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Abstract: Background and Objectives: Cardiovascular disease (CVD) is the leading cause of death glob-
ally and hypercholesterolemia is one of the major risk factors associated with CVD. Due to a growing
body of research on side effects and long-term impacts of conventional CVD treatments, focus is
shifting towards exploring alternative treatment approaches such as Ayurveda. However, because
of a lack of strong scientific evidence, the safety and efficacy profiles of such interventions have not
been well established. The current study aims to conduct a systematic review and meta-analyses to
explore the strength of evidence on efficacy and safety of Ayurvedic herbs for hypercholesterolemia.
Methods: Literature searches were conducted using databases including Medline, Cochrane Database,
AMED, Embase, AYUSH research portal, and many others. All randomized controlled trials on
individuals with hypercholesterolemia using Ayurvedic herbs (alone or in combination) with an
exposure period of > 3 weeks were included, with primary outcomes being total cholesterol levels,
adverse events, and other cardiovascular events. The search strategy was determined with the help
of the Cochrane Metabolic and Endocrine Disorders Group. Two researchers assessed the risk of
each study individually and discrepancies were resolved by consensus or consultation with a third
researcher. Meta-analysis was conducted using the inverse variance method and results are presented
as forest plots and data summary tables using Revman v5.3. Results: A systematic review of 32 studies
with 1386 participants found randomized controlled trials of three Ayurvedic herbs, Allium sativum
(garlic), Commiphora mukul (guggulu), and Nigella sativa (black cumin) on hypercholesterolemia that
met inclusion criteria. The average duration of intervention was 12 weeks. Meta-analysis of the trials
showed that guggulu reduced total cholesterol and low-density lipoprotein levels by 16.78 mg/dL
(95% C.I. 13.96 to 2.61; p-value = 0.02) and 18.78 mg/dL (95% C.I. 34.07 to 3.48; p = 0.02), respectively.
Garlic reduced LDL-C by 10.37 mg/dL (95% C.I. —17.58 to —3.16; p-value = 0.005). Black cumin
lowered total cholesterol by 9.28 mg/dL (95% C.I. —17.36, to —1.19, p-value = 0.02). Reported adverse
side effects were minimal. Conclusion: There is moderate to high level of evidence from randomized
controlled trials that the Ayurvedic herbs guggulu, garlic, and black cumin are moderately effective
for reducing hypercholesterolemia. In addition, minimal evidence was found for any side effects
associated with these herbs, positioning them as safe adjuvants to conventional treatments.

Keywords: hypercholesterolemia; ayurveda; ayurvedic herbs; systematic review; meta-analysis

1. Introduction

Cardiovascular disease (CVD) is the number one cause of death globally [1]. High
blood pressure, high LDL cholesterol, and smoking are the key risk factors for CVD and
about 49% of Americans have at least one of the three [2]. Hypercholesterolemia (hy-
perlipidemia /hyperlipoproteinemia/or dyslipidemia) is a condition characterized by an
elevation of any or all parameters of lipid profile or lipoprotein levels in the blood [3]. Hy-
percholesterolemia generally means high levels of total cholesterol or LDL-C with normal
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or low levels of HDL-C. The guidelines of National Cholesterol Education Program (NCEP)
Adult Treatment Panel III (ATP III) suggests LDL-C level < 100 mg/dL, (100-129) mg/dL,
(130-159) mg/dL, and >160 as optimal, above optimal, borderline high, and high, respec-
tively. It also suggests that the LDL-C should be the primary target of any cholesterol
reducing therapy [4]. As with other types of CVD, genetics, age, and gender are some of
the non-modifiable risk factors for hypercholesterolemia. Hypercholesterolemia is one of
the most significant contributors to the development of CVD, and if managed properly, is
directly responsible for reducing risk of morbidity and mortality associated with CVD [5,6]
(The Lipid Research Clinics Coronary Primary Prevention Trial results I and II). The burden
of hypercholesterolemia is also reflected by recurring acute cardiovascular events [7] and
higher healthcare costs [8]. Hypercholesterolemia is one of the top 10 costliest medical
conditions in 2008 in the US adult population [9].

1.1. Treatment Approaches

Diet and lifestyle modifications with or before starting the cholesterol-lowering drugs
are the primary line of treatment for hypercholesterolemia [4]. Although emphasis is
given to lifestyle modifications, a majority of people are required to take drugs to have
an adequate reduction in LDL-C levels [10]. At present, the main drug class of choice for
hypercholesterolemia is statins. Studies have suggested that statins can reduce the chance
of heart attack and prevent consequent death by 30-40% and reduce LDL-C levels by
25-40%. Other alternatives to statins are fibrates, nicotinic acids, and cholesterol absorption
inhibitors such as ezetimibe [4,10]. While these cholesterol-reducing drugs are generally
considered safe, they are not free from side effects [10]. It is well established now that statin
use is highly associated with adverse events and their manifestations such as myositis,
myalgia, rhabdomyolysis, cognitive loss, neuropathy, pancreatic and hepatic dysfunction,
and sexual dysfunction [11]. In fact, statin use is also known to increase the risk of new-
onset diabetes from anywhere between 28-43% [12]. Many times, drugs such as statins and
ezetimibe do not even reach the desired reduction in LDL levels, with residual CVD risk still
persisting [13]. Adverse events associated with conventional treatments is also one of the
reasons why a large percentage of the US population does not treat hypercholesterolemia
despite being aware of the condition [14]. Such issues have prompted researchers to explore
alternative/integrative treatment approaches and multiple new therapies are emerging in
that area [13]. Complementary and alternative medicine (CAM) treatments have shown
significant benefits among individuals with hypercholesterolemia [15]. One of the CAM
therapies that has shown promising results for hypercholesterolemia is Ayurveda [16].

1.2. Ayurveda

Ayurveda (translated as “the science of life”) is one of the oldest medical systems in
the world. Its origins date back to thousands of years ago in the Vedic era in the Indian
subcontinent. Ayurveda defines life, “ayu”, as a union of mind, body, spirit, and senses and
health as the balanced state of these factors [17]. The wisdom of Ayurveda is based on three
major classical texts, namely Charaka Samhita, Sushruta Samhita, and Ashtanga Hridaya,
plus six minor texts. These ancient texts give detailed descriptions of over 700 herbs and
6000 formulations in addition to descriptions of various diseases, diagnostic methods, and
dietary and lifestyle recommendations [18]. Ayurvedic treatment focuses on restoring the
balance of the disturbed body—-mind matrix through diet and behavioral modifications,
administration of drugs, and detoxification and rejuvenation therapies. The branch of
Ayurvedic science that deals with herbs and their qualities is called Dravyaguna vigyan.
Ayurvedic formulations are prepared based on this knowledge and largely comprise herbs.
Classical and proprietary Ayurvedic formulations may consist of a single herb or mixtures
of many herbs in any form, viz., juice, extract, powder, tablet, or decoction.

Although there is no direct correlate for hypercholesterolemia in Ayurveda, dyslipi-
demia can be considered close to the Ayurvedic terms “medovriddhi” or “medodushti”.
The main herbs used in Ayurveda to reduce cholesterol are garlic (Allium sativum), guggulu
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(Commiphora mukul), and arjuna (Terminalia arjuna) [19-21]. The authors of this paper looked
into the most common Ayurvedic products used for high cholesterol. Either used alone
or in combination with other herbs, these three herbs are found in most of the Ayurvedic
formulations with some additional ingredients. The list of additional ingredients used in
combination with the above-mentioned herbs may include pushkarmoola (Inula racemosa),
ginger, turmeric, shilajit, punarnawa (Boerrhavia diffusa), triphala, Nigella Sativa, garcinia,
Cyperus rotundus, and licorice. Many published clinical trials on Ayurvedic herbs for hy-
percholesterolemia have presented some evidence that these formulations are effective
in reducing cholesterol [19-21]. However, many times, such RCTs are often limited by
their study designs, sample sizes, or lack of validity and/or generalizability [22]. Recently,
researchers have also been encouraged to apply principles of evidence-based medicine to
Ayurveda [17,23].

1.3. Need for Study

Although there are many reviews for individual Ayurvedic herbs [20,24-27], there is a
strong need to conduct a review to systematically summarize the available evidence as well
as identify the strength of this evidence. Our preliminary search yielded one systematic
review on the use of Ayurvedic herbs for Hyperlipidemia. Singh et al. (2007) [16] conducted
a systematic review on Ayurvedic herbs and collateral treatments for hyperlipidemia and
concluded that a significant number of researches show strong efficacy of Ayurvedic herbs
for hyperlipidemia, with minimal reports of side effects. Despite its comprehensiveness,
the review was limited by the use of randomized and quasi-randomized studies, arbitrary
scoring methods to categorize studies, and a lack of systematic summarization of results
using meta-analyses. With the current study, we aim to critically analyze the available
evidence on potential benefits and harms of Ayurvedic herbs for hypercholesterolemia
using Cochrane guidelines for conducting systematic reviews and meta-analyses. The
current study adds on the systematic review of Singh et al. (2007) by providing strong
conclusions using statistically accurate methods to establish unambiguous evidence.

2. Materials and Methods

The current review was conducted in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [28], and a protocol
was previously published with the Cochrane database [29] for systematic reviews and
meta-analysis [30].

2.1. Search Strategy

A systematic literature review of all studies published and accessible through Decem-
ber 2020 was performed by two authors (DG and RS) using the following databases:

i The Cochrane Library, Cochrane Database of Systematic Reviews (CDSR), Cochrane
Controlled Trials Register (CENTRAL), Database of Abstracts of Reviews of Ef-
fectiveness (DARE), Health Technology Assessment Database (HTA), MEDLINE,
EMBASE, AMED (Allied and Complementary Medicine Database), World Health
Organization (WHO) ICTRP (International Clinical Trials Registry Platform-http:
/ /apps.who.int/trialsearch/, accessed on 1 December 2020), ClinicalTrials.gov,
EU Clinical Trials Register, and Europe PubMed Central. A MEDLINE (via Ovid
platform) email alert service was continuously applied to identify newly published
studies using the same search strategy as described for MEDLINE. If any additional
relevant key words were detected during any of the electronic or other searches, the
electronic search strategies were modified to incorporate these terms and document
the changes.

ii. Clinical Trial Registry India, AYUSH research portal (Evidence Based Research
Data of AYUSH Systems at Global Level, Department of AYUSH, Ministry of
Health & Family Welfare, Government of India), Journal of Research in Ayurveda
and Siddha, The Journal of Research & Education in Indian Medicine (JERIM), AYU
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(publication of Gujarat Ayurveda University, India), The International Journal for
Ayurveda Research, Journal of Drug Research in Ayurveda, Journal of Ayurveda and
Integrative Medicine, Ancient Science of Life, International Journal of Ayurveda and
Pharma Research, A Bibliography of Indian Medicine (ABIM), Digital Helpline for
Ayurveda Research Articles (DHARA), Indian Heart Journal.

iii. Other resources. Every effort was made to identify other potentially eligible trials
or ancillary publications by searching the reference lists of retrieved included trials,
systematic reviews, meta-analyses, and health technology assessment reports. In
addition, study authors of included trials were contacted to identify any further
studies that may have been missed.

Selection of studies: Abstract, title, or both of every record retrieved was scanned to
determine which studies should be assessed further. All potentially relevant articles were
investigated as full text. In case of any discrepancy, consensus was made with a discussion
between all authors. An adapted PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow diagram was presented showing the process of study
selection [28]. For studies fulfilling inclusion criteria, key participant and intervention
characteristics were abstracted and data on efficacy outcomes and adverse events were
reported using standard data extraction templates as supplied by the Cochrane Metabolic
and Endocrine Disorders Group and Cochrane Hypertension Group. Efforts were made
to find the protocol of each included study, and primary, secondary, and other outcomes
are reported in comparison with data in publications in a joint appendix, “Matrix of study
endpoint (publications and trial documents)”. Duplicate studies, companion documents or
multiple reports of a primary study, and yield of information was maximized by collating
all available data, and the most complete dataset aggregated across all known publications
was used. In case of doubt, priority was given to the publication reporting the longest
follow-up associated with primary or secondary outcomes of these studies.

Types of studies: All relevant randomized controlled trials (RCTs) irrespective of
publication status, blinding, and language were included. The original authors were
contacted to confirm the details on random list generation and allocation concealment
when possible. Quasi-randomized or non-randomized and studies shorter than 3 weeks
in duration were not included. However, those studies were separately analyzed to
document the available evidence. Trials that studied non-pharmacological approaches
of Ayurveda (for example, Panchakarma) as a single intervention were excluded. Where
participants were given some other treatments such as statins, in addition to Ayurvedic
herbal preparations, the studies were included if the treatment was evenly distributed
between groups and it was only Ayurvedic treatment that was randomized.

Participants: All studies where participants have high blood cholesterol levels (diag-
nosed as per the standard laboratory tools) without restrictions of age, gender, ethnicity,
and other medical conditions were included. Study participants were considered eligible
irrespective of the duration and chronicity of the condition and/or treatment duration.
Studies with participants having a mean total cholesterol level greater than 200 mg/dL
(5.2 mmol/L) or LDL cholesterol > 130 mg/dL were included. ATP III suggests above read-
ings are the levels of borderline high risk (NCEP, 2001). Studies where participants are not
subject to standard laboratory tests to diagnose hypercholesterolemia were not included.

Interventions: The following comparisons of intervention versus control/comparator
were carried out.

(a) Ayurvedic herbal preparations. These include extracts from mixtures of herbs, single
herbs, Ayurvedic proprietary medicines, or a compound of herbs that are prescribed
by an Ayurvedic practitioner. All the available interventions under this category,
regardless of their mechanism of action, were included;

(b) Ayurvedic herbal preparations in addition to standard care. Studies with Ayurvedic
herbal medicines and conventional treatment for cholesterol (for example statins) as
an intervention were also included as long as both the arms of the randomized trials
received the conventional treatment.
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2.1.1. Comparison Groups

Placebo compared with (a) or (b);

Usual care compared with (a) or (b);

Non-pharmacological intervention (for example diet, exercise, or both);
No intervention.

2.1.2. Outcomes
Primary Outcomes

e  Total cholesterol levels;
e Adverse events;
e  Major adverse cardiovascular events such as MI, stroke.

Secondary Outcomes

Serum triglyceride levels;

High-density lipoprotein (HDL) levels;

Low-density lipoprotein (LDL) levels;

Changes in body mass index (BMI) and body weight;
Morbidity and or mortality;

Health-related quality of life;

Socioeconomic effects.

Method and timing of outcome measurement: A systematic method was applied to
measure outcomes both method wise and timing wise. Regarding methods, standard-
ized measurement instruments were used for those outcomes which can be measured
objectively, such as lipid levels, BMI, and body weight. For other outcome measures such
as health-related quality of life and socioeconomic effects, standardized/valid scales of
measurements were used when available, or widely acceptable definitions of the outcomes
were followed.

All the studies were categorized in two broad groups based on timing of outcome
measurement “short-term” group with timing of at least 3 weeks and “long-term” group
of more than 6 months. Outcomes including lipid levels, BMI, and body weight were
considered in the short-term group whereas other outcomes such as health-related quality
of life, adverse events, morbidity, and mortality, along with lipid levels, BMI, and body
weight, were considered in the long-term group.

Data collection, analysis, and calculation of treatment effects: We used pre-designed
standard data abstraction forms to collect data and software Revman, Version 5.3 (The
Cochrane Collaboration, The Nordic Cochrane Centre, Copenhagen, Denmark) to enter,
analyze, and synthesize the data. Results were presented in forest plots and data summary
tables. Dichotomous data were calculated in risk ratio or odds ratio with a 95% confidence
interval (CI) whereas the continuous data were calculated in mean difference with a 95%
CI and standardized mean difference with a 95% CL

Meta-analysis method: Inverse variance method was used for meta-analysis. Dichoto-
mous data were expressed as odds ratios (ORs) or risk ratios (RRs) with 95% confidence
intervals (CIs). Continuous data were expressed as mean differences (MDs) with 95% Cls.
Time-to-event data were expressed as hazard ratios (HRs) with 95% Cls. The formulas
for meta-analysis were used as described by Deeks and Higgins in the supplementary
statistical guidelines for the software Revman 5.3 [31]. The level at which randomization
occurred was closely monitored, such as cross-over trials, cluster-randomized trials, and
multiple observations for the same outcome.

2.1.3. Assessment of Risk of Bias in Included Studies

DG and RS assessed risk in individual studies independently. Disagreements were
resolved by consensus, or by consultation with SR. The Cochrane Collaboration’s tool was
used to assess the risk of bias [29,32]. The following criteria were assessed for this purpose:
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Random sequence generation (selection bias);

Allocation concealment (selection bias);

Blinding of participants and personnel (performance bias);
Blinding of outcome assessment (detection bias);
Incomplete outcome data (attrition bias).

Risk of bias criteria was judged as “low risk”, “high risk”, or “unclear risk” and
individual bias items were evaluated as described in the Cochrane Handbook for Systematic
Reviews of Interventions [29].

Missing Data: Missing data were obtained from authors where possible, and reasons
for missing data (attrition rates, e.g., drop-outs, losses to follow-up and withdrawals, issues
of missing data and imputation methods (e.g., last observation carried forward [LOCF]))
were investigated and critically appraised. Missing standard deviations (SD) were imputed
(average of SD of studies where reported) and the impact of imputation on meta-analyses
was investigated by sensitivity analyses.

Assessment of Heterogeneity: Causes of any significant clinical, methodological, or
statistical heterogeneity were explored but the pooled effect estimate in a meta-analysis
was still presented. Heterogeneity was identified through visual inspection of the forest
plots and by using a standard chi-square test & and the I? statistic < 75% [33]. If 10 or more
studies were included investigating a particular outcome, funnel plots were used to assess
small study effects. Several explanations can be offered for the asymmetry of a funnel plot,
including true heterogeneity of effect with respect to trial size, poor methodological design
(and hence bias of small trials), and publication bias. Therefore, results were interpreted
carefully [34].

2.1.4. Data Analyses

Revman (Version 5.3) was used to compute effect sizes as well as other statistical
information such as p-values, t-scores, Q statistics, and confidence intervals. Forest plots,
funnel plots, and data summary tables were created utilizing this software. Unless there
was good evidence for homogeneous effects across studies, primarily low risk of bias
data was summarized using a random-effects model [35]. Random-effects meta-analyses
were interpreted with due consideration of the whole distribution of effects by presenting
a prediction interval [36]. A prediction interval specifies a predicted range for the true
treatment effect in an individual study [37]. Statistical analyses were performed according
to the statistical guidelines in the latest version of the Cochrane Handbook for Systematic
Reviews of Interventions [29].

2.2. Subgroup Analysis and Investigation of Heterogeneity

The following characteristics were expected to introduce clinical heterogeneity and,
when possible, subgroup analyses were conducted:
Age;
Ethnicity;
Geographical location;
Diet pattern (Indian diet and Western diet, salt-restricted diet and salt-unrestricted
diet, etc.)

2.3. Sensitivity Analysis

Sensitivity analyses was performed in order to explore the influence of the following
factors (when applicable) on effect sizes:

Restricting the analysis to published studies;
Restricting the analysis by considering risk of bias, as specified in Section 2.1.3 (As-
sessment of Risk of Bias in Included Studies);

e  Restricting the analysis to very long or large studies to establish the extent to which
they dominate the results;
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e  Restricting the analysis to studies using the following filters: diagnostic criteria, impu-
tation, language of publication, source of funding (industry versus other), and country.

The robustness of the results was tested by repeating the analysis using different
measures of effect size (RR, odds ratio (OR), etc.) and different statistical models (fixed-
effect and random-effects models).

2.4. Including Non-Randomized Studies

When there were only a small number of randomized studies identified for sys-
tematic review and meta-analysis, non-randomized studies were also included. These
non-randomized studies may be quasi-randomized, controlled clinical trials, or simply
before-after clinical trials.

However, data from both randomized and non-randomized studies were not com-
bined together in the same analysis as this may affect the strength of the evidence. The
guidelines from Cochrane Handbook of Systematic Reviews and Meta-Analysis says that “where
randomized trial evidence is desired but unlikely to be available, eligibility criteria could
only be structured to say that nonrandomized studies would only be included where
randomized trials are found not to be available. In time, as such a review is updated the
non-randomized studies may be dropped when randomized trials become available” [29]
(p. 397).

3. Results

A total of 1756 potentially relevant studies were found by searching the databases
MEDLINE, CENTRAL, AMED, EMBASE, WHO ICTRP, Dhara online, AYUSH research
portal, Clinicaltrials.gov, and INDMED. Through hand searches, 18 more studies were
identified. After duplication and screening of the titles of obtained records, a total of
447 studies were considered for further screening. After perusal of the titles and abstracts,
387 studies were excluded due to the following reasons: focusing on herbs not part of
Ayurveda (Western and Chinese herbs), reviews, observational studies, and not meeting
the inclusion criteria. Sixty studies were found potentially eligible at this stage and the
full papers were obtained. Among these, 14 studies were non-randomized, 8 studies did
not fulfill initial inclusion criteria, 4 were either incomplete or potentially ongoing, and
the full text of 2 studies could not be obtained. Hence, only 32 studies were ultimately
included in the systematic review, of which 24 studies were qualified to be included in
the meta-analysis. The characteristics of the included studies are included in Table 1. An
adapted PRISMA [28] flow-chart of the study selection appears in Figure 1.

Excluded studies: Among potentially relevant studies, 28 were excluded for the
following reasons. Two studies were of short duration, fourteen were non-randomized,
and two could not be included as their full text could not be retrieved. Ten studies did
not meet the minimum inclusion criteria. Studies investigating the use of Western herbal
preparations that are not used in Ayurveda and pharmacological studies were excluded.
Studies of garlic using garlic oil or aged garlic were also excluded because these are not
described in classical Ayurvedic literature.
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Table 1. Characteristics of included studies.

Intervention &

Duration of

Study ID Comparator Intervention Description of Participants Trial Period Country, Place Setting Ethnic Groups (%)
Prakash 2016 I: T. arjuna Age < 20 years, total . Outpatient clinic of -
ra ?58] 12 weeks cholesterol > 200 mg/dL, India u;llip:rsl,(i? ﬁol;u;;)l
= C: Rosuvastatin LDL-C > 130 mg/dL v Y i -
I N. sativa Adult overweight females with -
Farza[r;z}]l 2014 8 weeks sedentary lifestyle and total - Iran University clinic
] C: Placebo cholesterol > 200 mg/dL B
I: Rasonadi leha +
Rathi 2013 Hridroghar churna + Patients of post MI attending B ) -
[40] Usual care 3 months private hospital of Betul, Madhya India Hospital
Pradesh, India
C: Usual care -
I: Tulsi extract
De"[’ilal?on Pt 3 months Patients of metabolic syndrome - India Hospital
: Placebo
e I: Aloe i i i -
Huse1/n1 2012 2 months Patients with type 2 dle.abetes and - Iran Outpatient clinic
[42] C: Placebo hyperlipidemia -
Joseph 2012 I: Amla + Fenugreek 12 K Patients of hypercholesterolemia - - Outpatient department of B
[43] C: Atorvastatin weeks with total cholesterol > 220 mg/dL tertiary teaching hospital -
I. N. sativa i i i ini -
Sabzghabaee 2012 Patients with toral . Outpatient clinics of
[44] C: Placebp 4 weeks cholesterol > 200 mg/dL July 2010-June 2011 [ran University hospital -
Clinically diagnosed and
I: Lashunadi 1 confirmed patients of stable ) ) ] _
Sharma 2012 ashunaci gugguiv 45 days angina from out and in-patient 2002-2004 India University hospital
[45] departments of two hospitals of
C: Placebo Jaipur, India B
. I: Allicor Patients with documented CHD, _
SObeng] 2010 12 months 40-65 years age and s. cholesterol - Russia Probably research center
C: Placebo level > 200 mg/dL -
Patients from Norwegian general Ovpland and
Nohr 2009 I: Guggulu formula ractice who are not taking an ppiand an . Native Norwegians
o [-’i7] 12 (weeks) p prescriptions for gany Feb-May 2003 Hedemark counties of General practice
C: Placebo hypercholesterolemia, CHD, DM Norway Native Norwegians
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Table 1. Cont.

Intervention &

Duration of

Study ID Comparator Intervention Description of Participants Trial Period Country, Place Setting Ethnic Groups (%)
Qidwai 2009 L. N. sativa Patients with total cholesterol . . Outpatient clinics at Pakistani
48] C Placebo 6 weeks level > 180 to 250 mg /dL Feb 2006-Jan 2007 Pakistan university hospital Pakistani
. E . I: Ginger Patients of hyperlipidemia with _
Ahzadeh[lﬁ;vael 2008 & 45 days cholesterol > 200 mg/dL or April 2004-May 2005 Babol, Iran Cardiac clinic
C: Placebo Triglyceride > 200 mg/dL B
Sobenin 2008 I: Allicor Men with mild . -
[50] - Placebe 12 weeks hypercholesterolemia Moscow, Russia Research center -
White (73)
I: Raw Garlic ABSlf;rl: ((14 g)
Gardner 2007 a 6 months Adults with LDL-C Nov 2002-June 2005 USA University hospital clinic Hispanic (2)
[51] 130-190 mg/dL White (64)
C: Placebo Asian (14)
Hispanic (4)
White (66)
I: Garlic in tablets Alefl;rl: ((241))
Gardner 2007 b 6 months Adults with LDL-C Nov 2002-June 2005 USA University hospital clinic Hispanic (6)
[51] 130-190 mg/dL -
White (64)
C: Placebo Asian (14)
Hispanic (4)
Ashraf 2005 I: Garlic Type 2 diabetes mellitus patients -
s 1[‘;12] 12 weeks with newly diagnosed - Karachi, Pakistan University hospital
s C: Placebo hyperlipidaemia -
i I: Garli i
Tanar[r;e;l] 2004 arhe 9 months Hypercholesterolemia - Bangkok, Thailand Hospital Thai
o C: Placebo Thai
itvi I: Garlic -
Satltle[;Z\iee 2003 T 12 weeks Hypercholesterolemia - Thailand Study center
: Placebo -
X s Ambulatory, community-dwelling, . . :
Szapary 2003 [21] I Guggulipid 8 (weeks) healthy adults xtfvyith & March 2000~ Philadelphia, Pa, University hospital White (85)
pary y August 2001 metropolitan area Y P i
C: Placebo hypercholesterolaemia & P White (75)
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Table 1.

Cont.

Intervention &

Duration of

Study ID Comparator Intervention Description of Participants Trial Period Country, Place Setting Ethnic Groups (%)
. I: Abana Patients with total _
Venkatar?;;l]a iah 2002 - - 8 weeks cholesterol > 200 mg/dL or - - -
- C: Simvastatin triglycerides > 200 mg/dL -
I: Garlic Volunteers who failed to comply o ) ) ) o .
Kanr[1:;]2001 12 weeks with previous lipid-lowering - Victoria, Australia University clinic
S C: Placebo therapies -
I: Garlic -
Gardner 2001 General public and employees of Stanford University, R .
[57] C: Placebo 12 weeks Stanford University June—October, 1997 Palo Alto, CA University hospital -
Adler 1997 I: Garlic Men with elevated T. cholesterol - Guelph, Ontario . . . .. -
4 4 U ty hospital/cl
[58] C- Placebo 12 weeks level > 5.2 mmol/L (200 mg/dL) Canada niversity hospital/clinic -
I: Lashunadi guggulu i ; ; -
Awasthi 1997 [59] a2 2 months Patients of chron}c stb.ale angina - Jaipur, India University hospital
C: Placebo from two hospitals in Jaipur B
I: Gugulipid and }
Gaur 1997 [60] usual care 4/4 (weeks) Patients of ischaemic stroke - India -
C: Usual care -
. White (70
I: Gugguluipid Patients with - - Black ((30))
Singh 1994 [61] 24 weeks hypercholesterolaemia with s. India -
C: Placebo cholesterol level > 200 mg/dL White (68)
: Black (32)
I: Garlic Patients with s. total cholesterol . .. -
. . - 1
Jain 1993 [62] C- Placebo 12 weeks level > 220 mg /dL USA Outptient clinic -
i i I. Ab i ; -
Tiwari 1991 ana 6 months Diagnosed cases of hypeljtenswn - India University hospital
[63] C: Propanlol and Angina pectoris _
Mader 1990 I: Garlic Patients of hyperlipidaemia from - . -
G 1 t
[64] C: Placebo 4 months 30 different practices in Germany ermany General practice
i I: Gugguluipid i i -
Nityanand 1989 gguiuip 12 weeks Patients with s. cholesterol - India

[65]

C: Clofibrate

levels > 220 mg/dL
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Table 1.

Cont.

Intervention &

Duration of

Study ID Comparator Intervention Description of Participants Trial Period Country, Place Setting Ethnic Groups (%)
Patients of hyperlipidaemia
Verma 1988 I: Guggulu between age 40-60 years B . . ) . -
[66] 16 weeks Type Ila or IIb of Frederichsons India University hospital
C: Placebo classification of hyperlipidemia -
. I Gueeulu Patients with features of obesity, _
K0t1¥2;11984 88 12 weeks 10% overweight for one’s height, N India Medical OPD of a hospital
C: Placebo age, and sex -
I: Guggulu Patients with _
Kuppurajan 1978 [68] 3 weeks s. cholesterol > 300 mg/dL or - India -
C: Placebo

total lipids > 750 mg/dL
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18 additional
records identified
through other
sources

1756 records identified
through database searching

|
I

1295 of records after 848 of the records excluded
duplicates removed after screening the tiles

387 records excluded as
they were reviews and

447 records herbs not used in
screened Ayurvedic medicine

28 full text articles excluded
with reasons

Non randomizedstudy: 14

Did not meet inclusion
criteria: 8

Full text not found: 2

60 full-text articles Potentially ungoing studies:
assessed for eligibility — "4

32 studies included in
systematic review

24 studies included in
quantitative synthesis
(meta-analysis):

Figure 1. Study flow diagram on Ayurvedic herbal preparations for hypercholesterolemia.

Risk of bias assessment: Although the majority of the studies were randomized and
double-blind, they failed to provide details of random sequence generation and allocation
concealment. It was definitely inadequate in the majority of the studies. Only six studies
out of 32 explained the random sequence generation. Two studies had high risk of bias
in blinding whereas seven studies did not specify their blinding status. Both participants
and investigators were blinded in 22 studies. In general, the blinding was achieved by
using identical looking treatment and placebo tablets or capsules. However, the blinding of
participants and investigators was more common than the blinding of outcome assessors.
There was less information about the outcome assessment methods and personnel. Fifteen
studies were prone to have attrition bias as the dropouts were not included in the final
analysis. In one of the studies [59], 50% withdrawal was reported and the explanation was
given as “unavoidable circumstances”. In another study [48], 39 out of 64 participants in
the treatment group and 34 out of 59 participants in the control group completed the study.
Since many of the studies did not provide information on their protocol, it is hard to say if
selective outcome reporting bias existed. However, based on the methods in the studies, all
but three of the studies did not seem to have selective outcome reporting bias. A table of
risk of bias assessment is given in Table 2.

Table 2. Risk of bias for included studies.

Prakash 2016 U U U U

Farzaneh 2014 U U L H L
Rathi 2013 U U U H L
Devra 2012 U U U U L
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Table 2. Cont.

Study ID

Random Sequence

Selective Outcome
Reporting

Allocation

Concealment Blinding  Attrition Bias

Generation

Huseini 2012

—
—

L

Joseph 2012

Sabzghabaee 2012

Sharma 2012

Sobenin 2010

Nohr 2009

Qidwai 2009

Alizadeh-Navaei 2008

Sobenin 2008

Gardner 2007

Ashraf 2005

Tanamai 2004

Satitvipawee 2003

Szapary 2003

Venkataramaiah 2002

Kannar 2001

Gardner 2001

Adler 1997

Awasthi 1997

Gaur 1997

Singh 1994

Jain 1993

Tiwari 1991

Mader 1990

Nityanand 1989

Verma 1988

Kotiyal 1984

clc|lglr|c|lc|la|lc|lc|lc|lg|lc|lc|lr|0|glclr|c|lclclr|lc|lcl|C
ailsiisiisiisiilisi=ilciisiisiisii=iiiislisii-A il isiisiialisiisl isi N=iR=l s

Kuppurajan 1978

clc|lc|lc|lr|clcljc|c|c|g|a|c|lc|r|m|jclc|njcjc|c|f|a|c|c|c
avl el Nl ool B ol ool i ol ool ool Boop Nl Nl N K= Rl Dl R R Al N =R @ a ) ay Qarl Rerl R el Ral o
Nl ol ol i ol ol Nl ol Nel ol Nl Nl N el N el N ol N ol Nl Nl Nl Nl Nl e

U L

L: low risk; H: high risk; U: unclear risk.

3.1. Effects of Ayurvedic Herbs
3.1.1. Total Cholesterol (TC) (mg/dL)

Overall, Ayurvedic herbal formulations were found to be effective in reducing total
cholesterol by approximately 7.5%. A meta-analysis of 24 randomized controlled trials
on four different Ayurvedic interventions, namely garlic, guggulu, Nigella sativa, and a
combination of garlic and guggulu (Lashunadi Guggulu), involved a total of 1386 participants
with 699 in the Ayurvedic group and 687 participants in the control group (Table 3).

Figure 2, a forest plot of the meta-analysis, shows that the most effective intervention
is Lashunadi Guggulu (garlic + guggulu), with a reduction of 38.28 mg/dL in TC (95%
C.I: —55.11 to 21.14; p < 0.00001). The second most effective intervention was guggulu
(Commiphora mukul), reducing TC by 16.78 mg/dL (95% C.I.: —13.96 to —2.61; p = 0.02)
or almost 8.5% of borderline high TC levels. The third most effective intervention for
reducing high TC was found to be garlic. Analysis of findings from 11 studies comparing
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404 participants taking garlic with 409 participants on a placebo showed that garlic reduces
TC by 12.45 mg/dL (95% C.I.: —18.68 to —6.22, p < 00001). Finally, the intervention with
the least effect was found to be Nigella sativa, reducing TC by 9.28 mg/dL (95% C.I.: —17.36
to —1.19; p = 0.02).

Table 3. Effect of Ayurvedic herbal preparations in total cholesterol (mg/dL).

Outcome or Subgroup Studies Participants Statistical Method Effect Estimate
1.1 Total Cholesterol level 24 1386 Mean Difference (IV, Random, 95% CI)
1.1.1 Garlic 11 813 Mean Difference (IV, Random, 95% CI) —12.45 (—18.68, —6.22)
1.1.2 Guggulu 8 380 Mean Difference (IV, Random, 95% CI) —16.78 (—30.96, —2.61)
1.1.3 Nigella 3 163 Mean Difference (IV, Random, 95% CI) —9.28 (—17.36, —1.19)
1.1.5 Garlic + guggulu 2 30 Mean Difference (IV, Random, 95% CI) —38.28 (—55.11, —21.44)
Ayurvedic group Placebo group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
1.1.1 Garlic
Adler 1997 223.8 30.79 12 2509 39.73 11  3.8%  -27.10(-56.34,2.14)
Ashraf 2005 200.77 20.12 33 21834 1725 32 12.3%  -17.57(-29.16, -5.98) —
Gardner 2001 225 23 16 233 28 18 8.2% -8.00 (-25.16, 9.16) —
Jain 1993 247 40 20 274 29 22 6.% -27.00[-48.31,-5.69) —_—
Kannar 2001 -13.92 3441 20 5.02 2242 23 7.9% -18.94(-36.59,-1.29) —
Mader 1990 237.7 375 111 255 424 110 13.3%  -17.30(-27.86,-6.74] —
Satitvipawee 2003 254.83 35.96 70 262.95 34.8 66 12.1% -8.12 (-20.01,3.77) —r
Simons 1995 2529 20.8 28 250.96 25.52 28 11.8%  1.94(-10.25, 14.13) -
Sobenin 2008 247.87 40.76 23 279.96 3033 19  6.0% -32.09 (-53.62, -10.56) —
Sobenin 2010 235.7 4232 26 242 345 25 6.2%  -6.30[-27.45, 14.85) —
Tanamai 2004 266.18 20.46 45 266.82 29.84 55 12.3%  -0.64[-12.31,11.03) ——
Subtotal (95% CI) 404 409 100.0%  -12.45 (-1868,-6.22] *

Heterogeneity: Tau® = 46.87; Chi* = 18.23, df = 10 (P = 0.05); I = 45%
Test for overall effect: Z = 3.92 (P < 0.0001)

1.1.2 Guggulu

Gaur 1997 186.8 24.6 29 194 383 32 23.0% -7.20 [-23.21, 8.81] —
Kotiyal 1984 204.19 41.55 51 215.37 36.06 34 22.7% -11.18 (-27.82, 5.46) — T
Kuppurajan 1978 8 -50.71 52.99 7 -35 54.09 9 8.2%  -15.71(-68.53,37.11) T W
Kuppurajan 1978 C  -19.83 49.06 6 -20.83 33.01 6 9.5% 1.00 (-46.31, 48.31) .
Nohr 2009 264.11 27.06 19 272.62 23.2 17 Not estimable

Singh 1994 190 16.6 31 226.8 26.8 30 25.4% -36.80 (-48.03, -25.57] —a—
Szapary 2003 240.61 31 33 240.94 24 36 Not estimable

Verma 1988 257.8 60.37 20 330 72.44 20 11.3% -72.20(-113.53,-30.87) &—=—
Subtotal (95% CI) 144 131 100.0% -22.85 [-40.74, -4.97] -
Heterogeneity: Tau® = 294.90; Chi* = 17.89, df = 5 (P = 0.003); I = 72%

Test for overall effect: Z = 2.50 (P = 0.01)

1.1.3 Nigella

Farzaneh 2014 210.88 315 8 220 15.92 8 10.9% -9.12 (-33.58, 15.34] I N
Qidwai 2009 188.95 20.37 39 199.64 27.3 34 52.3% -10.69 (-21.87, 0.49) —H
Sabzghabaee 2012 224 32.39 37 231.32 25.73 37 36.8% -7.32 [-20.65, 6.01] —&
Subtotal (95% CI) 84 79 100.0% -9.28 [-17.36, ~1.19] ’
Heterogeneity: Tau® = 0.00; Chi* = 0.14, df = 2 (P = 0.93); I’ = 0%

Test for overall effect: Z = 2.25 (P = 0.02)

1.1.5 Garlic + guggulu

Awasthi 1997 200.4 37.96 5 2348 2175 S 19.3%  -34.40 [-72.75, 3.95) —_—a
Sharma 2012 186.57 21.87 10 225.77 20.86 10 80.7% -39.20(-57.93,-20.47) t
Subtotal (95% CI) 15 15 100.0% -38.28 [-55.11, -21.44]

Heterogeneity: Tau® = 0.00; Chi* = 0.05, df = 1 (P = 0.83); I’ = 0%
Test for overall effect: Z = 4.46 (P < 0.00001)

-100 50 0 50 100
Favours Ayurveda Favours Placebo

Figure 2. Forest plot on effect of Ayurvedic herbal preparations on total cholesterol (mg/dL).

3.1.2. LDL Cholesterol (mg/dL)

As shown in Table 4 and Figure 3, garlic was found to reduce LDL-C by 10.37 mg/dL
(95% C.I.: —17.58 to —3.16; p = 0.005). This result is nearly 8% of the borderline LDL-C levels.
The heterogeneity between garlic studies was 66%. As compared to the placebo, guggulu
was found to reduce LDL-C by —18.78 mg/dL (95% C.I.: —34.07 to —3.48; p = 0.02). Unlike
the results for total cholesterol, Nigella sativa did not have significant effects on a reduction
in LDL-C (2.12 mg/dL (95% C.I.: —7.85 to 3.6; p = 0.47)), as shown in Figure 3. Altogether,
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these studies included 163 participants, of which 84 people were in an intervention group
and the remaining 79 were in the control group.

Table 4. Effect of Ayurvedic herbal preparations on LDL-C (mg/dL).

Outcome or Subgroup Studies  Participants Statistical Method Effect Estimate
1.2 LDL-Cholesterol level 21 1183 Mean Difference (IV, Random, 95% CI)
1.2.1 Garlic 12 734 Mean Difference (IV, Random, 95% CI) —10.37 (—17.58, —3.16)
1.2.2 Guggulu 266 Mean Difference (IV, Random, 95% CI) —18.78 (—34.07, —3.48)
1.2.3 Nigella 3 163 Mean Difference (IV, Random, 95% CI) —2.12 (—7.85, 3.60)
1.2.5 Garlic + guggulu 1 20 Mean Difference (IV, Random, 95% CI) —51.43 (—69.87, —32.99)
Ayurvedic group Placebo group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Garlic
Adler 1997 145.78 32.14 12 164.73 39.73 11  4.1%  -18.95 [-48.65, 10.75] 1
Ashraf 2005 133.42 26.48 33 1643 20.13 32 10.1% -30.88 [-42.29, -19.47] —
Gardner 2001 153 22 16 158 25 18 8.2%  -5.00 [-20.80, 10.80] ——
Gardner 2007 a 140 20 49 137 24 24 10.2% 3.00 (-8.12, 14.12) e
Gardner 2007 b 135 23 47 137 24 24 10.0% -2.00 [-13.64, 9.64] ——
Jain 1993 168 43 20 185 25 22 6.1%  -17.00 [-38.55, 4.55) —_—
Kannar 2001 -17.01 3598 19 696 17.4 22 7.4% -23.97 [-41.71, -6.23] ——
Satitvipawee 2003 174.78 29.77 70 179.81 32.09 66 10.5% -5.03 [-15.45, 5.39] —
Simons 1995 179.42 20.1 28 177.88 22.81 28 10.2% 1.54 [-9.72, 12.80] o
Sobenin 2008 168.98 37.07 23 196.05 26.93 19 6.8% -27.07 [-46.46, -7.68]
Sobenin 2010 155.6 39.77 26 169.9 36 25 6.4%  -14.30 [-35.10, 6.50) 1
Tanamai 2004 177.89 29.35 45 180.13 30.1 55 10.0% -2.24 [-13.94, 9.46) —e—
Subtotal (95% CI) 388 346 100.0%  -10.37 [-17.58, -3.16) &

Heterogeneity: Tau® = 100.22; Chi* = 32.66, df = 11 (P = 0.0006); I’ = 66%
Test for overall effect: Z = 2.82 (P = 0.005)

1.2.2 Guggulu

Gaur 1997 108.6 16.1 29 130.6 28.7 32 22.6% -22.00(-33.54, -10.46) —

Nohr 2009 195.66 32.09 19 203.4 23.58 16 18.8% -7.74 [-26.23, 10.75] —
Singh 1994 118.2 10 31 140.8 149 30 24.8% -22.60(-28.99,-16.21) -
Szapary 2003 159.86 21 33 155.07 26 36 22.8% 4.79 [-6.32, 15.90] b o
Verma 1988 149.6 68.87 20 220.1 38.46 20 11.1% -70.50 [-105.07, -35.93) —=—

Subtotal (95% CI) 132 134 100.0% -18.78 [-34.07, -3.48] -
Heterogeneity: Tau® = 235.35; Chi® = 28.59, df = 4 (P < 0.00001); I = 86%

Test for overall effect: Z = 2.41 (P = 0.02)

1.2.3 Nigella

Farzaneh 2014 113.12 11.78 8 109.88 12.01 8 24.1% 3.24 [-8.42, 14.90] .
Qidwai 2009 128.03 18.02 39 133.21 20.9 34 40.3% -5.18 (-14.20, 3.84] —a
Sabzghabaee 2012  133.51 21.78 37 135.81 20.37 37 35.5% -2.30 (-11.91, 7.31])

Subtotal (95% CI) 84 79 100.0% -2.12 [-7.85, 3.60]

Heterogeneity: Tau® = 0.00; Chi* = 1.26, df = 2 (P = 0.53); I’ = 0%

Test for overall effect: Z = 0.73 (P = 0.47)

1.2.5 Garlic + guggulu

Sharma 2012 98.82 21.34 10 150.25 20.72 10 100.0% -51.43 [-69.87,-32.99)

Subtotal (95% CI) 10 10 100.0% -51.43[-69.87,-32.99]

Heterogeneity: Not applicable
Test for overall effect: Z = 5.47 (P < 0.00001)

S0 -25 0 25 50
Favours Ayurveda Favours Placebo

Figure 3. Forest plot on the effect of Ayurvedic herbal preparations on LDL-C (mg/dL).

3.1.3. Triglycerides (mg/dL)

Meta-analyses of the four interventions showed (Table 5 and Figure 4) garlic to be
the least effective in reducing raised TG levels (3.1 mg/dL (95% C.I.: —16.63 to 10.42;
p value = 0.65)), as shown in Figure 4. N. Sativa was found to be the most effective interven-
tion, where the meta-analysis of three studies showed that it reduces TG by —21.09 mg/dL
(95% C.1.: —44.96 to —2.77; p value = 0.08). Although the confidence interval of the effect
size is wide and the p value of the final effect is 0.08, the heterogeneity among the stud-
ies was fairly low at 28%. Lashunadi guggulu, according to the combined results of two
small studies, reduces TG levels by 13.23 mg/dL (95% C.1.: —28.53 to 2.07; p value = 0.09).
Six studies on guggulu, when meta-analyzed, showed that guggulu helps to reduce TG
levels by 7.35 mg/dL (95% C.I.: —23.29 to 8.59; p value = 0.0.37). Here, two studies that
showed positive results in other cholesterol levels are negative and opposite in one study.
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Table 5. Effect of Ayurvedic herbal preparations on triglycerides (mg/dL).

Outcome or Subgroup Studies  Participants Statistical Method Effect Estimate
1.3 Triglycerides level 23 1364 Mean Difference (IV, Random, 95% CI)
1.3.1 Garlic 12 819 Mean Difference (IV, Random, 95% CI) —3.10 (—16.63,10.42)
1.3.2 Guggulu 6 352 Mean Difference (IV, Random, 95% CI) —7.35(—23.29, 8.59)
1.3.3 Nigella 3 163 Mean Difference (IV, Random, 95% CI) —21.09 (—44.96, 2.77)
1.3.5 Garlic + guggulu 2 30 Mean Difference (IV, Random, 95% CI) —13.23 (—28.53, 2.07)

Ayurvedic group Placebo group Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight v, d 95% ClI 1V, Random, 95% CI
1.3.1 Garlic

Adler 1997 163.86 37.77 12 171.83 44.28 11 8.5%  -7.97 [-41.75, 25.81) =
Ashraf 2005 203.45 50.6 33 198.58 29.69 32 12.8% 4.87 [-15.23, 24.97] T A
Gardner 2001 119 52 16 135 39 18 9.2% -16.00(-47.21, 15.21] —
Gardner 2007 a 94 53 49 135 81 24 8.0% -41.00 [-76.64, -5.36)

Gardner 2007 b 126 63 47 135 81 24 7.6%  -9.00 (-46.08, 28.08] A
Jain 1993 165 86 20 199 101 22 4.3% -34.00 [-90.58, 22.58) —
Kannar 2001 14.17 5491 20 -25.68 86.8 23 6.4% 39.85 (-3.02, 82.72)

Mader 1990 188.1 71.7 111 213.2 98.9 108 11.8% -25.10(-48.03,-2.17] —

Simons 1995 130.2 52.25 28 131.08 52.25 28 10.3%  -0.88 (-28.25, 26.49] —
Sobenin 2008 169.17 89.2 23 182.46 84.91 19 4.8% -13.29 [-66.08, 39.50] —

Sobenin 2010 142.9 84.13 26 106.9 34 25  8.2% 36.00 (1.02, 70.98)

Tanamai 2004 154.04 106.92 45 128.35 63.66 55 8. 25.69 [-9.79, 61.17)

Subtotal (95% CI) 430 389 100.0%  -3.10 [-16.63, 10.42] <>
Heterogeneity: Tau® = 265.57; Chi* = 21.81, df = 11 (P = 0.03); I’ = 50%

Test for overall effect: Z = 0.45 (P = 0.65)

1.3.2 Guggulu

Gaur 1997 172.8 38.2 29 162.8 35.8 32 19.1% 10.00 (-8.63, 28.63) T
Kotiyal 1984 104.28 46.71 51 115.12 27.3 34 20.6% -10.84 [-26.61, 4.93] —T

Nohr 2009 126.66 62 19 98.31 38.97 17 12.1% 28.35[-5.12, 61.82) T =
Singh 1994 132 15.9 31 156 18.6 30 24.0% -24.00(-32.70, -15.30) -

Szapary 2003 158.58 93 33 165.49 63 36 10.5%  -6.91(-44.73,30.91) SIS 1| IR
Verma 1988 112.48 46.06 20 141.5 49.64 20 13.6% -29.02 [-58.70, 0.66) —t

Subtotal (95% CI) 183 169 100.0% -7.35 [-23.29, 8.59] ‘
Heterogeneity: Tau® = 255.76; Chi’ = 18.77, df = 5 (P = 0.002); I = 73%

Test for overall effect: Z = 0.90 (P = 0.37)

1.3.3 Nigella

Farzaneh 2014 154.5 16.18 8 1449 683 8 19.8%  9.60 [-39.04, 58.24) —t—
Qidwai 2009 140.24 58.09 39 157.76 90.71 34 32.3% -17.52(-53.05, 18.01] —a—
Sabzghabaee 2012  144.94 683 37 181.16 43.96 37 47.9% -36.22 [-62.39, -10.05) —a—

Subtotal (95% CI) 84 79 100.0% -21.09 [-44.96, 2.77] B

Heterogeneity: Tau? = 131.30; Chi® = 2.80, df = 2 (P = 0.25); I = 28%
Test for overall effect: Z = 1.73 (P = 0.08)

1.3.5 Garlic + guggulu

Awasthi 1997 152.4 20.63 5 173.8 13.77 S 47.7%  -21.40(-43.14,0.34] ——
Sharma 2012 162.43 31.91 10 168.2 10.08 10 52.3% -5.77 (-26.51, 14.97] —i—
Subtotal (95% CI) 15 15 100.0% -13.23 [-28.53, 2.07] L
Heterogeneity: Tau® = 4.63; Chi’ = 1.04,df = 1 (P = 0.31); I’ = 4%
Test for overall effect: Z = 1.69 (P = 0.09)
-100  -50 0 50 100

Favours Ayurveda Favours Placebo

Figure 4. Forest plot on effect of Ayurvedic herbal preparations in triglycerides (mg/dL).

3.1.4. HDL (mg/dL)

The meta-analysis of 21 RCTs with 1186 participants (615 in the Ayurvedic group and
571 in the placebo group, as shown in Table 6) suggest the statistically non-significant
effect of Ayurvedic interventions on HDL-C. Guggulu alone and when mixed with garlic,
however, showed positive and statistically significant results in increasing HDL-C. Analysis
of end results from five RCTs in guggulu involving 264 total subjects showed that, as
compared to the placebo, guggulu increased HDL-C by a small but significant difference
of 2.19 mg/dL (95% C.L: 0.27 to 4.12; p value = 0.03). On the other hand, results from
a single study showed that Lashunadi gugqulu was found to be raising HDL-C levels by
10 mg/dL (95% C.I.: 5.87 to 14.13; p < 0.00001). N. sativa also did not seem to have a
significant effect on HDL-C. Results of the meta-analysis of three studies showed that
it raised HDL-C levels by 1.92 mg/dL (95% C.1.: —1.62 to 5.45; p = 0.29). These studies
involved a total of 163 participants. Garlic was also found to have no significant effect
on HDL-C levels. Among 12 studies involving 736 participants, five studies claimed that
garlic reduces HDL-C, and one study by Gardner et al. [51] found out that garlic neither
reduces nor increases HDL-C. The studies were also highly heterogeneous with a high 97%
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12 statistic. Though it may not even be relevant to conduct a meta-analysis on the effects of
garlic on HDL-C, it is presented in the forest plot to show the current evidence (Figure 5).

Table 6. Effect of Ayurvedic herbal preparations on HDL-C (mg/dL).

Outcome or Subgroup Studies  Participants Statistical Method Effect Estimate
1.4 HDL-Cholesterol level 21 1186 Mean Difference (IV, Random, 95% CI)
1.4.1 Garlic 12 736 Mean Difference (IV, Random, 95% CI) —2.91(—9.19, 3.37)
1.4.2 Guggulu 5 267 Mean Difference (IV, Random, 95% CI) 2.19(0.27,4.12)
1.4.3 Nigella 3 163 Mean Difference (IV, Random, 95% CI) 1.92 (—1.62,5.45)
1.4.5 Garlic + guggulu 1 20 Mean Difference (IV, Random, 95% CI) 10.00 (5.87, 14.13)
Ayurvedic group Placebo group Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI

1.4.1 Garlic

Adler 1997 49.88 3.09 12 48.72 4.25 11  9.0% 1.16 [-1.90, 4.22] .

Ashraf 2005 4135 131 33 372 3.86 32 9.1% 4.15 [2.74, 5.56) -

Gardner 2001 49 14 16 48 12 18 7.8% 1.00 [-7.82, 9.82) e

Cardner 2007 a 57 14 49 52 13 24 8.4% 5.00 [-1.51, 11.51] % T T

Gardner 2007 b 52 12 47 52 13 24 8.4% 0.00 [-6.23, 6.23] =

Jain 1993 46 13 20 50 17 22 7.7% -4,00 [-13.11, 5.11] TEN A I

Kannar 2001 0.77 5.41 20 3.48 4.25 23 9.0% -2.71 [-5.65, 0.23] ]

Satitvipawee 2003 56.07 10.82 70 56.84 10.05 66 8.9% -0.77 [-4.28, 2.74] . W

Simons 1995 47.56 14.69 28 47.17 13.92 28 8.1% 0.39 [-7.11, 7.89] Y R

Sobenin 2008 45.24 3.48 23 79.65 85 19  B8.8% -34.41(-38.49,-30.33] +—

Sobenin 2010 51.5 15.807 26 50.7 34 25 6.1% 0.80 [-13.85, 15.45] P

Tanamai 2004 57.47 12.08 45 61.04 145 55  B8.6% -3.57 [-8.78, 1.64] —= T

Subtotal (95% CI) 389 347 100.0% =291 [-9.19, 3.37] .

Heterogeneity: Tau? = 111.70; Chi* = 315.38, df = 11 (P < 0.00001); I’ = 97%
Test for overall effect: Z = 0.91 (P = 0.36)

1.4.2 Guggulu

Gaur 1997 38.9 4.3 29 35.7 3 32 47.6% 3.20 [1.32, 5.08) L
Nohr 2009 51.81 14.3 19 59.16 15.08 17 3.8% -7.35 [-16.98, 2.28] T R
Singh 1994 47.4 5.3 31 45.2 3.5 30 39.8% 2.20 [-0.05, 4.45] -
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Heterogeneity: Tau? = 1.12; Chi* = 5.23,df = 4 (P = 0.26); I’ = 23%

Test for overall effect: Z = 2.23 (P = 0.03)

1.4.3 Nigella

Farzaneh 2014 49.62 7.9 8 48.25 10.4 8 13.8% 1.37 [-7.68, 10.42) —p—
Qidwai 2009 35.87 8.48 39 36.07 9.13 34 50.4% -0.20 [-4.26, 3.86) AE'*
Sabzghabaee 2012 52.76 14.33 37 47.65 7.15 37 35.8% 5.11 [-0.05, 10.27)

Subtotal (95% CI) 84 79 100.0% 1.92 [-1.62, 5.45]

Heterogeneity: Tau® = 2.15; Chi* = 2.52,df = 2 (P = 0.28); P = 21%

Test for overall effect: Z = 1.06 (P = 0.29)

1.4.5 Garlic + guggulu

Sharma 2012 51.1  3.33 10 411 5.77 10 100.0% 10.00 (5.87, 14.13] t
Subtotal (95% CI) 10 10 100.0% 10.00 [5.87, 14.13]

Heterogeneity: Not applicable
Test for overall effect: Z = 4.75 (P < 0.00001)
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Figure 5. Forest plot on effect of Ayurvedic herbal preparations in HDL-C (mg/dL).

4. Discussion

The findings of the current meta-analyses are consistent with the clinical experiences
and recommendations of traditional Ayurvedic literature. The two promising herbs for
clinical improvements in hypercholesterolemia were found to be garlic and guggulu. This
systematic review and meta-analysis suggested that Ayurvedic herbal preparations are safe
and effective in reducing major cholesterol biomarkers. In addition to the studies conducted
on these four interventions, 32 randomized controlled studies found out that there are
10 additional Ayurvedic interventions such as holy basil, ginger, fenugreek, and Indian
gooseberry, which are capable of correcting hypercholesterolemia. However, a majority
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of studies were conducted on garlic, guggulu, Nigella sativa, and Lashunadi guggulu (a
garlic and guggulu combination). It was also observed that amongst all of these Ayurvedic
interventions, garlic and guggulu stood out as the most effective interventions. Although
Lashunadi guggulu topped the list in its effectiveness, due to the lack of enough number of
studies, the strength of the evidence on this finding is fairly low. Garlic and guggulu had
the most consistent effects on cholesterol, except garlic did not seem to be as effective in
increasing HDL-C as compared to guggulu. Both garlic and guggulu were not found to be
effective in reducing TG levels, as the effect size was not statistically significant. Studies on
garlic were less heterogeneous than studies conducted on guggulu. However, the overall
effect size of guggulu exceeds that of garlic.

4.1. Commiphora Mukul (Guggulu)

Amongst all of the Ayurvedic interventions studied, Commiphora mukul, commonly
known as guggul(u) was found to have the biggest effect size. Seven randomized controlled
trials in eight trial arms enrolling a total of 380 participants compared guggulu with a
placebo for its effect on various cholesterol levels. It was observed that guggulu reduces
TC by 16.78 mg/dL (95% C.I.: 30.96 to 2.61, p value = 0.02) and LDL-C by 18.78 mg/dL
(95% C.1: 34.07 to 3.48, p value = 0.02). These findings on guggulu came from the analysis
of end results from eight trial arms of seven RCTs involving 380 people (184 in the control
group and 197 in the experimental group). One of the studies included in this analysis [66]
seems to have had a big influence on the overall effect of this intervention. Heterogeneity
among these seven studies was 75%, which still allowed the conduction of the meta-
analysis. Likewise, as compared to a placebo, guggulu reduced TG levels by 7.35 mg/dL
(95% C.1.: 23.29 to 8.59; p value = 0.37) and raised HDL-C by 2.19 mg/dL (95% C.I. 0.27 to
4.12; p-value = 0.03). This effect size counts for a reduction in TC and LDL-C by nearly
6.5% and 10%, respectively. This finding is of clinical significance, as it is associated with
a 38% reduction in the risk of coronary events at age 50 (Law et. al, 1994) [69]. The risk
of coronary events is dependent on other cardiovascular risk factors such as hypertension
and age. In addition, it is also understood that a 10% reduction in LDL-C levels helps
minimize the risk of coronary and vascular events [70]. Out of eight trial arms included
in analysis, all but two studies [21,47] were conducted in the Western population with a
typical Western diet. When a sensitivity analysis was performed by excluding these two
studies, then the effect size was 22.85 (95% C.1.: 40.74, 4.97). Another possibility is that the
discrepancies are due to the dietary habits of Indian and Western populations. Another
postulation could be that this native Indian plant is better suited to natives of India—as the
Vedic scriptures say, “local plants and herbs are best suited to the local people” [71].

One of the studies included in the analysis of guggulu is Verma (1988) [66] and shows
a bigger effect size. However, this study included patients with a baseline total cholesterol
level of 275 mg/dL or more or triglycerides levels of 200 mg/dL. Thus, there is a possibility
that guggulu is more effective when the baseline cholesterol and triglyceride levels are
high. Moreover, Verma (1988) describes the process of purification of guggulu. Purification
of guggulu is also associated with its chances of posing any side effects. Although there
were no serious adverse events posed by guggulu, a small proportion of participants did
experience diarrhea, headaches, and skin rashes. These side effects are minimal when
compared to the threats posed by conventional drug therapy. Purified guggulu seems to
have fewer side effects. The study by Szapary et al. [21], which showed negative effects
of guggulu, did not mention if the product was purified as per the Ayurvedic protocol
or not. Additionally, the study included an extracted version of guggulu prepared by a
commercial manufacturer. Thus, there is an inherent chance of bias despite the fact that it
was the first methodologically sound randomized controlled trial conducted on guggulu in
the West. When asked for further comments, no response was received from the principal
author [21].

So far, the types of guggulu used for clinical trials are very diverse. Some studies
used purified crude gum guggulu as recommended by Ayurvedic texts, whereas others
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used a guggulu extract called guggulipid. Guggulipid is extracted from the plant by using
ethyl acetate and is mixed with petroleum ether to produce a product called fraction A [26].
This fraction A guggulu has been used in some trials. Extracting the active ingredient of
guggulu is not an Ayurvedic practice, so it might be a plausible reason for this observation.
Guggulu has been qualitatively reviewed by few several groups of researchers in the
past [16,26,72]. So far, none of the reviews conducted a meta-analysis of guggulu studies.
This work is first of its kind and thus cannot be compared with any previous meta-analysis.
In summary, guggulu is moderately effective in terms of total cholesterol, LDL-C, and
HDL-C, and there is a strong evidence to this end. Thus, it can be recommended as an
adjuvant to cholesterol-lowering pharmacological therapy or as a supplement to a healthier
diet and lifestyle for those who have borderline cholesterol levels.

4.1.1. Garlic

It was observed that garlic reduces total cholesterol by almost 5% and LDL-C by
6% in subjects with elevated total cholesterol levels (mean TC > 200 mg/dL), and has a
statistically non-significant effect on HDL-C and triglycerides. This observed reduction in
LDL and total cholesterol is clinically relevant as it is associated with a reduction in the
risk of adverse coronary and vascular events [69,70].

The results also suggested that garlic was highly tolerable and does not pose any
side effects, which are more common with conventional therapies. In a majority of the
studies, bad smell or odor was the only major side effect of garlic. A small proportion
of the population did experience some gastrointestinal issues such as belching and acid
reflux, but in comparison to statins, these side effects are not serious. Statins, on the other
hand, do pose some serious adverse effects including a high risk of diabetes, cognitive and
muscular impairment, sexual dysfunction, mood swings, anxiety, and irritability [73].

These findings corroborate the results of previous meta-analyses and systematic
reviews [74-76]. In previous literature, the effect of garlic on cholesterol levels has been a
debatable topic. Time and again, many individual trials of garlic have reported diverse
therapeutic effect size of garlic on cholesterol levels. The study by Stevinson et al. [76] was
one of the earliest meta-analysis of garlic on hypercholesterolemia and included 13 trials,
whereas the recent and most updated study, by Ried et al. [74], included 39 studies. The
studies by Stevinson et al. and Ried et al. both suggest that garlic reduces TC levels by
approximately 15 mg/dL, whereas the study by Reinhart et al. [75] suggests its effect
size is nearly half of what was observed by previous studies, i.e.,, —7.34 mg/dL. They
attribute this smaller effect size to including newer studies, which exhibit more modest
effects than older studies. However, the recent and most updated meta-analysis on garlic
by Ried et al. [74] seems to be the most comprehensive one.

Meanwhile, observed results from this study have suggested that garlic has a modest
effect size of —12.45 mg/dL. One reason behind this finding may have to do with the type
of included studies in this review. Because Ayurveda does not entertain the use of aged
garlic, extracted garlic oil, or extracted compound of allicin from garlic, and uses whole
garlic as a preparation, this work did not include any of the studies that used those various
forms of garlic as an intervention. There is a common trend of using aged garlic and a lot of
studies had to be excluded for using aged garlic as an intervention. However, the studies
that used whole garlic or dried garlic powder were included, as it is the common practice to
use whole garlic cloves in Ayurvedic pharmaceutical science [71]. From a pharmacological
point of view, it is believed that the active compound called allicin, a garlic derivative,
is responsible for reducing cholesterol levels and for the distinctive smell of garlic [77].
Allicin is a volatile compound and is responsible transiently for cardiovascular effects [77].
However, the exact ingredients and their mechanism of action still remains unknown. On
the other hand, Ayurveda has been using garlic for treating Hridroga, an Ayurvedic term
for cardiovascular diseases [71]. In Ayurveda, garlic, which possesses all five tastes except
sour taste, is capable for clearing channels and all the coverings (avarana) because of its
pungent and piercing qualities [71,78].
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In conclusion, the findings of this review suggest that garlic is superior to placebos in
reducing elevated total cholesterol and LDL-C levels. Garlic has also been shown to have
additional cardiovascular benefits such as reducing high blood pressure [79]. When taken
together, garlic preparations can be considered as a general heart tonic with cholesterol
regulating properties. It can also be used as a preventive agent in borderline cholesterol
levels, with a higher safety and tolerability profile than statins.

4.1.2. Nigella Sativa

Another intervention that showed some efficacy on cholesterol levels was Nigella sativa.
Commonly known as black cumin and Upakunchika in Ayurveda, it is more famous for
its digestive effect. Ideally, Nigella sativa seed powder is used in Ayurveda, so studies of
its seed oil or other extracts were not included. Based on the analysis of three studies on
Nigella sativa, it was observed that it reduces total cholesterol by 9.28 mg/dL (95% C.I.:
17.36 to 1.19, p = 0.02). However, it does not seem to have a statistically significant effect on
other parameters such as LDL-C 2.12 mg/dL (95% C.L.: 7.85 to 3.6; p = 0.47), triglycerides
21.09 mg/dL (95% C.L: to —2.77; p = 0.08), and HDL-C 1.92 mg/dL (95% C.1.:1.62 to 5.45;
p = 0.29). This observation is comparable to the results of a recently published systematic
review by Sahebkar et al. [80]. The difference between the current study and [80] is the
inclusion criteria; the present study only included studies with whole seed powder, whereas
Sahebkar et al. [80] included other versions of Nigella sativa such as seed oil and also had
no restriction on baseline total cholesterol levels for the inclusion criteria, which limited
the number of studies in this meta-analysis.

As an addjition to the herbs mentioned above, we also conducted a systematic review
to examine the effects of Terminalia arjuna on lipid parameters of hypercholesterolemic pa-
tients. Due to a lack of strict randomized controlled designs and inconsistencies in Arjuna
preparations being used, the meta-analytic results are not included in our main results
section. Nonetheless, the findings from such quasi-randomized studies are still worth
mentioning. After analyzing data from 14 arms of 10 different studies enrolling 547 par-
ticipants, it was observed that Ayurvedic herbal preparations with Terminalia arjuna as a
main ingredient reduces total cholesterol by 19.47 mg/dL (95% C.1.:30.73, 8.20, p = 0.0007),
LDL-C by 16.33 mg/dL (95% C.1.:23.21, 9.45, p < 0.00001), triglycerides by 11.24 mg/dL
(95% C.1.:22.02, 0.46, p = 0.04), and raises HDL-C by 5.16 mg/dL (95% C.1.:22.62, 7.69,
p <0.00001). Overall, Arjuna may also be considered as a viable herb that can be quite
beneficial for patients with hypercholesterolemia.

4.1.3. Adverse Effects

No serious adverse events were reported in the majority of the studies, except Szapary
(2003) [21] reported that one patient each from experimental group and control group had
serious side effects and Joseph (2012) reported that one participant in the active control
group withdrew due to a five-fold increase in serum creatinine level. Other minor adverse
events such as gastrointestinal upset, skin rashes, nausea, and bad odor of breath and body
were also reported in few other studies [47,56].

Limitations: Although every effort was made to discover all eligible studies published
through December 2020, there is a possibility of some studies still being left behind. Most
of the studies that were seemingly eligible did not qualify given our inclusion criteria,
but some of the studies did show consistent findings with our study [55-57]. A Pakistani
study by Zeb et al. [81] examined the impact of garlic powder, coriander powder, and a
mixture of the two on lipid profile as compared to a placebo. Garlic powder was found to
be the most effective in reducing TC and LDL and increasing HDL, as compared to all other
groups. The latest study by Iskander et al. [82] showed that a nutraceutical combination
including g gugguluipid showed a significant reduction in TC and LDL levels after 8 weeks
of consumption in a randomized, placebo-controlled double-blind trial. Another study
by Kuchewar et al. [83] found beneficial effects of Triphala on the lipid profile of patients
with dyslipidemia. Many other herbs such as Amla [84,85] have also shown promising
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results for controlling lipid parameters among patients with hyperlipidemia/dyslipidemia.
However, these studies failed to meet the inclusion criteria of the current review.

5. Conclusions

Findings from these systematic reviews and meta-analyses indicate that there is mod-
erate to high strength evidence that several Ayurvedic herbal preparations, i.e., guggulu,
garlic, and black cumin, are safe and effective in reducing high levels of cholesterol to a
moderate extent. The data suggest that these preparations may be used as first-line thera-
pies or adjuncts to conventional care. We encourage future research to pursue randomized
clinical trials with a larger sample size, longer durations, and with clinical outcomes of
cardiovascular disease. In addition to the herbs studied, future randomized controlled
trials are needed to investigate the efficacy of other Ayurvedic herbal preparations such as
Arjuna, Triphala, and Amla in patients with hypercholesterolemia.
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