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Abstract
Background and aim: Fenugreek is a herb that is widely used in cooking and as a traditional medicine for
diabetes in Asia. It has been shown to acutely lower postprandial glucose levels, but the long-term effect on
glycemia remains uncertain. We systematically reviewed clinical trials of the effect of fenugreek intake on markers of
glucose homeostasis.
Methods: PubMed, SCOPUS, the Cochrane Trials Registry, Web of Science, and BIOSIS were searched up to 29 Nov
2013 for trials of at least 1 week duration comparing intake of fenugreek seeds with a control intervention. Data on
change in fasting blood glucose, 2 hour postload glucose, and HbA1c were pooled using random-effects models.
Results: A total of 10 trials were identified. Fenugreek significantly changed fasting blood glucose by -0.96 mmol/l
(95% CI: -1.52, -0.40; I2 = 80%; 10 trials), 2 hour postload glucose by -2.19 mmol/l (95% CI: -3.19, -1.19; I2 = 71%; 7 trials)
and HbA1c by -0.85% (95% CI: -1.49%, -0.22%; I2 = 0%; 3 trials) as compared with control interventions. The considerable
heterogeneity in study results was partly explained by diabetes status and dose: significant effects on fasting and 2 hr
glucose were only found for studies that administered medium or high doses of fenugreek in persons with diabetes.
Most of the trials were of low methodological quality.
Conclusions: Results from clinical trials support beneficial effects of fenugreek seeds on glycemic control in persons
with diabetes. However, trials with higher methodology quality using a well characterized fenugreek preparation of
sufficient dose are needed to provide more conclusive evidence.
Keywords: Fenugreek, Trigonella, Nutrition, Glycemia, Diabetes management, Clinical trials, Systematic review,
Meta-analysis

Introduction
The prevalence of diabetes mellitus is increasing worldwide with approximately half of all persons with diabetes
living in Asia [1]. The herb fenugreek (Trigonella foenumgraecum L., Fabaceae family) is used both in cooking and
for the treatment of diabetes in many parts of the world,
especially in China, Egypt, India and Middle Eastern
countries [2-4]. In low-income countries, individuals with
diabetes often do not have access to appropriate medications due to a lack of financial resources [5]. Active compounds of fenugreek included soluble fiber [6-8], saponins
[9,10], trigonelle [11], diosgenin [12], and 4-hydroxyisoleucine
[13,14]. Hypoglycemic activities have mainly been attributed to dietary fiber [6,7] and saponin [9]. Fenugreek is a
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widely used herbal medicine for diabetes, but its efficacy
for glycemic control remains unclear.
Animal studies have shown that fenugreek seed extracts have the potential to slow enzymatic digestion of
carbohydrates, reduce gastrointestinal absorption of glucose, and thus reduce post-prandial glucose levels [8]. In
addition, fenugreek stimulated glucose uptake in peripheral tissues [15] and had insulinotropic properties in isolated rat pancreatic cells [16]. In humans, fenugreek seeds
acutely reduced postprandial glucose and insulin levels
[17-20]. In addition, several longer-term clinical trials
showed reductions in fasting and post-prandial glucose
levels and glycated haemoglobin (HbA1c) [9,21-23], but
some trials did not show benefit [24,25]. Systematic reviews that have evaluated the effect of various alternative
therapies for diabetes included only a few clinical trials of
fenugreek [26-29]. We therefore conducted a systematic
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review and meta-analysis of the effects of fenugreek on
glucose homeostasis based on a comprehensive literature
search leading to the identification of a reasonably large
number of trials with an evaluation of potential explanations for differences in study results.

Methods
Data sources and searches

To identify articles on the effect of fenugreek on glucose
homeostasis we searched MEDLINE (PubMed), SCOPUS,
Web of Science, BIOSIS, and Cochrane Trials Registry
from inception through Nov 29, 2013 using key search
terms related to fenugreek (“fenugreek”, “trigonella”), an
experimental study design (“trial”, “clinical trial”, “intervention”, “therapy”), to identify potentially relevant articles. The search strategy utilized both index terms and
free text to search for synonyms of trigonella, fenugreek
and diabetes/healthy subjects, and was limited to human
studies. Grey literature such as conference proceedings,
abstracts, dissertations and technical reports was identified using the same key terms through the electronic
search engines Google Scholar, SCIRUS, CINAHL, and
ProQuest. No language restriction was applied.
The results (titles, abstracts and citations) of electronic searches were downloaded into EndNote software
(EndNote X5, 2011, Thomson Reuters, Philadelphia) and
initial screening for eligibility was performed by two independent reviewers (Nithya Neelakantan, Madanagopal
Narayanan). When assessment of eligibility based on the
title and abstract was insufficient, the full text of the articles was obtained. The second screening of those full text
articles was then independently performed by at least two
reviewers (Nithya Neelakantan, Madanagopal Narayanan,
Rob M van Dam). Disagreements were resolved by consensus. The kappa for the inter-reviewer reliability was
0.78. Study authors were contacted to verify results and
methodological quality of retrieved articles where necessary. We used the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement to
report our findings [30].
Study selection

We included clinical trials that compared single herb
preparations of fenugreek in any dose or form with a
control intervention that was either placebo or no treatment and evaluated effects on markers of glycemia [fasting blood glucose, 2 hr postload glucose, glycosylated
hemoglobin (% HbA1c) and/or fasting serum insulin
levels]. We excluded trials that used combination preparations of fenugreek with other herbs, non-human studies, observational studies, literature reviews/editorials/
letters/case reports, and articles not reporting the outcomes of interest. We also excluded trials with interventions that lasted less than 7 days. The number of articles
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that did not meet the eligibility criteria and the reasons
for their exclusion are shown in Figure 1.
Data extraction and quality assessment

Details of trial design, study setting, population, randomization, blinding, sample size, duration of follow-up,
participant characteristics, interventions, total daily dose
and outcome characteristics were independently extracted
by two reviewers (Nithya Neelakantan, Madanagopal
Narayanan), using a standardized data extraction form.
Differences in data extraction were resolved by a third reviewer (Rob M van Dam). The quality assessment was
conducted using the CONSORT statement for herbal trials
[31] by two reviewers (Nithya Neelakantan, Madanagopal
Narayanan), with disagreements resolved by consensus.
From each trial, data on mean and SD for all outcomes
of interest were extracted. If trials reported fasting blood
glucose and 2 hr postload glucose (glucose concentrations 2 hours after the start of the oral glucose tolerance
test) in units of mg/dL, this was converted to the standardized international unit [32] of mmol/L by multiplying
the glucose values in mg/dL by 0.0555; for fasting serum
insulin, we divided the serum insulin values reported in
pmol/L by 6.945 and reported the results in mU/L.
Parallel trials generally reported the baseline mean and
standard deviation and follow-up mean and standard deviation, but not the standard deviation (SD) of change
for the intervention and control groups. For parallel trials, the net changes in each outcome measure were calculated as the change in the intervention group minus
the change in the control group. For crossover trials, net
changes in the outcome measures were calculated as the
value of the outcome measure at the end of the intervention period minus the value of the outcome measure
at the end of control period. We estimated the SD of the
change on the basis of reported p values for differences
in means, if available [33]. We used the p-values cutoff if
it was only reported that a p-value was below a threshold (e.g., 0.05 if p < 0.05 was reported) leading to conservative estimates [34,35]. If p-values were not reported,
we imputed SD of the change by using a pooled correlation coefficient between baseline and final measurements from a meta-analysis of correlation coefficients
from those trials reporting sufficient data. We derived
correlation coefficients for individual trials according a
standard formula [33] and we then imputed these correlations into the meta-analysis as transformed z scores
(±SEs) to estimate the pooled correlation coefficient
[36]. For HbA1c and fasting serum insulin measures, due
to small number of trials, we estimated the SDs of the
change assuming a conservative 0.5 correlation and performed a sensitivity analysis assuming alternative values of
0.25 or 0.75. To investigate the effect of imputed withinperson correlation coefficients, we performed sensitivity
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199 Potentially relevant articles identified

38 Duplicates
161 Potentially relevant articles screened

129 Excluded
75 Review, editorial or protocol
38 Did not study fenugreek as an
independent exposure or blood glucose
parameters as outcome measures
12 Cross-sectional study, survey
2 Patents (1 human study, 1 animal)
2 Non human studies (animal/cell line)
32 full text articles assessed for eligibility

23 Excluded
10 Acute studies (<7 days)
6 Combination preparation of fenugreek
with other herbs
4 Inappropriate /no control group
2 Unrelated study outcomes
1 Short review

9 articles reporting 10 trials included in metaanalysis
- 4 Parallel trials
- 6 Crossover trials
Figure 1 Selection of trials for meta-analysis. (Search was conducted to identify articles up to 29 Nov 2013).

analyses with a range of correlation coefficients (0.25, 0.50
and 0.75) [37], the pooled estimates did not change
substantially.
Meta-analysis

The meta-analysis was performed according to the
methods described by Curtin et al. [38]. In the combined
design meta-analysis, the pooled estimate of treatment
effect combining parallel and crossover trial results was
the weighted sum of the separate treatment effects estimated, respectively, from parallel and crossover trials
divided by the sum of the associated weights. We anticipated large differences in the fenugreek drug preparation
format, active components/chemical composition, administration of supplements, and dosages as well as
variation in the study population and study design.
Therefore, we a priori decided to use a random effects
model for this meta-analysis. Hence, for each outcome
measure, weighted mean differences and corresponding
95% confidence intervals (CI) were calculated by using
DerSimonian and Laird random-effects models. We also

conducted separate meta-analyses for parallel and crossover trials for the primary outcome measures, fasting
blood glucose, and 2 hr post prandial glucose.
Heterogeneity in study results was tested by using the
Cochran Q statistic (and associated p value), and was
quantified by the I2 statistic. The I2 provides an estimate
of the percentage of variation in study results that is explained by between-study heterogeneity rather than sampling error [39]. Potential sources of heterogeneity were
investigated using a priori defined stratified analyses by
study design (parallel or crossover), daily dose of fenugreek extract (<5 g, 5–10 g or >10 g), study duration
(<30 days or > =30 days), randomization (yes or no),
blinding (yes or no), baseline BMI (<25 or > =25 kg/m2),
study precision (SE of the effect estimate above or below
the median), geographical region (India vs. other countries) and age (above or below the median mean age of
all studies).
Meta-regression analyses were used to assess the significance of differences in the effects of fenugreek between
strata. p-values for the overall F-test for a common mean
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amongst three or more groups were obtained using one
way ANOVA. Publication bias was investigated by visual
inspection of funnel plots and by the Egger regression test
and the Begg adjusted correlation test [40]. The robustness of the findings of the meta-analysis to different assumptions were examined in a sensitivity analysis using
both fixed and random effects models, in which the metaanalysis estimates were computed omitting one trial at a
time to assess the influence of each individual trial [41].
All tests were two-sided and p <0.05 was considered statistically significant. The data were analyzed by using Stata
version 11 (StataCorp, College Station, Texas).
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percentage drop-out ranging between 0 to 5% and one
study [17] has reported 25% drop-out. These subjects
were not included in the statistical analyses that were
conducted for the primary studies. Most trials provided
information on the concentration of components of the
used fenugreek preparations. Reported components included diosgenine, saponins, trigonelline (1.4%) and 4hydroxyisoleucine (1.5%) for the hydro-alcoholic extract
[25,43]; alkaloids, carpaine, erythricine, trigonelline, meletin, and saponins for powdered fenugreek seeds [22,44];
and lipids (0.1%), protein (28.3%), starch (6.5%), total
fiber (51.7% [gum 19.2%]) for debitterized fenugreek
seeds [22,44].

Results
Search results

We identified 161 potentially relevant articles and screened
the abstracts for eligibility. The flow of trial selection is reported in Figure 1. We evaluated 32 full text articles in detail. Nine articles reporting 10 trials met the inclusion
criteria for the meta-analysis. Of these 10 trials, one trial
[42] reported results separately for participants with mild
and severe type 2 diabetes, and thus 11 data points are
presented in Table 1. Five of these had a parallel design
and six had a crossover design.
Trial characteristics

The mean age of participants in the trials ranged from
22.0 to 54.4 years (median: 43.1 y), and the median
percentage of males was 76%. Most trials included participants with type 2 diabetes treated with diet or oral
anti-diabetic medication (Table 1). One trial was conducted in persons with type 1 diabetes and two trials included overweight or non-overweight participants without
diabetes. The sample size ranged from 5 to 15 participants
for crossover trials and from 25 to 69 participants for parallel trials. The sample size for all trials combined was
278. The daily dose of fenugreek seed ranged from 1 g to
100 g (median: 25 g), and the study duration from 10 to
84 days (median: 30 days). Fenugreek supplements were
administered as powdered fenugreek seeds, debitterized
powdered fenugreek seeds, or hydro-alcoholic seed extract
either in form of capsules or as an ingredient of unleavened bread. These were provided in equal doses 2 to 3
times per day. All 10 trials [7,9,17,22,23,25,42-44] (11 data
points) reported fasting blood glucose, 7 trials [7,9,17,22,
23,42,44] (8 data points) reported 2 hr glucose, 5 trials
[22,23,25,43,44] reported fasting serum insulin and 3 trials
[9,17,23] reported HbA1c. With regard to study quality,
one trial [42] did not report whether groups were randomized, none of the trials reported details on the method of
randomization or allocation concealment, and most trials
[7,17,22,42,44] did not report the blinding status. Only
four trials reported the percentage of drop-outs [17,23,25,43].
Of which three studies [23,25,43] have reported low

Effect on glucose homeostasis
Fasting blood glucose

All 10 trials (11 data points) were included in the metaanalysis of fasting blood glucose. The individual trial
results and the pooled estimates by trial designs are
shown in Figure 2. Based on the overall pooled estimate,
fenugreek significantly reduced blood glucose levels as
compared with control treatments (pooled mean difference = -0.96 mmol/l; 95% CI: -1.52, -0.40; p = 0.001).
There was large heterogeneity in study results (I2 = 80%;
p < 0.001). There were no significant differences in the
effects of fenugreek on fasting glucose by study design,
study duration, geographical region, mean age and mean
BMI of the study population (Table 2). However, the effect of fenugreek on fasting blood glucose differed significantly by diabetes status with substantial effects in
persons with type 1 diabetes and type 2 diabetes, but not
in persons without diabetes. There was a large variation
in the dose of fenugreek used ranging from 1 g per day
to 100 g per day of fenugreek seeds. The effect size differed significantly by the dose of fenugreek used suggesting no effects for the studies using low doses (<5 g/day)
and greater effects with higher doses of fenugreek. Effects of fenugreek on fasting glucose also differed by
preparation method of the fenugreek supplement. Studies using debitterized fenugreek powdered showed the
greatest reduction in glucose levels, but these were
mostly the same trials that administered the highest dose
of fenugreek. Similarly, the trials using a hydro-alcoholic
extract were the same trials that used the lowest dose.
Heterogeneity in effects on fasting glucose was partly explained by fenugreek dose (I2residual = 69%; adjusted R2 =
47%), fenugreek preparation method (I2residual = 38%; adjusted R2 = 83%), and diabetes status of the study population (I2residual = 55%; adjusted R2 = 61%).
The funnel plot for effects of fenugreek on fasting
blood glucose by study precision appeared to be asymmetrical (Additional file 1: Figure S1, Begg test, p = 0.10)
and the Egger test was significant (p = 0.03) suggesting
potential publication bias. However, these tests are based

Lead author, year and country

Population,
medication

Design Age, y

Male (%)

Sample Duration, Fenugreek,
size, N days
preparation

Daily
Control
dose, g

Outcomes

Study quality

Bordia et al., 1997 [42], India

Mild T2DM, NR

PL

NR

NR

40

30

Capsule, PS

5

Placebo

FBG, 2 hr glucose

NR

NR

NR

Bordia et al., 1997 [42], India

Severe T2DM, NR

PL

NR

NR

40

30

Capsule, PS

5

Placebo

FBG, 2 hr glucose

NR

NR

NR

RCT Blinding Dropout

Chevassus et al., 2010 [43], France Overweight, NR

PL

38.0

100

40

42

Capsule, H

1.176

Placebo

FBG, FSI

Yes

DB

5%

Gupta et al., 2001 [23], India

T2DM, SU, BI

PL

51.0

76

25

56

Capsule, H

1

Placebo

FBG, 2 hr glucose,
HbA1c, FSI

Yes

DB

4%

Lu et al., 2008 [9], China

T2DM, SU

PL

54.4

55

69

84

Capsule, PS

6.3

Placebo

FBG, 2 hr glucose,
HbA1c

Yes

DB

NR

Alamdari et al., 2009 [17], Iran

T2DM, Diet, OAD

CO

43.1

100

12

56

PS

8

Unspecified FBG, 2 hr glucose,
HbA1c

Yes

NR

25%

Chevassus et al., 2009 [25], France Healthy, NR

CO

22.0

100

12

14

Capsule, H

1.176

Placebo

FBG, FSI

Yes

DB

0%

Raghuram et al., 1994 [7], India

T2DM, BI

CO

46.6

NR

10

15

Chapatia, PS

25

Chapati

FBG, 1 hr glucose,
HbA1c

Yes

NR

NR

Sharma et al., 1990 [44], India

T1DM, Insulin therapy CO

22.7

70

10

10

Chapatia, DPS 100

Chapati

FBG, 2 hr glucose, FSI Yes

NR

NR

Sharma et al., 1990 [22], India

T2DM, BI/metformin

46.0

67

15

10

Chapatia, DPS 100

Chapati

FBG, 2 hr glucose, FSI Yes

NR

NR

Chapati

FBG, 2 hr glucose

NR

NR

Sharma et al., 1990 [22], India

T2DM, NR

CO
CO

42.0

NR

5

20

a

Chapati , DPS 100

Yes
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Table 1 Characteristics of the 10 trials (11 data points) included in the meta-analysis of the effects of fenugreek seeds on glycemia

Abbreviations: NR not reported, T1DM type 1 diabetes mellitus, T2DM type 2 diabetes mellitus, SU sulfonylurea, BI biguanides, OAD oral antidiabetic drug, PL parallel, CO crossover trials, Daily dose, g fenugreek total
daily dose in grams, PS powdered fenugreek seeds, H Hydro-alcoholic extract of fenugreek seeds, DPS Debitterized fenugreek seed powder, FBG fasting blood glucose, HbA1c % glycosylated hemoglobin, FSI fasting
serum insulin, RCT randomized control trial, DB double blinded, aFenugreek incorporated into chapati (unleavened bread).
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Study

%

ID

ES (95% CI)

Weight

Bordia et al.(1997),Mild T2DM

-1.53 (-3.08, 0.02)

7.05

Bordia et al.(1997),Severe T2DM

-0.82 (-2.10, 0.46)

8.47

Chevassus et al.(2010),Overweight

0.38 (-0.08, 0.84)

13.86

Gupta et al.(2001),T2DM

-0.22 (-2.08, 1.64)

5.66

Lu et al.(2008),T2DM

-1.77 (-2.47, -1.07)

12.29

Subtotal (I-squared = 85.8%, p = 0.000)

-0.78 (-1.92, 0.37)

47.32

Alamdari et al.(2009),T2DM

-0.84 (-1.58, -0.10)

12.01

Chevassus et al.(2009),Healthy

-0.20 (-0.38, -0.02)

15.03

Raghuram et al.(1994),T2DM

-0.54 (-1.52, 0.44)

10.39

Sharma et al.(1990),T1DM

-4.20 (-6.73, -1.67)

3.71

Sharma et al.(1990),T2DM-I

-2.32 (-4.44, -0.20)

4.79

Sharma et al.(1990),T2DM-II

-2.27 (-3.88, -0.66)

6.75

Subtotal (I-squared = 77.2%, p = 0.001)

-1.20 (-2.03, -0.38)

52.68

-0.96 (-1.52, -0.40)

100.00

Parallel

.
Crossover

.
Overall (I-squared = 80.1%, p = 0.000)
NOTE: Weights are from random effects analysis
-7

-5

-3
favors fenugreek

-1

0

1
favors control

3

Figure 2 Forest plot of the effect of fenugreek on fasting blood glucose. The effects in individual trials are depicted as open squares with
95% confidence intervals (CIs). Pooled estimates with 95% CIs are depicted as open diamonds.

on detecting an association between study precision
(lower SE of effect estimates) and effect size. Less precise
studies also tended to use a greater dose of fenugreek
(r = 0.51 between dose and SE of the effect estimates)
and we could therefore not distinguish between potential publication bias and the dose of fenugreek used.
2 hr glucose

Seven trials (8 data points) reported effects of fenugreek
on 2 hr glucose values. Forest plots of 2 hr glucose effects in individual trials and the pooled analyses are
shown in Figure 3. Meta-analysis of the trials yielded a
pooled estimate for the effect of fenugreek on 2 hr glucose of -2.19 mmol/l (95% CI: -3.19, -1.19, p <0.001).
There was large heterogeneity in study results (I2 = 71%;
p = 0.001). Stratified analyses of effects of fenugreek on 2
hr glucose according to study characteristics are presented in Table 2. As observed for fasting glucose, a
higher dose was associated with greater effects on 2 hr
glucose concentrations. We also observed stronger effects for trials with study duration less than 30 days than
for trials with a longer duration and for trials that administered debitterized fenugreek seed powder than for

trials using other fenugreek preparations. However, the
trials of short duration that used debitterized fenugreek
powder were the same three trials that administered a
substantially higher dose of fenugreek than the other trials. Heterogeneity in effects of fenugreek on 2 hr glucose
was partly explained by fenugreek dose (I2residual = 42%;
adjusted R2 = 72%) and fenugreek preparation method
(I2residual = 50%; adjusted R2 = 61%). The funnel plot for 2
hr glucose data appeared to be asymmetrical (Additional
file 1: Figure S2, Begg test, p = 0.05) and the Egger test
(p = 0.03) also provided evidence for publication bias.
Again, less precise studies also tended to use a greater
dose of fenugreek (r = 0.54 between dose and SE of the
effect estimates) and we could not distinguish between
potential publication bias and the dose of fenugreek
used.
Other outcome measures (HbA1c and fasting serum insulin)

Three trials (2 parallel and 1 crossover trial) reported
the effects of fenugreek on HbA1c. Fenugreek significantly reduced HbA1c values as compared with control
treatment (pooled mean difference -0.85%; 95% CI:
-1.49%, -0.22%, p = 0.009) (Additional file 1: Figure S3)
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Table 2 Stratified meta-analyses of the effects of fenugreek on fasting blood glucose and 2 hour postload glucose
according to trial and participant characteristics
Characteristics

Fasting blood glucose

2 hr-postload glucose

n

Pooled estimate

I2 (95% CI)

Phetr

11

−0.96 (−1.52, −0.40)

80 (65, 89)

<0.001

Parallel

5

−0.78 (−1.93, 0.37)

86 (69, 94)

<0.001

Crossover

6

−1.20 (−2.03, −0.38)

77 (49, 90)

0.01

Overall

PEM

n

Pooled estimate

I2 (95% CI)

Phetr

8

−2.19 (−3.19, −1.19)

71 (40, 86)

0.001

4

−1.71 (−2.73, −0.70)

59 (0, 86)

0.07

4

−3.32 (−5.90, −0.75)

82 (54, 93)

0.001

0.002

0.50

0.11

PEM

Study design
0.48

0.33

Region
India

7

−1.43 (−2.26, −0.60)

48 (0, 78)

0.07

Others

4

−0.55 (−1.25, 0.16)

89 (75, 95)

<0.001

Below median

5

−0.54 (−1.15, 0.07)

86 (69, 94)

<0.001

Above median

6

−1.68 (−2.62, −0.74)

43 (0, 77)

0.12

Healthy

2

0.05 (−0.51, 0.61)

82 (23, 96)

0.02

T1DM

1

−4.20 (−6.73, −1.67)

−

−

T2DM

8

−1.21 (−1.69, −0.73)

26 (0, 67)

0.22

0.21

6

−2.60 (−4.06, −1.13)

73 (39, 88)

2

−1.59 (−3.08, −0.10)

74 (0, 94)

4

−1.55 (−2.52, −0.57)

67 (2, 89)

0.03

4

−3.42 (−5.56, −1.28)

67 (4, 89)

0.03

Study precisiona
0.10

Study populationb

0.01

−

−

−

−

1

−3.20 (−6.92, 0.52)

−

−

7

−2.14 (−3.19, −1.09)

74 (45, 88)

0.001

0.79

Randomization
Yes

9

−0.94 (−1.56, −0.32)

83 (69, 91)

<0.001

Unknown

2

−1.11 (−2.10, −0.12)

0 (0, 100)

0.49

Double-blinded

4

−0.44 (−1.22, 0.34)

88 (72, 95)

<0.001

Unknown

7

−1.37 (−2.08, −0.67)

47 (0, 78)

0.08

<5

3

0.02 (−0.46, 0.50)

63 (0, 89)

0.07

5-10

4

−1.27 (−1.80, −0.74)

21 (0, 88)

0.28

>10

4

−2.07 (−3.58, −0.55)

68 (9, 89)

0.02

0.83

6

−2.54 (−3.87, −1.21)

73 (37, 88)

0.003

2

−1.58 (−3.61, 0.45)

81 (17, 95)

0.02

2

−1.95 (−3.02, −0.88)

16 (0, 55)

0.28

6

−2.43 (−3.82, −1.04)

78 (50, 90)

0.000

0.49

Blinding status
0.15

0.74

Daily dose (grams)b

0.01

1

−1.34 (−2.83, 0.14)

−

−

4

−1.55 (−2.52, −0.57)

67 (2, 89)

0.04

3

−4.42 (−5.96, −2.89)

8 (0, 35)

0.58

4

−1.55 (−2.52, −0.57)

67 (2, 89)

0.03

1

−1.34 (−2.83, 0.14)

−

−

3

−4.42 (−5.96, −2.89)

0 (0, 90)

0.58

0.02

Preparationb
Powdered seed

5

−1.12 (−1.63, −0.61)

29 (0, 72)

0.23

Hydro-alcoholic extract

3

0.02 (−0.46, 0.50)

63 (0, 89)

0.07

Debitterized seed powder

3

−2.68 (−3.82, −1.54)

0 (0, 90)

0.42

0.002

0.05

Study duration (days)
<30

5

−1.48 (−2.64, −0.32)

80 (52, 91)

0.001

3

−4.42 (−5.96, −2.89)

8 (0, 35)

0.58

> = 30

6

−0.78 (−1.68, 0.11)

83 (65, 92)

<0.001

5

−1.49 (−2.28, −0.70)

55 (0, 84)

0.06

<43.1

4

−0.73 (−1.61, 0.16)

86 (67, 94)

<0.001

2

−4.14 (−5.80, −2.47)

0 (0, 100)

0.58

> = 43.1

5

−1.11 (−1.76, −0.47)

45 (0, 80)

0.12

0.60

4

−1.90 (−3.19, −0.61)

67 (4, 89)

0.03

0.21

0.29

0.17

0.39

0.02

Mean Age (years)

Mean BMI (kg/m2)
<25

3

−1.62 (−3.21, −0.02)

93 (82, 97)

<0.001

> = 25

3

−0.19 (−1.14, 0.76)

74 (12, 92)

0.02

2

−2.52 (−3.75, −1.30)

0 (0, 100)

0.71

2

−1.01 (−1.72, −0.30)

0 (0, 100)

0.62

Abbreviations: BMI body mass index, CI confidence interval, Phetr p value for heterogeneity, PEM p value for effect modification.
a
The cutoffs are based on the median of standard error of the effect size for fasting blood glucose and 2hr glucose respectively; For mean age and study
duration, the cutoffs are based on the median values of 11 data points.
b
PEM-value for the overall F-test for a common mean amongst the three groups (i.e., study population, and fenugreek drug preparation format), the overall
p-value for daily dose was obtained by modeling this as a continuous variable in meta-regression analysis.
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%

Study
ES (95% CI)

Weight

Bordia et al.(1997),Mild T2DM

-2.68 (-4.12, -1.24)

14.29

Bordia et al.(1997),Severe T2DM

-0.61 (-1.67, 0.46)

16.54

Gupta et al.(2001),T2DM

-1.34 (-2.83, 0.14)

14.06

Lu et al.(2008),T2DM

-2.44 (-3.74, -1.14)

15.13

Subtotal (I-squared = 58.5%, p = 0.065)

-1.71 (-2.73, -0.70)

60.01

Alamdari et al.(2009),T2DM

-0.91 (-1.72, -0.10)

17.93

Sharma et al.(1990),T1DM

-3.20 (-6.92, 0.52)

5.35

Sharma et al.(1990),T2DM-I

-6.10 (-10.12, -2.08)

4.77

Sharma et al.(1990),T2DM-II

-4.37 (-6.23, -2.51)

11.95

Subtotal (I-squared = 82.1%, p = 0.001)

-3.32 (-5.90, -0.75)

39.99

-2.19 (-3.19, -1.19)

100.00

ID
Parallel

.
Crossover

.
Overall (I-squared = 70.9%, p = 0.001)

NOTE: Weights are from random effects analysis
-11

-9

-7

-5

-3

-1

0

favors fenugreek

1

3

favors control

Figure 3 Forest plot of the effect of fenugreek on 2 hour postload glucose. The effects in individual trials are depicted as open squares
with 95% confidence intervals (CIs). Pooled estimates with 95% CIs are depicted as open diamonds.

without significant heterogeneity in study results (I2 =
0%; p = 0.78).
Five trials reported fasting serum insulin concentrations. However, fasting insulin may have been affected
by exogenous insulin use in persons with type 1 diabetes
and fasting insulin values had a strongly skewed distribution in persons with type 2 diabetes. Therefore, we
only included two trials [25,43] in persons without diabetes in our meta-analysis of the effects of fenugreek on
fasting insulin. The pooled effect of fenugreek on fasting
serum insulin was not statistically significant (pooled
mean difference = -1.42 mU/L; 95% CI: -3.04, 0.19 mU/L;
p = 0.08) (Additional file 1: Figure S4). Heterogeneity for
effects on fasting insulin was substantial, but not statistically significant (I2 = 62%; p = 0.10). Subgroup analyses
were not performed for HbA1c and fasting serum insulin because of the limited number of trials for these
outcomes.
Sensitivity analyses

We conducted a sensitivity analysis excluding the trial
that did not report randomization status. This exclusion
had little effect on the pooled effect on fasting blood
glucose (-0.94; 95% CI: -1.56, -0.32) or 2 hr glucose
(-2.54; 95% CI: -3.87, -1.21). We also conducted sensitivity analyses for the effects of fenugreek on fasting blood

glucose and 2 hr glucose concentrations omitting one
study at a time. None of the individual trials dramatically
influenced pooled effect estimates, which ranged from
-0.78 mmol/l (95% CI: -1.31, -0.25) to -1.20 (95% CI:
-1.85 to -0.56) for fasting blood glucose and from -1.79
mmol/l (95% CI: -2.69, -0.90) to -2.52 (95% CI: -3.64 to
-1.39) for 2 hr glucose. We also conducted sensitivity
analyses with simultaneous exclusion of trials conducted
by the same researchers. The three trials reported by
Sharma et al. [22,44] had a much larger dose of fenugreek than the other trials and also the lowest precision.
In a sensitivity analysis that excluded these trials, the
pooled effect on fasting blood glucose (-0.62 mmol/l,
95% CI: -1.14, -0.10) and 2 h glucose (-1.49 mmol/l, 95%
CI: -2.28, -0.70) remained statistically significant. We
also conducted a sensitivity analysis after excluding the
Chevassus trials ([25,43]) that were the only trials in persons without diabetes, used a low dose, and had the largest precision. After exclusion of these studies, the
pooled effect estimate for fasting glucose was larger
(-1.35 mmol/L; 95% CI: -1.92, -0.74).
Adverse effects

Chevassus et al. reported 2 cases of specific urine smell
and 1 case of abdominal pain in one trial [25] and 4
cases of mild gastrointestinal symptoms, and 1 case of
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specific urine and sweat smell in both the treatment
group and the control group in their other trial [43]. Of
the 12 participants in the treatment group in the study
by Gupta et al. [23], 5 developed dyspepsia and mild abdominal distention for the first few days of therapy. This
subsided on continuation of the therapy. No renal or
hepatic side effects were reported and there were no
withdrawals due to the side effects. Lu et al. [9] reported
that 2 out of 46 participants of the treated group suffered from stomach discomfort and nausea, and one
from diarrhea during the treatment period. These symptoms disappeared after 2 day drug withdrawal without
special treatment. No adverse reaction was found after
the treatment resumed and all participants finished the
trial.

Discussion
In our meta-analysis of 10 clinical trials, intake of fenugreek seeds resulted in a significant reduction in fasting
blood glucose, 2 hr glucose, and HbA1c. However, we
observed substantial heterogeneity in study results. Differences in the diabetes status of participants and the
large variation in dose of fenugreek seed extract used
and type of preparation appeared to be contributors to
variation in study results. No major harmful side effects
of fenugreek were reported in all included studies.
We only found a significant reduction in glucose parameters for trials that administered medium to high
doses (≥5 g) of fenugreek seed powder and not for trials
that administered low doses (< 2 g) of hydro-alcoholic
extracts. Medium to high doses (range: 5–25 g) of fenugreek seed powder also lowered postprandial glucose
levels in acute studies [6,18,19,21,45,46]. Lower doses, as
used in three of the trials in our meta-analyses, were not
evaluated in acute studies of fenugreek.
The mechanisms by which fenugreek may lower blood
glucose levels have not been well established in humans.
Acute hypoglycemic effects of fenugreek seeds and its
extract have been evaluated in individuals with and without diabetes [18,22,44]. Whole fenugreek raw seeds,
extracted seed powder, cooked seeds (25 g) and gum isolate of seeds (5 g) decreased postprandial glucose levels,
whereas degummed seeds (25 g) showed little effect
[18]. These findings suggest that acute effects of fenugreek seeds are mainly due to the gum fraction, but do
not exclude a longer term effect of other fenugreek components on glycemia. Animal studies also indicate that
the soluble fiber fraction of fenugreek seeds reduces the
rate of enzymatic digestion and the absorption of glucose from the gastrointestinal tract [8]. However, data
from other studies suggest an effect of other fenugreek
components on glucose homeostasis. In diabetic rats, trigonelline ingestion increased insulin sensitivity and reduced blood glucose levels [47]. In addition, a novel
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amino acid derivative extracted from fenugreek seeds, 4hydroxyisoleucine, stimulated glucose-dependent insulin
release in isolated rat and human pancreatic islet cells
[14]. In a trial of acute effects in healthy volunteers, trigonelline reduced the early glucose response during an
OGTT [48].
The only previous meta-analysis of the effects of fenugreek on glycemia included only two clinical trials as
compared with 10 in the current meta-analysis [26].
Strengths of our study included the comprehensive literature search leading to the identification of a reasonably large number of trials and a detailed analysis of
potential sources of heterogeneity in study results. Our
study also has several limitations that need to be considered in the interpretation of the results. First, the quality
of the included trials was generally poor. None of the trials reported the methods of randomization or allocation
concealment, and only a few trials provided information
on blinding status and drop-out rates. In addition, with
some exceptions [9] it was unclear whether other diabetes medication remained constant during the trial.
Most of the included crossover trials did not test the
carryover effect or report a washout period. However,
we did not find a difference in results between parallel
and cross-over trials suggesting that carryover effects did
not substantially affect the results. Second, tests for publication bias suggested that such bias may have been
present. Tests for publication bias are based on detecting
differences in effect sizes by study precision with a
greater effect size for less precise (‘smaller’) studies suggesting the presence of publication bias. In our metaanalysis less precise studies were also more likely to use
larger doses of fenugreek. Differences in dose are thus a
possible alternative explanation for the observed ‘small
study effect’, but we were unable to distinguish between
the effects of dose and publication bias on effect sizes.
Finally, we only found a significant effect on glycemia
for powdered fenugreek seeds and our findings do not
apply to other forms of fenugreek and may differ for
other strains as a result of natural variation in active
ingredients.
Our systematic review and meta-analysis suggest that
fenugreek seeds may contribute to better glycemic control in persons with diabetes mellitus with a similar
magnitude of effect as intensive lifestyle [49] or other
pharmaceutical treatment added to standard treatment
[50]. Fenugreek is widely available at low cost and generally accepted in resource poor countries such as India
and China where a large proportion of persons with diabetes in the world reside. Therefore, fenugreek may be a
promising complementary option for the clinical management of diabetes. The previously reported lipid lowering effect of fenugreek may be an additional benefit
[19,44,51]. However, given the limited quality of the
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included trials and potential for publication bias, a larger
double blind randomized trial should be conducted according to rigorous standards for herbal interventions
[31] with an appropriate randomization procedure, an
adequate method of allocation concealment and transparent reporting of these methods. The fenugreek herbal
product must be standardized and tested for the composition and can be administered in the form of capsules
with a recommended dose of at least 5 g per day. In
order to provide more conclusive evidence on the benefit of fenugreek for glucose homeostasis, a trial in at least
100 (50 subjects in each of the study arms) persons with
diabetes is warranted. The duration should preferably be
at least three months to be able to evaluate effects on
HbA1c levels and given the longer duration a parallel
trial appears most appropriate.

Additional file
Additional file 1: Figure S1. Funnel plot for effect of fenugreek on
fasting blood glucose. The solid line represents the pooled effect
estimate expressed as the weighted mean difference and the dashed
lines represent pseudo-95% confidence limits. Figure S2. Funnel plot for
effect of fenugreek on 2 hour postload glucose. The solid line represents
the pooled effect estimate expressed as the weighted mean difference
and the dashed lines represent pseudo-95% confidence limits. Figure S3.
Forest plot of the effect of fenugreek on HbA1c. The effects in individual
trials are depicted as open squares with 95% confidence intervals (CIs).
The pooled estimate with 95% CI is depicted as an open diamond.
Figure S4. Forest plot of the effect of fenugreek on fasting serum insulin.
The effects in individual trials are depicted as open squares with 95%
confidence intervals (CIs). Pooled estimate with 95% CI is depicted as an
open diamond.
Competing interest
The authors declare that they have no competing interest.
Authors’ contributions
NN, MN and RMvD contributed to the conception and design of the study.
NN and MN conducted the literature search and data extraction. NN
performed the statistical analyses. NN and MN drafted the manuscript. RMvD
supervised the study. NN, RJD and RMvD contributed to the interpretation of
data and critically revised the manuscript for important intellectual content.
All authors gave final approval. NN and RMvD are the guarantors of this
work and, as such, had full access to all the data in the study and take
responsibility for the integrity of the data and the accuracy of the data
analysis.
Acknowledgements
This work was supported by Saw Swee Hock School of Public Health,
National University of Singapore.
Funding
Saw Swee Hock School of Public Health, National University of Singapore.
Author details
1
Saw Swee Hock School of Public Health, National University of Singapore
and National University Health System, Singapore, Singapore. 2Department of
Medicine, Yong Loo Lin School of Medicine, National University of Singapore
and National University Health System, Singapore, Singapore. 3Department of
Clinical Epidemiology & Biostatistics, McMaster University, Hamilton, ON,
Canada. 4Clinical Nutrition and Risk Factor Modification Center, St. Michael’s
Hospital, Toronto, ON, Canada. 5Department of Nutrition, Harvard School of
Public Health, Harvard University, Boston, MA, USA.

Page 10 of 11

Received: 23 July 2013 Accepted: 16 January 2014
Published: 18 January 2014
References
1. International Diabetes Federation. 5th edition. Brussels, Belgium: IDF Diabetes
Atlas; 2011.
2. Kirtikar KR, Basu BD: Indian medicinal plants. 3rd edition. Allahabad, India:
Lalit Mohan Prakashan; 2000.
3. Saxena A, Vikram NK: Role of selected Indian plants in management of
type 2 diabetes: a review. J Altern Complement Med 2004, 10:369–378.
4. Wang E, Wylie-Rosett J: Review of selected Chinese herbal medicines in
the treatment of type 2 diabetes. Diabetes Educ 2008, 34:645–654.
5. Smith-Spangler CM, Bhattacharya J, Goldhaber-Fiebert JD: Diabetes, its
treatment, and catastrophic medical spending in 35 developing
countries. Diabetes Care 2012, 35:319–326.
6. Neeraja A, Rajyalakshmi P: Hypoglycemic effect of processed fenugreek
seeds in humans. J Food Sci Technol 1996, 33:427–430.
7. Raghuram TC, Sharma RD, Sivakumar B, Sahay BK: Effect of fenugreek
seeds on intravenous glucose disposition in Non-insulin-dependent
diabetic-patients. Phytother Res 1994, 8:83–86.
8. Hannan JM, Ali L, Rokeya B, Khaleque J, Akhter M, Flatt PR, Abdel-Wahab
YH: Soluble dietary fibre fraction of Trigonella foenum-graecum
(fenugreek) seed improves glucose homeostasis in animal models of
type 1 and type 2 diabetes by delaying carbohydrate digestion and
absorption, and enhancing insulin action. Br J Nutr 2007, 97:514–521.
9. Lu F, Shen L, Qin Y, Gao L, Li H, Dai Y: Clinical observation on Trigonella
Foenum-graecum L. total Saponins in combination with sulfonylureas in
the treatment of type 2 diabetes mellitus. Chin J Integr Med 2008,
14:56–60.
10. Sauvaire Y, Baissac Y, Leconte O, Petit P, Ribes G: Steroid saponins from
fenugreek and some of their biological properties. Adv Exp Med Biol 1996,
405:37–46.
11. Moorthy R, Prabhu KM, Murthy PS: Anti-hyperglycemic compound (GII)
from fenugreek (Trigonella foenum-graecum Linn) seeds, its purification
and effect in diabetes mellitus. Indian J Exp Biol 2010, 48:1111–1118.
12. Uemura T, Hirai S, Mizoguchi N, Goto T, Lee JY, Taketani K, Nakano Y, Shono
J, Hoshino S, Tsuge N, et al: Diosgenin present in fenugreek improves
glucose metabolism by promoting adipocyte differentiation and
inhibiting inflammation in adipose tissues. Mol Nutr Food Res 2010,
54:1596–1608.
13. Singh AB, Tamarkar AK, Narender T, Srivastava AK: Antihyperglycaemic
effect of an unusual amino acid (4-hydroxyisoleucine) in C57BL/KsJ-db/
db mice. Nat Prod Res 2010, 24:258–265.
14. Sauvaire Y, Petit P, Broca C, Manteghetti M, Baissac Y, Fernandez-Alvarez J,
Gross R, Roye M, Leconte A, Gomis R, Ribes G: 4-Hydroxyisoleucine: a novel
amino acid potentiator of insulin secretion. Diabetes 1998, 47:206–210.
15. Vijayakumar MV, Singh S, Chhipa RR, Bhat MK: The hypoglycaemic activity
of fenugreek seed extract is mediated through the stimulation of an
insulin signalling pathway. Br J Pharmacol 2005, 146:41–48.
16. Broca C, Manteghetti M, Gross R, Baissac Y, Jacob M, Petit P, Sauvaire Y,
Ribes G: 4-Hydroxyisoleucine: effects of synthetic and natural analogues
on insulin secretion. Eur J Pharmacol 2000, 390:339–345.
17. Alamdari KA, Choobineh S, Jadidi JP: Antidiabetic effects of exercise and
fenugreek supplementation in males with NIDDM. Medicina Dello Sport
2009, 62:315–324.
18. Sharma RD: Effect of fenugreek seeds and leaves on blood-glucose and
serum-insulin responses in human-subjects. Nutr Res 1986, 6:1353–1364.
19. Kassaian N, Azadbakht L, Forghani B, Amini M: Effect of fenugreek seeds
on blood glucose and lipid profiles in type 2 diabetic patients. Int J
Vitam Nutr Res 2009, 79:34–39.
20. Gopalpura PB, Jayanthi C, Dubey S: Effect of Trigonella foenum-graecum
seeds on the glycemic index of food: a clinical evaluation. Int J Diab Dev
Ctries 2007, 27:41–45.
21. Madar Z, Abel R, Samish S, Arad J: Glucose-lowering effect of fenugreek in
non-insulin dependent diabetics. Eur J Clin Nutr 1988, 42:51–54.
22. Sharma RD, Raghuram TC: Hypoglycemic effect of fenugreek seeds in
Non-insulin-dependent diabetic subjects. Nutr Res 1990, 10:731–739.
23. Gupta A, Gupta R, Lal B: Effect of Trigonella foenum-graecum (fenugreek)
seeds on glycaemic control and insulin resistance in type 2 diabetes
mellitus: a double blind placebo controlled study. J Assoc Physicians India
2001, 49:1057–1061.

Neelakantan et al. Nutrition Journal 2014, 13:7
http://www.nutritionj.com/content/13/1/7

24. Mathern JR, Raatz SK, Thomas W, Slavin JL: Effect of fenugreek fiber on
satiety, blood glucose and insulin response and energy intake in obese
subjects. Phytother Res 2009, 23:1543–1548.
25. Chevassus H, Molinier N, Costa F, Galtier F, Renard E, Petit P: A fenugreek
seed extract selectively reduces spontaneous fat consumption in healthy
volunteers. Eur J Clin Pharmacol 2009, 65:1175–1178.
26. Suksomboon N, Poolsup N, Boonkaew S, Suthisisang CC: Meta-analysis of
the effect of herbal supplement on glycemic control in type 2 diabetes.
J Ethnopharmacol 2011, 137:1328–1333.
27. Yeh GY, Eisenberg DM, Kaptchuk TJ, Phillips RS: Systematic review of herbs
and dietary supplements for glycemic control in diabetes. Diabetes Care
2003, 26:1277–1294.
28. Xie W, Zhao Y, Zhang Y: Traditional chinese medicines in treatment of
patients with type 2 diabetes mellitus. Evid Based Complement Alternat
Med 2011, 2011:726723.
29. Ulbricht C, Basch E, Burke D, Cheung L, Ernst E, Giese N, Foppa I,
Hammerness P, Hashmi S, Kuo G, et al: Fenugreek (Trigonella foenumgraecum L. Leguminosae): an evidence-based systematic review by the
natural standard research collaboration. J Herb Pharmacother 2007,
7:143–177.
30. Moher D, Liberati A, Tetzlaff J, Altman DG: Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Ann Intern
Med 2009, 151:264–269. W264.
31. Gagnier JJ, Boon H, Rochon P, Moher D, Barnes J, Bombardier C: Reporting
randomized, controlled trials of herbal interventions: an elaborated
CONSORT statement. Ann Intern Med 2006, 144:364–367.
32. The International System of Units. 8th edition. Paris: BIPM; 2006.
33. Higgins JPT, Green S (Eds): Cochrane handbook for systematic reviews of
interventions version 5.1.0, The Cochrane Collaboration. 2011.
34. Elbourne DR, Altman DG, Higgins JP, Curtin F, Worthington HV, Vail A:
Meta-analyses involving cross-over trials: methodological issues. Int J
Epidemiol 2002, 31:140–149.
35. Follmann D, Elliott P, Suh I, Cutler J: Variance imputation for overviews of
clinical trials with continuous response. J Clin Epidemiol 1992, 45:769–773.
36. Hedges LV, Olkin I: Statistical methods for meta-analysis. London: Academic
Press, Inc.; 1985.
37. Abrams KR, Gillies CL, Lambert PC: Meta-analysis of heterogeneously
reported trials assessing change from baseline. Stat Med 2005,
24:3823–3844.
38. Curtin F, Altman DG, Elbourne D: Meta-analysis combining parallel and
cross-over clinical trials I: Continuous outcomes. Stat Med 2002,
21:2131–2144.
39. Higgins JP, Thompson SG: Quantifying heterogeneity in a meta-analysis.
Stat Med 2002, 21:1539–1558.
40. Egger M, Davey Smith G, Schneider M, Minder C: Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997, 315:629–634.
41. Egger M, Smith GD, Altman DG: Systematic reviews in health care: metaanalysis in context. 2nd edition. London: BMJ books; 2001.
42. Bordia A, Verma SK, Srivastava KC: Effect of ginger (Zingiber officinale
Rosc.) and fenugreek (Trigonella foenumgraecum L.) on blood lipids,
blood sugar and platelet aggregation in patients with coronary artery
disease. Prostaglandins Leukot Essent Fatty Acids 1997, 56:379–384.
43. Chevassus H, Gaillard JB, Farret A, Costa F, Gabillaud I, Mas E, Dupuy AM,
Michel F, Cantie C, Renard E, et al: A fenugreek seed extract selectively
reduces spontaneous fat intake in overweight subjects. Eur J Clin
Pharmacol 2010, 66:449–455.
44. Sharma RD, Raghuram TC, Rao NS: Effect of fenugreek seeds on blood
glucose and serum lipids in type I diabetes. Eur J Clin Nutr 1990,
44:301–306.
45. Faqih AM, Al-Nawaiseh FY: The immediate glycemic response to four
herbal teas in healthy adults. J Med J 2006, 40:266–275.
46. Bawadi HA, Maghayadah SN, Tayyem RF, Tayyem RF: The post prandial
hypoglycemic activity of fenugreek seed and seeds’ extract in type 2
diabetics: a pilot study. Pharmacogn Mag 2009, 4:134–138.
47. Zhou J, Chan L, Zhou S: Trigonelline: a plant alkaloid with therapeutic
potential for diabetes and central nervous system disease. Curr Med
Chem 2012, 19:3523–3531.
48. van Dijk AE, Olthof MR, Meeuse JC, Seebus E, Heine RJ, van Dam RM: Acute
effects of decaffeinated coffee and the major coffee components
chlorogenic acid and trigonelline on glucose tolerance. Diabetes Care
2009, 32:1023–1025.

Page 11 of 11

49. Wing RR: Long-term effects of a lifestyle intervention on weight and
cardiovascular risk factors in individuals with type 2 diabetes mellitus:
four-year results of the Look AHEAD trial. Arch Intern Med 2010,
170:1566–1575.
50. Deacon CF, Mannucci E, Ahren B: Glycaemic efficacy of glucagon-like
peptide-1 receptor agonists and dipeptidyl peptidase-4 inhibitors as
add-on therapy to metformin in subjects with type 2 diabetes-a review
and meta analysis. Diab Obes Metab 2012, 14:762–767.
51. Prasanna M: Hypolipidemic effect of fenugreek: a clinical study. Indian J
Pharmacol 2000, 32:34–36.
doi:10.1186/1475-2891-13-7
Cite this article as: Neelakantan et al.: Effect of fenugreek (Trigonella
foenum-graecum L.) intake on glycemia: a meta-analysis of clinical trials.
Nutrition Journal 2014 13:7.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

