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meta—analysis.

Objectives: The purpose of this meta—analysis was to evaluate the effects of berberine
on non-alcoholic fatty liver disease (NAFLD) through a systematic review and

Methods: We searched seven electronic databases for studies through October 2022. All
randomized controlled trials (RTCs) of berberine were included. Data extraction and risk
of bias assessments were performed by two independent reviewers. The RevMan 5.4.1
program was used for meta—analysis.

Results: A total of 279 relevant studies were identified, and 6 eligible RCTs were included
to study the efficacy berberine on NAFLD. The six selected trials are studies on the effect
between berberine and conventional treatment combined treatment versus conventional
treatment. Liver function tests, blood lipid levels, and blood glucose levels were
assessed. Combination treatment with berberine, ursodeoxycholate acid, metformin,
and monascus purpureus showed statistically significant improvements in liver function
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levels, blood lipid levels, and blood glucose levels compared to conventional treatment
alone. However, there was no significant efficacy of berberine combination dietary, ex-
ercise than control group on NAFLD. The meta—analysis results of examining 4 RCTs
comparing the therapeutic efficacy of berberine showed statistically significant improve—
ment in the liver function test, blood lipids levels, blood glucose levels.

Conclusions: This study suggests that berberine has positive efficacy on blood lipids,
blood glucose liver function, fatty liver condition of NAFLD. However, the level of evi-
dence is low because of small effect size,so further investigation is needed.
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Fig. 1. Flow chart of trials selection process. CINAHL: Medline,
Cumulative Index to Nursing and Allied Health Literature, RISS:
Research Information Sharing Service, NDSL: National Discovery
for Science Leaders, CNKI: Chinese National Knowledge Infrastructure.



UA 9 HIBY XY BRO| OISt HI2H S0 ARY UMM &5 BT HAN 23 DEW HERN

oL =

Table 1. General Characteristics of Trials of Berberine for Non—-Alcoholic Fatty Liver Disease

Frist Sample si Treatment intervention Treatment
ample size . reatmen ,
é/uetahr())r (age [yrs)) Interven(t:}t;n group Contr(()rlw)group duration Outcomes list Adverse events (cases)
Harrison'? 100 (a) Berberine+UDCA Placebo (33) 18 wk HbA1c, GPT, y=GT, 1. Placebo: Headache (1),
(2021) (26-75) 500 mg bid (33) LDL-C, TG, weight bladder cancer (quit, 1)
(b) Berberine+UDCA loss 2. Intervention
1,000 mg bid (34) 1) 500 mg bid: Gl symptom (9),
headache (2)
2) 1,000 mg bid: GI symptom (17),
headache (3), acute myocardia
(quit, 1)
Nejati™® 50 Berberine+daily Daily dietary, 7 wk FBG, GOT, GPT, NR
(2022) (40.6/42.2) dietary, exercise (25) exercise (25) (45 D) TC, TG, HDL-C,
LDL-C
Cao'® 78 Berberinetmetformin Metformin tid 16 wk GOT, GPT, y-GT, 1. Intervention: nausea, GW (5),
(2012) (52.53+£16.37) tid (38) (40) TC, TG, HDL-C, diarrhea (2)
LDL-C, 2HPG, FBG, 2. Control: nausea, GW,
HbA1c, HOMA-IR constipation (6), diarrhea (3)
Cicero" 39 Berberine+Monascus ~ Monascus 8 wk TC, TG, HDL-C, NR
(2013) (60£11) puroureus puroureus LDL-C, FBG, GOT,
GPT, HSI, CPK
Ning'¥ 44 Berberinetmetformin  Metformin tid 16 wk FBG, HbA1lc, TC, NR
(2013) (35-70) tid (22) (22) TG, PPVV, MPVV,
HARI
Cui'™ 80 Berberinetmetformin  Metformin tid 16 wk TC, TG, GOT, GPT, 1. Intervention: Gl symptom (8),
(2016) (1.5948.97/ tid (40) (40) 2HPG, FBG, HbAlc dizziness (3), fatigue (4)
50.8517.26) 2. Control: Gl symptom (5),

fatigue (3)
Symptoms disappear after
stopping the drug for 2-3 days

UDCA: ursodeoxycholate acid, wk: week, HbAlc: hemoglobin Alc, GPT: glutamic pyruvic transaminase, y—GT: y-glutamyltransferase,
LDL-C: low density lipoprotein—cholesterol, TG: triglyceride, Gl: gastrointestinal, D: day, FBG: fasting blood glucose level, GOT:
glutamic oxaloacetic transaminase, TC: total cholesterol, HDL-C: high density lipoprotein—cholesterol, NR: not reported, 2HPG: 2
hour Post Prandial glucose level, HOMA-IR: homeostatic model assessment for insulin resistance, GW: general weakness, HSI:
[calculated as 8 x (GPT/GQT ratio) + body mass index (+2 if women; + 2 if diabetes mellitus)], CPK: creatinine phosfo-kinase,
PPVV: maximum portal vein velocity, MPVV: mean portal vein velocity, HARI: hepatic arterial resistance index.

2) Xlg ey 24 (2) Berberine+metformin vs metformin
(1) Berberine+UDCA (BUDCA) HE Q& vs Z2tAE Berberine®} metformin -8 metformin &% FoiT
&0 < ¥ AFE 39U Ning 5199] AFolA A&
BUDCA 500 mg, 1,000 mg Fo73 ZepA|He] a3} o] tixwol vlE] ¥F XE9 FXE, HbAlc, TC, TG
Z vw3k A7 ZEA R0l HlE BUDCAT-©] FA7F FY3HA ko (p<0.05), 223 Gl A
W A I 71 A, AT FUA TN W3to] JiEE EARE Bk Cui®e ATllA ber-

ZTh. HbAlc &EolA BUDCA 1,000 mgT-olA 0.6%, berine, metformin ¥-&X| 5740 Ul 2TRG 75 $4

o

]
]

500 mgT-oll A 0.3% FHASHR L, FepARTANA 0.1% F
7}k LDL-C <%= BUDCA 1,000 mgollA H 16
mg/dL 743 3(p=0.072), TG <X|= BUDCA 500 mgwol| A]
Bt 41 mg/dL 743 01K (P=0.04) HDL-C <=3 H3p}
ASTE BUDCA 1,000 mg oA B 3.5 kg AFEAEE
BA(p=0.012) AT tize] HlaoA EAZ o
2 93 293 2ok

ol dF x=F T} FoJshAl 1443+ 3(p<0.05), Cao'”
o] AFolA AAF A, T 22T FE| FoH<I
7+2(P<0.05), &% A AX4XTC, TG, HDL-C, LDL-C),
s A M Bt BARSE FosA vERTH
(P<0.01).

(3) Berberine+E=d vs E=at
Berberine¥ &=12] W& T @ TS
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< 29, 9= 39, 9 24, TE 19, A5LoA A7F
39, I & 44, T 39, FE 24, HA} 397} HaE Y
3, 7 Aolo] Aole BAFHOE foJtA] EUTh
(P>0.05). Harrison 5'2¢] A7ollA& A B4 F
B3 ggeto]l WASHA L, Wgte] TG 147 AT

of| A %%‘%E} BUDCA 500 mg Foj-oll Al 735 24, 9

A= FASo] 1971 TR, 4 =S [FASo] T
Ayt 101]7} Aol A &=l th BUDCA 1,000 mg 5
oA AL 9o, 24] 5o, T 197} BAYSEA AL, 94
SHFAS 19, B8 BH7 19, & 19, A2 19,
T g x 209 A AFolA g AT 1 9
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271 ] Ao vig A Sdll tiske] dgEked
low risk= 87} L, 47] 0] AL A vj7g =4
2H o thate] AF3sHA oAl unclear riskE Y 7FsHS
th 2709 Ao A Frodztel Aol =rHE S Al
stRom 3749 Ao A HrEAe| w7
S A YeH S AF3HA low risk=E H7FsEATE 2719
Ao A Fe}, AL BrEAke] w7 S Aldst
] gFo} high risk®E H7Fst T BE AFHollA @bt
g eSS ZEEZO] gl A7V o o4
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Fig. 2. Risk of bias graph.
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2ZF AR A 5 H5(2hPG), HbAlc, GOT, GPT
T 453 ARE et B8t WEHEA A

TC (MD -0.62, 95% CI -0.82 to -0.42, P<0.00001; Fig. 4),
TG (MD -0.55, 95% CI -0.72 to -0.38, P<0.00001; Fig. 5),

Testfor overall effect: £=6.09 (P = 0.00001)

2 E % s ) GOT (MD -5.26, 95% CI -11.42 to 0.89, P=0.09; Fig. 6),
5 = E £ &
g3 £ = § GPT (MD -9.33, 95% CI -12.13 to -6.53, P<0.00001; Fig.
SEE sz 7E Aol tzael va) FEEL folF THL
I B BT FBGE A 227 t22e] BEA7} 1| mmolLo]
Efegrps: Aom P 77%% o)A o] A YERTHMD -1.00, 95%
g = 5 £ 8 3 CI -1.54 to -0.45, P=0.0003; Fig. 8). 2hPG S| I* 81%%
oan 2012 : 79 @ : : ® Eo ojgygog BEAEUTHMD -1.10, 95% CI -2.10 to
Cicero 2013 D @ ?
-0.10, P=0.03; Fig. 9). HbAlc =2 ¢ X570 =
cuis| @7 @@ @ @2 4 ig. 9) c &=2 o—l;] ]ﬂ]o
o) L Z z| =2 o o) o) O
Harrison 2021 . . . . . . . :iLOﬂ H]EH JOE-X}-ﬂ— 1745 x]‘u-%()ﬂk] TFAU]% E‘;da
el L L Bow P 60%= =A UEFSHTHMD -0.74, 95% CI
ming2013 | @ |72 | @@ | @ | @ 2 -1.15 to -0.34, P=0.0003; Fig. 10).
Fig. 3. Risk of bias summary.
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean S0 Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cao 2012 4.28 0.54 38 477 063 40 58.4% -049[0.75 -0.23] :
Cui 2016 434 085 40 521 1.01 40 23.6% -0.87 [1.28,-0.46)] —=
Ming 2013 43 08 22 5 08 2217 T% -0F0F1AT,-0.23) —=
Mejati 2022 10.06 5.58 24 1072 71 24 0.3% -0.66[4.27,2.95 *
Total {95% CI) 124 126 100.0% -0.62[-0.82, -0.42] ’
Heterogeneity: Chit= 250, df= 3 (P =047}, F=0% =_4 _12 o é 4!

experimental control

Fig. 4. Forest plot of lipid files: total cholesterol (fixed effects model).

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Can 2012 1.82 0.47 3| 219 0 40 34.0% -0.67 [-0.96,-0.38] —
Cui 2016 1.61 0.4 40 203 076 40 40.5% -0.42[-0.69,-0.15] ——
Mejati 2022 9.898 1.95 24 1072 1.74 24 2T7%  -074[1.79,0.31]
Ming 2013 148 0.3 22 21 08 22 228% -060[0.96,-0.24] —
Total {95% CI) 124 126 100.0% -0.55[-0.72, 0.38] <
Heterogeneity, Chif=1.75, df= 3 (P = 0.62); F= 0% B + 7 p 2

Testfor overall effect: Z=6.38 (P = 0.000013

Fig. 5. Forest plot of lipid files: triglyceride (fixed effects model).

Favours [experimental]

Favours [control]

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Cao 2012 CIER- I 3|8 483 101 40 33.3% -B.A0[12.42 -4.48) —
Cui 2016 3967 .96 40 4786 10.89 40 327% -89 [12.37,-4.01] —
Mejati 2022 226 B2 24 M8 B3B8 4 3% 0.70[-2.85, 4.28] —
Total (95% CI) 102 104 100.0% -5.26[-11.42,0.89] —ii——
Heterogeneity: Tau®= 2569 Chi*=1513, df=2 (P=0.00048); F=87% '_20 -1IIJ b 1IU 20'

Test for averall effect. £2=1.68 (P = 0.09)

experimental control

Fig. 6. Forest plot of liver function: Glutamic oxaloacetic transaminase (random effects model).
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Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean S0 Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Cao 2012 413 71 38 506 11 40 469% -9.30[-13.35,-5.21]
Cui 2018 4082 819 40 5073 982 40 &0.0% -9.91 [13.87,-5.95] ——
Mejati 2022 305 3358 24 M 2.4 24 3% -0.50 F16.43,15.43]
Total (95% CI) 102 104 100.0% -9.33[12.13, 6.53] N
Heterogeneity, Chi*=1.26, df= 2 (P = 0.53); F= 0% I f t |
o -20 =10 0 10 20
Testfor overall effect 2= 693 (F = 0.00001) experimental contral
Fig. 7. Forest plot of liver function: glutamic pyruvic transaminase (fixed effects model).
Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Cao 2012 BY 049 38 7.2 1 40 351% -0.480[0.92 -0.08] —&—
Cui 2018 604 1.85 40  T.EB 1.47 40 26.8% -1.64 [2.30,-0.98] —
Ming 2013 T 0.4 22 21 0.7 22 38.0%  -1.00[1.34, -0.66] -
Total (95% CI) 100 102 100.0% -1.00 [-1.54, -0.45] e
Heterogeneity: Tau®= 0.17; Chi*= 8.57, df= 2 (P = 0.01}; F= 77% 5_4 2 ! 2 45
Testfor overall effect: Z= 359 (F=0.0003) experimental control
Fig. 8. Forest plot of blood glucose: fasting blood glucose (random effects model).
Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean S0 Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Cao 2012 81 12 38 a7 14 40 511%  -DBO[1.18,-0.037] i
Cui 2018 31 1H 40 8493 1.58 40 489%  -1.82 [2.27,-0.57] i
Total (95% CI) 78 80 100.0% -1.10[-2.10,-0.10] "*"
Heterogensity: Tau®= 0.42; Chi*= 5.27, df=1 (P = 0.02); F= 81% " B v ! :
Testfor overall effect Z= 215 (F=0.03) experimental control
Fig. 9. Forest plot of blood glucose: post prandial blood glucose 2 hour (random effects model).
Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
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Total (95% CI) 100 102 100.0% -0.74 [-1.15, -0.34] -
Heterogeneity: Tau®= 0.08; Chi*= 5.04, df= 2 (P = 0.08); 7= 0% 5_4 2 ! 2 45
Testfor overall effect: Z= 359 (F=0.0003) experimental control
Fig. 10. Forest plot of blood glucose: hemoglobin Alc (random effects model).
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