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Abstract: Fenugreek is a widely used herbal medicine as a complementary therapy for diabetes
mellitus. Lots of clinical trials have proved its beneficial effect on glycemic control parameters and
lipid profiles. Thus, we conducted a systematic review and meta-analysis to evaluate the effective-
ness and safety of fenugreek as a treatment for type 2 diabetes mellitus. We searched PubMed, Em-
base, Cochrane, China Knowledge Resource Integrated Database (CNKI), Korean studies Informa-
tion Service System (KISS), Research Information Sharing Service (RISS), and ScienceON to select
RCTs which used fenugreek targeting hyperglycemia with a control group. We used either a ran-
dom effect model or a fixed model in a meta-analysis of Fasting blood glucose (FBG), 2 h plasma
glucose during a 75 g oral glucose tolerance test (OGTT) (2-hPG), homeostatic model assessment for
insulin resistance (HOMA-IR), glycosylated hemoglobin (HbA1c)/total cholesterol (TC), triglyceride
(TG), high density lipoprotein (HDL-C), low density lipoprotein (LDL-C), body mass index (BMI).
After screening, a total of 10 studies (706 participants) remained. Fenugreek significantly reduced
FBG, 2-hPG, and HbAlc, but it did not significantly decrease HOMA-IR. Moreover, it significantly
improved TC, TG, and HDL-C, while there were no significant differences in LDL-C and BMI. Hep-
atic or renal toxicity was not observed, and there were no severe adverse events associated with fenu-
greek despite mild gastrointestinal side effects in some studies. In conclusion, fenugreek improves
overall glycemic control parameters and lipid profile safely.
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1. Introduction

According to the IDF (International Diabetes Federation) [1], one in ten (10.5%) adults
around the world currently live with diabetes mellitus. The total number is predicted to
rise to 783 million (12.2%) by 2045. Globally, over 90% of people with diabetes have type
2 diabetes mellitus (T2DM). The rise in the number of people with T2DM is driven by
a complex interplay of socio-economic, demographic, environmental, and genetic factors.
Key contributors include urbanization, an aging population, a decrease in physical activity,
and an increasing prevalence of overweight and obesity. Furthermore, 10.6% of adults
worldwide have impaired glucose tolerance (IGT), often referred to as prediabetes, placing
them at high risk of developing T2DM [2]. Thus, it is necessary and important to manage
not only T2DM but also prediabetes.

Diabetes mellitus is mainly associated with various values such as fasting blood glu-
cose (FBG), 2 h plasma glucose (2-hPG) during a 75 g oral glucose tolerance test (OGTT),
homeostatic model assessment for insulin resistance (HOMA-IR), and glycosylated
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hemoglobin (HbAlc). Body mass index (BMI) and lipid profile, including total choles-
terol (TC), triglyceride (TG), high density lipoprotein (HDL-C), and low density lipopro-
tein (LDL-C), are also associated with diabetes mellitus. Problems with the lipid profile
can cause diabetic complications such as diabetic peripheral neuropathy (DPN) [3] and
diabetic retinopathy. Moreover, the coexistence of diabetes with dyslipidemia further in-
creases the risk of cardiovascular disease [4]. Likewise, higher BMI values are associated
with an elevated risk of developing diabetic complications [5].

Commonly used anti-diabetic drugs include sulfonylureas, metformin, and sodium-
glucose cotransporter 2 (SGLT-2) inhibitors. However, sulfonylureas are associated with
hypoglycemia and weight gain; metformin may lead to gastrointestinal disturbances such
as diarrhea, nausea, and dyspepsia, as well as the risk of lactic acidosis; while SGLT-2 in-
hibitors can potentially result in urogenital infections. Additionally, the high cost of these
medications often makes patients reluctant to use them. As a result, extensive research has
been conducted to explore the potential of natural substances in plants for the treatment
of diabetes mellitus and the control of diabetic complications [6]. Complementary and
alternative medicine (CAM) has also been extensively studied in diabetes mellitus [7-9].
Fenugreek is one of the herbal medicines used in these treatments [10].

Trigonella foenum-graecum, an annual plant of the Fabaceae family, is also known as
fenugreek or ## . Fenugreek contains abundant active compounds, including galac-
tomannan [11], saponins, diosgenin, and 4-hydroxyisoleucine (4-OH-Ile) [12], which pos-
sess therapeutic properties for humans and animals. These active compounds give fenu-
greek various benefits such as being anti-inflammatory, anti-carcinogenic, hypoglycemic,
anti-hypertensive, immunomodulatory, hypocholesterolemic, neuroprotective, antioxidant,
reproductive, gastroprotective, galactogogue, and hepatoprotective [13].

Currently, as the prevalence of diabetes increases worldwide, the applicability of fenu-
greek for diabetes mellitus has been studied in Asia [14], India [15], the Middle East [16],
and North America [17]. A previous systematic review on the improvement through
glucose tolerance of medicinal food revealed that fenugreek has more significant effects
on FBG and HOMA-IR than other medicinal foods for impaired glucose tolerance (aca-
cia polyphenol, cinnamon, curcumin, Korean red ginseng, Elaeis guineensis leaf extract,
flaxseed, Panax ginseng hydrolyzed extract, Ginkgo biloba, and Salacia reticulata leaves ex-
tract [18]). Additionally, a previous meta-analysis study reported that fenugreek improves
TC, TG, LDL, and HDL in individuals with T2DM [19]. Therefore, fenugreek is suggested
to be an effective complementary and alternative medicine for controlling the blood glu-
cose and lipid profile in individuals with T2DM and prediabetes. Although systematic re-
views and meta-analyses on the anti-diabetic and hypocholesterolemic effects of fenugreek
have been reported, there is only one study published by Gong et al., 2016 [20], regarding
the effect of fenugreek on diabetic hyperglycemia and hyperlipidemia. However, within
the last 7 years after Gong’s study, a number of clinical trials have been conducted. There-
fore, our study aimed to update the latest version of systematic review and meta-analysis
on the effectiveness and safety of fenugreek in individuals with T2DM and prediabetes.

2. Materials and Methods

We conducted this systematic review and meta-analysis according to the Preferred
Reporting Items for Systematic Review and Meta-Analysis (PRISMA) checklist [21]. The
protocol of this study was registered in the International Prospective Register of Systematic
Reviews (PROSPERO, CRD42022315715).

2.1. Data Sources and Searches

We searched six electronic databases to find relevant randomized controlled trials in
July 2023. The electronic databases were PubMed, Embase, Cochrane, China Knowledge
Resource Integrated Database (CNKI), Korean studies Information Service System (KISS),
Research Information Sharing Service (RISS), and ScienceON. We referred to Korean and
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Chinese pharmacopoeia to find the exact name of fenugreek [22,23]. Search terms are indi-

cated in Table 1.

Table 1. Search terms.

Databases

Search Terms

PubMed

(“Trigonella” [Mesh] OR “fenugreek seed meal” [Supplementary
Concept]) AND “Glucose Metabolism Disorders” [Mesh]

EMBASE

(‘diabetes mellitus’/exp/mj OR “dysglycemia’/exp/mj OR ‘glucose
intolerance’/exp/mj OR ‘hyperglycemia’/exp/mj OR ‘insulin
resistance’/exp/mj OR ‘glycosuria’/exp/mj OR
‘hyperinsulinism’/exp/mj) AND (‘trigonella’/exp/mj OR
‘fenugreek’/exp/mj OR ‘fenugreek extract’/exp/mj)

Cochrane

“Glucose Metabolism Disorder [MeSH]” AND “Trigonella

L MesH]”

(“fenugreek*” OR “fenugreek extract*” OR “fenugreek seed
meal” OR “trigonella*”) AND (“hyperglycemia” OR

#2  “hyperinsulinism” OR “dysglycemia” OR “glucose
intolerance” OR “diabet*” OR “insulin resistance” OR
“glucose metabolism disorder*” OR “Glycosuria”)

#3  #1OR#2

CNKI

ll%‘ﬁﬁ‘ E/r AND (“[ﬂl*ﬁf” OR u*}%ﬁ(n)

KISS, RISS, Science ON

“& 29”7 OR “HIEE” OR “#I# L OR “#i# 2" OR “ifj & ="

2.2. Study Selection

Our study was based on clinical trials, so non-clinical trials such as animal, in vitro,
review, and cross-sectional studies were excluded. In addition, among clinical trials, non-
RCTs were also excluded. Our participant criteria were established by the criteria for di-
agnosing prediabetes in the American Diabetes Association (ADA) [24]. We indicated the
inclusion and exclusion criteria in Tables 2 and 3. Selection of RCTs was performed by the

established criteria.

Table 2. PICOS for inclusion criteria.

Parameter Inclusion Criteria

Population Human with high glucose level (FBG > 100 mg/dL, HbAlc > 5.7%)
Intervention Fenugreek seed or its extracts
Comparisons Placebo or no treatment

Fasting blood glucose (FBG), 2 h plasma glucose during a 75 g oral
glucose tolerance test (OGTT) (2-hPG), homeostatic model assessment for
Outcomes insulin resistance (HOMA-IR), glycosylated hemoglobin (HbA1lc)/total
cholesterol (TC), triglyceride (TG), high density lipoprotein (HDL-C), low
density lipoprotein (LDL-C), body mass index (BMI)
Study design RCTs in parallel design

Table 3. PICOS for Exclusion criteria.

Parameter Exclusion Criteria

Population ~ Healthy people (FBG < 100 mg/dL, HbAlc < 5.7%)

Intervention =~ Combination of fenugreek with other herbs or non-seed part of fenugreek
Comparisons  Comparison of the hyperglycemic drugs
Study design  Non-RCTs (cohort studies, RCTs in cross-over design), acute studies < 10 days
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2.3. Data Extraction

The process of data extraction was performed by two reviewers (JW, WJ]) based on
lead author, publication year, location of the study, study design, duration, characteristics
of participants (age, gender, hypoglycemic drugs intake), sample size in each group, in-
tervention (daily dose, type), controls (daily dose, type), additional therapy (if applicable),
and the primary outcomes of each group and adverse events. If each parameter unit of
primary outcomes was different, we matched them to the most commonly used units.

2.4. Quality Assessment

We used the Revised Cochrane risk-of-bias tool for randomized trials (ROB 2.0) to as-
sess the quality of the included studies. This tool is made up of the following domains:
(1) randomization process; (2) deviations from the intended interventions; (3) missing out-
comes; (4) measurement of the outcome; and (5) selection of reported results. At first,
two reviewers (JW, WJ) performed the quality assessment of the included studies inde-
pendently. In case of inconsistencies, all reviewers (JW, W], AR) reassessed them through
discussion. If disagreements continued, we made a final decision with the assistant profes-
sor (YS).

2.5. Data Synthesis and Meta-Analysis

We calculated the mean differences (MDs) within each group (i.e., post-treatment val-
ues minus pre-treatment values) and the standard deviation (SD) changes in outcomes to
compare the changes before and after treatment. We calculated SD using the following for-
mula: SD= Sqf’f [(stre-treat'ment)2 + (SDpost—’frea‘fment)2 - (2R X SDpre—treat’ment X SDpost—treatment)]/
where R, a correlation coefficient, was equal to 0.5 [25]. To indicate the effect sizes of contin-
uous outcomes, we used the MD with corresponding 95% confidence intervals (Cls). We
employed Cochrane Q statistics and I? statistics to estimate statistical heterogeneity. The 12
value indicates the percentage of variability in effect estimates that is due to heterogeneity
rather than sampling error [26]. Traditionally, as suggested by Jack Bowden and Jayne F
Tierney, a high level of inconsistency is indicated by an I? value of over 75%; a moderate
inconsistency is indicated by an I? value of above 50%; and low inconsistency is suggested
by an I? value of below 25% [27]. We basically applied a fixed effects model, but if the I?
value was over 75%, we used a random effects model. Also, if there was considerable het-
erogeneity in the results (I is over 50%), we conducted a sensitivity analysis by omitting
one study at once. Funnel-plot-analysis and Egger’s tests were used to examine poten-
tial publication bias. Subgroup analysis was conducted to find differences according to
treatment method (combination therapy vs. monotherapy) and intervention type (extracts
vs. raw material). At first, we had planned to perform a subgroup analysis according to
treatment method and different stage of disease progression (diabetes, prediabetes, and
intermediate hyperglycemia) as mentioned in our protocol. However, all participants of
remained studies after screening were T2DM and prediabetics. Moreover, the number of
participants was insufficient for subgroup analysis because only one study [28] targeted
prediabetes. Thus, subgroup analysis of different stage of disease progression could not
be performed as planned, and we changed it into intervention type, which is thought to
have an effect on the results. All data analyses were conducted using the Cochrane Col-
laboration’s software program Review Manager (RevMan) version 5.4.1. and R 4.2.1 The
p value of below 0.05 was considered statistically significant.

3. Results
3.1. Study Selection

The information of the screening process is illustrated in Figure 1. We identified
832 articles after the initial database searches. All articles were imported into Endnote, and
239 results were checked for duplicates. After removing the duplicates, 593 articles re-
mained for primary screening based on the title, abstract, and keywords. In total, 552 articles
were screened by our inclusion and exclusion criteria, so secondary screening was con-
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ducted with 41 articles by reading the full-text in depth. Finally, 10 articles were included
in the quality assessment and meta-analysis steps.

Records identified through
database searching Databases
(n=832)
& - PubMed: 173 - KISS: 9
'-tg - Embase: 262 - RISS: 24
é - Cochrane: 142 - ScienceON: 29
"‘E - CNREA T Duplicate papers excluded
_§ s (n=239)
Records after duplicates removed
(n=593) Full-text articles excluded with reasons (n=552)
- Non-human(animal, cell, in-vitro): 375
00 - Review, editorial, protocol, conference abstracts:
123
.g Records screened - Cross»sec_tional_ study or survey st}ld_v: 1
o (n=593) - Systematic review or meta-analysis: 18
S - Cobhort study: 1
- Clinical trial without control group: 12
- Cross-over study: 4
- Improper intervention: 15
,‘E’ - Full-text unavailable: 2
E Full-text assessed for eligibility - Retracted study: 1
éo (n=41)
= Full-text articles excluded with reasons (n=31)
- Not relevant studies: 8
- Non-RCTs: 1
- Improper intervention: 4
Studies included in qualitative - Acute studv: 2
- synthesis (n=10) - Data extraction unavailable: 6
% - Lack of outcomes: 6
= - Improper participants: 2
E - Inappropriate control group: 1
Studies included in quantitative - Duplicate papers: 1
synthesis (meta-analysis (n=10)

Figure 1. PRISMA flow diagram of study selection.

3.2. Characteristics of Included Studies

A total of 706 participants were included in our study, with ages ranging from 25
to 70 years; 49% of the participants were male. While one study [29] was performed on
only females, the rest were performed on both genders. Two of the trials of the included
studies [29,30] were conducted with four groups, but for our analysis, we only selected the
groups that used fenugreek and the placebo, without any additional treatment to compare
the effect of only fenugreek. Initially, our inclusion criteria targeted individuals with high
glucose levels, but after the screening process, only participants with type 2 diabetes melli-
tus (T2DM) remained. The duration of these studies ranged from 8 to 16 weeks. The type
of intervention was divided into extracts (five studies [11,28,31-33]) and the raw material
group (five studies [29,30,34-36]). One study of the non-extracts group [34] did not re-
port about intervention type exactly, but mentioned a large dosage; we estimated that this
study used the whole seed of fenugreek. The others of raw material group used powdered
fenugreek seeds. In five studies [11,33-36], the subjects received the dietary management.
Two studies [11,34] added exercise training. All included studies were RCTs in a parallel
design, and they consisted of six double blind, one single blind, one triple blind and two
open-label trials. The studies were conducted in India, China, Pakistan, Iran, and Australia.
The characteristics of included studies are indicated in Table 4.
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Table 4. Characteristics of included studies.

Stud Participants Intervention Group Control Group Additional Ad Event
udy . Age (Mean or Range) - itiona Primary Outcomes verse Events
References Design Duration Male: Female Size, N Intervenhf)n Size, N Control Therapy Y (Group, N)
Medication [Type, Daily Dosel
Intervention group
Mild to moderate (a) 4 FBG, 2-hPG, HbAlc, TG
T2DM Usual (diet (b) 1 HDL No improvements:
sual care (Aie C TC, LDL .
Arvind Gupta DB, PL 2 mits ([Fzgc 12 Zggz/gc/fiL) 12 Fenugreek [HS, 1 gm, 13 control, exercise) + SU (I: 3, C:1) © T %fgi@?z;?:al
etal. [31] . 83 e : 2 capsule x 2] placebo SU+BI(L: 7, C: 9) Control group distension (L. )
106 y (2 capsules x 2) (a) | FBG, HbAlc ’
NR (b) 1 HDL
(o) No improvements: 1 2-hPG,
TC, TG, LDL
T2DM poorly Intervention
group
controlled by SU Chinese yam FBG. 2.hPG. HbA1
(7 mmol/L < FBG Fenugreek extract laceb (a) { G, / c stomach
Lu Fu-rong DB. PL 12 wks <13 mmol/L, 46 [TEGs capsules 23 g)z%e 7 i None (b) No improvements: T BMI discomforts and
etal. [32] ’ 4+1.5 mmol/L) (0.35 g/pill), -5 §/P1Y Control erou nausea (1.2)/
&/p 6 capsules x 3) + group
25-65 years 6 capsules x 3]+ SU sU P (@) | FBG, 2-hPG, HbATc diarrhea (I,1)
2%31 (b) No improvements: 1 BMI
T2DM
(FBG > 7 mmol/L, Intervention group abdominal
2 hPG > 11.1 mmol/L) Fenugreek [FS, i distension and
Guoetal. [34] PL 16 wks with diabetic 39 108 >3]+ VAL B0mg 53 X:L) =% None (@ LFBG ZhPG, HbAle stomach
: nephropathy once a day) + diet, exg’rdse ’ Control group discomforts (I, 3)/
I: 58 years/C:59 years exercise (b) 1 FBG, 2-hPG, HbAlc abdominal
39:33 distension (C, 2)
NR
Intervention group
. L (a) J} FBG, HOMA-IR, HbAlc,
"1;26DM (dtl;:behc history TC, TG
Z 6 months, b No improvements: | HDL
Maryam FBG 2 126 mg/dL) Fenugreek [PS, 5 g x 2] phrg hexatZ) N © b !
Rafraf et al. TB, PL 8 wks with BMI < 35 kg/m? 44 g "8 44 o8 None None
- +MET/GLI + usual diet MET/GLI + usual Control group
[35] 30-60 years diet
10:78 (a) J} FBG, HOMA-IR, HbAlc,
MET/GLI TG
(b) No improvements: 1 TC,

LDL | HDL
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Table 4. Cont.

Stud Participants Intervention Group Control Group Additional Ad Event
udy . Age (Mean or Range) - itiona Primary Outcomes verse Events
References Design Duration Male: Female Size, N Interventlf)n Size, N Control Therapy ry (Group, N)
Medication [Type, Daily Dosel]
Placebo (di
. Lo Icium
T2DM (diabetic history Fenfuro [500 mg ca .
<5 years, capsule, 2 capsules] + g}ggsiﬂﬁg;’ N Intervention group
Narsingh FBG < 180 mg/dL, MET + diet ME"IE+ diot (a) | FBG, PPBG, HbAlc
Verma et al. DB, PL 90 days HbAlc>7.5%) 77 (<2000 kcal/day, 77 (<2000 keal/day, None Control group None
[33] 25-60 years protein 18~22%, tein 18~22% !
108:46 carbohydrate 52-56%, D ohvdiats (@  LFBG PPBG, HbAle
MET/SU fat 22~26%) 52569, ot
22-26%)
Intervention group
Placebo (flavors) + (a) | FBG, HOMA-IR, TC, TG,
10 100 g yogurt + LDL
antidiabetic drugs (b) 1 HDL
(c) No improvements: T BMI
Control group
(A) placebo
Obese woman
T2DM with Aerobic exercise (?)) T iIBOGM AR TG
Ghol M BMI > 30 kg/m? Fenugreek [FSs, 5 g + 10 (running and E )) Ii\] mprovern nts:
t 5 Do) DB, PL 8 wks 44.2 years 10 100 g yogurt x 3] + walking) + None ‘ 1 IC, LDL, BMI f‘ NR
etal. [29] 0:40 antidiabetic drugs antidiabetic drugs HDL, ¢
Changed antidiabetic
drugs (B) exercise
() | FBG, HOMA-IR,
TC, TG, LDL, BMI
(b) 1T HDL
FSs + exercise + (@) FSs + exercise
10 antidiabetic drugs @) | FBG, HOMA-IR,
TC, TG, LDL, BMI
(b) 1T HDL
Intervention group
v . . (a) | FBG, HbAlc, TC, TG, LDL
Newly diagnose Fenugreek extract (b) 1+ HDL
Raheela T2DM [galactomannan Eigfieik;i(éc(ll dgie)i}:e tic Control
Rashid et al. SB, PL 12 wks 30-60 years 32 capsule, 1 g] + 32 diet and exerci None ontrol group None
[11] 29:35 modified diabetic diet ( € ui' ;3 ercise (a) | FBG, HbA1c, TG, LDL
NR and exercise (walking) walking (b) 1+ HDL

(o) No improvements: T TC
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Table 4. Cont.

Stud Participants Intervention Group Control Group Additional Ad Event
udy . Age (Mean or Range) itiona . verse Events
Ref - Durat i Primary Outcomes
eterences Design vration Ma{ie: Female Size, N ﬁty"i::eggﬁ’y‘ Dose] Size, N Control Therapy v (Group, N)
Medication 4
Placebo (wheat — Intervention group
31 flour, 5 g x 2) (a) J} FBG, HbA1C, BMI
T2DM(diabetic history - Control group
> 6 months, not
geg}(’fdﬁhh insulin injection) with « IPS 31 II;SI t(r? ,550;: tzr?a;ning (A) Placebo
eddighe DB, PL 2 mts BMI < 35 kg/m? 31 Fenugreek [IS, 5 gx2] @h) None (@  |FBG HbALGBMI  NR
Hassani et al. 35-70 vears + classic treatments - L
[30] 41 y (B) PS + nutrition training
gl}'/cemic drugs Place.zl:.)() Ggx2)+ @ | FBG, HbAlc, BMI
3 nutrition training Q) placebo + nutrition training
@h (a) L FBG, HbAlc, BMI
;r?ojgia(rdsl)a Sittl}:: history Fenugreek with water —  Intervention group
Amir Hadi 8 wks BMI < 35 kg/m? 24 b Cheticdrug + 2 Nutritional None @ 1 None
etal. [36] 30-65 years nutritional ug recommendations - Control group
ii:tzigiabetic drugs recommendations (a) T FBG
- Intervention group
(I’Frgcc‘l;lib;ge; ol (a) J} FBG, 2 hPG, HbA1C, TC,
Emily 2 hPG > 7.8 mmol/L) fenugreek [HS, Placebo (o) E%IBE ¢ Licht-headed
Pickering DB, PL 12 wks I: 58.2 years/C: 25 250 mg/tablet, 23 (maltodextrin, None (NgR)
etal. [28] 59.7 years 1 tablet x 2] 1 tablets x 2) - Control group
28:20 () J HbAIC, TC, LDL
None (b) L HDL

© 1 FBG, 2 hPG, TG

T2DM: Type 2 diabetes mellitus/SB: single-blinded/DB: double-blinded/TB: triple-blinded/OL: open label/PL: parallel/NR: not reported/PS: powdered fenugreek seeds/HS: hydro alco-
holic extract of fenugreek seeds/FS: fenugreek seeds/TFGs: Trigonella foenum-graecum L. total saponins/FSs: Fenugreek seed supplement/I: intervention group/C: control group/SU:
sulfonylurea/BI: Biguanides/VAL: valsartan/MET: metformin/GLI: glibenclamide/FBG: fasting blood glucose/2-hPG: 2 h plasma glucose during a 75 g oral glucose tolerance test
(OGTT)/PPBG: post prandial blood glucose/HOMA-IR: homeostatic model assessment for insulin resistance/BMI: Body mass index/HbAlc: glycosylated hemoglobin/TC: total choles-
terol/TG: triglyceride/HDL: high-density lipoprotein/LDL: low-density lipoprotein/NS: not significant.
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(A)

3.3. Effect of Fenugreek Supplementation on Glycemic Control Parameters
3.3.1. Fasting Blood Glucose

A total of 10 studies were included in the meta-analysis of fasting blood glucose.
FBG was significantly decreased in the intervention group compared to the control group
(MD = —26.66; 95% CI: —29.80. —23.52; p < 0.00001; I? = 43%; Figure 2A). In the subgroup
analysis with treatment method (Figure 2B), there was significant a reduction in both com-
bination therapy (MD = —22.04; 95% CI: —29.18, —14.90; p <0.00001; 2= 0%) and monother-
apy (MD = —27.77; 95% CI: —31.27, —24.27; p < 0.00001; 12 = 67%). Furthermore, subgroup
analysis based on intervention type (Figure 2C) also revealed significant differences in both
groups. (extracts: MD = —28.01; 95% CI = —31.40, —54.61; p < 0.00001; 12 = 57%/raw mate-
rial: MD = —18.65; 95% CI = —26.93, —10.37; p < 0.0001; I? = 0%).

Fenugreek Control Mean Difference Mean Difference
Study or Subgrouy Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl _Year IV, Fixed, 95% CI
Gupta A(2001) -28.4 38.30548264 12 -245 3880219066 13 11%  -3.80[3414,2634] 2001
LU (2008) -33.12 2840409125 46 -1.26 28.04536325 23 50% -31.86[45.96,-17.76) 2008
Guo (2012 -73.B 3476377425 39 -46.8 40.6B95564 33 32%  -27.00 [44.66,-9.34] 2012
Rafraf M (2014) -42.61  49.8665753 44 -2161 6552879978 44 17%  -21.00[-45.33,3.33] 2014 .
warma M {2016 -33.26 2488748079 77 -1114 349021475 77 10.8% -2211[31.68,-12.54] 2016 -
Gholaman M (2018) -147 1682025118 10 0.8 2394338531 10 3.0%  -15.560[33.67 267) 2016 —
Rashid R (2019) -26.1 956035564 32 414 B127O3603 32 63T7% -30.24 [34.17,-26.31] 2019 R 3
Hassani 5 (2018) -23.18 3721890783 31 -09 3g3nes kil 28% -2225[41.05,-3.49] 2019
Hadi A(2020) -9.28 2282840855 24 115 3339101526 24 38%  -10.43[-2661 575 2020 —
Picketing E. (2023} 77 2059189 25 6.3 1859385 23 51% -14.00F27.67,-0.13] 2023 I
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Figure 2. Forest plot for the effect of fenugreek on fasting blood glucose (FBG) (panel (A): all stud-
ies, panel (B): meta-analysis of combination therapy vs. monotherapy, panel (C): meta-analysis of
extracts vs. raw material) [11,28-36]. ™ the position of the square represents the risk ratio, while
the size of the square shows the weight of the study; " the black line indicates the 95% confidence
interval of the result; @ the diamond depicts overall pooled effect from the included studies.
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(A)

3.3.2. 2 h Plasma Glucose during a 75 g Oral Glucose Tolerance Test

In the meta-analysis of postprandial blood glucose, five studies showed significant im-
provement (MD = —30.29; 95% CI = —42.71, —17.88; p <0.00001; 2 = 0%; Figure 3A). There
were also significant differences in the treatment method (combination therapy:
MD = —26.95; 95% CI = —44.16, —9.75; p = 0.002; 1> = 15%/monotherapy: MD = —33.92;
95% CI: —51.85, —15.99; p = 0.0002; I? = 0%; Figure 3B) and intervention type (extracts:
MD = —35.98; 95% CI: —51.95, —20.01; p < 0.0001; I> = 0%/raw material: MD = —21.60;
95% CI = —41.34, —1.86; p = 0.03; Figure 3C).

Control Mean Difference

Fenugreek Mean Difference

Study or Subgroul Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl _Year IV, Fixed, 95% C1
Gupta A(2001) -29.5 7480503339 12 217 42.03565911 13 B.7% -51.20[F89.15,-3.258] 2001
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Guo (2012) -68.4 4286117124 39 -46.8 42.32871368 33 396%  -21.60[41.34,-1.86] 2012 — &
Werma M (2016) -76.23  B3.0630827 77 -4345 742165689 77 326% -32.73[94.48-1098 2016 —
Pickering E. (2023) -3.2 78.84309 25 218 70.18896 23 8.7% -20.00F67.17,17.17] 2023 _
Total (95% CI) 199 169 100.0% -30.20[-42.71,-17.88] -
Heterogensity Chit= 216, df= 4 (P=0.71); F= 0% P N o0
Testfor overall effect: Z= 4.78 (P =< 0.00001) Favours [Fenugreek] Favours [Cortrol]
(B)
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Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% Cl _Year IV, Fixed, 95% CI
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Heterogeneity, Chi®=1.18, df=1 (P = 0.28), F=15%
Testfor overall effect 7= 3.07 (F = 0.002)
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Werma M (2016) -76.23  B3.0630827 77 -435 742165689 77 B7H% -3273[54.48-1088] 2016 —i—
Pickering E. (2023) -3.2 7825300 256 2.8 7018896 23 181% -2800[67.17,17.17] 2023 — 1
Subtotal (95% CI) 114 113 100.0% -33.92 [-51.85,-15.99] e
Heterogeneity, Chi*= 0.68, df= 2 (P=0.71), F=0%
Testfor overall effect Z=3.71 (F=0.0002)
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Gupta A2001) -20.5 74450503229 12 21.7 4203569911 12 1A% -51.20[99.15,-2.24] 200
LU (2008 -69.84 B2.27785892 46 -2592 73.842134371 23 207% -4392[-79.08,-8.78] 2008 —_—
Werma N (2016) -76.23  B3.0630827 77 -435 742165638 T7 638% -3273[54.43,-1008] 2016 ——
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Subtotal (95% Clj 160 136 100.0% -35.98 [-51.95, -20.01] i
Heterogeneity: Chi®= 083, df=3 (P=0.82);, F=0%
Testfor overall effect 7= 4.42 (P = 0.0001)
2.2.2 Raw material
Guo (2013) -6B.4 4286117124 39 -46.8 4232871366 33 100.0%  -21.60[-41.34 -1.86] 2012 i
Subtotal (95% CI) 39 33 100.0% -21.60 [-41.34, -1.86]
Heterogeneity: hot applicable
Testfor overall effect Z= 215 (P = 0.03)

-100 -50 i 100

Testfor subaroun diferences: Chif=1.23 df=1 (P =027 F=18.58%
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Figure 3. Forest plot for the effect of fenugreek on 2 h plasma glucose (2-hPG) (panel (A): all stud-
ies, panel (B): meta-analysis of combination therapy vs. monotherapy, panel (C): meta-analysis of
extracts vs. raw material) [28,31-34]. M the position of the square represents the risk ratio, while
the size of the square shows the weight of the study; " the black line indicates the 95% confidence
interval of the result; @ the diamond depicts overall pooled effect from the included studies.

3.3.3. Homeostatic Model Assessment for Insulin Resistance

Only two studies were included in the meta-analysis of HOMA-IR (Figure 4). Using a
random effects model, the result showed that there was no significant decrease (MD = —9.09;
95% CI = —27.32, 9.13; p = 0.33; I? = 94%). Subgroup analyses of the results were not pre-
sented because all these studies used raw material and were combination therapy.
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Fenugreek Control Mean Difference Mean Difference
Study or Subgroup ___Mean SD_Total Mean SD_Total Weight [V, Random. 95% Cl _Year IV, Random. 95% Cl
Rafraf M (2014) -26.568 29568890427 44 -FAT 97224071 44 469% -1899[-2819,-9.79] 2014 i
Gholaman bt (2018 -0.44 148364416 10 -008 121111519 10 531% -0.36 [F1.55,0.83] 2018
Total (95% CI) 54 54 100.0% -9.09[-27.32, 9.13]
L - _ . | \ \ |
Heterogeneity: Tau®= 16235, Ghi*= 1550, df= 1 (P < 0.00013 F= 84% T n ; e o0

Testforoverall effect Z=0.98 (P=033)

Favours [Fenugreek] Favours [Control]

Figure 4. Forest plot for the effect of fenugreek on HOMA-IR [29,35]. M the position of the square
represents the risk ratio, while the size of the square shows the weight of the study; - the black
line indicates the 95% confidence interval of the result; @ the diamond depicts overall pooled effect
from the included studies.

3.3.4. HbAlc

Seven studies showed that there were significant differences in the meta-analysis of
HbAlc (MD = —0.54; 95% CI = —0.80, —0.29; p < 0.0001; 12 = 58%; Figure 5A). In the
subgroup analysis with treatment method (Figure 5B), combination therapy significantly
improved HbAlc, while monotherapy did not show a significant improvement (combi-
nation therapy: MD = —0.97; 95% CI = —1.36, —0.58; p < 0.00001; I? = 0%/monotherapy:
MD = —0.23; 95% CI = —0.57, —0.11; p = 0.18; I> = 50%). However, in the subgroup analysis
with intervention type (Figure 5C), both extracts and raw material group revealed signif-
icant enhancement (extracts: MD = —0.34; 95% CI = —0.66, —0.03; p = 0.03; 2 = 58%/raw
material: MD = —0.95; 95% CI = —1.39, —0.50; p < 0.0001; I? = 12%).

(A)
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Heterogeneity. Chi*= 3.9, df=2 (F=0.14), F=50%
Testfor overall effect Z=1.33 (P=018)
S —
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©
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Heterogeneity. Chi*=2.28 df= 2 (P=032),F=12%
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Figure 5. Forest plot for the effect of fenugreek on HbAlc (panel (A): all studies, panel
(B): meta-analysis of combination therapy vs. monotherapy, panel (C): meta-analysis of extracts
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(A)

Study or Subgrou

Gupta A2001)
Rafrafhi (2014)

Gholaman M (2018)
Rashid R (2019)
Pickering E. (2023)

Total (95% CI)

Heterogeneity: Chi*=13.53, df= 4 (P=0.009); F=70%
Test for overall effect 7= 6.94 (P = 0.00001)

(B)

Study or Subgroup Mean
1.5.1 Combination therapy

Rafraf M (2014)

Gholaman M (2018)
Subtotal (95% CI)
Heterogeneity: Tau*= 3175, Chi*= 237 di=1(FP=012), F=58%
Testfor averall effect: 7= 2.94 (P = 0.003)

1.5.2 Monotherapy

Gupta A2001)

Rashid R (2019)
Pickering E. {2023)
Subtotal (95% CI)
Heterogeneity: Tau®= 428.05, Chi®=8.20, df=2 (P=0.010); F= 78%
Testfor averall effect: 7= 0.66 (F = 0.51)

14 3324288398 12 146 38.40038062 13 34%  -0B0[28.70,27.500 200
-18.45 2458582618 44 213 19.87768347 44 308% 20582002 11.24 2014 —
-85 745042281 10 16 1343635367 10 28.7% -1010[18.62,-0.58 2018 —
-22.43 2387062882 32 B19 1076446418 31 327% -2862[-37.69,-19.558 2019 =
-3.87 4218054 25 -13.82 5510816 23 34%  10.05[17.89,37.99 2023 ]
*

vs. raw material) [11,28,30-32,34,35]. M the position of the square represents the risk ratio, while
the size of the square shows the weight of the study; " the black line indicates the 95% confidence
interval of the result; @ the diamond depicts overall pooled effect from the included studies.

3.4. Effect of Fenugreek Supplementation on Lipid Proflie and BMI
3.4.1. Lipid Profile

Five studies reported that there were significant improvements in TC (MD = —18.36;
95% CI=—23.55, —13.18; p <0.00001; I? = 70%; Figure 6A), TG (MD = —38.41; 95% CI = —66.20,
—10.63; p = 0.007; 12 = 86%; Figure 7A), and HDL-C (MD =2.27; 95% CI =0.21, 4.33; p = 0.03;
2 = 19%; Figure 8A). However, LDL-C was not reduced significantly (MD = —9.87;
95% CI = —25.03, 5.29; p = 0.20; 2 = 83%; Figure 9A). The random effects model was used
in the meta-analysis of TG and LDL-C. In the subgroup analysis with treatment method
(Figures 6B, 7B, 8B and 9B), combination therapy significantly improved TC (MD = —15.3§;
95% CI = —25.65, —5.11; p = 0.003; I?> = 58%) and HDL-C (MD = 4.51; 95% CI = 1.25, 7.76;
p=0.007; 2= 47%), except for TG (MD = —20.32; 95% CI = —56.03, 15.38; p = 0.26; 2= 91%)
and LDL-C (MD = —6.42; 95% CI = —19.62, 6.77; p = 0.34; I? = 66%). Monotherapy de-
creased TC (MD = —9.04; 95% CI = —35.74, 17.66; p = 0.51; 12 = 78%) and TG (MD = —52.45;
95% CI = —70.10, —34.80; p < 0.00001; I? = 0%) significantly, while HDL-C (MD = 0.78;
95% CI = —1.89, 3.44; p = 0.57; 12 = 0%) and LDL-C (MD = —10.94; 95% CI = —37.15, 15.27;
p = 0.41; I = 81%) were not changed significantly. The result of subgroup analysis with in-
tervention type (Figures 6C, 7C, 8C and 9C) revealed that TC (MD = —9.04; 95% CI = —35.74,
17.66; p=0.51; 12 = 78%) and TG (MD = —52.45; 95% CI = —70.10, —34.80; p <0.00001; I? = 0%)
were decreased significantly in extracts compared to HDL-C (MD = 0.78; 95% CI = —1.89,
3.44; p=0.57; 1> = 0%) and LDL-C (MD = —10.94; 95% CI = —37.15, 15.27; p = 0.41; I? = 81%).
In raw material, TC (MD = —15.38; 95% CI = —25.65, —5.11; p = 0.003; I2 = 58%) and
HDL-C (MD = 4.51; 95% CI = 1.25, 7.76; p = 0.007; 2= 47%) were significant, whereas
TG (MD = —20.32; 95% CI = —56.03, 15.38; p = 0.26; 1> = 91%) and LDL-C (MD = —6.42;
95% CI=—-19.62, 6.77; p = 0.34; I? = 66%) showed no significant differences in the same

group.
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Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl_Year IV, Fixed, 95% CI
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100 50 50 100
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Figure 6. Cont.
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Figure 6. Forest plot for the effect of fenugreek on total cholesterol (TC) (panel (A): all studies, panel

(B): meta-analysis of combination therapy vs. monotherapy, panel (C): meta-analysis of extracts vs.

raw material) [11,28,29,31,35]. ™ the position of the square represents the risk ratio, while the size of

the square shows the weight of the study; & the black line indicates the 95% confidence interval of

the result; ‘@ the diamond depicts overall pooled effect from the included studies.
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Figure 7. Forest plot for the effect of fenugreek on triglyceride (TG) (panel (A): all studies, panel

(B): meta-analysis of combination therapy vs. monotherapy, panel (C): meta-analysis of extracts vs.

raw material) [11,28,29,31,35]. M the position of the square represents the risk ratio, while the size of

the square shows the weight of the study; " the black line indicates the 95% confidence interval of

the result; ‘® the diamond depicts overall pooled effect from the included studies.
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Figure 8. Forest plot for the effect of fenugreek on high density lipoprotein cholesterol (HDL-C)
(panel (A): all studies, panel (B): meta-analysis of combination therapy vs. monotherapy, panel
(C): meta-analysis of extracts vs. raw material) [11,28,29,31,35]. M the position of the square rep-
resents the risk ratio, while the size of the square shows the weight of the study; & the black line
indicates the 95% confidence interval of the result; ® the diamond depicts overall pooled effect from
the included studies.
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Figure 9. Forest plot for the effect of fenugreek on low density lipoprotein cholesterol (LDL-C) (panel
(A): all studies, panel (B): meta-analysis of combination therapy vs. monotherapy, panel (C): meta-
analysis of extracts vs. raw material) [11,28,29,31,35]. M the position of the square represents the
risk ratio, while the size of the square shows the weight of the study; " the black line indicates the
95% confidence interval of the result; ® the diamond depicts overall pooled effect from the included
studies.

3.4.2. Body Mass Index (BMI)

The effect of fenugreek on BMI was reported in three studies (Figure 10A). The result
showed that there was no significant decline in BMI (MD = —0.20; 95% CI = —0.91, 0.50;
p=0.57; 1 = 0%). All three studies were included in the combination group, so the result
was equal to the overall effect. Also, the result of subgroup analysis based on intervention
type (Figure 10B) showed that both extracts (MD =0.15; 95% CI = —1.66, 1.96; p = 0.87) and
raw material group (MD = —0.27; 95% CI= —1.03, 0.50; p = 0.49; 2= 0%) have no significant

effect.
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Figure 10. Forest plot for the effect of fenugreek on body mass index (BMI) (panel (A): all studies,
panel (B): meta-analysis of extracts vs. raw material) [29,32,37]. M the position of the square rep-
resents the risk ratio, while the size of the square shows the weight of the study; - the black line
indicates the 95% confidence interval of the result; @ the diamond depicts overall pooled effect from
the included studies.
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3.5. Quality Assessment and Publication Bias

Quality assessment by using the ROB 2.0. is described in Figure 11. Regarding the
randomization process, most of the included studies [11,28-31,34,36] reported randomiza-
tion, but they did not specify the method or allocation sequence. Two studies [30,36] were
assessed for ‘some concerns’ in the domain of ‘deviations from intended interventions’ be-
cause they performed per-protocol (PP) analysis. Also, the overall quality of the domain

‘selection of reported results’ seemed to be poor. Because almost all studies did not mention

whether the analysis was completed before outcome data were unblinded, it affected this
poor quality. However, statisticians were blinded in two studies [35,36], so we regarded
outcome data of these studies to be blinded until the analysis was accomplished. Some
studies omitted part of the outcome data which they had planned they would measure,
also leading to the poor quality of these studies [11,30,34]. The evaluation of publication
bias based on funnel plot and Egger’s test indicated that there was no potential bias in each
outcome, except for FBG and HbAlc (FBG: p =0.0109/HbAlc: p =0.0189; Figure 12). Thus,
we speculated that most of results were representative of the actual effect.

(A)
Study ID D1 D2 D3 D4 D5 Overall
Hadi A (2020) ® '+ ® 6 O @ rowrisk
Rafraf M (2014) ! . . . . @ ! Some concerns
Lu (2008) ®© ©®© © 6 ©) @ ioh risk
Gupta A (2001) ®@ 6 6 66 ¢ @
Rashid R (2019) . . . ‘ . . D1 Randomisation process
Hassani S (2019) . ! . . ! @ D2 Deviations from the intended interventions
Gholaman M (2018) ! . . . ! @ D3 Missing outcome data
Verma N (2016) ® ® 6666 ' O D4 Measurement of the outcome
Guo (2012) T ® © 0 . . D5  Selection of the reported result
PckeingE.2023) @ @& @& @ ©)
(B)
Overall Bias ]
Selection of the reported result |
Measurement of the outcome
Mising outcome data
Deviations from intended interventions
Randomization process ]

0O 10 20 30 40 50 60 70 80 90 100
Low risk Some concerns M High risk

Figure 11. Quality assessment of included studies based on the Revised Cochrane risk of bias tool
(ROB 2.0.). (A) A summary of the risk of bias in the included studies. (B) A graph of the risk in the
bias of included studies [11,28-36].
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Figure 12. Funnel plot (A): fasting blood glucose (FBG) [11,28-36] (B): HbAlc [11,28,30-32,34,35].

3.6. Sensitivity Analysis

The heterogeneity of HOMA-IR, HbAlc, TC, TG, and LDL-C was more than 50%, so
we had to conduct sensitivity analysis of them. However, despite the high heterogeneity
of HOMA-IR, we could not conduct a sensitivity analysis because there were only two in-
cluded studies. Thus, sensitivity analysis was performed on HbAlc, TC, TG, and LDL-C.
In the case of HbAlc, the heterogeneity decreased with the omission of Guo et al., 2012
(from 58% to 53%), and Rafraf M et al., 2014 (from 58% to 57%), while the overall effect
was affected but remained within a significant range. In Pickering E et al., 2023, the het-
erogeneity changed remarkably from 58% to 0% and the overall effect was improved. The
exclusion of Rashid R et al., 2019, and Gholaman M et al., 2018, reduced the heterogeneity
of TC and did not affect the overall effect. The heterogeneity of TC decreased from 68% to
41% in Rashid R et al., 2019, and from 68% to 52% in Gholaman M et al., 2018. Likewise, the
removal of Rashid R et al., 2019, and Gholaman M et al., 2018, decreased the heterogeneity
of TG, but it affected the overall effect. In Rashid R et al., 2019, heterogeneity was reduced
from 88% to 85% and the overall effect changed to being non-significant (MD = —26.84; 95%
CI=-60.12, 6.44; p = 0.11; 2 = 85%). In Gholaman M et al., 2018, the heterogeneity was
reduced from 88% to 0% and the overall effect was statistically improved (MD = —45.17;
95% CI = —58.68, —31.66; p <0.00001; 2= 0%). In the case of LDL-C, the exclusion of Rafraf
M et al,, 2014, and Rashid R et al., 2019, decreased heterogeneity and affected the overall
effect like TG. In Rafraf M et al., 2014, the heterogeneity reduced from 87% to 75% and the
overall effect changed to be statistically significant (MD = —17.84; 95% CI = —34.42, —1.25;
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p=0.04; 12 =75%). In Rashid R et al., 2019, the heterogeneity reduced from 87% to 34%, and
the overall effect change was worse (MD = —5.17; 95% CI = —14.64, 4.31; p = 0.29; 2= 34%).

4. Discussion
4.1. Principal Findings

Our study found that fenugreek supplementation significantly improved all other
glycemic control parameters (FBG, 2-hPG and HbA1c) and lipid profile (TC, TG and HDL-
C), except for HOMA-IR, LDL-C, and BML

FBG, 2-hPG, and HbA1lc are commonly used as representative blood glucose indica-
tors and diagnostic criteria for diabetes by the American Diabetes Association (ADA) and
the American Association of Clinical Endocrinologists (AACE).

Bioactive compounds of fenugreek have a significant effect on glycemic control. Ac-
cording to Fuller S. et al., 2015 [38], diosgenin, a steroidal saponin, maintains insulin sig-
naling and glucose homeostasis, and 4-OH-Ile stimulates insulin secretion. Also, the abun-
dant dietary fiber of fenugreek, such as galactomannan, inhibits glucose and lipid absorp-
tion in the digestive system. These hypoglycemic effects were also confirmed in our study.

Insulin resistance refers to impaired sensitivity to insulin mediated glucose disposal,
resulting in a compensatory increase in beta-cell insulin production. It can lead to T2DM,
metabolic syndrome and dyslipidemia. Although there is not a general clinical definition
for insulin resistance, a number of clinically useful surrogate measures, such as HOMA-IR,
are used to test insulin resistance [39,40].

In our study, two studies were included in the analysis of HOMA-IR. Out of the
ten papers we selected, only two studies measured insulin resistance using HOMA-IR.
Most studies were primarily designed to focus on the effect of fenugreek on the control of
blood glucose, and as a result, HOMA-IR, an indicator of insulin resistance, was not mea-
sured. The heterogeneity of HOMA-IR was the highest among all results (94%), because
one study [28] reported HOMA-IR values that were completely out of bounds (from 4.83
to 31.39). In other studies that measured HOMA-IR in diabetes and metabolic syndrome,
mean values of HOMA-IR were 3.49 [41], 1.89 &+ 1.37 [42], and 4.402 £ 2.794 [43]. Also,
one study reported the median value as 3.39 (2.39-4.62) [44]. Therefore, we assumed that
Rafraf M et al., 2014, has a numerical error compared to the findings of other articles. Fur-
thermore, it is reported that the demographic characteristics including age, gender, and
race influenced the cut-off values of HOMA-IR. So, we assumed that there are fewer stud-
ies that use HOMA-IR as an outcome compared to other outcomes [37,45].

In the insulin-resistant rodents model, fenugreek significantly reduced HOMA-IR in
high-fructose-fed insulin-resistant rats [46]. However, in a clinical study for prediabetes,
fenugreek did not show a significant effect on HOMA-IR compared to the placebo group
during a 3 years follow-up [47]. These study results indicate that fenugreek does not have
a clear effect on HOMA-IR with long-term administration.

In our study, the consumption of fenugreek significantly improved TC and HDL lev-
els, but there was no significant change observed in LDL levels.

Dyslipidemia is a lipid metabolism disorder characterized by the state of hypercholes-
terolemia, hypertriglyceridemia, elevated levels of LDL-C, and reduced levels of HDL-C.
Insulin deficiency and insulin resistance in T2DM influence the enzymes and metabolic
pathways involved in lipid metabolism [48]. The presence of small dense low-density
lipoproteins (sdLDL), which are known to be more atherogenic than large LDL particles,
is a typical characteristic of dyslipidemia caused by insulin resistance [49,50].

In Austin MA et al., 2014 [51], TG is associated with sdLDL, because TG-rich lipopro-
teins act as a major role in the formation of sdLDL particles. In fact, many studies have
shown that sdLDL is present in the blood when TG levels exceed 132 mg/dL. HDL, on the
other hand, plays a major role in reverse cholesterol transport, which is one of the protec-
tive effects of HDL against arteriosclerotic cardiovascular disease (ASCVD) [52].

The results of our study indicated that although fenugreek did not have a significant
effect on LDL, it decreased TC and increased HDL. Notably, it significantly reduced TG
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levels, which are known to contribute to the formation of sdLDL in ASCVD. Based on these
findings, we postulated that fenugreek may be useful for preventing the development of
ASCVD in individuals with diabetic dyslipidemia.

BMLI is currently used as an index that reflects an individual’s level of fatness based
on anthropometric height and weight characteristics [53]. In obese individuals, there is an
increase in the levels of substances involved in the development of insulin resistance, such
as nonesterified fatty acids (NEFAs), glycerol, hormones, cytokines, and proinflammatory
substances. Thus, obesity is considered a risk factor for diabetes, and it is necessary to
control it for prevention and management of diabetes.

Our study indicated that fenugreek supplementation did not have a significant effect
on BML In the study by Hassani SS et al., 2019, it reported that BMI improved significantly
after fenugreek intake in individuals with T2DM. However, several meta-analyses have
shown that fenugreek could not significantly reduce BMI [48,54,55]. In the study by Kumar
P et al.,, 2014, BMI was rather increased in high-fat-diet-induced obese rats after being fed
the aqueous extract of fenugreek. In conclusion, fenugreek does not have an obvious effect
on BML Therefore, it would be challenging to achieve improvement in diabetes mellitus
with obesity by using fenugreek alone. Thus, additional therapy for obesity is needed for
more effective management.

4.2. Subgroup Analysis

In subgroup analysis, both FBG and 2-hPG showed significant reductions regardless
of the treatment method and intervention type. FBG and 2-hPG indicated more reductions
in the monotherapy and extracts groups. On the other hand, HbAlc showed improvement
in both intervention type groups, but in the treatment method analysis, it exhibited a sig-
nificant decline only in the combination therapy group. This result suggests that fenugreek
can be considered a potential nutritional and dietary supplement for glycemic control in in-
dividuals with prediabetes. Moreover, fenugreek can be applied to support blood glucose
control in individuals with diabetes who are concurrently receiving anti-diabetic medica-
tion. In raw material groups, fenugreek is classified into fenugreek seeds and fenugreek
powder. The majority of individuals consume fenugreek in powder form, often mixed
with yogurt or water. We found that the seed form exhibited a greater reduction in FBG
levels compared to the powder form (MD = —21.42; —16.58) in Figure S1. Nevertheless,
due to substantial variations in both the duration of administration and dosage, we cannot
conclusively determine the superiority of the seed form over the powder form.

In the extracts groups, we divided fenugreek extracts into two categories: those ex-
tracted using a solvent and those containing specific compounds of fenugreek. In the
former category, two studies [28,31] reported the use of a hydroalcoholic extract, while
other studies did not specify the solvent used for extraction. In the latter category, saponin
and galactomannan of fenugreek were used as interventions. Our study revealed a signif-
icant reduction in FBG levels with galactomannan extracts compared to saponin extracts
within the same duration (MD = —30.24; —25.19) in Figure S2. Thus, we assume that galac-
tomannan extracts exhibit enhanced efficacy compared to saponin extracts. In conclusion,
galactomannan extracts of fenugreek as a dietary supplement and medicinal intervention,
appears to be a more reasonable choice compared to saponin extracts.

Fenugreek contains many chemical compounds such as fibers [34], 4-OH-Ile, polyphe-
nol, stilbenes, rhaponticin, and diosgenin [35], which demonstrated effects in controlling
blood glucose and lipid levels. These compounds have unique mechanisms that contribute
to their effects on blood glucose and lipid levels [33-35]. However, currently, there is no
evidence on which compounds are more effective or how to extract them more effectively.
Thus, further studies are needed to determine the most effective extraction method.

Regarding the lipid profile, TC and HDL-C significantly improved in the combina-
tion therapy and raw material groups, while TG levels were reduced in monotherapy and
extracts. Therefore, our study revealed that the improvement of lipid profiles may be influ-
enced by the treatment method and intervention type of fenugreek. However, it is impor-
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tant to note that the studies classified as combination therapy were the same as those in the
raw material group, and the studies categorized as monotherapy were the same as those
in the extracts group. This aspect should be considered when interpreting the results, and
it cannot confirm which factor between treatment method and intervention type had more
influence on result.

4.3. Sensitivity Analysis

We found that one study [28] had the largest effect on the heterogeneity of HbAlc in
the treatment method; this study only targeted prediabetes and excluded T2DM. HbA1lc
reflects the average plasma glucose level over the past two to three months [56]. According
to Chakarova N et al., 2019 [57], glucose variability is relatively large in prediabetes, so it
may take a long time to improve HbAlc. Thus, fenugreek may not improve HbAlc in
prediabetes. However, it has a positive effect on FBG and 2-hPG, indicating that it can be
a potentially helpful option to manage prediabetes.

In the sensitivity analysis of BMI, two studies [29,35] using BMI as an outcome mea-
surement had different inclusion criteria of BMI. This disparity in the baseline of anthro-
pological characteristics of the participants is thought to be the cause of the heterogeneity.
It is known that lifestyle modifications effectively improve FBG, WC, SBP, DBP, and TG,
thereby preventing the progression of prediabetes to T2DM and alleviating symptoms as-
sociated with T2DM. Thus, we assume that differences in participant compliance with diet
and exercise interventions contributed to the heterogeneity of results in FBG.

4.4. Toxicity and Adverse Effect

Two studies [29,30] did not report any adverse effects, while Gholaman M et al.,
2018 [29], concluded that fenugreek is safe. Except for these two studies, eight additional
studies indicated the absence of liver or renal dysfunctions. Nevertheless, three stud-
ies [31,32,34] reported cases of abdominal distension, stomach discomfort, nausea, and
diarrhea, and one study [28] reported light-headedness. However, these symptoms re-
solved without the need for special treatment.

Verma MK et al., 2021 [13], discovered that fenugreek has a gastroprotective effect by
reducing the volume of gastric juice and total acidity by antagonizing the H+/K+-ATPase
pump. Proton Pump Inhibitors (PPIs), which act through a similar mechanism, have re-
ported gastrointestinal disturbance during short-term administration, but they are gener-
ally well-tolerated by individuals. Likewise, the regulatory effect of fenugreek on gastric
acid secretion may result in minor gastrointestinal side effects in some individuals, but
these effects are tolerable. Additionally, apart from some gastrointestinal side effects, none
of the included studies reported any serious adverse effects associated with fenugreek in-
take [58].

In Mowla A et al., 2009 [59], the results of a toxicity test on fenugreek suggested that
fenugreek can be considered as an alternative for diabetic treatment with little to no side
effects. Kandhare AD et al., 2019 [60] found that the standardized extract of fenugreek
has a broad margin of safety based on seventeen toxicity studies. Therefore, despite the
slight gastrointestinal side effects, fenugreek can be used as an alternative medicine with-
out toxicity.

5. Strengths and Limitations

Our study has distinguished characteristics compared to other studies. Firstly, we
included individuals with both T2DM and prediabetes. By managing these individuals,
it may be possible to reduce the number of people who develop severe diabetes, and our
study aimed to confirm the role of fenugreek in preventing diabetes.

Secondly, we investigated lipid profile as an outcome measurement, which is closely
correlated with diabetic dyslipidemia [61]. By examining the lipid profile as an outcome,
we intended to prove the efficacy of fenugreek in managing lipid profiles associated with
diabetic complications.
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Lastly, subgroup analyses were conducted based on treatment method (monother-
apy vs. combination therapy) and intervention type (extracts vs. raw material). This ap-
proach enables us to assess the applicability of using fenugreek alone without the need for
anti-diabetic drugs. Additionally, we could identify the most effective form of fenugreek
and provide valuable data for the development of dietary supplements and alternative
medicine using the active compounds of fenugreek.

However, our study has several limitations. Firstly, the methods of fenugreek extrac-
tion, the preparation of intact part of fenugreek, dosage, and duration of the treatment
were not standardized, so we speculated that these differences contributed to the varia-
tion in study results. Conducting additional RCTs and accumulating information on these
factors would allow for subgroup analyses in diverse directions to determine the most ef-
fective and safe approach to fenugreek administration. Secondly, the number of included
studies and participants in our analysis was insufficient to establish a significant effect of
fenugreek on T2DM and prediabetes. Lastly, the overall quality of the included studies
was considered poor based on the quality assessment. Therefore, larger-scale RCTs with
high quality methodologies are necessary to confirm the role of fenugreek as a treatment
for hyperglycemia. These further studies are expected to reveal the relationship between
the active compounds of fenugreek and their impact on lowering blood glucose levels in
the human body. Furthermore, they can contribute to establish standardized guidelines
for the use of fenugreek in the prevention and treatment of diabetes.

6. Conclusions

This study revealed that fenugreek could improve overall glycemic control param-
eters and lipid profile. Especially, it significantly reduced FBG, 2-hPG, and HbAlc and
improved TC, TG, and HDL-C. But there were no significant differences in HOMA-IR,
LDL-C, and BMI. Adverse events were generally mild gastrointestinal side effects, with no
reports of severe adverse events or hepatic or renal toxicity. These results suggest that fenu-
greek may be an effective and safe therapeutic option for individuals with T2DM. Further
studies are needed to explore its long-term effects and potential benefits for other health
outcomes.
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