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Effect of garlic on serum lipids: an updated meta-analysis

Karin Ried, Catherine Toben, and Peter Fakler

Hypercholesterolemia is associated with an increased risk of heart disease. The effect
of garlic on blood lipids has been studied in numerous trials and summarized in
meta-analyses, with conflicting results. This meta-analysis, the most comprehensive
to date, includes 39 primary trials of the effect of garlic preparations on total
cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol,
and triglycerides. The findings suggest garlic to be effective in reducing total serum
cholesterol by 17 =6 mg/dL and low-density lipoprotein cholesterol by
9 = 6 mg/dL inindividuals with elevated total cholesterol levels (>200 mg/dL),
provided garlic is used for longer than 2 months. An 8% reduction in total
serum cholesterol is of clinical relevance and is associated with a 38% reduc-
tion in risk of coronary events at 50 years of age. High-density lipoprotein
cholesterol levels improved only slightly, and triglycerides were not influenced
significantly. Garlic preparations were highly tolerable in all trials and were
associated with minimal side effects. They might be considered as an alterna-
tive option with a higher safety profile than conventional cholesterol-lowering

medications in patients with slightly elevated cholesterol.

© 2013 International Life Sciences Institute

INTRODUCTION

Elevated serum lipid levels are associated with an
increased risk of cardiovascular disease, particularly with
coronary events and atherosclerosis.'” Current medical
practice includes the prescription of lipid-lowering
medication such as statins. General practice data from
2009 indicate that almost one-quarter of adult patients
(23.8%) were prescribed antihyperlipidemic medicines,
88.4% of which were statins.* While effective in lowering
cholesterol and triglyceride levels, statins have been
shown in a considerable number of patients to trigger
adverse effects, including myalgia, muscle weakness, neu-
ropathy, and cognitive dysfunction, and to increase the
risk of diabetes.”™

Garlic preparations have been linked to cardiovas-
cular benefits.'"'* The effect of garlic on cholesterol has

been investigated in numerous trials and summarized in
several meta-analyses, with variable results.”*”"” The meta-
analysis presented here is the most comprehensive to date
and includes earlier as well as more recent trials investi-
gating the effects of single-product garlic preparations
versus placebo. The effects of garlic on total cholesterol
(TC), low-density lipoprotein (LDL) cholesterol, high-
density lipoprotein (HDL) cholesterol, and triglyceride
levels are summarized, and statistical oversights in some
previous meta-analyses are rectified; for example, only
the first phase of crossover trials without a washout
period is included, or only one of multiple active trial
arms versus placebo is included in this meta-analysis. The
effect of potential confounding variables such as duration
of treatment, type of garlic preparation, and baseline cho-
lesterol levels was explored in subgroup analyses, and
robustness of results was tested by sensitivity analysis.
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METHODS

Search strategy

The Medline and Cochrane databases and Google Scholar
were searched for randomized, placebo-controlled
human trials investigating the effect of garlic on choles-
terol and published between 1955 and December 2011 in
English or German using the following search terms:
garlic, allium sativum, allicin, cholesterol, hyperlipidemia,
and lipid. Reference lists of published studies and review
articles were also searched manually.

Selection of trials

Trials were included in the meta-analysis if they were =2
weeks in duration, contained a true placebo control
group, were conducted in adult subjects, and tested garlic
as a single active substance. Data on total serum choles-
terol LDL cholesterol, HDL cholesterol, and triglyceride
levels at baseline and at the end of the trial were collated.
Authors of recent trials were contacted to obtain unre-
ported data needed for pooling.® Trials were excluded
from meta-analysis if data required for pooling were
missing (i.e., baseline mean and standard deviation [SD],
end mean and SD, or change by group) or if studies
involved pregnant participants or patients with condi-
tions that required cholesterol-lowering medical
treatment.

Data extraction and quality assessment

Data were abstracted and quality assessed independently
by three investigators (KR, CT, PF) using guidelines pub-
lished by the Cochrane Collaboration.”’ Any disagree-
ment was resolved by discussion between the authors.
Quality was assessed independently by two investigators
(KR, CT) on the basis of randomization, blinding, loss to
follow-up, funding sources, and compliance. High quality
was given a score of 1 and low quality a score of 0 for
each of the five items, with a maximum quality score of 5.
Quality assessment was useful for sensitivity analysis, and
trials of low quality (score =2) or trials with high loss-to-
follow-up (>20% attrition) were excluded, since either is
likely to have influenced outcome measures.

Analysis

Meta-analyses were conducted using the Cochrane
Program Review Manager version 5.1.6.” The generic
inverse variance model and random effects were used,
owing to high heterogeneity between trials. Mean differ-
ences and standard errors (SE) between garlic groups and
control groups were calculated at the end of the trial, with

the mean difference adjusted for baseline differences
between the intervention groups. Heterogeneity was
assessed by the I” statistics. Heterogeneity was considered
low if I* < 30%, moderate if I* = 30 - 75%, and high if I* >
75%.%

Blood lipid levels were collated in mg/dL. If choles-
terol levels (TC, HDL, LDL) or triglyceride levels were
published in mmol/L,amounts were multiplied by a factor
of 38.7 for cholesterol and 88.6 for triglycerides to convert
to mg/dL. Mean differences were calculated as follows:
Effect mean = (end meang,qic — end meanconro) — (mean
baselineg, i — mean baselineconior). SE of mean differences
(end mean,,ic — end meancenyo) were calculated using the
following formula: SE = SQRT(SDgaric’/Ngariic) + (SEcontror’/
Neontrol) for parallel trials, and SE =SQRT(SDgumic* +
SDcontror> = 2#0.25 *SDgartic* SDcontro1)/1) for crossover trials,
where SQRT =square root, SD = standard deviation at
end/follow-up, and n = number of participants.

Meta-analyses of all eligible trials on the effect of
garlic on total cholesterol (TC), LDL cholesterol, HDL
cholesterol, and triglyceride were conducted, as were sub-
group analyses by duration (2-8 weeks [short] or >8
weeks [long]), by TC baseline (<200 mg/dL or =200 mg/
dL), by type of garlic supplement (garlic powder, enteric-
coated garlic powder, aged garlic extract, garlic oil, or raw
garlic), and by industry funding.

Sensitivity analysis of studies with multiple active
trial arms was conducted, whereby only one arm of an
active product (e.g., garlic powder or garlic oil) was
compared with placebo. Further sensitivity analysis was
performed by excluding trials of low quality and with
high loss-to-follow-up, or by excluding trials in which
a proportion of participants were on lipid-lowering
medication.

Additionally, results are compared with those of pre-
vious meta-analyses, available data on active ingredients
in garlic preparations are provided, and side effects
reported by trial participants are summarized.

Publication bias or small study effect was assessed by
Begg’s funnel plots.”

RESULTS

Summary of included studies

A total of 63 publications were assessed for eligibility
(Figure 1). A total of 39 trials fit inclusion criteria for
meta-analysis, of which 37 reported sufficient data on
total cholesterol levels, 26 reported LDL cholesterol data,
30 reported HDL cholesterol data, and 32 reported trig-
lyceride data (Table 1).**

Twenty-five trials (24 articles and 1 trial arm) were
excluded for the following reasons: 1) trial reported insuf-
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87 potentially relevant publications
retrieved forabstract assessment

e 72 articles from MEDLINE,
EMBASE, Google Scholar
search

e 15 articles from reference
lists

63 relevant RCTs (69 trial arms)
retrieved for detailed assessment

39 RCTs (44 trialarms)
included in meta-analysis

Figure 1 Flow diagram for selection of trials.
Abbreviations: RCT, randomized controlled trial.

ficient data for pooling (n=7)"%; 2) a combination
preparation was tested (n =6+ 1 study arm)®~"*; 3) trial
was not placebo controlled (n=75)"""%; 4) trial was less
than 2 weeks in duration (n=1)%; 5) trial involved chil-
dren (n=1),* pregnant women (n=1),*” or renal trans-
plant patients (n=1)¥; 6) trial reported low compliance
and high loss-to-follow-up (n =1)*; or 7) trial analyzed a
subgroup of participants from a larger trial included in
the meta-analysis (n=1)* (Table 2).

The 39 trials included in the meta-analysis involved a
total of 2,298 participants with a mean age of 49.5 years
(range, 20-60 years) (Table 1). Most trials employed a
parallel study design (n=32), although five trials used
a crossover design. While two trials reportedly used a
crossover design, only parallel data of the first phase of
these studies were useful for meta-analysis.”>* The
majority of trials investigated garlic powder, (n=29+2
arms), while six trials used garlic oil, six used aged garlic
extract, and three used raw garlic. Trials ranged 2-52
weeks in duration: 9 trials ranged 2-8 weeks, and 30 trials
were longer than 8 weeks. Ranges of daily dosages were as
follows: garlic powder, 600-5,600 mg/day; garlic oil,
9-18 mg/day; aged garlic extract, 1,000-7,200 mg/day;
and raw garlic, 4-10 g/day. Dosages of garlic preparations
are not directly comparable, as active ingredients and
bioavailability vary considerably between different types
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24 publications excluded because

e Notan RCT, study not assessing the
effects of garlic on lipids in humans or
written in a language other than English
or German

ﬁélRCTs + 1 trial arm excluded from meta\

analysis because

e 7insufficientdata reported

e 6+ 1trial armused combination
preparation

5 without placebo control

1 duration <2 wks

1 studied children

1 studied pregnant participants

1 studied renal transplant patients with
concurrent use of lipid lowering
medication

e 1 low compliance and high loss of follow

up (>40%)
k 1 studied a subgroup of parﬁcipantsW

of preparations (powder, oil, aged extract, raw). Further-
more, dosage of the active ingredient can also vary within
one type, depending on brand and processing.

Mean total serum cholesterol levels of participants
were elevated at baseline in the majority of trials
(TChascline =200 mg/dL, n=29), whereas eight trials
recruited participants with total serum cholesterol levels
of less than 200 mg/dL. Participants in all but three tri-
als®***” had not taken lipid-lowering prescription medi-
cation for at least 4-12 weeks before the trial. Budoft
et al.** and Williams et al.”” included patients with known
coronary artery disease and some patients on lipid-
lowering medication. In the trial by Budoff et al.,** the
garlic and control groups were matched by participants
using statins 10-40 mg per day, while no details were
reported in Williams et al.”” In the trial by Mader,” only a
small proportion of participants were taking lipid-
lowering medication (4% in the garlic group and 2% in
the control group).

Quality of trials was generally adequate. All but two
trials®* reported adequate randomization, all but two
trials*** testing raw garlic were double-blinded placebo-
controlled trials, and two trials**' had greater than 20%
loss to follow-up. Compliance was assessed and reported
as high in 15 trials, and industry-funded support was
reported in 13 trials (Table 3).
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META-ANALYSIS FOR TOTAL CHOLESTEROL

Meta-analysis of 37 trials revealed a significant
cholesterol-lowering effect of garlic preparations
compared with placebo (mean difference TC=-15.25
[95%CI: —20.72, —9.78] mg/dL; I*=77%; P <0.0001)
(Figure 2). The cholesterol-lowering treatment effect
was more pronounced in trials of longer duration
(subgroup.swis: mean difference TC=-17.20 [95%CI:
—23.10, —11.30] mg/dL; I*=79%; P < 0.0001; n=31), in
trials of subjects with higher mean baseline TC levels
(subgroup,. ., commge: mean difference TC=-17.32
[95%CI: —23.48, —11.16]; I*=81%; P <0.0001; n=29)
(Figure 3), and in the subgroup of non-industry-
sponsored trials (subgroupnonsponsorea: mean difference
TC=-1830 [95%CI: —24.94, -11.66]; I1*=77%;
P <0.0001; n=25) (Table 4, section A).

Further comparison of trials of longer duration
revealed a larger effect size in trials of 13-52 weeks in

duration (subgroupsiz weeks: mean difference TC = —19.63
[95%CI: —28.48, —11.30] mg/dL; I*=79%; P <0.0001;
n=14) than in trials of 8-12 weeks in duration (n=17)
(Table 4, section A).

In contrast, subgroup analysis of trials of shorter
duration (2-8 weeks, n = 6)**2?2%3757 or trials of subjects
with normal mean baseline TC levels (=200 mg/dL,
n = 8)20320IASLTE revealed no significant effect of
garlic compared with placebo (Figure 3).

The majority of trials used garlic powder prepara-
tions (n = 24), although some used garlic oil (n = 6), aged
garlic extract (n=5), or raw garlic (n=2). Subgroup
analysis by single type of garlic preparation suggested a
greater cholesterol-lowering effect for aged garlic extract
than for garlic powder, and a borderline effect for garlic
oil, while subgroup analysis with two studies using raw
garlic is less meaningful (Table 4, section A). As enteric
coating of garlic powder tablets may influence the
bioavailability and effectiveness of garlic,*® a sensitivity

Study Total serum cholesterol (mg/dL) Mean Difference [95% Cl]
Bhushan et al. (1979)24 — -31.80 [-53.58, -10.02]
Bordia (1981)25 [ -70.00 [-111.59, -28.41]
Barrie et al. (1987)26 — -12.90 [-34.48, 8.68]
Lau et al. (1987)27 I -34.00 [-84.37, 16.37]
Sitprija et al. (1987)28 B b 7.10 [-34.55, 48.75]
Plengvidhya et al. (1988)29 el -6.00 [-40.91, 28.91]
Auer et al. (1990)30 —=T -18.00 [-37.72, 1.72]
Mader (1990)31 - -24.20 [-34.94, -13.46]
Vorberg & Schneider (1990)22 == -51.00 [-64.88, -37.12]
Gadkari & Joshi (1991)33 - -33.30 [-42.55, -24.05]
Jain et al. (1993)35 — -13.00 [-34.30, 8.30]
Kiesewetter et al. (1993)36 — -21.90 [-44.28, 0.48]
Phelps & Harris (1993)37 - 0.00 [-29.22, 29.22]
DeASantos & Gruenwald (1993)38 " -11.60 [-25.46, 2.26]
Saradeth et al. (1994)39 —=T -9.70 [-28.42, 9.02]
Simons et al. (1995)40 _I‘ 1.90 [-8.70, 12.50]
Neil et al. (1996)41 -4.50 [-14.40, 5.40]
Adler & Holub (1997)42 — = -30.20 [-59.48, -0.92]
Yeh et al. (1997)43 —=— -20.00 [-33.86, -6.14]
Berthold et al. (1998)44 I 3.30[-7.48, 14.08]
Bordia et al. (1998)4% —=— -47.80 [-67.48, -28.12]
Isaacsohn et al. (1998)46 4.50 [-10.61, 19.61]
Rahmani et al. (1999)47 trial-arm B —= -21.20 [-40.76, -1.64]
Superko & Krauss (2000)48 ™ 6.00 [-8.50, 20.50]
Zhang et al. (2000)49 B 0.80 [-22.52, 24.12]
Kannar et al. (2001)%0 = -46.30 [-69.76, -22.84]
Zhang et al. (2001)51 trial-arm A — -7.80 [-27.28, 11.68]

Peleg et al. (2003)52
Satitvipawee et al. (2003)53

4.70 [-19.98, 29.38]
-0.50 [-12.00, 11.00]

Budoff et al. (2004)%4
Tanamai et al. (2004)55
Ashraf et al. (2005)56
Williams et al. (2005)57
Macan et al. (2006)°8
Sobenin et al. (2008)80
Sobenin et al. (2010)61
Han et al. (2011)20

Total (n=37 trials)
2= 77%

?7
¢

-5.80 [-118.42, 106.82]
-0.10 [-11.78, 11.58]
-25.25 [-36.46, -14.04]
3.90 [-20.09, 27.89]
-24.20 [-47.41, -0.99]
-29.30 [-50.84, -7.76]
-23.00 [-27.21, -18.79]
4.10 [-18.15, 26.35]

| -15.25[-20.72, -9.78]

4100 -50
Favors garlic

p <0.00001

0

50 100
Favors control

Figure 2 Meta-analysis of trials testing the effect of garlic on total serum cholesterol.
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A)

Subgroup Total serum cholesterol (mg/dl) Mean Difference [95% Cl]
Subgroup: < 8 weeks

Total (n= 6 trials) -1.59 [-12.45, 9.27]
[2=0%,p=0.77

Subgroup: > 8weeks

Total (n= 31 trials) < -17.20 [-23.10, -11.30]

2= 79%, p < 0.00001

-50 -25
Favors garlic

B)

Subgroup

1 1
0 25 50

Favors control

Total serum cholesterol (mg/dl) Mean Difference [95% CI]

Subgroup: TC,..eine < 200 mg/dl
Total (n = 8 trials)
2=0%, p=0.19

Subgroup: TCye.jine > 200 mg/dl P

Total (n = 29 trials)
12 =81%, p < 0.00001

}

-5.73 [-14.31, 2.85]

-17.32 [-23.48, -11.16]

| I}

|
-50 -25
Favors garlic

0 25 50

Favors control

Figure 3 Subgroup meta-analyses of the effect of garlic on total serum cholesterol by duration (A) and by mean total

cholesterol (TC) level at baseline (B).

analysis of trials using enteric-coated garlic powder
tablets (n=18) was conducted, resulting in a slightly
larger effect than of all trials using any type of garlic
powder (n =24) (Table 4, section A).

Sensitivity analysis of trials using enteric-coated
garlic powder tablets, garlic oil, aged garlic extract, or raw
garlic were of longer duration (>8 weeks) and included
subjects with mean baseline TC levels of at least 200 mg/
dL, suggesting a mean difference of TC =— 18.28 mg/dL
(n=18) (Table 4, section B).

Additionally, sensitivity analysis using alternative
active study arms*”' compared with placebo did not
change results appreciatively, nor did sensitivity analysis
excluding trials of low quality or with >20% attrition®>*"!
or excluding trials that included participants on lipid-
lowering medication (Table3 and Table 4, section
B). 315457

Meta-analysis for LDL cholesterol

Twenty-six trials reported the effect of garlic on LDL
cholesterol levels. Meta-analysis including all trials
showed a moderate significant reduction of LDL choles-
terol by garlic compared with placebo (mean difference
LDL=-6.41 [95%CI: —11.77, —1.05] mg/dL, I* = 75%;

P=0.02; n=26) (Figure 4). The effect was larger in trials
of longer duration (subgroupssws mean difference
LDL=-7.17 [95%CI: —12.87, —1.47] mg/dL, I*=77%;
P=0.01; n=23), in trials of subjects with higher mean
baseline TC levels (subgroupror vaseline > 130 mgrar: mean dif-
ference LDL=-9.05 [95%CI: —15.19, —2.91] mg/dL,
I*=78%; P=0.0004; n=18), and in non-industry-
sponsored trials (subgroup LDLionsponsorea: mean differ-
ence LDL=-8.21 [95%CI: —15.97, —0.44] mg/dL,
I = 82%; P=0.04; n = 14) (Table 4, section A).

Subgroup analysis by effect of garlic type on LDL
cholesterol was significant for garlic powder. Only five
trials investigated the effect of aged garlic extract on LDL;
results are likely confounded by LDL baseline levels, as
four of the five trials involved participants with LDL cho-
lesterol levels of less than 130 mg/dL at baseline. Four
trials tested the effect of garlic oil on LDL cholesterol
levels, but two of these four trials involved subjects with
normal LDL levels at baseline (Table 4, section A).

Sensitivity analysis that excluded trials using non-
enteric-coated garlic powder tablets, trials designed with
alternate active trial arms, trials of low quality, or trials
with participants on lipid-lowering prescription medica-
tion did not change results for LDL cholesterol apprecia-
bly (Table 4, section B).

Nutrition Reviews®



*sis|eue-e)aw ay3 ui papnpui sjelsy Jo (g) saskjeue A)anisuas pue (y) saskjeue dnoibgns 4 3/qo|

€0 1L 057 '09°€L— SSr— 6C DL
%€0°0 8¢ 987910 161 8¢ |0431s310Yd TAH
xC00 LL YoL-'€TTL— €9~ 174 |04931s910Yd A1 15(S007) "8 19 SWel[|IM 5 (+00) ‘e 32 Hopng (0661) 19PN
%1000°0> 8L 89'6—'Gl'LT— 4415 143 ol :uonedipaw buesmol-pidi| uo syuaned buiajoaul sjew buipnpx3
LE0 L LYY 'E6'EL— €LY~ 0€ Ik
€00 8¢ S6°TTl0 vSL 8C |0493$9]042 1QH
xC00 9L €0'L—7STL— 89— ¢ |01915910Yd 11 15(1007) "2 32 Bueyz |, (9661) 2 32 |IBN ¢'(L661) 1YSOf %3 LiepeD
«100070> 9/ 9€'6 '66'07— LUSL— ve oL :dn-moj|oj 03 sso| ybiy yum pue Aljenb moj Jo sjery buipnpxg
(T1p/Bw) D) “j0133s3]0Y> TQH ‘[043359]0Y> 1T DL
sasAjeue AyAnRIsuaS °g
«¥0°0 8 '0—"L6'GL— 1T'8— 7l ON
L€0 0 GET'BE9— L0'¢— cl SO\
Buipuny L13snpuj
70000 8L 16'T—'6L°GL— S0'6— Ll Tp/Bw 0g 1<
970 0 65'6'L5T— LG°€ 8 p/bw 0gL=
@7 duidseq ueapy
100 LL [Y1="18°T1— LU= €C (M 75—8) M 8<
€80 0 LLPLSELL- 7L € SIM 8=
|el1 Jo uoneing
ou ou 981 ‘98— 9 L Pk
SC0 ¥l S6'T '8 LL— 9Ty qF 05
00°L (574 S60L°260L— L0'0— S ED)Y
€Lro 8 191 0€°€L— 85— Sl *dD
«70'0 08 6€0—'95°¢L— 69— 6L d9
dlpueb jo adAL
%00 SL SO'L—"LL 11— L7'9— 9T sjeu ||y
(1p/6w) [osa3s3j0Yd 1@
%1000°0> LL 99'LL—"v6'vT— 0€'8l— 14 ON
x£0°0 LS S0'L—"0091L— €58 4} SOA
Buipuny Aisnpuj
«1000°0> 18 Il'LL—"8¥'€C— [4VA R 6C |p/Bw 007<
610 0 8T LEYL— €L~ 8 Ip/bw 00z=
D1 auljaseq uesiy
«1000°0> 08 6/0L—"87'8C— €961— 4 M Zs-€lL
%0000 8L YOL-LLET— LY'Sl— Ll SHMZL-8
«1000°0> 6L ofLL—"olL'€C— L= L€ (S3M 7G—8) SHM 8<
LL°0 0 1[T6'SYTL— 65'L— 9 M 8=
|el} Jo uoneing
%1000°0> 0 95'%7— 65 Ly— L0°€EE— [4 oY
900 €8 €80 °69'8¢— 16'8Ll— 9 05
%1000 0 SY'9-"TT LT~ ¥8'91— S Eb)
x£000°0 8 ST9-'€6'07— 6G°EL— 8L *dD
«1000°0> 8L LL9-"19'61— 6LEl— 174 dD
d1peb jo adAL
«1000°0> LL 8/6—'CL0C— SCSL— LE sjeuy ||y
(1p/6w) 51 %
sasfjeue dnoabqgns 'y Y
sleul &
anjea 4 (%) oI D %S6 9215 199443 J0 'ON sonsualdeIRYd pue 3dAy el S
S
2



"SAPLAJAIOLIL (D] {|0131S3|0YD [B10) D] “DIj4eb med

‘DY ‘9)qewnlsa jou ‘au ‘ueroidodi Aysuap-mo| “1a7 ‘uiroadodi) Ausuap-ybiy “1aH 4apmod dijieb paleod-d1aua 4o Lapmod dijieb do (1o dijeb ‘0D 1oesixa d1jieb pabe ‘Joy suonbpinIqqy
“Ip/Bw 0g 1> J0 @7 uesw e yum syuedidinied PaAjOAUl [0J91S3|0YD T UO dD JO 1039 a1 Bunebnsaaul sjeus Inoj ayi Jo om| 4
“1p/bw 0€ 1> J0 77 uesw e yum sjueddipied paAjoAUl [0191S9]0YD T UO IOV JO 12919 3y bunebissaul sjeul sAy ayj Jo Ino4 ,

'50°0 > 4 JuedIubIs Ajjeansners .

Tp/Bu 0oz< e
SIM 8< S|9A9| DL
#L000°0> €8 PrLL= €S- 8T8l 8l ‘DY/3DY/09/°dD aulfaseq ueaw pue ‘et jo uoneinp ipieb jo adAy Aq uoneuiquio)
(1p/6w) >L
(9) do
«20°0 St 60— "vL 11— €€9— 74 nq (2) 39V 10N D'g'V SWIe-|eul € Yum ((£007) e 32 Jaupien
(V) o4
%200 St €LUL—"8L 1L 99— 9 nq () 39V 10N D'g'V SWe-[eul € YUM ((£007) [e 12 Jaupien
(9)
«200 St 86'0—'0L'LL— vE9— 74 doInqg (v) 09 10N g’V swie-euy 7 yum (1007) ‘(e 32 bueyz
() do
Kep/Bw 009'c
nq (g) do
«0°0 9. SE0—'SLLL- SLS— 97 Kep/Bui 007 10N D'’V swie-|eul € Yum ,,(6661) ‘|e 12 luewyey
(¥) dO
Kep/bui 007’1
nq (9) dO
«¥0°0 9L TE0-"9LLL— YL 74 Kep/Bbw 00v'T 30N D'g'V swie-jeul € Yum ,,(6661) ‘[e 19 luewyey
SWB DAI1DR dAIJRUIRYY
%200 St SO'L—"LL 1L 1r'9— 97 s|eL ||y
(Ip/6w) Jos3sejoyd 1A
(9)
#1000°0> LL £0°6—'60°07— 85y L— L€ doIng (v) 09 10N 9'V swie-[ely 7 yum (L007) '[e 32 bueyz
(D) do
Kep/buwi 009'€
nq () do
#1000°0> LL 976~ ¥T 07— SLyl— L€ Kep/Bbw 00v'T 30N D'g'V swe-jeul € yum ,,(6661) ‘[e 19 luewyey
(V) do
Kep/bw 007’1
nq (d) do
«L000°0> LL £€°6—'7€0C— 8yl- L€ Kep/Bbw 00t'T 30N '@’V swie-jeul € yum ,,(6661) ‘[e 12 luewyey
Swiie 9Al1de 9AlleulR) Y
«1000°0> LL 8/'6—'TL°0T— STSL- L€ sjeu |1y
(1p/6w) 51
s|eLy
anfeA 4 (%) I D %S6 9715 10943 JO 'ON sonsuReIRYD pue 3dA) el

panunuo) #a/qo|

Nutrition Reviews®

10



Study LDL cholesterol, mg/dL

Bordia (1981)25 —=]
Jain et al. (1993)35 —
Phelps & Harris (1993)37 ——
DeASantos & Gruenwald (1993)38  —=—
Simons et al. (1995)40
Neil et al. (1996)41
Adler & Holub (1997)42
Yeh et al. (1997)43
Berthold et al. (1998)4

Mean Difference [95% CI]

-13.40 [-25.69, -1.11]
-14.00 [-35.54, 7.54]
-1.00 [-27.22, 25.22]
-5.40 [-22.24, 11.44]
1.60 [-8.16, 11.36]
-0.40 [-10.30, 9.50]
-21.68[-51.39, 8.03]
-19.00 [-37.07, -0.93]
0.04 [-9.23,9.31]

Isaacsohn et al. (1998)45 —m— 4.00 [-8.88, 16.88]
Rahmani et al. (1999)47 trial-arm B —&— -14.90 [-32.03, 2.23]
Zhang et al. (2000)49 — 2.70 [-16.29, 21.69]
Superko & Krauss (2000)48 —— 1.50[-10.57, 13.57]
Kannar et al. (2001)30 — -24.00 [-47.46, -0.54]
Zhang et al. (2001)49 trial-arm A — - -5.90[-24.42, 12.62]
Peleg et al. (2003)52 — 2.90 [-15.62, 21.42]
Satitvipawee et al. (2003)53 - -0.80[-10.84, 9.24]
Budoff et al. (2004)54 s -25.10 [-120.98, 70.78]
Tanamai et al. (2004)55 —— 0.80[-10.90, 12.50]
Ashraf et al. (2005)56 —-— -27.50 [-38.51, -16.49]
Williams et al. (2005)%7 — 4.60 [-15.29, 24.49]
Macan et al. (2006)°8 —— 4.20 [-15.60, 24.00]

Gardner et al. (2007)>59 trial-arm C

7.00 [-1.92, 15.92]

Sobenin et al. (2008)80 —— -29.80 [-49.22, -10.38]
Sobenin et al. (2010)61 - -21.90 [-26.02, -17.78]
—

Han et al. (2011)20

Total (n = 26 trials)
12=75% .

-0.70[-22.22, 20.82]

-6.41[-11.77, -1.05]

]
p=0.02 4100 -50
Favors garlic

l 1
50 100

Favors control

Figure 4 Meta-analysis of trials testing the effect of garlic on low-density lipoprotein (LDL) cholesterol.

Meta-analysis for HDL cholesterol and triglycerides

Meta-analysis of 30 trials on the effect of garlic on HDL
cholesterol levels was significant but small (mean differ-
ence HDL=1.49 [95%CI: 0.19, 2.79] mg/dL, I*=33%;
P=0.02) (Figure5). Subgroup analysis of trials using
garlic oil revealed the largest and statistically significant
effect (mean difference HDLgaic o1 =5.97 [95%CI: 1.65,
10.30] mg/dL, I* = 67%; P=0.007, n = 6), whereas results
of subgroup analysis of trials investigating other types of
garlic were not significant.

The effect of garlic on triglycerides levels was
reported by 32 trials but did not reveal a significant effect
(mean difference triglycerides =—5.45 [95%CI: —14.18,
3.27] mg/dL, I* = 71%; P =0.22) (Figure 6).

Additional subgroup and sensitivity analyses did not
change results for HDL cholesterol or triglycerides appre-
ciably (data not shown).

Side effects

Twenty-three of the 39 trials (60%) reported on side
effects (Table 5). Garlic odor, breath, or taste was noticed

Nutrition Reviews®

in a greater proportion of participants in the active treat-
ment group in 13 trials using garlic powder or raw garlic
(mean =30%) compared with placebo (mean =10%).

Fifteen trials reported gastrointestinal side effects in a
small number of participants in the active treatment
groups (7%), but the number was not appreciably different
from that in placebo groups (7%), while eight trials stated
no gastrointestinal complaints of participants. Gastrointes-
tinal side effects included mild discomfort, flatulence,
bloating, reflux, and belching. Reported side effects were
not associated with the type of garlic preparation or dosage.

Three trials®®***® investigated the effect on liver
biomarkers and hematology. All reported no changes in
liver function, biochemistry, or hematology. One trial
with patients on warfarin therapy (mean age, 56 = 10
years) found no differences in bleeding abnormalities or
other adverse interactions between aged garlic extract
and warfarin.*®

Publication bias

Funnel plots using Begg’s test of trials to investigate
the effect of garlic on cholesterol (TC, LDL, HDL)
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Mean Difference [95% CI]

Study HDL cholesterol, mg/dL

Bordia (1981)25 —=—  13.40[7.15, 19.65]
Barrie et al. (1987)26 e 8.30[0.71, 15.89]
Sitprija et al. (1987)28 N -0.50 [-6.81, 5.81]
Plengvidhya et al. (1988)29 — -1.40 [-8.46, 5.66]
Rotzsch et al. (1992)34 —ta— 1.70 [-2.34, 5.74]
Phelps & Harris (1993)37 —— -1.00[-6.72, 4.72]
DeASantos & Gruenwald (1993)38—a—— -1.60[-9.91, 6.71]
Jain et al. (1993)35 g -2.00 [-11.11, 7.11]
Simons et al. (1995)40 —— 0.40[-6.09, 6.89]
Neil et al. (1996)41 —n 1.50 [-2.50, 5.50]
Adler & Holub (1997)42 —_— -1.16 [-11.45,9.13]
Berthold et al. (1998)%4 +a— 1.90 [-1.04, 4.84]
Bordia et al. (1998)45 — 9.30 [2.99, 15.61]
Isaacsohn et al. (1998)46 —T— 2.30[-2.97,7.57]
Rahmani et al. (1999)47 triakam B —{ @ 3.60 [-3.46, 10.66]
Zhang et al. (2000)5" — 2.30 [-8.03, 12.63]
Superko & Krauss (2000)48 —a— -0.30 [-7.04, 6.44]
Kannar et al. (2001)%0 —_—— -5.10 [-15.06, 4.86]
Zhang et al. (2001)51 trial-arm A — 1.10 [-5.25, 7.45]
Peleg et al. (2003)52 — -3.30 [-12.22, 5.62]
Satitvipawee et al. (2003)53 —— 1.10 [-2.29, 4.49]
Budoff et al. (2004)54 o 4.30 [-36.31, 44.91]
Tanamai et al. (2004)55 —— 0.00[-5.21, 5.21]
Ashraf et al. (2005)56 —t— 2.75[-4.89, 10.39]
Williams et al. (2005)57 —— 1.50 [-6.16, 9.16]
Macan et al. (2006)%8 - 4.60 [-2.06, 11.26]
Gardner et al. (2007)59tial-am ¢ —fm— 1.00 [-4.61, 6.61]
Sobenin et al. (2008)60 —_1Y— 6.30[-3.91, 16.51]
Sobenin et al. (2010)%1 - -1.40[-2.87, 0.07]

Han et al. (2011)20
Total (n = 30 trials)

RN E—

12=33%

0.00[-7.39, 7.39]

1.49 [0.19, 2.79]

p =0.02
Favors control

20 10 0

10 20

Favors garlic

Figure 5 Meta-analysis of trials testing the effect of garlic on high-density lipoprotein (HDL) cholesterol.

and triglyceride levels indicated no publication bias
(Figure 7).

Comparison with previous published meta-analyses

The effect of garlic preparations on lipid parameters has
been studied previously by others, but providing conflict-
ing conclusions.””" While early meta-analyses by War-
shafsky etal.” and Silagy and Neil" reported a
statistically significant and clinically relevant lowering
effect of garlic on total serum cholesterol, the next set of
meta-analyses by Stevinson et al.,”” Ackermann et al.,'t
and Khoo and Aziz'” questioned the robustness of such
findings as well as the reported clinical effectiveness.
More recent meta-analyses by Reinhart et al.'® and Zeng
et al.,’” which included a larger number of trials, reported
a larger clinically modest effect of garlic on lipid param-
eters. The present meta-analysis includes 39 trials, which
is the largest set of trials included to date, and incorpo-
rates trials reported in early meta-analyses''* as well as
more recent trials (Table 6).

12

In contrast to the meta-analyses by Zeng et al.,"” this
meta-analysis included each trial only once in the analysis
if the trial studied multiple intervention arms compared
with one control arm (3 active arms™ and 2 active arms®');
this was done to avoid bias. In contrast to the meta-
analysis by Reinhart et al.,'® this meta-analysis included
only the first phase of a crossover trial if there was no
washout between treatments.*>*

Furthermore, mean differences between treatment
groups at the end of each trial were adjusted by mean
baseline values. These adjustments were particularly
influential when baseline values differed greatly between
the intervention and control groups. For example, in
Zhang etal.”’ the mean baseline level for TC for the
garlic/control groups (n =20/21) was 166.4/189.6 mg/dL,
and the mean TC at the end of the trial for the garlic/
control groups was 162.9/187.9 mg/dL, resulting in a
mean difference (between garlic and control at follow-up)
of —25 mg/dL without adjustment and of —1.8 mg/dL
with adjustment by baseline (Table 1). While randomiza-
tion of treatment and control groups aims for comparable

Nutrition Reviews®



Study

Triglycerides, mg/dL

Mean Difference [95% ClI]

Bordia (1981)25
Sitprija et al. (1987)28
Plengvidhya et al. (1988)29 —]
Vorberg & Schneider (1990)32 -
Mader (1990)31 -
Auer et al. (1990)30 —
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Figure 6 Meta-analysis of trials testing the effect of garlic on triglycerides.

baseline characteristics, this might not be achieved in
smaller trials.

DISCUSSION

This meta-analysis on the effect of garlic on cholesterol
suggests garlic to be effective in reducing total serum
cholesterol by 17 = 6 mg/dL and LDL cholesterol by
9 = 6 mg/dL in individuals with elevated total cholesterol
levels (>200 mg/dl), provided garlic is taken for more
than 2 months. HDL cholesterol levels improved slightly,
by 1.5 = 1.3 mg/dL, and triglycerides levels were not
influenced significantly. These results were strengthened
in subgroup analyses that included only non-industry-
sponsored trials.

While the reductions in total serum cholesterol and
LDL cholesterol were modest in comparison with those
obtained with standard cholesterol-lowering medication

Nutrition Reviews®

(e.g., statins), garlic preparations were highly tolerable
and were associated with minimal side effects and with
none of the serious adverse effects that may be elicited by
standard drug treatment in a considerable number
of patients.*> Furthermore, the observed 8% reduction
in total serum cholesterol with garlic in subjects
with elevated cholesterol (mean TC>212mg/dL or
5.5 mmol/L) is of clinical relevance and is associated with
a 38% reduction in risk of coronary events at age 50."
The strength of the association between cholesterol and
coronary risk reduction is also influenced by other car-
diovascular risk factors, including blood pressure and
age.” Similarly, the 9% reduction in LDL cholesterol
levels, while modest, may contribute to a 6% reduction in
risk of adverse coronary and vascular events.*”’

The cholesterol-lowering properties of garlic have
been linked to the inhibition of cholesterol synthesis®®
and the suppression of LDL oxidation.”® A variety of
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Figure 7 Funnel plots of trials included in the meta-analysis on the effect of garlic on total serum cholesterol (A),
low-density lipoprotein (LDL) cholesterol (B), high-density lipoprotein (HDL) cholesterol (C), and triglycerides (D).
Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; SE, standard error; TG, triglycerides; TC,

total cholesterol.

organosulfur components in garlic preparations may, to
different degrees, exert cardiovascular effects/benefits.

S-allylcysteine (commonly known by its abbreviation
SAC) has been identified as the active and stable compo-
nent in aged garlic extract, allowing standardization of
preparations by S-allylcysteine dosage, but the active
component in garlic powder is less well established, as the
commonly named allicin, an alliin derivate, is volatile and
is likely only transiently responsible for the cardiovascu-
lar effects.””

Furthermore, the bioavailability of active compounds
in garlic powder tablets has been shown to be affected by

preparation and design; e.g., Kwai® garlic powder tablets
made before 1993 were enteric coated with calcium-
carbonate and resulted in better bioavailability and effec-
tiveness than Kwai® garlic powder tablets without enteric
coating produced after 1993.% In addition, allicin release
of garlic powder tablets is dependent on the activity of the
enzyme alliinase and the quality of the garlic powder.”
In the present meta-analysis, subgroup meta-analysis
by type of garlic preparation suggests aged garlic extract
to be more effective than garlic powder or garlic oil in
reducing total serum cholesterol. In addition, effect sizes
increased if trials using non-enteric-coated garlic powder

Table 6 Results of meta-analyses on the effect of garlic on lipid parameters.

Reference No. of trials in

Mean difference (SE) between garlic and control group (mg/dL)

meta-analysis  Total cholesterol ~ LDL cholesterol ~ HDL cholesterol  Triglycerides
Warshafsky et al. (1993)" 6 —23.0 (6.0) NR NR
Silagy & Neil (1994)" 14 —29.8 (4.6) NR -1.6 (0.4) 27.5(15.9)
Stevinson et al. (2000)" 13 —15.7 (10.0) —6.6 (6.2) 2.7(1.2) NR
Ackermann et al. (2001)'® 332 -7.2 (6.0 6.2 (5.4) 0.9(1.8) -19.1(10.6)
Khoo & Aziz (2009)" 12 -1.6 (4.3) 0.4 (3.9) 0.4 (1.6) —4.4(10.6)
Reinhart et al. (2009)'® 29 —7.4(5.4) 2.3(3.6) 1.0 (0.9) -9.8(7.1)
Zeng et al. (2012)" 26 —10.8 (6.6) 0(2.7) 0.4 (0.4) -11.5(6.2)
Ried et al. (2071 3)present review 39 —15.2 (5.5) —6.4(5.4) 1.8(1.2) —5.5(8.7)

@ Ackermann et al."® included a total of 43 trials in the systematic review but included six trials that did not use a placebo control group
and four trials that used a garlic combination product. The remaining 33 trials are comparable to the number of trials included in the

other meta-analyses.

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; NR; not reported; SE, standard error.
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were excluded. Garlic powder seemed to be more effective
for reducing LDL cholesterol, while garlic oil appeared to
be more effective for increasing HDL cholesterol.
However, subgroup analyses by garlic type need to be
interpreted cautiously, as subgroups with only a small
number of trials using aged garlic extract or garlic oil are
likely confounded by lipoprotein levels of participants at
baseline. Comparison by dosage was not meaningful, as
not all trials established or reported the dosage of active
ingredients.

This review found garlic preparations to be highly
tolerable. While one-third of the population may have
noticed a characteristic garlic odor, taste, or breath, mild
gastrointestinal side effects were experienced by a small
proportion of the population (7%) and included flatu-
lence, bloating, belching, and reflux. However, these gas-
trointestinal complaints were also reported by a similar
proportion of participants in the placebo groups, indicat-
ing that gastrointestinal effects may not be solely attrib-
utable to garlic preparations and may be influenced by
other dietary and lifestyle factors.

Despite the general medical advice, evidence is weak
for garlic to cause harmful interactions if taken in addi-
tion to blood-thinning, blood-sugar-regulating, or anti-
inflammatory medications.” Physicians and patients
need to be mindful, however, of a potentially harmful
interaction of garlic with protease inhibitors in antiretro-
viral therapy.”*

In comparison, standard drug therapy with statins
can elicit more debilitating and sometimes serious side
effects in some patients, including muscular pain, sexual
dysfunction, cognitive impairment, increased risk of dia-
betes, and mood disorders that include aggressive behav-
ior, anxiety, and irritability.*~'*%>%

Cholesterol is essential for normal body functions
that include preserving the integrity of cell membranes,
facilitating cell signalling, maintaining the myelin sheath,
and synthesizing steroid hormones, vitamin D, and coen-
zyme Q10. Inhibition of cholesterol synthesis by statin
drugs may interfere with these essential pathways, result-
ing in detrimental effects for some patients.”'*%

This systematic review, the most comprehensive to
date, includes the largest number of trials (n = 39) inves-
tigating the effect of garlic preparations on blood lipids,
thereby allowing for meaningful subgroup analyses by
trial duration, baseline cholesterol levels, and type of
garlic preparation. This review also includes a sensitivity
analysis, which allows comparison of the effects of differ-
ent active treatment arms versus placebo of three tri-
als*?" rather than including all comparisons between
different active treatment arms and the same placebo
group," which would have introduced bias. In addition,
for the first time, reported side effects in included trials
are summarized, and more detail on dosages is provided.

16

Certain limitations of this review should be noted.
Due to high heterogeneity in meta-analyses, resulting
effect sizes should be interpreted with some caution.
Reasons for heterogeneity can only partly be explained by
variables explored in subgroup analysis. While trials of
shorter duration or with lower baseline cholesterol levels
were more homogeneous, subgroup analysis of trials of
longer duration or with higher baseline cholesterol levels
remained highly heterogeneous, implying the presence of
additional factors that may explain the high variability
between studies. Available data were insufficient to
undertake subgroup analysis by dosage of active ingredi-
ent, a likely confounding factor.

CONCLUSION

This updated meta-analysis suggests garlic to be superior
to placebo for reducing elevated total serum cholesterol
on a clinically significant level. Garlic has been shown to
have additional cardiovascular benefits, such as lowering
blood pressure in hypertensives,” ™ increasing fibrin-
olytic activity, and reducing platelet aggregation." Taken
together, garlic preparations may be viewed as a general
heart and cardiovascular tonic with cholesterol-
regulating properties and might be considered as an
alternative option with a higher safety profile than
conventional cholesterol-lowering medications for
patients with slightly elevated cholesterol. Future trials on
the effect of garlic on blood lipids should include infor-
mation on the dosage of active ingredients of standard-
ized garlic preparations for better comparison of trials.
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