in serum TC, LDL, and CHO/HDL ratio was noted in OPMD and OSCC groups compared to controls. Poorly differentiated OSCC showed a decrease VLDL and TGs.

	Vikram et al (2022) [76]
	age and sex-matched, apparently healthy volunteers
	100 participants, 50 moderate OSMF, 50 controls
	India
	Blood sample
	EC (units: mg/dl)
	Patients with moderate OSMF showed significantly reduced serum levels of TC, TGs, HDL, LDL, and VLDL compared to controls

	Adnan et al (2023) [77]
	OSCC: mean age 48 yrs, 35m, 15f; control: age and sex matched
	75 participants, 50 OSCC, 25 controls
	Syria
	Blood sample
	EC (units: mg/dl)
	Significant reduction in TC, HDL, LDL, VLDL, and TGs levels in the OSCC group compared to controls

	Rashmi et al (2023) [78]
	OSCC: 51.42, 34m, 16f; OPMD: 40.46, 37m, 13f; Control: 41.36, 29m, 21f
	150 participants, 50 OSCC, 50 OPMD, 50 controls
	India
	Blood sample
	EC (units: mg/dl)
	Compared to controls, both OSCC and OPMD showed decreased TC, HDL, LDL, and VLDL levels. TGs, no significant change.

	Qian et al (2023) [79]
	OPMD: 51±13 years, 42m, 103 f; OSCC: Age 61±10 years, 117 m, 70 f; control: Age 52±11, 116m, 84f
	145 OPMD, 187 OSCC, and 200 control.
	China
	Blood sample
	EC and Immunoturbidimetry (units: mmol/L)
	High HDL and Apo-A linked to OPMD, with age, sex influencing lipid profile patterns

	Varshney et al (2023) [80]
	82 patients with histopathologically diagnosed OSCC, 38 age & sex matched healthy control
	120 participants, 82 OSCC, 38 controls
	India
	Blood sample
	EC (units: mg/dl)
	TC, LDL, VLDL, HDL, and TGs showed statistically significant differences between OSCC and controls. Significant decrease in TC and HDL with loss of differentiation.

	Chandra et al (2025) [81]
	OSCC: 50.21 ± 11.70 yrs, 61m, 14f; OPMD: 40.55 ±13.71 yrs, 65m, 10f; Control: age & sex matched
	225 participants, 75 OPMD, 75 OSCC, 75 controls
	India
	Blood sample
	EC (units: mg/dl)
	OPMD and OSCC patients showed significantly elevated inflammatory and platelet indices with reduced RBC, hemoglobin, platelet count, and HDL compared to controls.


Table S2. Summary of included articles exploring the association of serum lipids in OSCC and OPMD. 
Abbreviations: HDL, high-density lipoproteins; LDL, low-density lipoproteins; VLDL, very low-density lipoproteins; TGs, triglycerides; TC, total cholesterol; OSCC, oral squamous cell carcinoma; OPMD, oral potentially malignant disorder; OSMF, oral submucous fibrosis; L, Leukoplakia; LP, lichen planus; EC, Electrochromatography.



Study-wise Risk of Bias (RoB) Assessment and Reasons

	Authors (years)
	Rank
	Reasons

	Patel et al (2004) [30]
	Low
	Potential selection bias from hospital-based controls and limited adjustment for confounders. Other domains, including diagnostic verification and laboratory methods, demonstrated a low RoB.

	Nayak et al (2010) [31]
	Low
	Potential selection bias from limited control description and lack of confounder adjustment, despite standardized diagnostic and analytical methods.

	Lohe et al (2010) [32]
	Low
	Single-center recruitment, limited blinding, small subgroups, and uncontrolled confounders, though standardized assays and well-defined groups are strengths.

	Chawda et al (2011) [33]
	Serious
	Strengths include standardized assays and clearly defined patient groups. Limitations are small, unbalanced sample, single-center recruitment, limited blinding, and unadjusted confounders.

	Gupta et al (2011) [34]
	Moderate
	Strengths include standardized assays, histopathological confirmation, and age- and sex-matched controls. Limitations include small, hospital-based sample, potential lack of blinding, and unadjusted confounders.

	Kumar et al (2012) [35]
	Low
	Strengths include prospective design, independent histopathology grading, balanced group sizes, and standardized assays. Limitations include single-center recruitment, male-dominated sample, some unblinded outcome assessment, and small subgroup sizes for some analyses.

	Anuradha et al (2013) [36]
	Low
	Strengths include standardized biochemical assays and histopathological confirmation of cases. Limitations include single-center recruitment, gender imbalance in controls, small female subgroup, lack of explicit blinding, and unadjusted confounders.

	Kumar et al (2013) [37]
	Serious
	Strengths include histopathological confirmation and standardized lipid measurements. Limitations are small and unbalanced sample, single-center recruitment, lack of blinding, and unadjusted confounders

	Singh et al (2013) [38]
	Moderate
	Strengths include histopathological confirmation, standardized lipid measurement, and analysis considering tobacco habits. Limitations include single-center recruitment, smaller control group, lack of blinding, and unadjusted confounders.

	Srinivas et al (2013) [39]
	Serious
	Strengths include standardized biochemical assays and histopathological confirmation for cases. Limitations include very small sample size, single-center recruitment, unbalanced sex distribution, lack of blinding, and unadjusted confounders.

	Ajai et al (2014) [40]
	Moderate
	Strengths being moderate sample size, age- and sex-matched controls, standardized biochemical assays, histopathological confirmation of cases. Limitations are Single-center study, possible selection bias for controls, no explicit blinding in lab assays, some unmeasured confounders (diet, other habits) may influence lipid levels.

	Banseria et al (2014) [41]
	Low
	Strengths are large sample size, histopathological confirmation, age- and sex-matched controls, standardized biochemical methods, exclusion of major comorbidities. Limitations are single-center study, potential selection bias for controls, no explicit blinding of lab personnel, residual confounding possible.

	Ganavi et al (2014) [42]
	Serious
	Strengths are standardized laboratory methods, fasting blood samples, inclusion/exclusion criteria clear. Limitations are very small sample size, potential sex imbalance, unclear control selection, minimal control for confounders, no blinding mentioned. These factors collectively raise the RoB substantially.

	Garg et al (2014) [43]
	Serious
	Strengths are standardized blood collection and laboratory analysis, clear inclusion/exclusion criteria. Limitations are small sample size, potential selection and confounding bias, slight sex imbalance, and no mention of blinding.

	Goel et al (2014) [44]
	Serious
	Strengths are standardized measurement, histological confirmation, fasting blood samples. Limitations are small sample, sex imbalance, unclear matching/randomization, lack of blinding, and confounders not controlled.

	Kamath et al (2014) [45]
	Moderate
	Clear inclusion/exclusion criteria, matched controls, standardized assays, internal quality control, and histological confirmation. Limitations are small sample size, convenience sampling, lack of blinding, and unadjusted confounding (notably tobacco use).

	Mahesh et al (2014) [46]
	Serious
	Clear inclusion/exclusion criteria; use of automated analyzer; histopathological confirmation of LK. Weaknesses are poorly matched controls, lack of confounder adjustment (especially tobacco and alcohol), absence of blinding, small sample, and no stated QC/calibration procedures.

	Mehta et al (2014) [47]
	Low
	Reasonable sample size, equal group distribution, objective lab methods, ethical clearance, and explicit inclusion/exclusion criteria. Limitations are lack of true randomization transparency, absence of blinding, unadjusted confounders (age and habits), and no mention of internal QC procedures.

	Neerupakam et al (2014) [48]
	Moderate
	Ethical compliance, objective lab assays, standardized collection, clear exclusion of comorbidities. Limitations are small sample, unclear “randomization,” unmatched control group (especially for tobacco), no confounder control, and lack of blinding.

	Radhakrishna et al (2014) [49]
	Moderate
	Strength includes Standardized sample handling, validated assays, objective measurements, clear inclusion/ exclusion criteria. Limitations are small sample, non-randomized design, all-male OSF group, habit mismatch with controls, lack of blinding, and no control for confounders like areca/tobacco use.

	Sasankoti et al (2014) [50]
	Moderate
	Strengths are standardized fasting protocols, validated biochemical assays, clear data reporting. Limitations are non-random sampling, lack of blinding, no control for major confounders (tobacco, diet), small subgroups, and limited generalizability.

	Agarwal et al (2015) [51]
	Low
	Recruitment from two sites and stratified grouping strengthen validity, but convenience sampling, unequal group sizes, and potential lack of blinding introduce moderate selection and detection bias.

	Dongre et al (2015) [52]
	Moderate
	Single-center, and lack of randomization or blinding increase selection and detection bias. Although large sample size, standardized biochemical methods and statistical analyses were used, limited representativeness and unclear control selection reduce external validity.

	Kanthem et al (2015) [53]
	Low
	Clear inclusion criteria, histopathological confirmation, and standardized biochemical assays, strengthen internal validity. However, single-center recruitment, convenience sampling, and lack of blinding or adjustment for confounders (e.g., diet, comorbidities) introduce moderate selection and detection bias.

	Acharya et al (2016) [54]
	Low
	Reasonable methodological rigor with clear diagnostic and analytic procedures but retains moderate selection and confounding bias due to its non-randomized, hospital-based design and lack of blinding.

	Li et al (2016) [55]
	Low
	Methodologically strong, with careful matching, standardized measurements, and robust statistical analysis. Minor limitations include hospital-based sampling and lack of explicit blinding, but these do not meaningfully compromise the validity of the findings

	Mujoo et al (2016) [56]
	Moderate
	Methodologically acceptable, with matched controls and standard assays, but small sample size, hospital-based design, and limited control of confounders elevate RoB to moderate. Findings should be interpreted cautiously.

	Poorey et al (2016) [57]
	Low
	Well-conducted study with objective outcome measurement, but some concern exists for selection bias due to restrictive exclusions and single-center recruitment.

	Reddy et al (2016) [58]
	Moderate
	Main concern is selection bias due to small, unbalanced groups and convenience sampling. Objective nature of lipid measurements limits outcome bias, and verification and reference test biases are low.

	Vyas et al (2016) [59]
	Moderate
	Main source of bias is selection bias due to small, unbalanced groups, single-center recruitment, and convenience sampling. Measurement of lipid outcomes is standardized, minimizing outcome and verification bias.

	Bhagat et al (2017) [60]
	Serious
	The combination of non-random selection, inclusion bias from pre-existing test availability, and possible diagnostic and measurement inconsistencies indicate a serious RoB that may affect the reliability and generalizability of the findings.

	Swamy et al (2017) [61]
	Low
	Main source of bias is selection bias due to small, single-center sample and likely convenience sampling, though age- and sex-matching reduces confounding. Laboratory outcomes are objective, minimizing verification and outcome bias.

	Anand et al (2018) [62]
	Low
	Main concern is selection bias due to small, single-center, convenience-sampled groups. Laboratory measurements are objective, minimizing verification and outcome bias.

	Anusha et al (2018) [63]
	Moderate
	Main concern is selection bias due to single-center recruitment, male-only participants, non-random sampling, and a large imbalance between case and control groups. Laboratory measurements are reliable and objective, minimizing other biases.

	Yashveer et al (2018) [64]
	Low
	Main source of bias is selection bias due to single-center recruitment, small sample size, and non-random selection, but the study used objective laboratory measurements and matched controls, reducing other biases.

	Vijay et al (2019) [65]
	Moderate
	Small sample size, non-randomized selection, and potential minor reporting inconsistencies. The objective nature of lipid measurements reduces bias in the outcomes.

	Vyas et al (2019) [66]
	Low
	Non-randomized, convenience-based sampling, unequal group sizes, and minor reporting inconsistencies. The objective nature of serum lipid measurement reduces the likelihood of serious bias in outcome assessment.

	Ramesh et al (2020) [67]
	Low
	Small sample size and single-center recruitment. Matching and objective measurements help reduce bias, but the limited population and short study duration may affect reliability and generalizability

	Agrawal et al (2021) [68]
	Low
	The study used sound biochemical, statistical methods and large sample size, non-random hospital-based recruitment, and unadjusted confounding factors (especially lifestyle habits). Consequently, while the internal validity is fair, external validity and causal inference are limited.

	Siddique et al (2021) [69]
	Low
	Small sample size and single-center recruitment. Matching and standardized measurements mitigate bias, but generalizability is limited.

	Singh et al (2021) [70]
	Low
	Unequal group sizes, small control group, and limited detail on random selection. Biochemical measurements are objective, minimizing measurement bias, and outcomes were fully reported.

	Alazzawi et al (2022) [71]
	Low
	Small sample size, potential selection bias, and lack of explicit blinding. Objective laboratory measurements and complete reporting reduce other biases.

	Chowdhury et al (2022) [72]
	Low
	Risk of bias due to potential selection bias, limited description of laboratory methods, and lack of blinding. Large sample size and detailed reporting of outcomes and inclusion of all participants reduce other biases.

	Khyalia et al (2022) [73]
	Moderate
	Selection bias due to recruiting patients from a single oncology outpatient department and excluding several conditions, and outcome/measurement bias because lipid levels were assessed using a single method without blinding, which may influence the reliability of comparisons between groups.

	Sachin et al (2022) [74]
	Moderate
	Unbalanced and very small control groups, non-randomized sampling, and inconsistent reporting. Measurement methods are fairly standard, but lack of blinding and small volumes add moderate risk. The results should be interpreted with caution.

	Sai et al (2022) [75]
	Low
	Strengths include well-defined inclusion/ exclusion criteria, equal-sized groups, and standard biochemical measurements. Limitations are small sample sizes in subgroups, lack of randomization, absence of blinding, and potential confounding from heterogeneous case groups.

	Vikram et al (2022) [76]
	Low
	Strengths include clearly defined inclusion/exclusion criteria, matched controls, and standardized biochemical measurement. Limitations include lack of randomization, single-gender sample, and no mention of blinding.

	Adnan et al (2023) [77]
	Moderate
	Selection bias due to small and unmatched control group, and possible confounding factors (e.g., smoking, diet, BMI) not fully addressed. Laboratory measurements are reliable, which reduces measurement bias.

	Rashmi et al (2023) [78]
	Low
	Potential residual confounding bias (diet, lifestyle) and lack of blinding. The study design, matched groups, objective outcomes, and complete reporting reduce most other sources of bias.

	Qian et al (2023) [79]
	Low
	Potential selection bias from the choice of controls and unmeasured confounding (lifestyle factors). Measurement and reporting biases are low due to objective biochemical measures and thorough statistical reporting.

	Varshney et al (2023) [80]
	Low
	Good methodological rigor in recruitment, data collection, and laboratory analysis, but lacks adjustment for major lifestyle and nutritional confounders. Its hospital-based design and modest sample size also limit generalizability.

	Chandra et al (2025) [81]
	Low
	There was potential selection bias due to the use of hospital-based controls. All other domains, including diagnostic verification, laboratory methods, and adjustment for confounders showed a low RoB.


Table S3. Risk of Bias; RoB assessment for each included study with reason

Sensitivity Analyses (Leave-One-Out Forest Plot) for OSCC and Healthy Controls
The dots demonstrate the mean difference between OSCC and control groups. The horizontal lines and parentheses demonstrate the 95% CI. The vertical line demonstrate the overall SMD. P-values indicate the significance of the effect estimate after removal of each study.
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Figure S1. Leave-one-out forest plot between oral squamous cell carcinoma; OSCC and healthy controls for total cholestrol; TC, confidence interval; CI, standardized mean difference; SMD.
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Figure S2. Leave-one-out forest plot between oral squamous cell carcinoma; OSCC and healthy controls for (a) High-density lipoproteins; HDL, (b) Low-density lipoproteins; LDL, (c) Very low-density lipoproteins; VLDL, and (d) Triglycerides; TGs, confidence interval; CI, standardized mean difference; SMD.









Leave-One-Out Sensitivity Analysis for OPMD and Healthy Controls
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Figure S3. Leave-one-out forest plot between oral potentially malignant disorder; OPMD and healthy controls for total cholestrol; TC, confidence interval; CI, standardized mean difference; SMD.
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Figure S4. Leave-one-out forest plot between oral potentially malignant disorder; OPMD and healthy controls for (a) High-density lipoproteins; HDL, (b) Low-density lipoproteins; LDL, (c) Very low-density lipoproteins; VLDL, and (d) Triglycerides; TGs, confidence interval; CI, standardized mean difference; SMD.









Leave-One-Out Sensitivity Analysis for OSCC and OPMD
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Figure S5. Leave-one-out forest plot between oral squamous cell carcinoma; OSCC and oral potentially malignant disorder; OPMD for total cholestrol; TC, confidence interval; CI, standardized mean difference; SMD.
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Figure S6. Leave-one-out forest plot between oral squamous cell carcinoma; OSCC and oral potentially malignant disorder; OPMD for (a) High-density lipoproteins; HDL, (b) Low-density lipoproteins; LDL, (c) Very low-density lipoproteins; VLDL, and (d) Triglycerides; TGs, confidence interval; CI, standardized mean difference; SMD.









Meta-Regression Analysis
The meta-regression results across the OSCC, OPMD, and healthy controls status for each lipid has been plotted.  We see that the study points are scattered vertically across almost the entire range of effect sizes for similar OPMD lipid levels suggesting no systematic relationship. The blue regression line is almost horizontal with  a broad CI, consistent with R2 = 0, indicating that the meta-regression model provides no improvement over a standard random-effects meta-anlaysis model used in the rest of the manuscript. All meta-regression plots show high heterogeneity as seen through wide CI and scattered points. LDL alone shows a downward trend suggesting tumor lipid utilization and altered lipid metabolism during cancer progression, which may be due to one strong outlier (very negative SMD ≈ −12).
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Figure S7. Meta-regression plot comparing oral squamous cell carcinoma; OSCC, oral potentially malignant disorder; OPMD, and healthy controls for total cholestrol; TC; x-axis displays the OPMD mean and y-axis shows the effect size (SMD) of OSCC relative to healthy controls.
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Figure S8. Meta-regression plot comparing oral squamous cell carcinoma; OSCC, oral potentially malignant disorder; OPMD, and healthy controls for high-density lipoproteins; HDL; x-axis displays the OPMD mean and y-axis shows the effect size (SMD) of OSCC relative to healthy controls.
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Figure S9. Meta-regression plot comparing oral squamous cell carcinoma; OSCC, oral potentially malignant disorder; OPMD, and healthy controls for low-density lipoproteins; LDL; x-axis displays the OPMD mean and y-axis shows the effect size (SMD) of OSCC relative to healthy controls.
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Figure S10. Meta-regression plot comparing oral squamous cell carcinoma; OSCC, oral potentially malignant disorder; OPMD, and healthy controls for very low-density lipoproteins; VLDL; x-axis displays the OPMD mean and y-axis shows the effect size (SMD) of OSCC relative to healthy controls.
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Figure S11. Meta-regression plot comparing oral squamous cell carcinoma; OSCC, oral potentially malignant disorder; OPMD, and healthy controls for triglycerides; TGs; x-axis displays the OPMD mean and y-axis shows the effect size (SMD) of OSCC relative to healthy controls.










Visualization of Publication Bias: Funnel Plot for HDL, LDL, VLDL, and TGs

[image: ]Figure S12. Funnel plot between Oral squamous cell carcinoma; OSCC and healthy controls for a) High-density lipoproteins; HDL, b) Low-density lipoproteins; LDL, c) Very low-density lipoproteins; VLDL, and d) Triglycerides; TGs. 
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Figure S13. Funnel plot between oral potentially malignant disorder; OPMD and healthy controls for a) High-density lipoproteins; HDL, b) Low-density lipoproteins; LDL, c) Very low-density lipoproteins; VLDL, and d) Triglycerides; TGs.
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Figure S14. Funnel plot between Oral squamous cell carcinoma, OSCC and oral potentially malignant disorder; OPMD for a) High-density lipoproteins; HDL, b) Low-density lipoproteins; LDL, c) Very low-density lipoproteins; VLDL, and d) Triglycerides; TGs. 
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