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Acarbose (ACB) seems to be an effective drug in the management of cardiovascular 
risk factors. However, no previous meta-analysis of randomized controlled trials 
(RCTs) has been done to evaluate the effects of ACB on cardiovascular risk factors 
on impaired glucose tolerance (IGT), type 2 diabetes mellitus (T2D), and type 1 
diabetes mellitus (T1D). We  comprehensively searched electronic databases 
including Scopus, Web of Science, and PubMed for RCTs for related keywords up 
to September 2022. A random-effects model was used to estimate the weighted 
mean difference (WMD) and 95% confidence interval (CI). The pooled analysis 
demonstrated that ACB treatment had a significant effect on fasting blood glucose 
(FBG) (WMD  =  −3.55  mg/dL; 95%CI: −6.29, −0.81; p  =  0.011), fasting insulin 
(WMD  =  −6.73  pmoL/L; 95%CI: −10.37, −3.10; p  <  0.001), HbA1c [WMD  =  −0.32%; 
95%CI: −0.45, −0.20; p  <  0.001], body weight (WMD  =  −1.25  kg; 95%CI: −1.79, 
−0.75; p  <  0.001), body mass index (BMI) (WMD  =  −0.64  kg/m2; 95%CI: −0.92, 
−0.37; p  <  0.001), tumor necrosis factor-alpha (TNF-α) (WMD  =  −2.70  pg/mL, 
95%CI: −5.25, −0.16; p  =  0.037), leptin (WMD  =  −1.58  ng/mL; 95%CI: −2.82, 
−0.35; p  =  0.012), alanine transaminase (ALT) (WMD  =  0.71  U/L; 95%CI: −0.31, 
1.85; p  =  0.164), triglyceride (TG) (WMD  =  −13.89  mg/dL; 95%CI: −20.69, −7.09; 
p  <  0.001), total cholesterol (TC) (WMD  =  −2.26  mg/dL; 95%CI: −4.18, −0.34; 
p  =  0.021), systolic blood pressure (SBP) (WMD  =  −1.29  mmHg; 95%CI: −2.44, 
−0.15; p  =  0.027), and diastolic blood pressure (DBP) (WMD  =  0.02  mmHg; 95%CI: 
−0.41, 0.45; p  =  0.925) in an intervention group, compared with a placebo group. 
The non-linear dose–response analysis showed that ACB reduces the TC in trial 
duration by >50  weeks, and 180  mg/day is more effective for the decrement of 
CRP. ACB can improve lipid profiles, glycemic indices, anthropometric indices, 
and inflammatory markers in T2D, T1D, and IGT patients.
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Introduction

Cardiovascular diseases (CVDs) are the leading cause of global 
mortality (1) that impose a considerable economic burden on both 
governments and individuals (2). CVDs are primarily associated with 
several key risk factors, including elevated systolic blood pressure 
(SBP), increased fasting plasma glucose (FPG) levels, elevated 
low-density lipoprotein (LDL) cholesterol, and a high body mass 
index (BMI) (1). Compared with adults without diabetes, individuals 
with diabetes experience a 2- to 4-fold increase in cardiovascular rise 
(3). The increased risk of mortality in diabetes patients is mainly due 
to CVDs (3). Diabetes has become a pressing global issue, particularly 
with the rise of type 2 diabetes (T2D), which contributes significantly 
to mortality and disability rates (4), and is more prevalent (5) 
compared with type 1. In addition to T2D, another concern is 
impaired glucose tolerance (IGT) (5, 6). Diabetes is also linked to 
dyslipidemia (7), elevated liver enzymes (8), elevated inflammatory 
factors (9), polycystic ovarian syndrome (10, 11), and overweight or 
obesity (12, 13). Some factors can modify the relationship between 
diabetes and CVDs such as lifestyle (14), physical activity (15), dietary 
intake (16–18), and pharmacotherapy (19).

Acarbose (ACB), a pseudo-tetrasaccharide, is classified as an 
α-glucosidase inhibitor (20) that has shown comparable efficacy to 
metformin in the management of diabetes (21). The strong binding 
affinity of ACB to α-glucosidase enzymes inhibits the absorption of 
polysaccharides from the intestine (20). The findings of a significant 
multicenter placebo-controlled trial conducted by Chiasson et  al. 
demonstrated that the intake of acarbose (ACB) can effectively reduce 
the occurrence of major cardiovascular events among patients with 
impaired glucose tolerance (IGT) (22). A meta-analysis of 8 RCTs by 
Mannucci et al. reported that the evidence is insufficient to conclude 
any beneficial effect of α-glucosidase-inhibiting (AGI) drugs on major 
cardiovascular events in T2D patients (23). Another meta-analysis of 
66 RCTs in 2021 by Alssema et al. supported the acute reduction in 
postprandial glucose and postprandial insulin following AGI drug 
intake in diabetic and non-diabetic individuals. A meta-analysis of 
seven studies conducted by Yu et al. provided evidence supporting the 
beneficial effect of acarbose (ACB) therapy in reducing triglyceride 
(TG) levels among non-diabetic patients who are overweight or obese. 
This suggests the potential usefulness of ACB in managing TG levels 
in this population (24). Another study by Schnell et al. pooled the data 
from 10 previous studies and concluded that ACB treatment can 
reduce body weight independent of glycemic control in patients with 
diabetes (25). Hu et  al. assessed the preventive effect of ACB 
monotherapy on T2D incidence by a meta-analysis of 8 RCTs in 2015. 
Interestingly, this preventive effect seems to be superior in Eastern 
populations with prediabetes compared with Western populations 
(26). However, few studies focused on the effect of ACB in T1D 
patients. However, a pooled analysis of seven trials conducted by Liu 
et  al. revealed promising results. The addition of ACB to insulin 
therapy demonstrated improvements in overall glucose control among 
T1D patients, including reductions in HbA1c levels, mean blood 

glucose, fasting blood glucose (FBG), postprandial glucose (PPG), and 
glucose variability. These findings suggest that ACB may have a 
positive effect on glycemic management in T1D patients when used 
in combination with insulin therapy (27).

Considering the heterogeneity and inconsistent results of previous 
reports, as well as the absence of a comprehensive meta-analysis 
examining the cardiovascular risk factors associated with ACB 
treatment, the objective of this study is to conduct a conclusive dose–
response meta-analysis. The aim is to comprehensively assess the 
impact of ACB treatment on various cardiovascular risk factors in 
patients with diabetes and impaired glucose tolerance (IGT). By 
employing a comprehensive cardiovascular risk assessment approach, 
this study seeks to provide a more robust and conclusive analysis of 
the effects of ACB treatment in this patient population.

Methods

Preferred reporting items for systematic reviews and meta-
analyses (PRISMA) were used in this study (28). This study is 
registered at PROSPERO (CRD42022355832).

Search strategy

We have performed a systematic literature search of articles in 
scientific databases, namely PubMed, Scopus, and Web of Science 
published up to September 2022 to find any relevant RCTs about the 
effect of ACB treatment on CVD risk factors. To search for items 
related to ACB and CVD risk factors, we used PICO (Participant: 
T2D, T1D, and IGT patients; Intervention: ACB; Comparison/
Control: control group; Outcome: CVD risk factor). The keywords 
used for searching are as follows: (Acarbose) AND (Intervention OR 
“intervention study” OR “intervention studies” OR “controlled trial” 
OR randomized OR random OR randomly OR placebo OR “clinical 
trial” OR “RCT” OR blinded OR “double blind” OR “double blinded” 
OR trial OR “clinical trial” OR trials OR “pragmatic clinical trial” OR 
“cross-over studies” OR “cross-over” OR “cross-over study” OR 
“parallel study” OR “parallel trial”). Google Scholar and reference lists 
of the included studies and previous review studies were checked to 
avoid missing relevant articles (Supplementary material 1).

Study selection

We included studies with the following criteria: (1) randomized 
controlled clinical trials (parallel or crossover); (2) human studies; (3) 
adults (≥18 years) with T1D, T2D, or IGT; (4) mean ± standard 
deviation or effect size reported for outcomes; and (5) examined the 
effect of ACB intake on CVD risk factors including serum TG, total 
cholesterol (TC), low-density lipoprotein (LDL), high-density 
lipoprotein (HDL), FBG, hemoglobin A1c (HbA1c), serum insulin, 
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HOMA-IR, systolic blood pressure (SBP), diastolic blood pressure 
(DBP), c reactive protein (CRP), interleukin 6 (IL-6), tumor necrosis 
factor (TNF-α), adiponectin, leptin, weight, waist circumference 
(WC), body mass index (BMI), aspartate transaminase (AST), alanine 
transaminase (ALT), and alkaline phosphatase (ALP). We excluded 
animal and in vitro studies, studies on children and adolescents, gray 
literature, reviews, conference abstracts, editorials, books, and RCTs 
that did not have control/placebo groups. We imposed no restrictions 
on the time, date, length, and language of studies and the dosage of 
ACB treatment. Two authors (OA and MZ) independently screened 
the title and abstracts of the included studies for the first screening and 
the full texts for the second-level screening. They extracted results and 
assessed the studies’ qualifications. Any uncertainty regarding the 
inclusion of studies was resolved through discussion.

Data extraction

The full texts of all the included studies were studied separately, 
and the following information was extracted by two investigators (OA 
and MZ): name of the first author, year of publication, country, type 
of clinical trial, participant characteristics (mean age, BMI, and sex), 
duration of intervention, randomization, blinding, sample size, the 
number of participants in the intervention and control groups, form 
and dosage of ACB, the health status of participants, and outcome 
values. All ACB intake doses were converted to mg/day.

Quality assessment

To assess the quality of the included studies, we used the Cochrane 
Collaboration tool (29). The included studies were screened for any 
source of bias including random sequence generation, allocation 
concealment, participant and staff blindness, outcome assessor 
blinding, incomplete outcome data, selective reporting, and other 
biases. Finally, three groups of high, moderate, and low risk of bias 
were defined. Two authors (OA and MZ) separately assessed the 
quality of the research articles, and any conflicting opinions were 
settled through discussion.

Statistical analysis

Statistical analyses were conducted using Stata version 11.0 (Stata 
Corp, College Station, TX). All tests were two-tailed with p-values 
<0.05 considered statistically significant. Pooled weighted mean 
difference (WMD) was calculated to assess the existing heterogeneity 
using a random-effects model (30). We calculated mean differences in 
our outcomes from baseline to the post-intervention between the 
ACB-treated and control groups. The standard deviation (SD) of the 
mean difference was calculated using the following formula: 
SD = square root [(SD at baseline)2+ (SD at the end of study)2 − (2 
r × SD at baseline ×SD at the end of study)] (31). In studies reporting 
standard errors (SEs), 95% confidence intervals (CIs), or interquartile 
ranges (IQRs), we used the following Hozo et al.’s formula to transform 
these values into SDs: SD = SE × √n (n = the number of individuals in 
each group) (32). A correlation coefficient of 0.8 was used for r (33). 
A subgroup analysis was performed to determine the source of 

heterogeneity. Subgroups were selected based on the required 
minimum number of studies according to the criteria provided by Fu 
et al. (34). There should be at least 6 to 10 studies for continuous 
subgroup variables and a minimum of 4 studies for categorical 
subgroup variables (34, 35). Subgroup analyses were performed 
separately for normal or abnormal levels of each analyzed parameter, 
glycemic status (T1D, T2D, IGT), different doses (more or less than 
300 mg/day), different durations (more or less than 24 weeks), and 
ethnicity (Eastern/Western). The I2 or Cochrane’s Q test was used to 
measure statistical heterogeneity (36), with values greater than 40% 
indicating strong heterogeneity (37). To detect any publication bias, 
the funnel plot, Begg’s rank correlation, and Egger’s regression tests 
were used (38, 39). The leave-one-out method (i.e., deleting one trail 
at a time and recalculating the impact size) was used to examine the 
impact of each study on the pooled effect size. Sensitivity analysis was 
carried out to determine how many inferences were dependent on a 
particular sample. To identify and mitigate the effects of the publishing 
bias, we employed the trim-and-fill method (40). The possible impact 
of ACB (mg/d) dosage and duration on liver enzymes was evaluated 
using meta-regression. Additionally, we employed a non-linear dose–
response analysis to synthesize the associated dose–response data 
from several research for the dose–response analysis between ACB 
intake and CVD risk factors (41, 42).

Certainty assessment

As previously mentioned, the certainty of evidence in the included 
research was examined and summarized using the GRADE (Grading 
of Recommendations Assessment, Development, and Evaluation) 
technique (43).

Results

The flow of study selection

We presented the flowchart in Figure 1 and described the selection 
process and the references retrieved from the database in this figure. 
We identified a total of 5,480 studies in the first step of the electronic 
databases search. We excluded duplicated (n = 1,236) and irrelevant 
studies (n = 3,367) and animal studies (n = 63). Then, 814 studies were 
evaluated based on titles and abstracts. Among these, 704 studies were 
excluded because the intervention was not acarbose and it was not a 
randomized control trial. Then, 110 full-text relevant articles were 
reviewed. Among these, 20 studies were excluded because they were 
conducted on non-diabetic subjects. Eventually, 90 articles were 
identified. On the other hand, five studies were identified through a 
manual search and a review of reference lists. Finally, 95 studies were 
included in the qualitative synthesis. Therefore, we included a total of 
95 studies (21, 44–137) in the present systematic review and meta-
analysis, and their characteristics are presented in Table 1.

Study characteristics

The publication years of the studies ranged from 1982 to 2022 and 
originated in China (21, 44, 58, 60, 70, 77, 94, 99, 105–107, 111–114, 
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116, 117, 119, 120, 123–127, 129, 132), New Zealand (45), Germany 
(56, 62–64, 74–76, 78, 84, 89, 97, 100, 130, 131), Australia (47), 
United States (48, 49), Canada (50, 51), Japan (46, 55, 71, 82, 85, 88, 
91, 92, 98, 103, 110, 137), Turkey (52, 53, 66, 90), Italy (59, 69, 86, 95, 
96, 101, 128), Mexico (65), United  Kingdom (136), Sweden (87), 
Indiana (107), Taiwan (79, 81, 102, 109, 115), Iran (118, 121), Korea 
(108, 122), Spain (54), Netherlands (61, 83, 93), France (68), Thailand 
(72), Brazil (73), and Sweden (87). We  showed the study design 
characteristics in Table 1. The WMD and 95%CI of TG (mg/dL), TC 
(mg/dL), LDL (mg/dL), HDL (mg/dL), FBG (mg/dL), insulin 
(pmol/L), HbA1c (%), HOMA-IR, SBP (mmHg), DBP (mmHg), CRP 
(mg/L), IL-6 (pg/mL), TNF-α (pg/mL), adiponectin (ng/mL), leptin 
(ng/mL), weight (kg), BMI (kg/m2), WC (cm), ALT (U/L), AST (U/L), 
and ALP (U/L) and their changes are presented in 
Supplementary Figures S2A–U, respectively.

There was 84 parallel (21, 44, 46, 48–52, 54–56, 58–60, 62–64, 
66–71, 73–85, 87–99, 101, 103–117, 119–128) and 11 cross-over 
studies (45, 47, 53, 57, 61, 65, 72, 86, 100, 118, 129). The mean age and 
baseline BMI of included studies ranged from 19.31 to 69.7 years and 
21.1 to 35.2 kg/m2 in the intervention group, respectively. The 
treatment duration of included studies ranged from 2 to 156 weeks. 
The daily dosage of ACB treatment ranged from 75 to 600 mg. One 
study included only female participants and 94 included both sexes.

Studies included participants with T2D (21, 44–50, 52–60, 62–76, 
78–92, 94–113, 115–117, 119–127, 129–136), type 1 diabetes mellitus 
(T1D) (61, 118), and impaired glucose tolerance (51, 77, 93, 100, 
114, 137).

In the investigation by Rudovich et  al. (100), two types of 
participants (IGT and T2D subjects) participated both females and 
males so two arms were considered for this study. Furthermore, 
Sanjari et al. (121) had two types of participants [healthy subjects 

(n = 14) and T2D patients (n = 14)] participated in both females and 
males so we considered two arms for this study. In the investigation 
by Fischer et al. (63), one type of participant (T2D) participated in 
both females and males with different dose interventions (75, 150, 300, 
and 600 mg/d) so four arms were considered for this study.

Out of the 95 RCTs, there were 81 effect sizes for the effect of ACB 
treatment on FBG (mg/dL), 39 effect sizes on serum insulin (pmol/L), 
77 effect sizes on serum HbA1c (%), 17 effect sizes on HOMA-IR, 36 
effect sizes on body weight, 34 effect sizes on BMI, 6 effect sizes on 
WC, 9 effect sizes on ALT (U/L), 7 effect sizes on AST (U/L), and 3 
effect sizes on ALP (U/L). Out of the 95 RCTs, there were 6, 7, 3, 5, and 
3 effect sizes for CRP, IL-6, TNF-α, adiponectin, and leptin, 
respectively. Furthermore, there were 59, 54, 43, 53, 29, and 29 effect 
sizes for TG, TC, LDL, HDL, SBP, and DBP, respectively.

Adverse events

Information on adverse effects was mentioned in the studies of 
Soonthornpun et  al. (57) (mild and tolerable gastrointestinal 
problems), Coniff et al. (49) (abdominal pain, nausea, diarrhea, and 
flatulence), Costa et  al. (54) (constipation, nausea, diarrhea, and 
flatulence), Fischer et al. (63) (flatulence and meteorism), Josse et al. 
(80) (constipation, nausea, diarrhea, and flatulence), Li et al. (113) 
(gastrointestinal problems), Lin et al. (79) (gastrointestinal problems), 
Nijpels et al. (93) (gastrointestinal problems), Van de laar et al. (83) 
(flatulence, diarrhea, abdominal pain or nausea, and headache), Sels 
et al. (61) (flatulence, diarrhea, and abdominal pain), Ren et al. (124) 
(edema, nausea, gastrointestinal discomfort, and hypoglycemia), Gao 
et al. (125) (constipation, nausea, diarrhea, and flatulence), Yang et al. 
(21) (gastrointestinal problems, infections and infestations, 

FIGURE 1

Flowchart of study selection for inclusion trials in the systematic review.
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TABLE 1 Characteristic of included studies in the meta-analysis.

Studies Country Study 
design

Participant Sample 
size and 
sex

Sample 
size

Trial 
duration 
(week)

Means age Means BMI Intervention Adverse 
events

IG CG IG CG IG CG Acarbose 
(mg/d)

Control 
group

Akazawa et al. 

(1982)

China Parallel, R, 

PC

Type 2 patients M/F; 24 10 14 7 20–79 20–79 NR NR 300 Glucomannan NR

Scott et al. 

(1984)

New Zealand Crossover, 

R, PC

Type 2 patients M/F: 18 18 18 4 55.5 ± 7.1 55.5 ± 7.1 NR NR 300 Placebo NR

Hanefeld et al. 

(1991)

Germany Parallel, R, 

PC, DB

Type 2 patients M/F: 94 47 47 24 60 ± 16.5 59 ± 16.5 27.4 ± 7.85 27.7 ± 8.5 300 Placebo Flatulence, 

abdominal 

distension, and 

diarrhea

Hotta et al. 

(1993)

Japan Parallel, R, 

PC, DB

Type 2 patients M/F: 37 19 18 24 49.8 ± 17.5 47.9 ± 18 23.5 ± 4.15 22.9 ± 4.4 300 Placebo NR

Jenney et al. 

(1993)

Australia Crossover, 

R, PC, DB

Type 2 patients M/F: 6 6 6 12 60.3 ± 2.5 60.3 ± 2.5 NR NR 75 Placebo NR

Coniff et al. 

(1994)

USA Parallel, R, 

PC, DB

Type 2 patients M/F: 189 91 98 12 56 ± 9.5 55.8 ± 10 32 ± 16.75 31.5 ± 12.3 300 Placebo Abdominal pain, 

nausea, diarrhea, 

and flatulence

Hoffman et al. 

(1994)

Germany Parallel, R, 

PC, DB

Type 2 patients M/F: 58 28 30 24 58.8 ± 6.9 56.9 ± 6.7 26.5 ± 1.6 26.8 ± 1.5 300 Placebo NR

Coniff et al. 

(1995)

USA Parallel, R, 

PC, DB

Type 2 patients M/F: 207 103 104 24 NR NR NR NR 300 Placebo Diarrhea and 

flatulence

Wolever et al. 

(1995)

Canada Parallel, R, 

PC, DB

Type 2 patients M/F: 85 41 44 52 54.4 ± 11.5 57.6 ± 9.7 31.9 ± 6.3 29.7 ± 4.5 400 Placebo No side effect

Chiasson et al. 

(1996)

Canada Parallel, R, 

PC, DB

Impaired glucose 

tolerance

M/F: 18 8 10 16 56.1 ± 8.7 55.4 ± 8.7 32.2 ± 6.9 29.3 ± 2.7 150 Placebo No side effect

Bayraktar et al. 

(1996)

Turkey Crossover, 

R, PC

Type 2 patients M/F: 18 18 18 8 49 49 NR NR 300 Metformin NR

Noda et al. 

(1997)

Japan Parallel, R, 

PC

Type 2 patients M/F: 20 14 6 24 56 ± 8 53 ± 9 22.9 ± 0.8 27 ± 2.5 300 Control group NR

Hoffmann 

et al. (1997)

Germany Parallel, R, 

PC, DB

Type 2 patients M/F: 63 31 32 24 58.9 ± 9.4 60.2 ± 8.6 26.4 ± 2.7 26.3 ± 2.2 300 Placebo NR

Costa et al. 

(1997)

Spain Parallel, R, 

PC, DB

Type 2 patients M/F: 65 36 29 24 60.2 ± 8.4 61.7 ± 9 28.7 ± 4.2 27.4 ± 3 300 Placebo Constipation, 

nausea, diarrhea, 

and flatulence

(Continued)
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TABLE 1 (Continued)

Studies Country Study 
design

Participant Sample 
size and 
sex

Sample 
size

Trial 
duration 
(week)

Means age Means BMI Intervention Adverse 
events

IG CG IG CG IG CG Acarbose 
(mg/d)

Control 
group

Chan et al. 

(1998)

China Parallel, R, 

PC, DB

Type 2 patients M/F: 126 63 63 24 52.8 ± 10.2 54 ± 10 25.4 ± 3.9 25.6 ± 3.8 300 Placebo No side effect

Guagnano 

et al. (1998)

Italy Parallel, R, 

PC

Type 2 patients M/F: 34 17 17 12 62.58 ± 9.63 62.41 ± 9.79 30.21 ± 5.62 30.15 ± 5.41 300 Control group Flatulence, 

abdominal 

cramps, and 

diarrhea

Bayraktar et al. 

(1998)

Turkey Parallel, R, 

PC

Type 2 patients F: 50 25 25 12 38.12 ± 11.25 37.08 ± 9.5 34.83 ± 5.05 37.26 ± 5.9 300 Control group NR

Soonthornpun 

et al. (1998)

Thailand Crossover, 

R, PC, DB

Type 2 patients M/F: 15 15 15 12 57.5 ± 2.6 57.5 ± 2.6 NR NR 300 Placebo Mild and 

tolerable 

gastrointestinal 

problems

Lam et al. 

(1998)

China Parallel, R, 

PC, DB

Type 2 patients M/F: 89 45 44 24 57.8 ± 9.1 56.9 ± 7.12 24.8 ± 3.5 24.1 ± 2.8 300 Placebo NR

Buchanan et al. 

(1998)

UK Parallel, R, 

PC, DB

Type 2 patients M/F: 20 9 11 16 60.1 ± 6.8 57.6 ± 8.2 NR NR 350 Placebo Diarrhea and 

flatulence

Sels et al. 

(1998)

Netherlands Crossover, 

R, PC

Type 1 patients M/F: 62 62 62 8 38.3 ± 23 35.3 ± 23 NR NR 300 Placebo Flatulence, 

diarrhea, and 

abdominal pain

Fischer et al. 

(1998) (A)

Germany Parallel, R, 

PC, DB

Type 2 patients M/F: 167 86 81 24 58.5 ± 8.4 52.7 ± 8.7 27.3 ± 3.5 26.9 ± 2.9 75 Placebo Flatulence and 

meteorism

Fischer et al. 

(1998) (B)

Germany Parallel, R, 

PC, DB

Type 2 patients M/F: 169 88 81 24 55.5 ± 9.6 52.7 ± 9.7 27.6 ± 3.5 26.9 ± 2.9 150 Placebo Flatulence and 

meteorism

Fischer et al. 

(1998) (C)

Germany Parallel, R, 

PC, DB

Type 2 patients M/F: 159 78 81 24 56.8 ± 9.4 52.7 ± 9.7 27.6 ± 3.7 25.9 ± 2.9 300 Placebo Flatulence and 

meteorism

Fischer et al. 

(1998) (D)

Germany Parallel, R, 

PC, DB

Type 2 patients M/F: 168 87 81 24 59.4 ± 8.6 52.7 ± 8.7 27.2 ± 3.3 26.9 ± 2.9 600 Placebo Flatulence and 

meteorism

Standl et al. 

(1999)

Germany Parallel, R, 

PC, DB

Type 2 patients M/F: 481 24 24 24 59.3 ± 8.5 62.9 ± 9.4 25.2 ± 2.2 24.1 ± 2 600 Placebo NR

López‐

Alvarenga et al. 

(1999)

Mexico Crossover, 

R, PC, DB

Type 2 patients M/F: 17 17 17 12 56.7 ± 7.7 51.75 ± 7.2 27.5 ± 2.6 25.7 ± 1.8 300 Placebo Gastrointestinal 

problems

(Continued)
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Studies Country Study 
design

Participant Sample 
size and 
sex

Sample 
size

Trial 
duration 
(week)

Means age Means BMI Intervention Adverse 
events

IG CG IG CG IG CG Acarbose 
(mg/d)

Control 
group

Holman et al. 

(1999)

United 

Kingdom

Parallel, R, 

PC, DB

Type 2 patients M/F: 1,946 973 973 156 60 ± 9 60 ± 9 29.8 ± 5.6 29.6 ± 5.7 300 Placebo No side effect

Salman et al. 

(2000)

Turkey Parallel, R, 

PC

Type 2 patients M/F: 57 27 30 24 52.6 ± 9.1 56.1 ± 8.7 30.2 ± 3.8 29.2 ± 2.8 300 Gliclazide Flatulence, 

abdominal pain, 

and diarrhea

Meneilly et al. 

(2000)

Canada Parallel, R, 

PC, DB

Type 2 patients M/F: 45 22 23 52 68 ± 4.5 70 ± 4.6 28 ± 4.5 29 ± 4.6 300 Placebo No side effect

Halimi et al. 

(2000)

France Parallel, R, 

PC, DB

Type 2 patients M/F: 129 59 70 24 56 ± 9.2 55 ± 10 30.1 ± 3.3 29.7 ± 3.3 300 Placebo No side effect

Ko et al. (2001) China Parallel, R, 

PC

Type 2 patients M/F: 57 27 30 52 58.5 ± 9.9 59.1 ± 12.5 24.3 ± 3.8 24.9 ± 3.4 300 Insulin Flatulence, 

diarrhea, and 

abdominal colic

Gentile et al. 

(2001)

Italy Parallel, R, 

PC, DB

Type 2 patients M/F; 100 52 48 28 NR NR 27.8 ± 15 27.8 ± 15 300 Placebo NR

Takei et al. 

(2001)

Japan Parallel, R, 

PC

Type 2 patients M/F: 15 6 9 12 56.7 ± 10.6 57.7 ± 10 28.2 ± 3.8 27.1 ± 2.4 150 Control group NR

Hanefeld et al. 

(2002)

Germany Parallel, R, 

PC, DB

Type 2 patients M/F: 19 11 8 16 60.4 ± 3.9 59 ± 4.8 27.5 ± 2.4 27.2 ± 3.3 300 Placebo NR

Vichayanrat 

et al. (2002)

Thailand Crossover, 

R, PC

Type 2 patients M/F: 30 30 30 8 55 ± 11.6 55 ± 11.6 21.1 ± 3.6 21.1 ± 3.6 300 Voglibose NR

Rosenthal et al. 

(2002)

Germany Parallel, R, 

PC

Type 2 patients M/F: 76 39 37 24 57.4 ± 8.6 57.7 ± 10.5 29.1 ± 4.3 28.8 ± 4.3 300 Glibenclamide No side effect

Göke et al. 

(2002)

Germany Parallel, R, 

PC

Type 2 patients M/F: 265 136 129 26 58.8 ± 9.1 58.9 ± 9.1 30.8 ± 4.4 30.9 ± 5.3 300 Pioglitazone No side effect

Rosenbaum 

et al. (2002)

Brazil Parallel, R, 

PC, DB

Type 2 patients M/F: 40 20 20 22 59.8 ± 8.2 62 ± 9.7 30.3 ± 2.9 31.7 ± 3.9 300 Placebo Increased liver 

enzymes, cardiac 

failure, and 

gastrointestinal 

problems

Fischer et al. 

(2003)

Germany Parallel, R, 

PC, DB

Type 2 patients M/F: 50 25 25 16 59.4 ± 28 58.6 ± 31.5 27.3 ± 4 27 ± 3.5 300 Placebo No side effect

(Continued)
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TABLE 1 (Continued)

Studies Country Study 
design

Participant Sample 
size and 
sex

Sample 
size

Trial 
duration 
(week)

Means age Means BMI Intervention Adverse 
events

IG CG IG CG IG CG Acarbose 
(mg/d)

Control 
group

Pan et al. 

(2003)

China Parallel, R, 

PC, DB

Impaired glucose 

tolerance

M/F: 252 125 127 16 53.4 ± 8.63 55.6 ± 8.31 25.6 ± 2.99 25.8 ± 3.22 150 Placebo Gastrointestinal 

problems

Josse et al. 

(2003)

Canada Parallel, R, 

PC, DB

Type 2 patients M/F: 192 93 99 52 69.7 ± 5 70.3 ± 5 28.6 ± 4 28.3 ± 4 150 Placebo No side effect

Lin et al. 

(2003)

Taiwan Parallel, R, 

PC, DB

Type 2 patients M/F: 64 32 32 24 57.7 ± 7.3 55.4 ± 8.5 24.8 ± 3 25.1 ± 2.8 300 Placebo Gastrointestinal 

problems

Bachmann 

et al. (2003)

Germany Parallel, R, 

PC, DB

Type 2 patients M/F: 330 164 166 78 63.8 ± 7.1 63.3 ± 7.2 29 ± 3.1 29 ± 2.9 300 Placebo NR

Hwu et al. 

(2003)

Taiwan Parallel, R, 

PC, DB

Type 2 patients M/F: 107 54 53 18 58.1 ± 8.4 54.7 ± 8.6 24.2 ± 3.5 23.9 ± 3.7 300 Placebo NR

Yajima et al. 

(2004)

Japan Parallel, R, 

PC

Type 2 patients M/F: 22 11 11 12 58.7 ± 7.5 56.10 ± 7.6 25 ± 2.65 26.1 ± 2.9 300 Metformin NR

Watanabe et al. 

(2004)

Japan Parallel, R, 

PC

Type 2 patients M/F: 20 10 10 4 56.2 ± 5.9 54.2 ± 4.2 26.7 ± 2.5 23.3 ± 3 300 Voglibose NR

van de Laar 

et al. (2004)

Netherlands Parallel, R, 

PC, DB

Type 2 patients M/F: 96 48 48 8 59.3 ± 7.5 57.8 ± 7.3 29.1 ± 4.6 29 ± 4.8 300 Tolbutamide Flatulence, 

diarrhea, 

abdominal pain 

or nausea, 

headache

Göke et al. 

(2004)

Germany Parallel, R, 

PC

Type 2 patients M/F: 140 71 69 26 58.9 ± 9.1 58.9 ± 9.1 30.9 ± 4.9 30.9 ± 4.9 300 Pioglitazone NR

Gentile et al. 

(2005)

Italy Crossover, 

R, PC, DB

Type 2 patients M/F: 107 107 107 8 59.3 ± 6.4 59.3 ± 6.4 27.4 ± 1.6 27.4 ± 1.6 300 Control group No side effect

Inoue et al. 

(2006)

Japan Parallel, R, 

PC

Impaired glucose 

tolerance

M/F: 40 20 20 12 NR NR 27.5 ± 3.8 27.5 ± 4 300 Placebo NR

Suzuki et al. 

(2006)

Japan Parallel, R, 

PC

Type 2 patients M/F: 330 16 17 24 67.9 ± 9.9 68.8 ± 12 25 ± 2.8 25.6 ± 4 150 Colestimide NR

Wagner et al. 

(2006)

Sweden Parallel, R, 

PC

Type 2 patients M/F: 31 14 17 12 57 ± 3.5 54 ± 4 28.7 ± 3.3 28.7 ± 4.7 300 Control group NR

Schnell et al. 

(2007)

Germany Parallel, R, 

PC, DB

Type 2 patients M/F: 163 82 81 20 61.5 ± 8.9 62.3 ± 7.4 30.4 ± 4.2 29.9 ± 4.5 300 Placebo Gastrointestinal 

problems

(Continued)
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Studies Country Study 
design

Participant Sample 
size and 
sex

Sample 
size

Trial 
duration 
(week)

Means age Means BMI Intervention Adverse 
events

IG CG IG CG IG CG Acarbose 
(mg/d)

Control 
group

Yilmaz et al. 

(2007)

Turkey Parallel, R, 

PC

Type 2 patients M/F: 34 15 19 24 62.6 ± 6.6 61.5 ± 12 31.3 ± 3.7 28.2 ± 5.9 300 Control group NR

Gao et al. 

(2007)

China Crossover, 

R, PC

Type 2 patients M/F: 16 16 16 4 49.4 ± 6.4 49.4 ± 6.4 NR NR 50 Nateglinide No side effect

Oyama et al. 

(2008)

Japan Parallel, R, 

PC

Type 2 patients M/F: 84 41 43 52 65 ± 6 63 ± 4 23.4 ± 2.5 23.1 ± 3.2 300 Control group NR

Hasegawa et al. 

(2008)

Japan Parallel, R, 

PC

Type 2 patients M/F: 24 13 11 12 56.3 ± 6.5 56.1 ± 6.6 23.4 ± 3.3 23.5 ± 3.3 300 Control group NR

Nijpels et al. 

(2008)

Netherlands Parallel, R, 

PC, DB

Impaired glucose 

tolerance

M/F: 118 60 58 156 58.5 ± 7.9 56.5 ± 7 28.4 ± 3.9 29.5 ± 3.8 300 Placebo Gastrointestinal 

problems

Pan et al. 

(2008)

China Parallel, R, 

PC, DB

Type 2 patients M/F: 661 220 441 24 51.9 ± 10.3 51.8 ± 10.1 25.8 ± 3.5 26.4 ± 3.6 300 Vildagliptin NR

Derosa et al. 

(2009)

Italy Parallel, R, 

PC, DB

Type 2 patients M/F: 274 136 138 24 56 ± 6 56 ± 7 26.57 ± 0.7 26.85 ± 0.7 300 Pioglitazone NR

Derosa et al. 

(2009)

Italy Parallel, R, 

PC, DB

Type 2 patients M/F: 103 52 51 15 55 ± 11 53 ± 9 26.7 ± 0.7 27.2 ± 0.9 300 Repaglinide NR

Hanefeld et al, 

(2009)

Germany Parallel, R, 

PC, DB

Type 2 patients M/F: 87 42 45 16 62.33 ± 8.7 59.92 ± 10.05 31.02 ± 5.12 30.28 ± 3.7 300 Placebo NR

Jayaram et al. 

(2010)

Indiana Parallel, R, 

PC

Type 2 patients M/F: 229 115 114 12 49.33 ± 7.7 49.01 ± 8.45 27.11 ± 1.77 27.3 ± 1.63 150 Control group No side effect

Bao et al. 

(2010)

China Parallel, R, 

PC

Type 2 patients M/F: 46 24 22 8 54.7 52.6 25.28 ± 3.33 25.47 ± 2.99 100 Control group No side effect

Koyasu et al. 

(2010)

Japan Parallel, R, 

PC

Type 2 patients M/F: 81 42 39 52 66.1 ± 8.6 66.5 ± 8 24.9 ± 2.7 24.5 ± 3.3 150 Control group NR

Derosa et al. 

(2011)

Italy Parallel, R, 

PC, DB

Type 2 patients M/F: 188 96 92 28 56 ± 7 56 ± 7 26.6 ± 0.8 26.8 ± 0.9 300 Control group NR

Rudovich et al. 

(2011) (B)

Germany Crossover, 

R, PC, DB

Impaired glucose 

tolerance

M/F: 27 27 27 12 60.2 ± 1.8 60.2 ± 1.8 31.5 ± 4.6 31.5 ± 4.6 300 Placebo NR

Rudovich et al. 

(2011) (C)

Germany Crossover, 

R, PC, DB

Type 2 patients M/F: 252 25 25 12 60.7 ± 9.4 60.7 ± 9.4 31.9 ± 5.5 31.9 ± 5.5 300 Placebo NR

(Continued)
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TABLE 1 (Continued)

Studies Country Study 
design

Participant Sample 
size and 
sex

Sample 
size

Trial 
duration 
(week)

Means age Means BMI Intervention Adverse 
events

IG CG IG CG IG CG Acarbose 
(mg/d)

Control 
group

Wang et al. 

(2011)

Taiwan Parallel, R, 

PC

Type 2 patients M/F: 51 28 23 16 52.8 ± 8.2 54.7 ± 8.3 25.9 ± 3 25.3 ± 3.8 150 Glibenclamide No side effect

Derosa et al. 

(2011)

Italy Parallel, R, 

PC, DB

Type 2 patients M/F: 188 96 92 24 56 ± 7 56 ± 7 26.6 ± 0.8 26.8 ± 0.9 300 Placebo NR

Hirano et al. 

(2012)

Japan Parallel, R, 

PC

Type 2 patients M/F: 44 22 22 24 65 ± 10 65 ± 11 25 ± 3.9 24.9 ± 3.8 300 Control group NR

Nakhaee et al. 

(2013)

Iran Parallel, R, 

PC, DB

Type 2 patients M/F: 40 19 21 20 30.3 ± 1.9 31.7 ± 2 30.3 ± 0.6 29.8 ± 0.5 300 Placebo NR

Zheng et al. 

(2013)

China Parallel, R, 

PC

Type 2 patients M/F: 40 20 20 4 50.3 ± 10.3 49.8 ± 9.1 25.1 ± 3 24.7 ± 3.2 150 Nateglinide NR

Patel et al. 

(2013)

Indiana Parallel, R, 

PC, DB

Type 2 patients M/F: 162 81 81 52 53.6 ± 11.1 53.6 ± 11.7 35.2 ± 7.3 35.3 ± 7.1 300 Placebo NR

Wang et al. 

(2013)

China Parallel, R, 

PC

Type 2 patients M/F: 57 27 30 24 54.7 ± 8.9 55.89 ± 10.5 NR NR 300 Gliclazide NR

Li et al. (2013) China Parallel, R, 

PC

Type 2 patients M/F: 39 20 19 12 58.6 ± 11.1 54.6 ± 8.6 25.9 ± 2.6 26.7 ± 2.9 150 Nateglinide NR

Lee et al. 

(2014)

Korea Parallel, R, 

PC

Type 2 patients M/F: 121 59 62 24 58.36 ± 8.59 58.73 ± 10.09 24.7 ± 3.29 24.99 ± 3.09 300 Voglibose Gastrointestinal 

problems

Sugihara et al. 

(2014)

Japan Parallel, R, 

PC

Type 2 patients M/F: 44 22 22 12 61.8 ± 13.7 66.6 ± 13 28.6 ± 2.7 28.7 ± 3.1 300 Control group No side effect

Chen et al. 

(2014)

Taiwan Parallel, R, 

PC

Type 2 patients M/F: 51 28 23 16 53.7 ± 8.2 54.7 ± 8.3 25.6 ± 3.3 25.3 ± 3.8 150 Glibenclamide NR

Yang et al. 

(2014)

China Parallel, R, 

PC

Type 2 patients M/F: 711 361 350 48 50.6 ± 9.2 50.2 ± 9.3 25.5 ± 2.7 25.7 ± 2.6 300 Metformin Gastrointestinal 

problems, 

infections, and 

infestations, 

metabolism and 

nutrition 

disorders, nervous 

system disorders, 

musculoskeletal 

and connective 

tissue disorders

(Continued)
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Studies Country Study 
design

Participant Sample 
size and 
sex

Sample 
size

Trial 
duration 
(week)

Means age Means BMI Intervention Adverse 
events

IG CG IG CG IG CG Acarbose 
(mg/d)

Control 
group

Su et al. (2015) China Parallel, R, 

PC

Type 2 patients M/F: 95 59 36 4 55.7 ± 11 56.5 ± 10.2 27.21 ± 4.25 26.73 ± 3.11 150 Control group NR

Zhou et al. 

(2015)

China Parallel, R, 

PC

Type 2 patients M/F: 103 52 51 2 53.8 ± 9.3 53.9 ± 10.2 24.88 ± 2.69 25.15 ± 2.92 150 Nateglinide NR

Sun et al. 

(2016)

China Parallel, R, 

PC

Type 2 patients M/F: 108 54 54 24 53 ± 8 52 ± 6 27.07 ± 1.97 27.02 ± 1.85 300 Metformin Abdominal 

distension and 

diarrhea

Pan et al. 

(2016)

China Parallel, R, 

PC

Type 2 patients M/F: 762 382 380 48 50.59 ± 9.19 50.44 ± 9.34 25.6 ± 2.57 25.67 ± 2.58 300 Metformin NR

Yun et al. 

(2016)

China Parallel, R, 

PC

Impaired glucose 

tolerance

M/F: 135 67 68 120 62.24 ± 5.16 61.62 ± 4.58 26.05 ± 3.24 25.82 ± 2.45 150 Control group Gastrointestinal 

problems

Chen et al. 

(2016)

Taiwan Parallel, R, 

PC

Type 2 patients M/F: 60 30 30 24 67.2 ± 7.6 66.3 ± 8.8 30.1 ± 18.4 26 ± 3.4 150 Pioglitazone NR

Li et al. (2016) China Parallel, R, 

PC, DB

Type 2 patients M/F: 38 15 23 24 57 ± 6.7 56 ± 9.71 25.47 ± 2.61 25.67 ± 2.74 150 SZ-A Gastrointestinal 

problems

Ziaee et al. 

(2017)

Iran Crossover, 

R, PC

Type 1 patients M/F: 40 40 40 24 19.31 ± 1.25 19.31 ± 1.25 23.96 ± 1.7 23.21 ± 1.4 300 Metformin NR

Shi et al. (2017) China Parallel, R, 

PC

Type 2 patients M/F: 36 18 18 12 38.7 ± 10.3 44.4 ± 11.1 31.13 ± 2.54 31.48 ± 3.09 300 Control group NR

Du et al. (2017) China Parallel, R, 

PC

Type 2 patients M/F: 481 243 238 24 56.5 ± 10.81 54.7 ± 10.51 26.3 ± 3.49 26.4 ± 3.47 300 Saxagliptin NR

Wu et al. 

(2017)

China Parallel, R, 

PC, DB

Type 2 patients M/F: 272 80 192 16 57.93 ± 10.25 55.96 ± 10.06 24.66 ± 2.8 25.03 ± 267 150 Metformin NR

Yang et al. 

(2019)

Korea Parallel, R, 

PC, DB

Type 2 patients M/F: 131 66 65 24 60.89 ± 8.9 56.55 ± 10.6 25.05 ± 4 25.39 ± 3.6 300 Control group NR

Sanjari et al. 

(2019) (A)

Iran Parallel, R, 

PC, TB

Type 2 patients M/F: 16 8 8 2 52.4 ± 5.5 47.8 ± 8.1 29.8 ± 5.1 26.8 ± 4.3 100 Placebo NR

Sanjari et al. 

(2019) (B)

Iran Parallel, R, 

PC, TB

Type 2 patients M/F: 14 7 7 2 40.7 ± 8.7 33.2 ± 6.6 31.1 ± 7.8 25.8 ± 4.6 100 Placebo NR

(Continued)
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TABLE 1 (Continued)

Studies Country Study 
design

Participant Sample 
size and 
sex

Sample 
size

Trial 
duration 
(week)

Means age Means BMI Intervention Adverse 
events

IG CG IG CG IG CG Acarbose 
(mg/d)

Control 
group

Mo et al. 

(2019)

China Parallel, R, 

PC

Type 2 patients M/F: 70 34 36 52 51.38 ± 9.61 51.31 ± 9.02 24.64 ± 2.83 25.04 ± 2.68 300 Metformin NR

Li et al. (2019) China Parallel, R, 

PC

Type 2 patients M/F: 144 72 72 52 68.41 ± 4.46 68.92 ± 4.75 NR NR 300 Control group NR

Gao et al. 

(2020)

China Parallel, R, 

PC

Type 2 patients M/F: 124 62 62 12 63 ± 5.25 60 ± 5.5 25.6 ± 2.6 26.42 ± 2.76 150 Metformin Gastrointestinal 

problems

Ren et al. 

(2022)

China Parallel, R, 

PC

Type 2 patients M/F: 88 48 40 15 51.21 ± 6.53 50.53 ± 6.96 22.98 ± 2.57 23.26 ± 2.12 150 Metformin Edema, nausea, 

gastrointestinal 

discomfort, and 

hypoglycemia

Gao et al. 

(2022)

China Parallel, R, 

PC

Type 2 patients M/F:1,088 363 725 16 60.5 ± 7.2 59.3 ± 7.5 25.8 ± 3 25.7 ± 3.4 300 Alogliptin Constipation, 

nausea, diarrhea, 

and flatulence

IG, intervention group; CG, control group; DB, double-blinded; SB, single-blinded; PC, placebo-controlled; CO, controlled; RA, randomized; NR, not reported; F, Female; M, Male; NR, not reported.
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metabolism and nutrition disorders, nervous system disorders, and 
musculoskeletal and connective tissue disorders), Coniff et al. (48) 
(diarrhea and flatulence), Gao et al. (123) (gastrointestinal problems), 
Goke et  al. (76) (increased liver enzymes, cardiac failure, and 
gastrointestinal problems), Guagnano et al. (59) (flatulence, abdominal 
cramps, and diarrhea), Ko et  al. (70) (flatulence, diarrhea, and 
abdominal colic), Lee et al. (108) (gastrointestinal problems), Lopez-
Alvarenga (65) (gastrointestinal problems), Pan et  al. (77) 
(gastrointestinal problems), Salman et al. (66) (flatulence, abdominal 
pain, and diarrhea), Schnell et al. (89) (gastrointestinal problems), Sun 
et al. (116) (abdominal distension and diarrhea), Wang et al. (102) 
(abdominal distension and low back pain), Yun et  al. (114) 
(gastrointestinal problems), and Hanefeld et  al. (130) (flatulence, 
abdominal distension, and diarrhea). The adverse events are presented 
in Table 1.

Qualitative data assessment

We assessed the qualitative data based on the Cochrane risk-of-
bias assessment tool. Six studies had a moderate risk of bias (73, 83, 
93, 97, 120, 133), and 89 studies had a high risk of bias (21, 44–72, 
74–82, 84–92, 96, 98–119, 121–132, 134–137). The qualitative data 
assessment is presented in Table 2.

Effect of ACB intake on TG (mg/dL) and 
subgroup analysis

Combining 59 effect sizes from 59 studies (n total = 6,214, n 
IG = 3,111, n CG = 3,103) has shown that ACB treatment had a 
significant reduction effect on TG (mg/dL) (WMD = −13.89 mg/dL; 
95%CI: −20.69, −7.09; p < 0.001; I2 = 86.0%, p < 0.001) (Figure 2A). 
ACB consumption lowered TG in all subgroups except those with 
trials lasting less than 24 weeks, according to the subgroup analyses 
(WMD = −9.65 mg/dL; 95%CI: −22.59, 3.29; p = 0.144; I2  = 88.3%, 
p < 0.001) (Figure 2A). ACB intake had a reduction effect on TG (mg/
dL) in prediabetes (WMD = −22.17 mg/dL; 95%CI: −43.90 to −0.45; 
p = 0.045; I2 = 35.5%, p = 0.212) and T2D patients (WMD = −13.05 mg/
dL; 95%CI: −19.61 to −6.48; p < 0.001; I2 = 82.9%, p < 0.001). ACB 
consumption lowered TG in Eastern (WMD = −14.37 mg/dL; 95%CI: 
−21.94 to −6.81; p < 0.001; I2 = 89.0%, p < 0.001) and Western status 
(WMD = −14.15 mg/dL; 95%CI: −27.06 to −1.25; p = 0.031; I2 = 22.6%, 
p = 0.203). Between-study heterogeneity disappeared in studies with 
prediabetes participants (I2  = 35.5%, p = 0.212), participants with 
Western status (I2 = 22.6%, p = 0.203), and with an intervention dose 
of <300 mg (I2 = 15.6%, p = 0.271) (Table 3).

Effect of ACB intake on TC (mg/dL) and 
subgroup analysis

In total, 54 effect sizes from 54 trials (n total = 4,954, n IG = 2,489, 
n CG = 2,465) were considered in this analysis. After consuming ACB, 
pooled effect sizes showed a substantial decrease in TC (mg/dL) 
(WMD = −2.26 mg/dL; 95%CI: −4.18, −0.34; p = 0.021; I2 = 68.0%, 
p < 0.001) (Figure 2B). ACB significantly impacted TC in high-dose 
interventions (≥300 mg/day), according to the subgroup analyses 

(WMD = −3.25 mg/dL; 95%CI: −5.56, −0.94; p = 0.006; I2 = 74.5%, 
p < 0.001), and in studies with ≥24 weeks of intervention 
(WMD = −3.88 mg/dL; 95%CI: −6.40, −1.37; p = 0.002; I2 = 72.2%, 
p < 0.001) (Table 3). Other subgroup analyses based on health status 
and baseline TC also showed that ACB significantly reduced the TC 
in individuals with baseline TC < 200 (WMD = −3.07 mg/dL; 95%CI: 
−5.72, −0.41; p = 0.023; I2  = 75.7%, p < 0.001). ACB consumption 
lowered TC in Eastern status (WMD = −2.29 mg/dL; 95%CI: −4.29 to 
−0.30; p = 0.024; I2 = 68.9%, p < 0.001).

When trials utilized less than 300 mg of ACB (I2 = 0.0%, p = 0.497) 
in prediabetes patients (I2  = 7.4%, p = 0.299), between-study 
heterogeneity was eliminated.

Effect of ACB intake on LDL (mg/dL) and 
subgroup analysis

In total, 43 effect sizes from 43 trials (n total = 5,358, n IG = 2,692, 
n CG = 2,666) were considered in this analysis. Overall, we observed 
no difference in LDL (mg/dL) reduction between the intervention and 
control groups (WMD = 0.77 mg/dL; 95%CI: −1.19, 2.73; p = 0.440; 
I2 = 81.3%, p < 0.001) (Figure 2C). Subgroup analyses conducted have 
shown that ACB treatment had an increased effect on LDL with an 
intervention dose of <300 mg/day (WMD = 3.79 mg/dL; 95%CI: 0.76 
to 6.83; p = 0.014; I2 = 40.0%, p = 0.067). Between-study heterogeneity 
was eliminated in studies with prediabetes participants (I2 = 61.8%, 
p = 0.106) and dose of <300 mg/day (I2 = 40.0%, p = 0.067) (Table 3).

Effect of ACB intake on HDL (mg/dL) and 
subgroup analysis

In total, 53 effect sizes from 53 trials (n total = 5,670, n IG = 2,845, 
n CG = 2,825) were considered in this analysis. Changes in HDL (mg/
dL) were assessed. The variations in HDL (mg/dL) when compared 
with controls were not significant (WMD = 0.21 mg/dL; 95%CI: −0.66, 
1.10; p = 0.629; I2 = 86.8%, p < 0.001) (Figure 2D). Subgroup analyses 
conducted have shown that ACB treatment had a reduction effect on 
HDL with an intervention dose of <300 mg/day (WMD = −1.36 mg/
dL; 95%CI: −2.49 to −0.24; p = 0.017; I2 = 42.7%, p = 0.040). Between-
study heterogeneity was eliminated in studies with baseline HDL of 
<40 mg/dL (I2 = 0.0%, p = 0.991) and prediabetes patients (I2 = 0.0%, 
p = 0.681) (Table 3).

Effect of ACB intake on FBG (mg/dL) and 
subgroup analysis

Combining 81 effect sizes from 78 studies [n total = 10,008, n 
intervention group (IG) = 4,788, n control group (CG) = 5,220] has 
shown that ACB treatment had a significant effect on FBG (mg/dL) in 
an intervention group, compared with a placebo group 
(WMD = −3.55 mg/dL; 95%CI: −6.29 to −0.81; p = 0.01; I2 = 93.1%, 
p < 0.001) (Figure 3A). Subgroup analyses conducted have shown that 
ACB treatment had a reduction effect on FBG (mg/dL) in any baseline 
FBG (<100 mg/dL and ≥ 100 mg/dL) [(WMD = −8.78 mg/dL; 95%CI: 
−15.98 to −1.58; p = 0.017; I2  = 87.7%, p < 0.001) and 
(WMD = −3.41 mg/dL; 95%CI: −6.34 to −0.48; p = 0.022; I2 = 93.3%, 
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TABLE 2 Quality assessment (a summary of the risk of bias according to Cochrane criteria).

Studies Random 
sequence 

generation

Allocation 
concealment

Selective 
reporting

Other 
sources 
of bias

Blinding 
(participants 

and 
personnel)

Blinding 
(outcome 

assessment)

Incomplete 
outcome 

data

General 
risk of 
bias

Akazawa et al. 

(1982)

U H H H H H L H

Scott et al. 

(1984)

L H H H H H L H

Hanefeld et al. 

(1991)

L H H H L U L H

Hotta et al. 

(1993)

L H H H L U L H

Jenney et al. 

(1993)

L H H H L U L H

Coniff et al. 

(1994)

L H H H L U H H

Hoffman et al. 

(1994)

L H H H L U H H

Coniff et al. 

(1995)

L H H H L U H H

Wolever et al. 

(1995)

L H H H L U L H

Chiasson et al. 

(1996)

L H H H L U L H

Bayraktar et al. 

(1996)

U H H H H H L H

Noda et al. 

(1997)

L H H H H H L H

Hoffmann et al. 

(1997)

L H H H L U L H

Costa et al. 

(1997)

L H H H L U L H

Chan et al. 

(1998)

L H H H L U H H

Guagnano et al. 

(1998)

L H H H H H L H

Bayraktar et al. 

(1998)

U H H H H H L H

Soonthornpun 

et al. (1998)

L H H H L U L H

Lam et al. 

(1998)

L H H H L U H H

Buchanan et al. 

(1998)

U H H H H H L H

Sels et al. 

(1998)

L H H H H H L H

Fischer et al. 

(1998)

L H H H L U L H

Standl et al. 

(1999)

L H H H H H L H

(Continued)
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TABLE 2 (Continued)

Studies Random 
sequence 

generation

Allocation 
concealment

Selective 
reporting

Other 
sources 
of bias

Blinding 
(participants 

and 
personnel)

Blinding 
(outcome 

assessment)

Incomplete 
outcome 

data

General 
risk of 
bias

López‐

Alvarenga et al. 

(1999)

L H H H L U L H

Holman et al. 

(1999)

U H H H L U H H

Salman et al. 

(2000)

L H H H H H L H

Meneilly et al. 

(2000)

L H H H L U H H

Halimi et al. 

(2000)

L H H H L U L H

Ko et al. (2001) L H H H H H L H

Gentile et al. 

(2001)

L H H H L U L H

Takei et al. 

(2001)

L H H H H H L H

Hanefeld et al. 

(2002)

L H H H L U L H

Vichayanrat 

et al. (2002)

L H H H H H L H

Rosenthal et al. 

(2002)

L H H H H H L H

Göke et al. 

(2002)

L L H H H H H H

Rosenbaum 

et al. (2002)

L H L H L U L M

Fischer et al. 

(2003)

L H H H L U L H

Pan et al. 

(2003)

L H H H L H L H

Josse et al. 

(2003)

L H H H L U H H

Lin et al. (2003) L H H H L U L H

Bachmann 

et al. (2003)

L H H H L U L H

Hwu et al. 

(2003)

L H H H L U H H

Yajima et al. 

(2004)

L H H H H H L H

Watanabe et al. 

(2004)

L H H H H H L H

van de Laar 

et al. (2004)

L L H H L U L M

Göke et al. 

(2004)

L U H H H H H H

Gentile et al. 

(2005)

U H H H L U H H

(Continued)
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TABLE 2 (Continued)

Studies Random 
sequence 

generation

Allocation 
concealment

Selective 
reporting

Other 
sources 
of bias

Blinding 
(participants 

and 
personnel)

Blinding 
(outcome 

assessment)

Incomplete 
outcome 

data

General 
risk of 
bias

Inoue et al. 

(2006)

U H H H H H L H

Suzuki et al. 

(2006)

L H H H H H L H

Wagner et al. 

(2006)

L H H H H h L H

Schnell et al. 

(2007)

L H H H L U L H

Yilmaz et al. 

(2007)

L H H H H H L H

Gao et al. 

(2007)

L H L H H H L H

Oyama et al. 

(2008)

L H H H H H H H

Hasegawa et al. 

(2008)

L H H H H H L H

Nijpels et al. 

(2008)

L L H H L U L M

Pan et al. 

(2008)

L L H H L U L H

Derosa et al. 

(2009)

L H H H L U L H

Derosa et al. 

(2009)

L H H H L U L H

Hanefeld et al, 

(2009)

L L H H L U L M

Jayaram et al. 

(2010)

L H H H H H L H

Bao et al. 

(2010)

L L H H H H L H

Koyasu et al. 

(2010)

L H H H H H L H

Derosa et al. 

(2011)

L H H H L U L H

Rudovich et al. 

(2011)

L H H H L U L H

Wang et al. 

(2011)

L L H H H H L H

Derosa et al. 

(2011)

L H H H L U L H

Hirano et al. 

(2012)

L H H H H H L H

Nakhaee et al. 

(2013)

L L H H L U H M

Zheng et al. 

(2013)

L H H H H H L H

(Continued)
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p < 0.001), respectively]; ACB treatment had a reduction effect on FBG 
(mg/dL) in a trial duration of ≥24 weeks (WMD = −3.99 mg/dL; 
95%CI: −7.89 to −0.09; p = 0.045; I2  = 95.0%, p = <0.001); ACB 

treatment had a reduction effect on FBG (mg/dL) with an intervention 
dose of ≥300 mg/day (WMD = −4.82 mg/dL; 95%CI: −8.06 to −1.58; 
p = 0.004; I2 = 94.0%, p < 0.001); ACB intake had a reduction effect on 

TABLE 2 (Continued)

Studies Random 
sequence 

generation

Allocation 
concealment

Selective 
reporting

Other 
sources 
of bias

Blinding 
(participants 

and 
personnel)

Blinding 
(outcome 

assessment)

Incomplete 
outcome 

data

General 
risk of 
bias

Patel et al. 

(2013)

L H H H L U H H

Wang et al. 

(2013)

L H H H H H L H

Li et al. (2013) L H H H H H L H

Lee et al. (2014) L H H H H H H H

Sugihara et al. 

(2014)

L L H H H H L H

Chen et al. 

(2014)

L L H H H H L H

Yang et al. 

(2014)

U L H H H H H H

Su et al. (2015) L H H H H H L H

Zhou et al. 

(2015)

L H L H H H L H

Sun et al. 

(2016)

L L H H H H L H

Pan et al. 

(2016)

L H H H H H L H

Yun et al. 

(2016)

L L H H H H L H

Chen et al. 

(2016)

U L H H H H H H

Li et al. (2016) L H H H L U H H

Ziaee et al. 

(2017)

L H H H H H L H

Shi et al. (2017) L H H H H H L H

Du et al. (2017) L L H H H H L H

Wu et al. (2017) L L H H L U L M

Yang et al. 

(2019)

L L H H L U H H

Sanjari et al. 

(2019)

L H H H L L L H

Mo et al. (2019) L H H H H H L H

Li et al. (2019) L H H H H H L H

Gao et al. 

(2020)

L L H H H H H H

Ren et al. 

(2022)

L H H H H H L H

Gao et al. 

(2022)

L H H H H H L H

General low risk < 2 high risk, general moderate risk = 2 high risk, general high risk > 2 high risk.
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FBG (mg/dL) in prediabetes (WMD = −8.78 mg/dL; 95%CI: −15.98 
to −1.58; p = 0.017; I2  = 87.7%, p < 0.001) and T2D patients 
(WMD = −3.41 mg/dL; 95%CI: −6.34 to −0.48; p = 0.022; I2 = 93.3%, 
p < 0.001); and ACB intake had a reduction effect on FBG (mg/dL) in 
Western status (WMD = −5.54 mg/dL; 95%CI: −10.36 to −0.71; 
p = 0.024; I2  = 81.0%, p < 0.001). Subgroup analyses indicated a 
significant between-study heterogeneity in all subgroups (Table 3).

Effect of ACB intake on serum insulin 
(pmol/L) and subgroup analysis

Combining 39 effect sizes from 37 studies (n total = 3,561, n 
IG = 1,775, n CG = 1,786) has shown that ACB treatment had a 
significant effect on serum insulin (pmol/L) in an intervention group, 
compared with a placebo group (WMD = −6.73 pmoL/L; 95%CI: 
−1.37 to −3.10; p < 0.001; I2 = 87.3%, p < 0.001) (Figure 3B). Subgroup 
analyses conducted have shown that ACB treatment had a reduction 
effect on serum insulin (pmol/L) in the trial duration of <24 weeks 
(WMD = −10.42 pmoL/L; 95%CI: −18.29 to −2.55; p = 0.009; I2 = 85%, 
p < 0.001); ACB treatment had a reduction effect on serum insulin 
(pmol/L) in any trial dose (<300 mg/day and ≥ 300 mg/day) 
[(WMD = −7.78 pmoL/L; 95%CI: −13.66 to −1.90; p = 0.009; I2 = 8.0%, 

p < 0.001) and (WMD = −6.56 pmoL/L; 95%CI: −10.59 to −2.53; 
p = 0.001; I2  = 89.3%, p < 0.001), respectively]; ACB intake had a 
reduction effect on insulin (pmol/L) in T2D patients 
(WMD = −7.03 pmoL/L; 95%CI: −10.48 to −3.21; p < 0.001; I2 = 89.6%, 
p < 0.001); and ACB intake had a reduction effect on insulin in Eastern 
status (WMD = −5.26 pmoL/L; 95%CI: −9.50 to −1.02; p = 0.015; 
I2 = 91.9%, p < 0.001) and Western status (WMD = −11.65 pmoL/L; 
95%CI: −20.38 to −2.93; p = 0.009; I2 = 63.4%, p < 0.001). Subgroup 
analyses indicated a significant between-study heterogeneity in all 
subgroups except in patients with prediabetes (I2 = 0.0%, p = 0.500) 
(Table 3).

Effect of ACB intake on serum HbA1c (%) 
and subgroup analysis

Combining 77 effect sizes from 74 studies (n total = 10,459, n 
IG = 4,904, n CG = 5,555) has shown that ACB treatment had a 
significant effect on serum HbA1c (%) in an intervention group, 
compared with a placebo group (WMD = −0.32%; 95%CI: −0.45 to 
−0.20; p < 0.001; I2 = 96.3%, p < 0.001) (Figure 3C). Subgroup analyses 
conducted have shown that ACB treatment had a reduction effect on 
HbA1c (%) in any trial duration (<24 weeks and ≥ 24 weeks) 

A

B

C

D

FIGURE 2

Forest plot detailing weighted mean difference and 95% confidence intervals (CIs) for the effect of acarbose consumption on (A) TG (mg/dL); (B) TC 
(mg/dL); (C) LDL (mg/dL); and (D) HDL (mg/dL).
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TABLE 3 Subgroup analyses of acarbose on diabetes in patients with T2D and impaired glucose tolerance patients.

No WMD (95%CI) p-value Heterogeneity

p heterogeneity I2 (%) p between sub-
groups

Subgroup analyses of acarbose on serum TG (mg/dL)

Overall effect 59 −13.89 (−20.69, −7.09) <0.001 <0.001 86.0

Baseline TG (mg/dL)

<150 22 −9.78 (−17.32, −2.23) 0.011 <0.001 76.2 0.302

≥150 37 −16.39 (−26.42, −6.35) 0.001 <0.001 84.8

Trial duration (week)

<24 28 −9.65 (−22.59, 3.29) 0.144 <0.001 88.3 0.363

≥24 31 −16.70 (−24.67, −8.73) <0.001 <0.001 83.2

Intervention dose (mg/day)

<300 17 −17.36 (−24.18, −10.55) <0.001 0.271 15.6 0.489

≥300 42 −13.56 (−21.92, −5.19) 0.001 <0.001 89.2

Glycemic state

Prediabetes 3 −22.17 (−43.90, −0.45) 0.045 0.212 35.5 0.431

T2D 45 −13.05 (−19.61, −6.48) <0.001 <0.001 82.9

Ethnic status

Eastern 44 −14.37 (−21.94, −6.81) <0.001 <0.001 89.0 0.977

Western 15 −14.15 (−27.06, −1.25) 0.031 0.203 22.6

Subgroup analyses of acarbose on serum TC (mg/dL)

Overall effect 54 −2.26 (−4.18, −0.34) 0.021 <0.001 68.0

Baseline TC (mg/dL)

<200 24 −3.07 (−5.72, −0.41) 0.023 <0.001 75.7 0.426

≥200 30 −1.49 (−4.32, 1.33) 0.301 0.001 51.7

Trial duration (week)

<24 27 −0.25 (−3.34, 2.84) 0.872 <0.001 58.2 0.074

≥24 27 −3.88 (−6.40, −1.37) 0.002 <0.001 72.2

Intervention dose (mg/day)

<300 16 0.35 (−2.14, 2.84) 0.783 0.497 0.0 0.038

≥300 38 −3.25 (−5.56, −0.94) 0.006 <0.001 74.5

Glycemic state

Prediabetes 2 −4.15 (−9.36, 1.05) 0.118 0.299 7.4 0.390

T2D 41 −1.70 (−3.72, 0.31) 0.098 <0.001 64.9

Ethnic status

Eastern 42 −2.29 (−4.29, −0.30) 0.024 <0.001 68.9 0.883

Western 12 −2.87 (−10.25, 4.50) 0.446 <0.001 67.1

Subgroup analyses of acarbose on serum LDL (mg/dL)

Overall effect 43 0.77 (−1.19, 2.73) 0.440 <0.001 81.3

Baseline LDL (mg/dL)

<100 6 −2.31 (−7.79, 3.16) 0.407 0.005 69.9 0.216

≥100 37 1.39 (−0.73, 3.51) 0.200 <0.001 82.2

Trial duration (week)

<24 20 2.49 (−0.01, 5.00) 0.051 0.028 41.4 0.107

≥24 23 −0.54 (−3.25, 2.17) 0.696 <0.001 88.3

(Continued)

https://doi.org/10.3389/fnut.2023.1084084
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Zamani et al. 10.3389/fnut.2023.1084084

Frontiers in Nutrition 20 frontiersin.org

TABLE 3 (Continued)

No WMD (95%CI) p-value Heterogeneity

p heterogeneity I2 (%) p between sub-
groups

Intervention dose (mg/day)

<300 13 3.79 (0.76, 6.83) 0.014 0.067 40.0 0.026

≥300 30 −0.57 (−2.92, 1.78) 0.635 <0.001 85.0

Glycemic state

Prediabetes 2 −7.61 (−18.77, 3.54) 0.181 0.106 61.8 0.142

T2D 37 0.90 (−1.16, 2.97) 0.393 <0.001 82.1

Ethnic status

Eastern 37 1.00 (−0.95, 2.95) 0.315 <0.001 80.8 0.441

Western 6 −4.93 (−19.92, 10.04) 0.518 <0.001 86.3

Subgroup analyses of acarbose on serum HDL (mg/dL)

Overall effect 53 0.21 (−0.66, 1.10) 0.629 <0.001 86.8

Baseline HDL (mg/dL)

<40 7 −0.09 (−1.45, 1.26) 0.890 0.991 0.0 0.709

≥40 46 0.22 (−0.73, 1.17) 0.651 <0.001 88.5

Trial duration (week)

<24 26 0.01 (−2.00, 2.03) 0.988 <0.001 91.7 0.700

≥24 27 0.44 (−0.33, 1.22) 0.266 <0.001 67.2

Intervention dose (mg/day)

<300 15 −1.36 (−2.49, −0.24) 0.017 0.040 42.7 0.004

≥300 38 0.86 (−0.17, 1.90) 0.102 <0.001 87.8

Glycemic state

Prediabetes 3 0.78 (−3.56, 5.13) 0.725 0.681 0.0 0.976

T2D 40 0.71 (−0.22, 1.64) 0.134 <0.001 87.1

Ethnic status

Eastern 42 0.18 (−0.74, 1.11) 0.694 <0.001 88.4 0.774

Western 11 0.74 (−2.96, 4.45) 0.694 <0.001 73.1

Subgroup analyses of acarbose on serum FBG (mg/dL)

Overall effect 81 −3.55 (−6.29, −0.81) 0.011 <0.001 93.1

Baseline FBG (mg/dL)

<100 6 −8.78 (−15.98, −1.58) 0.017 <0.001 87.7 0.176

≥100 74 −3.41 (−6.34, −0.48) 0.022 <0.001 93.3

Trial duration (week)

<24 39 −3.03 (−6.80, 0.72) 0.114 <0.001 87.7 0.729

≥24 42 −3.99 (−7.89, −0.09) 0.045 <0.001 95.0

Intervention dose (mg/day)

<300 19 0.57 (−4.58, 5.72) 0.828 <0.001 87.0 0.082

≥300 62 −4.82 (−8.06, −1.58) 0.004 <0.001 94.0

Glycemic state

Prediabetes 6 −8.78 (−15.98, −1.58) 0.017 <0.001 87.7 0.176

T2D 74 −3.41 (−6.34, −0.48) 0.022 <0.001 93.3
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TABLE 3 (Continued)

No WMD (95%CI) p-value Heterogeneity

p heterogeneity I2 (%) p between sub-
groups

Ethnic status

Eastern 55 −2.74 (−6.03, 0.54) 0.102 <0.001 94.7 0.348

Western 26 −5.54 (−10.36, −0.71) 0.024 <0.001 81.0

Subgroup analyses of acarbose on serum insulin (pmol/L)

Overall effect 39 −6.73 (−10.37, −3.10) <0.001 <0.001 87.3

Trial duration (week)

<24 20 −10.42 (−18.29, −2.55) 0.009 <0.001 85.0 0.168

≥24 19 −4.06 (−8.51, 0.39) 0.074 <0.001 89.6

Intervention dose (mg/day)

<300 7 −7.78 (−13.66, −1.90) 0.009 <0.001 8.0 0.738

≥300 32 −6.56 (−10.59, −2.53) 0.001 <0.001 89.3

Glycemic state

Prediabetes 5 −10.97 (−22.69, 0.75) 0.067 0.500 0.0 0.531

T2D 31 −7.03 (−10.84, −3.21) <0.001 <0.001 89.6

Ethnic status

Eastern 21 −5.26 (−9.50, −1.02) 0.015 <0.001 91.9 0.196

Western 18 −11.65 (−20.38, −2.93) 0.009 <0.001 63.4

Subgroup analyses of acarbose on serum HbA1c (%)

Overall effect 77 −0.32 (−0.45, −0.20) <0.001 <0.001 96.3

Trial duration (week)

<24 34 −0.27 (−0.49, −0.05) 0.018 <0.001 94.2 0.447

≥24 43 −0.37 (−0.53, −0.21) <0.001 <0.001 97.0

Intervention dose (mg/day)

<300 17 −0.13 (−0.29, 0.03) 0.132 <0.001 88.0 0.024

≥300 60 −0.39 (−0.54, −0.23) <0.001 <0.001 96.9

Glycemic state

Prediabetes 2 0.26 (−0.11, 0.65) 0.171 0.709 0.0 0.006

T2D 67 −0.29 (−0.43, −0.16) <0.001 <0.001 96.3

Ethnic status

Eastern 50 −0.28 (−0.43, −0.13) <0.001 <0.001 97.1 0.326

Western 27 −0.41 (−0.61, −0.21) <0.001 <0.001 89.6

Subgroup analyses of acarbose on HOMA-IR

Overall effect 17 −0.10 (−0.57, 0.36) 0.670 <0.001 95.9

Trial duration (week)

<24 8 −0.15 (−1.07, 0.75) 0.736 <0.001 94.5 0.813

≥24 9 −0.02 (−0.59, 0.53) 0.922 <0.001 96.2

Intervention dose (mg/day)

<300 5 0.21 (−0.51, 0.94) 0.565 0.003 75.1 0.324

≥300 12 −0.25 (−0.81, 0.31) 0.386 <0.001 97.0

Subgroup analyses of acarbose on SBP (mmHg)

Overall effect 29 −1.29 (−2.44, −0.15) 0.027 <0.001 86.7
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TABLE 3 (Continued)

No WMD (95%CI) p-value Heterogeneity

p heterogeneity I2 (%) p between sub-
groups

Baseline SBP (mmHg)

<130 10 0.40 (0.11, 0.69) 0.006 0.476 0.0 0.005

≥130 18 −2.49 (−4.48, −0.50) 0.014 <0.001 90.4

Trial duration (week)

<24 13 −3.22 (−6.48, 0.04) 0.053 <0.001 89.8 0.078

≥24 16 −0.13 (−1.21, 0.95) 0.815 <0.001 79.5

Intervention dose (mg/day)

<300 8 −0.17 (−2.94, 2.59) 0.902 0.001 72.1 0.371

≥300 21 −1.57 (−2.88, −0.26) 0.019 <0.001 88.9

Ethnic status

Eastern 23 −1.28 (−2.50, −0.06) 0.040 <0.001 88.2 0.773

Western 6 −1.98 (−6.64, 2.67) 0.403 <0.001 78.5

Subgroup analyses of acarbose on DBP (mmHg)

Overall effect 29 0.02 (−0.41, 0.45) 0.925 0.013 40.8

Baseline DBP (mmHg)

<80 12 −0.17 (−0.52, 0.18) 0.350 0.520 0.0 0.302

≥80 16 0.22 (−0.43, 0.88) 0.504 0.029 44.3

Trial duration (week)

<24 13 −0.49 (−1.07, 0.09) 0.097 0.720 0.0 0.076

≥24 16 0.23 (0.04, 0.73) 0.408 0.006 53.3

Intervention dose (mg/day)

<300 8 −1.13 (−1.86, −0.41) 0.002 0.397 4.2 <0.001

≥300 21 0.38 (0.04, 0.73) 0.028 0.280 13.8

Ethnic status

Eastern 23 −0.01 (−0.48, 0.45) 0.955 0.004 49.1 0.600

Western 6 0.38 (−1.01, 1.77) 0.593 0.558 0.0

Subgroup analyses of acarbose on serum CRP (mg/L)

Overall effect 6 −0.15 (−0.37, 0.07) 0.185 0.021 62.5

Trial duration (week)

<24 2 0.10 (−0.54, 0.73) 0.760 0.435 0.0 0.421

≥24 4 −0.18 (−0.42, 0.06) 0.150 0.009 74.3

Subgroup analyses of acarbose on serum IL-6 (pg/mL)

Overall effect 7 −0.20 (−0.50, 0.09) 0.179 0.009 64.7

Trial duration (week)

<24 4 −0.47 (−1.50, 0.55) 0.367 0.008 74.6 0.608

≥24 3 −0.19 (−0.44, 0.05) 0.124 0.076 61.2

Ethnic status

Eastern 5 −0.26 (−0.65, 0.12) 0.183 0.008 70.9 0.645

Western 2 −0.08 (−0.76, 0.60) 0.817 0.078 67.9

Subgroup analyses of acarbose on serum TNF-α (pg/mL)

Overall effect 3 −2.70 (−5.25, −0.16) 0.037 0.064 63.7
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TABLE 3 (Continued)

No WMD (95%CI) p-value Heterogeneity

p heterogeneity I2 (%) p between sub-
groups

Subgroup analyses of acarbose on serum adiponectin (ng/mL)

Overall effect 5 0.95 (−0.22, 2.13) 0.112 0.005 72.9

Subgroup analyses of acarbose on serum leptin (ng/mL)

Overall effect 3 −1.58 (−2.82, −0.35) 0.012 0.523 0.0

Subgroup analyses of acarbose on weight (kg)

Overall effect 36 −1.25 (−1.79, −0.75) <0.001 <0.001 56.7

Trial duration (week)

<24 16 −1.93 (−3.31, −0.54) 0.006 0.005 54.6 0.224

≥24 20 −1.01 (−1.50, −0.53) <0.001 0.002 54.0

Intervention dose (mg/day)

<300 6 −1.58 (−2.43, −0.73) <0.001 0.847 0.0 0.517

≥300 30 −1.24 (−1.82, −0.66) <0.001 <0.001 62.4

Glycemic state

Prediabetes 2 −1.63 (−4.97, 1.70) 0.338 0.986 0.0 0.797

T2D 27 −1.18 (−1.72, −0.65) <0.001 <0.001 57.5

Ethnic status

Eastern 23 −1.01 (−1.39, −0.62) <0.001 0.186 20.6 0.375

Western 13 −1.71 (−3.23, −0.19) 0.027 <0.001 76.2

Subgroup analyses of acarbose on BMI (kg/m2)

Overall effect 34 −0.64 (−0.92, −0.37) <0.001 <0.001 91.9

Trial duration (week)

<24 20 −0.96 (−1.56, −0.37) 0.001 <0.001 94.1 0.041

≥24 14 −0.30 (−0.52, −0.07) 0.009 <0.001 81.1

Intervention dose (mg/day)

<300 9 −0.24 (−0.59, 0.10) 0.171 0.016 57.5 0.033

≥300 25 −0.77 (−1.11, −0.43) <0.001 <0.001 93.2

Glycemic state

Prediabetes 2 −0.46 (−2.20, 1.26) 0.596 0.945 0.0 0.831

T2DM 28 −0.65 (−0.95, −0.36) <0.001 <0.001 92.4

Ethnic status

Eastern 28 −0.50 (−0.75, −0.24) <0.001 <0.001 90.6 0.497

Western 6 −1.36 (−3.83, 1.11) 0.280 <0.001 94.0

Subgroup analyses of acarbose on WC (cm)

Overall effect 6 −1.55 (−3.14, 0.04) 0.056 0.019 62.9

Intervention dose (g/day)

<24 3 −3.55 (−7.52, 0.42) 0.080 0.036 70.0 0.130

≥24 3 −0.44 (−1.12, 0.23) 0.203 0.852 0.0

Subgroup analyses of acarbose on ALT (U/L)

Overall effect 9 0.76 (−0.31, 1.85) 0.164 <0.001 92.2

Trial duration (week)

<24 5 1.91 (−1.01, 4.84) 0.200 0.068 54.2 0.420

≥24 4 −0.01 (−3.70, 3.66) 0.992 0.039 64.2
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[(WMD = −0.27%; 95%CI: −0.49 to −0.05; p = 0.018; I2  = 94.2%, 
p < 0.001) and (WMD = −0.37%; 95%CI: −0.53 to −0.21; p < 0.001; 
I2 = 97.0%, p < 0.001), respectively]; ACB treatment had a reduction 
effect on HbA1c (%) with an intervention dose of ≥300 mg/day 
(WMD = −0.39%; 95%CI: −0.54 to −0.23; p < 0.001; I2  = 96.9%, 
p < 0.001); ACB intake had a reduction effect on HbA1c (%) in T2D 
patients (WMD = −0.29%; 95%CI: −0.43 to −0.16; p < 0.001; 
I2  = 96.3%, p < 0.001); and ACB intake had a reduction effect on 
HbA1c in Eastern status (WMD = −0.28%; 95%CI: −0.43 to −0.13; 
p < 0.001; I2 = 97.1%, p < 0.001) and Western status (WMD = −0.41%; 
95%CI: −0.61 to −0.21; p < 0.001; I2 = 89.6%, p < 0.001). Subgroup 
analyses indicated a significant between-study heterogeneity in all 
subgroups except in prediabetic patients (I2  = 0.0%, p = 0.709) 
(Table 3).

Effect of ACB intake on HOMA-IR and 
subgroup analysis

Combining 17 effect sizes from 17 studies (n total = 2,852, n 
IG = 1,443, n CG = 1,409) has shown that ACB treatment had no 
significant effect on serum HOMA-IR in an intervention group, 
compared with a placebo group (WMD = −0.10; 95%CI: −0.57 to 
−0.36; p = 0.670; I2 = 95.9%, p < 0.001) (Figure 3D). ACB intake had a 
reduction effect on HOMA-IR in Eastern status (WMD = −1.28; 
95%CI: −2.50 to −0.06; p = 0.040; I2 = 88.2%, p < 0.001). Subgroup 
analyses indicated a significant between-study heterogeneity in all 
subgroups (Table 3).

Effect of ACB intake on SBP (mmHg) and 
subgroup analysis

In total, 29 effect sizes from 29 trials (n total = 4,046, n IG = 2,031, n 
CG = 2,015) were considered in this analysis. Changes in SBP (mmHg) 
were assessed. The variations in SBP (mmHg), when compared with 
controls, were significant (WMD = −1.29 mmHg; 95%CI: −2.44, −0.15; 
p = 0.027; I2 = 86.7%, p < 0.001) (Figure 4A). Subgroup analyses conducted 
have shown that ACB treatment had an increased effect on SBP in any 
baseline SBP (<130 and ≥ 130 mmHg) [(WMD = 0.40 mmHg; 95%CI: 
0.11 to 0.69; p = 0.006; I2 = 0.0%, p = 0.476) and (WMD = −2.49 mmHg; 
95%CI: −4.48 to −0.50; p = 0.014; I2 = 90.4%, p < 0.001), respectively] 
(Table 3). ACB significantly impacted on SBP with an intervention dose 
of ≥300 mg/day (WMD = −1.57 mmHg; 95%CI: −2.88 to −0.26; p = 0.019; 
I2 = 88.9%, p < 0.001). Between-study heterogeneity was eliminated in 
studies with baseline SBP of <130 mmHg (I2 = 0.0%, p = 0.476) (Table 3).

Effect of ACB intake on DBP (mmHg) and 
subgroup analysis

In total, 29 effect sizes from 29 trials (n total = 4,046, n IG = 2,031, n 
CG = 2,015) were considered in this analysis. Changes in DBP (mmHg) 
were assessed. The variations in DBP (mmHg) when compared with 
controls were not significant (WMD = 0.02 mmHg; 95%CI: −0.41, 0.45; 
p = 0.925; I2 = 40.8%, p = 0.013) (Figure 4B). Subgroup analyses conducted 
have shown that ACB treatment had a significant effect on DBP in any 
intervention dose (<300 and ≥ 300 mg) [(WMD = −1.13 mmHg; 95%CI: 

TABLE 3 (Continued)

No WMD (95%CI) p-value Heterogeneity

p heterogeneity I2 (%) p between sub-
groups

Intervention dose (mg/day)

<300 4 4.53 (0.71, 8.36) 0.020 0.338 11.0 0.043

≥300 5 0.41 (−0.69, 1.53) 0.460 <0.001 95.8

Ethnic status

Eastern 7 0.76 (−0.37, 1.89) 0.190 <0.001 94.0 0.957

Western 2 0.92 (−4.82, 6.66) 0.753 0.068 69.9

Subgroup analyses of acarbose on AST(U/L)

Overall effect 7 −0.57 (−2.45, 1.30) 0.550 <0.001 99.3

Trial duration (week)

<24 3 0.17 (−5.04, 5.39) 0.948 <0.001 88.9 0.832

≥24 4 −0.41 (−1.81, 0.99) 0.568 0.115 49.4

Intervention dose (mg/day)

<300 3 1.81 (−1.71, 5.34) 0.313 0.095 57.6 0.100

≥300 4 −1.69 (−3.96, 0.57) 0.143 <0.001 99.6

Subgroup analyses of acarbose on ALP(U/L)

Overall effect 3 1.97 (−5.67, 9.61) 0.613 0.544 0.0

ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; CI, confidence interval; CRP, c-reactive protein; FBG, fasting blood glucose; 
HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment for insulin resistance; LDL, low-density lipoprotein; DBP, diastolic blood pressure; SBP, 
systolic blood pressure; TC, total cholesterol, TG, triglyceride; WC, waist circumference; WMD, weighted mean differences; IL-6, interleukin 6.
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−1.86 to −0.41; p = 0.002; I2 = 4.2%, p = 0.397) and (WMD = 0.38 mmHg; 
95%CI: 0.04 to 0.73; p = 0.028; I2  = 13.8%, p = 0.280), respectively] 
(Table 3). Between-study heterogeneity was eliminated in studies with 
baseline DBP of <80 mmHg (I2 = 0.0%, p = 0.520), duration of <24 weeks 
(I2 = 0.0%, p = 0.720), and any intervention dose (<300 and ≥ 300 mg) 
[(I2 = 4.2%, p = 0.397) and (I2 = 13.8%, p = 0.280), respectively] (Table 3).

Effect of ACB intake on CRP (mg/L) and 
subgroup analysis

Combining 6 effect sizes from 6 studies (n total = 572, n IG = 289, 
n CG = 283) has shown that ACB treatment had no significant effect 
on CRP (WMD = −0.15 mg/dL; 95%CI: −0.37, 0.07; p = 0.185; 
I2 = 62.5%, p = 0.021) (Figure 5A). Subgroup analyses conducted have 
shown that ACB treatment had no significant effect in all subgroups 
(Table 3). Between-study heterogeneity disappeared in studies with a 
duration of <24 weeks (I2 = 0.0%, p = 0.435) (Table 3).

Effect of ACB intake on IL-6 (pg/mL) and 
subgroup analysis

Combining 7 effect sizes from 5 studies (n total = 594, n 
IG = 302, n CG = 292) has shown that ACB treatment had no 

significant effect on IL-6, according to the findings 
(WMD = −0.20 pg./mL; 95%CI: −0.50, 0.09; p = 0.179; I2 = 64.7%, 
p = 0.009) (Figure  5B). After subgroup analysis, heterogeneity 
disappeared in studies that used ACB with a duration of 
≥24 weeks (I2 = 61.2%, p = 0.076) and normal BMI (I2 = 62.5%, 
p = 0.102) (Table 3).

Effect of ACB intake on TNF-α (pg/mL) and 
subgroup analysis

Overall, 3 effect sizes from 3 clinical trials (n total = 294, n 
IG = 148, n CG = 146) in the overall population were included in this 
analysis. Pooled effect sizes indicated that there was a significant 
decrease in TNF-α (WMD = −2.70 pg./mL; 95%CI: −5.25, −0.16; 
p = 0.037; I2 = 63.7%, p = 0.064) (Figure 5C) after ACB consumption 
(Table 3). There was no significant association between subgroups and 
mean changes in TNF-α.

Effect of ACB intake on adiponectin (ng/
mL) and subgroup analysis

Five effect sizes from three clinical trials (n total = 241, n 
IG = 119, n CG = 122) were included in this meta-analysis. The 

A
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FIGURE 3

Forest plot detailing weighted mean difference and 95% confidence intervals (CIs) for the effect of acarbose consumption on (A) FBG (mg/dL); 
(B) insulin (pmol/L); (C) HbA1c (%); and (D) HOMA-IR.
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results indicated that there was no significant effect in adiponectin 
(WMD = 0.95 ng/mL; 95%CI: −0.22, 2.13; p = 0.112; I2  = 72.9%, 
p = 0.005) (Figure 5D) after ACB consumption (Table 3). There was 
no significant association between subgroups and mean changes 
in adiponectin.

Effect of ACB intake on leptin (ng/mL) and 
subgroup analysis

Overall, three effect sizes from three clinical trials (n total = 137, n 
IG = 67, n CG = 70) were included in this meta-analysis. The results 

A

B

FIGURE 4

Forest plot detailing weighted mean difference and 95% confidence intervals (CIs) for the effect of acarbose consumption on (A) SBP (mmHg) and 
(B) DBP (mmHg).
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indicated that there was a significant reduction effect leptin 
(WMD = −1.58 ng/mL; 95%CI: −2.82, −0.35; p = 0.012; I2  = 0.0%, 
p = 0.523) (Figure 5E) after ACB consumption (Table 3). There was no 
significant association between subgroups and the mean of leptin.

Effect of ACB intake on body weight (kg) 
and subgroup analysis

Combining 36 effect sizes from 34 studies (n total = 6,232, n 
IG = 3,122, n CG = 3,110) has shown that ACB treatment had a 

significant effect on body weight in an intervention group, compared 
with a placebo group (WMD = −1.25 kg; 95%CI: −1.79 to −0.75; 
p < 0.001; I2  = 56.7%, p < 0.001) (Figure  6A). Subgroup analyses 
conducted have shown that ACB treatment had a reduction effect on 
body weight in any trial duration (<24 weeks and ≥ 24 weeks) 
[(WMD = −1.93 kg; 95%CI: −3.31 to −0.54; p = 0.006; I2  = 54.6%, 
p = 0.005) and (WMD = −1.01 kg; 95%CI: −1.50 to −0.53; p < 0.001; 
I2 = 54.0%, p = 0.002), respectively]; ACB treatment had a reduction 
effect on body weight in any trial dose (<300 mg/day and ≥ 300 mg/
day) [(WMD = −1.58 kg; 95%CI: −2.43 to −0.73; p < 0.001; I2 = 0.0%, 
p = 0.847) and (WMD = −1.24 kg; 95%CI: −1.82 to −0.66; p < 0.001; 
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E

FIGURE 5

Forest plot detailing weighted mean difference and 95% confidence intervals (CIs) for the effect of acarbose consumption on (A) CRP (mg/L); (B) IL-6 
(pg/mL); (C) TNF-α (pg/mL); (D) adiponectin (ng/mL); and (E) leptin (ng/mL).
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I2 = 62.4%, p < 0.001), respectively]; ACB intake had a reduction effect 
on body weight in T2D patients (WMD = −1.18 kg; 95%CI: −1.72 to 
−0.65; p < 0.001; I2 = 57.5%, p < 0.001); and ACB intake had a reduction 
effect on weight in Eastern status (WMD = −1.01 kg; 95%CI: −1.39 to 
−0.62; p < 0.001; I2  = 20.6%, p = 0.186) and Western status 
(WMD = −1.71 kg; 95%CI: −3.23 to −0.19; p = 0.027; I2  = 76.2%, 
p < 0.001) (Table  3). Subgroup analyses indicated no significant 
between-study heterogeneity in studies conducted in the intervention 
dose of <300 mg/day (I2 = 0.0%, p = 0.847), Eastern status (I2 = 20.6%, 
p = 0.186), and prediabetes patients (I2 = 0.0%, p = 0.986), which were 
the probable sources of heterogeneity (Table 3).

Effect of ACB intake on BMI and subgroup 
analysis

Combining 34 effect sizes from 34 studies (n total = 3,377, n 
IG = 1,692, n CG = 1,685) has shown that ACB treatment had a 
significant effect on BMI in an intervention group, compared with a 
placebo group (WMD = −0.64 kg/m2; 95%CI: −0.92 to −0.37; 
p < 0.001; I2  = 91.9%, p < 0.001) (Figure  6B). Subgroup analyses 
conducted have shown that ACB treatment had a reduction effect on 
BMI in any trial duration (<24 weeks and ≥ 24 weeks), 
[(WMD = −0.96 kg/m2; 95%CI: −1.56 to −0.37; p = 0.001; I2 = 94.1%, 
p < 0.001) and (WMD = −0.30 kg/m2; 95%CI: −0.52 to −0.07; p = 0.009; 
I2 = 81.1%, p < 0.001), respectively]; ACB treatment had a reduction 
effect on BMI in trial dose of ≥300 mg/day (WMD = −0.77 kg/m2; 
95%CI: −1.11 to −0.43; p < 0.001; I2 = 93.2%, p < 0.001); ACB intake 
had a reduction effect on BMI in T2D patients (WMD = −0.65 kg/m2; 
95%CI: −0.95 to −0.36; p < 0.001; I2 = 92.4%, p < 0.001); and ACB 
intake had a reduction effect on BMI in Eastern status 
(WMD = −0.50 kg/m2; 95%CI: −0.75 to −0.24; p < 0.001; I2 = 90.6%, 
p < 0.001). Subgroup analyses indicated a significant between-study 
heterogeneity in all subgroups, except in prediabetes patients 
(I2 = 0.0%, p = 0.945) (Table 3).

Effect of ACB intake on WC and subgroup 
analysis

Combining 6 effect sizes from 6 studies (n total = 1,063, n IG = 531, 
n CG = 532) has shown that ACB treatment had no significant effect 
on WC in an intervention group compared with a placebo group 
(WMD = −1.55 cm; 95%CI: −3.14 to 0.04; p = 0.056; I2  = 62.9%, 
p = 0.019) (Figure 6C). Subgroup analyses conducted have shown that 
ACB treatment had no significant effect in all subgroups (Table 3). 
Subgroup analyses indicated no significant between-study 
heterogeneity in studies conducted in a trial duration of ≥24 weeks 
(I2 = 0.0%, p = 0.852) (Table 3).

Effect of ACB intake on ALT (U/L) and 
subgroup analysis

Combining 9 effect sizes from 8 studies (n total = 905, n IG = 453, 
n CG = 452) has shown that ACB treatment had no significant effect 
on ALT (U/L) in an intervention group compared with a placebo 
group (WMD = 0.71 U/L; 95%CI: −0.31 to 1.85; p = 0.164; I2 = 92.2%, 

p < 0.001) (Figure 7A). Subgroup analyses conducted have shown that 
ACB treatment had an increased effect on ALT (U/L) with an 
intervention dose of <300 mg/day (WMD = 4.53 U/L; 95%CI: 0.71 to 
8.36; p = 0.020; I2 = 11.0%, p = 0.338). Subgroup analyses indicated no 
significant between-study heterogeneity in studies conducted in trial 
duration of <24 weeks (I2 = 54.2%, p = 0.068) and intervention dose of 
<300 mg/day (I2 = 11.0%, p = 0.338), which were the probable sources 
of heterogeneity (Table 3).

Effect of ACB intake on AST (U/L) and 
subgroup analysis

Combining 7 effect sizes from 6 studies (n total = 778, n 
IG = 391, n CG = 387) has shown that ACB treatment had no 
significant effect on AST (intervention group), compared with a 
placebo group (WMD = −0.57 U/L; 95%CI: −2.45 to 1.30; 
p = 0.550; I2 = 99.3%, p < 0.001) (Figure 7B). Subgroup analyses 
conducted have shown that ACB treatment had no reduction 
effect on AST (U/L) in any subgroups. Subgroup analyses 
indicated no significant between-study heterogeneity in studies 
conducted in a trial duration of ≥24 weeks (I2 = 49.4%, p = 0.115) 
and doses of <300 mg (I2  = 57.6%, p = 0.095), which were the 
probable sources of heterogeneity (Table 3).

Effect of ACB intake on ALP (U/L) and 
subgroup analysis

Combining 3 effect sizes from 2 studies (n total = 130, n IG = 67, n 
CG = 63) has shown that ACB treatment had no significant effect on 
ALP (U/L) in an intervention group, compared with a placebo group 
(WMD = 1.97 U/L; 95%CI: −5.67 to 9.61; p = 0.613; I2 = 0.0%, p = 0.544) 
(Figure 7C) (Table 3). There was no significant association between 
subgroups and mean changes in ALP.

Publication bias

Although the visual inspection of funnel plots showed slight 
asymmetries, no significant publication bias was detected for TC (mg/
dL), LDL (mg/dL), HDL (mg/dL), FBG (mg/dL), insulin (pmol/L), 
HbA1c (%), HOMA-IR, SBP (mmHg), DBP (mmHg), CRP (mg/L), 
IL-6 (pg/mL), TNF-α, adiponectin, leptin, weight (kg), BMI (kg/m2), 
WC (cm), ALT (U/L), AST (U/L), and ALP (U/L). The p-value for 
Egger’s test including TG (mg/dL) (PEgger’s test = 0.086, 
Supplementary Figure S1A), TC (mg/dL) (PEgger’s test = 0.567, P Begg’s 

test=0.474, Supplementary Figure S1B), LDL (mg/dL) (PEgger’s test= 0.448, 
P Begg’s test = 0.477, Supplementary Figure S1C), HDL (mg/dL) (PEgger’s test= 
0.149, PBegg’s test = 0.872, Supplementary Figure S1D), FBG (mg/dL) 
(PEgger’s test = 0.258, PBegg’s test=0.835, Supplementary Figure S1E), insulin 
(pmol/L) (PEgger’s test = 0.287, PBegg’s test = 0.453, Supplementary Figure S1F), 
HOMA-IR (PEgger’s test = 0.392, PBegg’s test=0.564, 
Supplementary Figure S1G), SBP (mmHg) (PEgger’s test = 0.106, PBegg’s 

test = 1.000, Supplementary Figure S1I), DBP (mmHg) (PEgger’s test = 0.456, 
P Begg’s test = 0.866, Supplementary Figure S1J), CRP (mg/L) (PEgger’s 

test = 0.482, P Begg’s test = 1.000, Supplementary Figure S1K), IL-6 (pg/mL) 
(PEgger’s test = 0.707, PBegg’s test = 1.000, Supplementary Figure S1L), TNF-α 
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(PEgger’s test = 0.194, PBegg’s test = 0.296, Supplementary Figure S1M), 
adiponectin (PEgger’s test = 0.885, PBegg’s test = 0.462, 
Supplementary Figure S1N), leptin (PEgger’s test = 0.070, PBegg’s test = 0.296, 
Supplementary Figure S1O), weight (kg) (PEgger’s test = 0.286, PBegg’s 

test = 0.924, Supplementary Figure S1P), BMI (kg/m2) (PEgger’s test = 0.740, 
PBegg’s test = 0.116, Supplementary Figure S1Q), WC (cm) (PEgger’s 

test = 0.179, PBegg’s test = 0.260, Supplementary Figure S1R), ALT (U/L) 
(PEgger’s test = 0.961, PBegg’s test = 1.000, Supplementary Figure S1S), AST 
(U/L) (PEgger’s test = 0.756, PBegg’s test = 1.000, Supplementary Figure S1T), 
and ALP (U/L) (PEgger’s test = 0.536, PBegg’s test = 1.000, 
Supplementary Figure S1U). Although significant publication bias was 
detected for HbA1C with Egger’s test PEgger’s test = 0.002 
(Supplementary Figure S1H). Moreover significant publication bias 
was detected for TG with Begg’s test PBegg’s test = 0.002 
(Supplementary Figure S1A).

Non-linear dose–response analysis

For the dose–response analysis between ACB treatment and TG 
(mg/dL), TC (mg/dL), LDL (mg/dL), HDL (mg/dL), FBG (mg/dL), 
insulin (pmol/L), HbA1c (%), HOMA-IR, SBP (mmHg), DBP 
(mmHg), CRP (mg/L), IL-6 (pg/mL), weight (kg), BMI (kg/m2), WC 

(cm), ALT (U/L), AST (U/L), and ALP (U/L), we used a one-stage 
non-linear dose–response analysis.

We did not find a significant non-linear relationship between dose 
(mg/day) (coefficients = −7.91, p = 0.457) and duration (weeks) 
(coefficients = 39.95, p = 0.399) of the intervention group and changes 
in TG (Supplementary Figures S2A, S3A). In addition, there was no 
significant non-linear relationship between dose (mg/day) 
(coefficients = −19.96, p = 0.116) and changes in TC. There was a 
significant non-linear relationship between the duration of the 
intervention (weeks) (coefficients = −18.20, p = 0.042) and changes in 
TC. ACB’s effective duration for reducing the TC was more than 
50 weeks (Supplementary Figures S2B, S3B).

Furthermore, we did not find a significant non-linear relationship 
between dose (mg/day) (coefficients = 8.35, p = 0.232) and duration 
(weeks) (coefficients = 1.86, p = 0.118) of the intervention group, and 
changes in LDL (Supplementary Figures S2C, S3C) and HDL for dose 
(coefficients = 0.38, p = 0.189) and duration of the intervention (weeks) 
(coefficients = −0.08, p = 0.516) (Supplementary Figures S2D, S3D).

There was no significant non-linear association between dose 
(mg/day) (coefficients = 4.79, p = 0.571) and intervention duration 
(weeks) (coefficients = 10.35, p = 0.413) and changes in FBG 
(Supplementary Figures S2E, S3E) and insulin with dose 
(coefficients = 142.20, p = 0.290) and duration of the intervention 

A B

C

FIGURE 6

Forest plot detailing weighted mean difference and 95% confidence intervals (CIs) for the effect of acarbose consumption on (A) weight (kg); (B) BMI 
(kg/m2); and (C) WC (cm).

https://doi.org/10.3389/fnut.2023.1084084
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Zamani et al. 10.3389/fnut.2023.1084084

Frontiers in Nutrition 30 frontiersin.org

(weeks) group (coefficients = 16.92, p = 0.830) 
(Supplementary Figures S2F, S3F). Furthermore, we did not find a 
significant non-linear relationship between dose (mg/day) 
(coefficients = −1.01, p = 0.583) and duration (weeks) 
(coefficients = 1.62, p = 0.525) of the intervention group and changes 
in HbA1C% (Supplementary Figures S2G, S3G). We did not find a 
significant non-linear relationship between dose (mg/day) 
(coefficients = 1.19, p = 0.188) and duration (weeks) 
(coefficients = −0.13, p = 0.131) of the intervention group and changes 
in HOMA-IR (Supplementary Figures S2H, S3H).

We did not find a significant non-linear relationship between dose 
(mg/day) (coefficients = −0.32, p = 0.946) and duration (weeks) 
(coefficients = 1.82, p = 0.690) of the intervention and changes in SBP 
(Supplementary Figures S2I, S3I). In addition, there was no significant 
non-linear relationship between dose (mg/day) (coefficients = −0.27, 
p = 0.908) and duration of the intervention (weeks) 
(coefficients = −3.54, p = 0.050) and changes in DBP 
(Supplementary Figures S2J, S3J).

In addition, we  found a significant non-linear relationship 
between dose (mg/day) (coefficients = −12.69, p = 0.009) and 
changes in CRP, i.e., a dose of 180 mg/day has a prominent effect on 
the decrement of CRP. In addition, we did not find a significant 
non-linear relationship between the duration (weeks) 
(coefficients = 25.29, p = 0.266) of the intervention and changes in 

CRP (Supplementary Figures S2K, S3K). We  did not find a 
significant non-linear relationship between dose (mg/day) 
(coefficients = −10.07, p = 0.738) and duration (weeks) 
(coefficients = 1.14, p = 0.327) of the intervention and changes in 
IL-6 (Supplementary Figures S2L, S3L).

Moreover, the current study indicates that there was no significant 
non-linear relationship between dose (mg/day) (coefficients = −0.14, 
p = 0.930) and duration (weeks) (coefficients = −2.31, p = 0.424) of the 
intervention and changes in weight (Supplementary Figures S2P, S3P), 
BMI changes with dose (mg/day) (coefficients = 0.83, p = 0.187) and 
duration (weeks) (coefficients = 0.56, p = 0.468) 
(Supplementary Figures S2Q, S3Q), and WC changes with dose (mg/day) 
(coefficients = 1.23, p = 0.742) and duration of the intervention (weeks) 
(coefficients = 0.59, p = 0.295) (Supplementary Figures S2R, S3R).

Moreover, liver enzymes did not find a significant non-linear 
relationship between dose (mg/day) (coefficients = 5.73, p = 0.129) and 
duration (weeks) (coefficients = 1.81, p = 0.127) of the intervention and 
changes in ALT (Supplementary Figures S2S, S3S), between dose (mg/
day) (coefficients = 3.06, p = 0.290) and duration (weeks) 
(coefficients = −1.65, p = 0.368) of the intervention and changes in 
AST (Supplementary Figures S2T, S3T), and ALP changes with dose 
(mg/day) (coefficients = 15.13, p = 0.613) and duration of the 
intervention (weeks) (coefficients = −0.33, p = 0.613) 
(Supplementary Figures S2U, S3U).

A B

C

FIGURE 7

Forest plot detailing weighted mean difference and 95% confidence intervals (CIs) for the effect of acarbose consumption on (A) ALT (U/L); (B) AST 
(U/L); and (C) ALP (U/L).
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Meta-regression analysis

Meta-regression analyses were performed to assess whether TG 
(mg/dL), TC (mg/dL), LDL (mg/dL), HDL (mg/dL), FBG (mg/dL), 
insulin (pmol/L), HbA1c (%), HOMA-IR, SBP (mmHg), DBP 
(mmHg), CRP (mg/L), IL-6 (pg/mL), TNF-α, adiponectin, leptin, 
weight (kg), BMI (kg/m2), WC (cm), ALT (U/L), AST (U/L), and ALP 
(U/L) were affected by ACB doses and intervention durations.

We did not find a significant linear relationship between dose 
(mg/day) (coefficients = 0.07, p = 0.853) and duration (weeks) 
(coefficients = −0.30, p = 0.070) of the intervention group and changes 
in TG (Supplementary Figures S4A, S5A), TC changes with dose (mg/
day) (coefficients = −2.14, p = 0.076) and duration (weeks) 
(coefficients = −0.29, p = 0.331) (Supplementary Figures S4B, S5B), 
and HDL changes with dose (mg/day) (coefficients = 5.01, p = 0.056) 
and duration (weeks) (coefficients = 0.11, p = 0.813) 
(Supplementary Figures S4D, S5D). Furthermore, there was a 
significant linear association between dose (mg/day) 
(coefficients = −2.71, p = 0.044) and changes in LDL but not with 
intervention duration (weeks) (coefficients = −0.22, p = 0.551) 
(Supplementary Figures S4C, S5C).

The present study indicated a significant linear relationship 
between dose (mg/day) (coefficients = −0.51, p = 0.298) and duration 
of the intervention (weeks) (coefficients = 0.001, p = 0.991) and 
changes in FBG (Supplementary Figures S4E, S5E). In addition, there 
was no significant linear relationship between dose (mg/day) 
(coefficients = −0.43, p = 0.396) and duration of the intervention 
(weeks) (coefficients = 0.09, p = 0.554) and changes in insulin 
(Supplementary Figures S4F, S5F), also between dose (mg/day) 
(coefficients = −10.49, p = 0.477) and duration (weeks) 
(coefficients = −0.80, p = 0.791) of the intervention in HbA1C% 
(Supplementary Figures S4G, S5G) and between dose (mg/day) 
(coefficients = −20.45, p = 0.223) and duration (weeks) 
(coefficients = 1.49, p = 0.671) of the intervention in HOMA-IR 
(Supplementary Figures S4H, S5H).

We did not find a significant linear relationship between dose 
(mg/day) (coefficients = −2.11, p = 0.301) and duration (weeks) 
(coefficients = 0.30, p = 0.642) of the intervention and changes in SBP 
(Supplementary Figures S4I, S5I) and DBP with dose (mg/day) 
(coefficients = 6.87, p = 0.382) and duration of the intervention (weeks) 
(coefficients = −1.25, p = 0.617) (Supplementary Figures S4J, S5J).

Also, inflammatory markers, such as CRP changes with dose (mg/
day) (coefficients = −5.50, p = 0.947) and intervention duration 
(weeks) (coefficients = −7.15, p = 0.271) 
(Supplementary Figures S4K, S5K), IL-6 changes with dose (mg/day) 
(coefficients = 0.66, p = 0.834) and duration (weeks) (coefficients = 1.24, 
p = 0.072) (Supplementary Figures S4L, S5L), and TNF-α changes with 
dose (mg/day) (coefficients = −3.44, p = 1.000) and duration (weeks) 
(coefficients = 3.73, p = 0.711) (Supplementary Figures S4M, S5M), 
have not shown any significant association.

Moreover, for adipokines, we  did not find a significant linear 
relationship between dose (mg/day) (coefficients = 0, p = 1.000) and 
duration of the intervention (weeks) (coefficients = −1.01, p = 0.499) 
and changes in adiponectin (Supplementary Figures S4N, S5N) and 
leptin with dose (mg/day) (coefficients = −1.70, p = 1.000) and 
duration (weeks) (coefficients = 4.93, p = 0.383) 
(Supplementary Figures S4O, S5O).

In the present study, we found that there was no significant linear 
association between dose (mg/day) (coefficients = −1.10, p = 0.854) and 

duration (weeks) (coefficients = 1.72, p = 0.445) of the intervention and 
changes in weight (Supplementary Figures S4P, S5P), BMI changes with 
dose (mg/day) (coefficients = −13.90, p = 0.218) and duration (weeks) 
(coefficients = 0.37, p = 0.914) (Supplementary Figures S4Q, S5Q), and 
WC changes with dose (mg/day) (coefficients = −7.52, p = 0.643) and 
duration (weeks) (coefficients = 2.62, p = 0.348) 
(Supplementary Figures S4R, S5R).

There was no significant linear relationship between dose (mg/
day) (coefficients = −10.59, p = 0.116) and duration (weeks) 
(coefficients = −0.99, p = 0.229) of the intervention and changes in 
ALT (Supplementary Figures S4S, S5S), AST changes with dose (mg/
day) (coefficients = −19.57, p = 0.127) and duration (weeks) 
(coefficients = −1.04, p = 0.534) of the intervention 
(Supplementary Figures S4T, S5T), and ALP changes with dose (mg/
day) (coefficients = −4.91, p = 0.676) and duration (weeks) 
(coefficients = −0.94, p = 0.586) of the intervention 
(Supplementary Figures S4U, S5U).

Sensitivity analysis

According to the sensitivity analysis, no study affected the overall 
results of TG (mg/dL), LDL (mg/dL), HDL (mg/dL), FBG (mg/dL), 
insulin (pmol/L), HbA1c (%), HOMA-IR, DBP (mmHg), CRP 
(mg/L), IL-6 (pg/mL), adiponectin (ng/mL), weight (kg), BMI (kg/
m2), WC (cm), ALT (U/L), AST (U/L), and ALP (U/L) after removing 
individual study effects. Although Inoue et al. (137) (WMD = −1.67; 
95%CI: −3.47, 0.11) affected the overall results of TC, Ko et al. (70) 
(WMD = −0.97; 95%CI: −2.08, 0.13) and Yang et  al. (21) 
(WMD = −1.41; 95%CI: −2.86, 0.03) affected the overall results of SBP, 
Mo et  al. (127) (WMD = −3.09; 95%CI: −7.67, 1.47) affected the 
overall results of TNF-a, and Sugihara et al. (110) (WMD = −1.52; 
95%CI: −3.11, 0.06) affected the overall results of leptin.

GRADE assessment

We used the GRADE evidence profile and the certainty in outcomes 
of ACB treatment on TG (mg/dL), TC (mg/dL), LDL (mg/dL), HDL 
(mg/dL), FBG (mg/dL), insulin (pmol/L), HbA1c (%), HOMA-IR, SBP 
(mmHg), DBP (mmHg), CRP (mg/L), IL-6 (pg/mL), TNF-α (pg/mL), 
adiponectin (ng/mL), leptin (ng/mL), weight (kg), BMI (kg/m2), WC 
(cm), ALT (U/L), AST (U/L), and ALP (U/L), which were shown in 
Table 4. The quality of evidence was moderate due to the risk of bias, 
inconsistency, imprecision for TG, LDL, HDL, HOMA-IR, CRP, IL-6, 
adiponectin, WC, ALT, and AST, and publication bias for TG. Also, the 
quality of evidence was low due to the risk of bias and inconsistency for 
TC, FBG, insulin, HbA1C, SBP, DBP, TNF-α, weight, BMI, and ALP, and 
imprecision for DBP and ALP. In addition, the quality of evidence was 
very low due to the risk of bias for leptin.

Discussion

The present systematic review and meta-analysis investigated the 
effectiveness of the antidiabetic drug ACB on lipid profile, glycemic 
indexes, inflammatory factors, BP, and anthropometric indices among 
individuals with T2D, T1D, and IGT. The results showed that ACB 
significantly lowered HbA1c, FPG, serum insulin, BMI, body weight, 
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leptin, SBP, TC, TG, and TNF-α but there was no significant effect 
between ACB intake and HOMA index, adiponectin, ALP, ALT, AST, 
CRP, DBP, HDL, LDL, IL-6, and WC in individuals with T2D, T1D, 
and IGT. Meta-regression analysis did not reveal any significant 
association between duration and dosage of ACB and HbA1c, FPG, 
serum insulin, BMI, leptin, SBP, TC, TG, TNF-α, and body weight. 
The findings from a non-linear dose–response analysis have indicated 
that the duration of ACB treatment needed to observe a significant 
reduction in TC levels is more than 50 weeks. Additionally, it has been 
observed that a daily ACB intake of 180 mg has a prominent effect on 
lowering CRP levels, which is a marker of inflammation. These results 
suggest that a longer treatment duration and a specific dosage of ACB 
can have notable impacts on TC and CRP levels, respectively, 
highlighting their potential in managing cardiovascular risk factors.

This current meta-analysis demonstrates that intake of ACB 
reduces HbA1c, FPG, and serum insulin by 33%, 3.56 pmol/L, and 
6.74 mIU/mL, in patients with T2D, T1D, and IGT populations, 
respectively. In relation to HbA1c, a change of at least 0.5% is 
considered both statistically and clinically significant (138). 
Furthermore, a previous meta-analysis conducted by Hanefeld et al. 
examined the results of seven long-term randomized, double-blind, 
placebo-controlled trials involving patients with T2D. The findings of 
this analysis demonstrated that treatment with ACB was effective in 
improving glycemic control during the course of treatment (139). In 
a study by Wu et al., among 272 patients with T2D, 80 patients who 
consumed 150 mg/day of ACB for 16 weeks showed a decrease in 
HbA1c% level by 2% compared with the initial level, which was in line 
with our result (120). In the recent meta-analysis conducted by Yu 
et  al. (24), the overall results from three studies involving 143 
non-diabetic overweight or obese individuals (with a BMI of 25 kg/
m2) did not show a significant reduction in FPG levels in the ACB 
group compared with the control group. These findings suggest that 
ACB treatment may not have a substantial impact on FPG levels in 
non-diabetic individuals with overweight or obesity (136).

Elevated blood sugar levels can result in disturbances in both the 
endothelium of blood vessels and the β-cells of the islets of Langerhans. 
This occurs due to the generation of oxidative stress and the release of 
inflammatory factors (140, 141). Among the mechanisms that can 
be mentioned for the harmful effects of continuous hyperglycemia, 
protein kinase C activation (PKC), oxidative phosphorylation, sorbitol 
formation, and glucose autooxidation are included (141). Activation 
of PKC can cause disorders such as microvascular disease in diabetic 
patients through the enhancement of factors such as thermoelectric 
generator 1 (TEG1), nuclear factor kappa B (NF-kB), and endothelin 
1 (142). The consumption of acarbose (ACB) acts as a competitive 
inhibitor of intestinal alpha-glucosidases, including glucoamylase, 
sucrase, and pancreatic alpha-amylase. This mechanism leads to a 
delay in the absorption of glucose in the intestines, resulting in a 
reduction in blood sugar levels. Additionally, ACB may play a role in 
glucose metabolism by influencing the mitogen-activated protein 
kinase (MAPK) pathway. This pathway is involved in various cellular 
processes, including glucose regulation (143, 144). Moreover, the anti-
inflammatory efficacy of ACB in the long term can reduce IL-6 and 
TNF-α compared with the baseline levels (127). In the hyperglycemic 
state, inflammation is stimulated by the activation of toll-like receptors 
(TLRs), as a result of which the level of IL-10 decreases, but the levels 
of pro-inflammatory cytokines, such as IL-6, TNF-α, and interferon 
γ, (IFN-γ) increases (145). Cytokines can suppress signals of insulin 

through the activation of kinase receptors, the arousal of NF-kB and 
the failure of pancreatic β-cells, and the process of apoptosis (145). In 
liver and muscle cells, TNF-α interferes with the action of insulin by 
binding to its receptors, and on the other hand, TNF-α reduces 
insulin-dependent glucose transporters such as glucose transporter-4 
(GLUT-4) in the cell membrane, thereby reducing glucose absorption 
(146). IL-6 is effective in the homeostasis of glucose metabolism by 
inhibiting insulin secretion (147). Based on the reported cases, ACB 
has demonstrated potential effectiveness in controlling blood sugar 
levels and improving insulin sensitivity by reducing the levels of 
specific inflammatory factors. Another potential indirect mechanism 
of action could be attributed to the influence of short-chain fatty acids 
(SCFAs). SCFAs can enhance glucose absorption through the 
activation of receptors such as free fatty acid receptor 2 (FFAR2) and 
free fatty acid receptor 3 (FFAR3). These SCFAs can impact various 
factors involved in glucose homeostasis, including the activation of 
protein kinase activated by adenosine monophosphate (AMP), the 
release of the hormone glucagon-like peptide 1 (GLP-1), and the 
release of peptide YY (PYY). These mechanisms collectively contribute 
to the improvement of glucose regulation and overall glucose 
homeostasis (148, 149). PYY plays a role in the clearance of glucose in 
organs such as adipose tissue and muscle. It aids in regulating blood 
glucose levels. On the other hand, GLP-1 hormone is responsible for 
increasing insulin secretion and decreasing glucagon release (150).

Based on the results of the present study, the consumption of ACB 
effectively reduces the level of TNF-α and leptin by 2.71 pg./mL and 
1.59 ng/mL, respectively. The results of the double-blind, RCT study 
by Rosenbaum on diabetic patients showed that leptin levels decreased 
at the end of the intervention in both ACB and plasma groups (73). 
The findings of the study conducted by Li et al. involving 134 patients 
with T2D showed that individuals receiving a combination of ACB 
and insulin experienced a greater decrease in TNF-α levels compared 
with the group receiving insulin alone (151). The results of Mo et al.’s 
study on newly diagnosed T2D patients showed that intake of ACB in 
this group for 1 year decreased TNF-α levels, but these changes were 
not significant compared with the group intake of metformin (127). 
The use of anti-diabetic drugs by reducing inflammation can decrease 
the risk of developing disorders and chronic diseases. Increasing 
insulin resistance as a pathophysiological disorder plays a role in the 
development and progression of diabetes and CVDs such as 
arteriosclerosis and is often associated with inflammation. 
Hyperglycemic conditions can lead to an increase in inflammatory 
cytokines and an increase in the expression of their genes. Thus far, 
the mechanisms by which ACB consumption directly affects 
inflammatory factors (such as TNF-α) have not been identified. The 
mechanisms of its indirect role include increasing insulin sensitivity 
in tissues and blood glucose control (127, 152–155). The results of a 
study on diabetic rats showed that intake of ACB through the signals 
regulated the MicroRNAs in the intestine, as well as controlling the 
blood glucose level through the MAPK pathway reduces inflammatory 
factors such as TNF-α (144).

The microbiota of the intestine is associated with chronic 
disorders such as obesity and inflammation (156). The protective 
efficacy of ACB versus cardiovascular disease can be  due to the 
moderate growth of gut microbiota and inflammatory markers (157). 
ACB makes more SCFAs production in the intestine and stimulates 
potassium flow through binding to FFAR2 and GPR109A in intestinal 
cells, followed by hyperpolarization and activation of protein NLRP3 
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and release of IL-18, thus maintaining the integrity and repair of the 
intestinal barrier (158). Other mechanisms that play a role in reducing 
inflammation by SCFAs include inhibition of histone deacetylase and 

NF-kB in macrophages by butyrate, diminishing pro-inflammatory 
chemokines in dendritic cells (CXCL11, CXCL10, CXCL9, and 
CCL5), inhibition of cytokines induced by liposaccharides such as 

TABLE 4 GRADE profile of acarbose for cardiovascular risk factors in patients with T2D and impaired glucose tolerance.

Outcomes Risk of 
bias

Inconsistency Indirectness Imprecision Publication 
bias

WMD 
(95%CI)

Quality of 
evidence

TG
Serious 

limitation
Very serious limitationa No serious limitation No serious limitation Serious limitation

−13.89 

(−20.69, 

−7.09)

⊕ ⊕ ⊕◯

Moderate

TC Serious 

limitation

Serious limitationa

No serious limitation No serious limitation No serious limitation
−2.26 (−4.18, 

−0.34)

⊕ ⊕ ◯◯

Low

LDL Serious 

limitation

Very serious limitationa

No serious limitation Serious limitationb No serious limitation
0.77 (−1.19, 

2.73)

⊕ ⊕ ⊕◯

Moderate

HDL Serious 

limitation

Very serious limitationa

No serious limitation Serious limitationb No serious limitation
0.21 (−0.66, 

1.10)

⊕ ⊕ ⊕◯

Moderate

FBG Serious 

limitation

Very serious limitationa

No serious limitation No serious limitation No serious limitation
−3.55 (−6.29, 

−0.81)

⊕ ⊕ ◯◯

Low

Insulin Serious 

limitation

Very serious limitationa

No serious limitation No serious limitation No serious limitation

−6.73 

(−10.37, 

−3.10)

⊕ ⊕ ◯◯

Low

HbA1C Serious 

limitation

Very serious limitationa

No serious limitation No serious limitation No serious limitation
−0.32 (−0.45, 

−0.20)

⊕ ⊕ ◯◯

Low

HOMA-IR Serious 

limitation

Very serious limitationa

No serious limitation Serious limitationb No serious limitation
−0.10 (−0.57, 

0.36)

⊕ ⊕ ⊕◯

Moderate

SBP Serious 

limitation

Very serious limitationa

No serious limitation No serious limitation No serious limitation
−1.29 (−2.44, 

−0.15)

⊕ ⊕ ◯◯

Low

DBP Serious 

limitation

No serious limitation
No serious limitation Serious limitationb No serious limitation

0.02 (−0.41, 

0.45)

⊕ ⊕ ◯◯

Low

CRP Serious 

limitation

Serious limitationa

No serious limitation Serious limitationb No serious limitation
−0.15 (−0.37, 

0.07)

⊕ ⊕ ⊕◯

Moderate

IL-6 Serious 

limitation

Serious limitationa

No serious limitation Serious limitationb No serious limitation
−0.20 (−0.50, 

0.09)

⊕ ⊕ ⊕◯

Moderate

TNF-α Serious 

limitation

Serious limitationa No serious limitation
No serious limitation

No serious limitation −2.70 (−5.25, 

−0.16)

⊕ ⊕ ◯◯

Low

Adiponectin Serious 

limitation

Serious limitationa No serious limitation
Serious limitationb

No serious limitation 0.95 (−0.22, 

2.13)

⊕ ⊕ ⊕◯

Moderate

Leptin Serious 

limitation

No serious limitation No serious limitation
No serious limitation

No serious limitation −1.58 (−2.82, 

−0.35)

⊕◯◯◯

Very low

Weight Serious 

limitation
Serious limitationa No serious limitation No serious limitation No serious limitation

−1.25 (−1.79, 

−0.75)

⊕ ⊕ ◯◯

Low

BMI Serious 

limitation
Very serious limitationa No serious limitation No serious limitation No serious limitation

−0.64 (−0.92, 

−0.37)

⊕ ⊕ ◯◯

Low

WC Serious 

limitation
Serious limitationa No serious limitation Serious limitationb No serious limitation

−1.55 (−3.14, 

0.04)

⊕ ⊕ ⊕◯

Moderate

ALT Serious 

limitation

Very serious limitationa

No serious limitation Serious limitationb No serious limitation
0.76 (−0.31, 

1.85)

⊕ ⊕ ⊕◯

Moderate

AST Serious 

limitation

Very serious limitationa

No serious limitation Serious limitationb No serious limitation
−0.57 (−2.45, 

1.30)

⊕ ⊕ ⊕◯

Moderate

ALP Serious 

limitation

No serious limitation
No serious limitation Serious limitationb No serious limitation

1.97 (−5.67, 

9.61)

⊕ ⊕ ◯◯

Low

aThere is significant heterogeneity for TG (I2 = 86.0%), TC (I2 = 68.0%), LDL (I2 = 81.3%), HDL (I2 = 86.8%), FBG (I2 = 93.1%), insulin (I2 = 87.3%), HbA1C (I2 = 96.3%), HOMA-IR (I2 = 95.9%), SBP 
(I2 = 86.7%), CRP (I2 = 62.5%), IL-6 (I2 = 64.7%), TNF-α (I2 = 63.7%), adiponectin (I2 = 72.9%), weight (I2 = 56.7%), BMI (I2 = 91.9%), WC (I2 = 62.9%), ALT (I2 = 92.2%), and AST (I2 = 99.3%).
bThere is no evidence of significant effects of acarbose consumption on LDL, HDL, HOMA_IR, DBP, CRP, IL-6, adiponectin, WC, ALT, AST, and ALP.
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IL-6, and reducing PH to prevent the growth of harmful 
microorganisms (159–163). ACB can have immune suppressive effects 
through modulating the production of T helper 1 (Th1) and T helper 
2 (Th2) (164). Insulin resistance in adipose tissue can cause 
inflammation and thus increase the agglomeration of 
pro-inflammatory macrophages. It can also activate pro-inflammatory 
macrophages through the generation of the monocyte chemoattractant 
protein-1 (MCP1). In visceral adipose tissue from obese individuals, 
insulin resistance is associated with decreased insulin/mTORC2 
signaling and increased MCP1 generation. Therefore, it seems likely 
that ACB can be  effective in reducing the level of cytokines by 
improving insulin sensitivity (165). Fat hypertrophy, which occurs due 
to increased fat accumulation, can activate pro-inflammatory 
pathways such as NF-kB, which results in increased production of 
pro-inflammatory adipokines (166, 167). Inflammation caused by 
obesity can be caused by the increase in energy intake, which causes 
morphological and metabolic variations to appear in adipose tissue 
(168). TNF-α is secreted by fat tissue cells and TNF-α mRNA is 
associated with hyperinsulinemia. Since ACB is effective in reducing 
weight by preventing the storing of fats, controlling appetite (169), and 
decrement of energy intake (170), it can be effective in reducing the 
levels of TNF-α secreted from fat tissue.

The present systematic review and meta-analysis indicated that 
there were no significant effects between intake of ACB with ALP, 
AST, and ALT enzymes in T2D, T1D, and IGT patients. In double-
blind RCT by Gentile et al. on 52 patients treated with 300 mg/day 
ACB, results have shown that there was no significant effect between 
intake of ACB with AST and ALT (69). ACB may have hepatic and 
cardiovascular safety, according to nationwide population-based 
longitudinal research in 32,531 T2D patients with end-stage renal 
disease (ESRD) who were identified from Taiwan’s National Health 
Insurance Research Database in 2000–2012 and followed up until 
2013 (171). But some clinical trials have revealed the liver damage 
linked to the use of ACB in the general population with T2D, 
including asymptomatic increases of liver transaminases and jaundice 
(48, 172) and even in some case series studies (173–175). A recent 
meta-analysis of clinical trials found that there may be  a dose–
response relationship between the risk of hepatotoxicity and the use 
of glucosidase inhibitors (176). In these studies, it is worth noting that 
only laboratory measurements were reported as surrogate indicators, 
and no clinically significant liver damage events were observed. 
However, despite these findings, the underlying mechanism that 
would explain this result remains unclear. Further research is needed 
to better understand the potential effects of ACB on liver health and 
to elucidate the mechanisms involved.

Intake of ACB appears to be a significant diminution of body weight 
and BMI in T2D, T1D, and IGT populations by 1.26 kg and 0.65 kg/m2, 
respectively. According to the recommendations and guidelines, the 
accepted criterion for significant weight loss to achieve health benefits is 
a weight loss greater than or equal to 5% or 2 kg from the initial amount 
(177–180). In an old meta-analysis study by Hanefeld et al., the results of 
studies on T2D patients demonstrated that treatment with ACB can 
improve body weight (139). In a study by Hajiaghamohammadi et al., 
from a total of 62 patients with non-alcoholic steatohepatitis (NASH), 33 
patients were treated with 100 mg/day ACB, and the results of this study 
for 10 weeks demonstrated that ACB can reduced body weight and 
BMI. Moreover, changes of body weight was significant between the ACB 
group and the group treated with ezetimibe, while BMI was not. In a 

recent meta-analysis study by Yu et al., overall, the results from five studies 
on 164 non-diabetic obese and overweight populations demonstrated that 
there was no significant difference in the outcome between the ACB 
group compared with the control group (24).

Consuming ACB can prevent the storing of fats by enhancing 
mRNA expression for peroxisome proliferator-activated receptor-γ 
(PPAR-γ), UCP-2, and abca1 in liver tissue and gain srebp1c, PPAR-γ, 
and PPAR-α in adipose tissue (181). The decrease in energy absorption 
due to the consumption of ACB is due to the fermentation of 
carbohydrates in the large intestine and the production of SCFAs 
(170). Another role of SCFAs is to regulate the mechanism of satiety; 
in this way, these compounds can act as signals to activate G-protein 
coupled receptors (such as G protein receptor 41 (Gpr41) and G 
protein receptor 43 (Gpr43)) and release leptin from adipose tissue, as 
well as the release of peptide YY and GLP-1 from the endocrine glands 
(182–185). In the hypothalamic arcuate nucleus GLP-1, peptide YY 
suppresses appetite-stimulating factors such as neuropeptide Y (NPY) 
and agouti-related peptide (AgRP), and on the other side, these raise 
cause-acting proopiomelanocortin (POMC)/cocaine and 
amphetamine-regulated transcript. Other roles of PYY and GLP-1 
include delaying and suppressing the movements of the upper part of 
the digestive tract (169). SCFAs stimulate GPR41  in sympathetic 
system nodes, leading to an increase in norepinephrine, followed by 
an increase in the activity of the sympathetic system and an increase 
in energy expenditure (186). Carbohydrates can participate in the 
lipogenesis process as a substrate. Moreover, ACB reduces intestinal 
fatty acid synthesis by delaying glucose (52).

The findings of this study demonstrated that intake of ACB 
reduces TC, TG, and SBP by 2.26 mg/dL, 13.89 mg/dL, and 1.30 mmHg, 
respectively, in patients with T2D, T1D, and IGT. In another 2021 
meta-analysis study by Wang et al., findings from 4 studies on 202 
individuals showed that there is a significant effect between the 
reduction of SBP after a meal and the consumption of ACB (187). In a 
meta-analysis study by Hanefeld et  al., the results of studies of 
randomized, double-blind, placebo-controlled T2D patients showed 
that treatment with ACB can ameliorate cardiovascular incidents, TG, 
and SBP in patients (139). In a meta-analysis study by Yu et al., overall, 
the results of four studies on LDL, SBP, and DBP and five studies on 
HDL and TG demonstrated a significant reduction in TG, whereas the 
reduction in HDL, LDL, SBP, and DBP was not significant in the 
intervention group compared with the placebo group (136).

The improvement in cardiovascular factors, such as lipid profile 
and blood pressure, may be attributed to several factors, including the 
enhancement of blood glucose levels, reduction in inflammatory 
factors, and weight loss. Postprandial hyperglycemia, specifically, has 
been associated with an increased risk of cardiovascular disease. This 
risk may be related to endothelial dysfunction and an increase in 
carotid intima-media thickness. ACB has shown promising results in 
ameliorating these disorders, suggesting its potential in addressing the 
underlying mechanisms and improving cardiovascular health (188–
190). In addition, ACB can affect the activity of factor NFκB, and 
through this reduces the inflammatory response that is necessary for 
the formation of atherosclerotic plaque (191, 192). ACB can lead to a 
decrease in calorie intake and weight loss by reducing appetite or even 
inhibiting fat absorption (193), which can lead to a decrease in BP.

ACB drug can affect TG levels by reducing the generation of 
chylomicron remnant by defects in the synthesis of TG in the small 
intestine, as well as its efficacy on insulin levels and postprandial 
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glucose levels (194, 195). In cell models of diabetes, increase glucose 
levels caused oxidative stress and cell damage in endothelial cells and 
neurons (196–199). Treating with ACB decreases the risk of CVD by 
improving the atherogenicity of LDL-c by alteration in fatty acid 
combination, reducing TG content, and decreasing oxidative 
susceptibility (200). Disruption of endothelial function by an 
inflammatory response such as oxidation of LDL-c, which causes the 
activation of PKC and NF-kB caused enhancement of conversion 
enzymes of the angiotensin II (Ang II) and inflammatory cytokines 
(201). SCFAs by PPARs regulate equilibrium among synthesis and 
oxidation of fatty acid and lipolysis in the tissues (148). SCFAs by 
activation of the hepatic cyclic adenosine 3′,5′-cyclic monophosphate 
(cAMP), protein kinase A (PKA), and enhanced oxidative metabolism 
inhibit the lipolysis process (202). Acetate is metabolized to 
acetyl-CoA and, in this way, its role in the process of lipogenesis, 
whereas propionate can suppress cholesterogenesis through 
interference with the enzyme of 3-hydroxy-3-methylglutaryl-CoA 
reductase (203). The intestinal microbiome plays a crucial role in 
enhancing the elimination and de-conjugation of bile acids. This 
process leads to an increased conversion of cholesterol to bile acids in 
the liver. As a result, serum cholesterol levels decrease (203). It appears 
to be another way of the efficacy of ACB in reducing BP due to weight 
loss. Abnormal distribution of fat-free acids in obese individuals can 
increase vascular adrenergic sensitivity (204). Fat-free acids suppress 
the Na+/K+ ATPase channel and the sodium pump increases vascular 
smooth muscle resistance (205). SCFAs participate in the regulation 
of BP through cell receptors including GPR43, GPR41, and olfactory 
receptor 78 (Olfr78) (206, 207). The increase in blood pressure 
resulting from the release of renin from the afferent arteriole, induced 
by short-chain fatty acids (SCFAs), is mediated by the interaction 
between Olfr78 and GPR43, with the vasodilator role of GPR43 
counteracting its effects (208).

This study possesses several notable strengths. First, it 
encompassed all relevant double-blind RCTs that met the eligibility 
criteria. Second, it employed various analytical approaches, such as 
subgroup analysis, sensitivity analysis, GRADE assessment, and dose–
response non-linear analysis. These methods ensured a comprehensive 
evaluation of the data. Third, the study took a comprehensive 
approach by considering all cardiovascular risk factors, enabling a 
thorough assessment. Additionally, the study had a substantial sample 
size, enhancing its statistical power. Another strength was the absence 
of language and time restrictions in the search strategy, ensuring 
inclusivity. Moreover, the study accounted for gender differences by 
analyzing adverse effect reports in trials. Finally, a high level of 
generalizability was achieved due to the inclusion of diverse studies 
conducted across multiple countries.

However, several limitations should be  acknowledged in this 
study. First, some RCTs had limited follow-up periods, which may 
have affected the assessment of long-term effects. Second, high 
heterogeneity was observed among the included studies, potentially 
influencing the overall conclusions. Third, the study did not adequately 
account for important factors such as patient diet, physical activity, or 
smoking habits in the analyzed studies. Fourth, the study lacked 
information regarding participants’ full compliance with the 
intervention, which may have impacted the results. Additionally, 
variations in dosage and pharmacokinetics of ACB among individuals 
due to different drug manufacturers were not taken into consideration. 
Finally, the use of different kits and methods to measure biochemical 

parameters may have introduced variability, as intra- and inter-assay 
coefficients can differ and impact the results.

Conclusion

The combined results from 95 randomized controlled trials 
(RCTs) indicate that the antidiabetic medication ACB has 
demonstrated positive effects on various parameters. These include 
reducing HbA1c, FPG, serum insulin, BMI, leptin, SBP, TC, TG, 
TNF-α, and body weight. Additionally, when used for more than 
50 weeks, ACB has shown a significant impact in lowering TC levels. 
Furthermore, a dosage of 180 mg/day has proven to be particularly 
effective in reducing CRP levels in patients with T2D, T1D, and 
IGT. However, further research is required to fully understand the 
efficacy, mechanism, and functionality of ACB in managing metabolic 
disorders and different medical conditions.
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Glossary

CVDs cardiovascular disease

CRP C reactive protein

BMI body mass index

PICO Participant Intervention Comparison/Control Outcome

TG triglyceride

TC total cholesterol

LDL low-density lipoprotein

HDL high-density lipoprotein

FBG fasting blood glucose

T1D type 1 diabetes mellitus

T2D type 2 diabetes mellitus

HbA1c hemoglobin A1c

HOMA-IR homeostasis model assessment-insulin resistance

SBP systolic blood pressure

DBP diastolic blood pressure

IL-6 interleukin-6

WC waist circumference

BMI body mass index

AST aspartate transaminase

ALT alanine transaminase

GRADE Grading of Recommendations Assessment, Development, and Evaluation

WMD weighted mean difference

MAPK mitogen-activated protein kinase

NF-kB nuclear factor kappa B

TNF-α tumor necrosis factor-alpha

PPARγ peroxisome proliferator-activated receptor γ

cAMP cyclic adenosine 3′,5′-cyclic monophosphate

GLUT4 glucose transporter type 4

IL6 interleukin 6

NF-kB nuclear factor kappa B

OGTT oral glucose tolerance test

IGT impaired glucose tolerance

AGI α-glucosidase-inhibiting

PRISMA preferred reporting items for systematic reviews and meta-analyses

SEs standard errors

SD standard deviation

CI confidence intervals

IQRs interquartile ranges

PKC protein kinase C activation

MCP1 monocyte chemoattractant protein-1

ESRD end-stage renal disease

Gpr41 G protein receptor 41

Gpr43 G protein receptor 43

NPY neuropeptide Y

Ang II angiotensin II

PKA protein kinase A

Olfr78 olfactory receptor 78

TEG1 thermoelectric generator 1

NF-kB nuclear factor kappa B

TLRs toll-like receptors

Th1 T helper 1

Th2 T helper 2

PPG postprandial glucose
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