Chulalongkorn University

Chula Digital Collections

Chulalongkorn University Theses and Dissertations (Chula ETD)

2020

Aloe vera and health outcomes: an umbrella review of systematic
reviews and meta-analyses

Saranrat Sadoyu
Faculty of Pharmaceutical Sciences

Follow this and additional works at: https://digital.car.chula.ac.th/chulaetd

6‘ Part of the Pharmacy and Pharmaceutical Sciences Commons

Recommended Citation

Sadoyu, Saranrat, "Aloe vera and health outcomes: an umbrella review of systematic reviews and meta-
analyses" (2020). Chulalongkorn University Theses and Dissertations (Chula ETD). 292.
https://digital.car.chula.ac.th/chulaetd/292

This Thesis is brought to you for free and open access by Chula Digital Collections. It has been accepted for
inclusion in Chulalongkorn University Theses and Dissertations (Chula ETD) by an authorized administrator of
Chula Digital Collections. For more information, please contact ChulaDC@car.chula.ac.th.


https://digital.car.chula.ac.th/
https://digital.car.chula.ac.th/chulaetd
https://digital.car.chula.ac.th/chulaetd?utm_source=digital.car.chula.ac.th%2Fchulaetd%2F292&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/731?utm_source=digital.car.chula.ac.th%2Fchulaetd%2F292&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digital.car.chula.ac.th/chulaetd/292?utm_source=digital.car.chula.ac.th%2Fchulaetd%2F292&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ChulaDC@car.chula.ac.th

ALOE VERA AND HEALTH OUTCOMES: AN UMBRELLA REVIEW OF SYSTEMATIC REVIEWS
AND META-ANALYSES

Miss Saranrat Sadoyu

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science in Pharmacy in Clinical Pharmacy
Department of Pharmacy Practice
FACULTY OF PHARMACEUTICAL SCIENCES
Chulalongkorn University
Academic Year 2019

Copyright of Chulalongkorn University



'j’mmwwl,%LLasmaé’mqm%mqqsumw: NINUNIULUUATIUAGUYBDINTTNUNIUITIUNTTY

2810 TUTEUURAYNITIATIZTR ALY

wa.asatnl alneg

[

31/1EJwﬁwuﬁ‘ﬁlﬂudauwﬁwaamsﬁﬂmmwé’ﬂqmﬂ%@apma%mamumﬁ’meﬁm
ANV UNFUNTIUAGEN NPTV UAFYNTTUUHUR
ANINEYANENT THIAINTAINVINENTY
Un1s@nwn 2562

AUaAVEvRIPRINTAIININe 1Y



Thesis Title ALOE VERA AND HEALTH OUTCOMES: AN UMBRELLA
REVIEW OF SYSTEMATIC REVIEWS AND META-ANALYSES

By Miss Saranrat Sadoyu

Field of Study Clinical Pharmacy

Thesis Advisor Assistant Professor Thitima Wattanavijitkul, Ph.D.
Thesis Co Advisor Professor Nathorn Chaiyakunapruk, Ph.D.

Accepted by the FACULTY OF PHARMACEUTICAL SCIENCES, Chulalongkorn
University in Partial Fulfillment of the Requirement for the Master of Science in

Pharmacy

________________________________________________________ Dean of the FACULTY OF
PHARMACEUTICAL SCIENCES
(Assistant Professor RUNGPETCH SAKULBUMRUNGSIL,

Ph.D.)

THESIS COMMITTEE

Chairman

(Associate Professor WANCHAI TREYAPRASERT, Ph.D.)
________________________________________________________ Thesis Advisor
(Assistant Professor Thitima Wattanavijitkul, Ph.D.)
________________________________________________________ Thesis Co-Advisor
(Professor Nathorn Chaiyakunapruk, Ph.D.)
________________________________________________________ Examiner
(Assistant Professor NUTTHADA AREEPIUM, Ph.D.)
External Examiner

(Associate Professor Surasak Saokaew, Ph.D.)



a¥a¥al dlaog : umsTEIdlaNAGLgVENIFUAIM: MINUNILUUUATOUAGLYD
ManumWIsIANsseg 1 lusruukasnTlATIeieAul. ( ALOE VERA AND
HEALTH OUTCOMES: AN UMBRELLA REVIEW OF SYSTEMATIC REVIEWS AND
META-ANALYSES) 8.71USnuwvidn : we. agy. A5.5511 TWUAINNG, 9. fiU3nwsau : .

AN. A3.0055 o IAINGNY

v
o

NIINUMILLUUATEUARUTT INQUsEasAeTIUT LA U seLilunadugnsnisaun I

@

Y8INFEIIUN9IE FBNMANYT ARGanIAdenfnynavanslginumsassidsienadugms

v

nsguanluguuuunsnumuegandussuukazinszieiuiuveanisvaaeniandin dudu
1N Y 98 48 PubMed, Scopus, EMBASE, Cochrane database of systematic reviews,

CINAHL, waz AMED auiisiiou na1au w.a. 2562 lagiideassnudniaen afndeyauwazUsziiu

(%

AuNMYIWITeegnuludaseieiu nludnszaumuuneiovewmangiulaeuuseandy

L = IS

ANUUNYDTDTEAUAINTN, SEAUEN, SEAukUL, seaue uazldiideddny nan1sAnwinudnd

7

Doy

NUITLAIUNUNNITAAEDNTINIY 10 NISANYY T1891URAVBINTTIEINUNIsTITIUNAdNGNTS
y9gun I 71 9o ilemaaeusng Random effects model nuin 47 4o (Fevay 67) fldudfny
98d@ (p < 0.05) ussliiins 3 Tofiflszdunmindofiogs laua Uselovtivesinmaszidly
nstestumaiiavasnideamsnauiiinanmaveagmaaonideadilunusunsiseduas
(RR: 0.18, 95% Cl: 0.10-0.32) Lazmstestuvasaidendsniauainenaiitidmminsiinvasn
Honar1dntauluAUIULTITEAUABILAEAIUTULSITINNATEAU (OR: 0.10, 95% CI: 0.07-0.14

v
a v LY )

wag OR 0.13, 95% CI: 0.08-0.20 iuasv) lngasuauidetiguduiniumeassidannsaldiie

@

Ja9iuUNENaanaann 1o NE@UINNNNT B LAz LALUNTANI9aBALE DA LASLR NI IUSEAUN
1l

1ANUTULsN dudeudlddunuiniiuniaaseitiuseansamuiu uwinsAnyidulngd

Todnfin lawn Iwaugidisunsfinundesuasinnninvesszileuizidum

GRLRRLA LNAYNSTUAATN ANYLDTOUER oo,
YnsAnen 2562 ANYLDTD BANUSNEIVADN oo

& A A= '
A8UDUD D.AUINWITI oo,



## 6176113633 : MAJOR CLINICAL PHARMACY

KEYWORD: aloe vera, health outcome, umbrella review, credibility assessment
Saranrat Sadoyu : ALOE VERA AND HEALTH OUTCOMES: AN UMBRELLA REVIEW
OF SYSTEMATIC REVIEWS AND META-ANALYSES. Advisor: Asst. Prof. Thitima
Wattanavijitkul, Ph.D. Co-advisor: Prof. Nathorn Chaiyakunapruk, Ph.D.

This umbrella review aims to summarize and assess the effects of Aloe vera on
health outcomes. Methods: Only systematic reviews and meta-analyses of clinical trials
that investigated the effects of Aloe vera on health outcomes were eligible. PubMed,
Scopus, Embase, Cochrane database of systematic reviews, CINAHL, and AMED were
searched from inception to October 2019. Two independent reviewers extracted data,
assessed the methodological quality, and rated the credibility of evidence according to
established criteria into convincing, highly suggestive, suggestive, weak, and not
significant. Results: Ten articles reporting 71 unique outcomes of Aloe vera were
included. Of these, 47 (67%) were nominally statistically significant based on the
random-effects model (p < 0.05). Only 3 outcomes were supported by highly suggestive
evidence including the benefits of Aloe vera in the prevention of second-degree infusion
phlebitis (RR: 0.18, 95% Cl: 0.10-0.32) and chemotherapy-induced phlebitis based on the
second-degree of severity and overall incidence (OR: 0.10, 95% ClI: 0.07-0.14, and OR:
0.13, 95% Cl: 0.08-0.20, respectively). Conclusions: The current evidence suggests the
benefits of Aloe vera in the prevention of phlebitis induced by chemotherapy and
intravenous infusion, particularly in the severe stage. Aloe vera also showed favorable
effects in other indications, but the majority of the evidence had limitations including

small sample size and poor methodological quality.

Field of Study: Clinical Pharmacy Student's Signature ......cccoovvverienennne,
Academic Year: 2019 Advisor's Signature ........cceoveveeereenn.

Co-advisor's Signature ......cccoccvceveenee.
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CHAPTER |

Introduction

1. Background and rationale

The use of complementary and alternative medicine for health maintenance
and disease management has been growing rapidly worldwide. The national survey
of the general population in the United States and European countries reported that
40% (1) and 25.9% used complementary and alternative medicine as alternative
therapy in the past 12 months (2). In Thailand, one previous study found a high
prevalence of herbal medicine use among 35.9% of chronic disease patients (3).

Aloe vera (synonym: Aloe barbadensis Miller), one of more than 400 species
belonging to the Liliaceae family, has been used in traditional medicine for centuries.
It is a succulent cactus-like plant originated in Africa and commonly grown in hot and
dry climates. Numerous medicinal products are made from Aloe vera leaf are widely
available, contained active constituents such as vitamins, enzymes, minerals, sugars,
and amino acids which are associated with various pharmacological activities
including  fungicidal,  antiviral,  antibacterial,  anti-inflammatory, laxative,
immunomodulating, and anticancer effects (4, 5). In the 2012, Aloe vera was ranked
the 20" among best-selling dietary supplements in the United states (6). In Europe
and United states, oral administrations of Aloe vera gel extract and latex are
indicated for constipation and food supplements (7, 8). Additionally, WHO published
a monograph of Aloe vera gel summarizing the topical use of Aloe vera for the
external treatment of minor wounds and inflammatory skin disorders (9). However, its
efficacy is mostly based on historical use or scientific theory rather than clinical
evidence (6, 9).

The benefits of Aloe vera have been examined widely through both animal

studies and clinical trials, resulting in the growing number of systematic reviews and



meta-analyses with attempt to summarize and clarify these findings. Previously
published meta-analyses demonstrated that Aloe vera was effective in several
indications; for example, reduction of time to complete wound healing (10),
improving symptoms of irritate bowel syndrome (11). Interestingly, recent meta-
analyses reported potential benefits of Aloe vera in blood glucose reduction (12, 13),
prevention and treatment of phlebitis (14). Unfortunately, although numerous meta-
analyses have been published, each of them often focused only on one particular
indication, which made it difficult for clinicians or healthcare providers to synthesize
the overall benefits of Aloe vera.

To date, there has been no effort to integrate previously published
systematic reviews and meta-analyses across many indications of Aloe vera and
determine quality of the evidence which can be done by performing an umbrella
review; a new approach currently recognized as one of the highest levels of evidence
synthesis methods (15-17). Umbrella review consists in the meta-analyses following a
uniform approach for all factors to allow their comparison, systematic review of
previous systematic review, and also assess whether there is evidence for biases.
Umbrella review has been increasingly conducted and published in this decade to
address an extensive and high-quality evidence base around a topic (18-25). This
method will help summarize the evidence from multiple systematic reviews and
meta-analyses, assessing the strength of evidence and extent of possible biases to
ascertain the confidence in its benefits (15, 16).

Therefore, this study aimed to conduct the umbrella review to systematically
summarize and assess the effects of Aloe vera use on various types of health
outcomes for determining its benefits in each indication from previously published
systematic reviews and meta-analyses to provide the wide picture for real-world

clinical practice.



2. Research question
What are the effects of Aloe vera on health outcomes, and how credible is

the evidence?

3. Objective of the Study
To summarize existing systematic reviews and meta-analyses that assessed

the effects of Aloe vera on health outcomes.

4. Scope of the Study
Systematic reviews and meta-analyses of clinical trials comparing Aloe vera

with any comparators and reported health outcomes.

5. Operational definitions

Aloe vera is a plant belonging to the Liliaceae family, of which also known as
Aloe barbadensis Mill. Aloe vera used in this umbrella review refers to either orally
or topically used of the crude Aloe vera components from any part of this plant (for
example, leaf, fresh juice, fresh gel, and fresh stem) and the Aloe vera-derived
products such as Aloe vera-extracted powder, Aloe vera gel, Aloe vera cream, Aloe
vera ointment, Aloe vera mucilage, and Aloe vera mouthwash.

Health outcomes are defined as any changes in health that result from

treatments or interventions including;

® Clinical outcomes: efficacy on indication of Aloe vera (e.g. pain
reduction in irritate bowel syndrome, reduction in fasting plasma

glucose in diabetes, time to complete wound healing)

® Patient reported outcomes (e.g. quality of life, satisfaction)
Systematic review is a type of study that conducted in an attempt to
compile all existing evidence that fits pre-specified eligibility criteria to answer a

specific research question. The key characteristics are as follows:



® 3 clearly stated set of objectives with an explicit, reproducible
methodology;
® 3 systematic search that attempts to identify all studies that would
meet the eligibility criteria;
Meta-analysis is defined as a study that use statistical techniques to integrate
and summarize results of included studies.
Duplicate article is defined as an article that published the similar material

more than once, by the similar author or publisher.

6. Expected benefits of the study
The information resulted from this study can influence clinicians and

healthcare providers’s concept of the quantity and quality of existing evidence of

Aloe vera effectiveness in various health outcomes.



CHAPTER Il

LITERATURE REVIEW

1. Aloe vera

Aloe vera (synonym: Aloe barbadensis Miller), one of more than 400 species
of Aloe, belongs to the Liliaceae (Aloeaceae) family (4, 5). Aloe vera is the most
popular and widely used species (26) among the genus Aloe such as Aloe vera, Aloe
barbadensis, Aloe ferox, Aloe chinensis (27). It is also known as aloe, burn plant, lily

of the desert, and elephant’s gall (27).

1.1 Botanical data

Aloe vera is a stem less or very short-stemmed cactus-like plant originated in
Africa and commonly grown in hot and dry climates. It probably native to north
Africa and has been subsequently introduced in the Mediterranean region, and most
of the tropical areas worldwide such as Asia, the Bahamas, Central America, Mexico,

and the southern region of the United States (28).

Botanical name: Aloe vera is the synonym of the species name ‘Aloe

barbadensis Mill regarding most books and formularies.

Family: Liliaceae (Aloeaceae)
Genus: Aloe
1.2 Phytochemical Composition

Aloe vera plant contains the high-water content in the main feature, ranging
from 99-99.5% while the 0.5-1.0% remaining is the solid material which contains
plenty of potentially active compounds, including vitamins, minerals, enzymes,
simple and complex polysaccharides, phenolic compounds, and organic acids (26).
The leaves of Aloe vera are green and fleshy, has been found in the height range
from a few centimeters to over 2 meters. Aloe vera leaf can be divided into three

layers including;



® The outer layer, also known as the outer green epidermis, is a thick
cuticle called rind and weighs around 20-30% of the whole plant leaf.
This layer has been reported the containing of anthraquinones and
glycosides (9, 29).

® The middle is a thin mucilaginous layer occurring below and next to
the outer thick green rind. The appearance of this layer is a yellow
latex or exudate (commonly called as aloe sap). This latex mainly
contains phenolic compounds such as anthraquinones, coumarins,

anthrones, chromones, pyrones, and flavonoids (30).

® The inner leaf pulp called Aloe gel, a synonym to the inner leaf, inner
leaf fillet, or fillet, lies in the center of the leaf. The Aloe gel
predominantly contains water more than 90%, while the remaining
contains more than 75 known substances including polysaccharides
(i.e. pectins), hemicelluloses, glucomannan, acemannan, and mannose
derivatives), vitamins (i.e. A, B, C, and E), calcium, lipids, sterols, amino

acids, and enzymes (9).

The physical and chemical constituents in the Aloe vera-derived products can
be differed depending on several factors. For example, the climate conditions while
harvesting and storage, the source (e.g. part of the plant used), seasonal and grower

influences, and processing techniques (31).

1.3 Pharmacological effects

1.3.1. Wound healing: Aloe vera has long been used for wounds treatment
more than hundred years. Mannose 6-phosphate, a primarily polysaccharide found in
Aloe vera gel, has been considered as the active ingredient of wound healing by

directly stimulating the activity of macrophages, increasing amounts of collagen,



proteoglycan synthesis, and accelerates the healing process (26, 31). Acemannan,
another polysaccharide that commonly found in Aloe vera, has been reported the
effects in the increasing of periodontal ligament cell proliferation, collagen and
alkaline phosphatase activity, and enhancing the growth factor upregulation in
primary human periodontal ligament cells (32). Glycoproteins and saponin were also
reported to have wound-healing activity (33, 34). The wound infection has been
reported to be prevented by the antibacterial properties of anthraquinones (31).
Previous studies in animal models suggested the wound healing effect of
Aloe vera (35, 36). In clinical trials, Aloe vera cream demonstrated a faster rate of
healing and epithelialization than silver sulfadiazine cream in the site treated for
second-degree burn wounds (37). Application of Aloe vera gel has also been
reported to demonstrate shorter average healing times than the petroleum jelly
gauze (38) and silver sulfadiazine cream (39), and accelerate the healing of split-
thickness skin graft donor sites (40). Nevertheless, while most clinical trials reported
the potential benefits of Aloe vera, some suggested that Aloe vera might slow the
wound healing rate or no statistical difference when compared with placebo (41, 42).
1.3.2. Antidiabetic and anti-hyperlipidemic Activity: Polysaccharide possesses a
major role in hypoglycemic activity by increasing insulin level (28). Phytosterols
derived from aloe gel, such as ophenol (Lo) and cycloartanol (Cy), altered the
expressions of genes resulted in glucose level reduction and ameliorated obesity-
associated metabolic disorders in Zucker diabetic fatty rats (43). Aloe-emodin-8-O-
glycoside has been reported to increase glucose uptake and transformed it into
glycogen. (44). Besides, some investigators proposed that Aloe vera improved insulin
sensitivity and reduced body fat through adenosine monophosphate-activated

muscle protein kinase activation (45).
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Several studies in rodents suggested the anti-hyperglycemic and anti-
hyperlipidemic effect of Aloe vera (45-47). Furthermore, previously published clinical
trials reported the efficacy of Aloe vera among type 2 diabetic patients. Given its
juice, one tablespoonful twice daily for at least 2 weeks, the effects in the reduction
of fasting blood glucose were found, but cholesterol levels were not affected (48,
49), Other clinical trials found that 300 mg capsule derived from Aloe vera gel given
twice daily for 2 months not only lowered the fasting blood slucose (FBG) and
glycosylated hemoglobin Alc (HbAlc) significantly but also lowered total cholesterol
and low-density lipoprotein cholesterol (LDL) levels (52). Choudhary et al (53)
reported that taking 100 mg and 200 mg of Aloe vera gel powder for 3 months in
diabetic patients, resulting in the reduction of postprandial glucose, FBS, total
cholesterol, very-low-density lipoprotein cholesterol (VLDL) and LDL-level, and
increasing high-density lipoprotein cholesterol (HDL) level. In those with prediabetes
or early diabetes, Aloe vera capsule consumption also lowered FBG, HbA1C, insulin

level, body weight, and fat mass (34, 50).

1.3.3. Laxative effect: Anthragquinones, presented in the latex of Aloe veraq, is a
potent stimulant laxative. It help stimulate mucous secretion and increases intestinal
water content and peristalsis (51). Aloe vera laxative preparations have been
approved for use in constipation treatment (7). However, the U.S. Food and Drug
Administration has no longer approved Aloe vera latex as an over-the-counter drug
for constipation treatment to date because of a lack of sufficient data to prove its

safety (52).

1.3.4. Effect on gastric acid secretion and ulcers: The lectins in Aloe vera
inhibit acid producing cells, resulting in the inhibition of gastric acid output (27, 53).
Polysaccharides and anthraquinones in Aloe vera also help reduce peptic ulcers by

controlling gastric secretion. Aloe vera gel has been reported its antibacterial
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properties in both susceptible and resistant H. pylori strains. Additionally, antiulcer
effect of Aloe vera has been reported. Aloe vera decreased mean ulcer index in rats
more than the omeprazole-treated group (10 + 1.96 and 20 + 1.79 respectively, p <
0.001) (54). Another study in humans reported that the combination of Aloe vera and
sucralfate can reduce gastric inflammation and ulcer sizes, increase epithelial cell

proliferation, and lengthene gastric glands (55).

1.3.5. Anti-inflammatory action: Efficacy of Aloe vera has been reported in the
cyclooxygenase pathway, thromboxane, and prostaglandin inhibition, resulting in pain
reduction and acceleration of the healing process (56). The previous study in rats has
also reported the effect of Aloe vera gel in acute-inflammatory reduction through its

plant sterol called Lupeol (57).

1.3.6. Antimicrobial  Activity: Aloe vera showed efficacy in inhibiting
Staphylococcus aureus growth when high concentrations were used, while moderate
concentrations showed efficacy in inhibiting Escherichia coli, Salmonella typhi, and
Pseudomonas aeruginosa (58, 59). Besides, Aloe vera gel showed a bactericidal
effect and prevent Pseudomonas aeruginosa from adhering to human lung epithelial

cells (60).

Moreover, several antiseptic agents including salicylic acid, cinnamonic
acid, urea nitrogen, lupeol, phenols, and sulfur found in Aloe vera have been
reported an inhibitory effect on bacteria, viruses, and fungi (4). The lectin-containing
fraction of Aloe vera gel demonstrates the effect in inhibition of Cytomegalovirus
growth, by interfering the protein synthesis (61). Additionally, the anthraquinone
derivatives (e.g. Aloe-emodin and chrysophanol) exhibited antiviral activity on
enveloped viruses such as influenza, varicella zoster, and herpes simplex viruses
through the reduction of virus-induced cytopathic effect and the inhibition of its

replication (62, 63).
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1.3.7. Dentistry: The role of Aloe vera in dentistry is applied because of its
antibacterial and wound-healing effects. Aloe vera has been reported potential
benefits in gum disease treatment (e.g. gingivitis and periodontitis) (64). Previous
studies reported the potential effect of Aloe vera in quality of life and symptom
improvement, and pain reduction in various types of dentistry problems including

oral lichen planus (65), aphthous ulcer (66), and oral submucous fibrosis (67).

1.3.8. Anticancer activity: The polysaccharide fraction of Aloe vera gel help
prevent the formation of benzo[@]pyrene- DNA adducts and stimulate the immune
response which resulting in its chemo-preventative effects (31, 53). Aloe-emodin, an
anthraquinone derived from Aloe vera, has been reported anti-neoplastic effects by

inhibited the malignant cells' growth (68).

1.3.9. Skin protection and hydration: Aloe vera help increase hydration and
the penetrating ability of the skin resulting in the reduction of flaky scalp and skin
(69). Besides, G1C2F1, a small-molecular-weight immunomodulator in Aloe vera gel,
helps prevent ultraviolet B (UVB)-induced damage in the epidermal Langerhans cells
(LCO) by preventing the UVB-induced immune suppression (70). Aloe vera has also
been reported potential effects in improving impaired skin integrity, decrease fine
wrinkle, and erythema, resulting in the improvement of irritant contact dermatitis and

dry skin (68).

1.4 Therapeutic use
Aloe vera has long been used worldwide as a traditional medicine such as in
Greece, Egypt, India, China, and Japan for more than 2000 years (26). It is used in
various ways, as over-the-counter (OTC) medications, as self-care or home remedies.
However, its efficacy is mostly based on historical use or scientific theory rather than
clinical evidence. Generally, Aloe vera gel has been used widely to soothe wounds,

burns, skin irritations, and inflammatory skin disorders by an external application. The
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latex of Aloe vera has been used due to its cathartic effects. The treatment of acne,

hemorrhoids, psoriasis, anemia, glaucoma, tuberculosis, seborrheic dermatitis, and

fungal infections by Aloe vera gel has also been described in folk medicine (9, 29).
1.5 Dosage and administration

Constipation: Dried latex 40-110 mg/day or 100 mg as a single dose in the
evening, corresponding to 10-30 mg of hydroxyanthraquinones (9) for adults and
children aged more than 10 years. The maximum dose of hydroxyanthracene
glycosides in Aloe vera-derived preparation is 30 mg/day (7).

Diabetes (type 2): 5-15 mL of Aloe vera juice 2 times/day (51).

Wound healing: No consensus exists regarding the dosage and administration
of topical Aloe vera for wound healing. The results from previous literatures
indicated the potentially benefit of 0.5% Aloe vera (gel or cream) applies on affected
area twice daily (71).

Genital herpes and psoriasis vulgaris: Hydrophilic cream of 0.5% (by weight) of
a 50% ethanol extract of Aloe vera, apply on affected area 3 times/day for 5
consecutive days per week has been used for up to 2 weeks in treatment of genital

herpes and up to 4 weeks in psoriasis vulgaris (51).

1.6 Contraindications
® Allergic to plants in the Liliaceae family (i.e. onions and garlic).

® |ntestinal obstructions and stenosis, atony, appendicitis, abdominal pain of

unknown origin (9).

® Oral administration of Aloe vera is not recommended in children (age < 10

years), pregnancy, and breastfeeding mothers (9, 29).

1.7 Warning and precautions

® Avoid the long-term use of Aloe vera as a stimulant laxatives due to its

potential to cause intestinal dysfunction and laxative dependence (9).
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® Avoid using in patients with kidney disorders due to its potential to cause
electrolyte imbalance. Hypokalemia caused by Aloe vera has also been

reported (29).

1.8 Drug interactions

® Cytochrome P450 substrates: In vitro, Aloe vera juice was found to inhibit

CYP3A4 and CYP2D6 (72).

® Sevoflurane: Concomitant use of Aloe vera and sevoflurane may cause
excessive perioperative bleeding based on additive antiplatelet effects of

these 2 agents (73).

1.9 Stability

The amounts of active ingredients can vary among Aloe vera preparations,
depending on harvesting and storage conditions, part of plants used, the time of
used after harvesting, and extraction methods (31, 53). The clear mucilaginous gel of
Aloe vera was found stable when pasteurized at 75-80°C for less than 3 minutes.
However, longer times and higher temperatures may alter the chemical composition
of the gel (9, 74).

Chemically preserved fresh Aloe vera gel incubated at 40 °C or stored at room
temperature for 48 hours showed the rheological properties degradation and a
reduction of polysaccharides content and composition (75). The rapid deterioration
of Aloin, which contained in whole leaf extract of Aloe vera, was also detected

during storage, especially at higher temperatures (76).

1.10 Adverse reaction
Dermatologic: Minor adverse effects were reported in clinical trial using the

topical preparation of Aloe vera. For example, itching and slightly tingling sensation
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(29). However, papular dermatitis and generalized eczematous were reported by

male patient after using the oral and topical Aloe vera gel (77).

Gastrointestinal: Prolonged ingestion of Aloe vera was associated with
abdominal pain, vomiting, diarrhea, pseudomelanosis coli, cathartic colon, and
increase risk of colorectal cancer (29, 51). Hepatotoxicity was also found as case

reports (78, 79).

Carcinogenic: Aloe vera whole leaf extract showed evidence of carcinogenic
activity in rats, classified by the International Agency for Research on Cancer as a
possible human carcinogen (Group 2B), along with other natural products such as

Ginkgo biloba extract and kava extract (29).

Renal: Prolonged ingestion of Aloe vera latex may cause potassium depletion

and electrolyte imbalance because of its laxative effect (4).

2. Health outcomes

Health was defined by the Constitution of the World Health Organization in
1948 as ‘a state of complete physical, mental and social well-being and not merely
the absence of disease or infirmity’ (80). The novelty of widening the concept of
health into a multidimensional construct to include psychological and social
dimensions of people's lives as well as focusing positively on well-being was
significant (81).

Health outcomes are important for assessing effectiveness of medical
interventions and determining results in clinical practice because outcome measure
is one of the indicators generally used to evaluate the quality of interventions or
working processes (82). Although no standard definition of health outcomes used to
date, the definition of health outcomes has been mentioned by various literature

and organization as follows;
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® The International Consortium for Health Outcomes Measurement
(ICHOM), a non-profit organization founded in 2012, defines health
outcomes simply as ‘the results of treatment that patients care about
most’. This organization has defined and developed more than 12
standard datasets for outcomes measurement which increasingly used

worldwide (83).

® According to Canadian institute for health information, health
outcomes are changes in health that result from measures or specific
health care investments or interventions. Patient-reported outcomes
are essential to understanding whether health care services and
procedures make a difference to patients’ health status and quality of
life (84).

® |n Australia, Australian Health Outcomes Collaboration defines a
health outcome as ‘health outcome is a change in the health of an
individual, or a group of people or population, which is wholly or
partially attributable to an intervention or series of interventions’.
Health outcome measures can include clinical/biomedical indicators,
indicators related to survival, performance indicators, standardized

clinical assessments, and patient-reported outcome measures (85).

Health outcomes also defined as those events occurring as a result of an
intervention. These may be measured clinically (physical examination, laboratory
testing, imaging), self-reported, or observed (such as gait or movement fluctuations
seen by a healthcare provider or caregiver). Some health outcomes require complex
assessments to determine if they are present or absent. There is a range of

standardized and validated measures of health status/health-related quality of life
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(HRQol) that along with clinical and performance indicators can be used to assess
the outcomes of treatment interventions (86).

In conclusion, health outcomes are the changes in health that result from
treatments or interventions. These differences in health status can be measured in
various ways such as patient self-report, clinical assessment, and observation by the
healthcare provider or caregiver. Measuring health outcomes can help healthcare

workers making decisions about providing care for their patients.

3. Systematic review and meta-analysis

A systematic review involving the identification, selection, appraisal, and
summary of primary literature addressing a focused clinical question using methods
to reduce the likelihood of bias (87, 88). A systematic review is one of a medical
subject headings (MeSH) term which defined by the National Library of Medicine as
‘A review of primary literature in health and health policy that attempts to identify,
appraise, and synthesize all the empirical evidence that meets specified eligibility
criteria to answer a given research question. Its conduct uses explicit methods aimed
at minimizing bias in order to produce more reliable findings regarding the effects of
interventions for prevention, treatment, and rehabilitation that can be used to inform
decision making’.

Grant et al (89) described the systematic review as the best-known type of
review which seeks to systematically search for, appraise, and synthesis research
evidence, often adhering to the guidelines on the conduct of a review provided by
the Cochrane Collaboration or the NHS Centre for Reviews and Dissemination. It is
transparent in the reporting of its methods to facilitate others to replicate the
process.

Systematic review described in the Preferred Reporting Items for Systematic

reviews (PRISMA) Statement is an attempt to collate all empirical evidence that fits
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pre-specified eligibility criteria to answer a specific research question. It uses explicit,
systematic methods that are selected with a view to minimizing bias, thus providing

reliable findings from which conclusions can be drawn and decisions made (90).

The key characteristics of a systematic review are:

® 3 clearly stated set of objectives with an explicit, reproducible

methodology;

® 3 systematic search that attempts to identify all studies that would
meet the eligibility criteria;

® an assessment of the validity of the findings of the included studies,

for example through the assessment of risk of bias;

® systematic presentation, and synthesis, of the characteristics and

findings of the included studies.

A meta-analysis is a type of study that uses statistical methods to perform a
quantitative synthesis of existing data. Meta-analysis can help increases the precision
of effects compared to each trial and provide more generalizability of study findings
(17). According to PRISMA statement, meta-analysis is the use of statistical techniques
to integrate and summarize the results of included studies. Many systematic reviews
contain meta-analyses, but not all. By combining information from all relevant
studies, meta-analyses can provide more precise estimates of the effects of health

care than those derived from the individual studies included within a review (90).

4. Previous systematic reviews and meta-analyses of Aloe vera
4.1 Wound healing
Maenthaisong et al, (10) conducted a systemic review and meta-analysis from
4 clinical trials investigating effects of Aloe vera used in burn wound healing. They

reported that the mean difference of healing time in the Aloe vera group was
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significantly shorter than the control group (8.79 days, p = 0.006). However, the
differences in products and outcome measures in their study make the authors
cannot suggest a specific conclusion regarding the effect of Aloe vera on burn wound
healing.

According to Dat et al. (71), they reported in their systematic review that only
a small number of high-level evidence supported the use of Aloe vera topical agents
in acute and chronic wound treatment. However, the authors could not perform a
meta-analysis in their review because replication of trials with the same wound type
and intervention was lacking.

In conclusion, Although Aloe vera showed a potential benefit in wound
healing, there is currently an absence of high-quality clinical evidence supported its
use in acute and chronic wound treatment. The difference in results might cause by
the difference in study design, and products variation of Aloe vera.

4.2 Antidiabetes and antilipidemia

Zhang et al (91) performed a systematic review and meta-analysis from 5
RCTs included evaluating the effects of Aloe vera in prediabetes and early non-
treated diabetes mellitus. They reported a significant reduction of FBS, HbAlc, total
cholesterol, LDL, TG, and increased HDL level in Aloe vera receiving group, but
results are inconclusive because of small and poor quality of RCTs included. Among
prediabetic and diabetic patients, results from a meta-analysis conducted by Dick et
al (92) suggested benefits of oral administration of Aloe vera in FBG and HbAlc
reduction, similar to Zhang et al (91). In contrast to Suksomboon et al (93), which
reported some potential benefits of Aloe vera in FBS reduction, but no effect on
HbA1c reduction was found. Despite the useful information provided by these three
studies, implementation into clinical practice should be done cautiously and

additional investigations are needed due to noticeable heterogeneity, limited
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number, and poor quality of primary studies included in systematic reviews and

meta-analyses.

4.3 Gastrointestinal disease

Aloe vera showed a potential benefit in patients with inflammatory bowel
syndrome (IBS) from previously published 1 systematic review and 1 meta-analysis.
Langhorst et al (94), performed a systematic review to identify the effectiveness of
complementary and alternative medicines in IBS. Aloe vera gel, mentioned as one of
the useful herbal medicines, showed significant improvements in clinical signs and
quality of life in patients with active ulcerative colitis. Hong et al (11) published a
meta-analysis of 3 RCTs with a total of 151 patients that indicated the benefits of
Aloe vera in the improvement IBS symptoms and response rate. However, no
statistically significant differences were found. The authors discussed that might due
to the small number of participants in each study, and further, summarizing and

grading on this evidence are required.

4.4 Dentistry

Numerous systematic reviews and meta-analyses were performed to
determine the effectiveness of Aloe vera in dentistry. Both Nair et al (95) and
Mangaiyarkarasi et al (96), reported the benefit of Aloe vera in aphthous stomatitis,
oral submucous fibrosis, oral lichen planus, gingivitis, and radiation-induced oral
mucositis in their systematic reviews which included more than 10 RCTs. Al-Maweri et
al (97) demonstrated a promising effect of Aloe vera in clinical improvement and
pain reduction among patients with oral submucous fibrosis by meta-analysis consists
of 6 RCTs, however, statistically significant differences in pain reduction between
Aloe vera and control group was reported only at the end of the first and second

month, but not found in the third month. The researchers stated that small sample
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sizes and high risk of bias in some of the included studies might affect the credibility
of their results.

A meta-analysis evaluated the effectiveness of Aloe vera in oral lichen planus
conducted by Ali and Wahbi (98) suggested that topical Aloe vera showed more
benefit than placebo on clinical improvement and pain reduction, but only
comparable to triamcinolone acetonide. However, findings from their meta-analysis
included data from only 3 RCTs, and high heterogeneity was found (1* = 94%. Dhingra
et al (99), including 2 RCTs in gingivitis patients in his systematic review, reported that
Aloe vera dentifrices showed potential efficacy in reducing plaque and gingival
inflammation was similar to control group.

Therefore, even though many systematic reviews and meta-analyses have
been performed, the summarize of the effectiveness of Aloe vera in dentistry and

the evaluation of the quality of this evidence is needed.

4.5 Phlebitis

Zheng et al (14) reported the potential benefits of Aloe vera external
application in preventing or treating infusion phlebitis compared with no intervention
or MgSOy. Aloe vera was found to prevent infusion phlebitis, however, no clear
evidence supported the effect of Aloe vera in the treatment of infusion phlebitis
when compared with other interventions in this study, such as 75% alcohol and 75%
MgSQO,4. The authors suggested that their findings were limited by risk of selective
outcome reporting and the poor methodological quality of the included studies.

In conclusion, findings from previously systematic reviews and meta-analyses
suggested potential benefits of Aloe vera in various health outcomes. However,
inconclusive results were found in some outcomes. Therefore, combining and
appraising the numerous pieces of evidence is essential to provide a wider picture of

Aloe vera on health outcomes.
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5. Umbrella review

Systematic review and meta-analysis are important research design aim to
synthesize the findings and assess the biases of existing pieces of evidence. However,
results from several systematic reviews and meta-analyses might be inconclusive
because of several types of biases. Moreover, a single meta-analysis of a treatment
comparison for a single outcome might offer a limited view if there are many
treatments or many important outcomes to consider (16). In recent years, systematic
reviews and meta-analyses have been published in various fields gradually. Bastian et
al (100), reported that 11 systematic reviews were being published per day. These
too many reviews can be the problems for clinicians and healthcare providers in
sorting evidence and synthesis the findings to inform their questions and making
decisions in real-world clinical practice.

To summarize the numerous findings from existing systematic reviews and
meta-analyses, umbrella review has been introduced. loannidis et al (16) defined
umbrella reviews as a systematic review that assembles several systematic reviews
on the same disease or condition and also combines statistical results from several
meta-analyses as appropriate. Biondi-Zoccai (17) stated that umbrella review is a
synthesis of systematic reviews, only considers the inclusion of the higher level of
evidence including systematic reviews and meta-analysis, which allows the results of
relevant assessments in a review question can be compared and contrasted.

According to Joanna Briggs Institute (101), the term umbrella review is a
systematic review that draws together evidence from a series of other systematic
reviews. Umbrella review help provide an overview of research within a specific area.
In addition, Fusar-Poli and Radua (15) described an umbrella review as one of the
highest levels of evidence synthesis currently available, as shown in figure 1. This

umbrella review approach can be used to summarize previously published
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systematic reviews or meta-analyses and also provide the repetition of the meta-
analyses to allow the comparison.

In conclusion, umbrella review can be described as a new evidence-based
synthesis method that aims to combine and compare findings, determine statistical
data, and assess the extent of possible biases and strength of evidence from existing

systematic reviews and meta-analyses.

Figure 1 Ranking of evidence synthesis methods

5.1 Previously published umbrella reviews

Umbrella review has been conducted and published increasingly in this past
decade. Furthermore, the growing number of protocols of umbrella reviews have
been recently published. Despite the lack of previous umbrella review assessing the
health outcomes of Aloe vera, this type of review has been performed through a
wide portion of medical fields. For example, Belbasis et al (18) summarize the
environmental risk factors that have been studied about the onset of multiple
sclerosis by using an umbrella review approach. They examined 44 unique meta-
analyses then reported that the IgG seropositivity to Epstein-Barr virus nuclear
antigen (EBNA), infectious mononucleosis, and smoking were the strongest consistent
evidence of an association to the onset of multiple sclerosis. Additionally, Dragioti et

al (22), assessed the association between antidepressant uses with adverse health
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outcomes from 45 meta-analyses of observational studies, they suggested that most
of putative adverse health outcomes associated with antidepressant use may not be
supported by convincing evidence, and confounding by indication may alter the few
associations with convincing evidence.

Not only for synthesizing the association of risk factors with any diseases, but
the umbrella review approach can also be used to combine data when many
treatments are considered (17). For example, Chakranon et al (23), performed an
umbrella review to evaluate the effectiveness of distal technology in multiple health
outcomes among people with diabetes which summarized data from 95 articles,
including 162 meta-analyses of 46 unique outcomes. Findings from this umbrella
review help support the use of distal technology to improve glycemic control, but
the evidence is unclear whether distal technology can help improve patient-reported
outcomes including quality of life, self-efficacy, and medication-taking. Moreover,
conducting an umbrella review can help confirm the need for more robust research
to evaluate wider outcomes of distal technology.

To summarize and assess all existing pieces of evidence in the effectiveness
of non-pharmacological treatments, herbals, or complementary alternative
medicines, the umbrella review approach is also widely used. For example, Wan et al
(24), included 16 articles with 50 unique outcomes in their umbrella review to assess
the evidence of the various health benefits of allium vegetable consumption,
suggested benefit of garlic in cancer prevention and recommended the long-term
use as a dietary supplement for patients with dyslipidemia, diabetes, and
hypertension. Dinu et al (25) presented an umbrella review of 29 meta-analyses,
found the a robust evidences supported association between the adherence to the
Mediterranean diet and a reduced the risk of overall mortality, cardiovascular

diseases, coronary heart disease, myocardial infarction, overall cancer incidence,
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neurodegenerative diseases and diabetes, but they reported that only suggestive or

weak evidences supported benefit in most of the site-specific cancer.

5.2 Tools for quality assessment

Bias can arise at all stages of the review process while the reviewer
conducted a systematic review and meta-analysis. Thus, it is important to appraise
these potential biases when interpreting the results and conclusions from systematic
reviews and meta-analyses. In an attempt to assess biases, the Risk of Bias
Assessment Tool for Systematic Reviews (ROBIS), and A MeaSurement Tool to Assess
systematic Reviews (AMSTAR) has been developed (102, 103). AMSTAR 2 is a revised
version of originally published AMSTAR which is one of the most widely used
instruments for critically appraising systematic reviews of randomized controlled
clinical trials. AMSTAR 2 has been developed to enable a more detailed assessment
of systematic reviews that include a randomized controlled trial (RCT) or non-RCTs of
health care interventions and also assess the quality of the studies included in a
meta-analysis. The AMSTAR 2 has provide a comprehensive user guide for answering
16 questions in its checklist, and has an overall rating based on weaknesses in critical

domains (103).

The details of AMSTAR 2 and ROBIS are described in Table 1. ROBIS is an
instrument designed for assessing the risk of bias in systematic reviews (rather than in
primary studies) (102). ROBIS differs from AMSTAR 2 as it was designed for evaluating
the risk of bias specifically, while AMSTAR 2 focuses on a broader goal which is the
assessment of the methodological quality of systematic reviews. Moreover, ROBIS
could be used in most types of research questions, including diagnosis, prognosis,
and etiology but AMSTAR 2 could be used specifically for the reviews of healthcare

interventions (103, 104).
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Despite the differences in the main domains and questions, some items
considered in both AMSTAR 2 and ROBIS were overlapped. Similarly, both AMSTAR 2
and ROBIS can be used to evaluate the risk of bias and methodological quality of
systematic reviews of randomized and nonrandomized controlled trials. By using the
developed checklist, both 2 tools should not be used to generate overall score.

These tools similarly categorize findings into high to low confidence, or unclear in

ROBIS.

Table 1 General detail of AMSTAR 2 and ROBIS tools

Aim of
development

Developer

Release Date
Implementati

on

Answers in
the

checklists

Target users

AMSTAR 2

Assess the methodological quality
of systematic reviews
Bruyere Research Institute,

Canada

2017
Systematic reviews
including RCT or non-RCTs of health

care interventions, or both
3 types of answers;
yes, No

or partial yes (in some items)

Any reviewers

ROBIS

Assess the risk of bias
in systematic reviews
NIHR CLAHRC West,
University Hospitals Bristol NHS
Foundation Trust, USA
2016
Systematic reviews
covering questions relating to
effectiveness (interventions), etiology,
diagnosis, and prognosis.
5 types of answers;
yes, probably yes

probably no, no, or no information

Any reviewers,
some methodologic and/or content

expertise would be required
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AMSTAR 2 ROBIS

Characteristic = 16 items (see table 5) with 7 critical The tool is completed in 3 phases:

s of the tools = domains including; 1. Assess relevance (optional)
® Protocol registered before 2. Identify concerns with the review
commencement of the review process, consists of 4 domains which

® Adequacy of the literature bias may be introduced into a

sesidn systematic review including;

® Justification for excluding ® Study eligibility criteria

individual studies ® |dentification and selection of
® Risk of bias from individual studies;
studies being included in the ® Data collection and study
review appraisal
® Appropriateness of meta- ® Synthesis and findings
analytical methods 3. Assess the overall risk of bias in

O Consideiion of ik of Size review and whether this considered

when interpreting the results of limitations identified in any of the

the review phase 2 domains.

® Assessment of presence and

likely impact of publication bias

Results Not intended to generate an overall = Not be used to generate a summary
score quality score
Overall rating 4 categories; 3 categories;
high, moderate, low, or critically low low, high, or unclear risk of bias
confidence

Two studies were conducted to compare ROBIS with the AMSTAR instrument.
Buehn et al (105) reported that ROBIS has fair reliability and good construct validity
to assess the risk of bias in systematic reviews and Banzi et al (106), found that
AMSTAR and ROBIS offer similar inter-rater reliability (IRR). AMSTAR has much better
agreement among raters compared to ROBIS. Pieper et al (104), compared AMSTAR 2

with ROBIS in the evaluation of systematic reviews that include both RCTs and non-
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RCTs. This study suggested that reliability (reported in IRR) of both tools were fair,
with the slightly higher reliability for AMSTAR 2 than for ROBIS (AMSTAR 2: k = 0.30,
95% Cl: 0.17 to 0.43; ROBIS: k = 0.28, 95% Cl: 0.13 to 0.42). The authors also reported
very high correlation between the overall ratings of AMSTAR 2 and ROBIS (Spearman
rs = 0.84), suggesting validity. Moreover, the authors stated that raters found AMSTAR
2 easier to apply than ROBIS, with questions more clear, simple and specific. Besides,
the AMSTAR 2 guidance was found to be clearer and simpler than the ROBIS
guidance; this would probably facilitate its use also by nonexperience reviewers. In
terms of usability, the developers of AMSTAR 2 reported that it took them between
15 and 32 minutes (excludes the reading time) to apply AMSTAR 2 (103). In contrast
to Pieper et al (104), they reported 18 minutes on average, including reading time,
which is much faster.

In conclusion, AMSTAR 2 and ROBIS seemed not to be much different. Both
tools can be effectively used to assess the quality of systematic review and meta-
analysis. However, AMSTAR 2 is easier for implementation than ROBIS, especially if
reviewers are not expertise. Additionally, compared to ROBIS, AMSTAR 2 and the
older AMSTAR has been used in the greater numbers of previously published

umbrella reviews (21-24, 107, 108).

5.3 Measures of effect size
Effect size, which calculated to summarize the effect of each included study,
help indicate the direction and magnitude of the difference between groups (i.e. do
the results favor the treatment or control, and if so, by how much) (109). In a meta-
analysis, the effect size of each study is calculated. The measurements of effect size

that commonly used as follows;
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5.3.1 Effect measures for continuous outcome variables:

The measurements of effect size that commonly used for continuous
outcome variables are mean difference (MD) and standardized mean difference
(SMD). As described in the Cochrane handbook for systematic reviews of intervention,
the mean difference, also known as weight mean difference (WMD), is a standard
statistic that measures the absolute difference between the mean value in two
groups in a clinical trial. It estimates the amount by which the experimental
intervention changes the outcome on average compared with the control. It can be
used as a summary statistic in meta-analysis when outcome measurements in all
studies are made on the same scale. While the standardized mean difference is used
as a summary statistic in meta-analysis when the studies all assess the same
outcome but measure it in a variety of ways (for example, all studies measure
depression but they use different psychometric scales). In this circumstance it is
necessary to standardize the results of the studies to a uniform scale before they

can be combined (88).

SMD Dif ference in mean outcome between groups

Standard deviation of outcome among participants

5.3.2 Effect measures for binary (dichotomous) outcome variables:

Dichotomous (binary) outcome data arise when the outcome for every
participant is one of two possibilities, for example, dead or alive, or clinical
improvement or no clinical improvement. This section considers the possible
summary statistics when the outcome of interest has such a binary form. The general
effect measures that commonly used in clinical trials with dichotomous data are rate
or risk ratio (RR), rate or risk difference (RD), and odds ratio (OR) (88). For example, if
each study compares a treatment groups with a control groups, the data can be

displayed in the form of 2 x 2 table as;



30

Event No event Total
(Success) (Fail)
Experimental (treatment) group SE FE NE
Control group SC FC NC

where SE, SC, FE and FC are the numbers of participants with each
outcome (‘S” or ‘F’) in each group (‘E” or ‘C’). The following summary statistics can

be calculated (88):

risk of event in experimental group Sg/Ng

risk of event in control group " Sc/Nc¢

odds of event in experimental group Sg/Fg
~ oddsof event in control group  Sc/F¢

RD = risk of event in experimental group - risk of event in control group
RD = (SE/ NE) - (Sc/ Nc)

In umbrella review, details of each effect size of included systematic review
and meta-analysis should be presented to provide an effective overview. The
umbrella review authors can prefer presenting the results of each meta-analysis that
included in their review without altering the analysis concept or re-analyze all effect

sizes with the same metric (e.¢. RR, OR, and HR) (17).

5.4 Statistical models for umbrella review
The statistical models for conducting meta-analysis in umbrella reviews that

often used were fixed or random-effect models.
5.4.1. The fixed-effects model

The fixed-effects model assumes that the true effect size is the same in

all studies and there is no heterogeneity between the studies. All observed
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differences in the data reflects sampling error or chance within each study. According
to the statistical stringent of this model, it should be used when the heterogeneity is

small determining by Chi-square or I tests.
5.4.2 The random-effects model

The random-effects model allows for more flexibility. The simplest and
well-known version of this model is the DerSimonian and Laird method (110). The
random-effects model assuming that there may be other factors influencing the data
than error or chance, within and between studies. This model assesses both within-
study variability and between-study variability. The random-effects model can help
provide the generalizations beyond the population included in the studies.

To date, no consensus has been made whether fixed or random-effects
models should be used in meta-analysis. In the case that heterogeneity was not
present, these two models tend to give similar overall results. However, if
heterogeneity was present, the random-effects model could help provide a more
conservative estimate of the overall effect size, and the detection of significant

differences is less possible.

5.5 Heterogeneity

Heterogeneity refers to variability among studies in a systematic review.
Differences in the characteristics of participants, interventions, and outcome
measurements may be represented as clinical heterogeneity. Differences in study
designs and methodological quality (risk of bias) usually referred as methodological
heterogeneity. Besides, the variation of effect sizes between studies may be referred
to as statistical heterogeneity. The statistical heterogeneity may occur due to clinical
or methodological heterogeneity, or simply by chance (88).

Heterogeneity is a measurement of the relative consistency or inconsistency

of studies pooled in a meta-analysis. If a low overlap in the confidence intervals
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among primary studies is present, this can indicate heterogeneity (111). A formal
statistical test of the between-study heterogeneity is provided by the test of
homogeneity. The test can be evaluated using the Cochran’s Q test and the [?
statistic with 95% ClI.

The I statistic is the percentage of observed total variation across due to
heterogeneity and not due to chance. I ranges between 0% and 100%. According to
the Cochrane handbook (88), I exceeding 50% or 75% are indicative of high or very
high heterogeneity, respectively (88). Because of this low power, some review
authors use a significance level of P-value less than 0.1, rather than the conventional
0.05 value, in order to protect against the possibility of falsely stating that there is no
heterogeneity present. When heterogeneity was reported by a meta-analysis as Q or

X2, it can be converted to I with the formula [96]:
2 Q_df 0 . . _
I© = ' x 100% Where Q is the chi-squared statistic

and df is its degrees of freedom,

which equal to k-1.

5.6 Prediction interval

A prediction interval (PI) is a range that presents the expected range of true
effects in similar studies. The prediction intervals have been suggested to be
routinely reported in addition to the Cl to allow more informative inferences in meta-
analyses (112). A 95% PI evaluates the expected true effects for 95% of similar
(exchangeable) studies that might be conducted in the future. When the PI includes
the null (i.e. odds ratio of 1), this suggests that future studies might find results
indicating that the exposure produced no effect or the opposite effect on the
outcome under consideration (112). However, reporting the Pl might have some
limitations. For example, the Pl may be uncertain if the participants in the future

studies are far different from the participants in all studies that have been done in
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the past. If the estimates of the summary effect and the heterogeneity are imprecise
(e.g. small number of studies included in the meta-analysis), the PI will imprecise
too.

If the between-study heterogeneity is not detected, the prediction interval
usually concurs with the respective confidence interval (Cl). Nevertheless, if the
heterogeneity is detected, a PI will cover a wider range than a Cl. This occurred in
over 70% of the statistically significant meta-analyses in which heterogeneity was
detected in the Cochrane Database of Systematic Reviews. Accordingly, in case of a
statistically significant effect (where all values of the 95% Cl are on the same side of
the null), the corresponding 95% Pl may indicate that values are possible on both
sides of the null. This means that there will be settings where conclusions based on
Cls will not hold. In addition, the prediction interval can be used to evaluate the
probability that the treatment in a future setting will have a true-positive or true-
negative effect.

The PI for the treatment effect in a new trial can be calculated by using the

following formula;

mean *tgr X |/ (se? + 12)

where t is the appropriate centile point (e.g., 95%) of the t distribution with
k-2 degrees of freedom, se” is the squared standard error, and T? the between-study
variance.

In the STATA program, the approximate prediction interval will display in the
forest plot while calculating the effect sizes, by using the option rfdist. If less than 2
studies were included in the meta-analysis, the distribution is inestimable and
effectively infinite. The coverage (e.g., 90%, 95%, or 99%) for the interval may be set

by using the command rflevel (#).
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5.7 The test for excess significance

The test for excess significance was developed aiming to determine whether
there is a relative excess of formally significant findings. The main concept of this test
is to investigate in a body of evidence whether the observed (O) number of
statistically significant results (positive studies, p < 0.05) is larger compared to their
expected (E) number of studies with statistically significant results (113). If the
observed number of studies with statically significant results in the literature is more
than the expected number, it suggests strong biases which possibly caused by
selective analyses and selective outcome reporting (114). The evaluation of excess
statistical significance can be performed following these steps;

6.3.1. Estimate the effect size: It can be safely assumed that the true effect
size is the same in all studies on the same question if the true effect size for any
meta-analysis is not known. The effect size can be estimated by using the effect size
of the largest studies (e.g. smallest standard error) in each meta-analysis (113).

6.3.2. Calculate the statistical power of each study by using the power
command in Stata (College Station, TX).

6.3.3. Calculate the expected number of studies with statistically significant
results in each meta-analysis by the sum of the statistical power estimates for each
component study. The sum of the power estimates gives the expected number of
positive studies. The estimated power of each component study depends on the

plausible effect size of the largest study in each meta-analysis (115).

E=XL.(1-5) when E = expected number of studies
n = number of published studies

1 — B; = power at the O = 0.05
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6.3.4. Compare the expected (E) against observed (O) number of positive
studies through the chi-square (X°) test; A = [(O-E)* / E + (O-E)*/ (n-E)]. The test can
be applied regardless of whether the study outcome of interest is binary or
continuous.

The power to detect a specific excess may be low, primarily when few
‘positive’ studies were detected in the meta-analysis. Therefore, excess statistical
significance should be noted if two tailed P-value is less than 0.10 as in proposed

publication bias tests (113).

5.8 Small-study effects

Small-study effects are the event that smaller studies tend to give different,
often larger, intervention effects than larger studies (17). Small-study effects may
help reflect publication and other selective reporting biases. Moreover, small-study
effects may also exhibit the heterogeneity, chance, or other reasons for differences
between small and large studies.

Evidence of small-study effects can be investigated by using the Egger’s
regression asymmetry test (116). The main idea behind the test for small study-
effects is to determine whether there is a statistically significant association between
the effect sizes and their measures of precision such as effect-size standard errors. A
significance threshold P < 0.10 with more conservative effect in larger studies is
considered evidence for small-study effects. For each eligible meta-analysis, loannidis
and Trikalinos (117) provide the following criteria to ensure whether applying an
asymmetry test may be meaningful or appropriate;

® The number of included studies > 10 is considered sufficient, or if not,

the tests may have low power;

® There should be at least one study with a statistically significant result

(p < 0.05);
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® There should be no significant heterogeneity (1> < 50%). If not, the
asymmetry of the funnel plot may be induced by between-study

heterogeneity rather than publication bias;

® The difference in precision of the largest and the smallest study was
sufficiently large (ratio of the maximum to minimum variances across
studies > 4. If it is violated, the funnel plot will look more like a
horizontal line than an inverted funnel, and the funnel-asymmetry
tests will have an inflated type I error.

The results of the tests of small-study effects should be interpreted with
caution. If small-study effects were detected, publication bias together with other
reasons should be explored to explain its present. However, even though no small-
study effects were detected from the test, this effect may still exist due to the low

power of the test method.

6. Evaluation of the certainty of evidences in umbrella review

6.1 Grading of Recommendations Assessment, Development and Evaluation
(GRADE)
The GRADE approach is an instrument for rating the quality of evidence. It has
been used for appraising quantitative evidence in clinical practice guidelines (118-
120), health care recommendations (121), systematic reviews and meta-analyses
(122), and umbrella reviews (23, 123). GRADE categorizes the quality of evidence into
four levels including high, moderate, low, and very low quality, as shown in Table 2.
Theoretically, the authors of the systematic reviews should conduct the GRADE
assessment by themselves because they are familiar with the study-level details that
are needed for estimating the risk of bias and other details needed for the GRADE

assessment (i.e. consistency, and reporting bias in each review case).
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Table 2 Four levels of evidence according to GRADE approach
Quality level Current definition (124)
High We are very confident that the true effect lies close to that of the estimate
of the effect
Moderate We are moderately confident in the effect estimate:
The true effect is likely to be close to the estimate of the effect, but there
is a possibility that it is substantially different
Low Our confidence in the effect estimate is limited:
The true effect may be substantially different from the estimate of the
effect
Very low We have very little confidence in the effect estimate:
The true effect is likely to be substantially different from the estimate of

effect

6.2 Credibility assessment

According to previously published umbrella reviews, criteria for credibility
assessment has been used to classify the level of evidence (18-20, 22, 23, 25, 125).
Several umbrella reviews of meta-analyses in various clinical medical areas (i.e.
neurology, oncology, nutrition medicine, internal medicine, and psychiatry), stratified
the evidence using criteria for credibility assessment. This classification has been
performed widely and strongly recommended because they allow an objective,
standardized classification of the level of evidence (15). The criteria for credibility
assessment have been variably proposed among published umbrella reviews, based
upon the following strict criteria using several of statistical data; number of
participants included in the meta-analysis, namely p-value (statistically significant of
summary effect sizes), prediction interval, heterogeneity, and the presence of biases

(e.g. small-study effect, excess-significance bias).
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Regarding previously published umbrella reviews, they classified evidence

from meta-analyses into 4 categories (convincing, highly suggestive, suggestive, weak)

and no-significant associations as follows;

Convincing (class 1) when, included more than 1000 cases, strong
statistical significance of P < 107® or 107, had the largest study
reporting a significant result (P < 0.05), 95% prediction interval
excluding the null, did not have large heterogeneity (1* < 50%),

absence of excess significance bias and small-study effect.

Highly suggestive (class I) when number of cases > 1000, p < 107 or
1072, largest study reporting a significant result (P < 0.05) and class |

criteria not met.

Suggestive (class lll) when number of cases > 1000, p < 10~ and class

|-l criteria not met.
Weak (class IV) when p < 0.05 and class I-ll criteria not met;

Non-significant when p > 0.05.

Both GRADE and credibility assessment are tools developed aiming to assess

certainty, or strength, of the studies included in the body of evidence, as shown in

Table 3. These 2 tools also use some overlapping criteria, such as heterogeneity in

credibility assessment, which is considered as inconsistency in GRADE.

Table 3 General details of GRADE and credibility assessment

Objective

Criteria

GRADE Credibility assessment
To assess the certainty, or strength, To assess the certainty of evidence
of the studies included in the body included in umbrella review
of evidence
1. Evidence from randomized 1. Number of cases/participants

controlled trials (RCT) starts at high included in meta-analysis
quality and evidence that includes 2. Namely p-value (strength of the

observational studies starts at low association)
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GRADE Credibility assessment
quality 3. Prediction interval
2. Using 5 factors to decrease and 3 4. Heterogeneity (e.g. I statistic)
to increase the quality rating as 5. Presence of biases (e.g. small-
follows; study effect, excess-significance bias)
2.1) Decrease the quality
® Study limitation (risk of bias)
® |nconsistency (i.e. I° statistic)
® |ndirectness of evidence
® |mprecision
® Publication bias (i.e. visual
inspection, asymmetry of
funnel plots)
2.2) Increase the quality
® | arge magnitude of effect
® All plausible residual
confounders or biases would
reduce a demonstrated effect

® Dose-response gradient

Classification @ 4 levels: 4 categories:
high, moderate, low, and very low convincing, highly suggestive,
quality suggestive, weak

and no-significant associations

Although umbrella reviews are performed widely, guidance on how to
estimate the certainty of the evidence is relatively limited. While most of the
previously published umbrella reviews assessed the certainty of evidence by using
the credibility assessment, GRADE has been used infrequently, as shown in Table 4.
The reason might be because GRADE is relatively subjective. On the contrary, the
criteria for credibility assessment has been proposed specifically for an umbrella
review of meta-analyses. Besides, some statistical tests which widely performed in

umbrella reviews of the meta-analyses, such as prediction interval and excess
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significant bias, are considered as one of the criteria in credibility assessment, but not
in GRADE.

In conclusion, although both GRADE and credibility assessment are tools for
grading evidence, credibility assessment appears to be more objective because it
uses several statistical tests to assess different type of bias and it can work for many
types of research questions. It is well known, that heterogeneity, publication bias,
small-study effects, and excess of significant bias in the published meta-analyses can
contribute to biased results of a meta-analyses. In addition, the criteria for credibility
assessment have been performed in a greater number than GRADE in previously
published umbrella reviews of meta-analyses. Therefore, as the main analysis in our
umbrella review is focusing on meta-analyses, the criteria for credibility assessment

seems will be used.

Table 4 Evidence grading tool in previous umbrella reviews

Authors, Type of included studies Tools for
year published in umbrella review evidence grading
observational interventional GRADE = credibility
RCT non-RCT assessment

Theodoratou, 2014 v v v

(125)

Belbasis, 2015 (18) v v

Li, 2017 (126) v v

Kalliala, 2017 (20) v v v

Poole, 2017 (123) v v v v

Kyrgiou, 2017 (19) v v

Veronese, 2018 (108) v v

Dinu, 2018 (25) v v v

Rezende, 2018 (127) v v

Radua, 2018 (128) v v

Dragioti, 2018 (21) v v v

Giannakou, 2019 (107) v v



Authors,
year published

Yu, 2019 (129)
Dragioti, 2019 (22)
Chakranon, 2019 (23)

Type of included studies

in umbrella review

observational

v
v
v

interventional

RCT

non-RCT

Tools for

evidence grading

GRADE

credibility
assessment
v
v
v
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CHAPTER lI
METHODOLOGY
1. Protocol registration
This umbrella review was done in accordance with Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for meta-analyses of
interventional studies (90), following a predetermined published protocol (PROSPERO

registration: CRD42020152522).

2. Search strategy
The following 6 bibliographical databases were searched from inception until

October 2019;

® PubMed

® Fxcerpta Medica database (Embase)

® Scopus

® The Cochrane database of systematic reviews

® Cumulative Index to Nursing and Allied Health Literature (CINAHL)

® Allied and Complementary Medicine Database (AMED)

The following search terms were used; (‘aloe’ OR ‘aloe vera’) AND
(‘systematic review’ OR ‘meta-analysis’). The searches were applied without
restrictions on population, study settings, and languages. The full search strategies
are described in Appendix 1. References from eligible systematic reviews were also
manually reviewed to identify additional studies that may not have been retrieved
through search strategies. All identified publications were managed with EndNote

version X9 (Clarivate Analytics) and Microsoft Excel (Microsoft Corporation).
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3. Study selection

Only systematic reviews or meta-analyses of clinical trials investicated the
effects of Aloe vera on health outcomes were included in this umbrella review.
Individual studies conducted on humans that compared Aloe vera with any
comparator (i.e. placebo, other treatment options) were included. Health outcomes
were defined as any of clinical outcomes (i.e., disease severity and physiological
parameters) or patient reported outcomes (i.e., quality of life and satisfaction).
Duplicated studies and studies which full-text were not available were excluded. A
full description of the inclusion/exclusion criteria using PICOS framework can be
found in Table 5.

At the full-text assessment, data from relevant articles were extracted to
define the population of interest and the main outcome reported of each systematic
review and meta-analysis. When two or more systematic reviews and meta-analyses
examining the effects of Aloe vera on the same population and health outcome
were identified, only the systematic reviews and meta-analysis with the largest
number of primary included studies were selected, as described previously (18, 22,
130). If two or more articles including the same number of primary studies, only the
meta-analysis which contains the greatest number of patients were included. If two
or more articles including the same number and set of patients, only the most
recent one was selected. This procedure was adopted to avoid overlapping data as

much as possible.

Table 5 Full description of inclusion criteria using PICOS framework

PICOS Eligibility criteria

Study design Systematic review and/or meta-analysis of clinical trials

Population Humans. No restrictions regarding the age of participants, ethnicity or

specific group.

Intervention Aloe vera

No restriction regarding dose, dosage form, frequency, administration, and
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PICOS Eligibility criteria

duration of treatment.

Comparator Any comparators (other treatment options or placebo)

Outcomes Type of health outcomes as follows:

® (linical outcome: efficacy on indication of Aloe vera such as pain
reduction in irritatable bowel syndrome, reduction in fasting

plasma glucose in diabetes, time to complete wound healing

® Patient reported outcomes such as quality of life, satisfaction

Setting Any setting including urban, rural, hospital, pharmacy, hospitals

4. Data extraction

The full text of potentially eligible articles was read thoroughly then one
reviewer (SS) extracted the data, which were confirmed independently by another
reviewer (CR). Discrepancies were resolved by discussion with a third reviewer (TW).
The following data were extracted using a standardized form: first author, year of
publication, study design, number of included studies, study population, sample size,
treatment and control conditions, outcome examined, and main findings. In addition,
summary effect sizes of each outcome (i.e., mean difference (MD); standardized
mean difference (SMD); risk ratio (RR); odds ratio (OR)) along with p-value and
corresponding 95% confidence interval (Cl) were extracted. Furthermore, the results
of heterogeneity measures (I and its p-value) and Egger’s test were also extracted.
Lastly, we extracted the effect sizes and their 95% CI of primary studies that were

included in individual meta-analyses.

5. Methodological quality assessment
Methodological quality of each included meta-analyses was independently
assessed by two reviewers using the AMSTAR 2 (A Measurement Tool to Assess

Systematic Reviews) checklist (103), see Appendix 2 for the full checklist.
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Any disagreement was resolved by discussion or consultation with a third

reviewer. The AMSTAR 2 checklist measures 16 questions, as shown in Table 6. Each

of the questions in the checklist can be answered as being ‘Yes’, ‘No’, or ‘Partial

)

yes’.

Table 6 List of questions from AMSTAR 2 checklist

Item Question

1 Did the research questions and inclusion criteria for the review include the
components of PICO?

2 Did the report of the review contain an explicit statement that the review
methods were established prior to the conduct of the review and did the report
justify any significant deviations from the protocol?

3 Did the review authors explain their selection of the study designs for inclusion in
the review?

4 Did the review authors use a comprehensive literature search strategy?

5 Did the review authors perform study selection in duplicate?

6 Did the review authors perform data extraction in duplicate?

7 Did the review authors provide a list of excluded studies and justify the
exclusions?

8 Did the review authors describe the included studies in adequate detail?

9 Did the review authors use a satisfactory technique for assessing the risk of bias
(RoB) in individual studies that were included in the review?

10 Did the review authors report on the sources of funding for the studies included
in the review?

11 If meta-analysis was performed, did the review authors use appropriate methods
for statistical combination of results?

12 If meta-analysis was performed, did the review authors assess the potential
impact of RoB in individual studies on the results of the meta-analysis or other
evidence synthesis?

13 Did the review authors account for RoB in primary studies when
interpreting/discussing the results of the review?

14 | Did the review authors provide a satisfactory explanation for, and discussion of,
any heterogeneity observed in the results of the review?

15 If they performed quantitative synthesis did the review authors carry out an
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Item Question

adequate investigation of publication bias (small study bias) and discuss its likely

impact on the results of the review?

16 | Did the review authors report any potential sources of conflict of interest,

including any funding they received for conducting the review?

After finishing the appraisal using the AMSTAR 2 checklist, the overall rating
was performed based on weaknesses in critical domains. The seven domains of
AMSTAR 2 instrument are considered as critical domains that can critically affect the

validity of a review and its conclusion as follows (103);
® Protocol registered before commencement (item 2)
® Adequacy of the literature search (item 4)
® Justification for excluding individual studies (item 7)
® Risk of bias from individual studies being included in the review (item 9)
® Appropriateness of meta-analytical methods (item 11)

® Consideration of risk of bias when interpreting the results of the review
(item 13)
® Assessment of presence and likely impact of publication bias (item 15)
The methodological quality of each study was rated as high, moderate, low,
or critically low using the proposed scheme for interpreting weaknesses detected in

critical and non-critical items, as shown in Table 7.

Table 7 AMSTAR 2: Rating overall confidence and interpretation

Rating Number of weakness Interpretation

High 0-1 The systematic review provides an accurate and
non-critical weakness | comprehensive summary of the results of the

available studies that address the question of interest

Moderate > 1 non-critical The systematic review has more than one

weakness* weakness but no critical flaws. It may provide an
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Rating Number of weakness Interpretation

accurate summary of the results of the available

studies that were included in the review

Low 1 critical weakness, | The review has a critical flaw and may not provide an
with or without non- | accurate and comprehensive summary of the

critical weaknesses available studies that address the question of interest

Critically > 1 critical weakness, | The review has more than one critical flaw and should
low with or without non- | not be relied on to provide an accurate and

critical weaknesses comprehensive summary of the available studies

* Multiple non-critical weaknesses may diminish confidence in the review and it may be

appropriate to move the overall appraisal down from moderate to low confidence.

6. Data synthesis and analysis

For systematic reviews, descriptive analyses and present the authors’
conclusions was performed. The main analysis of this umbrella review focused on
quantitative synthesis from meta-analyses. All analyses were conducted using STATA

version 15.0 (College Station, TX) as follows;

6.1 Effect sizes
The effect sizes of each outcome from the included meta-analysis was
repooled by using the DerSimonian and Laird random-effects model (110) which
calculated by the metan command in STATA program. The effect sizes of each
outcome included in this umbrella review were reported in the same metric (e.g. RR,
OR, and MD) as reported by the original article. The p-value and 95% confidence
interval were also calculated along with the effect sizes. A p-value less than 0.05 was

considered as statistical significance.

6.2 Heterogeneity
Heterogeneity is a measurement of the relative consistency or inconsistency

of studies pooled in a meta-analysis. The heterogeneity was evaluated using the [?
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statistic. I° ranges between 0% and 100%. The I ranges of 50% and 75%

corresponded to high and very high heterogeneity, respectively.

6.3 Prediction interval (PI)
The 95% Pl was calculated, which estimated the interval of future effect size
in a new study addressing the same outcome and accounting for between-study
variations (131). In STATA program, the 95% prediction interval can be obtained from

the forest plot while setting the coverage using the rflevel(#) command.

6.4 Evidence of small-study effects
A small-study effect was assessed by the Egger’s test to investicate whether
small studies tend to give larger effect size than large studies (116). The command
used in STATA for egger’s test was metabias. A significance threshold P < 0.10 was

used.

6.5 Excess significance bias
The existence of excess significance bias were assessed, which evaluates
whether the number of observed studies with statistically significant results differs
from the expected number of positive studies (113, 114). If there are many studies
with statistically significant results in the literature, bias findings might be present
from selective analyses and selective outcome reporting. The excess significance test
was performed as follows:

1. Estimate the effect size: The plausible effect size in this umbrella
review was assumed to be the effect size of the largest studies (e.g. smallest
standard error) in each meta-analysis. Due to the true effect size for any meta-
analysis is not known, it can be safely assumed that the effect is the same in all

studies on the same question (113).
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2. The statistical power of each study were calculated by using
the power command in STATA (College Station, TX).

3. The expected number of studies with statistically significant results in
each meta-analysis were calculated by the sum of the statistical power estimated for

each component study (115).
E=X"(1—=pB))  E=expected number of studies
n = number of published studies
1 — B; = power at the QL = 0.05

4. The expected (E) against observed (O) number of positive studies were
compared through the chi-square (X?) test. These comparisons were done separately
for each meta-analysis, then excess statistical significance for individual meta-

analyses was considered if P value less than 0.10.

7. Assessment of the Credibility of the Evidence

The credibility assessment criteria were applied as proposed by several
previously published umbrella reviews (18, 22, 23, 25). Each of reported health
outcome from each meta-analysis was categorized into convincing, highly suggestive,
suggestive, weak, or non-significant based on number of cases, statistically significant
of summary effect sizes using random effect model (i.e., P < 0.05), prediction
intervals excluded the null, presence of large heterogeneity (I* > 50%), presence of

small-study effects and excess significance bias, as shown in Table 8.



50

Table 8 Criteria for credibility assessment
Category Criteria

Convincing (class ) ® Number of cases > 1000
® p< 10°
® No large heterogeneity (I < 50%)
® 95% prediction interval excluding the null
® No evidence of small-study effects
® No evidence of excess significance bias

Highly suggestive (class II) ® Number of cases > 1000
® p< 10°
® | argest study with statistically significant effect
® (lass | criteria not met

Suggestive (class IIl) ® Number of cases > 1000
® p< 107
® (lass |-l criteria not met

Weak (class IV) ® p<005

® (lass IHll criteria not met

Non-significant p > 0.05

8. Sensitivity analysis

For each meta-analysis, sensitivity analysis was performed by repeating the
primary analysis with an altered dataset by including only RCTs. This analysis aims to
determine whether these changes have any effect on the combined outcome
estimate and whether the credibility of evidence level changed. In this umbrella
review, the sensitivity analyses were performed for evidence that graded as
convincing, highly suggestive, or suggestive evidence (class |, Il, or lll) to determine the

robustness of the observed outcomes.
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CHAPTER IV

RESULTS

1. Study selection

The literature searching and selection is summarized in figure 2. There were
698 articles identified, of which 582 articles were excluded during screening titles and
abstracts and duplicated articles. The potentially relevant full-texts of 116 articles
were reviewed. The 96 articles were excluded due to the study design were not
systematic reviews and meta-analyses of clinical trials (n = 31), outcomes of Aloe
vera not reported (n = 12), not the largest studies in each outcome (n = 49), and full-
text cannot be retrieved (n = 4). List of excluded studies and reasons for exclusions
were described in detail in appendix 3. Finally, 20 articles were eligible including 10
qualitative systematic reviews (132-141) and 10 meta-analyses with 71 unique
outcomes (11, 12, 14, 93, 97, 98, 142-145). The included articles published in 2005 to
2019, which all conducted in patients with indications of Aloe vera, except 1 study

conducted in healthy participants (132).



Eligibility Screening Identification

Included

Records identified through Additional records identified
database searching through other sources
(n=691) (n=7)

Records after duplicates removed

(n=461)

A J

Records screened

(n=461)

Records excluded

(n=345)
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A

Full-text articles

assessed for eligibility

Full-text articles excluded (n=96)
31 Not a relevant study design

12 Outcomes of interest of Aloe

(n=116) vera not reported
49 Outdated/redundant: not the
largest systematic review or meta-
analysis investigating each
outcome of Aloe vera
l 4 Full text could not be retrieved
Studies included in Studies included in
qualitative synthesis Quantitative synthesis
(n=10) (n=10 meta-analyses;
71 unique outcomes)

Figure 2 Evidence search and selection
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2. Description and Summary of Aloe vera on health outcomes

Overall, Aloe vera has been investicated in multiple health outcomes
including dentistry, anti-diabetes, lipid-lowering, gastrointestinal disorders, phlebitis,
radiation-induced reactions, skin conditions, and wound healins.

Ten systematic reviews of clinical trials that described results without
quantitative synthesis were included in this umbrella review. The characteristics and
descriptive summary are described in appendix 4. In total, 2,039 participants from 26
primary studies were included in these systematic reviews. The median number of
primary studies included in these systematic reviews was 1 (IQR 1-4). The median
duration of treatment was 4 weeks (IQR 2.7-5.5) with oral (n = 3; 30%) and topical (n
= 7; 70%) dosage forms of Aloe vera. The included systematic reviews suggested
the potential benefits of Aloe vera for improving the psoriasis plaques and severity
(134), GERD symptoms (136), increasing the frequency of bowel movement and
soften stool in chronic constipation (141), treatment of acute radiation proctitis in
patients with breast cancer (135), healing cracked nipples (139), reducing plaque in
gingivitis (132), and reducing the lesion of acne vulgaris (140), and reducing sign and
symptoms of seborrheic dermatitis (138). However, no differences between Aloe vera
and other treatments were found in the reduction of oral dryness due to
radiotherapy (137), quality of life improvement in inflammatory bowel syndrome
(136), and symptom improvement in diabetic peripheral neuropathy (133).

Ten meta-analyses of 71 unique outcomes were included in this umbrella
review. In total, 94 of primary studies with 14,352 participants were included in the
meta-analyses of these 71 unique outcomes. The median number of included
primary studies was 3 (IQR 2-5) and median number of participants was 248 (IQR
132.3-393). The median duration of treatment was 8 weeks (IQR 1-8) with oral (n =
13; 18%) and topical (n = 58; 82%) dosage forms of Aloe vera. The characteristics and

descriptive summary of included meta-analyses are described in appendix 5.
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The health outcomes of Aloe vera used that reported in all studies can be
categorized into 7 categories including wound healing, radiation-induced mucositis,
phlebitis, irritable bowel syndrome, lipid and glucose lowering, and dentistry, as
presented in Table 9. Among these 71 outcomes from all included meta-analyses,

phlebitis is the most reported outcome (53.5%), as shown in figure 3.
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Outcome reported, %

Wound healing |l 7.0

Radiation-induced mucositis | 1.4

Phlebitis I 53.5
Irritate bowel syndrome | 5.6

Lipid lowering |l 5.6
Glucose lowering | 7.0

Dentistry (oral lichen planus and submucous fibrosis) S 10.7
0.0 10.0 20.0 30.0 40.0 50.0 60.0

B Outcome reported, %

Figure 3 Percentages of the reported 71 outcomes from all studies, classified into 7

categories

Among the 71 outcomes examined, 6 outcomes (8.5%) included more than
1,000 participants (e.g. the prevention of overall, 1%-degree, 2"%-degree, and 3"-
degree CIP, the prevention of 2" and 3'%-degree infusion phlebitis). The effect sizes
of the largest study of 48 outcomes (68%) were statistically significant (p<0.05). The
95% predictive intervals excluded the null value for only 5 outcomes (7%), as shown
in Table 9 and 10. Data of all reported outcomes were able to reanalyze, except for
3 outcomes from 1 study (144) because detailed data were not available. Additional
details of each study included in each meta-analysis are presented in the appendix 6
and 7.

Based on random-effects models, 47 outcomes (67%) were nominally
statistically significant at p < 0.05, 23 (32%) outcomes were significant at p < 0.001,
and 9 (13%) outcomes reached at p of < 10° All of the statistically significant
outcomes (p < 0.05) suggested the potential benefits of Aloe vera. Among them,
most of the statistically significant outcomes suggested the benefit of Aloe vera in

infusion phlebitis (n=28; 60%). Across all reported, Aloe vera showed less effective
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than comparator group in only 2 outcomes including the improvement of tongue
protrusion in oral submucous fibrosis after 3 months of Aloe vera treatment when
compared to an antioxidant-control group, and the reduction of second-degree CIP
when compared with a potato slice. However, the differences were not statistically

significant.

3. Methodological quality assessment

Using the AMSTAR 2 tool, results from 3 meta-analyses were rated as having a
high-quality level, 1 as moderate, 2 as low, and 4 as critically low, as reported in
Table 10 and the breakdown of answers in each question reported in Table 11.

The majority of the meta-analyses did not meet the AMSTAR 2 critical
domains relating to the protocol registration before commencement of the review (n
= 6; 60%) and justification for excluding individual studies (n = 4; 40%). The non-
critical domains which most of the meta-analyses did not meet requirements (n = 5;
50%) were the domain that relating to identifying the sources of funding for included

studies, as shown in figure 4.

4. Small study effects and heterogeneity

Thirty-four (48%) and 26 (37%) outcomes had high (I > 50%) and very high
heterogeneity (I° > 75%). The Egger’s test was performed in 39 (55%) meta-analyses,
as the remaining reviews could not be estimated due to insufficient numbers (< 3
primary studies in meta-analysis), indicating small-study effects in 10 (14%) meta-
analyses (Egger’s test P < 0.10), as shown in Table 10. This included the meta-
analyses that examined effect of Aloe vera in 6 outcomes of phlebitis treatment
(incidence of total improvement, marked improvement, and recovery rate when
compared Aloe vera with 50% MgSO,), 2 outcomes of chemotherapy-induced

phlebitis prevention (incidence of overall and the second-degree CIP), alleviation of
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pain and burning sensation in OLP, and mouth opening improvement at 1 month in
OSF.
5. Excess significance bias

We further assessed the presence of excess significance bias to determine if
the observed number of studies with nominally significant results was different from
the expected number (p < 0.10). Of 71 outcomes, excess significance bias was found
in 3 (4%) outcomes, which examined the recovery rate of infusion phlebitis by
comparing Aloe vera with 50% MgSOq4, as shown in Table 10. However, excess
significance bias in 34 (48%) of meta-analyses were not present, thus, excess

significance bias should be less likely.

6. Credibility of the evidence

The credibility assessment of the 71 outcomes are presented in Table 9 and
10. Among them, only 3 (4%) outcomes were supported by highly suggestive
evidence (class Il), one of these supported benefits of Aloe vera in the prevention of
second-degree infusion phlebitis when compared with no treatment with the high
methodological quality based on AMSTAR 2 assessment. Two of highly suggestive
evidences demonstrated beneficial effects of Aloe vera in chemotherapy-induced
phlebitis prevention (improvement of overall incidence of CIP and the incidence of
second-degree CIP), however, the methodological quality of these meta-analyses
reached only the critically low level based on AMSTAR 2.

Suggestive evidence (class Ill) was found supporting the 2 (3%) outcomes, 1
demonstrated benefit of Aloe vera in the prevention of third-degree infusion
phlebitis when compared with no treatment, and another supported benefit in

prevention of the third-degree CIP.
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Among 71 outcomes, majority of the evidence (n = 42; 59%) was weak
reporting nominally statistically significant (p-value < 0.05) using a random-effects
model. All of these multiple health outcomes supported benefit of Aloe vera. For

the remaining 24 (34%) outcomes, non-significant evidence (p > 0.05) was found.

6.1 Dentistry
In total, the effects of Aloe vera in dentistry were reported in 14 outcomes.
Two outcomes of Aloe vera in oral lichen planus (OLP) and 12 outcomes in oral
submucous fibrosis (OSF) were examined. Most meta-analyses (n = 13) had reported
no statistical difference between Aloe vera and the control group. Except for 1 meta-
analysis suggested the benefit of using topical Aloe vera for 2 months in the
reduction of a burning sensation among patients with OSF (WMD -1.33; [Cl -1.95 to -

0.72]; p = 2.17x107; I* = 38.9; weak credibility of evidence).
6.2 Anti-diabetes

The glucose-lowering effect of Aloe vera was reported in 5 outcomes. Three
outcomes were investigated in prediabetic and early non-treated diabetic patients
while 2 outcomes were investigated in type 2 diabetic patients. Aloe vera showed
benefit in all group of patients for FBG and HBA,C reduction. Of these, 1 outcome
had high heterogeneity (I> > 50%), whereas 2 outcomes had very high heterogeneity

(I > 75%). The certainty of evidence was weak.

The lipid-lowering effect of Aloe vera in type 2 diabetic patients was reported
in 4 outcomes. All of them suggested the benefit of Aloe vera which reduced TG, TC,
and LDL level, and increased the HDL level. However, the credibility of evidence was

weak and all outcomes had very high heterogeneity (I > 75%).

6.3 Gastrointestinal disorders
Effects of Aloe vera in gastrointestinal disorders were reported in 4 outcomes

that investigated in irritable bowel syndrome (IBS). Of these, 3 outcomes suggested
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the statistically significant benefits of Aloe vera in the improvement of IBS symptom
score in overall duration used and when used for 1 month, and also suggested the
benefits of Aloe vera in the improvement of response rate. However, the credibility

of evidence of these 3 outcomes was weak.

6.4 Phlebitis

In total, the effects of Aloe vera in phlebitis were reported in 38 outcomes
including infusion phlebitis (n = 32) and chemotherapy-induced phlebitis (n = 6).
Most of the meta-analyses (n = 36) had reported the potential benefits of Aloe vera
in phlebitis prevention and treatment. Only 2 meta-analyses had reported that
potato slice (control group) showed higher efficacy than Aloe vera in infusion
phlebitis prevention, but no statistically significant difference was found. Three
outcomes of Aloe vera in the phlebitis prevention reached the highly-suggestive

level of credibility.

6.5 Radiation-induced reactions
One outcome reported the effect of Aloe vera in radiation-induced mucositis.
Aloe vera showed the potential benefit than placebo but no statistically significance

was found (RR 0.75; [Cl 0.50 to 1.12]; p = 0.16; I* = 58.6; weak certainty).

6.6 Wound healing
In total, the effects of Aloe verain wound healing were reported in 5
outcomes including burn wounds (n = 2), acute surgical wound (n = 2), and chronic
wound (n = 1). Aloe vera was reported higher efficacy in healing acute-surgical and
chronic wounds with a weak level of credibility of evidence. However, Aloe
vera showed no statistically significant difference in burn wounds healing and

infection.
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7. Sensitivity analysis

When sensitivity analyses of RCTs were performed, the evidence was being
upgraded from highly suggestive to convincing evidence in 1 outcome examined
(prevention of second-degree phlebitis induced by intravenous infusion when
compared with no treatment). Meta-analysis that examined effect of Aloe vera in the
prevention of third-degree infusion phlebitis compared with no treatment retained
the same rank as suggestive evidence. Other outcomes that examined the effect of
Aloe vera in the prevention of CIP were downgraded to weak evidence, as shown in

Table 12.
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CHAPTER V

DISCUSSION AND CONCLUSIONS
1. Discussion

To our knowledge, this is the first umbrella review of systematic reviews and
meta-analyses of clinical trials that evaluated the effect of Aloe vera on health
outcomes. Overall, 10 systematic reviews and 10 meta-analyses with 71 unique
outcomes of Aloe vera have been considered. Using criteria for credibility
assessment, none of evidence reached the convincing level. Only 3 highly suggestive
evidence supported benefits of Aloe vera in the prevention of second-degree
infusion phlebitis relative to no treatment and prevention of chemotherapy-induced
phlebitis (CIP) regarding the reduction of overall incidence and incidence of the
second degree of severity. Two suggestive evidence supported benefits of Aloe vera
in prevention of third-degree infusion phlebitis when compared with no treatment
and prevention of the third-degree CIP when compared with conventional treatment.
A sensitivity analysis limited to RCTs showed that effect of Aloe vera in the
prevention of second-degree infusion phlebitis was being upgraded to having
convincing evidence and the prevention of third-degree infusion phlebitis remained
in suggestive level. However, the others were downgraded into weak level. Overall,
the results showed that most of the effect of Aloe vera on health outcomes was not
supported by high-level-of credibility evidence.

Phlebitis is an inflamsmation of the vein caused by chemical, mechanical, or
infectious irritation (146-148). Several pharmacological interventions (e.g., non-
steroidal anti-inflammatory drugs (NSAIDs) (149), heparin (150, 151), steroid ointment
(152), and traditional medicines such as Sesame indicum (153), nigella sativa (154),
and potato (155)) have been suggested to help reduce incidence of infusion phlebitis

and CIP. However, the number of evidences is limited and it is yet unknown what are
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the most efficient methods. To date, there is no strong recommendation for using
any medication for phlebitis prevention. This study found that Aloe vera could
prevent phlebitis induced by chemotherapy and intravenous infusion. The possible
mechanism has been suggested that Aloe vera had healing properties, anti-
inflammatory activity, effects on the immune system, skin protection, and antiseptic
effects (26, 31). Fresh Aloe vera has been found to promote the attachment and
increase the healing of wounded monolayer of cells whereby Aloe vera gel
enhanced the content of collagen and degree of collagen cross linking (4). Thus, Aloe
vera might be beneficial for the prevention and treatment of phlebitis.

Considering the results of this umbrella review, Aloe vera showed promising
results in the prevention of second and third-degree phlebitis induced by
intravenous access with highly suggestive and suggestive evidence. Despite no small-
study effects in these meta-analyses, large heterogeneity was reported. Additionally,
benefits of Aloe vera in the prevention of CIP regarding the reduction of overall
incidence, incidence of the second and third-degree CIP were supported by highly
suggestive and suggestive evidence. Among these studies, the highly suggestive and
suggestive credibility level was expressed by large sample size, a p-value less than
107, and no large heterogeneity was found in the meta-analysis examined the
prevention of second-degree CIP. However, summary effect sizes were not relatively
large and small-study effects were evident. The methodological quality based on
AMSTAR 2 assessment was rated as high for the meta-analysis examined effect of
Aloe vera in the infusion phlebitis prevention, apart from critically low in meta-
analysis examined the CIP prevention. Therefore, the results need to be interpreted
with caution.

Regarding positive results of Aloe vera in the phlebitis prevention and
treatment, Aloe vera gel or leaves were used for external application in these meta-

analyses without chemically treated, which were different from other meta-analyses
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included in this umbrella review. Using fresh Aloe vera instead of the Aloe vera-
derived preparations such as gel, cream, or ointment, might be inconvenient and
percentage of active ingredients might vary. However, considering the high incidence
of phlebitis induced by intravenous injection and chemotherapy drugs, risk of
developing serious complications, and the potential additional treatment costs, the
results of current study should be implemented (156-158). Aloe vera should be
suggested as an effective complementary alternative medicine for the prevention of
phlebitis, particularly in high degree of severity.

Large proportion of outcomes (59%) included in this umbrella review were
supported by the evidence with a weak level of credibility. These outcomes included
the effect of Aloe vera in symptoms improvement for irritable bowel syndrome,
which is the widely used indication of Aloe vera (7). In addition, Aloe vera also
showed positive effects in reduction of time to healing in acute-surgical and chronic
wounds, reduction of a burning sensation among patients with oral submucous
fibrosis for 2 months, reduction of FBG, HBA;C in prediabetic and early non-treated
diabetic patients, and reduction of TG, TC, and LDL level and increment of the HDL
levels in type 2 diabetic patients. All of these evidences were statistically significant
suggests positive effect of Aloe vera and some of them were reported with large
effect sizes, however, were graded as a weak level of credibility of evidence due to
small sample size and some of these outcomes also had high heterogeneity. For
these reasons, implementation of Aloe vera in these health outcomes in clinical
practice should be done with caution. Moreover, we found that the effect of Aloe
vera on burn wound treatment, the well-known indication (9, 159), was non-
significant. Therefore, further studies are needed to confirm the effects of Aloe vera.

High heterogeneity was detected in most of the included meta-analyses. This
is probably caused by different types of Aloe vera used as described earlier. The

majority of the included studies did not consider the amounts of active ingredients
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which may affect the therapeutic effects of Aloe vera. The amounts of active
ingredients can vary among Aloe vera preparations, depending on harvesting and
storage conditions, parts of plants used, the time of used after harvesting, and
extraction methods (31, 53). Furthermore, variability in study design may cause
heterogeneity (160). Sensitivity analysis in this study suggested that limiting only RCTs
could reduce a degree of heterogeneity and also upgrade the evidence in prevention
of second-degree infusion phlebitis from highly suggestive to having convincing
evidence. Moreover, variation in co-intervention and compliance may have an
important role. Most of the included meta-analyses did not report on the patient’s
compliance. Some of the systematic reviews and meta-analyses used the
combination of Aloe vera with other medications or herbal medicines, making it
difficult to determine the true effect of Aloe vera. On the other hand, results of this
umbrella review are more generalizable because such combination was generally
found in real-world practice.

The strengths of this study include using data from systematic reviews and
meta-analyses of clinical trials, the appropriate study designs to investigate the effect
of the given intervention. Furthermore, this umbrella review incorporating articles
without language restriction, which would cover all related studies available in this
field. However, findings from this study had some limitations. First, various meta-
analyses pooled a small number of studies, leading to the risk for small-study
effects. Second, the quality of the individual component primary studies was not
appraised in this study because this was beyond the scope of umbrella review. Third,
this study assessed only data from previously published systematic reviews and
meta-analyses. Thus, other information that have not yet been published and the
primary studies that have not yet been assessed through meta-analytic approaches
might have been missed. Additionally, despite the use of Aloe vera in different

doses, preparation, and
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dosage regimen, the included studies did not consider these factors which may affect
the outcomes of Aloe vera. Thus, further investigation of these factors in future
studies are needed. Finally, long-term benefit remains to be determined due to the
findings of this reviews showed that the longest duration of Aloe vera used were 3
months (12). Regarding the evidence of carcinogenic activity in animal model, the

long-term safety also needs to be concerned (29).

2. Conclusions

In summary, this umbrella review of the effects of Aloe vera on health
outcomes found that the current suggestive evidence suggests the benefits of Aloe
vera in the prevention of phlebitis induced by chemotherapy and intravenous
infusion, particularly in severe stage. Nevertheless, most of the current evidence had
limitations including poor methodological quality and small number of participants
included. The benefit of Aloe vera should therefore be reviewed with caution and
data from more well-designed, larger number of participants, and robust studies
using standardized preparations are needed to confirm the benefit of Aloe vera on

health outcomes.
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Appendix

Appendix 1 Search strategy

Databases

Search strategy

AMED via Ovid
Results = 212

1. aloe.mp. [mp=abstract, heading words, title]
. aloe vera.mp. [mp=abstract, heading words, title]

10R2

W

CINAHL Plus via
EBSCOhost
Results = 33

1. aloe or aloe vera
. systematic review or meta-analysis

.1 AND 2

w N

Cochrane database
of Systematic
reviews

Results = 37

1. aloe OR aloe vera
2. systematic review OR meta analysis

3.1 AND 2 in Cochrane Database of Systematic Reviews

Embase via Ovid

Results = 157

1. aloe.mp. or Aloe vera extract/ or aloe emodin/ or Aloe vera/ or Aloe
barbadensis extract/ or Aloe/ or aloe emodin anthrone/ or aloe
vera.mp.

2. systematic review or meta-analysis

3. 1AND 2

PubMed
Results = 70

1. aloe OR aloe vera

2. systematic review OR meta analysis

3.1 AND 2

("aloe"[MeSH Terms] OR "aloe"TAll Fields]) AND (("systematic
review'[Publication Type] OR "systematic reviews as topic'[MeSH Terms]
OR "systematic review'[All Fields]) OR ("meta-analysis"[Publication Type]
OR "meta-analysis as topic'[MeSH Terms] OR "meta-analysis"[All Fields]))

Scopus

Results = 182

1. TITLE-ABS-KEY (“Aloe” OR “Aloe vera”)
2. TITLE-ABS-KEY (“systematic review” OR “meta-analysis")
3.1 AND 2
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Appendix 2 AMSTAR 2 checklist
1. Did the research questions and inclusion criteria for the review include the

components of PICO?

For Yes: Optional (recommended)

I:I Population |:| Timeframe for follow-up |:| Yes
I:l Intervention I:l No
I:l Comparator group

|:| Outcome

2. Did the report of the review contain an explicit statement that the review
methods were established prior to the conduct of the review and did the report
justify any significant deviations from the protocol?

For Partial Yes: For Yes:

The authors state that they had a written  As for partial yes, plus the protocol
protocol or guide that included ALL the  should be registered and should also

following: have specified: D Yes
|:| review question (s) |:| a meta-analysis/synthesis plan, |:| Partial Yes
|:| a search strategy if appropriate, and |:| No
|:| inclusion/exclusion criteria I:I a plan for investigating causes of heterogeneity
|:| a risk of bias assessment D justification for any deviations from the protocol

3. Did the review authors explain their selection of the study designs for inclusion

in the review?

For Yes, the review should satisfy ONE of the following:
|:| Explanation for including only RCTs |:| Yes
|:| OR Explanation for including only NRSI I:' No
|:| OR Explanation for including both RCTs and NRSI

4. Did the review authors use a comprehensive literature search strategy?

For Partial Yes (all the following): For Yes, should also have (all the following)
|:| searched at least 2 databases |:| searched the reference lists / D Yes
(relevant to research question) bibliographies of included studies D Partial yes
D provided key word and/or D searched trial/study registries I:' No
search strategy |:| included/consulted content

D justified publication restrictions D where relevant, searched for grey literature
(e.g. language) D conducted search within 24 months of

completion of the review
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5. Did the review authors perform study selection in duplicate?
For Yes, either ONE of the following:
I:l at least two reviewers independently agreed on selection of eligible studies I:l Yes
and achieved consensus on which studies to include |:| No
I:l OR two reviewers selected a sample of eligible studies and achieved good
agreement (at least 80 percent), with the remainder selected by one reviewer
6. Did the review authors perform data extraction in duplicate?
For Yes, either ONE of the following:
I:l at least two reviewers achieved consensus on which data to extract from I:' Yes
included studies |:| No
I:l OR two reviewers extracted data from a sample of eligible studies and
achieved good agreement (at least 80 percent), with the remainder
extracted by one reviewer.

7. Did the review authors provide a list of excluded studies and justify the

exclusions?
For Partial Yes: For Yes, must also have:
|:| provided a list of all potentially I:I Justified the exclusion from, |:| Yes
relevant studies that were read the review of each potentially |:| Partial yes
in full-text form but excluded relevant study |:| No

from the review

8. Did the review authors describe the included studies in adequate detail?

For Partial Yes (all the following): For Yes, should also have all the following
|:| described populations |:| described population in detail |:| Yes
|:| described interventions D described interventions in detail |:| Partial yes
(including doses where relevant) |:| No
D described comparators D described comparator in detail

(including doses where relevant)
|:| described outcomes |:| described study’s setting
D described research designs D timeframe for follow-up
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9. Did the review authors use a satisfactory technique for assessing the risk of
bias (RoB) in individual studies that were included in the review?
RCTs

For Partial Yes, must have assessed RoB  For Yes, must also have assessed RoB

from: from:
I:l unconcealed allocation, and I:l allocation sequence that was I:l Yes
D lack of blinding of patients and not truly random, and |:| Partial Yes
assessors when assessing |:| selection of the reported result |:| No
outcomes (unnecessary for from among multiple measurement
objective outcomes such as or analyses of a specified outcome

all-cause mortality)

NRSI
For Partial Yes, must have assessed RoB  For Yes, must also have assessed RoB
I:l from confounding, and I:l methods used to ascertain I:l Yes
I:l from selection bias exposures and outcomes, and I:l Partial Yes

|:| selection of the reported result |:| No
from among multiple measurement I:I Includes
or analyses of a specified outcome only RCTs
10. Did the review authors report on the sources of funding for the studies
included in the review?
For Yes
|:| Must have reported on the sources of funding for individual studies included |:| Yes
in the review. Note: Reporting that the reviewers looked for this information |:| No
but it was not reported by study authors also qualifies
11. If meta-analysis was performed did the review authors use appropriate
methods for statistical combination of results?
RCTs
For Yes:
|:| The authors justified combining the data in a meta-analysis D Yes
D AND they used an appropriate weighted technique to combine |:| No
study results and adjusted for heterogeneity if present. D No meta- analysis
D AND investigated the causes of any heterogeneity conducted
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For NRSI
For Yes:
I:l The authors justified combining the data in a meta-analysis D Yes
D AND they used an appropriate weighted technique to combine |:| No
study results and adjusted for heterogeneity if present. D No meta-
I:l AND they statistically combined effect estimates from NRSI analysis conducted

that were adjusted for confounding, rather than combining raw data,
or justified combining raw data when adjusted effect estimates
were not available.
|:| AND reported separate summary estimates for RCTs and
NRSI separately when both were included in the review.
12. If meta-analysis was performed, did the review authors assess the potential

impact of RoB in individual studies on the results of the meta-analysis or other

evidence synthesis?
For Yes
|:| included only low risk of bias RCTs |:| Yes
|:| OR, if the pooled estimate was based on RCTs and/or NRSI at variable I:' No
RoB, the authors performed analyses to investigate possible impact of I:' No meta-
RoB on summary estimates of effect. analysis conducted

13. Did the review authors account for RoB in individual studies when

interpreting/ discussing the results of the review?
For Yes
|:| included only low risk of bias RCTs I:' Yes
|:| OR, if RCTs with moderate or high RoB, or NRSI were included the I:' No
review provided a discussion of the likely impact of RoB on the results

14. Did the review authors provide a satisfactory explanation for, and discussion

of, any heterogeneity observed in the results of the review?
For Yes
D There was no significant heterogeneity in the results I:' Yes
D OR if heterogeneity was present the authors performed an investigation I:' No
of sources of any heterogeneity in the results and discussed the impact of this

on the results of the review
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15. If they performed quantitative synthesis did the review authors carry out an
adequate investigation of publication bias (small study bias) and discuss its

likely impact on the results of the review?

For Yes
D performed graphical or statistical tests for publication bias and |:| Yes
discussed the likelihood and magnitude of impact of publication bias D No

|:| No meta-

analysis conducted
16. Did the review authors report any potential sources of conflict of interest,
including any funding they received for conducting the review?
|:| The authors reported no competing interests OR |:| Yes
I:l The authors described their funding sources and how they managed D No

potential conflicts of interest
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Appendix 3 Studies excluded after full-text revision, with reasons for exclusion

Author,
Title Reason for exclusion
Year
Davari, A comprehensive systematic review and meta- full-text could not
2012(161) | analysis of treatments for lichen planus be retrieved
Deng, Herbal medicines in the topical management of full-text could not
2013(162) | psoriasis: A systematic review of clinical evidence be retrieved
Mei, Meta analysis of prevention and treatment of Aloe for full-text could not
2016(163) | patients with chemotherapy induced phlebitis be retrieved
Shereen, | Do nutraceuticals and herbal medicines have a role in full-text could not
2019(164) | managing oral lichen planus? A systematic review be retrieved
Koch, Herbal medicine in the treatment of irritable bowel full-text could not
2017(165) | syndrome-a systematic review be retrieved
Chang, Treatment of Irritable Bowel Syndrome Using not a systematic
2009(166) | Complementary and Alternative Medicine review/meta-analysis
Daniyal, | Progress and prospects in the management of not a systematic
2019(167) | psoriasis and developments in phyto-therapeutic review/meta-analysis
modalities
Esters, Complementary therapies in inflammatory bowel not a systematic
2014(168) | diseases review/meta-analysis
Grace, Therapeutic uses of Aloe L. (Asphodelaceae) in not a systematic
2008(169) | southern Africa review/meta-analysis
Keenan, | Insufficient evidence for effectiveness of any not a systematic
2011(170) | treatment for oral lichen planus review/meta-analysis
Subiksha, | Various remedies for recurrent aphthous ulcer-a not a systematic
2014(171) | review review/meta-analysis
Baccaglini, | Urban legends series: Lichen planus systematic review based
2013(172) on other systematic
reviews/meta-analyses
Feily, Aloe vera in dermatology: A brief review systematic review based
2009(173) on other systematic
reviews/meta-analyses
Jun, Review of the current international consensus on systematic review based
2019(174) | burning mouth syndrome: Treatment options on other systematic
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Author,
Title Reason for exclusion
Year
reviews/meta-analyses
Ochmann, | Aloe vera gel: A literature research systematic review based
2017(175) on other systematic
reviews/meta-analyses
Osso, Antiseptic Mouth Rinses: An Update on Comparative systematic review based
2013(176) | Effectiveness, Risks and Recommendations on other systematic
reviews/meta-analyses
Pandey, | Aloe Vera: A systematic review of its Industrial and systematic review based
2016(177) | ethno-medicinal efficacy on other systematic
reviews/meta-analyses
Radha, Evaluation of biological properties and clinical systematic review based
2015(26) | effectiveness of Aloe vera: A systematic review on other systematic
reviews/meta-analyses
Sidgwick, | A comprehensive evidence-based review on the role systematic review based
2015(178) | of topicals and dressings in the management of skin on other systematic
scarring reviews/meta-analyses
Singab, | A systemic review on Aloe arborescens systematic review based
2015(179) | pharmacological profile: biological activities and pilot on other systematic
clinical trials reviews/meta-analyses
Ulbricht, | An evidence-based systematic review of Aloe vera by | systematic review based
2007(51) | the natural standard research collaboration on other systematic
reviews/meta-analyses
Alebie, Systematic review on traditional medicinal plants not a systematic
2017(180) | used for the treatment of malaria in Ethiopia: Trends review/meta-analysis
and perspectives of clinical trials
Bonchak, | Botanical complementary and alternative medicine not a systematic
2017(181) | for pruritus: a systematic review review/meta-analysis
of clinical trials
Davis, Aloe vera. A natural approach for treating wounds, not a systematic
1988(182) | edema and pain in diabetes review/meta-analysis
of clinical trials
Ernst, Complementary/alternative medicine in dermatology: not a systematic
2002(183) | Evidence-assessed efficacy of two diseases and two review/meta-analysis of
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Author,
Title Reason for exclusion
Year
treatments clinical trials
Heil, Freezing and non-freezing cold weather injuries: a not a systematic
2016(184) | systematic review review/meta-analysis
of clinical trials
Hon, Emollient treatment of atopic dermatitis: latest not a systematic
2018(185) | evidence and clinical considerations review/meta-analysis of
clinical trials
Jacobson, | Impaired wound healing after radiation therapy: A not a systematic
2017(186) | systematic review of pathogenesis and treatment review/meta-analysis of
clinical trials
Lall, Are plants used for skin care in South Africa fully not a systematic
2014(187) | explored? review/meta-analysis
of clinical trials
Mollaza | Medicinal plants in treatment of hypertriglyceridemia: not a systematic
deh, A review based on their mechanisms and review/meta-analysis
2019(188) | effectiveness of clinical trials
Pazyar, Skin wound healing and phytomedicine: A review not a systematic
2014(189) review/meta-analysis
of clinical trials
Rippon, | The potential benefits of using aloe vera in stoma not a systematic
2017(190) | patient skin care review/meta-analysis
of clinical trials
Lee, Nutritional supplements and their effect on glucose not a systematic
2011(191) | control review/meta-analysis
of clinical trials
Shabanian, | The medicinal plants effective on female hormones: not a systematic
2016(192) | A review of the native medicinal plants of Iran review/meta-analysis
effective on estrogen, progesterone, and prolactin of clinical trials
Amoo, Unraveling the medicinal potential of South African not report treatment
2014(193) | Aloe species effects of Aloe vera
Amold, | Herbal interventions for chronic asthma in adults and not report treatment
2008(194) | children effects of Aloe vera
Bell, Evidence based review for the treatment of post-burn not report treatment
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Author,
Title Reason for exclusion
Year
2009(195) | pruritus effects of Aloe vera
Chan, Traditional Chinese herbal medicine for vascular not report treatment
2018(196) | dementia effects of Aloe vera
Ganjalivan | Assessment of the variable types of burn dressings
d, not report treatment
2018(197) effects of Aloe vera
Gordon, | Osmotic and stimulant laxatives for the management not report treatment
2016(198) | of childhood constipation effects of Aloe vera
Rouhi- Medicinal plants with multiple effects on not report treatment
Boroujeni, | cardiovascular diseases: A systematic review effects of Aloe vera
2017(199)
Klotz, The effectiveness of moisturizers in the management not report treatment
2015(200) | of burn scars following burn injury: A systematic effects of Aloe vera
review
Rahmani, | Use of herbal medication in osteoarthritis: A not report treatment
2015(201) | systematic review effects of Aloe vera
Pandey, | Alternative therapies useful in the management of not report treatment
2011(202) | diabetes: A systematic review effects of Aloe vera
Prasad, | Management of chronic constipation in patients with not report treatment
2017 diabetes mellitus effects of Aloe vera
Norman, | Dressings and topical agents for treating venous leg not report treatment
2018(203) | ulcers effects of Aloe vera
Hollinger, | Are natural ingredients effective in the management not the largest
2018(204) | of hyperpigmentation? A systematic review systematic review/
meta-analysis
Asaadi, A systematic review of clinical trials in the treatment not the largest
2016(205) | of sore nipple and nipple pain in breastfeeding systematic review/
women. meta-analysis
As'adi, Herbal prevention and treatment of nipple trauma not the largest
2018(206) | and/or pain in Iranian studies: A systematic review systematic review/meta-
analysis
Bahramsol | Medicinal plants and their natural components as not the largest
tani, future drugs for the treatment of burn wounds: An systematic review/
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Author,
Title Reason for exclusion
Year
2014(207) | integrative review meta-analysis
Bindlish, | Dietary and botanical supplement therapy in diabetes not the largest
2014(208) systematic review/meta-
analysis
Bolderston, | The prevention and management of acute skin not the largest
2006(209) | reactions related to radiation therapy: A systematic systematic review/
review and practice guideline meta-analysis
Bradley, | Systematic reviews of wound care management: (2) not the largest
1999(210) | dressings and topical agents used in the healing of systematic review/meta-
chronic wounds analysis
Burusapat, | Topical Aloe Vera Gel for Accelerated Wound Healing not the largest
2018(40) | of Split-Thickness Skin Graft Donor Sites: A Double- systematic review/
Blind, Randomized, Controlled Trial and Systematic meta-analysis
Review
Butcher, | Management of erythema and skin preservation; not the largest
2012(211) | advice for patients receiving radical radiotherapy to systematic review/
the breast: A systematic literature review meta-analysis
Chan, Prevention and treatment of acute radiation-induced not the largest
2014(212) | skin reactions: A systematic review and meta-analysis systematic review/
of randomized controlled trials meta-analysis
Cheng, Interventions for erosive lichen planus affecting not the largest
2012(213) | mucosal sites systematic review/
meta-analysis
Dat, Aloe vera for treating acute and chronic wounds not the largest
2012(71) systematic review/
meta-analysis
Deng, Plant extracts for the topical management of not the largest
2013(214) | psoriasis: A systematic review and meta-analysis systematic review/
meta-analysis
Dhingra, | Aloe vera herbal dentifrices for plaque and gingivitis not the largest
2014(99) | control: a systematic review systematic review/
meta-analysis
Dick, Reduction of Fasting Blood Glucose and Hemoglobin not the largest
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Author,
Title Reason for exclusion
Year
2016(92) | Alc Using Oral Aloe Vera: A Meta-Analysis systematic review/
meta-analysis
Ferreira, | Topical interventions to prevent acute radiation not the largest
2017(215) | dermatitis in head and neck cancer patients: a systematic review/
systematic review meta-analysis
Ghosh, Interventions for the management of oral lichen not the largest
2017(216) | planus: a review of the conventional and novel systematic review/
therapies meta-analysis
Herman, | Topically used herbal products for the treatment of not the largest
2016(217) | psoriasis - Mechanism of action, drug delivery, clinical systematic review/
studies meta-analysis
Koukou | Therapeutics interventions with anti-inflammatory not the largest
rakis, creams in post radiation acute skin reactions: A systematic review/
2010(218) | systematic review of most important clinical trials meta-analysis
Kumar, Management of skin toxicity during radiation therapy: not the largest
2010(219) | A review of the evidence systematic review/
meta-analysis
Langhorst, | Complementary and alternative medicine treatments not the largest
2016(220) | in inflammatory bowel diseases. systematic review/
meta-analysis
Langhorst, | Systematic review of complementary and alternative not the largest
2015(94) | medicine treatments in inflammatory bowel diseases systematic review/
meta-analysis
Liu, Herbal medicines for treatment of irritable bowel not the largest
2006(221) | syndrome systematic review/
meta-analysis
Liu, Chinese herbal medicines for hypercholesterolemia not the largest
2011(222) systematic review/
meta-analysis
Lodi, Interventions for treating oral lichen planus: A not the largest
2012(223) | systematic review systematic review/
meta-analysis
Maenthai | The efficacy of aloe vera used for burn wound not the largest
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Author,
Title Reason for exclusion
Year
song, healing: a systematic review systematic review/
2007(10) meta-analysis
Magin, Topical and oral CAM in acne: a review of the not the largest
2006(224) | empirical evidence and a consideration of its context systematic review/
meta-analysis
Miroddi, | Review of Clinical Pharmacology of Aloe vera L. in the not the largest
2015(225) | Treatment of Psoriasis systematic review/
meta-analysis
Moore, A systematic review of wound cleansing for pressure not the largest
2008(226) | ulcers systematic review/
meta-analysis
Moore, Wound cleansing for pressure ulcers not the largest
2013(227) systematic review/
meta-analysis
Muthu Use of aloe vera in the treatment of oral lichen not the largest
samy, planus-a systematic review systematic review/
2016(228) meta-analysis
Nair, Clinical effectiveness of aloe vera in the management not the largest
2016(95) | of oral mucosal diseases-a systematic review systematic review/
meta-analysis
Ng, Systematic review: The efficacy of herbal therapy in not the largest
2013(229) | inflammatory bowel disease systematic review/
meta-analysis
Niazi, A Systematic Review on Prevention and Treatment of not the largest
2018(230) | Nipple Pain and Fissure: Are They Curable? systematic review/
meta-analysis
Norman, | Antibiotics and antiseptics for surgical wounds healing not the largest
2016(231) | by secondary intention systematic review/
meta-analysis
Rahimi, Herbal medicines for the management of irritable not the largest
2012(232) | bowel syndrome: A comprehensive review systematic review/
meta-analysis
Rahimi, | A systematic review of the topical drugs for post not the largest
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Author,
Title Reason for exclusion
Year
2012(233) | hemorrhoidectomy pain systematic review/
meta-analysis
Rahimi, | Induction of clinical response and remission of not the largest
2013(234) | inflammatory bowel disease by use of herbal systematic review/
medicines: A meta-analysis meta-analysis
Rashidi, | Iranian medicinal plants for diabetes mellitus: a not the largest
2013(235) | systematic review systematic review/
meta-analysis
Richardson, | Aloe vera for preventing radiation-induced skin not the largest
2005(236) | reactions: A systematic literature review systematic review/
meta-analysis
Shahrah | A systematic review on the type of treatment not the largest
mani, methods to reduce pain and improve wound healing systematic review/
2016(237) | in Iran. meta-analysis
Shi, An evaluation of randomized controlled trials on not the largest
2019(238) | nutraceuticals containing traditional Chinese systematic review/meta-
medicines for diabetes management: A systematic analysis
review
Smith, Complementary and alternative medicine for not the largest
2009(239) | psoriasis: A qualitative review of the clinical trial systematic review/
literature meta-analysis
Suresh, Medical management of oral lichen planus: A not the largest
2016(240) | systematic review systematic review/
meta-analysis
Thongpras | Interventions for treating oral lichen planus not the largest
om, systematic review/
2011(241) meta-analysis
Vermeu | Dressings and topical agents for surgical wounds not the largest
len, healing by secondary intention systematic review/
2005(242) meta-analysis
Vogler, Aloe vera: a systematic review of its clinical not the largest
1999(243) | effectiveness systematic review/

meta-analysis
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Author,
Title Reason for exclusion
Year
Yarom, Systematic review of natural agents for the not the largest
2013(244) | management of oral mucositis in cancer patients systematic review/
meta-analysis
Yeh, Systematic review of herbs and dietary supplements not the largest
2003(245) | for glycemic control in diabetes systematic review/
meta-analysis
Zhang, Topical agent therapy for prevention and treatment not the largest
2013(246) | of radiodermatitis: A meta-analysis systematic review/

meta-analysis
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Appendix 8 Statistical analysis: command used in the STATA program

8.1. Effect size and heterogeneity (1)

181

Type of outcome variables

Command used in STATA program

Continuous outcomes

(i.e. mean difference)

Mean difference:

metan tsample tmean tsd csample cmean csd, nostandard
random rfdist rflevel(95) textsize(200) label (namevar =

author, yearvar = year)

Standardized mean difference:

metan tsample tmean tsd csample cmean csd, random
rfdist rflevel(95) textsize(200) label (namevar = author,

yearvar = year)

Binary outcomes

(i.e. relative risk, odd ratio)

Relative risk:

metan tevent tnonevent cevent cnonevent, random rfdist
rflevel(95) textsize(200) label (namevar = author, yearvar =

year)

Odd ratio:

metan tevent thonevent cevent cnonevent, or random
rfdist rflevel(95) textsize(200) label (namevar = author,

yearvar = year)

8.2 Prediction interval

8.2.1 Using similar commands as for the effect size calculation

8.2.2 Prediction interval can be obtained from the forest plot graph. As shown in

the box in figure 5. However, if the input data came from < 2 studies, prediction

can’t be calculated.
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Study %
ID WMD (95% Cl) Weight
mansourian (2011) L. 0.06 (0.01, 0.11) 63.93
reddy (2012) : -1.15 (-3.12, 0.82) 16.06
salazar-sanchez (2010) : -1.20 (-2.89, 0.49) 20.02
Overall (I-squared = 44.1%, (e@—»&?—)—<: > -0.39(-1.30,053)  100.00
with estimated predictive interval E . (-9.85, 9.08)
NOTE: Weights are from random effects analysis

T ; T

-3.12 0 3.12

Figure 5 Example of prediction interval in the forest plot

8.3 Small study effects

Small study effects in this umbrella review were estimated using Egger’s test.
The main command used in STATA for egger’s test was metabias varlist [if] [in],
egger. The default type of variable assigned in STATA program is OR with a confident
interval at level 95. As in the metan commmand, varlist should contain either four or

two variables as follows;

® \When four variables are given, these are assumed to be cell counts for
the 2 x 2 table in this order: cases and noncases for the experimental
group, then cases and noncases for the control group (d1 h1d0 h0). Then,
the command ‘metabias tevent tnonevent cevent cnonevent, egger’ or

‘metabias ES seES, egger’ can be used.
® \When two variables are specified, these are assumed to be the effect

estimate and its standard error (theta se_theta). It is recommended that

ratio-based effect estimates are log transformed as in metan. Then, the
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command ‘metabias theta se theta, egger’ or ‘metabias ES seES,

egger’ can be used.

8.4 Excess sienificance test

The excess statistical significance test was performed to evaluate whether the
number of positive studies among those in a meta-analysis is too large based on the
power that these studies have to detect plausible effects at Ol equal to 0.05. Steps
of performing the excess significance test using STATA program are described below;

4.1. power calculation:
4.1.1 Select the power and sample-size analysis from the statistics
button on the menu bar.
4.1.2 Select an organizing method from type of outcome or analysis
type. For example, when the meta-analysis compared two independent
proportions, the method should be selected as shown in figure 6.

dit Datz Graphics Statistis User Window Help

ede-4 B-HR=

TExX

* 9 = power and sample-size analysis - O X

o

—| Methods organized by:
The Hazard rates "~

#Proportions
Regression slope, Cox model
EStandard deviations
& Survival rates
& Variances
= Oufcome
= Analysis type
FANOVA
Binomial test
=
One standard deviation
One variance
Two proportions, Pearson’s fest
Two proportions, likelihood-ratio test
Cochran-Armitage trend fest
Cochran-Mantel-Haenszel test
& Contingency tables
Cox model
Hhad tests
Exponential test
HF tesis
Fisher's exact test
F Fisher's 7 tests
Likefihood-ratio test
Log-rank test
Matthed cese-control data
McNemar’s test
Pearson's chi-squared test
Score test
Siratified 22 tables

, Chi-squared test comparing one standard

deviation to a reference value

, Chi-squared test comparing fwo independent

proportions

, Chi-squared test comparing one variance fo a

reference value

, Likelihood-ratio test comparing two independent

proportions

Figure 6 Selection of the Power calculation from menu bar in STATA program

4.1.3 Fill data into all the blanks (e.g. total sample size, treatment sample

size with allocation ratio, control sample size, and number of cases reported in

control for each study reported in a meta-analysis.), as shown in figure 3. The
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plausible effect size for power calculation, to be filled in the highligshted box, can be
obtained from the largest study’s effect size of each meta-analysis. For example, if
the largest study in the meta-analysis reported effect size (OR) of 0.8 (0.7-0.9), 0.8 will

be considered as a plausible effect size for power calculation.

3 power twoproportions - Power analysis for a two-sample proportions chi-squared test — >

Main  Table Graph Iteration

Compute: * Accepts numlist (Examples)

Power >

Error probabilities

Sample size

Specify:

Total sample size and allocation ratio ~ | [8000 * Total sample size

"] Allow fractional sample size * Allocation ratio, N2/N1

Effect size

Proportions Report effect size as:

0,07 * Control Relative risk b
|

I:l Apply the normal-approximation correction for continuity

Sides:
Two-sided test ~

Treat number lists in starred(”) options as parallel

9 @ E Cancel Submit

Figure 7 Example of power calculation in STATA program

4.1.4 Similarly, calculate power of all studies included in the meta-analysis.

4.2. Calculate the expected number of studies with statistically significant
results (E) by summing the statistical powers from all studies included in the meta-
analysis.

SUM of powers = expected number of studies with significant findings (E).

4.3. If E is more than the observed number (O) of studies with significant
results, there is no evidence of excess significance based on assumption made for
plausible effect size. Findings should be reported as ‘not pertinent (NP)’.

4.4. If expected number of studies is less than observed number of studies,
the expected number (E) is compared against the observed number (O) of ‘positive’

studies using the X?(chi-square) statistic. Alternatively, one may use a binomial
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probability test (preferable with small numbers). Excess statistical significance for
single meta-analyses was claimed at P less than .10. The equation used are
presented below;

A = [(O-E)/E+(0-B)/(n-B)] = X*

Where n = no. of primary studies included in a meta-analysis.
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