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Supplemental file 1: Search strategy

PubMed
#1 ((("Overweight"[Mesh]) OR ((obesity[ Title/Abstract]) OR
(fat[ Title/Abstract])))
#2 (("Thioctic Acid"[Mesh]) OR (((C(((((((alpha-Lipoic

Acid[Title/Abstract]) OR (Acid, alpha-Lipoic[Title/Abstract])) OR (alpha
Lipoic Acid[Title/Abstract])) OR (Lipoic Acid[Title/Abstract])) OR
(alpha-Liponsaure von ct[Title/Abstract])) OR (alpha Liponsaure von
ct[Title/Abstract])) OR (alphaLiponsaure von ct[Title/Abstract])) OR
(Liponsaure-ratiopharm[ Title/Abstract])) OR (Liponsaure
ratiopharm|Title/Abstract])) OR (Liponsaureratiopharm|Title/Abstract]))
OR (Alpha-Liponsaure Sofotec[Title/Abstract])) OR (Alpha Liponsaure
Sofotec[Title/Abstract])) OR (AlphaLiponsaure Sofotec|[Title/Abstract]))
OR (Thioctacide T[Title/Abstract])) OR (Thioctacid[ Title/Abstract]))))

#3 ("Triglycerides"[Mesh]) OR
(((((((((Triacylglycerols[ Title/Abstract]) OR (TG[Title/Abstract]))
OR (Triacylglycerol[Title/Abstract])) OR (Triglyceride[Title/Abstract]))
OR (total cholesterol[Title/Abstract])) OR (TC[Title/Abstract])) OR
(Cholesterol, HDL-C[Title/Abstract])) OR (HDL-C
Cholesterol[Title/Abstract])) = OR  (High  Density = Lipoprotein
Cholesterol[Title/Abstract])) OR (Cholesterol, LDL-C[Title/Abstract]))
OR (Low Density Lipoprotein Cholesterol[Title/Abstract])) OR (LDL-C
Cholesterol[Title/Abstract])) OR (Homeostasis Model Assessment of
Insulin Resistance[Title/Abstract])) OR (HOMA-IR[Title/Abstract])) OR
(fasting blood glucose[Title/Abstract])) OR (FBS|[Title/Abstract]))

#4 #1 AND #2 AND #3

Restrictions: English language, publication dates up to October 2024.

Embase
#1 'overweight'/exp OR 'obesity'/exp OR fat:ab,ti
#2 'alpha lipoic acid/exp OR 'thioctic acid'/exp OR 'alpha-liponsaure von

ct":ab,ti OR 'liponsaure-ratiopharm':ab,ti OR ‘alpha-liponsaure softec'":ab,ti

OR 'thioctacide T":ab,ti OR 'thioctacid':ab,ti

#3 'triglycerides'/exl[l) OR 'total cholesterol/exp OR 'hdl-c":ab,ti OR 'ldl-
cab,ti OR ‘high density lipoprotein cholesterol:ab,ti OR 'low density

lipoprotein cholesterol':ab,ti OR 'homeostasis model assessment of insulin

resistance':ab,ti OR 'HOMA-IR":ab,ti OR 'fasting blood glucose':ab,ti OR

'FBS':ab,ti

#4 #1 AND #2 AND #3
Restrictions: English language, publication dates up to October 2024.
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Medline

#1 (MH "Overweight+") OR (MH "Obesity+") OR (obesity OR fat).ti,ab

#2 (MH "Thioctic Acid+") OR (alpha-lipoic acid OR lipoic acid OR alpha-
liponsaure von ct OR liponsaure-ratiopharm OR alpha-liponsaure softec
OR thioctacide T OR thioctacid).ti,ab

#3 (MH "Triglycerides+") OR (total cholesterol OR HDL-C OR LDL-C OR
high density lipoprotein cholesterol OR low density lipoprotein
cholesterol OR fasting blood glucose OR HOMA-IR OR FBS).ti,ab

#4 #1 AND #2 AND #3

Restrictions: English language, publication dates up to October 2024.

APA PsycINFO

#1 DE "Overweight" OR DE "Obesity" OR obesity OR fat

#2 DE "Alpha Lipoic Acid" OR alpha-lipoic acid OR liEoic acid OR alpha-
liponsaure von ct OR liponsaure-ratiopharm OR alpha-liponsaure softec
OR thioctacide T OR thioctacid

#3 triglycerides OR total cholesterol OR HDL-C OR LDL-C OR high
density lipoprotein cholesterol OR low density lipoprotein cholesterol OR
fasting blood glucose OR HOMA-IR OR FBS

#4 #1 AND #2 AND #3

Restrictions: English language, publication dates up to October 2024.

SocINDEX

#1 DE "Overweight" OR DE "Obesity" OR obesity OR fat

#2 DE "Alpha Lipoic Acid" OR alpha-lipoic acid OR liﬁoic acid OR alpha-
liponsaure von ct OR liponsaure-ratiopharm OR alpha-liponsaure softec
OR thioctacide T OR thioctacid

#3 triglycerides OR total cholesterol OR HDL-C OR LDL-C OR high
density lipoprotein cholesterol OR low densitsy lipoprotein cholesterol OR
fasting blood glucose OR HOMA-IR OR FB

#4 #1 AND #2 AND #3

Restrictions: English language, publication dates up to October 2024.

CINAHL

#1 (MH "Overweight") OR (MH "Obesity") OR obesity OR fat

#2 (MH "Alpha Lipoic Acid") OR alpha-lipoic acid OR lipoic acid OR alpha
-liponsaure von ct OR liponsaure-ratiopharm OR alpha-liponsaure softec
OR thioctacide T OR thioctacid

#3 triglycerides OR total cholesterol OR HDL-C OR LDL-C OR high
density lipoprotein cholesterol OR low density lipoprotein cholesterol OR
fasting blood glucose OR HOMA-IR OR FB

#4 #1 AND #2 AND #3

Restrictions: English language, publication dates up to October 2024.
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SSRN

#1 overweight OR obesity OR fat

#2 "alpha lipoic acid" OR "thioctic acid" OR "alpha-liponsaure von ct" OR
"liponsaure-ratiopharm" OR "alpha-liponsaure softec" OR "thioctacide T"
OR "thioctacid"

#3 triglycerides OR "total cholesterol" OR HDL-C OR LDL-C OR "high
density lipoprotein cholesterol” OR "low density lipoprotein cholesterol"
OR "fasting blood glucose" OR HOMA-IR OR FBS

#4 #1 AND #2 AND #3

Restrictions: English language, publication dates up to October 2024.

SocArXiv

#1 Restrictions: English language, publication dates up to October 2024.

#2 "alpha lipoic acid" OR "thioctic acid" OR "alpha-liponsaure von ct" OR
"liponsaure-ratiopharm" OR "alpha-liponsaure softec" OR "thioctacide T"
OR "thioctacid"

#3 triglycerides OR "total cholesterol" OR HDL-C OR LDL-C OR "high
density lipoprotein cholesterol” OR "low density lipoprotein cholesterol"
OR "fasting blood glucose" OR HOMA-IR OR FBS

#4 #1 AND #2 AND #3

Restrictions: English language, publication dates up to October 2024.

PsyArXiv

#1 overweight OR obesity OR fat

#2 "alpha lipoic acid" OR "thioctic acid" OR "alpha-liponsaure von ct" OR
"liponsaure-ratiopharm" OR "alpha-liponsaure softec" OR "thioctacide T"
OR "thioctacid"

#3 "alpha lipoic acid" OR "thioctic acid" OR "alpha-liponsaure von ct" OR
"lilgonsaure—ratiopharm" OR "alpha-liponsaure softec" OR "thioctacide T"
OR "thioctacid"

#4 #1 AND #2 AND #3

Restrictions: English language, publication dates up to October 2024.

medRxiv

#1 overweight OR obesity OR fat

#2 "alpha lipoic acid" OR "thioctic acid" OR "alpha-liponsaure von ct" OR
"liponsaure-ratiopharm" OR "alpha-liponsaure softec" OR "thioctacide T"
OR "thioctacid"

#3 "alpha lipoic acid" OR "thioctic acid" OR "alpha-liponsaure von ct" OR
"liponsaure-ratiopharm" OR "alpha-liponsaure softec" OR "thioctacide T"
OR "thioctacid"

#4 #1 AND #2 AND #3

Restrictions: English language, publication dates up to October 2024.
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Google Scholar

allintitle: | overweight OR obesity OR fat

"alpha lipoic acid" OR "thioctic acid" OR "alpha-liponsaure von ct" OR
"liponsaure-ratiopharm" OR "alpha-liponsaure softec" OR "thioctacide T"
OR "thioctacid"

triglycerides OR "total cholesterol" OR HDL-C OR LDL-C OR "high
density lipoprotein cholesterol” OR "low density lipoprotein cholesterol"
OR "fasting blood glucose" OR HOMA-IR OR FBS

Restrictions: English language only, limited to the first 30 results, publication dates up
to October 2024.

Supplemental file 2: Decision rules for handling overlapping or duplicate data

When encountering studies with overlapping or duplicate data, the following

decision rules were applied to ensure the selection of unique data for synthesis:

1.Population Consistency: Preference was given to studies whose populations

closely aligned with the inclusion criteria.

2.Intervention Relevance: Studies that reported interventions directly related to
alpha-lipoic acid (ALA) supplementation at doses relevant to our analysis were
prioritized.

3.0utcome Completeness: Studies that provided the most comprehensive set of
outcome data for intermediate disease markers (e.g., TG, TC, HDL-C, LDL-C, HOMA
-IR, and FBS) were selected over those with incomplete data.

4.Most Recent and Comprehensive Data: When multiple publications reported on
the same dataset, the most recent and comprehensive version of the data was selected,

provided it contained additional or updated information compared to earlier versions.

5.Trial Quality: In cases where multiple studies appeared similar, the study with a

lower risk of bias, as determined by our risk of bias assessment, was selected.

6.Subgroup analysis is also conducted to explore the potential impact of different

factors on the results and to provide more detailed insights into the data.
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Supplemental file 3: Forest plots

Study %

D SMD (95% Cl) Weight
i
I

Gerd Bobe (2020) —:—T— -0.01 (-0.50, 0.48) 11.36
'

Eun Hee Koh, MD (2011) — -0.01 (-0.33, 0.30) 27.45
'

Sébastien Le Garf (2011) : -0.31 (-1.30, 0.68) 2.80
I

Nong Li (2017) —_—r -0.11 (-0.39, 0.16) 36.54
'
'

Luc E. Gosselin (2019) : 0.15 (-0.66, 0.95) 4.25
'
'

Ana Romo-Hualde (2018) - -0.30 (-0.97, 0.37) 6.10
'
'

Helda Tutunchi (2023) s e a— 0.17 (-0.42, 0.76) 7.93
'
'

Yongyan Zhang (2011) -+- . -0.68 (-1.56, 0.19) 3.56
|

Overall (I-squared = 0.0%, p = 0.810) ¢> -0.08 (-0.24, 0.09) 100.00
i
'

NOTE: Weights are from random effects analysis 3

T * T

-1.56 0 1.56

Fig. S1 The association between ALA intake and TG. Displayed values are
Standardized mean and 95% Cls.

Study %

D SMD (95% Cl) Weight

'
I

Gerd Bobe (2020) -— 0.03 (-0.46, 0.52) 17.68
'
i

Nong Li (2017) 1 —— 1.11(0.82,1.41) 18.99
i
'

Luc E. Gosselin (2019) : 0.02 (-0.78, 0.82) 14.99
i

Helda Tutunchi (2023) - 0.17 (-0.42, 0.76) 16.89
I
i

Yongyan Zhang (2011) - ; -0.59 (-1.46, 0.28) 14.35
i
'

Alireza Rahmanabadi (2019) _— -0.46 (-1.03, 0.10) 17.10
'

Overall (I-squared = 87.5%, p = 0.000) <> 0.08 (-0.54, 0.71) 100.00
'
i
'

NOTE: Weights are from random effects analysis !

T ! T
-1.46 0 1.46

Fig. S2 The association between ALA intake and TC. Displayed values are
Standardized mean and 95% Cls.

LuoY, et al. BMJ Open 2025; 15:€088363. doi: 10.1136/bmjopen-2024-088363



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open
Study %
D SMD (95% Cl) Weight
Gerd Bobe (2020) —o|— -0.04 (-0.53, 0.45) 11.38
Eun Hee Koh, MD (2011) —_— -0.01 (-0.33, 0.30) 27.50
Sébastien Le Garf (2011) ( > : -0.97 (-2.01, 0.07) 251

Nong Li (2017) — -0.05 (-0.33, 0.22) 36.66

Luc E. Gosselin (2019) -0.01 (-0.81, 0.79) 4.27

Ana Romo-Hualde (2018) —_— -0.43 (-1.11, 0.24) 6.03
i
i

Helda Tutunchi (2023) — 0.11 (-0.47, 0.70) 7.96
!
i

Yongyan Zhang (2011) . 0.45 (-0.41, 1.31) 3.69
|

Overall (I-squared = 0.0%, p = 0.555) €> -0.05 (-0.22, 0.11) 100.00
i
i

NOTE: Weights are from random effects analysis .

T : T
-2.01 0 2.01

Fig. S3 The association between ALA intake and HDL. Displayed values are
Standardized mean and 95% Cls.

Study %

D SMD (95% Cl) Weight
i

Gerd Bobe (2020) _— 0.04 (-0.45, 0.53) 31.68
i
i

Sébastien Le Garf (2011) - -+ 0.27 (-0.72, 1.25) 7.85
i
i

Luc E. Gosselin (2019) ; -0.07 (-0.87, 0.73) 11.88
i
|

Ana Romo-Hualde (2018) —4—:—— -0.44 (-1.12, 0.23) 16.78
i

Helda Tutunchi (2023) : 0.03 (-0.56, 0.61) 22.20

Yongyan Zhang (2011) < -0.85 (-1.74, 0.04) 9.61

NOTE: Weights are from random effects analysis

i
i
'
'
Overall (l-squared = 0.0%, p = 0.451) <:> -0.13 (-0.40, 0.15) 100.00
'
i
i
:
‘
i
)

T T
-1.74 0 1.74

Fig. S4 The association between ALA intake and LDL. Displayed values are
Standardized mean and 95% Cls.
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Study %
D SMD (95% Cl) Weight
Gerd Bobe (2020) ——;— 0.00 (-0.49, 0.49) 20.16
Ana E. Huerta (2015) —_— 0.70 (0.08,1.33)  14.73

Sébastien Le Garf (2011) <
Sonya Hosseinpour-Arjmand MSc (2019)
Helda Tutunchi (2023)

Yongyan Zhang (2011)

Alireza Rahmanabadi (2019)

Overall (I-squared = 29.4%, p = 0.204)

NOTE: Weights are from random effects analysis

-0.90 (-1.94, 0.14) 6.62

'
'
'
'
'
—_—t 0.28 (-0.31,0.87) 16.03

|
|
_— 0.05(-0.54,0.63) 16.09

-0.21(-1.06, 0.64) 9.18

'
'
'
:
'
—_—t 0.28(-0.28,0.84) 17.19

'
<:> 0.13(-0.16,0.41)  100.00

T
-1.94

T
0 1.94

Fig. S5 The association between ALA intake and FBS. Displayed values are

Standardized mean and 95% Cls.

Study

Ana E. Huerta (2015)

Sébastien Le Garf (2011)

SMD (95% Cl)

— 0.12 (-0.73, 0.48)

Luc E. Gosselin (2019)

-0.40 (-1.39, 0.59)

Ana Romo-Hualde (2018)

Helda Tutunchi (2023)

Overall (I-squared = 26.2%, p = 0.247)

NOTE: Weights are from random effects analysis

-1.06 (-1.92, -0.20)

| -0.12 (-0.78, 0.55)

v
y
'
—_—
i
1
i
]
T
i
A
1
]
.
:
i
]
—_——
:
|
]
!
3
<;> -0.23 (-0.60, 0.14)
:
]
A
1
i
;
A

0.14 (-0.44, 0.73)

Weight

25.06

11.79

14.93

22.02

26.19

100.00

T
-1.92

0 1.92

Fig. S6 The association between ALA intake and HOMA-IR. Displayed values are

Standardized mean and 95% Cls.
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Supplemental file 4: Funnel plots

Begg's funnel plot with pseudo 95% confidence limits
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Fig. S7 Begg’s Test for Small-Study Effects on TG

Begg's funnel plot with pseudo 95% confidence limits
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Fig. S8 Begg’s Test for Small-Study Effects on TC
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Begg's funnel plot with pseudo 95% confidence limits
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Fig. S9 Begg’s Test for Small-Study Effects on HDL
Begg's funnel plot with pseudo 95% confidence limits
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Fig. S10 Begg’s Test for Small-Study Effects on LDL
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Begg's funnel plot with pseudo 95% confidence limits
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Fig. S11 Begg’s Test for Small-Study Effects on FBS
Begg's funnel plot with pseudo 95% confidence limits
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Fig. S12 Begg’s Test for Small-Study Effects on HOMA-IR
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Supplemental file 5: Subgroup Analysis

Study %
ID SMD (95% Cl) Weight
low dose

Gerd Bobe (2020) 0.00 (-0.49, 0.49) 17.87

Luc E. Gosselin (2019)

-0.02 (-0.82, 0.78) 14.56

Yongyan Zhang (2011) 051 (-0.35, 1.37) 13.87

;
'
:
i
;
;
;
d
-
:
-
:
Subtotal (I-squared = 0.0%, p = 0.579) <:> 0.10 (-0.28, 0.47) 46.30
:

high dose

Nong Li (2017) —_— -1.05 (-1.35, -0.76) 19.61
Helda Tutunchi (2023) 0.00 (-0.59, 0.59) 16.89
Alireza Rahmanabadi (2019) — 0.12 (-0.43, 0.68) 17.21

Subtotal (I-squared = 89.8%, p = 0.000) '<::> -0.34 (-1.19, 0.51) 53.70
I
‘ i
Overall (I-squared = 84.4%, p = 0.000) <:> -0.12 (-0.68, 0.44) 100.00
]
I
|
I
L

NOTE: Weights are from random effects analysis

T T
-1.37 0 1.37

Fig. S13 Subgroup Analysis: Effect of ALA on TC ( low versus high dose). Displayed

values are Standardized mean and 95% Cls.
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Study %
D SMD (95% Cl) Weight
l
low dose 1
Gerd Bobe (2020) —Io— 0.04 (-0.45, 0.53) 11.34
Sébastien Le Garf (2011) 0.24 (-0.75,1.22) 2.82
Luc E. Gosselin (2019) 0.01(-0.79, 0.81) 4.26
Ana Romo-Hualde (2018) 0.35 (-0.32, 1.02) 6.07
Yongyan Zhang (2011) -0.50 (-1.37, 0.36) 365

1
1
T
i
i
i
i
1
Subtotal (I-squared = 0.0%, p = 0.647) <> 0.05 (-0.26, 0.36) 28.12
1
1
1
1
1
1

high dose

Eun Hee Koh, MD (2011) ———— 0.00 (-0.31, 0.32) 27.40
i

Nong Li (2017) —_— 0.03 (-0.24, 0.30) 36.53
|

Helda Tutunchi (2023) - 0.00 (-0.58, 0.59) 7.95

Subtotal (I-squared = 0.0%, p = 0.992) <> 0.02 (-0.18, 0.21) 71.88
i
1

Overall (I-squared = 0.0%, p = 0.924) <> 0.03 (-0.14, 0.19) 100.00
1

NOTE: Weights are from random effects analysis :
"

T T
-1.37 0 1.37

Fig. S14 Subgroup Analysis: Effect of ALA on HDL ( low versus high dose).

Displayed values are Standardized mean and 95% Cls.
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Study %
D SMD (95% Cl) Weight
|
low dose :
Gerd Bobe (2020) —o—é— -0.00 (-0.49, 0.49) 31.57
Sébastien Le Garf (2011) E -0.03 (-1.01, 0.95) 7.90
Luc E. Gosselin (2019) E 0.06 (-0.74, 0.86) 11.84
|
Ana Romo-Hualde (2018) ——E—o— 0.33 (-0.34, 1.00) 16.91
Yongyan Zhang (2011) : - 0.81(-0.08, 1.70) 9.66
Subtotal (I-squared = 0.0%, p = 0.569) <:> 0.18 (-0.14, 0.49) 77.88
)
|
i
high dose H
Helda Tutunchi (2023) —os— -0.02 (-0.61, 0.56) 22.12
|
Subtotal (I-squared = .%, p =) <:> -0.02 (-0.61, 0.56) 22.12
|
A
Overall (I-squared = 0.0%, p = 0.657) <:> 0.13 (-0.14, 0.41) 100.00
i
NOTE: Weights are from random effects analysis E
T T

AT

(=]
=
~

Fig. S15 Subgroup Analysis: Effect of ALA on LDL ( low versus high dose).
Displayed values are Standardized mean and 95% Cls.

13

LuoY, et al. BMJ Open 2025; 15:€088363. doi: 10.1136/bmjopen-2024-088363



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open
Study %
D SMD (95% Cl)  Weight
low dose | :
Gerd Bobe (2020) _ -0.00 (-0.49, 0.49) 22.58
Ana E. Huerta (2015) — - -0.54 (-1.15, 0.08) 14.51

Sébastien Le Garf (2011) 0.70 (-0.31,1.71) 5.48

Yongyan Zhang (2011) 0.20 (-0.66, 1.05) 7.72

Subtotal (I-squared = 38.1%, p = 0.183) <

high dose

-0.01(-0.46, 0.43) 50.29

Sonya Hosseinpour-Arjmand MSc (2019) —_— 0.27 (-0.32,0.85) 15.97

Helda Tutunchi (2023) e 0.09 (-0.50, 0.67) 16.03
Alireza Rahmanabadi (2019) — 0.25(-0.31,0.80) 17.71
Subtotal (I-squared = 0.0%, p = 0.896) < 0.20 (-0.13, 0.53) 49.71

Overall (I-squared = 2.9%, p = 0.404) < 0.08 (-0.16,0.31) 100.00

NOTE: Weights are from random effects analysis

R

T
-1.71

=)
Zy

Fig. S16 Subgroup Analysis: Effect of ALA on FBS ( low versus high dose).

Displayed values are Standardized mean and 95% Cls.
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Fig. S23 Subgroup Analysis: Effect of ALA on HOMA IR (long versus short term).
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Fig. S24 Subgroup Analysis: Effect of ALA on FBS (long versus short term).
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Fig. S33 Subgroup Analysis: Effect of ALA on TG (Overweight Or Obese versus
Obese). Displayed values are Standardized mean and 95% Cls.
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Fig. S34 Subgroup Analysis: Effect of ALA on HDL (Overweight Or Obese versus
Obese). Displayed values are Standardized mean and 95% Cls.
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Fig. S35 Subgroup Analysis: Effect of ALA on LDL (Overweight Or Obese versus
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Fig. S36 Subgroup Analysis: Effect of ALA on HOMA IR (Overweight Or Obese

versus Obese). Displayed values are Standardized mean and 95% Cls.
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