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ORIGINAL CONTRIBUTION

Guggulipid for the Treatment
of Hypercholesterolemia
A Randomized Controlled Trial
Philippe O. Szapary, MD
Megan L. Wolfe, BS
LeAnne T. Bloedon, MS, RD
Andrew J. Cucchiara, PhD
Ara H. DerMarderosian, PhD
Michael D. Cirigliano, MD
Daniel J. Rader, MD

GUGGUL IS AN EXTRACT FROM

the resin of the mukul myrrh
tree (Commiphora mukul).
The medicinal use of guggul

dates back to 600 BC, when it was used
for obesity, atherosclerosis, and various
inflammatoryconditions.1,2 Theplant ste-
rols E- and Z-guggulsterone are be-
lieved to be the bioactive com-
pounds.2,3 Recent research indicates that
guggulsterones are antagonists of the far-
nesoid X receptor (FXR)4,5 and the bile
acid receptor (BAR),6 2 nuclear hor-
mone receptors involved in bile acid
regulation and cholesterol metabolism.

To date, there have been 9 published
human clinical trials evaluating the hy-
polipidemic effect of guggul ex-
tracts.7-15 However, only 5 studies used
a standardized guggul extract
(guggulipid),7-11 only 2 of these were ran-
domized,9,10 and only 1 was placebo-
controlled.10 In the randomized stud-
ies, guggulipid reduced levels of total
cholesterol by 11%, of low-density li-
poprotein cholesterol (LDL-C) by 12%,
and of triglycerides by 15%.9,10 Guggu-
lipid received regulatory approval in In-
dia in 1987 for use as a lipid-lowering
drug, and it is available in the United
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pary, MD, Division of General Internal Medicine, De-
partment of Medicine, University of Pennsylvania, 1222
Blockley Hall, 423 Guardian Dr, Philadelphia, PA 19104-
6021 (e-mail: szapary@mail.med.upenn.edu).

Context Herbal extracts from Commiphora mukul (guggul) have been widely used
in Asia as cholesterol-lowering agents, and their popularity is increasing in the United
States. Recently, guggulsterones, the purported bioactive compounds of guggul, have
been shown to be potent antagonists of 2 nuclear hormone receptors involved in cho-
lesterol metabolism, establishing a plausible mechanism of action for the hypolipid-
emic effects of these extracts. However, there are currently no published safety or ef-
ficacy data on the use of guggul extracts in Western populations.

Objective To study the short-term safety and efficacy of 2 doses of a standardized
guggul extract (guggulipid, containing 2.5% guggulsterones) in healthy adults with
hyperlipidemia eating a typical Western diet.

Design Double-blind, randomized, placebo-controlled trial using a parallel design,
conducted March 2000-August 2001.

Participants and Setting A total of 103 ambulatory, community-dwelling, healthy
adults with hypercholesterolemia in the Philadelphia, Pa, metropolitan area.

Intervention Oral, 3 times daily doses of standard-dose guggulipid (1000 mg), high-
dose guggulipid (2000 mg), or matching placebo.

Main Outcome Measures Percentage change in levels of directly measured low-
density lipoprotein cholesterol (LDL-C) after 8 weeks of therapy. Secondary outcome
measures included levels of total cholesterol, high-density lipoprotein cholesterol (HDL-C),
triglycerides, and directly measured very low-density lipoprotein cholesterol (VLDL-C),
as well as adverse events reports and laboratory safety measures including electrolyte
levels and hepatic and renal function.

Results Compared with participants randomized to placebo (n=36), in whom levels
of LDL-C decreased by 5%, both standard-dose guggulipid (n=33) and high-dose gug-
gulipid (n=34) raised levels of LDL-C by 4% (P=.01 vs placebo) and 5% (P=.006 vs
placebo), respectively, at 8 weeks, for a net positive change of 9% to 10%. There
were no significant changes in levels of total cholesterol, HDL-C, triglycerides, or VLDL-C
in response to treatment with guggulipid in the intention-to-treat analysis. While gug-
gulipid was generally well tolerated, 6 participants treated with guggulipid developed
a hypersensitivity rash compared with none in the placebo group.

Conclusions Despite plausible mechanisms of action, guggulipid did not appear to
improve levels of serum cholesterol over the short term in this population of adults
with hypercholesterolemia, and might in fact raise levels of LDL-C. Guggulipid also
appeared to cause a dermatologic hypersensitivity reaction in some patients.
JAMA. 2003;290:765-772 www.jama.com
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States as a dietary supplement. Guggu-
lipid is marketed in the United States to
maintain normal levels of serum cho-
lesterol, and as part of multiherbal
supplements for “heart health,” weight
loss, and arthritis. Annual retail sales of
guggulipid in the United States in-
creased by 72% in 2002 and accounted
for approximately $1.3 million in sales
that year (C. Gardner, SPINS/AC
Nielsen, written communication, May
2003). There are currently no pub-
lished safety or efficacy data on guggul
extracts in Western populations.

We conducted a randomized, pla-
cebo-controlled clinical trial to evalu-
ate whether a commonly used dose or
a high dose of guggulipid could safely
reduce levels of LDL-C in healthy adults
with hyperlipidemia eating a typical
Western diet.

METHODS
Participants

Ambulatory, community-dwelling US
men and women volunteers older than
18 years with primary hypercholester-
olemia were recruited from the Phila-
delphia, Pa, metropolitan area via mail-
ings and advertisements from March
2000 through August 2001. Partici-
pants were required to have a level of
LDL-C of 130 to 200 mg/dL (3.37-
5.19 mmol/L), with fasting levels of tri-
glycerides less than 400 mg/dL (4.52
mmol/L). Exclusion criteria included
any history of clinical cardiovascular
disease (myocardial infarction, an-
gina, stroke, heart failure), diabetes, un-
treated thyroid disorder (thyroid stimu-
lating hormone [TSH] levels of �0.4 or
�10.0 µg/dL), liver function test ab-
normalities (aspartate aminotransfer-
ase or alanine aminotransferase levels
�2 times upper limit of normal), re-
nal insufficiency (creatinine levels �2.5
mg/dL [221 µmol/L]), women who
were pregnant or lactating, and use of
any lipid-lowering medications or di-
etary supplements within 30 days prior
to screening. Participants with a diag-
nosis of hypothyroidism could be in-
cluded only if their level of TSH was
within the normal range while they
were receiving at least 3 months of a

stable dose of thyroid replacement. The
protocol was approved by both the Gen-
eral Clinical Research Center and the
institutional review board at the Uni-
versity of Pennsylvania. Written in-
formed consent was obtained from each
participant.

Study Protocol
After an initial screening visit, partici-
pants were randomized in a 1:1:1 fash-
ion to 1 of 3 treatment groups: pla-
cebo, standard-dose guggulipid (SDG)
(1000 mg), and high-dose guggulipid
(HDG) (2000 mg), each 3 times daily
with meals. Randomization was per-
formed by an unblinded investiga-
tional pharmacist using a random-
number generator (Rando, Hawkeye
Softworks, Iowa City, Iowa). To evalu-
ate the possibility of a differential
effect of guggulipid on patients with
more severe hypercholesterolemia,
randomization was stratified by base-
line levels of LDL-C (�160 mg/dL
[4.14 mmol/L] vs �160 mg/dL). To
minimize possible group imbalances,
randomization was also blocked using
equal blocks of 6.

All study personnel were blinded to
treatment assignment and block size.
All participants were told to maintain
their usual dietary habits. Diet stabil-
ity was verified using the Block food fre-
quency questionnaire version 98 (Block
Dietary Systems, Berkeley, Calif) ad-
ministered at baseline and at the last
visit. Study assessments took place at
baseline and at 4 and 8 weeks after the
initiation of treatment. At each study
visit, participants were weighed on a
standardized scale, had full vital signs
measured, were asked about adverse
events, and had blood samples ob-
tained for lipid and chemistry analy-
ses. At each visit participants were que-
ried about changes in medications and
adverse events.

Guggul Extract
An investigational new drug applica-
tion for the use of guggulipid in treat-
ment of hypercholesterolemia was ap-
proved by the US Food and Drug
Administration prior to the initiation of

this trial. Per the manufacturer, each
guggulipid tablet was standardized to
contain 2.5% of the E- and Z-gug-
gulsterone isomers. As part of quality
control by the manufacturer, high-
pressure liquid chromatography (HPLC)
was performed on the test product, veri-
fying that each 1000-mg tablet con-
tained at least 25 mg of the E- and Z-
guggulsterones. Using a previously
reported HPLC method,16 we per-
formed additional independent testing
on 20 randomly selected guggulipid tab-
lets taken from the single batch used in
this study. In brief, the guggulsterones
from these ground tablets were ex-
tracted and separated on a C18 reversed-
phase column, with a mobile phase of
acetonitrile-water and detected at 242
nm. The amount of guggulsterones was
quantified using calibration curves ob-
tained from a 99% pure synthetic gug-
gulsterone standard (Steraloids Inc,
Wilton, NH). The results, which were
averages of 2 separate analyses (coeffi-
cient of variance, 1.2%), indicated that
each capsule contained on average 21 mg
of the E- and Z-guggulsterone isomers.
Thus the product used in this trial was
adequate, containing at least 85% of the
predicted amount of the bioactive con-
stituents. Randomly selected placebo
tablets also were tested at the start of the
study and were found not to contain any
guggulsterones. Guggulipid and pla-
cebo caplets were identical in shape,
color, texture, and taste. Masking was
assessed by questionnaire at the conclu-
sion of the study. Adherence to study
medication was assessed by pill count
at each postrandomization study visit.

Lipoprotein Analyses
Lipid parameters were analyzed from
EDTA plasma collected after a 12-
hour fast in a US Centers for Disease
Control and Prevention–standardized
lipid laboratory. Plasma levels of total
cholesterol, high-density lipoprotein
cholesterol (HDL-C), and triglycer-
ides were measured enzymatically on
a Cobas Fara II autoanalyzer (Roche Di-
agnostic Systems Inc, Indianapolis, Ind)
using Sigma reagents (Sigma Chemi-
cal Co, St Louis, Mo). Levels of LDL-C
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and very low-density lipoprotein cho-
lesterol (VLDL-C) were determined af-
ter ultracentrifugation at a density of
1.006 g/mL. Levels of lipoprotein(a) [Lp
(a)] were measured using DiaSorin re-
agents (DiaSorin Inc, Stillwater, Minn).
Additionally, samples were assayed
for high-sensitivity C-reactive protein
(hs -CRP) wi th an ul t ra–h igh-
sensitivity latex turbidimetric immu-
noassay (Wako Pure Chemical Indus-
tries Ltd, Osaka, Japan) on a Cobas Fara
II analyzer (intra-assay coefficient of
variation, 9%). All safety laboratory tests
were performed using standard meth-
ods at the Hospital of the University of
Pennsylvania clinical laboratory.

Assessment of Adverse Events
Adverse events were assessed at both
4 and 8 weeks after initiation of the
study drug. At both visits, nursing re-
search staff asked participants about
changes in their general health since
their last visit. These questions were fol-
lowed by specific questions from a
checklist about common previously re-
ported events. For each reported ad-
verse event, study investigators judged
and recorded the severity, relation-
ship to study agent, and action taken.
Adverse events also included clini-
cally significant changes in laboratory
values at both 4 and 8 weeks com-
pared with baseline. All recorded ad-
verse events, despite severity or rela-
tionship to study agent, were reported
to the University of Pennsylvania in-
stitutional review board.

Outcomes and Sample-Size
Calculations
The primary end point of the study was
percentage change from baseline in di-
rectly measured levels of LDL-C at 8
weeks. This was calculated as [(week
8 LDL-C level – baseline LDL-C level)/
baseline LDL-C level]�100 for each
participant. Secondary end points in-
cluded percentage changes in levels of
all other major lipoproteins (total cho-
lesterol, HDL-C, VLDL-C, triglycer-
ides) at 4 and 8 weeks, as well as safety
laboratory tests (electrolyte levels, re-
nal function, hepatic function). Based

on the published literature, we antici-
pated reductions of 0%, 10%, and 15%
of baseline LDL-C values for the pla-
cebo, SDG, and HDG groups, respec-
tively. Accounting for dropouts, we es-
timated that a sample size of 34 per
group would provide at least 90% power
to detect differences among the 3
groups, using a 2-tailed � of .05 and an
estimated within-group SD of 10%.

Statistical Analysis
The primary analysis was by intent-to-
treat, using the last observation carried
forward for all missing lipid param-
eters. The secondary analysis was a per-
protocol analysis only using values for
those participants who had completed
all study visits. For continuous vari-
ables, differences between treatment
groups were evaluated using analysis of
variance or the Wilcoxon rank-sum test
using generalized linear modeling pro-
cedures in SAS version 8.2 (SAS Insti-
tute Inc, Cary, NC). For discrete vari-
ables, StatXact software (Cytel,
Cambridge, Mass) was used for analy-
sis of counts or percentages and to pro-
duce exact tests of significance. All pri-
mary lipid analyses were performed
applying an analysis of variance appro-
priate for a 2-factor design (treatment as-
signment, and LDL-C level � or �160
mg/dL [4.14 mmol/L]) using percent-
age change from baseline for each par-
ticipant as the response variable of in-
terest. The 2 nonnormally distributed
lipid values (triglycerides and VLDL-C)
were log transformed before analysis by
generalized linear modeling as de-
scribed above. For ease of interpreta-
tion, percentage changes on raw data are
presented for these log-transformed vari-
ables. Levels of Hs-CRP and Lp(a) were
also skewed rightward, and here intra-
group differences were analyzed by the
Wilcoxon signed rank test, while be-
tween-group differences were ana-
lyzed using the Kruskal-Wallis tests of
significance. All P values are 2-tailed.

RESULTS
Patient Characteristics

Over an 18-month period, 163 healthy
individuals were screened for the study,

and 103 were deemed eligible based on
entry criteria. Eighty-five of the 103 par-
ticipants completed all study-related
visits (17% drop-out rate). Eighty-
three percent of participants assigned
to receive placebo completed the study,
compared with 88% of participants as-
signed to receive SDG and 76% of those
assigned to receive HDG (P=.46). Par-
ticipants who dropped out did not dif-
fer significantly from the rest of the par-
ticipants in terms of demographics,
medical history, and baseline charac-
teristics. The flow of study partici-
pants is illustrated in FIGURE 1.

Demographic characteristics of the
enrolled participants are presented in
TABLE 1. Of those enrolled, 51% were
men, and 80% were white, 14% Afri-
can American, 4% Asian, and 2% other.
The mean (SD) age was 51.5 (12.8)
years and the mean (SD) body mass in-
dex was 26.0 (4.3). There were no sta-
tistically significant differences in any
of the baseline lipid parameters
(TABLE 2) or in major dietary vari-
ables among the 3 treatment groups
(TABLE 3). There also were no signifi-
cant differences across the 3 treat-
ment groups in any baseline character-
istics except for body mass index
(P=.03). However, weight was not sig-
nificantly different between the 3
groups (Table 3).

Effects on LDL-C Levels
There were no statistically significant
changes in weight, dietary fat, dietary
cholesterol, and dietary fiber between
baseline and week 8 for each of the
treatment groups as assessed by the food
frequency questionnaire, suggesting
that diet remained stable during the
8-week treatment period among each
of the 3 treatment groups (Table 3).

Directly measured levels of LDL-C
decreased by 5% in the placebo group,
while they increased by 4% in the SDG
group (P=.01 vs placebo) and by 5%
in the HDG group (P = .006 vs pla-
cebo) after 8 weeks of therapy (Table
2; FIGURE 2A). Thus, levels of LDL-C
were 9% to 10% higher in the groups
treated with guggulipid. No differ-
ences in percentage change in levels of
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LDL-C between the SDG and HDG
groups were found. In the stratified
analysis, there was no apparent differ-
ential effect of guggulipid in patients
with higher (�160 mg/dL) vs lower
(�160 mg/dL [4.14 mmol/L]) levels of

LDL-C. In the per-protocol analysis, lev-
els of LDL-C decreased by 5% in the pla-
cebo group while they increased by 5%
in the SDG group (P=.009 vs placebo)
and by 7% in the HDG group (P=.002
vs placebo) (Figure 2B). The increases

in levels of LDL-C began as early as 4
weeks in both groups treated with gug-
gulipid, but were only statistically dif-
ferent from placebo in the HDG group.

To evaluate whether there were sub-
groups of participants who had favor-
able responses to guggulipid, we per-
formed secondary analyses of the 85
participants who took guggulipid for
the full 8 weeks of the study. We de-
fined a positive response as a 5% or
greater reduction in levels of LDL-C and
a negative response as a 5% or greater
increase in levels of LDL-C, with the rest
categorized as nonresponders. Only 10
of 55 participants (18%) treated with
guggulipid had a positive response,
while 28 (51%) had a negative re-
sponse, and 17 (31%) had no re-
sponse (P=.03). The 10 positive gug-
gulipid responders did not differ from
the group in sex, race, age, adherence,
or any other baseline characteristics.

Effects on Other
Lipoprotein Levels
There was a borderline significant trend
toward reduced levels of HDL-C in both
the SDG and HDG groups (P=.06 vs pla-
cebo) at 8 weeks (Table 2; Figure 2A).
This was statistically significant only in
the per-protocol analysis for the SDG
group (Figure 2B). There were no sig-
nificant changes in the overall group in
levels of either triglycerides or directly
measured VLDL-C (Table 2; Figure 2).
However, in the per-protocol analysis,
there was a significant treatment by
LDL-C interaction for triglycerides
(P=.049). Thus, in those participants
who had baseline LDL-C levels of 160
mg/dL (4.14 mmol/L) or greater (45/85
[53%]), both SDG and HDG reduced lev-
els of triglycerides by 14% (P=.02 vs pla-
cebo) and 10% (P=.03 vs placebo), re-
spectively, compared with participants
receiving placebo, in whom levels of tri-
glycerides increased by 10%. Finally, we
found no significant effect of guggu-
lipid on total cholesterol/HDL-C and
LDL-C/HDL-C ratios, as well as on lev-
els of non-HDL cholesterol. In an ex-
ploratory analysis of a subset of 42 par-
ticipants with elevated baseline levels of
Lp(a), defined as Lp(a) greater than 20

Table 1. Baseline Characteristics of Study Participants

Characteristic

No. (%)

Placebo
(n = 36)

Standard-Dose
Guggulipid

(n = 33)

High-Dose
Guggulipid

(n = 34)

Demographics
Age, mean (SD), y 48.9 (15.8) 51.1 (11.6) 53.3 (13.2)

Male sex, No. (%) 17 (47) 16 (48) 19 (58)

White race, No. (%) 27 (75) 28 (85) 28 (82)

Past medical history, No. (%)
Hypertension 6 (17) 6 (18) 8 (24)

Hypothyroidism 0 2 (6) 3 (9)

Dyspepsia 6 (17) 1 (3) 3 (9)

Seasonal allergies 10 (28) 9 (27) 10 (29)

Headaches 2 (6) 3 (9) 6 (18)

Depression or anxiety 8 (22) 9 (27) 5 (14)

Concominant medications, No. (%)
Stable hormone therapy 2 (6) 5 (15) 2 (6)

Aspirin 8 (22) 2 (6) 3 (9)

Antioxidant vitamins 11 (31) 12 (36) 10 (29)

Physical examination, mean (SD)
Body mass index* 26.0 (4.3) 27.7 (4.7) 24.8 (3.2)

Blood pressure, mm Hg
Systolic 125.5 (15.4) 122.1 (12.7) 125.6 (14.4)

Diastolic 76.0 (9.4) 76.2 (8.0) 76.2 (11.1)

Heart rate, beats/min 72.3 (10.8) 74.1 (9.1) 69.0 (12.7)

*Calculated as weight in kilograms divided by the square of height in meters.

Figure 1. Study Flow

36 Included in Intent-to-Treat
Analysis

30 Included in Per-Protocol
Analysis

33 Included in Intent-to-Treat
Analysis

29 Included in Per-Protocol
Analysis

34 Included in Intent-to-Treat
Analysis

26 Included in Per-Protocol
Analysis

60 Excluded
47 Did Not Meet Entry Criteria
13 Decided Not to Participate

8 Lost to Follow-up
4 Adverse Event
3 Personal Decision
1 Protocol Violation

4 Lost to Follow-up
2 Adverse Event
2 Personal Decision

6 Lost to Follow-up
4 Adverse Event
2 Personal Decision

163 Adults Assessed for Eligibility

103 Randomized

36 Assigned to Receive Placebo
36 Received Placebo as

Assigned

33 Assigned to Receive
Standard-Dose Guggulipid

33 Received Standard-Dose
Guggulipid as Assigned

34 Assigned to Receive
High-Dose Guggulipid

34 Received High-Dose
Guggulipid as Assigned
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mg/dL (0.71 µmol/L), we found that both
SDG and HDG assignment reduced
mean Lp(a) levels by 7% and 5%, respec-
tively, but this was not significantly dif-
ferent from placebo (+1%) (P=.44).

Nonlipid Effects
There was no significant effect of gug-
gulipid on weight or on levels of TSH.
A secondary analysis of hs-CRP on all
83 participants who completed the
study found that HDG reduced me-
dian levels of hs-CRP by 29% com-
pared with a 25% increase in the group
receiving placebo, while there was no
change in levels of hs-CRP in the SDG
group (P=.10). Treatment with HDG
reduced median levels of hs-CRP by 0.2
mg/L (P=.11 vs baseline), while receiv-
ing placebo increased levels of hs-
CRP by 0.1 mg/L (P=.57 vs baseline).

Safety and Tolerability
There were no significant changes in re-
nal function or in levels of liver-

associated enzymes or electrolytes
among any of the treatment groups.
Overall, there was a total of 75 re-
ported adverse events by 42 partici-
pants; 2 events (1 in the placebo group

and 1 in the SDG group) were classi-
fied as serious adverse events. Of the
42 participants who reported adverse
events, 13 were assigned to the pla-
cebo group, 14 to the SDG group, and

Figure 2. Percentage Change From Baseline in Lipoprotein Parameters After 8 Weeks of
Treatment
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Table 2. Results of Intention-to-Treat Analysis (N = 103) for Lipoprotein Parameters at Week 8*

Parameter,
mg/dL

Placebo Group (n = 36) Standard-Dose Guggulipid (n = 33) High-Dose Guggulipid (n = 34)

Baseline,
Mean (SD)

Mean (SD)
Change, %

P Value
(vs

Baseline)
Baseline,
Mean (SD)

Mean (SD)
Change, %

P Value
(vs

Baseline)

P Value
(vs

Placebo)
Baseline,
Mean (SD)

Mean (SD)
Change, %

P Value
(vs

Baseline)

P Value
(vs

Placebo)

Total cholesterol 247 (24) −2.45 (11) .17 243 (31) −0.98 (9) .46 .52 248 (29) +1.67 (9) .28 .07

LDL-C 160 (26) −4.93 (16) .06 156 (21) +3.86 (13) .10 .01 161 (27) +4.71 (13) .04 .006

HDL-C 50 (15) +1.43 (9) .33 52 (15) −2.72 (10) .12 .06 55 (13) −2.71 (9) .07 .062

VLDL-C 36 (22) +36.40 (121) .13 35 (21) +6.38 (129) .88 .25 33 (15) +9.76 (58) .94 .30

Triglycerides 152 (63) +8.88 (32) .28 158 (93) −0.37 (30) .45 .26 141 (59) +5.79 (37) .90 .58
Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; VLDL-C, very low-density lipoprotein cholesterol.
SI conversion factors: To convert total cholesterol, LDL-C, HDL-C, and VLDL-C values to to mmol/L, multiply by 0.0259; to convert triglyceride values to mmol/L, multiply by 0.0113.
*All percentage changes reported as least-squares means from 2-factor analysis of variance.

Table 3. Changes in Selected Dietary Variables Between 3 Groups at Baseline and at 8 Weeks

Variable

Placebo Group (n = 27)
Standard-Dose

Guggulipid (n = 26) High-Dose Guggulipid (n = 23)

P
Value*

Baseline,
Mean (SD) Week 8

Mean
Change

Baseline,
Mean (SD) Week 8

Mean
Change

Baseline,
Mean (SD) Week 8

Mean
Change

Weight, kg 77.1 (14.6) 77.5 (14.0) +0.4 79.6 (14.7) 79.8 (14.6) +0.2 73.3 (13.5) 73.7 (14.6) +0.4 .89

Total energy, kcal/d 2130 (1400) 2003 (1098) −126.2 1985 (821) 1861 (844) −124.5 1498 (477) 1473 (459) −2.1 .70

Dietary fat, g/d 81.5 (76.7) 77.7 (63.1) −3.75 79.2 (38.0) 71.5 (31.3) −7.65 58.7 (24.0) 59.9 (29.5) +6.2 .42

Calories from fat, % 32.3 (8.0) 32.8 (8.6) +0.54 35.6 (7.1) 34.2 (7.1) −1.38 35.0 (6.7) 35.8 (8.3) +3.0 .12

Calories from protein, % 13.8 (2.3) 13.8 (2.9) +0.02 14.7 (2.9) 14.7 (2.6) +0.04 14.5 (1.8) 14.2 (2.8) −1.5 .83

Calories from carbohydrates, % 53.4 (9.1) 52.4 (10.8) −0.97 50.2 (7.5) 51.8 (7.0) +1.57 49.9 (8.6) 47.6 (9.2) −4.1 .05

Dietary saturated fat, g/d 23.2 (22.9) 22.6 (18.1) −0.63 22.1 (12.1) 19.7 (10.2) −2.40 17.5 (8.3) 17.6 (8.4) +5.6 .49

Dietary total cholesterol, mg/d 186 (166) 191 (167) +3.71 200 (113) 180 (121) −19.58 157 (80) 164 (73) +8.5 .45

Dietary fiber, g/d 18.3 (8.6) 16.7 (7.4) −1.66 20.5 (9.6) 19.7 (9.3) −0.85 15.3 (5.9) 13.9 (6.1) −4.9 .85

*From 1-way analysis of variance for percentage change for the 3 treatment groups. There were no statistically significant differences in the baseline dietary variables between the
3 groups.
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15 to the HDG group (P=.77). Guggu-
lipid was generally well tolerated with-
out statistically significant differences
in rates of any adverse events among the
treatment groups. For the expected ad-
verse events of loose stools or diar-
rhea, there were 8 reports in the HDG
group, 3 in the SDG group, and 4 in the
placebo group (P=.19).

During the treatment period, we
noted the development of a hypersen-
sitivity drug rash judged as at least pos-
sibly related to guggulipid in 6 partici-
pants. In all 6 participants the rash
occurred within 48 hours of starting
guggulipid and was associated with
itching, and in 5 of the 6 cases, led to
dropout from the study. All symp-
toms resolved within 1 week of discon-
tinuation of therapy, although 1 par-
ticipant who dropped out required oral
steroids. The breakdown of this rash by
treatment group was as follows: 5 of 34
participants (15%) in the HDG group,
1 participant in the SDG group (3%),
and none in the placebo group (P=.02),
for an overall incidence of 9%.

Adherence and Masking
Overall adherence as measured by pill
count was 93% (range, 57%-118%).
There were no differences in the re-
sults of the lipid analyses when non-
compliers (ie, participants who took
�80% of pills) were excluded from the
analysis. At the end of the study, all 85
participants who had completed the
study were asked to guess which of the
3 groups they had been assigned to.
Forty-two percent guessed their treat-
ment group correctly, while 58%
guessed incorrectly (P=.19), suggest-
ing adequate masking of the study agent.

COMMENT
In this first randomized clinical trial of
guggulipid done outside of India, nei-
ther a commonly used dose nor a high
dose of standardized guggulipid
improved any of the measured levels of
lipoproteins in this large group of
patients with moderate hypercholes-
terolemiaandeatingaWesterndiet. Sur-
prisingly, guggulipid increased levels of
directly measured LDL-C by clinically

significant amounts and tended to
depress levels of HDL-C. While the
increase in levels of LDL-C appeared to
be dose related, this difference was not
statistically significant. This paradoxi-
cal increase in levels of cholesterol in
response to guggulipid was suggested
by 2 published case reports.17,18 Despite
suggestions in the literature that gug-
gulipid might increase thyroid hor-
mone metabolism and thus up-
regulate LDL-C catabolism,19,20 there
were no significant changes in thyroid
function as assessed by a sensitive third-
generation TSH assay. Secondary analy-
ses in patients who completed the
protocoldiddemonstratemodest reduc-
tions in fasting levels of triglycerides in
patients with elevated baseline levels of
LDL-C. This finding is supported in
both the animal literature5 and in
human literature in which guggulipid
reduced levels of triglycerides by 12%
to 24% in patients with primary hyper-
cholesterolemia and accompanying
hypertriglyceridemia.9,10

The overall favorable response rate
(18%) in levels of LDL-C to guggu-
lipid is markedly lower than what has
previously been described in Indian
populations, in whom the response rate
ranges from 60% to 80%.7-9 All previ-
ous clinical trials were conducted in In-
dian populations with dietary and pos-
sibly genetic differences that could affect
lipid metabolism. It is clear from 1 pre-
vious study that persons in the Indian
population studied were thinner and ate
less total fat (27% of total energy) and
more dietary fiber (24 g/d) than those
in our population, suggesting that the
diets were in fact different.10 Also, many
of the previous trials were not random-
ized, and some studies only reported
data in the subgroup of responders in
whom levels of total cholesterol
dropped by 5% to 10%.8,9 Addition-
ally, none of the previous studies used
the criterion standard ultracentrifuga-
tion technique to directly measure lev-
els of LDL-C. This quality-control step
is especially important in patients with
hypertriglyceridemia who made up a
substantial number of the patients in the
largest trial published to date.9

Our results suggest that gug-
gulsterones do not reduce levels of se-
rum cholesterol in humans consum-
ing a Western diet, despite recent
evidence identifying potential mecha-
nisms of action. The regulation of bile
acid synthesis is important in choles-
terol metabolism and is mediated by
several enzymes, including the he-
pat ic enzyme 7-� -hydroxylase
(CYP7A), believed to be the rate-
limiting step in the conversion of cho-
lesterol to bile acid.21 Regulation of
CYP7A is controlled by several nuclear
hormone receptors, especially FXR.22

Two studies have found that, in vitro,
E- and Z-guggulsterones were potent
and specific antagonists of FXR.4,5 This
antagonism would be expected to up-
regulate CYP7A and thus facilitate cho-
lesterol catabolism.4,23 This was cor-
roborated by animal experiments in
which FXR-null mice fed a high-
cholesterol diet had significantly re-
duced levels of hepatic cholesterol in
response to high doses of Z-gug-
gulsterone (100 mg/kg).4 However, the
effect of guggulsterones on serum cho-
lesterol concentrations in these knock-
out mice is not known. Finally, a third
study found that both Z-guggulsterone
and a synthetic guggulsterone analog
antagonized the BAR, another nuclear
hormone receptor.6 Antagonism of the
BAR would be expected to reduce the
absorption of cholesterol in the gut via
its effect on the intestinal bile acid trans-
porter.6,22 Thus while guggulsterones act
as FXR and BAR antagonists in vitro and
in some animal models, our study dem-
onstrates that in humans even high
doses of guggulipid, delivering up to
150 mg of E- and Z-guggulsterone, do
not reduce plasma levels of LDL-C.
However, it may be that guggulsterones
have both antagonist and agonist ac-
tivity on FXR,5 and that like phytoes-
trogens, guggulsterones may have
different lipid effects in different popu-
lations, partially explaining our lipid
findings.

Not only was guggulipid ineffective
in lowering cholesterol levels in our
population, it seemed to cause a hy-
persensitivity drug reaction in a sub-
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set of patients. There also seemed to be
a suggestion of a dose effect, as 5 of the
6 cases occurred in the HDG group.
While none of the 4 randomized clini-
cal trials that used the same extract re-
ported rash as an adverse effect, sev-
eral reports from the early literature
using crude guggul extracts did report
a dose-related incidence of rash.1 Be-
cause of the complex nature of herbal
preparations, this rash may have been
due to any number of constituents in
the guggulipid product used in this
trial.24

Our study has several potential limi-
tations. It may be that 8 weeks of treat-
ment is not a long enough time to see
a benefit of guggulipid. However, sev-
eral studies have shown an improve-
ment in levels of total cholesterol and
LDL-C by as early as 2 to 4 weeks.8,9,12,13

In fact, our study found that the mean
increase in levels of LDL-C began as
early as 4 weeks, a trend that persisted
until the end of the study. Another po-
tential limitation is that we did not rec-
ommend a specific diet in this study.
Our goal was to evaluate the real-
world effect of guggulipid as it might
be used in the general population of pa-
tients with hypercholesterolemia who
purchase this dietary supplement alone
or as part of a multiherbal dietary
supplement to lower their cholesterol
levels. Thus we asked participants to
maintain stable dietary habits, which
they did, as measured by a food fre-
quency questionnaire. While some
studies showing efficacy placed partici-
pants on a low-fat, high-fiber diet prior
to administration of guggulipid, sev-
eral previous trials did not use a di-
etary run-in period.8,9,14

It also may be that the guggulipid
product used in this study did not con-
tain a sufficient amount of gug-
gulsterones to demonstrate a lipid-
lowering effect . Each tablet of
guggulipid used in this study was stan-
dardized to guggulsterone content and
contained on average 21 mg of the bio-
active E- and Z-guggulsterones. By us-
ing both a dose of guggulsterones used
in most previous positive studies (75
mg/d) and the highest dose of gug-

gulsterones (150 mg/d) studied to date,
we believe we should have observed an
effect on LDL-C levels. It also may be
that guggulsterones themselves, used to
standardize guggulipid preparations, are
not as bioactive in humans as previ-
ously thought, and that other constitu-
ents of guggulipid, which might not
have been adequately contained in our
preparation, are responsible for its pur-
ported lipid-lowering effects. This prob-
lem with standardization of botani-
cals is real and has been suggested as a
reason for the failure of some studies
of St John’s Wort in the treatment of de-
pression.25

Despite having an unfavorable effect
on levels of LDL-C, guggulipid did ap-
pear to have other potentially impor-
tant systemic effects. The small but not
statistically significant reduction in lev-
els of other cardiovascular surrogate
markers such as Lp(a) and hs-CRP have
never been reported and need to be
evaluated in adequately powered stud-
ies. Since guggulipid has some in vitro
and in vivo anti-inflammatory proper-
ties,26,27 its effect on levels of hs-CRP is
plausible and warrants further investi-
gation.

Our goal in this study was to assess
whether a standardized herbal extract
of guggulipid, commonly used by pa-
tients with hypercholesterolemia and
recently reported to have a biologi-
cally plausible mechanism of action,
could safely and effectively lower lev-
els of LDL-C. We found that in a typi-
cal American population of adults with
hypercholesterolemia and eating a typi-
cal Western diet, using this standard-
ized guggulipid product did not re-
duce and actually raised levels of LDL-C
compared with placebo, and in a sub-
set of patients caused a hypersensitiv-
ity drug reaction. These results do not
support the use of dietary supple-
ments containing guggulipid for reduc-
tion of LDL-C levels by the general
population, and raise 2 important is-
sues. With regards to efficacy, our find-
ings reinforce the importance of per-
forming well-designed, placebo-
controlled, randomized trials to
scientifically evaluate dietary supple-

ments, even those supplements with
supportive evidence from the basic sci-
ences. With regards to safety, this study
reminds us that supplements cannot be
assumed to be safe and that they re-
quire clinical trial evidence of safety be-
fore being widely used or recom-
mended.

Future studies using chemically
modified isolated guggulsterones in se-
lected groups of patients with hyper-
triglyceridemia might help resolve
whether this interesting class of com-
pounds can safely modify lipids and
other cardiovascular risk factors.
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The man who nevers alters his opinion is like stand-
ing water, & breeds reptiles of the mind.

—William Blake (1757-1827)
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