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Garlic as a ]ipid lowering agent?

= meta-analysis

ABSTRACT?Garlic supplements may have an impor-
tant role to play in the treatment of hypercholestero—

laemia. To determine the effect of garlic on serum
lipids @nd lipoproteins relative to placebo and other
lipid lowering agents, = systematic review, including
meta-analysis, was undertaken of published and
unpublished randomised controlled trials of garlic

preparations of at least four weeks' duration. Studies
were identified by = search of MEDLINE and the
ALTERNATIVE MEDICINE electronic databases,
from references listed in primary and review articles,
and through direct contact with garlic manufacturers.
Sixteen trials, with data from 952 subjects, wewre
included in the analyses. Many of the trials had
methodological shortcomings. The pooled mea=n dif-
ference in the absolute change (from baseline to final
measurement in mmol/1) of total sexrum cholesterol,
triglycerides, #nd high-density lipoprotein (HDL) -
cholesterol was compared between subjects treated
with garlic therapy against those treated with placebo
or other ggentg, The mean difference in reduction of
total cholesterol between garlic-treated subjects and
those receiving placebo (or avoiding garlic in their
diet) was -0.77 mmol/1 (95% CI: -0.65, -0.89
mmol/1) . These changes represent = 12% reduction
with garlic therapy beyond the final levels achieved
with placebo alone. The reduction was evident after
one month of therapy and persisted for at least six
months. In the dried gariic powders, in which the
allicin content is gtandardised, there was no significant
difference in the size of the reduction across the dose
range ©f 600-900 g daily, Pried garlic powder prepa-
rations also gignificantly lowered sexum triglyceride by
0-31 mmol/1 compared t° placebo (95% CI: -0.14,
-0.49) . HDL-cholesterol was non-significantly lowered
by 0-04 mmol/1 (95% CI: -0.11, 0.03 mmol/1) . Side-
effects from garlic therapy, other than odour, were
rare. In conclusion, use of garlic therapy, either as
dried garlic preparations (in doses as low as 600 mg
per day) ©r as fresh, high allicin yielding garlic (10-20
g per day) appears Significantly to reduce total serum
cholesterol over a 1-3 months period. However, mexre

rigorously designed @nd analysed trials are needed.
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Introduction

Garlic (Allium sativum) was used as a remedy for a wide
variety ©f ailments from as early as 1500 BC [1].
Recently most attention has been pald to the possible
cardioprotective actions of garlic [2]; these include a
lipid lowering action [1], antioxidant activity [3],
antiplatelet action [4], favourable haemostatic effects
(5] and haemodynamic properties [6].

Allicin, the principal active compound in = garlic
bulb, is thought t° Pe regponsible for most of the phay-

macological activity. Crushing the garlic clove activates
the onzyme allinase and converts alliin to allicin. In

addition to gallicin, other biologically active com-

pounds can be extracted from garlic, including alun,

aj oene and various oils, mucilage and albumin [2].
The first clinical trials of 9ariic appeared in the liter-

ature in the late 1970s, but suffered from signifi—

many
cant methodological shortcomings. These included
inappropriate methods of randomisation, lack of con-
trols, poorly characterised patient groups, short dura-
tion, insufficient statistical power leading to the likeli-
hood of a type II error, and failure to undertake an
intention-to-treat analysis. Because of these problems,
the authors of an overview of garlic in 1989 concluded

that there was inadequate scientific justification to rec-

ommend gariic supplementation to reduce (fardi(ljvias—
cular risk [2], Thirteen clinical studies were identified

in this earlier report, Put only nine of them were ran-
domised controlled trials. No quantitative techniques
were used to estimate the size of an overall treatment
effect.

Since then, a further nine randomised controlled
trials have been published and commercial gariic

preparations are mow moxre yidely available. Only
some of the dried powder preparations contain a stan-
dardised amount of allicin [7],

Garlic gypplements may D@Ve an important role to

play in the treatment of hypercholesterolaemia. At
least 25% of men and women aged 25-59 years have

total cholesterol concentrations exceeding 6-4 mmol/1
[8], which is associated with a markedly increased rela-
tive risk of premature ischaemic heart disease [9].

Since garlic products 2re quite acceptable to the pub-

lic it is important to establish their efficacy. It was
therefore decided to undertake a meta—analysis to com-

bine the evidence that now exists. We had three apriori
hypotheses:
garlic acts as a 1ipid-lowering agent in human sub-
jects, reducing total cholesterol and serum triglyc—
eride whilst elevating high density lipoprotein
(HDL) ;
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there is a cloge-response relationship Petween the
amount of garlic consumed and the degree t°

which blood levels are reduced; and
the magnitude ©f the lipid lowering effect
observed with dried garlic preparations is greater
than with non-powder preparations.

Method

Identification ofprevious studies

A computerised literature search was conducted with
DataStar on the MEDLINE database, using the terms
(i} 'GARLIC' and (jj] 'LIPIDS' or 'BLOOD PRES-
SURE' in combination, to identify 3! published trials
involving garlic between 1966 andJyly 1992. & search
of the electronic ALTERNATIVE MEDICINE database,
maintained by the British Library of Medicine, was
also undertaken using the term 'GARLIC'. In addi-
tion, published reviews, reference lists from clinical tri-
als, and conference abstracts were examined. To iden-

tify unpublished studies,
manufacturers of garlic preparations and authors of

letters were sent to

published reports using the compound.
For inclusion in the meta-analysis, studies had to

meet two methodological criteria. First, there had to be
at least two treatment groups and, secondly, allocation

to the must have been by formal randomisation.

groups
Studies which used historical controls were excluded. In
addition, since the review was confined to the medium
and ]ong-term effects of garlic o= serum lipids, trials of
less than four weeks or which did not include measure-

ment Of serum lipids were also excluded.

Data extraction

Data were independently extracted from the pub-

lished reports by both authors and djsagreements
resolved by discussion. For each trial, the fo]_]_owj_ng

were documented:

a  country °f origin;

b study population;

c number of subjects;

d baseline cholesterol level;

e type °f garlic preparation (including Whether o=
not the allicin component was standardised) and

dose regimen used;
/ nature of the control
g method of gllocation;
h  extent of phlinding;
I parallel group versus cress-over design;
j duration of treatment;
k method of analysis;
I laboratory method used to measure ]ipiq levels;
m  withdrawals; and
n adverse effects.

group;

Reports which appeared only i® non-English !an-
guage journals were examined with the assistance of a

translator.

In trials where either the methods were unclear or
the results not expressed in a form which allowed
extraction of the necessary key data, the individual

investigators were asked by letter for the required
information. Nine of the 13 investigators responded t°
our request, PUt only three could provide the data

requested.

Quality assessment

The methodological quality of the studies included in
the review was assessed using a Simplified scheme
described by Chalmers [10]. This involves assessing
three dimensions of trial methodology that are impor_
tant potential sources Of bias:
? the quality of the random allocation (je control of
selection bias at entry) :
whether the primary analysis included every per-
son entered into the randomised cohorts (ie con-
trol of selection bias after entry) ; and
whether the assessors Of cutcome (s) were unaware
of the group t° which individuals in the trial had
been assigned (ie control of bias in assessing out-
come™) ) .
A three-point rating scale was used for each of the
three dimensions (ranging from a score of 3 if the
effort to control potential bias had been maximal,
through te 1 if there had been little or no such effort).
In two studies where the methods used to control
these sources Of bias were unclear the investigator was
asked for clarification [11,12].

Data analysis

The effect of garlic on serum cholesterol, serum
triglyceride, and serum HDL-cholesterol was assessed
independently. It was measured as the difference (ip
mmol/1l) between the mean change in serum lipid val-

ues (baseline-final value) in the two groups. The vari-
ance of this difference should be calculated using the

paired baseline and final lipid measurements for each
individual, but only twe trials [13,14] presented suffi-
cient information to do this.

For the remaining trials a conservative approach was
adopted: the variance of the difference between
means was calculated assuming that the baseline and
final 1ipjq measurements were ynpaired.

A standard error (ge) of the size of the effect (x3-x0)
was calculated for each trial independently using the
following formula.

where ¢ and ,y3 are the mean changes in the treat-

ment and control groups, respectively, sdj and gd( the
standard deviations, and pj and o the number of sub-

jectS in the same groups.
In the results gection, = negative treatment effect
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Garlic as a lipid lowering agent

Table 1. Summary of randomised controlled trials not included in meta—analysis

Author Country Participants No. of Type
Year subjects ofgarlic
[ReH

Lutomski 1984 [17] Poland CHD 82 0il
Ernst 1985 [11] Poland HL 10 Dried (g)
Luley 1986 [12] Germany HL 34 Powder
Rotzch 1993 [18] Germany HL 24 Dried (g)

CHD

subjects With pre-existing coronary heart disease; CHOL - cholesterol; HDL - HDL-cholesterol; HL

Duration Results Reason for exclusion

(weeks)

12 CHOL: o Insufficient data
TRIG:

4 cHOL: 11 Method of allocation unclear
TRIG: 11 Baseline results not available
HDL: 1

6 CHOL: <-> Insufficient data
TRIG: I
HDL: T

6 TRIG: 11 * Total serum cholesterol not measured

hyperlipidaemic subjects; (§) - standardised

allicin content; TRIG - triglyceride; ® - non-significant decrease; Sl - statistically significant decrease; T - increase; <* - unchanged.

. Changes seen in pegponge to = fat-rich diet.

indicates a i of serum ]ipide with active inter-
lowering lipids

vention. Where results were reported in mg/dl, these
were converted to mmol/l. For the two cross-over tri-
als, Ol’lly data from the first phase of the study were
included in the analysis in order to avoid problems of
carry-over effects or trestment-period interactions. In
all analyses we endeavoured to use data based on all
cases gllocated, rather than limit to those which com-
plled with the randomised treatment regime. This was
possible in 11 of the trials.

A technique described by Bracken [15] was used to
pool the effect sizes from individual studies. This is
based on a fixed-effect model which assumes that the
pooled effect size reflects the typical effect only of tri-
als entered in the analysis. The pooled effect size is a
weighted average ©f individual effects, with yweights
inversely proportional to the variance of each individ-
ual effect. Ninety—five per cent confidence intervals
were calculated for the effect size. Tests of het-

pooled

erogeneity were performed using the Mantel-Haen-
szel method [16].

Results

Description of trials identified

A total of 25 randomised controlled trials were identi-
fied which included an examination of the effect of
garlic em sexum lipiq levels (including one trial 'in
press' and one published only 2= = letter to the editor
[11]). In five trials the follow-up w=as less than a
month,
quantify the treatment effect in a form suitable for

and in three the data were insufficient to

comparison with the other studies [11,12,17]. These
trials were excluded when attempts t° obtain this

information from the investigators and the manufac-
(Table 1).
excluded trial measured the effect of garlic therapy on
HDL2-cholesterol and triglycerides but not on total
cholesterol [18]. The remaining 16 trials [13,14,
19-32]

all eligible for inclusion. Their methodological charac-
teristics are summarised in Table 2.

Fourteen trials used a parallel group design, and the
remaining two were cross-over studies [20,25]. Two tri-

turers pI‘OVGd unsuccessful The other

(which included data from 952 subjects) wexre

als were conducted in an open-label fashion [13,21], =
further two were single-blind [19,23] and all the
remainder were double-blind. Thirteen were placebo-
controlled. One trial compared raw garlic added to a
normal diet against a control group who were instruct-
ed to avoid garlic in their normal diet [21]. Agents
used as the control group in the other two trials were

bezafibrate [30] and a combination of a diuretic and

reserpine, respectively [23]. ALl but one [13] of the tri-
als were conducted in both men and women using a
broad range of clinical entry criteria. None of the stud-

fes involving non-powder garlic preparations was con-
ducted gpecifically i hyperlipidaemic patients. In con-
trast, five of the trials ipyolving garlic powder
preparations included patients on the basis of their
lipid levels [25,27,28,30,32]. Only three trials required
participants to have sustained elevation of serum lipids
after a run-in phase [20,27,32]. In two trials this lasted
only % days [27,32]; in the trial comparing garlic
against bezafibrate [30], the run-in phase was six
weeks, during which time patients were required to
take placebo tablets (gingle-blind).

The total daily dose of garlic ranged from 600-900
mg ©f dried garlic powder (in the powder prepara-
tions), equivalent to 1.8-2.7 g of fresh garlic per day.
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Table 2. Summary of trials included in meta-analysis

Author Country Participants Type Dose per day
Year of garlic

[Ref]

Non-powder garlic preparations

Bhushan 1979 [13] India H Fresh 10 g
Bordia 1981 [19] India CHD 0il 0.25 g /kg
Barrie 1987 [20] usa H 0il 18 g
Lau 1987 [14] UsA H Extract NS
Gadkari 1991 [21] India H Fresh 10g
Garlic poyder preparations

Sitprija 1987 [22] Thailand DIA Spray 700 g
Kandiziora 1988 [23] Germany HTN Dried (g) 600 g
Kandiziora 1988 [24] Germany HTN Dried (g) 600 mg
Plengvidhya 1988 [25] Thailand HL Spray 700 mg
Auer 1990 [26] Germany HTN Dried (g) 600 mg
Mader 1990 [27] Germany HL Dried (g) 800 g
Vorberg 1990 [28] Germany  HDb Dried (g) 900 g
Kiesewetter 1991 [29] Germany SA Dried (g) 800 mg
Holzgartner 1992 [30]  Germany  HD Dried (g) 900 g
Santos 1993 [31] UK NS Dried (g) 900 ;g
Jain 1993 [32] Usa HL Dried (g) 900 g

Control Design Blinding No. of Duration Baseline Analysis
subjects cholesterol
(mmol/1)
PG 25 2M 6.19 NS
PC 68 10M 5.45 ORT
co 20 4aw NS NS
PG 32 6M 7.92 ORT
PG 60 2M 5.53 NS
P PG 33 1M 4.72 ORT
RD PG 40 12w 7.21 ITT
P PG 40 12w 7.59 ITT
P co 30 2M 7.32 NS
P PG 47 12w NS NS
P PG 261 4M 6.84 ORT
P PG 40 16W NS NS
P PG 60 4w NS NS
B PG 94 12w 7.39 ITT
P PG 60 6M 6.98 ORT
P PG 42 12M 7.00 NS

B - bezafibrate; CHD - gubjects With pre-existing coronary heart disease; CO = cross-over gpyjy; D - double blind; DIA - diabetic gupjects; H - healthy subjects; BT - hyperlipi-

daemic gupjects; HTN - hypertensive subjects; TTT - intention-to-treat analysis; M - months; N
reserpine/diuretic combination; S - gingle blind; (§) - standardised allicin content; SA - gubjects With increased gpontaneous

ment; P - placebo; PG - parallel group study; RP
aggregation; W - weeks.

In the non-powder preparations the daily d°se ranged
from 10 g of raw garlic t° 18 mg ©f garlic oil. The

median duration of therapy w=s 12 weeks (range four
weeks to 10 months) .

The quallty assessment of the trials was generally
poor (Fig 1), with the notable exception of the trial

comparing garlic powder and bezafibrate which scored
the maximum number of pOil’ltS for each criterion

[30]. Only ene other trial yeport provided any
mation on the techniques used to achieve effective

infor-

randomisation [27], and only three formally stated
that an intention-to-treat analysis had been used
[23,24,30]. In six reports the analysis was confined to

those patients receiving randomised thergpy a¢ the
conclusion of the treatment perjod, In the remainder

it was not possible to confirm from the report which
type °f analysis had been used. 1t is difficult to disquise
garlic capsules or tablets because of their odour.
Although several studies attempted to do g0, it is
unclear from the data whether this was effective. None

of the trials referred to any attempts t© assess compli-

ance With therapy. Although the lack of p]linding to the

medication on trial may produce problems it compar-
ing rates of adverse effects, it is less likely to affect

interpretation of the serum ]ipiq levels based on labo-

42

no garlic control; NS - not stated; O = open label; ORT - on randomised treat-

ratory measurements. In each case, = standardised pro-
cedure was used which had been appropriately refer-

enced.

Effects on total cholesterol

The mean difference in reduction of total cholesterol

between garlic-treated subjects and those receiving
placebo (or avoiding garlic im their diet) was -0.77
mmol/1 (95% CI: -0.65, -0.89 mmol/1). This effect
was gignificantly greater among subjects receiving ne=n-
powder garlic preparations (-0.99 mmol/1; 95% CI:
-0.83, -1.16 mmol/1) than those peceiving garlic pow-
der preparations (-0.51 mmol/1; 95% CI: -0.33, -0.69
mmol/1) (Fig 2); however, the non-powder prepara-
tions showed gignificant heterogeneity (chi-square:
21.87; 4 df P 0.00021) . All further analyses were
therefore confined to the powder preparations only.

The effect of jncreasing dosages ©f garlic amongst
these powder preparations 9id not produce any °Hini-
cally o= statistically significant difference in the effect
across the dose rgpge ©f 600-900 g of dried garlic
powder per day.

The effect of garlic therapy == serum cholesterol
progressively increased between months one and three
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Scoring system:
? 1 point (poor)
EH 3 points (good)

(Fig 3). The reduction in serum cholesterol at six
months was less than that seen at three months, but
these data came from a single trial [31] and the confi-

dence intervals were wide.

Effect o» triglycerides @24 high density lipoprotein
cholesterol

Eight trials (all garlic powder preparations) contribu-
ted data to the comparison of the effects of garlic
against placebo == serum triglyceride levels [24-28,
31,32]. Garlic therapy reduces the serum triglyceride
level by 0.31 mmol/1 compared ¥ith placebo (95% CI:
-0.14, -0.49), a reduction of 13%. Treatment with gar-
lic powder results [23,25,31,32] in = small, insignifi-
cant reduction in HDL-cholesterol levels (-0,04
mmol/1, 95% CI: -0.11, 0.03 mmol/1). Only one trial
has been reported se far which compares the effect of

garlic therapy against = known 1lipid lowering agent,
bezafibrate. Although Peth agents were effective, they
did not differ significantly.

Adverse effects

Seven of the trials mentioned that adverse effects were

not gignificantly increased as a result of garlic therapy,
but gnly three documented these in detail. Among the

studies yging the dried garlic powder preparation,
which is reported te be odour-controlled, only four
kept records documenting the incidence of this effect
[26,27,31,32]. In the largest of these trials [27], after
16 weeks therapy, 16% of subjects taking the active

preparation complained ©f = garlic s®ell compared
with 5% on placebo. When the results from the other

trials were also included, the overall likelihood of
experiencing odour when yging = garlic preparation
was nearly four times that with placebo (3.76, 95% CI:
1.82, 7.80). None of the studies reported any signifi-
cant increase in other side-effects griging from garlic

therapy.

Garlic as a 1ipid lowering agent

Fig 1. Overall pethodological quality of
trials included in the meta-analysis (n -
16) based on an assessment of control of

selection bias at entry and after entry, and

control of assessment bias. Percentage of
trials gcoring 3 points (full credit), 2

points (some credit), and ! point (no
credit). Results for individual studies

are shown in Table 1.

“ 2 points (average)

Discussion

Garlic, in powder =* non-powder form, <a= gignificant-
ly lower serum ]jpiq levels over a 1-3 months perjod.

Serum cholesterol falls 8% with dried powder prepara-

tions and 15% with pon-powder preparations,
although the latter reduction must be interpreted with

Fig 2. Effect size (in mmol/1) ofgarlic therapy versus placebo
(or avoidance ofgarlic) on total serum cholesterol foy individ-
ual trials and overall for non-powder preparations, garlic

powder preparations, 279 any preparation, Bars indicate
95% confidence interval. Tests for heterogeneity

among sizes of treatment effects: (i) in non_powder
preparations, chi-square 21.87; 4 df, p = 0.00021; (ii)
garlic powder preparations, chi-square 15.36; 8 df, NS.
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Fig ?- Summary effect size (in mmol/1) ofgarlic powders ver-
sus placebo on total serum cholesterol zvith ] 2, 3 and 6

months' duration of therapy Bars indicate 95% confi-
dence interval. References to trials included are in

square brackets.

caution, given the heterogeneity associated with the
currently available trials. Serum triglyceride levels also
drop significantly, whilst HDL-cholesterol is gggentially
unchanged. There is insufficient information to com-
ment on the use of non-powder preparations in reduc-
ing other 1ipid parameters.

Amongst the garlic powder preparations these
effects appear to be similar across the dai]_y dose range
of 600-900 ng. It is not possible to give an exact equiv-
alent dose of fresh garlic, since there is considerable
variation in clove size and allicin content depending
on where the product is grown. However, 600 mg
approximately equates to ome medium size clove of
fresh Chinese garlic per day (P Josling; personal =em-
munication) . Adverse effects, including odour, appear
to be relatively wncommon with the standardised poy-
der preparations, particularly in lower doses. However,
the threefold increased likelihood of a garlic odour
with the 'odour-controlled' dried garlic tablets may be
socially unacceptable t© seme people.

Before generalising from the results of this meta-
analysis to clinical practice, several important limita-
tions need to be highlighted. The meta-analysis was
based on published reports rather than on individual
patient data (with the exception of twe trials). & recent
report suggests that such an gpproach may be mislead-
ing, because of problems associated with publication
bias, patient exclusion, and Jength of patient follow-up
[33]. Although we tried to meet these concerns in part
by approaching investigators te obtain additional
unpublished data to clarify =reas of ypcertainty, the
generally enthusiastic yegponse of these inyestigators

was not matched with i the data avail-
making necessary

able. It is possible that there are also some unpublished
trials that may show less favourable results which have

not been identified despite systematic efforts.

The studies jpyolving garlic which were identified
have been largely restricted to Thailand, Germany and
the USA. The total patient experience in randomised

trials (1,365 individuals) is still quite small. Although
uncontrolled studies suggest that dried garlic powder

preparations are generally well tolerated with a low
incidence of adverse effects, this needs to be con-

firmed in larger randomised trials. In any future trials

the failure generally t° incorporate == adequate run-in
phase, which includes the use of dietary therapy, needs
to be addressed, as also does the failure to assess the
subjects' compliance with the treatment protocol.

Unfortunately, five of the trials were not analysed on
an intention-to-treat basis because of lack of available

data. The treatment effect may have been overestimat-
ed in these studies. On the other hand, the calculation
of the standard deviation for the change in serum
lipid values (bageline to final yalye) in both the active
treatment and the control groups assumed a non-
paired analysis in most c¢ases, Which would tend to
overestimate the true standard deviation and therefore
widen the confidence interval around the treatment
effect.

The direction of the findings is Supported by the
other randomised controlled trials of shorter duration
and those with insufficient data to be included in the
formal pooling of the overall treatment effect (gee
Table 1), Failure to include these gtudies, particularly
those with insufficient data, is therefore unlikely to
have materially affected these results.

The similar effect on lipid levels of dried garlic pow-
der and of bezafibrate is promising. Data from syste-
matic reviews of the magnitude of lipid lowering with
other pon-pharmacological measures, such as oat
products [34] and dietary advice [34], gyggest much
more modest reductions in total serum cholesterol. A
step 1 lipid lowering diet reduced cholesterol by only
0-4% over a period of six months to six years [35].
Only when diets more intensive than step 2 were used

was serum cholesterol reduced by 13-15% in various

population sub-groups. Further trials are now required
comparing dried powder garlic preparations with
existing hypolipidaemic drugs after a period ©f appro-
priate dietary intervention.

Garlic is not a licensed medication and there is not
enough evidence to recommend garlic therapy == ==»
effective lipid lowering agent for routine clinical use.
However, there is also no evidence to suggest it is

harmful. The currently available data ¢ the like-

suppor
lihood of garlic therapy being beneficial, at least over a
few months. Resolving this situation will require fur-
ther trials that avoid the methodological problems of

earlier studies and, in particular, last long enough and
have adequate statistical power t° detect whether any

clear-cut benefits arise from the use of garlic.
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