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Effect of Garlic on Blood Pressure: A Meta-Analysis
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Garlic supplements are thought to reduce blood pressure
(BP). The authors performed a meta-analysis to investigate
garlic’s effect on BP. Ovid Medline, Cochrane Library, and
PubMed (1946 to November 2013) were used to search for
randomized controlled trials. Seventeen trials were included.
Pooled analysis showed that garlic intake caused a 3.75-mm
Hg reduction (95% confidence interval [Cl], —5.04 to —2.45,
P=30.7%; P<.001) in systolic BP and a 3.39-mm Hg
reduction (95% Cl, —4.14 to —2.65, [’=67%; P<.001) in
diastolic BP compared with controls. Meta-analysis of
subgroups showed a significant reduction in systolic BP in

hypertensive (—4.4 mm Hg; 95% CIl, —7.37 to —1.42,
1=0.0%; P=.004) but not normotensive patients. No signif-
icant reduction in diastolic BP was seen. After sensitivity
analysis, heterogeneity disappeared and significant diastolic
BP reduction (—2.68 mm Hg, 95% CI, —4.93 to —0.42,
’=0.0%; P=.020) was shown in hypertensive patients. This
meta-analysis suggests that garlic supplements are superior
to controls (placebo in most trails) in reducing BP, especially
in hypertensive patients. J Clin Hypertens (Greenwich,).
2015;17:223-231. © 2015 Wiley Periodicals, Inc.

Worldwide, about 25% of adults have hypertension,
and 7 million deaths per year may be contributed to
hypertension.” Effective measures must be taken to
control blood pressure (BP) in hypertension patients.
Antihypertensive medicine has been widely used, but its
high cost has caused heavy economic burden to coun-
tries and individuals. In addition, side effects and
complications often affect treatment adherence of
hypertension patients. As a result, alternative or com-
plementary therapy for hypertension is being explored.

Garlic is one of the most utilized supplements, with its
antibacterial and antioxidant abilities mainly produced
by allicin in garlic. In recent years, garlic has been
thought to be effective in the treatment of hypertension.
It is reported that allicin has angiotension II-inhibiting
and vasodilating effects.” * Phenolic and steroidal com-
pounds in garlic also have pharmacologic effects.’
Evidence from human trials suggests that garlic m'éght
be beneficial in the treatment of hypertension.® !
However, the results from several previous meta-analy-
sis were contradictory.'>'* In 1994, Silagy and col-
leagues'® included seven trials and found that garlic
decreased BP in patients with mild hypertension.
Ackermann and colleagues'* performed a meta-analysis
in 2001 to summarize the effects of garlic on several
cardiovascular-related factors and found no significant
effects on BP. Ried and colleagues included 235 studies in
a systematic review and found that garlic preparations
were superior to placebo in reducing BP in individuals
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with hypertension.'* During the past few years, a
number of human trials have been carried out, with
new evidence; therefore, we conducted an updated
meta-analysis for the following purposes: (1) to update
the evidence on the association between garlic intake
and BP, and (2) to examine this association according to
dosage and duration.

MATERIALS AND METHODS

Search Strategy for Identification of Studies

We searched Ovid Medline, Cochrane Library, PubMed
(January 1946 through November 2013) to identify
randomized controlled trials (RCTs) that examined the
effect of garlic on BP. We used the following terms:
garlic AND blood pressure OR hypertension to identify
intervention studies investigating the effect of garlic on
BP. Reference of important articles were searched
manually for possible relevant studies.

Inclusion/Exclusion Criteria

Studies were included if they met the following criteria:
(1) The study investigated the association between
intake of garlic and BP; (2) the studies included
randomized controlled trials, reporting the following
data: mean systolic and/or diastolic BP (SBP/DBP) and
standard deviation (SD) or standard error; and (3) garlic
was the only active intervention in the treatment group
compared with a control group. Studies were excluded if
they were not randomized or did not have a control
arm, if they lacked enough data for statistical pooling,
or if they did not report BP.

Data Extraction

Data were extracted independently by two researchers
(H-P.W. and ].Y.) according to the described selection
criteria. Disagreement was resolved by discussion with
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the third person (X-].Y.). The following data were
extracted from the studies: first author’s name, publi-
cation year, study design, intervention method, study
period, sample size, outcomes, method used to generate
the randomization, level of blinding, and explanation
for withdrawal or dropout.

Statistical Methods

The net changes were calculated as the difference
between the baseline and final values of BP. If only SD
for the baseline and final values were provided, SD for
the net changes were imputed according to the method
of Follmann using a correlation coefficient of 0.5.
Overall effect size was expressed as weighted mean
difference (WMD) with 95% confidence interval (CI)
using Statall (StataCorp, College Station, TX). The
heterogeneity between the studies was tested using the
Q test at the P<.10 level of significance and quantified
by the I? statistic, which describes the inconsistency
across studies. In general, the random-effects model was
used in the presence of significant heterogeneity. In fact,
heterogeneity always exists in varying degrees. Thus,
results from random-effects model, which would be
more conservative (and hence more appropriate), were
presented in our meta-analysis. We performed a sensi-
tivity analysis, in which a single trial was omitted each
time and the effect size was recalculated to investigate
its influence on the overall effect size. Potential publi-
cation bias was assessed using Begg’s funnel plots and
Egger’s regression test. P<.05 was considered statisti-
cally significant, except where otherwise specified.

RESULT

Search Results

Based on our search strategy, we searched 245 potential
relevant articles, 29 of which were retrieved for further
assessment, and 12 were excluded for the reasons shown
in Figure 1. As a result, 17 studies were included, and
the characteristics of the included studies are listed in
the Table. The detailed selection process is presented in
Figure 1.

Study Characteristics

Among the 17 trials, one included two separate random-
controlled trials'® that involved hypertensive patients
and normotensive individuals, therefore this trial was
counted as two trials. Therefore, our meta-analysis
included a total of 18 trials, seven of which comprised
hypertensive individuals and six normotensive individ-
uals, another five included both hypertensive and
normotensive individuals. We evaluated measurements
taken to test BP by five criteria: BP device, accuracy
mentioned, body position reported, measurement with
arm at heart level, rest period before measurement, and
number of readings reported. The missing items are
shown in the Table. Fourteen trials used garlic powder
(mainly “kwai”), three trials used aged garlic extract,
and another trial used garlic oil. One trial reported only

Pubmed Search Ovid Medline i
(n=243) search (n=47)
(n=39)
Afterremoved
duplicate article,

Potential relevant
shudies (n=245)

216 Articles excluded because
review article or title or abstract of
study not related to clinical effects
of garlic on BP or in languages
other than English or German

Studies retrieved for
evaluation
(n=29)

12 studies were excluded by full
texts review:

No appropriate control amm=3

No extractable data=8

Focusing on other antihypertensive
medicine=1

Studies eligible for
inclusion
=17}

FIGURE 1. Flow diagram of search strategy and study selection.
BP indicates blood pressure.

DBP. Seventeen trials reported both SBP and DBP.
Dosage of garlic powder ranged from 300 mg/d to
2400 mg/d and the duration of intervention ranged

from 2 to 24 weeks. The total number of patients in the
overall analysis for DBP was 799 and for SBP was 735.

Overall Analysis

Results showed a significant difference in favor of the
garlic group, with garlic having a greater effect on
reducing SBP by 3.75 mm Hg (95% CI, —5.04 to
—2.45) compared with control (P<.001) (Figure 2).
There was minor heterogeneity among the studies
(I*=30.7%, P=.111). Meta-analysis of the effect of
garlic on DBP also showed a significant difference
between garlic and control groups, with the garlic group
more effective in reducing DBP than placebo by 3.39
mm Hg (95% CI, —4.14 to —2.65; P<.001) (Figure 3);
however, there was significant heterogeneity among the
studies (I’=67%, P=.000). The methodologic quality of
trials can contribute to the heterogeneity across studies,
so we evaluated methodologic quality of the selected
trials using the nine quality criteria proposed by the
Dutch Cochrane Centre in 2009 (Table). Trials that
scored less than 5 were considered low quality and were
then removed. We reanalyzed high-quality trials and
found that heterogeneity disappeared in both the SBP
and DBP groups. Change in SBP was more obvious,
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Study %
ID WMD (5% Cl) Weight
.
Kandziora 1988 —_— 10,00 (-14.55, -5.45) 8.06
Auer 1990 € = : -11.00 (-22.33,0.33) 1.30
Vorbery 1990 - -9.00 (-14.85, -3.15) 4.88
Holzgartner 1992 ~— -4.60 (-11.03,1.83) 404
Jain 1993 . - > 2.00 (6.08, 10.08) 256
Saradeth 1994 : ~ > 4.20 (-4.18, 12.58) 238
Simons 1995 . < -3.00 (-9.09, 3.09) 4.51
Steiner 1995 - -3.60 (-9.15, 1.95) 5.43
Adler 1997 . £.10 (13.25, 1.05) 327
Zhang 2000 o -4.40 (-10.68, 1.88) 424
william 2005 > .1.00 (-16.97, 14.97) 0.66
Sobenin 2009 : -2.00 (-8.09, 4.09) 451
Ried 2010 : 41.20 (9.31,6.91) 254
Ried 2012 - 630 (14.37,1.77) 257
Nakasone 2013 _— -1.70 (-6.00, 2.60) 9.05
Nakasone 2013 —+—'— -5.90 (-10.14, -1.66) 9.32
Ashraf 2013 —— -2.00 (-4.33,0.33) 30,69
Overall (-squared = 30.7%, p=0.111) d} -3.75 (-5.04, -2.45) 100.00
.
I T : I
20 10 10

FIGURE 2. Effect of garlic on systolic blood pressure. WMD indicates weighted mean difference; Cl, confidence interval; I-squared,

inconsistency.

with a reduction of 3.85 mm Hg (95% CI, —5.71 to
—2.01, I’=0.0%; P<.001) (Figure S1); the reduction in
DBP was 1.59 mm Hg (95% CI, —2.91 to —0.26,
I’=8.4%; P=.019) (Figure S2).

Subgroup and Sensitivity Analysis

To further explore the effect of garlic on BP, we
conducted a subgroup analysis in the hypertensive and
normotensive groups. To avoid confusion of results, trials
in which BP were not recorded separately for hypertensive
and normotensive people were excluded. Meta-analysis
by subgroup showed that in patients with hypertension,
the mean reduction in SBP was 4.4 mm Hg (95% CI,
—7.37 to —1.42, I’=0.0%; P=.004) and there was no
significant reduction for DBP, but there existed hetero-
geneity (I’=32.3%) (Figures 4 and 5). We conducted a
sensitivity analysis and found that one trial® may generate
heterogeneity; therefore, we removed this trial and the
heterogeneity disappeared and the DBP reduction was
2.68 mm Hg (95% CI, —4.93 to —0.42, I’=0.0%;
P=.020) (Figure S3) in the garlic group. Subgroup analysis
of studies in the normotensive group showed no

significant difference on SBP and DBP between the garlic
and placebo groups with no heterogeneity among studies.

Dose-Response Relationship and Duration

There were two trials that investigated multiple levels of
garlic intake. Garlic supplementation was presented at
240 mg, 480 mg, and 960 mg daily for 12 weeks in the
first trial.” The maximum antihypertensive effect of
garlic was produced by 480 mg garlic at week 12. There
was no obvious trend with increased dose at week 4
(Figure S4). In another trial,'! patients received garlic
supplementation at the doses of 300 mg, 600 mg,
900 mg, 1200 mg, and 1500 mg per day for 24 weeks.
BP was measured at week 0, week 12, and week 24. The
SBP in the garlic group decreased more significantly
with increased dose and duration (Figure S5). However,
there were only two papers that aimed to study the dose-
response relationship and duration, and the garlic
supplement used in the two trials were different. As a
result, it was inappropriate to pool the data together,
and only the dose and duration effect on SBP in the two
trials were used.
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Study %
ID WMD (95% CI) Weight

1
Kandziora 1988 _— -8.00 (-10.38, -5.62) 9.77

1
Vorberg 1990 — 6.00 (-8.77,-3.23) 7.22
Auer 1990 - : -9.00 (-15.19, -2.81) 1.44
Holzgartner 1992 _— -0.20 (-4.10, 3.70) 364

. 20 (-4.10, 3. :
Kiesewetter 1993 , -1.40 (-7.28, 4.48) 1.60
Jain 1993 —E—-— 0.00 (-4.67, 4.67) 254
Saradeth 1994 [ ~ 260 (-2.42, 7.62) 220
Simons 1995 e 0.00 (-3.60, 3.60) 427
Steiner 1996 i —— 1,60 (-1.98, 5.18) 432
Adler 1997 — -4.50 (-6.32, -2.68) 16.68
Zhang 2000 . 2,60 (-8.11,2.91) 1.82
william 2005 : -2.00 (-8.88, 4.88) 117
Sobenin 2009 e 210 (-4.93,0.73) 6.93
Ried 2010 : > 4.80(-2.47, 12.07) 1.05
Ried 2012 : -1.70 (-9.96, 6.56) 0.81
Nakasone 2013 —{—-l-— -0.90(-5.17, 3.37) 3.04
Nakasone 2013 . -4.20 (-8.39,-0.01) 3.15
Ashraf 2013 —_— -372(-5.12,-2.32) 28.36
Overall (l-squared = 67.0%, p = 0.000) <> -2.39 (-4.14, -2.65) 100.00

1

i

1

T T T
20 -10 10

FIGURE 3. Effect of garlic on diastolic blood pressure. WMD indicates weighted mean difference; Cl, confidence interval; I-squared,

inconsistency.

Publication Bias

There was little evidence of publication bias with regard
to garlic supplementation in relation to BP (including
SBP and DBP), as indicated by the Begg rank correlation
test (P>.05) and the Egger linear regression test (P>.05).

DISCUSSION

Garlic has been used worldwide as traditional food, and
has been considered to have therapeutic effects on some
human diseases.® At first, garlic was thought to be useful
in decreasing serum cholesterol concentration.'®
Recently, several studies have shown that garlic supple-
ments can decrease BP."!! However, the meta-analysis
by Ackermann and colleagues found that garlic had no
significant effects on BP.'* Nine years later, another meta-
analysis showed that garlic preparations were superior to
placebo in reducing BP in individuals with hyperten-
sion.'® Including some new trials, we performed an
updated meta-analysis and found that garlic supplements
caused significant reduction in BP and that both SBP and
DBP can be lowered at different degrees. However,
heterogeneity existed among studies, especially in the
DBP group. We re-analyzed the data after exclusion of the
low-quality trials and no heterogeneity existed and the
result still showed that both SBP and DBP were signifi-
cantly decreased. To avoid confusion of results, studies
that mixed hypertension and normotension participants

together were excluded. Meta-analysis of subgroups
showed that garlic supplementation led to a significant
fall in SBP in the hypertensive group but no significant
decrease in the normotensive group. However, with
regard to DBP, no significant change was shown in either
the hypertensive or normotensive groups. Because of the
heterogeneity in the DBP group, we conducted a sensi-
tivity analysis and found that one trial® may generate
heterogeneity, and when this trial was removed, we re-
calculated the meta-analysis and found that the hetero-
geneity disappeared and a significant DBP reduction was
shown in the hypertensive group. Our findings were
consistent with a previous meta-analysis by Ried and
colleagues in 2008.'* We believe our meta-analysis has
some advantages as it included new trials’'' and
evaluated the methodological quality of the selected trials
using the nine quality criteria proposed by the Dutch
Cochrane Centre in 2009 (Table). We reanalyzed the
high-quality trials after the low-quality trials were
removed and found that a significant reduction in both
SBP and DBP still existed in the garlic-treat group. Our
study provides further support for garlic supplementation
in hypertensive patients.

The mechanism of garlic’s antihypertensive effect is
still not clear. There are some hypotheses, however.
Increased oxidative stress can induce endothelial dys-
function, and can eventually lead to hypertension.'”'8
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Study

1

Jain 1993

Simons 1995

Zhang 2000 A
Nakasone 2013

2

g
]

Subtotal (-squared = 0.0%, p = 0.555) <C>>
I

Sobenin 2009

Ried 2010

Ried 2012 =

Nakasone 2013 -_—l

Subtotal (I-squared = 0.0%, p = 0.596) <=
I

A 4

WMD (95% CI)

2.00 (-6.08, 10.08)
-3.00 (-9.09, 3.09)
-4.40 (-10.68, 1.88)
-1.70 (-6.00, 2.60)
-2.08 (-4.95,0.78)

-2.00 (-8.09, 4.09)
-120(-9.31,6.91)
-6.30 (-14.37, 1.77)
-5.90 (-10.14, -1.66)
-4.40 (-7.37, -1.42)

Weight

6.52

11.47
10.79
23.03
51.81

11.47
6.47
6.53
2372
48.19

T T
-20 -10

10

FIGURE 4. Subgroup analysis on the effect of garlic on systolic blood pressure. 1 indicates normotensive; 2, hypertensive; WMD, weighted

mean difference; Cl, confidence interval; I-squared, inconsistency.

Study %
D WMD (95% CI) Weight
‘l :
Jain 1993 —f—*r— 0.00 (-4.67, 4.67) 10.76
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FIGURE 5. Subgroup analysis on the effect of garlic on diastolic blood pressure. 1 indicates normotensive; 2, hypertensive; WMD, weighted

mean difference; Cl, confidence interval; I-squared, inconsistency.
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Garlic contains several bioactive compounds including
allicin, which has antioxidant activity.!” Some studies
showed that allicin could lower BP.? Therefore, garlic
supplements may ameliorate hypertension by its anti-
oxidant effect. Garlic may elicit its antihypertensive
effects by inhibition of angiotensin-converting enzymes
(ACEs). Sharifi and colleagues found that garlic and
allicin could decrease ACE activity in a hypertensive rat
model, and they also found that compared with the
control group, a 51gn1ﬁcant reduction in SBP was noted
in rats treated with garlic.> However, several dipeptides
extracted from garlic have also been reported to inhibit
ACE,?*" and allicin may not be the only compound that
has ACE inhibitory activity. Nonetheless, garlic can
decrease BP by inhibiting ACE.

We also investigated the dose-response relationship
and duration in the trials. The dosage of garlic supple-
ment in the hypertension groups was 600 mg or 900 mg
in most of the studies. We cannot find a dose-response
relationship in the meta-regression. Moreover, it is
known that the dose-response relationship from meta-
regression should be VlCWCd as exploratory and could be
prone to confounding.”* We tried to observe the dose-
effect relationship from trials with multiple levels of
garlic intake. There were two trials that studied at least
three levels of garhc intake. The first study by Ried and
colleagues in 2012° was a double-blind, randomized,
placebo-controlled trial comprising 79 participants with
systolic hypertension in which 240 mg, 480 mg, and
960 mg daily garlic supplements were administered for
12 weeks. Change in SBP in the 240-mg group was not
significantly different from placebo. No obvious reduc-
tion was found in SBP in the 960-mg group compared
with the 480-mg group. The maximum effect was
produced by garlic in 480 mg. Possible reasons were as
follows: (1) poorer compliance and less tolerability was
reported in the 960-mg group; (2) whether garlic in 480
mg has exerted its maximum effect was unknown, but
other evidence suggests that this was unhkely In
Ashraf’s study,'' hypertensive patients received garlic
supplementation at the doses of 300 mg, 600 mg,
900 mg, 1200 mg, and 1500 mg per day for 24 weeks.
Data were compared at week 12 and week 24. BP
decreased with the increased intake of garlic, and the
maximum effect was produced by 1500 mg of garlic at
week 24. Unfortunately, the quality of the study was
poor. Because the studies reported multiple dosages and
the duration was limited, it was difficult for us to detect
an association between the dosage and duration with BP
change. More trials should be conducted to explore this
relationship in the future.

Study Strengths and Limitations

Our meta-analysis included several studies in which the
patients were given hypotensive medicine, which may
influence the hypotensive effect of garlic, but only patients
who were already taking conventional antihypertensive
medication and not planning to change the prescribed

medication during the trial were included. In addition,
heterogeneity was not reported after elimination of a
low-quality study.

The garlic supplements were not the same among the
17 trials. The supplements included garlic powder, aged
garlic extract, and garlic oil, which may have different
effects on BP. However, the active ingredients in the
different garlic supplements is allicin, and, in our meta-
analysis, most trials used garlic powder in dosages
ranging from 300 mg/d to 900 mg/d, providing 1.8 mg
to 5.4 mg of allicin. In one trial, Zhang and colleagues
used garlic oil, which is an allicin derivative produced
by the steam-distillation process. Three trials used aged
garlic extract (Kyolic and Wakunaga of America Kyol-
ic), which may contain 1% to 2% of allicin.

There might be issues related to the measurement of
BP in these trials and this is crucial to the research
question. In some papers, the method of BP taking were
described in detail. In the trial by Ried and colleagues,
for example, BP was tested by trained nurse, and the
reported BP was the average of three times repeated
measurements using standard techniques. However, in
some trials, BPs were measured only once, and some
papers did not describe the manner of BP testing
(Table 1). This may have influenced the results of the
studies.

Finally, one study was included twice,'® which may
have increased its weight in the meta-analysis; however,
two independent trials were performed in this study and
were considered as such.

CONCLUSIONS

Our meta-analysis suggests that garlic supplementation
is superior to placebo in reducing BP in hypertensive
patients, especially in those with high SBP. More trials
should be performed to explore the association between
dosage and duration of garlic and change in BP. The
safety of long-term use should also be investigated before
garlic is used as conventional therapy for hypertension.

Disclosures: The authors report no specific funding in relation to this research
and no conflicts of interest to disclose.
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Supporting Information
Additional Supporting Information may be found in the
online version of this article:

Figure S1. Effect of garlic on systolic blood pressure
after excluding low quality trials.

Figure S2. Effect of garlic diastolic blood pressure
after excluding low quality trials.

Figure S3. Effect of garlic on diastolic blood pressure
in normotensive/hypertensive after excluding trial hold
by Ried in 2010.

Figure S4. Dose-response relationship and duration in
the trial hold by Reid et al in 2012.

Figure S5. Dose-response relationship and duration in
the trial hold by Ashraf et al in 2013.
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