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Abstract

Background Metabolic syndrome (MetSyn) is a cluster of metabolic constellations which includes hypertension, central
obesity, insulin resistance and atherogenic dyslipidaemia. MetSyn is a group of interconnected risk factors linked to diabetes,
cancer, stroke and other comorbidities. Herbal tea (HT) has been reported to play an important role in managing MetSyn.
However, very few HTs are scientifically validated. This systematic review focuses on the reports of scientific validation of
different HTs used globally to treat MetSyn.

Objective Our study emphasizes on all the clinical trial studies that utilize HTs targeting MetSyn globally, and additionally
focuses on different preclinical studies involving HTs and their mechanism of action.

Methods This study was performed considering the guidelines of Preferred Reporting Items for Systematic Review and
Meta-analysis (PRISMA) and studies were screened out from various scientific databases like PubMed, Google Scholar,
Web of Science, etc. considering inclusion and exclusion criteria.

Results A detailed analysis divulged 15 different clinical studies of herbal teas against MetSyn globally, regarding which stud-
ies were conducted between the years 1990 and 2023 by a total of 897 participants. Further investigation led to 31 different
preclinical studies which in the form of infusion/decoction have been used to treat MetSyn. It was also revealed that mostly
leaf parts were used in preparing the herbal tea. Additionally, Asia has reported the highest number of herbal teas followed
by other continents; the most targeted MetSyn was diabetes. Various reported mechanisms of action have also been tabulated.
Conclusion Supplements from natural sources like herbal teas are good alternatives to conventional drugs for combating
MetSyn. Although, the usage of herbal teas in the management of MetSyn is widespread; however, very few have been sci-
entifically validated in a preclinical and clinical setup. In-depth studies are warranted to ascertain the clinical efficacy and
safety of herbal teas.
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non-communicable diseases have gained momentum over
the past three decades disrupting all the disease patterns [1].
Metabolic syndrome (MetSyn), also known as ‘Syndrome X’
or ‘Insulin Resistance Syndrome’ or ‘Hypertriglyceridemic
Waist” or ‘The Deadly Quartet’, is a cluster of metabolic
constellations which includes hypertension, central obesity,
insulin resistance and atherogenic dyslipidaemia. MetSyn
includes increased waist circumference, fasting triglyceride,
fasting blood sugar and increased blood sugar and decreased
fasting high-density lipoprotein cholesterol level (Fig. 1).
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Both inherited and acquired variables that contribute to the
ultimate inflammatory cascade resulting in CVD are involved
in the aetiology of MetSyn. MetSyn is a group of intercon-
nected risk factors linked to diabetes, cancer, stroke and
other comorbidities. Obesity and type 2 diabetes are often
associated with a higher incidence of MetSyn. Due to the
worldwide exponential rise in obesity, MetSyn has recently
become a topic of interest [2]. The worldwide occurrence
of metabolic syndrome (MetS) ranged from 12.5 to 31.4%
depending on how it was defined. An analysis carried out in
South Asia found that the occurrence of metabolic syndrome
(MetS) was 14.0% according to the World Health Organisa-
tion (WHO), 26.1% according to the Adult Treatment Panel
III (ATP I10), 29.8% according to the International Diabetes
Federation (IDF) and 32.5% according to a modified version
of ATP III [3]. Approximately, 20-25% of the global adult
population is believed to have MetSyn. Individuals with this
syndrome are twice as likely to experience mortality and
three times as likely to suffer from a heart attack or stroke, in
comparison to those without the condition [4].

Nature has bestowed us with numerous gifts. Various
plants, herbs, shrubs, etc. have been used extensively to
avoid and treat a variety of diseases for thousands of years
because of their remarkable efficacy and minimal side effects
[5]. With the advancement of science and technology, many
plants that were used traditionally for treating various ail-
ments have been scientifically validated, reducing the time
for new drug discoveries [6]. HT is a novel dosage form that
has emerged as a result of the rise in popularity of tea drink-
ing and the gradual accumulation of medical practice expe-
rience. HT is made by processing certain herbs that have
remarkable curative effects and immediately brewing them

Fig. 1 Impact of metabolic
syndrome

for consumption. HT may be single herbal or polyherbal. The
natural components of various morphological plant sections,
including leaves, stems, roots, fruits, buds and flowers, are
used to make HTs in general. Natural bioactive substances
like carotenoids, phenolic acids, flavonoids, coumarins,
alkaloids, polyacetylenes, saponins and terpenoids, among
others, are abundant in HTs [7]. Some HTs from plants like
Camellia sinensis, Gynostemma pentaphyllum, etc. have
significantly reduced body weight, body mass index, fasting
blood glucose, etc. HTs from Hibiscus sabdariffa L. have
been reported to have anti-hypertensive activity. This review
summarizes all the clinical studies of HTs against MetSyn
globally, also keeping the focus on tabulating the preclinical
studies of HTs and their mechanism of action.

Methods
Study design

This systematic review focused on analysing different HTs
used globally to treat MetSyn. This study was performed
considering the guidelines of Preferred Reporting Items for
Systematic Review and Meta-analysis (PRISMA) which
included both inclusion and exclusion criteria [8].

Data sources and search strategy

Methods to find pertinent articles for this study were estab-
lished by keeping the main objective of the systematic
review in observance. Various scientific databases like
Google Scholar, PubMed and Scopus were searched to find

Increased waist circumference

(>40 inches in men or >35 inches in women)

Decreased fasting high-density
lipoprotein (HDL) cholesterol level
(<40 mg/dl (men) or 50 mg/dl (women))

Increased fasting triglyceride (TG)
(>150 mg/dl)

Increased fasting blood sugar
/ (>100 mg/di)

Increased blood pressure
(>130/85 mmHg)
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the relevant literature. The data search was last updated in
March 2023.

Specific keyword combinations like “Metabolic syndrome”
OR “Herbal Tea” OR “Decoction” OR “Infusion” OR “Infu-
sion”” OR “Obesity” OR “Diabetes” OR “Hypertension” OR
“Clinical trial” as well as free-text words were used.

A further search was conducted to find records of herbal
tea against MetSyn preclinically. Various keyword combina-
tions such as “Metabolic syndrome” OR “Herbal Tea” OR
“Decoction” OR “Infusion” OR “Obesity” OR “Diabetes”
OR “Hypertension” as well as free-text words were used.

Inclusion and exclusion criteria

The review included journal articles that reported herbal tea
in the treatment of MetSyn globally. The inclusion criteria
of the articles are (1) full-length articles published in the
English language only and (2) journal articles that reported
potency of herbal tea against MetSyn globally.

Articles published in languages other than English, articles
published in platforms/forums other than scientific journals,
and articles lacking sufficient information were excluded.

Data extraction

In the first phase, titles and abstracts of journal articles were
manually screened to exclude articles not connected to the
topic. Articles published in language rather than English,

articles that are not relevant to the topic, articles that describe
the clinical activity of synthetic or semisynthetic formulation,
articles published in platforms other than scientific journals,
and the ones lacking sufficient information were excluded.
Data was extracted from various phases, where at the begin-
ning, titles and abstracts of journal articles were manually
screened out to exclude the articles not relating to the topic.
Qualified papers were studied and accessed and in any case of
discrepancy, the view of the other authors was considered. In
the next phase, full-text articles were reviewed and separated.
No analytical tool was used for quality assessment.

Data analysis and reporting

Data obtained from literature searches were analysed and eval-
uated in detail. Various reported clinical studies were tabulated
which included herbal tea formulation, place of study, total
number of participants, study type, targeted MetSyn, dose,
duration of study and outcome. Further analysis of preclinical
studies included details of herbal tea like plants used to prepare
herbal tea, their family, part used, formulation, targeted Met-
Syn and mechanism of action was also tabulated.

Results

The clinical studies involved in this systematic review were
tabulated and collected following the PRISMA guidelines
which included both inclusion and exclusion criteria (Fig. 2).

Fig.2 Data search and screen- ()
ing strategy ;9_ Records identified from Duplicate records removed (n = 46)
§ Journal articles (n = 129) »| Records marked as ineligible (n = 20)
£ Books/Book chapters (n = 2) Recordsemoved (other than journals)(n =6)
§ Magazines/Reports (n = 1)
) Papers excluded manually
_ »| Non original article/review article (n = 23)
Records screened (n = 60) Paperother than English language (n= 1)
o
=
I
o Reports sought for retrieval »| Article not retrieved/full length articlenot found
@ (n=36) (n=3)
Reports assessed for eligibility | Article excluded
- (n=33) Not related to the aim (n = 6)
- i Studynot targeting metabolic syndrome (n =12)
:
E Studies included in review =15)

Additional Search

Search of literature in support of preclinical studies of HTs against MetSyn
Preparation of data based on preclinical investigation
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Reference

Outcome

Duration Type of study

Dose

No. of participants
Control Intervention

Target

study

(combination drugs)

Table 1 (continued)

8

Slno Herbal tea formulation Place of

Springer

[20]

On consumption of the herbal tea,
there was 11.2% lowering of the

Randomized control
systolic blood pressure and a

15 days

23

Iran Hypertension 31

Hibiscus sabdariffa L

12

study

10.7% decrease of diastolic pres-
sure. The pressure increased on
cessation of taking herbal tea

[21]

On consumption of M. officinalis
tea mean LDL and AST were
significantly reduced

8 weeks Randomized double

1 g three times

28

Iran Hyperlipidaemia 30

Melissa officinalis

13

blind placebo-con-

trolled study
Randomized control

a day

[22]

The herbal tea significantly

2.5h

20 mg/kg

20

Artocarpus heterophyl- Sri Lanka Glucose tolerance 20

14

improved glucose tolerance in

diabetic participants

study

lus, Asteracanthus

longifolia

Consumption of M. oleifera tea sig- [23]

nificantly reduced the blood sugar
levels. A mean drop of 28.15 mg/

2h Randomized control
dL in the blood sugar levels was

1 tsp. of leaf in a

13

Phil- Hyperglycemia 30

Moringa oleifera Lam

15

study

cup of hot water

lipines

observed among the hyperglycae-

mic patients

A total of 132 records were screened from various databases,
from which 15 studies were screened out and reported the
clinical studies of various HTs against MetSyn (Table 1).
The studies enrolled a total of 897 participants, and the num-
ber of participants in individual trials ranged from 23 to 211
with a mean of 59.8 +44.58. It was revealed that the dura-
tion of studies ranged from 2 h to 24 weeks where 10 of the
reported studies were single herb HT, while the remaining
5 were poly herb HT. The trials were carried out in many
nations worldwide, including 6 investigations in Iran, 2 in
both Brazil and Sri Lanka, and 1 study each in Jordan, Japan,
Vietnam, the Philippines and Denmark, and were conducted
between the years 1990 and 2023 (Fig. 3). Detailed analysis
revealed that 14 of the studies were randomized, while 1
study was non-randomized. It was also observed that all the
studies dosing was different with some reporting 3 times
a day, whereas all the studies reported promising efficacy,
and no adverse effects were reported. Most of the HTs used
in the study targeted weight loss, paraoxonase, leptin lev-
els, NAFLD, T2DM, serum lipid profiles, hypertension and
glucose tolerance. Various plants such as Camellia sinensis,
Matricaria chamomilla L., Rauvolfia-Citrus, Salacia reticu-
lata Wight., Pterocarpus marsupium Roxb., Ilex paraguar-
iensis and Zingiber officinale had a substantial impact on
weight and BMI reduction, as well as lowering blood insulin
levels, leptin and HOMA-IR. It also markedly increased the
blood levels of PON-1, Hb1Alc and HDL-c. Elevated levels
of PON-1 activity potentially protect against the onset of
metabolic syndrome. Nigella sativa and Melissa officinalis
decreased serum levels of AST, ALT, body mass index,
waist circumference and hip circumference while Hibiscus

Q

PARTICIPANTS

.

Q

TOTAL ™, 897 " DURATION

CLINICAL ™,
STUDIES 3 K OF STUDY

15

2 hours to
24 weeks

CLINICAL

DATA
COLLECTION
DURATION

1990-2023

STUDY

STUDY
TYPE

Randomized

controlled /
., non-
COUNTRY randomized
OF STUDY . controlled

Iran, Srilanka, .

Brazil, Japan, .

Philliphines, .
Vietnam, .
Denmark

Fig.3 Overview of selected clinical studies
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Table 2 Preclinical study of various herbal teas against MetSyn
Slno Country Plant name Part used Formulation Targeted MetSyn Reference
Asia
1 China Camellia sinensis (L.) Leaf Infusion Obesity, NAFLD [24]
Kuntze
2 China Olea europaea L. Leaf Infusion Lipid inhibitor, glycaemic [25]
control
3 China Arctium lappa; Ulmus Root, bark Infusion Type 2 diabetes mellitus [26]
rubra; Rumex acetosella,
Rheum palmatum; Cnicus
Benedictus; Trifolium
pratense; Nasturtium
officinale; and Laminaria
digitata
4 Japan Matricaria chamomilla L Flower Decoction Type 2 diabetes mellitus [27]
5 Japan Thea sinensis (L.) Kuntze Leaf Decoction Obesity [28]
6 Japan Perilla frutescens L Leaf Decoction Diabetes mellitus [29]
7 Japan Acacia molgraysima Willd ~ Bark Infusion Obesity, diabetes [30]
8 Korea Nelumbo nucifera Gaertn Leaf Decoction Obesity [31]
9 Malayasia Chassalia curviflora Flower; leaf Decoction Hypertension [32]
10 Pakistan Hibiscus rosa-sinensis L.; Flower (H. rosa-sinensis); Decoction Obesity [33]
Zingiber officinalis Roscoe Rhizome (Z. officinalis)
11 Pakistan Illicium verum Hook.f Fruit Decoction Obesity [34]
12 Phillippines  Moringa oleifera Lam Leaf Infusion Hyperglycemia [23]
13 Thailand Mentha cordifolia Leaf Infusion Hepatic glucose, lipid [35]
metabolism
14 Iran Eucalyptus globulus Labill ~ Leaf Decoction Diabetes [36]
15 Iran Melissa officinalis L Leaf Infusion Hyperlipidemia [21]
Africa
16 Nigeria Thymus vulgaris, Piper Leaf Infusion Diabetes [37]
guineense, Murraya
koenigii and Ocimum
gratissimum
17 Mauritania ~ Gymnema sylvestre Leaf Decoction Obesity, diabetes [38]
18 South Africa Athrixia phylicoides DC Leaf Infusion Glucose homeostasis, lipid  [39]
parameters
19 Zambia Lannea edulis Engl Leaf Decoction Diabetes [40]
20 Morocco Urtica dioica Leaf, aerial parts Aqueous extracts  Diabetes, hypertension [41]
21 Nigeria Achyranthes aspera L Leaf, stem and flower Decoction Diabetes [42]
South America
22 Brazil llex paraguariensis Leaf Infusion Obesity, diabetes [43]
23 Colombia llex guayusa Leaf Infusion Diabetes [44]
Europe
24 Croatia Thymus serpyllum Whole plant Infusion Hypertension [45]
25 England Medicago sativa L Leaf Infusion Diabetes [46]
26 Spain Achillea millefolium Aerial part, leaf, flower Infusion, decoction Diabetes [47]
27 Portugal Limonium algarvense Erben; Flower (L. algarvense); leaf Infusion, decoction Diabetes [48]
Camellia sinensis (L.) (C. sinensis)
Kuntze
28 Poland Taraxacum officinale Leaf Herbal Tea Obesity, diabetes [49]
North America
29 Vaccinium myrtillus Leaf Decoction Diabetes [50]
30 USA Hibiscus sabdariffa L Flower Infusion, decoction Hypertension, hyperlipi- [51]

daemia
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Table 2 (continued)

Slno Country Plant name Part used Formulation Targeted MetSyn Reference
Eurasia
31 Russia Comarum palustre Whole plant, root, flower Infusion Diabetes [52]

and seed

Fig.4 Geographical represen-

tation of selected pre-clinical Europe
i (6)
studies ~
North
America
(2)
b
N
South 7
America
(2)
Australia
(0)
Antarctica
(0)
Diabetes -
o _ '
e - ’
Hyperlipidaemia . 2
NAFLD I 1
0 5 10 15 20 25 30

Fig.5 Utilization of herbal tea against different metabolic syndromes
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sabdariffa L. herbal tea significantly reduced 11.2% systolic
blood pressure and 10.7% of diastolic pressure.

Further detailed search for preclinical studies of HT
against MetSyn was conducted. The search led to the iden-
tification of 31 research which have reported the preclinical
studies of HTs against metabolic syndrome (Table 2). Out
of the 31 studies, 15 studies were conducted in Asia, 6 in
Africa, 5 in Europe, 2 in South America, 2 in North Amer-
ica and 1 in Eurasia (Fig. 4). In these studies, the targeted
MetSyn were diabetes (28), obesity (9), hypertension (4),
hyperlipidaemia (2) and NAFLD (1) (Fig. 5). All the herbal
teas were prepared in the form of infusion and decoctions.
Different parts of plants were used in the formulation of HTs
where the leaf was the most widely used (23); followed by
flower (8); root (4), bark, seed and fruit (3); whole plant,
aerial part, and rhizome (2); stem (1) (Fig. 6). Addition-
ally, the outcome from Table 3 reveals different HTs and
their various reported mechanisms of action against Met-
Syn. Plants like Camellia sinensis and Nelumbo nucifera
reduced excessive accumulation of visceral and hepatic
lipids, elevated blood glucose, dyslipidaemia, abnormal
liver function and steatosis hepatitis. Treatment with Acacia
mollissima increased the expression levels of peroxisome
proliferator-activated receptor o (PPARx), PPARS, carni-
tine palmitoyltransferase (CPT1), 1-aminocyclopropane-
I-carboxylic acid oxidase (ACO), uncoupling protein 3
(UCP3), adiponectin and decreased expression of tumour
necrosis factor (TNF-a), interleukin (IL-6), sterol regula-
tory element binding protein-1c (SREBP-1c), acetyl-CoA
carboxylase (ACC) and fatty acid synthase (FAS) in the
liver. Chassalia curviflora administration showed prom-
ising angiotensin-converting enzyme (ACE) inhibitory

Fig.6 Utilization of different
plant parts for preparing herbal
tea

activity with an IC50 of 3.71 pg/mL against hypertension.
Other plants like Hibiscus rosa-sinensis, Zingiber officinale,
and Lannea edulis decreased kidney and liver weights and
atherogenic index while decreasing the levels of aspartate
transaminase (AST) and alanine transaminase (ALT). It also
decreased the levels of serum total cholesterol (TC), triglyc-
erides (TG), low-density lipoprotein (LDL) and very low-
density lipoprotein (VLDL) while preventing the alterations
in malondialdehyde (MDA), SOD and GSH levels. Mentha
cordifolia and Athrixia phylicoides treatments led to higher
carnitine palmitoyltransferase-1a (CPT-1a) gene expression
and AMP-activated protein kinase (AMPK) phosphoryla-
tion, reduced fasting blood glucose (FBG) and Homeostatic
Model Assessment for Insulin Resistance (HOMA-IR), and
increased glucose transporter type 4 GLUT 4 activity was
also associated with HTs mechanism of action (Fig. 7).

Discussion

The purpose of this systematic review was to investigate the
use of HTs for the treatment of MetSyn, a heterogeneous
collection of metabolic illnesses that are linked to numerous
health hazards. The study examined clinical and preclinical
research completed worldwide, providing an understanding
of the possible advantages and mechanisms of action of sev-
eral HTs in combating MetSyn. The clinical research exam-
ined in this review has shown promising findings, indicating
HTs have proven effective in treating several aspects of Met-
Syn. These aspects include weight management, blood glu-
cose control, lipid profiles, hypertension and glucose toler-
ance. The performed research included a wide range of herbal
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tea formulations, including both single herb and polyherbal
compositions and was carried out in many countries. Signifi-
cantly, there were no recorded instances of adverse effects in
any of the studies, indicating the safety of HTs as a viable
treatment choice. The observed processes included enhance-
ments in the activity of antioxidant enzymes [25, 33, 34],
decreases in the buildup of lipids in the visceral and hepatic
regions [24, 39], alterations in gene expression associated
with lipid metabolism and inflammation [30, 35, 46] and the
suppression of ACE (angiotensin-converting enzyme) activ-
ity to manage hypertension [32]. HTs have been seen to have
favourable impacts on kidney and liver functionality, lipid
profiles, as well as glucose metabolism [33, 35]. Neverthe-
less, it is important to acknowledge that most of the clinical
trials discussed did not provide registration numbers, a fun-
damental need for ensuring openness in the field of clinical
research [53]. Although the effectiveness of treating MetSyn
directly is uncertain, current research is making progress in
identifying several points in the disease’s progression that can
be targeted [54]. Recognizing the progression of metabolic
syndrome is essential for effectively treating, preventing and
reversing the condition. By doing a thorough analysis of the
patient’s medical history and physical examination, providing
education to the patient and investigating the underlying vari-
ables that contribute to the metabolic syndrome, clinicians
cannot only treat the condition but also potentially modify
the course of disease progression [55].

Fig.7 Reported MOA of herbal
tea against various metabolic
syndromes

1 ACE
inhibition

| systolic and
diastolic
pressure

@ Springer

Strengths and limitations

The strength of this study is that it offers important knowl-
edge into the possible processes by which herbal teas might
treat MetSyn both clinically and preclinically. These mecha-
nisms include increased antioxidant activity, regulation of
gene expression linked to lipid metabolism and inflamma-
tion and inhibition of angiotensin-converting enzyme activ-
ity. Although the study has discovered encouraging results,
it acknowledges the necessity for more in-depth research
to confirm the long-term safety and effectiveness of herbal
teas for managing MetSyn. This demonstrates a dedication
to using scientific data and constantly improving healthcare
treatments. The strength of the research lies in its detailed
approach, thorough analysis, and unique perspectives on the
potential of herbal teas in treating the global issue of MetSyn.
Additionally, it is noteworthy to emphasize that our study
is the first effort to conduct a systematic review of HT on a
global scale, specifically focusing on its impact on MetSyn.

Besides various strengths, the study also had a few limita-
tions. Very few studies were only conducted on herbal tea
clinically across a few countries based on which the possible
benefits and assurity of using herbal tea cannot be ruled
out. Further studies on a higher number of patients on a
larger scale can only confirm these. Additionally, a signifi-
cant majority of the clinical trials included in the analysis
did not provide registration numbers, which are crucial for

1 expression of PPARa,
PPARS, CPT1, ACO,UCP3
and adiponectin
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guaranteeing transparency and credibility in clinical research
[53]. The absence of this information restricts the capacity
to authenticate the credibility of the research and gives rise
to concerns regarding possible bias or selective reporting.
Moreover, the study incorporated several clinical studies,
most of which had brief study durations, spanning from 2 h
to 24 weeks. The short duration of this follow-up period
may not accurately assess the long-term impact and safety
of herbal teas in treating MetSyn.

Conclusion

Herbal teas provide a potentially helpful approach to tackle
the rising prevalence of MetSyn on a worldwide scale. Fur-
ther research and assessment of these natural medicines are
warranted due to their few side effects and various bioactive
components, making them potential supplementary or alter-
native treatments for a broad spectrum of MetSyn. Also, it is
essential to conduct extensive clinical studies that conform
to valid registration protocols and include long-term follow-
up to definitively prove the effectiveness and safety of these
interventions. While the findings show potential, further
investigation is required to validate the enduring safety and
efficacy of HTs in the management of MetSyn.

Abbreviations NAFLD: Non-alcoholic fatty liver disease; ACE:
Angiotensin-converting enzyme; PPARa: Peroxisome proliferator-
activated receptor alpha; PPARy: Peroxisome proliferator-activated
receptor gamma; CPT1: Carnitine palmitoyltransferase 1; ACO: Acyl
CoA oxidase; UCP3: Uncoupling protein 3; SREBP-1c: Sterol regu-
latory element binding protein-1c; TNF-a: Tumour necrosis factor-
alpha; ACC: Acetyl-CoA carboxylase; FAS: Fatty acid synthase; AST:
Aspartate transaminase; ALT: Alanine transaminase; AP: Alkaline
phosphatase; SC: Serum creatinine; GSH: Glutathione; SOD: Super-
oxide dismutase; ALR2: Aldol reductase 2; GLUT-4: Glucose trans-
porter type 4; AMPK: AMP-activated protein kinase

Acknowledgments One of the authors, Mr. Pervej Alom Barbhuiya, is
thankful to Assam down town University for awarding Junior Research
Fellow under the “AdtU Scheme for award of Fellowship (JRF/SRF)
for PhD Scholars” and providing necessary support for carrying out
this work.

Funding Manash Pratim Pathak is financially supported by Assam

down town University, Assam, India in the form of a Seed Money
Grant vide award letter number AdtU/R/2022/149.

Declarations

Conflict of interest The authors declare no competing interests.

References

1. Boutayeb A. The double burden of communicable and non-commu-
nicable diseases in developing countries. Trans R Soc Trop Med Hyg.
2006;100(3):191-9. https://doi.org/10.1016/j.trstmh.2005.07.021.

10.

11.

12

13.

14.

15.

16

17.

Barbhuiya PA, Sen S, Pathak MP. Ameliorative role of bioac-
tive phytoconstituents targeting obesity associated NAFLD by
modulation of inflammation and lipogenesis pathways: a com-
prehensive review. Phytochem Rev. 2023. https://doi.org/10.1007/
s11101-023-09912-w.

Ali N, Samadder M, Shourove JH, Taher A, Islam F. Prevalence
and factors associated with metabolic syndrome in university stu-
dents and academic staff in Bangladesh. Sci Rep. 2023;13:19912.
https://doi.org/10.1038/541598-023-46943-x.

The IDF consensus worldwide definition of the metabolic syn-
drome. https://idf.org/media/uploads/2023/05/attachments-30.pdf.
Accessed 11 Aug 2023

Chandrasekara A, Shahidi F. Herbal beverages: bioactive com-
pounds and their role in disease risk reduction - a review. J Trad
Complement Med. 2018;8:451-458 https://doi.org/10.1016/j.
jtcme.2017.08.006

Barbhuiya PA, Laskar AM, Mazumdar H, et al. Ethnomedicinal
practices and traditional medicinal plants of Barak Valley, Assam:
a systematic review. J Pharmacopuncture. 2022;25:149-85.
https://doi.org/10.3831/KP1.2022.25.3.149.

Mckay DL, Blumberg JB. The role of tea in human health: an
update. ] Am Coll Nutr. 2002;21:1-13.

Page MJ, McKenzie JE, Bossuyt PM, The PRISMA, et al. state-
ment: an updated guideline for reporting systematic reviews. BMJ.
2020;2021: n71. https://doi.org/10.1136/bmj.n71.

Taghizadeh M, Farzin N, Taheri S, et al. The effect of dietary
supplements containing green tea, capsaicin and ginger extracts
on weight loss and metabolic profiles in overweight women: a
randomized double-blind placebo-controlled clinical trial. Ann
Nutr Metab. 2017;70:277-85. https://doi.org/10.1159/000471889.
Balsan G, Pellanda LC, Sausen G, et al. Effect of yerba mate
and green tea on paraoxonase and leptin levels in patients
affected by overweight or obesity and dyslipidemia: a rand-
omized clinical trial. Nutr J. 2019;18:5. https://doi.org/10.1186/
$12937-018-0426-y.

El-Elimat T, Qasem WM, Al-Sawalha NA, et al. A prospective
non-randomized open-label comparative study of the effects of
matcha tea on overweight and obese individuals: a pilot observa-
tional study. Plant Foods Hum Nutr. 2022;77:447-54. https://doi.
org/10.1007/511130-022-00998-9.

Yoshitomi R, Yamamoto M, Kumazoe M, et al. The combined
effect of green tea and a-glucosyl hesperidin in preventing obe-
sity: a randomized placebo-controlled clinical trial. Sci Rep.
2021;11:19067. https://doi.org/10.1038/s41598-021-98612-6.
Hosseini SMR, Ghayour Razmgah GR, Nematy M, et al. Efficacy
of black seed (Nigella sativa) and lemon balm (Melissa officinalis)
on non-alcoholic fatty liver disease: a randomized controlled clini-
cal trial. Iran Red Crescent Med J. 2018;20 https://doi.org/10.
5812/ircm;j.59183.

Nabi BN, Sedighinejad A, Haghighi M, Farzi F, Rimaz S, Atrkar-
roushan Z, et al. The anti-obesity effects of green tea: a con-
trolled, randomized, clinical trial. Iranian Red Crescent Medical
J.2018;20. Available from: https://archive.ircmj.com/article/20/1/
ircmj-20-1-55950.pdf. Accessed 12 Aug 2023.

Huyen VTT, Phan DV, Thang P, Hoa NK, Ostenson CG. Anti-
diabetic effect of Gynostemma pentaphyllum tea in randomly
assigned type 2 diabetic patients. Horm Metab Res. 2010;42:353—
7. https://doi.org/10.1055/s-0030-1248298.

Jayawardena MHS, De Alwis NMW, Hettigoda V, Fernando DJS.
A double blind randomised placebo controlled cross over study of
a herbal preparation containing Salacia reticulata in the treatment
of type 2 diabetes. J Ethnopharmacol. 2005;97:215-8. https://doi.
org/10.1016/j.jep.2004.10.026.

Campbell-Tofte JIA, Mglgaard P, Josefsen K, et al. Randomized
and double-blinded pilot clinical study of the safety and anti-
diabetic efficacy of the Rauvolfia-Citrus tea, as used in Nigerian

@ Springer



414

International Journal of Diabetes in Developing Countries (April-June 2025) 45(2):400-415

19

20.

21.

22.

23.

24.

25.

26.

217.

28.

29

30.

31

32.

Traditional Medicine. J Ethnopharmacol. 2011;133:402-11.
https://doi.org/10.1016/j.jep.2010.10.013.

. Klein GA, Stefanuto A, Boaventura BCB, et al. Mate tea (Ilex

paraguariensis) improves glycemic and lipid profiles of type 2
diabetes and pre-diabetes individuals: a pilot study. J American
College Nutr. 2011;30:320-32. https://doi.org/10.1080/07315724.
2011.10719975.

Rafraf M, Zemestani M, Asghari-Jafarabadi M. Effectiveness
of chamomile tea on glycemic control and serum lipid profile in
patients with type 2 diabetes. J Endocrinol Invest. 2015;38:163—
70. https://doi.org/10.1007/s40618-014-0170-x.

Haji Faraji M, Haji Tarkhani AH. The effect of sour tea (Hibis-
cus sabdariffa) on essential hypertension. J Ethnopharmacol.
1999;65:231-6. https://doi.org/10.1016/S0378-8741(98)00157-3.
Jandaghi P, Noroozi M, Ardalani H, Alipour M. Lemon balm: a
promising herbal therapy for patients with borderline hyperlip-
idemia—a randomized double-blind placebo-controlled clinical
trial. Complement Ther Med. 2016;26:136—40. https://doi.org/10.
1016/j.ctim.2016.03.012.

Fernando MR, Wickramasinghe SMDN, Thabrew MI, Ari-
yananda PL, Karunanayake EH. Effect of Artocarpus hetero-
phyllus and Asteracanthus longifolia on glucose tolerance in
normal human subjects and in maturity-onset diabetic patients.
J Ethnopharmacol. 1991;31:277-82. https://doi.org/10.1016/
0378-8741(91)90012-3.

Ples M, Ho H. Comparative effects of Moringa oleifera Lam.
Tea on normal and hyperglycemic patients. Ehealth Int J.
2007;30-34. Available from: https://www.researchgate.net/
publication/342945279_Comparative_Effects_of_Moringa_
Oleifera_Lam_Tea_on_Normal_and_Hyperglycemic_Patients_
30_Comparative_Effects_of_Moringa_Oleifera_Lam_Tea_on_
Normal_and_Hyperglycemic_Patients

ZhouJ, Yu Y, Ding L, Xu P, Wang Y. Matcha green tea alleviates
non-alcoholic fatty liver disease in high-fat diet-induced obese
mice by regulating lipid metabolism and inflammatory responses.
Nutrients. 2021;13:1950. https://doi.org/10.3390/nu13061950.
Zhang Y, Wen M, Zhou P, Tian M, Zhou J, Zhang L. Analysis
of chemical composition in Chinese olive leaf tea by UHPLC-
DAD-Q-TOF-MS/MS and GC-MS and its lipid-lowering
effects on the obese mice induced by high-fat diet. Food Res Int.
2020;128:108785. https://doi.org/10.1016/j.foodres.2019.108785.
Wang Q, Chao Q, Li H. The herbal compound flor-essence pro-
motes step-down learning of mice with high-energy diet. CRDOJ.
2018;9 https://doi.org/10.19080/CRD0J.2018.09.555758.

Kato A, Minoshima Y, Yamamoto J, Adachi I, Watson AA,
Nash RJ. Protective effects of dietary chamomile tea on diabetic
complications. J Agric Food Chem. 2008;56:8206—11. https://
doi.org/10.1021/jf8014365.

Hanm LK, Takaku T, Li J, KimuraY, Okuda H. Anti-obesity
action of oolong tea. Int J Obesity. 1999;23: 98—105.

Kishi H, Komatsu W, Miura Y, Kawanobe T, Nonaka T, Ohhira
S. Effects of habitual Perilla (Shiso) tea drinking on the inci-
dence of diabetes mellitus in spontaneously diabetic trii (SDT)
rats. Biosci Biotechnol Biochem. 2010;74:2490-3. https://doi.
org/10.1271/bbb.100369.

Ikarashi N, Toda T, Okaniwa T, Ito K, Ochiai W, Sugiyama K.
Anti-obesity and anti-diabetic effects of acacia polyphenol in obese
diabetic KKAy mice fed high-fat diet. Evid-based complement Alt
Med. 2011;2011:1-10. https://doi.org/10.1093/ecam/nep241.

Du H, You JS, Zhao X, Park JY, Kim SH, Chang KJ. Antiobes-
ity and hypolipidemic effects of lotus leaf hot water extract with
taurine supplementation in rats fed a high fat diet. J Biomed Sci.
2010;17:S42. https://doi.org/10.1186/1423-0127-17-S1-S42.
Kadir WNHW, Omar NAM. Antihypertensive activity and phy-
tochemicals analysis of Chassalia curviflora extracts. Int J Inter-
discip Multidiscip Stud. 2014;2:163-74.

Springer

33.

34.

35.

36.

37.

38.

39

40

41.

42.

43.

44,

45.

46.

47.

48

49

Iftikhar N, Hussain AI, Chatha SAS, Sultana N, Rathore HA.
Effects of polyphenol-rich traditional herbal teas on obesity and
oxidative stress in rats fed a high-fat—sugar diet. Food Science
Nutrition. 2022;10:698-711. https://doi.org/10.1002/fsn3.2695.
Iftikhar N, Hussain Al, Kamal GM, et al. Antioxidant, anti-obesity,
and hypolipidemic effects of polyphenol rich star anise (Illicium
verum) tea in high-fat-sugar diet-induced obesity rat model. Anti-
oxidants. 2022;11:2240. https://doi.org/10.3390/antiox 11112240.
Naowaboot J, Nanna U, Chularojmontri L, et al. Mentha cor-
difolia leaf extract improves hepatic glucose and lipid metabo-
lism in obese mice fed with high-fat diet. Prev Nutr Food Sci.
2021;26:157-65. https://doi.org/10.3746/pnf.2021.26.2.157.
Bokaeian M, Nakhaee A, Moodi B, Ali KH. Eucalyptus globulus
(eucalyptus) treatment of candidiasis in normal and diabetic rats.
Iran Biomed J. 2010;14:121-6.

Ekoh SN, Akubugwo EI, Ude VC, Edwin N. Anti-hyperglyce-
mic and anti-hyperlipidemic effect of spices (Thymus vulgaris,
Murraya koenigii, Ocimum gratissimum and Piper guineense) in
alloxan-induced diabetic rats. Int J Biosci. 2014;4:179-87.
Kanetkar P, Singhal R, Kamat M. Gymnema sylvestre: a memoir. J
Clin Biochem Nutr. 2007;41:77-81. https://doi.org/10.3164/jcbn.
2007010.

Mokwena MAM, Engwa GA, Nkeh-Chungag BN, Sewani-Rusike
CR. Athrixia phylicoides tea infusion (bushman tea) improves
adipokine balance, glucose homeostasis and lipid parameters
in a diet-induced metabolic syndrome rat model. BMC Com-
plement Med Ther. 2021;21:292. https://doi.org/10.1186/
$12906-021-03459-z.

Banda M, Nyirenda J, Muzandu K, Sijumbila G, Mudenda S. Anti-
hyperglycemic and antihyperlipidemic effects of aqueous extracts
of Lannea edulis in alloxan-induced diabetic rats. Front Pharma-
col. 2018;9:1099. https://doi.org/10.3389/fphar.2018.01099.
Said AAH, Otmani ISE, Derfoufi S, Benmoussa A. Highlights on
nutritional and therapeutic value of stinging nettle (Urtica dioica).
Int J Pharmacy Pharm Sci. 2015;7(10):8-14.

Njideka BE, Theophilus AE, Ugochukwu NT. Use of Achyranthes
aspera Linn tea as antidiabetic and hypolipidemic herbal tea. Int
J Health Sci Res. 2019;9(2):32-38. Available from: https://www.
ijhsr.org/IJHSR_Vol.9_Issue.2_Feb2019/6.pdf

Riachi LG, De Maria CAB. Yerba mate: an overview of physi-
ological effects in humans. J Functional Foods. 2017;38:308-20.
https://doi.org/10.1016/j.jff.2017.09.020.

Sequeda-Castafieda LG, Modesti Costa G, Celis C, Gamboa F,
Gutiérrez S, Luengas P. Ilex guayusa loes (Aquifoliaceae): Ama-
zon and Andean native plant. Pharmacolog Onl. 2016;3:193-202.
Mihailovic-Stanojevic N, Bel§¢ak-Cvitanovi¢ A, Grujic¢-
Milanovi¢ J, et al. Antioxidant and antihypertensive activity of
extract from Thymus serpyllum L. in experimental hypertension.
Plant Foods Hum Nutr. 2013;68:235—40. https://doi.org/10.1007/
s11130-013-0368-7.

Gray AM, Flatt PR. Pancreatic and extra-pancreatic effects of the
traditional anti-diabetic plant, Medicago sativa (lucerne). Br J
Nutr. 1997;78:325-34. https://doi.org/10.1079/BJN19970150.
Dias MI, Barros L, Dueiias M, Pereira E, et al. Chemical composi-
tion of wild and commercial Achillea millefolium L. and bioactiv-
ity of the methanolic extract, infusion and decoction. Food Chem.
2013;141:4152-60.

Rodrigues MJ, Oliveira M, Neves V, et al. Coupling sea lavender
(Limonium algarvense Erben) and green tea (Camellia sinen-
sis (L.) Kuntze) to produce an innovative herbal beverage with
enhanced enzymatic inhibitory properties. South African J Bot-
any. 2019;120:87-94. https://doi.org/10.1016/j.sajb.2017.12.003.
Lis B, Olas B. Pro-health activity of dandelion (Taraxacum offici-
nale L.) and its food products — history and present. Journal of
Functional Foods. 2019;59:40-8. https://doi.org/10.1016/j.jff.
2019.05.012.



International Journal of Diabetes in Developing Countries (April-June 2025) 45(2):400-415

415

50.

51

52.

53.

Dey L, Anoja S, Attele DDS, Yuan C. Alternative therapies for
type 2 diabetes. Alt Med Rev. 2002;7(1):45-58.

Hopkins AL, Lamm MG, Funk JL, Ritenbaugh C. Hibiscus
sabdariffa L. in the treatment of hypertension and hyperlipi-
demia: a comprehensive review of animal and human studies.
Fitoterapia. 2013;85:84-94. https://doi.org/10.1016/j.fitote.
2013.01.003.

Kashchenko N, Chirikova N, Olennikov D. Agrimoniin, an active
ellagitannin from Comarum palustre herb with anti-a-glucosidase
and antidiabetic potential in streptozotocin-induced diabetic rats.
Molecules. 2017;22:73. https://doi.org/10.3390/molecules220100
73.

DeAngelis CD, Drazen JM, Frizelle FA, et al. Clinical trial regis-
tration: a statement from the International Committee of Medical
Journal Editors. JAMA. 2004;292:1363. https://doi.org/10.1001/
jama.292.11.1363.

54.

55.

Fahed G, Aoun L, Bou Zerdan M, Allam S, Bou Zerdan M, Bou-
ferraa Y, et al. Metabolic syndrome: updates on pathophysiology
and management in 2021. Int J Mol Sci. 2022;23:786.

Swarup S, Goyal A, Grigorova Y, Zeltser R. Metabolic syndrome.
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing;
2024 [cited 2024 Mar 21]. Available from: http://www.ncbi.nlm.
nih.gov/books/NBK459248/. Accessed 24 Mar 2024

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2025-06-07T00:47:29+0000
	Preflight Ticket Signature




