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Abstract 

Diabetes mellitus is one of the most important threats to human health in the twenty‑first century.The use of comple‑
mentary and alternative medicine to prevent, control, and reduce the complications of diabetes mellitus is increasing 
at present. Glutamine amino acid is known as a functional food.The purpose of this systematic review is to determine 
the potential role of glutamine supplementation on metabolic variables in diabetes mellitus. For this review, Pub‑
Med, SCOPUS, Embase, ProQuest, and Google Scholar databases were searched from inception through April 2020. 
All clinical trial and animal studies assessing the effects of glutamine on diabetes mellitus were eligible for inclusion. 
19 studies of 1482 articles met the inclusion criteria. Of the 19 studies, nine studies reported a significant increase in 
serum GLP‑1 levels. Also, eight studies showed reducing in serum levels of fasting blood sugar, four studies reduc‑
ing in postprandial blood sugar, and triglyceride after glutamine supplementation. Although glutamine resulted in a 
significant increase in insulin production in seven studies, the findings on Hb‑A1c levels were inconclusive. In addition 
to, despite of the results was promising for the effects of glutamine on weight changes, oxidative stress, and inflam‑
mation, more precise clinical trials are needed to obtain more accurate results. In conclusion, glutamine supplemen‑
tation could improve glycemic control and levels of incretins (such as GLP‑1 and GIP) in diabetes mellitus. However, 
more studies are needed for future studies.
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Introduction
Diabetes mellitus is one of the major threats to human 
health in the twenty-first century [1]. The prevalence of 
this disease is rising dramatically in the world, and the 
global prevalence of diabetes is about 8.8% (415 million) 
in 2015 [2]. It is estimated that the prevalence of this 

disease will reach 439 million by 2030 and 642 million 
by 2040 [3]. Approximately 85% of patients with diabe-
tes mellitus have Type 2 diabetes mellitus (T2DM), which 
can be a result of genetic predisposition, environmental 
factors, or a combination of these two [4].

Diabetes mellitus refers to metabolic diseases which 
are characterized by hyperglycemia that develops as a 
result of impairment in insulin secretion, insulin action, 
or both [5, 6]. Chronic hyperglycemia can cause macro-
vascular complications such as coronary artery disease, 
peripheral vascular disease, and cerebrovascular disease, 
and microvascular complications, including retinopathy, 
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nephropathy, and neuropathy [7]. Also, chronic hypergly-
cemia increased inflammation and oxidative stress that 
play an important central role in the pathogenesis of dia-
betes complications [8].

Recently, the use of complementary therapy to improve 
and reduce the symptoms of diabetes mellitus, along with 
drug therapy and reduced drug dosage, have increased in 
use [9]. Glutamine, an α-amino acid that is used in the 
biosynthesis of proteins, is both non-essential and con-
ditionally essential in humans. The body can usually 
synthesize sufficient amounts of glutamine, but in some 
instances of stress, the body’s demand for glutamine 
increases, and glutamine must be obtained from the diet 
[10, 11].

Glutamine is the physiological precursor of arginine 
for the production of nitric oxide (NO), whose creation 
in β-cells potentiates insulin secretion [12]. Furthermore, 
glutamine creates the main source of glutamate for the 
production of glutathione, which is essential in reducing 
oxidative stress, which eventually results in maintaining 
inflammatory processes within β-cells in diabetes [12]. 
Moreover, in improving the glucose profile, L-glutamine 
has a positive effect on glucose oxidation and insulin 
resistance [13]. Oral L-glutamine enhances the circula-
tion of gastrointestinal incretin hormones (glucagon-like 
peptide-1 (GLP-1) and stimulated insulin release as well 
as reduced (postprandial) glycemia in diabetes mellitus 
[14, 15].

Although several studies have shown positive effects 
of glutamine supplementation on metabolic variables in 
diabetes mellitus, there is no systematic review that sum-
marizes the results of these studies. This study aims to 
evaluate the effects of glutamine on metabolic variables 
in diabetes Mellitus and to determine possible directions 
for future studies.

Method
Search strategy
To find relevant publications earlier than April 2020, two 
independent investigators performed a literature search 
in PubMed, SCOPUS, Embase, ProQuest, and Google 
Scholar electronic databases using following keywords: 
““glutamine” OR “L–glutamine OR “glutamine supple-
mentation OR “glutamine dipeptides” AND “diabetes 
mellitus” or “Type 2 diabetes” or “type II diabetes” or 
“Type 1 diabetes” or “type I diabetes” or “diabetic” or 
“T2DM” or “T1DM” or “noninsulin-dependent diabe-
tes mellitus” or “insulin-dependent diabetes mellitus” or 
“NIDDM” or “IDDM” or “hyperglycemia” or “diabetic” 
or “FBS” or “fasting blood sugar” or “glycemic outcomes” 
or”fasting blood glucose” or “HOMA-IR” or “B-cell func-
tion” or “insulin” or “glucose” or “glycemic” or “hypergly-
cemic”. Reference lists and related records were manually 

reviewed. The search was limited to English language 
articles up through April 2020. This study was per-
formed based on the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) protocol 
for reporting systematic reviews and meta-analyses. The 
protocol for this review was registered in the PROSPERO 
database under registration number CRD42018090829.

Eligibility criteria
All clinical trial and animal studies assessing the effects 
of glutamine on metabolic variables (e.g., glycemic sta-
tus, incretin hormones, lipid profile, oxidative stress and 
inflammation biomarkers) in diabetes mellitus were eligi-
ble for inclusion; exclusion criteria were (1) in vitro mod-
els, and (2) studies published in non-English language 
journals.

Data extraction
Data extraction was conducted independently by two 
investigators using a standardized data collection form. 
The following information was also obtained from each 
study: first author, year of publication, country of origin, 
age range, sample size, daily dose, duration of interven-
tion, and principal outcome. The quality of the included 
studies was assessed by a third reviewer using primary 
data extraction. Finally, the reviewers discussed articles 
to reach an agreement.

Quality assessment
Two independent researchers analyzed the quality of eli-
gible studies. Randomized control trials were evaluated 
using Physiotherapy Evidence Database [16] (PEDro) 
scale, and the score are represented in Table 1.

Results
A flow diagram of the study selection is summarized in 
Fig.  1. A total of 1482 articles were retrieved, of which 
294 were duplicates, resulting in 1188 non-duplicated 
publications. Of these, 1167 articles did not meet the 
inclusion criteria and were excluded. Finally, 20 articles 
met the inclusion criteria for this review. The characteris-
tics of the selected studies are provided in Tables 2 and 3.

Characteristics of the included studies
In total, 20 studies were selected after meeting the 
inclusion criteria, including ten animal studies and 
nine human studies. All of the animal studies were con-
ducted on diabetic rats, including three studies on type 
1 diabetic rats and six studies on type 2 [17–25]. Besides, 
glutamine was supplemented with a dosage from 4.5 to 
1000 mg/kg. The human studies had a wide range of glu-
tamine dosage and supplementation duration. Six studies 
were conducted on diabetes type 2 patients [14, 26–30], 
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and one was conducted on the obese and diabetic sub-
ject [15]. Also, two studies examined the glutamine effect 
on diabetes type 1 patients [31, 32]. Glutamine was gen-
erally supplemented by diluting in water and taken as a 
drink. Five human studies gave glutamine to subjects, 
which were over weighted or obese [14, 15, 26–28]. No 
oral hypoglycemic agents were taken by the subject of 
Greenfield et  al. study [15], while others used no other 

hypoglycemic agents except for metformin in a stable 
dose [14, 28]. The characteristics of included studies are 
outlined in Tables 2 and 3.

Glutamine, weight change in diabetes mellitus
Animal studies
Three studies investigated the effect of glutamine on 
weight change in animals. Weight in rats decreased after 
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induction of diabetes by STZ. Although high dose sup-
plementation of glutamine at 500 or 1000 mg/kg caused 
prevention of weight loss, no significant weight loss or 
gain was reported in these studies.

Human clinical trials
Obesity, especially central adiposity, is involved in dia-
betes pathogenesis via insulin resistance [35, 36]. Sev-
eral main mechanisms were suggested by which obesity 
mediates insulin resistance, including altered secretion 
patterns of adipocytokines, increased levels of gluco-
corticoids in visceral fat tissue, and increased secretion 
of pro-inflammatory agents [35, 37]. Hence, weight loss 
with a focus on reducing central adiposity is one of the 
main priorities in management of diabetes. Mansour 
et al. examined supplementation of 30 g/d glutamine over 
6 weeks in patients with T2DM and found that glutamine 
caused a significant reduction in body fat mass, percent-
age of body fat, and waist circumference, and a signifi-
cant increase in fat-free mass, despite having no effect on 
overall body weight [28]. Samocha-Bonet et al. evaluated 
various doses of glutamine (15 g/d for 4 weeks and 25 g/d 
for 1–2 weeks); the results of their studies showed no sig-
nificant changes in body weight [26, 27].

Glutamine and glycemic status in diabetes mellitus
Animal studies
All included studies assessed the possible effect of glu-
tamine on glycemic status in diabetic animals. However, 
due to the different duration of supplementation and 
the wide range of glutamine dosage, contradiction was 
observed in the results. Glutamine supplementation with 
three different dosages (250–500–1000  mg/kg) resulted 
in a significant reduction in plasma glucose level, with an 
increase in plasma and pancreatic levels of insulin [18]. In 
the most recent study conducted on this subject, 4 weeks 
of supplementation of 4.5 mg/kg glutamine caused a sig-
nificant increase in insulin production and a decrease in 
glucose levels [25]. A significant reduction was observed 
in glucose blood level following a 4-week glutamine sup-
plementation regime [32]. A high-dose glutamine supple-
mentation led to postprandial glucose reduction [27]. In 
contrast, almost half of included studies showed no sta-
tistically significant improvement in glycemic status [19, 
20, 22–24, 26, 29, 31].

Human clinical trials
The effects of glutamine on hormone secretion and 
pyloric motility seem to conform in a dose-dependent 
manner [36]. Mansour et  al. indicated that 30  g/d glu-
tamine for 6 weeks substantially decreased FBS and Hb 
A1c in patients with T2DM; however, there were no sig-
nificant changes in fasting insulin and insulin sensitivity 

index between groups [37]. Also, oral dose of encapsu-
lated glutamine did not stimulate consistent increase in 
GLP-1 and insulin secretion in type 2 diabetes patients 
[34]. In a study by Greenfield et  al., healthy, obese sub-
jects with T2DM or impaired glucose tolerance received 
oral glucose (75 g), glutamine (30 g).

In another study by Samocha-Bonet et  al., T2DM 
patients consumed 15  g glutamine with 100  mg/d sit-
agliptin or 15  g glutamine with a placebo [38]. After 
4  weeks, L-glutamine decreased HbA1c and fructosa-
mine irrespective of sitagliptin in patients with T2DM, 
and postprandial glucose decreased with significant 
time-treatment interactions, while HbA1c and fruc-
tosamine decreased without significant time-treat-
ment interactions [38]. Samocha-Bonet et  al. reported 
reduced early postprandial glycemia in patients with 
T2DM after administration of a single dose of 30  g of 
glutamine or 15  g glutamine with or without sitagliptin 
[39]. Glutamine at both dosages significantly increased 
postprandial insulin response and glucagon levels; how-
ever, C-peptide levels were not affected [28]. In contrast, 
4 weeks of glutamine supplementation (0.4 g/kg) did not 
show any significant changes in insulin resistance, insulin 
sensitivity, β-cell function, or blood glucose in patients 
with T1DM [31]. Also, administering 0.25 g/kg glutamine 
to adolescents did not change glycemic parameters such 
as insulin sensitivity or basal plasma free insulin concen-
tration, except for blood glucose after 4 weeks in patients 
with T1DM [32]. This may, however, be due to the low 
dose of glutamine.

Glutamine and incretin hormones in diabetes mellitus
Animal studies
Incretin hormones trigger physiological pathways to 
release insulin following a meal [38]. Some evidence sug-
gests hyperglycemic state decreases GLP-1 secretion in 
T2DM [39, 40]. Glutamine may stimulate GLP-1–secret-
ing cells to release GLP-1 [41]. Two of the studies in 
which incretin hormones were evaluated showed a sig-
nificant increase in GLP-1 after 8 weeks of high-dose glu-
tamine supplementation.

Human clinical trials
Glutamine significantly increased GLP-1 compared to 
water alone. Elevation of circulating GLP-1 levels fol-
lowing the ingestion of glutamine was detectable as early 
as 15  min post-ingestion. Glutamine also caused a sig-
nificant increase in plasma insulin levels, particularly in 
obese subjects; however, glucagon levels also increased. 
GIP levels increased following glutamine consumption; 
however, the effectiveness was less than that of glucose 
[35].
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The mechanism by which glutamine influences glyce-
mic status may be explained by GLP-1–induced slowing 
of gastric emptying [28]. Chang et al. evaluated intraduo-
denal (ID) infusions of glutamine (7.5 or 15 g) or saline 
over 30  min in healthy subjects and 15  g glutamine or 
saline in T2DM patients followed by an ID infusion of 
glucose over 100 min [36]. The results showed that 15 g 
ID glutamine significantly enhanced GLP-1 and gluca-
gon concentrations with modest increments in insu-
lin levels and phasic pyloric pressures in both groups 
[36]. Glutamine infusion significantly stimulated GIP 
only in T2DM patients, while the glucose load was not 
decreased, likely due to elevated levels of glucagon [36].

The changes of active GLP-1 and insulin-to-glucose 
AUC were also incremental with a significant time-treat-
ment effect; however, fasting total GLP-1, fasting active 
GLP-1, and postprandial total GLP-1 increased without 
a significant time-treatment interaction [38]. In a study 
by Takeuti et al., T2DM patients consumed 30 g of glu-
tamine diluted in 200  ml of water for one day, and the 
authors observed a significant reduction in blood glucose 
2 h after the ingestion of glutamine; however, blood glu-
cose 1 h afterward and PYY and GLP-1, 1 and 2 h after 
glutamine consumption showed no significant changes. 
Samocha-Bonet also examined the effect of oral L-glu-
tamine [25 g], whole protein low in glutamine (25 g), or 
water on the concentration of incretin hormones and 
insulin response in well-controlled T2DM patients and 
found that the first-phase insulin response and total 
GLP-1 were enhanced following the ingestion of both 
L-glutamine and protein; however, only protein potenti-
ated the second-phase insulin response [27].

Glutamine and lipid profile in diabetes mellitus
Animal studies
Among the included studies, six examined the possible 
effect of glutamine on lipid parameters. Eight weeks of 
administering 1gr/kg glutamine resulted in a significant 
reduction in LDL, TC, and TG levels, and a significant 
improvement in HDL levels [18]. Three other studies 
showed a reduction in TG levels after glutamine supple-
mentation; however, no statistically meaningful change 
was observed on other lipid parameters, including LDL, 
TC, and HDL [21, 23, 24]. In addition, Tsai et al. found 
no significant changes after glutamine supplementation 
on the lipid profile [19]. Although most included stud-
ies support the useful effects of glutamine on TG levels, 
it is premature to reach a specific conclusion for other 
parameters.

Human clinical trials
Only two human studies evaluated the effect of glutamine 
on the lipid profile, and neither resulted in a significant 

change. 30  g/day for 6  weeks showed no significant 
changes in LDL, HDL, TG, or TC levels [28].

Glutamine and oxidative stress and inflammation 
biomarkers in diabetes mellitus

Animal studies
Seven studies evaluated the effects of glutamine on oxi-
dative stress and inflammatory biomarkers. Glutamine 
dosage was between 250 to 1000 mg/kg among the stud-
ies, and supplementation duration was from 15  days 
to 4  months. Three studies conducted by Badole et  al. 
showed a significant reduction in oxidative stress, which 
resulted from an improvement in SOD, MDA, GSH, 
TAC, and CAT after supplementation with three differ-
ent dosages (250–500–1000 mg/kg) of glutamine for over 
two months [17, 18]. In another study, 1000  mg/kg of 
glutamine showed a significant increase in IL-1 and IL-6 
levels after 15  days. Tsia et  al. found that supplement-
ing glutamine for 6–8  weeks led to a reduction of CRP, 
IL-23, IL-6, and MCP-1 levels. However, no changes were 
observed in TGF-β, TNF-α, or IL-17A [19, 20, 22].

Human clinical trials
In the only human study that evaluated the effect of glu-
tamine of inflammatory markers, Mansour et  al. found 
no significant change in CRP after supplementing 30 g/
day glutamine for 6 weeks [28].

Discussion
The results of this systematic review showed that glu-
tamine supplementation has a potential effect on improv-
ing fasting plasma glucose [17, 18, 22, 25, 28, 29, 31, 32], 
postprandial blood glucose [14, 21, 26, 27, 30], and sig-
nificant increases in insulin production and incretin hor-
mones such as GIP and GLP-1 [18, 26, 27, 29, 30, 33]. 
However, results from insulin sensitivity were contradic-
tory [31, 32]. Regarding HbA1c and HOMA-IR, there is a 
lack of sufficient evidence to reach any conclusion.

Generally, incretin hormones such as GLP-1 and GIP 
are released from intestinal L-cells and play an essential 
role in physiologically mediating insulin secretion after a 
meal [14]. Since GLP-1 production is assumed to remain 
intact in well-controlled diabetic patients and stimulates 
insulin release and lowers postprandial glycemia, several 
therapeutic approaches are being developed to increase 
GLP-1 action for treating diabetes mellitus [27]. Glu-
tamine, a nonessential amino acid, is the most common 
free amino acid found in body fluids and skeletal muscles 
and has a pivotal role in regulating cell proliferation and 
growth [30] as well as stimulating incretin hormones, 
particularly GLP-1 secretion [15]. Interestingly, signifi-
cant reductions in glutamine concentration have been 
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found in diabetes mellitus compared with healthy indi-
viduals [28]. Nevertheless, studies have shown significant 
increases in GLP-1 levels following additional glutamine 
administration in diabetes mellitus [26, 27, 42].

Different mechanisms for glutamine signaling path-
ways should be taken into account. First, glutamine 
uptake with GLUTage cells is sodium-dependent, which 
could itself initiate GLP-1 secretion [33]. Indeed, in vitro 
and epidemiological studies have demonstrated elevat-
ing effects of glutamine on GLP-1 secretion in GLUTage 
cells more than other amino acids and even glucose [15, 
41]. In this context, one in vitro study has found that glu-
tamine causes membrane depolarization initiation and, 
subsequently, calcium entry into cells, which ultimately 
leads to GLP-1 secretion [14]. In addition, the effects 
of glutamine on lowering glucose levels could be due to 
two different GLP-1-dependent mechanisms, includ-
ing possibly stimulating insulin secretion or, more likely, 
slowing the gastric emptying rate [29]. In this regard, in 
healthy subjects, having a mixed meal, a combination 
of protein, carbohydrates, and fat, followed by a higher 
energy expenditure, prolonged the rate of gastric emp-
tying and resulted in lower glycemia compared with a 
meal of carbohydrates alone [14]. Additionally, GLP-1 
regulates insulin secretion from pancreas β-cells in both 
normal and disease conditions [27]. Likewise, glutamine, 
through GLP-1 mediation and in a dose-dependent man-
ner, increases insulin release in diabetes mellitus [29]. An 
in vivo study on a high fat diet enriched with glutamine 
administered to Wistar rats found that glucose uptake 
increased with stimulation of insulin signaling in skele-
tal muscles and reduced hepatic gluconeogenesis, which 
both showed improvement in insulin sensitivity [43].

Dyslipidemia is one of the major complications of dia-
betes mellitus; thus, reducing lipid profile parameters 
may play a protective role in cardiovascular disease. 
Results demonstrated significant reductions in TG lev-
els after glutamine administration [18, 21, 24]. However, 
the findings on TC, LDL, and HDL were contradictory 
[18, 19, 23, 24, 28]. Additionally, no significant change 
was observed in human studies, and the results were 
insufficient to draw any conclusions [28]. Hyperglycemia 
causes a significant increase in lipid profile levels, which 
may be related to a lack of insulin. The normalization of 
glycemic status is shown to have a significant effect on 
the lipid profile. Glutamine could have a lipid-lowering 
effect by increasing GLP-1 secretion. Increased levels of 
GLP-1 are associated with a reduction in lipid absorp-
tion [18]; in addition, it appears that GLP-1 can directly 
reduce hepatic lipogenesis and expression of lipogenesis-
related genes through the cAMP/AMPK pathway [44]. In 
another study, GLP-1 was able to decrease lipid accumu-
lation in the absence of insulin [45].

Anthropometric data derived from the studies is inad-
equate, although glutamine prevented weight loss after 
diabetes induction in animals [17, 21]. Although trunk 
fat, total fat, and total fat-free mass were all significantly 
decreased, no significant changes were observed in BMI 
or body weight in human studies[28]. Obesity is a well-
known modifiable risk factor for diabetes that can be 
managed by nutritional therapy [33]. It has been sug-
gested that additional glutamine intake has anti-obesity 
as well as antidiabetic properties [46]. A hypothesized 
mechanism is attributed to L-cells that co-produce 
GLP-1 and GLP-2 at the same time, which regenerates 
intestinal epithelium, mediates peptide YY production, 
and subsequently, through appetite suppression, pro-
longs satiety through GLP-1 receptors and thus manages 
weight control [33, 47].

Changes in body composition are a common feature in 
diabetic patients with abnormal decreases in lean body 
mass, particularly in elderly individuals [28]. Concerning 
this deterioration, in vivo evidence has demonstrated the 
protective role of glutamine on reducing fat mass (FM) 
and waist circumference (WC) as well as increasing fat-
free mass (FFM) without significant changes in body 
weight [28]. It is possible that glutamine, by increasing 
GLP-1 levels, which mediate FM and body weight reduc-
tion or replace FM with muscle, improves body composi-
tion in diabetes mellitus [28]. GLP-1 also affects adipose 
tissue, leading to increased lipolysis and thermogenesis in 
brown adipose tissue [48, 49]. Given the beneficial effects 
of glutamine on GLP-1, it is recommended to conduct 
clinical trials on the effects of glutamine on the expres-
sion of the genes involved in lipogenesis and thermogen-
esis in fat tissues. Studies have shown that GLP-1 leads to 
the suppression of the appetite center in the central nerv-
ous system, and a decrease in the secretion of the ghre-
lin hormone and gastric emptying [50, 51]. On the other 
hand, glutamine can lead to an increase in serum levels 
of GLP-1. Therefore, it is recommended the effect of 
glutamine on hormones involved in appetite, especially 
ghrelin, should be considered in future directions.

Results suggest a potential effect of glutamine on oxi-
dative stress and inflammatory markers. Glutamine sup-
plementation showed a significant increase in SOD, GSH, 
GPx, and catalase in animal studies [17–20, 22] as well as 
meaningful alleviations in CRP, IL-6, IL-23, and MCP-1 
levels [22]. Glutamine may have an antioxidant effect 
due to its role in glutathione synthesis. It can increase 
the enzyme activity of glutathione peroxidase and 
reduce ROS production [17, 18]. Thus, it can increase 
the total antioxidant level and activity of SOD and cat-
alase enzymes. It is similarly indicated that oxidative 
stress may lead to inflammation through an increase in 
gene expression of NF-κB and inflammatory biomarkers 
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[52, 53]. Since oxidative stress and inflammation play 
a vital role in pathogenesis and side effects of diabetes, 
glutamine may help improve the glycemic status and 
ameliorate side effects of diabetes, due to its antioxidant 
and anti-inflammatory effects [54]. Overall, possible and 
potential roles of glutamine on the metabolic state in dia-
betes mellitus are shown in Fig. 2.

Conclusion
This systematic review found that glutamine supplemen-
tation can lead to a decrease in fasting blood glucose, 
post-meal glucose, and triglyceride levels and an increase 
in insulin production. However, the results on the effect 
of glutamine on Hb-A1c and TC, LDL, and HDL lev-
els were inconclusive. Glutamine supplementation also 
resulted in increased levels of GLP-1.

Although the outcomes seem promising for the effects 
of glutamine on weight changes, oxidative stress, and 
inflammation, more precise clinical trials are needed to 
obtain more accurate results.
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