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Effects Of Taurine Supplementation on Diabetes Mellitus
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ABSTRACT

Taurine is a sulfur-containing, semi-essential aminosulfonic acid that is not involved in protein synthesis and is widely found
in various body tissues and organs. In the human body, it can be synthesized endogenously from methionine and cysteine or
obtained through diet. The best-known dietary sources are seafood and meat, while it is found in plants only in very limited
amounts. Known for its antioxidant and anti-inflammatory properties in the human body, taurine plays various roles in
maintaining cellular homeostasis. Diabetes mellitus is a metabolic disease characterized by chronically high blood glucose
levels resulting from insulin deficiency or insulin resistance. In diabetes mellitus, persistent chronic hyperglycemia leads to the
development of various complications in the long term. Some experimental studies have shown that taurine may have regulatory
effects on glucose metabolism and may play a role in reducing insulin resistance. Therefore, taurine is considered a potential
complementary support in diabetes mellitus management.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disorder marked by chronic hyperglycemia due
to impairments in insulin secretion, insulin sensitivity, or both (1). Type 1 and Type 2 DM are
the most common forms of the disease and are associated with significant metabolic and
vascular complications (2). Type 1 DM is an autoimmune disease characterized by immune-
mediated damage to pancreatic B3 cells, while Type 2 DM is a multifactorial disease influenced
by genetic susceptibility, dietary patterns, physical inactivity, and obesity (1). In short, Type 1
DM is characterized by insulin deficiency and hyperglycemia, while Type 2 DM is
characterized by insulin resistance (3). Because both environmental and genetic factors
contribute to the development of DM complications, the complications of DM develop
multifactorially (4). Risk factors for the development of DM complications include poor
glycemic control, dyslipidemia, hypertension, excess body weight, and elevated uric acid
levels. Irregularities in each risk factor lead to complications (5). Complications of DM are
divided into microvascular and macrovascular complications. Microvascular complications are
characterized by conditions such as neuropathy, nephropathy, and retinopathy, whereas
macrovascular complications encompass coronary artery disease, cerebrovascular disorders,

and peripheral arterial disease (6).

Diabetes mellitus treatment is crucial for preventing complications from worsening or delaying
their onset. While Type 1 DM is insulin-dependent, lifestyle modification, including dietary
intervention and physical activity, together with oral antidiabetic agents, represents the initial
approach in the management of Type 2 DM. As a result of these practices, insulin is required

when effective treatment is not available in Type 2 DM (6, 7).

Taurine supplementation is being considered as a novel agent that could reduce the risk of
developing DM or prevent complications in individuals who already have it, in addition to
standard treatments. Taurine, also known as tauric acid or 2-aminoethylsulfonic acid, is a non-
protein amino acid found in cells (2). Taurine, which is widely found in animal tissues, is found
in the human body in the retina, platelets, colon, heart, and brain (8). Sources of taurine are
endogenous synthesis and dietary intake, with dietary sources including meats (seafood, meat,
poultry) (9). Taurine deficiency has been linked to problems with B-cells in the pancreas, kidney
disorders, and retinal disorders (3). Taurine has roles in the body such as improving metabolic
syndrome and oxidative stress (10). Taurine also functions as an antioxidant, conjugating bile
acids, and modulating neurotransmitters (11). Evidence from experimental and limited human

studies suggests that taurine supplementation may have beneficial effects on B-cell function and
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insulin sensitivity (3). Taurine supplements are available commercially as capsules, tablets, or
added to energy drinks (9). The relationship between taurine and DM makes it clear why taurine
is considered a new treatment option. Taurine has been suggested to attenuate insulin resistance
and improve glycemic control (12). In type 1 DM, its antioxidant and anti-inflammatory
properties may help attenuate organ dysfunction and complications, while in type 2 DM, it helps
prevent complications by maintaining glucose regulation (13). Taurine supplementation has an
impact on glycemic parameters. In experimental models and individuals with Type 2 DM,
taurine supplementation has been associated with increased plasma insulin levels and reduced
plasma glucose concentrations (14). The aim of this review is to evaluate the effects of taurine

supplementation on glucose metabolism and DM.
TAURINE
Biochemistry of Taurine

Taurine is chemically defined as a B-amino acid, characterized by the presence of an amino
group (NH2) and a sulfonic acid group (SO3H) attached to the B-carbon atom (9). It is a non-
protein amino acid that serves as an intracellular amino acid in many animal tissues (15).
Taurine, which is not involved in protein synthesis and is not incorporated into muscle proteins,
is sulfur-containing amino sulfonic acid and is considered conditionally essential in humans
under certain physiological or pathological conditions (2). Widely distributed across animal
tissues, it plays multiple roles in human physiology. It participates in several cellular functions,
including antioxidant activity, neurotransmitter modulation, and bile acid conjugation (11) and
also contributes to human health through its blood pressure-regulating and anti-inflammatory

effects (9).

Experimental and clinical studies have also suggested that taurine may exert beneficial or
potentially therapeutic effects on metabolic syndrome (10). Impaired glucose regulation, a key
component of metabolic syndrome, may be improved through taurine's potential hypoglycemic
and insulin-sensitizing effects (16). Thus, beyond its basic physiological functions, taurine may

serve as a promising adjunct for regulating metabolic syndrome—related parameters (17).

Taurine deficiency, although uncommon in healthy adults, has been associated with
cardiomyopathy, renal dysfunction, pancreatic 3-cell damage, and loss of retinal photoreceptors
(3). Taurine is distributed widely throughout the human body and is present at particularly high
concentrations in excitable tissues such as the heart, brain, and retina, as well as in platelets,

and various glandular tissues (18).
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Taurine levels are maintained through both exogenous dietary intake and endogenous synthesis
(19). Endogenous synthesis occurs primarily in the liver from the amino acids cysteine and
methionine (15), although other tissues—including the kidneys, brain, and adipose tissue—also
contribute to its production (19). Because the biosynthetic capacity of humans is relatively
limited, taurine is obtained primarily through dietary sources, including meats and seafood, or
supplementation (15, 16). Foods rich in taurine include mussels, oysters, shellfish, chicken, and
turkey, with seafood and meat constituting the primary dietary contributors; plant-based foods
contain only trace amounts (2, 20). Importantly, studies have not reported any genotoxic,

carcinogenic, or teratogenic effects associated with taurine intake (3).
Taurine Supplementation

Taurine supplementation has been suggested to exert protective effects against several health
conditions, including aging, metabolic syndrome, certain cancers, cardiovascular disease,
neurological disorders, and mitochondrial dysfunction (21). It may also improve insulin
resistance—a component of metabolic syndrome—by enhancing glucose regulation (3).
Reduced serum taurine levels are associated with various oxidative stress-related disorders, and

supplementation has been reported to alleviate some of these abnormalities (2).

Intracellular concentrations typically range from 5-50 mM, whereas plasma levels average
around 100 uM. Following oral supplementation, plasma taurine peaks within approximately 1
to 2.5 hours (21). Taurine is commonly administered in capsule form or as a component of
taurine-rich beverages (12). The recommended dosage varies depending on the intended use
but generally ranges between 500 and 2000 mg (9). In mammalian models, long-term taurine
supplementation has been shown to suppress endogenous taurine synthesis (10). Furthermore,
intake exceeding recommended levels may lead to mild gastrointestinal or neurological side
effects in some individuals. The appropriate dose of taurine supplements depends on several

individual factors, including age, weight, sex, and overall health status (9).
PATHOPHYSIOLOGY OF DM

Diabetes mellitus is a combination of various metabolic disorders rather than a single disease
entity (4). It is defined by chronic hyperglycemia and abnormalities in carbohydrate, lipid, and
protein metabolism that arise from impairments in insulin secretion, insulin sensitivity, or a

combination of both (8).

Diabetes mellitus is commonly classified into two major types: Type 1 DM and Type 2 DM (2).

Type 1 DM is characterized by autoimmune destruction of pancreatic B-cells, leading to
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absolute insulin deficiency and subsequent hyperglycemia, whereas Type 2 DM is primarily

characterized by insulin resistance accompanied by a progressive decline in -cell function (3).

Additional clinically recognized types include latent autoimmune DM in adults (LADA),
monogenic DM syndromes, and gestational DM (4).

Current Therapeutic Approaches to DM

Early attempts to manage DM relied on herbal remedies and dietary regulation (22). Today,
treatment strategies differ between Type 1 and Type 2 DM. Management of Type 1 DM requires
lifelong insulin therapy, supported by daily lifestyle practices such as regular exercise, adequate
sleep, and balanced nutrition. Insulin regimens typically include basal insulin and bolus insulin
administered according to nutritional intake (23). Type 2 DM, which is characterized by insulin
resistance and progressive B-cell dysfunction, is closely associated with oxidative stress and
inflammation; therefore, reducing these factors is an important component of treatment (24).
First-line therapy for Type 2 DM includes lifestyle modification and oral antidiabetic
medications. Insulin therapy is initiated when adequate glycemic control cannot be achieved

with diet, exercise, or oral agents (6).

Advances in DM technology have significantly improved disease management. Automated
insulin delivery systems, continuous subcutaneous insulin infusion pumps, and continuous
glucose monitoring devices help maintain glucose levels within the target range and reduce the
risk of severe hypoglycemia and hyperglycemia (25). Beyond established therapeutic
approaches, interest in adjunctive options has increased, with taurine being considered a

potentially beneficial agent.

PHYSIOLOGICAL INTERACTIONS BETWEEN TAURINE AND GLUCOSE
METABOLISM

Taurine plays several physiological roles, one of which is the regulation of blood glucose
homeostasis (18). It contributes to glucose homeostasis by modulating insulin secretion from
pancreatic B-cells and influencing insulin signaling pathways. Taurine enhances insulin
sensitivity in part by increasing adiponectin mRNA expression. In line with this, a recent
systematic review and meta-analysis of RCTs demonstrated that taurine supplementation
significantly reduced waist circumference, triglyceride levels, and fasting blood glucose, and
lowered the overall risk of metabolic syndrome (17). In conditions of mitochondrial oxidative
stress, the impaired mitochondrial functions involved in glucose and lipid metabolism further

exacerbate metabolic dysregulation. Acting as an antioxidant, taurine protects mitochondria by
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reducing oxidative stress and thereby supports normal glucose and fat metabolism (21). In
addition, taurine has been suggested to modulate insulin secretion through B-cell signaling
mechanisms, partly via the inhibition of ATP-sensitive potassium channels, facilitating insulin
release and supporting glucose regulation (26). Taurine improves complications in Type 1 DM
with its antioxidant and anti-inflammatory effects in the body, while it plays a role in glucose

regulation in Type 2 DM and has a hypoglycemic effect (13).
Taurine Supplementation on Type 1 DM

Taurine supplementation has been suggested to exert beneficial effects in Type 1 DM primarily
through its antioxidant and anti-inflammatory properties, rather than through direct glycemic
control. Experimental evidence indicates that taurine may reduce oxidative damage, attenuate
inflammatory responses, and help preserve residual B-cell function, particularly in the early

stages of the disease, thereby contributing to metabolic homeostasis (13).

Mitochondrial oxidative stress plays a key role in the pathogenesis of metabolic disturbances
and DM-related complications. By acting as an antioxidant, taurine protects mitochondrial
function, thereby supporting glucose and lipid metabolism and reducing oxidative stress—

induced cellular damage (21).

Animal studies provide stronger evidence regarding the role of taurine in preventing DM-
related complications (11). Diabetic nephropathy, a common microvascular complication of
Type 1 DM, has been shown to improve following taurine supplementation in experimental
models. In diabetic rats, taurine administration reduced urinary protein excretion and oxidative
stress—key markers of nephropathy—and attenuated cellular hypertrophy and fibrosis induced
by advanced glycation end products in renal tissue (11). Beyond nephropathy, taurine has
demonstrated protective effects against other DM-related complications in Type 1 animal
models. In streptozotocin-induced diabetic rats, taurine supplementation attenuated oxidative
stress and improved left ventricular function, suggesting a cardioprotective role in diabetic
cardiomyopathy (27). Additionally, taurine has been shown to reduce vascular endothelial
dysfunction in Type 1 diabetic rats by suppressing oxidative stress and downregulating pro-

inflammatory endothelial markers (28).

Evidence from human studies remains limited. In a small clinical study, taurine was
administered at a dose of 0.5 g/day to patients with Type 1 DM for 30 days, and its effects on

carbohydrate and lipid metabolism were evaluated. The findings indicated improvements in
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lipid metabolism, suggesting potential metabolic benefits of taurine supplementation in

individuals with Type 1 DM, although the small sample size limits definitive conclusions (13).

Although a recent systematic review and meta-analysis reported significant reductions in
HbAlc, fasting blood glucose, and HOMA-IR with taurine supplementation in diabetic
patients, the majority of included trials enrolled individuals with Type 2 DM; only one study
specifically examined patients with Type 1 DM, underscoring the limited availability of high-
quality human evidence in this population (3). Overall, taurine appears to act through multiple
interconnected pathways, including antioxidant defense, modulation of insulin signaling, and

attenuation of inflammatory processes.
Taurine Supplementation on Type 2 DM/Insulin Resistance

Taurine supplementation has been suggested to influence glucose homeostasis in Type 2 DM
primarily through improvements in insulin sensitivity and modulation of insulin signaling
pathways. Reduced taurine levels have been associated with DM and its related complications,

highlighting a potential role for taurine in metabolic regulation (20).

Experimental studies indicate that taurine may exert protective effects in Type 2 DM by
reducing oxidative stress, modulating insulin signaling, and attenuating insulin resistance (13,
29, 30). In animal models, taurine supplementation has been shown to influence insulin
secretion and glucose handling, although these effects appear to be mediated predominantly

through improvements in insulin sensitivity rather than direct hypoglycemic action (11, 31).

Evidence from animal studies supports a role for taurine in pancreatic and peripheral insulin-
related mechanisms. In a study using non-obese diabetic pregnant mice, maternal taurine
supplementation enhanced pancreatic islet development in offspring, which was associated with
a delayed onset of DM (11). In another experimental model, insulin resistance was induced in
mice through intralipid and heparin administration, leading to hepatic insulin resistance via
serine phosphorylation. Taurine supplementation was suggested to attenuate insulin resistance

by modulating pathways involved in serine phosphorylation and insulin signaling (31).

Human clinical evidence further supports these findings, although results remain
heterogeneous. In a randomized controlled study involving 120 participants, taurine
supplementation (1000 mg, three times daily for 8 weeks) resulted in significant reductions in
serum insulin levels and HOMA-IR compared with the control group, indicating an
improvement in insulin resistance. However, no significant changes were observed in fasting

blood glucose or HbAlc levels, suggesting that taurine’s primary effect may be related to
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insulin sensitivity rather than direct glycemic control (26). The absence of significant changes
in fasting blood glucose and HbAlc in this study, despite improvements in insulin resistance,
may be attributable to several factors, including differences in baseline glycemic control among
participants, the relatively short intervention duration, or the possibility that taurine's effects on
glycemic indices require a longer period to manifest. These discrepancies highlight the need for

longer-term trials with standardized protocols.

A systematic review and meta-analysis synthesizing data from multiple randomized controlled
trials (RCTs) reported that taurine supplementation significantly reduced fasting blood glucose
and HbAlc levels in individuals with DM, providing pooled evidence in support of its glycemic
benefits (3). Similarly, in another randomized study involving patients with Type 2 DM, daily
supplementation with 3 g of taurine for 8 weeks led to significant reductions in fasting blood
glucose, insulin levels, and insulin resistance compared with controls (25). Supporting these
individual trials, a systematic review and meta-analysis of five RCTs involving 209 diabetic
patients demonstrated that taurine supplementation significantly reduced HbAlc (SMD —0.41;
95% CI: —0.74,—-0.09), fasting blood glucose (SMD —1.28; 95% CI: —2.42, —0.14), and HOMA.-
IR (SMD —0.86; 95% CI: —1.30, —0.42) compared with controls, providing pooled evidence for
its beneficial effects on glycemic indices in diabetic patients (3). Collectively, these findings
suggest that taurine supplementation may improve insulin resistance and metabolic parameters
in individuals with Type 2 DM, although its effects on long-term glycemic control require

further investigation.
CONCLUSION AND RECOMMENDATIONS

Overall, current evidence suggests that taurine may play a beneficial role in DM by supporting
antioxidant and anti-inflammatory defenses, enhancing insulin sensitivity, and protecting -
cells. Taurine supplementation has been associated with improvements in several DM-related
metabolic parameters and may help attenuate the progression of chronic complications such as
neuropathy, nephropathy, retinopathy, and cardiovascular disease. Based on current evidence,
taurine supplementation appears to be well tolerated in adults and may represent a potential
complementary strategy rather than a routine clinical recommendation; nevertheless, the
absence of an established upper intake level and the limited long-term safety data warrant
cautious interpretation. Future studies should focus on clarifying the therapeutic potential of
taurine by employing well-designed randomized controlled trials that consider dose, duration,
sample size, and participant characteristics. More rigorous evidence is needed to determine

whether taurine can effectively prevent DM or delay its complications. Comprehensive clinical
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research will ultimately define the role of taurine supplementation as an adjunctive option in

DM management.
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