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Abstract. Coronary heart disease (CHD) ranks the second-highest cause of mor-
tality after stroke, thereby emphasizing CHD as the most significant contributor
to cardiovascular disease (CVD) mortality. Statin therapy serves as an efficacious
treatment in regressing the number of CHD cases. However, current studies high-
lighted a prolonged side effect of statin therapy; thereby, a more effective, safe and
alternative effort is required in addressing such notion. Hibiscus sabdariffa (HS)
is currently an alternative herbal treatment to treat CHD due to atherosclerosis
prevalence. Thus, this literature review examines HS potential as an alternative
and less risky approach in statin therapy. In compiling this literature review, the
PRISMA method was applied, cited through articles and journals sourced from 6
databases: PubMed, Google Scholar, NCBI, MDPI, ScienceDirect, and Springer-
Link. Researches indicated that HS contained phytochemicals, depicted an active
role in minimizing risk factors for atherosclerosis. Anthocyanins and polyphenols
comprised the phytochemicals stored by HS. Anthocyanins worked as an inhibitor
of Low-Density Lipoprotein (LDL) oxidation, acted as a potent antioxidant and a
high blood pressure-lowering factor.

Meanwhile, polyphenol compounds played a role in overcoming hyperc-
holesterolemia which generated a risk factor for atherosclerosis. These two com-
pounds further proved that HS could offer an alternative treatment for CHD due
to atherosclerosis prevalence. In sum, this literature review encouraged further
researches highlighting the toxicity tests and the appropriate dose to observe HS
potency while utilizing a broader sample of Hibiscus sabdarifta extract (HES) as
an alternative for statin therapy.
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1 Introduction

Coronary Heart Disease is generally alleged as the most significant contributor to cardio-
vascular disease mortality, accounting for 16% of the world’s total deaths. Since 2000,
the number of deaths generated by CHD has increasingly been demonstrated by more
than 2 million to 8.9 million deaths in 2019 [1]. According to the 2016 Sample Registra-
tion System (SRS) Indonesia, CHD ranks the second highest cause of death after stroke,
accounting for 13.3% of all the highest causes of death in Indonesia. This mortality rate
has increased by 0.4% from 2014 [2, 3], which is following the growing number of CHD
cases in Indonesia.

CHD occurs due to the prevalence of atherosclerosis, a chronic inflammation of the
artery walls that triggers various diseases, such as heart attack, stroke, and peripheral
artery disease [4]. Atherosclerosis arises due to various risk factors, including modi-
fiable risk factors and non-modifiable risk factors [5]. Hypertension serves as a major
modifiable risk factor for atherosclerosis, accounted for 28% to 33% of all CVD risks
in Indonesia in 2018 [5, 6]. The prevalence of uncontrolled high blood pressure in
individuals with hypertension has contributed to the increased risk of atherosclerosis.

Hence, appropriate medical treatment therapy should be administered to reduce the
high number of cases of atherosclerosis.

Statin therapy is commonly regarded as an efficient drug in the treatment of
atherosclerosis. Since the 1990s, statin therapy studies have indicated feasible results,
proved with a decreasing emergence in low-density lipoprotein (LDL) cholesterol and
plaque volume regression, associated with cardiovascular disease risk. However, the dif-
ference in the percentage of atheroma volume in patients with and without statin therapy
was about 0.55%, leading to the failure of statin therapy. In addition, statin therapy was
considered a failure due to its inability to meet the treatment targets and patient non-
adherence to therapy. Patient non-compliance was thus assessed for the patient’s anxiety
of the side effects of statin therapy [7].

Side effects arising from statin therapy include the risk of rhabdomyolysis, diabetes
mellitus, Statin Associated Muscle Symptoms (SAMS), and memory loss or dementia in
certain patients [8]. This finding underlines that the use of statin therapy has yet proved
a completely effective and safe means of treatment, further leading to worse effects
for patients. This finding hence provides an approach for alternative therapy in CHD
treatment with a prevalence of atherosclerosis. Research related to herbal medicine has
been widely developed, considered positive and potential as a safe alternative treatment.
This literature review thus aims to determine the potential application of HS as an
alternative treatment for statin therapy in CHD.

2 Methods

2.1 Literature Review

This literature review applies the PRISM A method through navigating national and inter-
national journals or articles. The author utilizes the six databases in the search process,
including PubMed, Google Scholar, NCBI, MDPI, ScienceDirect, and SpringerLink.
Using the Boolean method, a total of 218 sources were obtained with keywords such as
atherosclerosis, Hibiscus sabdariffa, and statin.
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Fig. 1. Methode

Further, the 183 other sources were excluded due to being regarded as an inclusion
criterion. Hence, the final results obtained were 25 journals applied as a reference source
to complete this literature review (Fig. 1).

3 Result and Discussion

3.1 Statin Side Effect

Statin has been recognized as the drug, classified for its ability to lower fat blood levels,
frequently administered to treat atherosclerotic cardiovascular disease [9]. In a systematic
review, modern treatment of CVD has been administered with high doses (atorvastatin
or simvastatin, typically around 80 mg) and with moderate doses (pravastatin 40 mg,
simvastatin 1040 mg, and atorvastatin 10 mg), has indicated to elevate the risk of
diabetes mellitus by 4.4% and 4% in those who were administered with both therapies.
In addition, it was found that there were more than 60 cases of statin side effects such as
memory loss or dementia [10]. The results of another study conducted by S. Makinen
et al. asserted that simvastatin affected the body metabolism, further compromising the
muscles due to simvastatin role in increasing the formation of glucagon and absorption
of glucose. Hence, simvastatin presents the risk to increase diabetes and muscle disorders
[11].

Statins are most commonly associated with amild muscle disorder called Statin Asso-
ciated Muscle Symptoms (SAMS), which include myalgia, cramping of small muscles,
myopathy, myositis, along with elevated Creatine Kinase (CK) [12]. Such symptoms
are challenging to diagnose, depending on the administered timespan of statin, the type
of complaint, and the severity. Symptoms involve large muscle groups, including the
thighs, buttocks, back, and shoulders. The most severe effect, such as rhabdomyolysis,
was proven from the case of a 72-year-old male patient who was daily administered with
simvastatin 20 mg for an extended period. The typical symptoms that characterize the
rhabdomyolysis he experienced, characterized by muscle cramps and pain in both legs
along with a significant increase in CK [13].
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3.2 The Content and Benefits of Hibiscus Sabdariffa as a Herbal Medicine

To minimize the risk of statin administration, other alternatives were included in the
treatment. Indonesia, an area rich in biological resources, has traditionally utilized the
existing plants as herbal medicines. HS or often called rosella is recognized as a plant,
easily grows in tropical and subtropical areas. HS plants have traditionally been involved
in food ingredients, flavoring or taste enhancers in the food industry, spices and herbal
medicines [14]. In general, the red color of HS petals is due to the compounds delphinidin-
sambubioside (red pigment) and cyanidin-sambubioside (pink pigment) as an alterna-
tive to synthetic dyes. Several phytochemical studies have proven that HS flower petals
have bioactive compounds, such as flavonoids (quercetin, luteolin, glycosides), chloro-
genic acid, gossypetin, and hibiscus acid, phenols, some phenolic acids, anthocyanins,
delphinidin-3- sambubioside and cyanidin-3-). Sambubioside) [15]. Additionally, qual-
itative analysis has been utilized through the Thin Layer Chromatographic technique,
reporting that each leaf, seed, flower, and root of HS contains the primary and secondary
metabolites in the form of alkaloids and flavonoids phenolics, saponins, and glycosides
[16].

In addition, several studies have reported that phenolic compounds are the most abun-
dant compounds contained in HS. Particularly, flavonoids are regarded as one of the most
abundant phenolic compounds in all parts of HS, acting as antioxidant agents [14, 16].
Flavonoids are also beneficial in lowering oxysterols (cholesterol derivatives) in bile acid
metabolism, blocking fat accumulation in the liver. In addition, there are anthocyanins
included in the flavonoid group, also serving as an antioxidant [17]. Several in vitro and
in vivo trials have indicated that anthocyanins in HS are produced from the red pigment
of the seeds themselves. A study affirms that HS flower petal extract could produce
antioxidants, classified as strong level (IC50 = 50-100 ppm) [18]. Anthocyanin com-
pounds are generally found in various forms, comprising cyanidin, delphinidin (increas-
ing hydroxylation), peonidin, petunidin, and malvidin (increasing methoxylation). In a
trial with a diabetic-induced mouse model, it was navigated that the content of cyani-
din and delphinidin plays an important role as antioxidant activity, thereby overcoming
hyperglycemia and insulin sensitivity [19]. Another trial with a dose of 200 mg/kg in a
rat model induced by type II diabetes similarly indicated that the phenolic content of HS
was capable of reducing hyperglycemia and hyperinsulinemia. The trial reported that
HS could reduce Advanced Glycation End Products (AGEs) and fatty peroxides [20].
Diabetes mellitus becomes one of the risk factors for CHD, especially in atherosclerosis
[3]. Therefore, HS demonstrates the potential benefit of overcoming the risk of diabetes
mellitus and atherosclerosis in the future.

Antioxidant activity derived from phenolic compounds, especially anthocyanins,
demonstrates an important role as anti-atherosclerosis to inhibit LDL oxidation, foam
cell formation, and atherosclerotic plaques. However, antioxidants are inconclusive as
to the cause of atherosclerosis. This notion is supported by the fact that atherosclerosis
has been formed during childhood, potentially leading to a disease risk if accompanied
by an increase in CHD risk factors [18]. A clinical trial highlighting the treatment
of atherosclerosis through the consumption of tea from HS seed and leaf extract was
capable of reducing LDL, triglycerides, cholesterol levels and increasing the amount of
High-Density Lipoprotein (HDL) in plasma. Additionally, the anthocyanin compounds
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in HS have been potential to lower blood pressure by inhibiting Angiotensin-Converting
Enzyme 11 (ACE), generating the vasodilating effects. Anthocyanins further inhibit
the formation of ACE to prevent the conversion of Angiotensin I into Angiotensin II.
Anthocyanins further inhibit the opening of calcium channels in blood vessels. Blockage
of calcium ions results in activation of the pathway protein kinase B, activating the nitric
oxide (NO) enzyme synthesis.

Vascular smooth muscle responds to this activation mechanism by relaxing. Eventu-
ally, such a mechanism leads to vasodilation, decreasing blood pressure [21]. Hyperten-
sion serves as one of the risk factors for atherosclerosis. Meanwhile, most Indonesian
people have hypertension, thus HS could offer an alternative treatment solutions [3].
Numerous studies have proven the effect of HS in patients with hypertension, observed
through the consumption of HS tea at a dose of 1.25 g/day for one month in 46 hyperten-
sive patients. The results indicate that the systolic and diastolic blood pressure of each
individual has decreased [22]. In addition, in vivo trials in humans and animals indicate
that the consumption of HS extract could reduce risk factors for CHD.

On the other hand, the polyphenol content in HS was capable of overcoming hyper-
cholesterolemia. Polyphenols are responsible for lowering the body’s cholesterol levels
by inhibiting cholesterol absorption in the intestines. Within a similar timespan, polyphe-
nols increase the production of bile acids in the body [19]. This finding is based on an
in vivo trial of ethanol extract of a rat model for 35 days at daily doses of 50 mg/kg,
100 mg/kg, and 200 mg/kg. The trial results reported that the ethanol extract could sig-
nificantly reduce triglyceride levels in the control rat model. However, this significant
decrease in triglycerides was not accompanied by a significant decrease in cholesterol.
During the 14 days of observation, the decrease in cholesterol occurred at the same level
daily [23].

3.3 Community Consumption of Hibiscus Sabdariffa

In general, people consume HS extract in an infusion or tea by brewing the dried HS
seeds or leaves and adding honey [14]. Another relevant study demonstrates the resis-
tance of HS secondary metabolites to degrees of temperature, thereby emphasizing that a
temperature of 60 °C for a 20-min process was the best condition to extract anthocyanin
compounds from HS. However, this anthocyanin compound degraded at a temperature
of 80—-100 °C [24]. Hence, further researches are encouraged to observe the maximum
benefit of HS extract through a more proper process. However, from all the observed
benefits, HS extract is not recommended for consumption by pregnant women. A review
of the literature clarified that consuming HS during pregnancy potentially leads to puber-
tal delay. This statement is supported by a decrease in the fetus’s maternal fluid and food
intake, triggered by an increase in plasma Na + ion and corticosterone concentrations
affecting fetus growth hormone [14]. Research focusing on the effective dose of HS
for appropriate consumption is required to prevent overdose or poisoning. Instances
include the consumption at high doses of HS (150-180 mg/kg/day), increasing several
plasma enzymes, such as Alanine Aminotransferase (ALT) and Aspartate Aminotrans-
ferase (AST). On the other hand, the administration of such dose had demonstrated no
effect on Lactate Dehydrogenase (LDH) and Alkaline Phosphatase (ALP). However, the
monthly consumption of 300 mg/kg dose might lead to liver disorders [21].
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3.4 Hibiscus Sabdariffa Toxicity

Relevant studies regarding the toxicity of HS, however, have not yielded satisfactory
results. Several in vivo studies utilizing Wistar rats indicated that consuming large doses
of HS promotes weight loss. One of the referred studies includes a toxicity trial with
a Wistar rat orally administered with HS extract with a total dose of 5000 mg/kg for
two weeks. The trial results demonstrated that the maximum dose of HS extract did
not significantly cause side effects. Thus far, HS has presented significant weight loss,
especially in the liver and kidneys. However, the weight loss was within normal limits
and did not cause any hematological changes in the rat organs[25].

4 Conclusions

Scientific evidence indicates that statin therapy is considered to have harmful and pro-
longed side effects in some CHD patients with a high prevalence of atherosclerosis. Side
effects due to statin therapy are in the form of a high risk of diabetes mellitus, SAMS,
dementia, and thabdomyolysis. HS is thus regarded as a potential alternative in the ther-
apeutic treatment of CHD with a prevalence of atherosclerosis, which is safer and more
effective than statin therapy. In addition, prior studies affirm that HS, as an herbal plant
cultivated in Indonesia, contains potential phytochemicals as an alternative therapy to
reduce the risk of atherosclerosis. Phytochemical contents in the form of anthocyanins
and polyphenols act as potent antioxidants, high blood pressure-lowering factors, and
anti-atherosclerosis agents by inhibiting LDL oxidation.

5 Suggestion

Numerous works of literature have reported that HS offers a potential means as an alter-
native therapy for the treatment of CHD with a prevalence of atherosclerosis. However,
further research is encouraged, emphasizing the toxicity potential of HS to navigate the
beneficial application of HS as an alternative therapy for the treatment of CHD with a
prevalence of atherosclerosis. In addition, appropriate dose-related studies and broader
samples are required to examine the potential means of HS as an alternative therapy for
the treatment of CHD with atherosclerosis prevalence.

References

1. World Health Organization. Cardiovascular diseases (CVDs). 2017. https://www.who.int/
news-room/factsheets/details/cardiovascuar-diseases(cvds)

2. Usman Y, Iriawan RW, Rosita T, Lusiana M, Kosen S, Kelly M, Forsyth S, Rao C. Indonesia’s

Sample Registration System in 2018: A Work in

Progress. Journal of Population and Social Studies. 2018; 27(1): 39-52

4. RI Riskesdas. National Riskesdas Report 2018. 2018 Pahwa R, Jialal I. Atherosclerosis. In:

StatPearls [Internet]. Treasure Island

World Health Organization. Cardiovascular diseases (CVDs). 2017

6. https://www.who.int/news-room/fact-sheets/details/cardiovascular-diseases-(cvds)

bl

e


https://www.who.int/news-room/factsheets/details/cardiovascuar-diseases(cvds)
https://www.who.int/news-room/fact-sheets/details/cardiovascular-diseases-(cvds)

50

o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

B. F. Azzahra et al.

Usman Y, Iriawan RW, Rosita T, Lusiana M, Kosen S, Kelly M, Forsyth S, Rao C. Indonesia’s
Sample Registration System in 2018: A Work in Progress. Journal of Population and Social
Studies. 2018; 27(1): 39-52

RI Riskesdas. National Riskesdas Report 2018.

Pahwa R, Jialal I. Atherosclerosis.2018 In: StatPearls [Internet]. Treasure Island (FL): Stat-
Pearls Publishing; 2020 [cited: 2021, Jan 12].Available from: https://www.ncbi.nlm.nih.gov/
books/NBK507799/

Biswas A, Singh SK, Singh RK. Linkages between hypertension and coronary heart disease
in India: Evidence from India human development survey-2. Indian Journal of Community
Medicine. 2017; 42(4): 200-203

Adisasmito W, Amir V, Atin A, et al. Geographic and Socioeconomic disparity in cardio-
vascular risk factors in Indonesia: analysis of the Basic Health Research 2018. BMC Public
Health. 2020; 20(1004): 1- 13 two: https://doi.org/10.1186/s12889-02009099-1

Bergheanu SC, Bodde MC, Jukema JW. Pathophysiology and treatment of a therosclerosis.
Netherlands Heart Journal. 2017; 25(4): 231- 242 two: https://doi.org/10.1007/s12471-017-
0959-2

Thompson PD, Panza G, Zaleski A Taylor, B. Statin-Associated Side Effects. J Journal of
the American College of Cardiology. 2016; 67(20): 2395-2410 doi : https://doi.org/10.1016/
jjacc.2016.02.071

Zaleski AL, Taylor BA, Pescatello LS, Dornelas EA, White CM, Thompson PD. Influence
of Baseline Psychological Health on Muscle Pain During Atorvastatin Treatment. Journal of
Cardiovasc Nurs. 2017; 32(6): 544-550 doi:https://doi.org/10.1097/JCN.000000000000382

Paul D Thompson, Gregory Panza, Amanda Zaleski, Beth Taylor. Statin-
AssociatedSideEffects. Journal of the American College of Cardiology. 2016; 67:2395-2410
doi :https://doi.org/10.1016/j.jacc.2016.02.071

Makinen S et al. simvastatin profoundly impairs energy metabolism in primary human muscle
cells.Endocrine Connections. 2020; 9(11): 1103- 1113 two : https://doi.org/10.1530/EC-20-
0444

Strandberg TE. Role of Statin Therapy in Primary Prevention of Cardiovascular Disease in
Elderly Patients. Current Atherosclerosis Reports. 2019; 21(28): 1-7. doi:https://doi.org/10.
1007/s11883-019-0793-7

Mrotzek SM, Rassaf T, Totzeck M. 2017. Ticagrelor Leads to Statin- Induced Rhabdomy-
olysis: A Case Report. The American Journal of Case Reports. 2017; 18:1238-1241 two :
https://doi.org/10.12659/ajcr.905974

Inés Da-Costa-Rocha, Bernd Bonnlaender, Hartwig Sievers, Ivo Pischel, Michael Heinrich.
Hibiscussabdariffa L. A phytochemical and pharmacological review. Food Chemistry. 2014;
165: 424443 doi :https://doi.org/10.1016/j.foodchem.2014.05.002

Jeannett A. Izquierdo-Vega 1, et al Organic Acids from Roselle (Hibiscus sabdariffa L.)—A
Brief Review of Its Pharmacological Effects. Biomedicines. 2020; 8(100) : 2—16 two: https://
doi.org/10.3390/biomedicines8050100

Mungole, Arvind, Chaturvedi, Alka. Hibiscus sabdariffa L. a rich source of secondary
metabolites.InternationalJournal of Pharmaceutical Sciences Review and Research. 2011;
6(1): 83-87.

Herranz-Lépez M, et al. Multi-Targeted Molecular Effects of Hibiscus sabdariffa Polyphenols:
An Opportunity for a Global Approach to Obesity. Nutrients. 2017; 9(907): 2-26 two: https://
doi.org/10.3390/nu9080907

Djaeni M, Ariani N, Hidayat R, Utari FD. Ultrasonic Assisted Extraction of Anthocyanins
from Rosella (Hibiscus sabdariffa L.) Petals: An Overview of Antioxidant Activity. Journal of
Food Technology Applications. 2017; 6(3): 148-151 two: https://doi.org/10.17728/jatp.236


https://www.ncbi.nlm.nih.gov/books/NBK507799/
https://doi.org/10.1186/s12889-02009099-1
https://doi.org/10.1007/s12471-017-0959-2
https://doi.org/10.1016/j.jacc.2016.02.071
https://doi.org/10.1097/JCN.000000000000382
https://doi.org/10.1016/j.jacc.2016.02.071
https://doi.org/10.1530/EC-20-0444
https://doi.org/10.1007/s11883-019-0793-7
https://doi.org/10.12659/ajcr.905974
https://doi.org/10.1016/j.foodchem.2014.05.002
https://doi.org/10.3390/biomedicines8050100
https://doi.org/10.3390/nu9080907
https://doi.org/10.17728/jatp.236

24.

25.

26.

217.

28.

29.

30.

Literature Review of Atherosclerosis Treatment with Hibiscus 51

Torres P, Israel, et al. Hibiscus sabdariffa Linnacus (Malvaceae), curcumin and resveratrol as
alternative medicinal agents against metabolic syndrome. Cardiovascular & Hematological
Agents in Medicinal Chemistry (Formerly Current Medicinal Chemistry-Cardiovascular &
Hematological Agents). 2013; 11(1): 25-37

Chiung-Huei Peng, Charng-Cherng Chyau, Kuei-Chuan Chan, Tsung-Hsien Chan, Chau-
Jong Wang, Chien-Ning Huang. Journal ofagriculturaland Food Chemistry.2011; 59(18):
9901-9909 doi:https://doi.org/10.1021/jf2022379

Amin, Amira R, et al. Comparison among garlic, berberine, resveratrol, Hibiscus sabdariffa,
genus zizyphus, hesperidin, red beetroot, catha edulis, portulaca oleracea, and mulberry leaves
in the treatment of hypertension and type 2 DM: a comprehensive review. NaturalProduct
Communications. 2020; 15(4): 1-24 doi: 1934578X20921623

Jalalyazdi, Majid, et al. effect of hibiscus sabdariffa on blood pressure in patients with stage
1 hypertension. Journal of Advanced Pharmaceutical Technology & Research. 2019; 10(3):
107-111

Mahfudh, Nurkhasanah, Ikarini N. In vivo effect of sub-chronic administration of ethanol
extract of Rosella (Hibiscus sabdariffa L.) calyx on total blood cholesterol, triglyceride level,
and heart histopathologic profile. International Food Research Journal. 2018; 25(3): 1253—
1257

Maciel, Galvdo L, et al. Hibiscus sabdariffaanthocyanins-rich extract: Chemical stability,
in vitro antioxidant and antiproliferative activities. Food and Chemical Toxicology. 2018;
113: 187-197

Sireeratawong, Seewaboon, et al. Toxicity studies of the water extract from the calyces of
Hibiscus sabdarifta L. in rats. AfricanJournalof traditional, Complementary and Alternative
Medicines. 2013; 10(4): 1

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative

Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


https://doi.org/10.1021/jf2022379
http://creativecommons.org/licenses/by-nc/4.0/

	Literature Review of Atherosclerosis Treatment with Hibiscus Sabdariffa as an Alternative for Statin Therapy
	1 Introduction
	2 Methods
	2.1 Literature Review

	3 Result and Discussion
	3.1 Statin Side Effect
	3.2 The Content and Benefits of Hibiscus Sabdariffa as a Herbal Medicine
	3.3 Community Consumption of Hibiscus Sabdariffa
	3.4 Hibiscus Sabdariffa Toxicity

	4 Conclusions
	5 Suggestion
	References




