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Objective: The ameliorative effect of taurine on diabetes has received extensive attention in recent years. Despite
promising data from animal studies, the efficacy of taurine supplementation in human studies has been incon-
sistent. We thus did a meta-analysis of randomized controlled trials to assess the effect of taurine supplement on
glycemic indices, serum lipids, blood pressure, body composition in patients with diabetes.

Methods: We systematically searched PubMed, Embase, Cochrane, Web of Science, FDA.gov, and ClinicalTrials.
gov for randomized controlled trials (published from inception to January 15, 2022; no language restrictions)
about the effect of taurine supplement on diabetes. Values of Standardized Mean Differences (SMD) were
determined for continuous outcomes.

Resuits: Of 2206 identified studies, 5 randomized controlled trials were eligible and were included in our analysis
(N = 209 participants). Compared with the control group, taurine could significantly reduce HbAlc (SMD —0.41
[95% CI: —0.74, —0.09], p = 0.01), Fasting Blood Sugar (SMD — 1.28[95% CI: —2.42, —0.14], p = 0.03) and
HOMA-IR (SMD — 0.64[95% CI: —1.22, —0.06], p = 0.03). In addition, taurine also reduced Insulin (SMD —0.48
[95% CI: —0.99, 0.03], p = 0.06) and TG (SMD —0.26 [95% CI: —0.55, 0.02], p = 0.07), but did not reach
statistical significance.

Conclusions: Taurine supplementation is beneficial in reducing glycemic indices, such as HbAlc, Fasting Blood
Sugar, HOMA-IR in diabetic patients, but has no significant effect on serum lipids, blood pressure and body
composition in diabetic patients. Taurine emerges as a new option for the management of patients with diabetes.

Further studies are needed to understand the potential effect of taurine in diabetic patients.

1. Introduction

Diabetes is one of the most common metabolic diseases in the world,
of which type 1 diabetes is an autoimmune disease characterized by
hyperinsulinemia and hyperglycemia (Maahs, West, Lawrence, &
Mayer-Davis, 2010; Turner & La Gruta, 2022), Type 2 diabetes is a
progressive disease characterized by insulin resistance. According to the
International Diabetes Federation (IDF), around 693 million adults will
be affected by diabetes by 2045 (Cho et al., 2018). Diabetic complica-
tions are common in people with type 1 or type 2 diabetes and are a
significant cause of morbidity and mortality. The chronic complications
of diabetes are roughly divided into two categories: microvascular and
macrovascular, in which the incidence of microvascular is much higher

than that of macrovascular. Microvascular complications include neu-
ropathy, nephropathy, and retinopathy. Macrovascular complications
include cardiovascular disease, stroke, and peripheral arterial disease.
Diabetic foot syndrome is the leading cause of lower extremity ampu-
tations (Papatheodorou, Banach, Bekiari, Rizzo, & Edmonds, 2018).
Diabetes imposes a huge burden on the health care system while seri-
ously affecting the overall life quality of patients (Shi, Fonseca, & Childs,
2021). As a complex metabolic disease, researchers are always looking
for new treatments that can effectively slow down the progression of
diabetes while minimizing toxic side effects.

Taurine is a sulfonate-containing beta-amino acid isolated from
bovine bile (Lourenco & Camilo, 2002). Taurine is widely distributed in
various tissues and organs, especially in excitable tissues, where the
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content is more abundant, such as the brain, heart and skeletal muscle
(De Luca, Pierno, & Camerino, 2015; Kp & Martin, 2022; Schuller-Levis
& Park, 2003).As a naturally occurring amino acid, taurine has few side
effects, and current studies have not found any genotoxic, carcinogenic,
or teratogenic effects (Ripps & Shen, 2012). Due to its good safety,
taurine is widely used in functional drinks (Jagim et al., 2022), infant
formula (Almeida et al., 2021) and other products. Meat, especially
seafood products, are rich in taurine (Mendivil, 2021). Taurine plays
beneficial roles in a variety of metabolic and physiological processes,
such as glucose and lipid regulation, energy metabolism, anti-
inflammatory regulation and antioxidation (Kim et al., 2012). Taurine
has certain functions in cell development, nutrition and survival (Ripps
& Shen, 2012), the depletion of taurine leads to a wide range of path-
ological conditions, including severe cardiomyopathy (Zulli, 2011),
renal dysfunction (Yamori et al., 2010), pancreatic § cell malfunction
(L’ Amoreaux et al., 2010), and loss of retinal photoreceptors (Schmidt,
Berson, & Hayes, 1976). Taurine has been used as a potential energy
enhancer to improve exercise performance. It is worth noticing that
several factors such as taurine intake time, delivery mode and exercise
program will affect the effect of taurine on exercise performance (Kurtz,
VanDusseldorp, Doyle, & Otis, 2021). Taurine has a wide range of anti-
inflammatory effect (Park, Quinn, Wright, & Schuller-Levis, 1993).
Taurine supplements are beneficial to epilepsy (Oja & Saransaari, 2013),
heart disease (Wojcik, Koenig, Zeleniuch-Jacquotte, Costa, & Chen,
2010), cystic fibrosis (“Taurine supplementation in cystic fibrosis,”
1988) and diabetes (Caine & Geracioti, 2016). Taurine is a major anti-
oxidant that scavenges reactive oxygen species and protects organs,
including the brain (Oja & Saransaari, 2017), from oxidative stress. It
has neuroprotective effects and has been shown in animal studies to
prevent neurotoxic damage caused by alcohol, ammonia, lead and other
substances. Taurine is considered to be a modulator of neuronal activ-
ity. It is structurally similar to the main inhibitory neurotransmitters in
the brain y- Aminobutyric acid (Caine & Geracioti, 2016).

The protective effect of taurine on diabetes and its complications has
been demonstrated in many animal model (El Zahraa, Mahmoud, El
Maraghy, & Ahmed, 2012; Kim et al., 2012; Mohamed & Gawad, 2017).
Multiple studies have found that plasma taurine concentration is
inversely correlated with fasting blood sugar (FBS) and diabetic com-
plications, suggesting that taurine has a protective role in the progres-
sion of diabetes (Franconi et al., 1994; Sak et al., 2019). A large number
of animal experiments have shown that taurine can improve various
diabetic complications, including endothelial dysfunction, diabetic ne-
phropathy, diabetic retinopathy, diabetic cataract, diabetic neuropathy,
diabetic cardiomyopathy, and so on (Ito, Schaffer, & Azuma, 2012).
Although a number of controlled clinical trials have been conducted to
study the effects of taurine supplementation in patients with DM (dia-
betes mellitus), the efficacy of taurine supplementation for DM in human
studies has been inconsistent. Recognizing that individual studies might
not be able to provide sufficient data on clinical practice, we sought to
objectively assess the potential role of taurine in the management of
diabetes. There is no systematic review on RCTs (randomized controlled
trials) of the effect of taurine on various indicators of diabetes mellitus in
human studies. Therefore, we conducted a systematic review and meta-
analysis to examine the effects of taurine on glycemic indices, serum
lipids, blood pressure and body composition in patients with diabetes.

2. Methods
2.1. Search strategy and selection criteria

This meta-analysis is reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
Statement and was registered at International Prospective Register of
Systematic Reviews (number CRD42022307677).

We selected relevant studies published from inception to January 15,
by searching Embase, PubMed, Cochrane, Web of Science and ClinicalT
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rials.gov. We used the following combined text and MeSH terms:
“taurine” and “diabetes Mellitus”. The complete search used for Web of
Science was: “TS = (Taurine OR Tauphon OR Taufon OR Taurine Hy-
drochloride)” and “TS = (Diabetes Mellitus OR Diabetes Insipidus OR
Prediabetic State OR Scleredema Adultorum OR Glucose Intolerance OR
Gastroparesis)”. We considered all potentially eligible studies for re-
view, irrespective of the primary outcome or language.

Two independent investigators reviewed study titles and abstracts,
and studies that satisfied the inclusion criteria were retrieved for full-
text assessment. Trials selected for detailed analysis and data extrac-
tion were analyzed by two investigators, and the differences were
resolved by consensus or the discussion with the third independent
author. Inclusion criteria: RCTs on the efficacy of taurine in the treat-
ment of DM patients. Only original articles were included. Exclusion
criteria were as follows: non-human studies, non-RCTs, systematic re-
views or meta-analyses.

2.2. Study selection and data extraction

Two authors independently extracted relevant data from each study
into a pre-designed Excel spreadsheet, which included country of origin,
year of publication, first author, trial design, inclusion criteria, study
duration, study population, intervention and duration, participant
gender and age, baseline patient information, and treatment outcomes.
The outcomes included was serum lipids (TG, TC, HDL, LDL), glycemic
indices (HbAlc, FBS, Insulin, HOMA-IR), Body Composition (Weight,
BM]I, Energy Intake, Protein, Fat, Carbohydrate, Waist Circumference)
and blood pressure (SBP, DBP). For continuous variables, we extracted
the mean and Standard Deviation (SD). In the absence of means and SD,
the data were transformed according to the existing formulae. Two in-
dependent reviewers assessed risk for bias according to the PRISMA
recommendations. Differences are resolved independently by the third
author.

2.3. Statistical analysis

Review Manager 5.4.1 was used for statistical analysis. For contin-
uous variables, we used Standardized Mean Difference (SMD) and 95%
CI for analysis. The I? statistic was used to evaluate heterogeneity. I2
values of 25%, 50% and 75% were considered low, medium and high
heterogeneity, respectively. Random effects models were used to pool
measures in all studies. P values less than 0.05 were considered statis-
tically significant. Risk of publication bias for studies will be assessed
using Funnel plot. Quality of the RCT was assessed using the Cochrane
Risk of Bias Assessment Tool, including the following seven criteria:
random sequence generation, allocation concealment, blinding of pa-
tients, trial lists, blinding of outcome assessors, incomplete outcome
data, selective reporting, and other biases. Each item was assessed for
risk of bias as "low risk’, “high risk’ or 'unclear risk’ according to the
recommendations of the Cochrane Handbook.

3. Results

The literature search identified 2206 studies, of which 471 studies
were from PubMed, 37 were from the Cochrane Library, 902 were from
Embase, 790 were from the Web of Science and 6 were from clinical
trials. After excluding 563 duplicates, reviewing 1643 titles and ab-
stracts, 1557 outcomes were excluded, and the remaining 86 outcomes
were sought for retrival, The full text of 10 articles can not be obtained,
54 articles were assessed in detain, of which 28 studies were excluded
for interventions not eligible, 16 studies were excluded for patients not
eligible, 10 studies were excluded for outcomes not eligible, resulting in
a total of 5 randomized controlled studies of taurine for diabetes
included in the meta-analysis (Esmaeili, Maleki, Kheirouri, & Alizadeh,
2021; Moloney et al., 2010; Premanath, Mahesh, Babu, Bhanukumar, &
Devegowda, 2019; Samadpour Masouleh et al., 2021; Svarovskaya &
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Garganeeva, 2018). The study selection process is summarized in the
PRISMA flow chart (Fig. 1).

Five studies were conducted in 2010-2021, all five studies were
RCTs with a total of 219 participants (trial group 123 participants used
taurine and control group 96 participants used placebo), all patients
were diagnosed with DM (Four of the studies patients had Type 2 Dia-
betes and one was Type 1 Diabetes), two of the included studies were
conducted in Iran and the remaining three were conducted in India,
Ireland, Russia, the duration of interventions ranged from 2 to 16 weeks
(Supplementary 1). All trials were parallel group studies with high
quality according to the Cochrane Risk of Bias tool. Quality assessment
results of the included studies are summarized in Fig. 2.
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3.1. The effect of taurine on serum lipids

3.1.1. Triglyceride (TG)

One group of data in the RCT article published by Masouleh.S et al.
results in a high heterogeneity (p = 0.02, I> = 61%) of the overall
analysis results (SMD —0.51 [95% CI: —0.98, —0.04], p = 0.04). After
excluding this group of data, the heterogeneity was reduced to zero, so
this group of data was not included. A total of five RCTs (Esmaeili et al.,
2021; Moloney et al., 2010; Premanath et al., 2019; Samadpour
Masouleh et al., 2021; Svarovskaya & Garganeeva, 2018), reported, in a
total of 199 patients, 113 taurine users and 86 non-users, that taurine
had the potential to reduce TG compared to controls (SMD —0.26 [95%
CI: —0.55, 0.02], p = 0.07), but the difference was not statistically sig-
nificant. There was no heterogeneity between studies (p = 0.43, I2 =
0%) (Fig. 3A).
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Fig. 1. PRISMA flow chart.
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Fig. 2. Quality assessment of included studies.

3.1.2. Total cholesterol (TC)

A total of five RCTs (Esmaeili et al., 2021; Moloney et al., 2010;
Premanath et al., 2019; Samadpour Masouleh et al., 2021; Svarovskaya
& Garganeeva, 2018), reported, in a total of 199 patients, 113 taurine
users and 86 non-users, that taurine had the potential to reduce TC
compared to controls, but the difference was not statistically significant
(SMD —0.17 [95% CI: —0.46, 0.12], p = 0.24). There was no hetero-
geneity between studies (p = 0.41, I? = 0%) (Fig. 3B).

3.1.3. High-Density lipoprotein (HDL)

Four RCTs (Esmaeili et al., 2021; Moloney et al., 2010; Premanath
et al., 2019; Svarovskaya & Garganeeva, 2018) reported the HDL levels
of 179 patients, 103 taurine users and 76 non-users. There was no sig-
nificant difference in HDL level increase between the taurine group and
the control group. (SMD 0.27 [95%CI: —0.11, 0.64], p = 0.16). There
was no significant difference in heterogeneity between the included
studies (p = 0.23, 12 = 30%) (Fig. 3C).

3.1.4. Low-Density lipoprotein (LDL)

A total of five RCTs (Esmaeili et al., 2021; Moloney et al., 2010;
Premanath et al., 2019; Samadpour Masouleh et al., 2021; Svarovskaya
& Garganeeva, 2018), reported on LDL in 219 patients, 123 taurine users
and 96 non-users. Compared with the control group, taurine was more
likely to reduce LDL levels, but the statistical difference was not sig-
nificant (SMD —0.16 [95% CI: —0.51, 0.20], p = 0.39). There was no
significant difference in heterogeneity between the included studies (p
= 0.16, I? = 37%) (Fig. 3D).

3.2. The effect of taurine on glycemic indices

3.2.1. Glycosylated hemoglobin Alc (HbAlc)

Five RCTs (Esmaeili et al., 2021; Moloney et al., 2010; Premanath
et al., 2019; Samadpour Masouleh et al., 2021; Svarovskaya & Garga-
neeva, 2018) reported HbAlc in 219 patients, 123 taurine users and 96
taurine non-users. There was statistically significant difference in HbAlc
reduction between the taurine group and the control group (SMD —0.41
[95%CI: —0.74, —0.09], p = 0.01). There was no significant difference in
heterogeneity between the included studies (p = 0.25, I2 = 24%)
(Fig. 4A).

3.2.2. Fasting blood Sugar (FBS)

Two RCTs (Esmaeili et al., 2021; Samadpour Masouleh et al., 2021)
reported on FBS levels in 66 patients, 33 taurine users and 33 taurine
non-users. There was statistically significant difference in FBS reduction
between the taurine group and the control group (SMD —1.28 [95% CI:
—2.42, —0.14], p = 0.03). There was significant difference in

heterogeneity between the included studies (p = 0.07, I2 = 70%)
(Fig. 4B).

3.2.3. Insulin

Two RCTs (Samadpour Masouleh et al., 2021; Svarovskaya & Gar-
ganeeva, 2018) reported insulin levels in 93 patients, 50 taurine users
and 43 non-users. Compared with the control group, taurine may reduce
insulin levels, but the difference was not statistically significant (SMD
—0.48 [95%CI: —0.99,0.03], p = 0.06). There was no significant dif-
ference in heterogeneity between the included studies (p = 0.25, I? =
27%) (Fig. 4C).

3.3. Homeostatic model assessment for homeostatic model assessment for
insulin resistance (HOMA-IR)

One group of data in the RCT article published by Masouleh et al.
results in a high heterogeneity (p = 0.06, I> = 60%) of the overall
analysis results (SMD-0.64 [95% CI: —1.22,-0.06], p = 0.03). After
excluding this group of data, the heterogeneity was reduced to 22%, so
this group of data was not included. Three RCTs (Esmaeili et al., 2021;
Samadpour Masouleh et al., 2021; Svarovskaya & Garganeeva, 2018)
reported the HOMA-IR levels of 119 patients, 63 taurine users and 56
non-users. There was statistically significant difference in HOMA-IR
reduction between the taurine group and the control group (SMD-0.86
[95% CI: —1.30,-0.42], p = 0.0001). There was no significant difference
in heterogeneity between the included studies (p = 0.28, I? = 22%)
(Fig. 4D).

3.4. The effect of taurine on body composition

3.4.1. Weight

Two RCTs (Premanath et al., 2019; Samadpour Masouleh et al.,
2021) reported on 102 patients, 61 taurine users and 41 non-users.
There was no significant difference in weight loss between the taurine
group and the control group (SMD —0.01[95% CI: —0.41, 0.39], p
0.95). There was no heterogeneous difference between studies (p =
0.81, I? = 0%) (Fig. 5A).

3.4.2. Body mass index (BMI)

Two RCTs (Samadpour Masouleh et al., 2021; Svarovskaya & Gar-
ganeeva, 2018) reported BMI levels in 93 patients, 50 taurine users and
43 non-users. Compared with the control group, taurine may reduce
BMI, but the difference was not statistically significant (SMD —0.26
[95% CI: —0.91, 0.39], p = 0.43). Significant heterogeneity was found
between studies (p = 0.11, I = 54%) (Fig. 5B).
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Fig. 3. The effect of taurine on TG (A); the effect of taurine on TC (B); the effect of taurine on HDL (C);the effect of taurine on LDL (D).

3.4.3. Energy Intake

Two RCTs (Esmaeili et al., 2021; Samadpour Masouleh et al., 2021)
reported BMI levels in 86 patients, 43 taurine users and 43 non-users.
There was no significant difference in energy intake between the
taurine group and the control group (SMD 0.08 [95% CI: —0.35, 0.501, p
= 0.72). There was no heterogeneous difference between studies (p =
0.57, I2 = 0%) (Fig. 5C).

3.4.4. Protein

Two RCTs (Esmaeili et al., 2021; Samadpour Masouleh et al., 2021)
reported protein levels in 86 patients, 43 taurine users and 43 non-users.
There was no significant difference in Protein level between the taurine
group and the control group (SMD 0.03 [95% CI: —0.39, 0.45], p =

0.89). There was no heterogeneous difference between studies (p =
0.95, 12 = 0%) (Fig. 5D).

3.4.5. Fat

Two RCTs (Esmaeili et al., 2021; Samadpour Masouleh et al., 2021)
reported fat levels in 86 patients, 43 taurine users and 43 non-users.
Compared with the control group, taurine may reduce fat levels, but
the difference was not statistically significant (SMD —0.30 [95% CI:
—0.73, 0.12], p = 0.16). There was no heterogeneous difference be-
tween studies (p = 0.74, 2 = 0%) (Fig. 5E).

3.4.6. Carbohydrate
Two RCTs (Esmaeili et al., 2021; Samadpour Masouleh et al., 2021)
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Svarovskaya 2018 -0.9 0.99 30 -0.2 0.85 23 22.5% -0.74 [-1.30, -0.18] -
Total (95% ClI) 123 96 100.0% -0.41 [-0.74, -0.09] <>

-2 -1 0 1 2
Favours [experimental] Favours [control]

Heterogeneity: Tau? = 0.49; Chi? = 3.35, df = 1 (P = 0.07); I = 70%
Test for overall effect: Z = 2.21 (P = 0.03)
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Esmaeili 2020 -10.98 19.6 23 418 18.14 23 58.1% -0.79 [-1.39, -0.19]
Masouleh 2021 -21 8.39 10 -7.8 349 10 41.9% -1.97 [-3.08, -0.86] 1
Total (95% CI) 33 33 100.0% -1.28 [-2.42, -0.14] -

4 "

2 4
Favours [control]

-4 -2
Favours [experimental]

C
T P Std. Mean Difference Std. Mean Difference

tudy or Subarou Mean D Total Mean D Total Weight IV. Random. 95% Cl IV. Random. 95% CI
Masouleh 2021 -1.2 0.88 10 -1.3 0.88 10 26.3% 0.11[-0.77, 0.99] [
Masouleh 2021 -1.7 0.49 10 -13 0.88 10 25.4% -0.54 [-1.43, 0.36] —
Svarovskaya 2018 -4.31 3.08 30 -1.17 497 23 48.3% -0.77 [-1.34,-0.21] -
Total (95% CI) 50 43 100.0% -0.48 [-0.99, 0.03] -
Heterogeneity: Tau? = 0.06; Chi? = 2.74, df = 2 (P = 0.25); 12 = 27% 2 1 o 1 2
Test for overall effect: Z = 1.85 (P = 0.06) TP

D
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Esmaeili 2020 -0.52 1.56 23 0.31 1.81 23 40.7% -0.48 [-1.07, 0.10] L
Masouleh 2021 -1.1 0.27 10 -0.7 0.38 10 18.3% -1.16 [-2.13, -0.20] -
Masouleh 2021 -0.6 0.41 10 -0.7 0.38 10 Not estimable
Svarovskaya 2018 -1.16 0.7 30 -0.34 0.79 23 41.0% -1.09 [-1.68, -0.51] -
Total (95% CI) 63 56 100.0% -0.86 [-1.30, -0.42] >
Heterogeneity: Tau® = 0.03; Chi? = 2.56, df = 2 (P = 0.28); I = 22% _’2 _’1 0 ; é
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Fig. 4. The effect of taurine on HbAlc (A); the effect of taurine on FBS (B); the effect of taurine on insulin (C); the effect of taurine on HOMA-IR (D).

reported carbohydrate levels in 86 patients, 43 taurine users and 43 non-
users. There was no significant difference in Carbohydrate level between
the taurine group and the control group (SMD 0.11 [95% CI: —0.31,
0.54], p = 0.61). There was no heterogeneous difference between
studies (p = 0.50, 12 = 0%) (Fig. 5F).

3.4.7. Waist circumference (WC)

Two RCTs (Premanath et al.,, 2019; Svarovskaya & Garganeeva,
2018) reported carbohydrate levels in 115 patients, 71 taurine users and
44 non-users. Compared with the control group, taurine may reduce WC
levels, but the difference was not statistically significant (SMD —0.64
[95% CI: —1.94, 0.66], p = 0.33). Significant heterogeneity was found
between studies (p = 0.001, 2 = 91%) (Fig. 5G).

3.5. The effect of taurine on blood pressure

3.5.1. Systolic blood pressure (SBP)
Three RCTs (Esmaeili et al., 2021; Moloney et al., 2010; Premanath
etal., 2019) reported on 126 patients, 73 taurine users and 53 non-users.

There was no significant difference in SBP level between the taurine
group and the control group (SMD 0.06[95% CI: —0.30, 0.42], p = 0.74).
There was no heterogeneous difference between studies (p = 0.89, I =
0%) (Fig. 6A).

3.5.2. Diastolic blood pressure (DBP)

Three RCTs (Esmaeili et al., 2021; Moloney et al., 2010; Premanath
etal., 2019) reported on 126 patients, 73 taurine users and 53 non-users.
There was no significant difference in DBP level between the taurine
group and the control group (SMD 0.04[95% CI: —0.32, 0.39], p = 0.85).
There was no heterogeneous difference between studies (p = 0.85, 12 =
0%) (Fig. 6B).

4. Discussion

A meta-analysis of 5 studies was conducted to evaluate the effect of
taurine on various indicators in patients with diabetes. The 5 included
studies were all RCT studies in patients with diabetes, of which 4 were
for patients with type 2 diabetes, and 1 was for type 2 diabetes. This



X. Tao et al.

Food Chemistry: Molecular Sciences 4 (2022) 100106

A
T P Std. Mean Difference Std. Mean Difference
Study or Mean SD Total Mean SD Total Weight IV, 95% Cl 1V, 95% Cl
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D
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Total (95% CI) 43 43 100.0% -0.30 [-0.73, 0.12] -
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Std. Mean Difference
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Std. Mean Difference

G
T P
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% Cl
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6% 0.01[-0.51,0.54]
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Fig. 5. The effect of taurine on weight (A); the effect of taurine on BMI (B);the effect of taurine on Energy Intake (C);the effect of taurine on Protein (D);the effect of
taurine on Fat (E);the effect of taurine on Carbohydrate (F);the effect of taurine on waist circumference (G).

meta-analysis comprehensively evaluated the effects of taurine supple-
mentation on multidimensional indicators of diabetes, such as blood
lipids, blood glucose, blood pressure, body weight, and body composi-
tion. Our analysis results show that taurine has a significant reducing
effect on HbAlc, FBS, HOMA-IR, and taurine may have a reducing effect
on TG, TC, LDL, Insulin, BMI, Fat, Waist circumference, but there is no
statistical significance difference. Taurine has no effect on other diabetes
related indicators such as HDL, Weight, Energy Intake, Protein,

Carbohydrate, SBP, DBP.

Taurine has been used as a dietary supplement to improve health in
humans and animal models of metabolic syndrome (El Idrissi, 2019; Ra,
Choi, Akazawa, Kawanaka, Ohmori, & Maeda, 2019). In vitro study on
human erythrocytes shows that the increase in glycated hemoglobin
levels was blocked significantly when erythrocytes were pretreated with
taurine (Selvaraj, Bobby, & Sathiyapriya, 2006). A single administration
of taurine at a dose of 200 mg per kg increased the insulin-like activity in
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B
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Fig. 6. The effect of empagliflozin on SBP (A); the effect of empagliflozin on DBP (B).

blood plasma, elevated two-fold the content of glycogen in liver tissue,
decreased content of sugars in blood (Dokshina, Silaeva, & Lartsev,
1976).

Animal experiments showed that supplementation of taurine could
improve hyperglycemia and insulin resistance in non-insulin-dependent
diabetes mellitus rats (Harada et al., 2004). Supplementing the fructose-
fed rats with taurine has ameliorated the rise in HOMA by 56%, tri-
glycerides (TGs) by 22.5%, total cholesterol (T-Chol) by 11%, and low
density lipoprotein cholesterol (LDL-C) by 21.4% (El Mesallamy, El-
Demerdash, Hammad, & El Magdoub, 2010). Taurine can improve in-
sulin signaling and insulin resistance in rat liver caused by intravenous
infusion of fatty acids (Wu et al., 2010).

Taurine also plays a significant role in the metabolic process. The
concentration of taurine in plasma was 25% lower in diabetic patients
than that in normal subjects (Sak et al., 2019). In fact, most of the major
targets of diabetes (kidney, retina and neurons) undergo hyperglycemic-
mediated reductions in taurine content (Schaffer & Kim, 2018; Schaffer,
Azuma, & Mozaffari, 2009). Ingestion of 0.4-6 g taurine per day for
various days improved metabolic profiles in blood (including reductions
in total cholesterol and low-density-lipoprotein cholesterol), and car-
diovascular functions in healthy subjects, as well as in patients with
overweight, diabetes, hypertension, or congestive heart failure (Mil-
itante & Lombardini, 2002; Xu, Arneja, Tappia, & Dhalla, 2008), which
means that both healthy volunteers and diabetic patients can benefit
from taurine supplements. In healthy humans, administration of a
commercial energy drink which contained taurine caused a decrease in
serum glucose and an elevation in the HOMA-IR (P < 0.001) (Basrai
et al., 2019). Taurine could improve whole-body insulin sensitivity in
volunteers with hyperglycemia (Sarkar, Basak, Ghosh, Kundu, & Sil,
2017). Based on Seven-hundred eleven overweight or obese participants
on a weight-loss diet for 2 years, baseline taurine levels significantly
altered the effect of diabetic genetic risk score on fasting glucose, in-
sulin, and HOMA-IR. Plasma taurine levels may differentially modulate
the effect of diabetes-related genes on insulin sensitivity during weight-
loss diets in overweight/obese patients (Zheng et al., 2016). Oral sup-
plementation of taurine could ameliorate lipid-induced functional beta
cell decompensation and insulin resistance in humans (Xiao, Giacca, &
Lewis, 2008). RCT study showed that taurine rich diet reduced HOMA-
IR value compared with the control group (P = 0.032) (Diaz-Rizzolo
et al., 2021).

As shown in Fig. 4, our study has showed taurine supplement could
reduce the glycemic indices. Indeed, this consistency is apparent despite

the fact that these studies differ in several ways, including the back-
ground anti-diabetic drugs, the extra interventions like Physical exer-
cise, and the dosage of taurine supplement. Taken together, these studies
showed beneficial effects of taurine supplement for glycemic indices of
diabetes.

The improvement of taurine supplement on HbAlc, FBS, HOMA-IR
of diabetic patients may attribute to the molecular mechanism of
taurine, including anti-oxidative effect, anti-inflammatory effect, pro-
tection of pancreatic cells, improvement of insulin resistance, and pro-
motion of bile acid production, especially antioxidant and anti-
inflammatory effects.

Oxidative stress plays a vital role in diabetes because of the increased
synthesis of Reactive Oxygen Species (ROS). Glycosylation of non-
enzymatic protein and glucose auto-oxidation are major causes of pro-
duction of free radicals that cause tissue injuries in diabete (Brownlee,
2001; Wolff & Dean, 1987). High glucose levels or hyperglycemia is
linked to ROS and plays a key function in such ailments (Winiarska,
Szymanski, Gorniak, Dudziak, & Bryla, 2009).

Several mechanisms may contribute to the protection effect of
taurine against oxidative stress in diabetes. First, Taurine reduces AGEs
production, which plays a vital role in the formation of diabetes com-
plications. The reaction between taurine and aldehydes was supposed to
perform as a scavenging element against glycation and protect intra-
cellular production of AGE and carbonyl compounds (Devamanoharan,
Ali, & Varma, 1998; Nandhini, Thirunavukkarasu, & Anuradha, 2004).
Tau prevented protein glycation and lipid peroxidation in red blood cells
during exposure to high glucose (Nandhini & Anuradha, 2003). Second,
taurine regulates the PI3 kinase/AKT pathway. Studies on the mecha-
nism of apoptosis showed that alloxan accelerated the markers of
mitochondrial dependent apoptotic pathway (enhanced cytochrome C
release in cytosol from mitochondria, altered the expression of Bax, Bcl-
2, Apaf-1, caspase-9, caspase-3). Treatment with taurine could restore
all the alteration caused by alloxan. Moreover, taurine activates hepatic
PI3Kinase, Akt, hexokinase and augments the translocation of GLUT 2 to
hepatic membrane in diabetic rats, which may benefit diabetic liver
injury (Inam et al., 2018; Rashid, Das, & Sil, 2013). Third, taurine affects
the mitochondrial apoptosis pathway and energy metabolism. Taurine
increases the rate of ATP production, the ratio of ATP:ADP, the activity
of pyruvate dehydrogenase, protects glucose oxidation, respiratory
chain function and energy metabolism, effects that could increase beta-
cell secretory function (Oprescu et al., 2007; Schaffer et al., 2016).

The anti-inflammatory mechanism of taurine is mainly by
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interacting with hypochlorous acid. Neutrophils can release hypochlo-
rous acid, which is a strong oxidant promoting the occurrence of
inflammation. Taurine reacts with hypochlorite and acquires chloride to
its N-H group, producing taurine chloramine, which plays an anti-
inflammatory role (Grisham, Jefferson, Melton, & Thomas, 1984; Kim
& Cha, 2014).

Taurine may have effects on serum lipids, but in our study, there is no
statistical difference. The effect of taurine on blood lipids needs more
research to confirm.

To our knowledge, this is the first meta-analysis to comprehensively
evaluate the effects of taurine supplementation on various indicators in
patients with diabetes.

However, this analysis has several limitations: (a) Due to the limited
number of large clinical trials and only a few RCTs eligible, only 5 RCTs
were included in this paper. Most RCTs have small sample sizes and
therefore produce results that are not significant. (b) The short follow-up
period, and relatively short duration of the included studies, warrants
further study.

Although further studies are needed to establish the optimal
approach to the application of taurine in practice, our findings clearly
lend support to the supplementation of taurine has ameliorative effect
on diabetes.

5. Conclusions

In conclusion, our results suggest that taurine supplement has a
significant effect in reducing the HbAlc, FBS, HOMA-IR of diabetic
patients. However, the beneficial effects of taurine did not achieve sta-
tistical significance in TG, TC, HDL, LDL, Insulin, Weight, BMI, Energy
Intake, Protein, Fat, Carbohydrate, Waist circumference, SBP, DBP.
More RCTs with longer duration and larger sample sizes are needed to
determine the effects of taurine on patients with diabetes and to better
guide clinical practice.
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