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Background: St. John’s wort (Hypericum
perforatum) has been identified as an effective
treatment for depression in controlled studies and
subsequent meta-analyses. However, 3 recently
published large studies failed to demonstrate
robust efficacy. Updated meta-analysis and
assessment of publication bias may help
determine the true effect of St. John’s wort.

Method: Meta-analysis to reevaluate the
effectiveness of St. John’s wort as an antidepres-
sant, funnel plot analysis, and meta-regression to
assess the impact of publication bias, small-study
effects, and variation in trial characteristics were
performed. We conducted 2 analyses: a reproduc-
tion of arecent meta-analysisincluding 15 studies
(Meta-15) and a meta-analysis extended by the
3 studies published since then (Meta-18). The
studiesin Meta-15 were identified through
MEDLINE and EMBASE searches conducted in
June 2000. The search terms used were &. John's
wort, hypericum, hypericin, depression, and
antidepressant, and no language restrictions
were applied. For both meta-analyses, we
compared funnel plots, Begg's rank correlation,
Egger’s regression, trim and fill method, and
meta-regression.

Results: In both analyses, effect sizesin recent
studies were smaller than those reported in earlier
studies; the addition of more recent studies into
the analyses resulted in reduced effect size. In
Meta-15, St. John’s wort was significantly more
effective than placebo with arisk ratio (RR) of
1.97 (Cl = 1.54 t0 2.53). In Meta-18, the RR
was reduced to 1.73 (Cl = 1.40 to 2.14). On
funnel plot analysis, the Meta-18 plot proved to
be much more skewed than the Meta-15 plot.
Meta-regression showed that increase in effect
Size was associated with smaller sample size only.
The impact of baseline severity of depression
could not be evaluated as the studies used differ-
ent versions of the Hamilton Rating Scale for
Depression.

Conclusion: St. John’s wort may be less effec-
tive in the treatment of depression than previously
assumed and may finally be shown to be ineffec-
tive if future trials confirm this trend.
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T he efficacy of St. John's wort (Hypericum
perforatum) for the treatment of depression has
been widely studied in randomized controlled trials
(RCTs). These RCTs have been subject to meta-analyses
that conclusively found St. John’swort to be effective. The
first meta-analysis was published in 1996 and reported
an odds ratio of 2.67 with a 95% confidence interval
(CI) from 1.78 to 4.01." Subsequent meta-analyses re-
ported smaller treatment effects with risk ratios (RRS)
of 1.9 (Cl=1.2 to 2.8)* and 1.98 (CI = 1.49 to 2.62).
Since the publication of the latest meta-analysis® 2
more recent and larger studies have been published that
failed to demonstrate robust efficacy in depression: the
Hypericum Depression Trial Study Group* reported an RR
of 0.88 (Cl = 0.64 to 1.21), and Lecrubier and coworkers’
achieved an RR of 1.24 (CI = 1.00 to 1.54).

Emerging evidence thus suggests that the effectiveness
of St. John’s wort may have been overestimated in the
past; this may have been due to publication bias. For in-
stance, concerns have been expressed about the number of
double publications.* In addition, identification of publica-
tion bias through visual inspection of funnel plots has been
difficult.® Therefore, we evaluated currently available evi-
dence with the following goals: (1) to reevaluate the effec-
tiveness of St. John's wort as an antidepressant, (2) to as-
sess the impact of publication bias, and (3) to explore any
other factors such as heterogeneity, small-study effects
(i.e., the tendency of smaller studiesin a meta-analysis to
show larger treatment effects) as complementary explana-
tions to publication bias,® and the effect of variability in
the clinical characteristics of the included trials.
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METHOD

Selection of Studies

We conducted and compared 2 meta-analyses: (1) a
reproduction of the meta-analysis by Whiskey et al.®
including 15 studies (Meta-15) and (2) the same analysis
extended by 3 studies*>’ published since then (Meta-18)
(see Table 2). MEDLINE and EMBASE searches for the
studiesin Meta-15 were conducted in June 2000; the addi-
tional studies in Meta-18 were identified in September
2003 using the same search strategy. No language restric-
tion was applied. Trials published from 1979 to 2003 in-
volving use of St. John’s wort in the treatment of depres-
sion were identified. Search terms used were &. John's
wort, hypericum, hypericin, depression, and antidepres-
sant. All reference sections from retrieved articles were
scrutinized for further relevant publications. U.W. and
O.H. abstracted the identified papers using a standardized
template. The quality of the trials was assessed by check-
ing random allocation, blinding, description of dropouts
and withdrawals, and availability of data for intention-to-
treat analysis. We then included trials that used the Hamil-
ton Rating Scale for Depression (HAM-D), 17- or 21-item
version, for the diagnosis of depression and that used a
uniform criterion of treatment success, i.e., 50% reduction
of baseline HAM-D score. Trialsin which St. John’s wort
was used in combination with other herbal preparations
and those that targeted other psychiatric conditions were
excluded. We also excluded trials that did not meet the
outlined criteria (Table 1).

Statistical Analysis

Both analyses were based on relative risks, and fixed
and random effect size models were calculated after
testing homogeneity using a p value of <.05. We then
conducted a funnel plot analysis for both trial sets and
compared the statistics on the hypothesis that publication
bias, i.e., the omission of negative studies, and small-
study effects, i.e., the preference for studies reporting
large effect sizes due to limited power, should be less in
the second meta-analysis including more studies. The fol-
lowing statistical procedures were used:

» Funnel plot; plotting the relative risk on the hori-
zontal axis against the sample size on the vertical
axis. If there were no biases, the plot would be
symmetrical, assuming the shape of an inverted
funnel. However, if such effects played arole, the
plot could be expected to be asymmetrical .°

» Begg's rank-correlation method using Kendal’s
tau correlating the standardized treatment effect
against the variance that is a measure of the
sample size.®

» Egger’s regression method, a linear regression of
the standard normal deviate (effect size divided by
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Table 1. Trials Excluded From the Meta-Analyses of St. John’s
Wort Studies

Study Reason for Exclusion

Favaet al, 2002° Reduction of HAM-D scoreto 8 or less
was used as the outcome criterion.
This exceeds a50% reduction in
score on either HAM-D version, and
thus the trial cannot be compared
with the others

Thetrial excluded placebo responders
after asingle-blind run-in phase and
thus was likely to overestimate
treatment effects systematically,
as exclusion of placebo responders
would have favored the St John’'s
wort group

Two centers with very high placebo
results were removed from the
analysis after termination of the
study, thereby violating the
intention-to-treat criteria

This report summarizes a trial*?
included in the meta-analyses

Abbreviation: HAM-D = Hamilton Rating Scale for Depression.

Volz et al, 2000°

Montgomery et al, 2000°

Kaufeler et al, 20011

precision) and precision.* This approach assumes
that when there is no publication bias or small-
study effects, they intercept will have an expected
value of 0, and the slope will be an estimate of the
true treatment effect. However, if there were bi-
ases, the regression line would not pass through 0,
and the size of the intercept could be taken as a
measure of the size of the bias.**

e Trim and fill, a method starting with a visua in-
spection of the funnel plot. The number of asym-
metric studies that are on the right (effective) side
of the funnel plot and have no left (ineffective)
counterpart is estimated. These trialsare then re-
moved, or “trimmed,” from the funnel, leaving
a symmetric remainder from which the true center
of the funnel is estimated by standard meta-
analysis procedures. The trimmed trials are then
replaced and their missing counterparts are im-
puted or “filled,” and the “true” treatment effect is
recalculated.™

» Meta-regression, aregression model assessing the
impact of trial characteristics on the treatment ef-
fect. This method is particularly useful for exam-
ining alternative explanations to publication bias
for heterogeneous effect sizes.’®

All statistics were calculated using STATA Version 7
(STATA Statistical Software, College Station, Tex.).

RESULTS

In Meta-15, 7 studies produced nonsignificant results.
This number increased to 10 studiesin Meta-18 (Table 2).

J Clin Psychiatry 65:5, May 2004
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Table 2. Studies of St. John’s Wort Versus Placebo

Study RR 95% ClI
Schmidt et al, 1989% 250 0.94 10 6.66
Halama, 1991'¢ 21.00 1.30 to 340.02
Reh et al, 1992%° 1.82 1.12t02.95
Lehrl et al, 1993%° 2.00 0.40t0 9.95
Quandt et al, 1993%* 9.67 3.181029.41
Schmidt and Sommer, 1993% 2.41 1.31t04.43
Héansgen et al, 199473 3.35 1.85t0 6.08
Hiibner et al, 1994% 1.56 0.89t02.73
Sommer and Harrer, 1994%° 2.37 1.39t0 4.04
Witte et al, 1995%° 1.43 1.03t0 1.98
Laakmann et al, 19987 1.50 0.92t0 2.46
Laakmann et al, 1998°72 1.19 0.70t0 2.03
Schrader et al, 1998 3.75 2.15t0 6.55
Philipp et al, 1999%° 1.20 0.94t0 1.52
Shelton et al, 2001%° 1.42 0.84t0 2.40
Kalb et al, 20017 1.45 0.92t0 2.29
Hypericum Depression Trial 0.88 0.64t01.21
Study Group, 2002*
Lecrubier et al, 2002° 1.24 1.00to 1.54

4 ower hyperforin content.
Abbreviation: RR = risk ratio.

Both meta-analyses were shown to be heterogeneous,
so only random effect size estimates are presented. In
Meta-15, St. John’s wort proved significantly more effec-
tive than placebo with an RR of 1.97 (Cl = 1.54 to 2.53).
The effect size was reduced in Meta-18 to an RR of 1.73
(Cl = 1.40t0 2.14).

On visual inspection of funnel plots, the Meta-18 plot
proved to be much more skewed than the Meta-15 plot
(Figures 1A and 1B), and this was statistically confirmed
using Begg's rank correlation, Egger’s regression, and the
trim and fill method (Table 3).

However, as the statistics cannot distinguish between
publication bias, other small-study effects, and trial char-
acteristics, we conducted a meta-regression. In afirst step,
we listed all possible variables for inclusion in the regres-
sion models. HAM-D baseline score was not included
because the HAM-D versions used varied between studies,
if information on the version was available at all. Placebo
response was also rejected, as it was a covariate to the
outcome. Sample size measured as SE of log RR, dose
(=900 or <900 mg), and language of publication were
included (Table 4).

In the resulting models (Table 5), ratios of RRs below
1 reflect asmaller treatment effect of St. John’swort. Both
models, Meta-15 and Meta-18, showed similar results. On
univariate analysis, decrease in sample size (expressed as
unit increase in SE of log RR) was associated with in-
creasein effect sizein both meta-analyses. Additionally, in
Meta-18, publication in English was associated with de-
creased effect size. On multivariate regression, language
of publication became insignificant. The impact of effect
size weakened, although it remained highly significant.

As more recent studies produced a reduction in effect
size (Table 1), we conducted a stepwise meta-analysis
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Figure 1. Funnel Plots for 2 Meta-Analyses of St. John’s Wort
Studies
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Table 3. Funnel Plot Statistics for 2 Meta-Analyses of St.
John’s Wort Studies

Statistical Test Meta-15 Meta-18
Begg's rank correlation, 49 (20.2)* 85 (26.4)**
Kendall’s score (SD)
Egger’s regression, bias (SD) 2.59 (0.70)** 2.68 (0.65)**
Trim and fill
No. of studies added 1 8
New risk ratio (CI) 1.94(1.51t02.50) 1.30(1.03to 1.64)
*p<.05.
**p <.005.

adding one study at atime, ordered by year of publication.
We estimated the pooled random effects at each step.
The cumulative, i.e., successive stepwise estimated, RRs
showed that the effectiveness of St. John’swort decreased
over time with the number of studies entered into the
meta-analysis (Table 6). This effect was demonstrable at
each step.

DISCUSSION
Our meta-analyses show that St. John’s wort may be

less effective in the treatment of depression than previ-
ously assumed. In our cumulative analysis, we al so identi-
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Table 4. Characteristics of St. John’s Wort Studies

Mean Total HAM-D Placebo
Study HAM-D Score Version Dose (mg) SE (log RR) Language Reponse (%)
Schmidt et al, 1989 >20 ? <900 0.50 German 20.0
Halama, 19918 <20 ? >900 1.42 German 0.0
Reh et al, 1992%° <20 ? <900 0.25 German 44.0
Lehrl et al, 1993%° >20 ? >900 0.82 German 8.0
Quandt et al, 1993% <20 21 <900 0.57 German 71
Schmidt and Sommer, 1993%? <20 ? > 900 0.31 German 273
Hansgen et al, 1994% >20 ? >900 0.30 German 23.7
Hiibner et al, 1994 <20 ? > 900 0.29 German 45.0
Sommer and Harrer, 1994%° <20 ? >900 0.27 English 23.6
Witte et al, 1995% >20 ? < 900% 0.17 German 51.0
Laakmann et al, 1998% >20 17 >900 0.25 English 32.7
Laakmann et al, 1998% >20 17 <9002 0.27 English 32.7
Schrader et al, 19982 <20 21 <900 0.28 English 14.8
Philipp et al, 1999% >20 17 >900 0.12 English 63.8
Shelton et al, 2001%° >20 17 >900 0.27 English 18.6
Kalb et al, 20017 <20 17 <900 0.23 English 42.9
Hypericum Depression Trial >20 17 >900 0.16 English 50.0
Study Group, 2002*
Lecrubier et al, 2002° >20 17 >900 0.11 English 42,0

&Contains only 0.5% hyperforin.

Abbreviations: HAM-D = Hamilton Rating Scale for Depression, RR = risk ratio. Symbol: ? = not reported.

Table 5. Meta-Regression of St. John’s Wort Studies

Univariate Analysis

Controlling for All Variables

Ratio of RRs Ratio of RRs

Study Characteristic (95% ClI) p (95% ClI) p
Sample size, unit increase in SE of log RR

Meta-15 11.89 (3.43t041.13) <.001 8.77 (2.11 t0 36.43) <.01

Meta-18 13.98 (4.27 to 45.71) <.001 8.98 (2.36 t0 34.11) <.005
Dose, < 900 vs > 900 mg

Meta-15 0.86 (0.51 to 1.44) NS 0.93 (0.64 to 1.34) NS

Meta-18 0.79 (0.50 to 1.26) NS 0.92 (0.67 to 1.26) <.05
Language, German vs English

Meta-15 0.69 (0.431t01.11) NS 0.85 (0.58 to 1.25) NS

Meta-18 0.61 (0.41 to 1.90) <.01 0.80 (0.57 to 1.13) NS

Abbreviations: NS = not significant, RR = risk ratio.

fied atrend toward a decrease in effect size as the number
of studies available over time increased. In addition, we
were able to highlight the importance of exploring indi-
vidual study characteristics beyond standard statistical
testing to gain insight into the full scope of factorsthat af-
fect heterogeneity of effect sizes.

Our findings were more suggestive of variability in the
clinical trial characteristics and small-study effects rather
than publication bias, although the latter two are related.
We initially assumed that such effects would become less
important as the number of studies included in the meta-
analysis increased. However, we found that these effects
were not identifiable in Meta-15 and only became obvi-
ous when 3 further studies were added in Meta-18; this
suggests that meta-analyses relying on small studies not
only may overestimate effect size but also are not suffi-
ciently powerful to detect publication bias, small-study
effects, and effects of trial characteristics.

In our meta-regression, both univariate and multivari-
ate analyses showed that sample size was the only statisti-
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cally significant factor; dose and language of publication
were not relevant. Language of publication was signif-
icant in Meta-18, but this was lost when we controlled for
the other 2 variables. Ideally, we would have included se-
verity of depression as a factor in our regression models
because baseline severity is likely to have an impact on
treatment impact. However, this was not possible as the
studies did not offer a consistent definition of mild, mod-
erate, and severe depression, and severa studies did not
indicate which version of the HAM-D was used. Future
trials should apply much stricter baseline criteria mini-
mizing overlap between categories of depression. Also,
the RCTs did not mention how standardized use of the
HAM-D was ensured.

We aso looked at the discrepancy between the re-
sponse to St. John’swort and placebo, since both could be
expected to follow the same trend. We found that in 6
trials, the placebo response was below 20%.™17192026.27
Only in the Lehrl et a.” and Shelton et al.” trials were
the placebo responses consistent with relatively low

J Clin Psychiatry 65:5, May 2004
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Table 6. Cumulative Pooled RR Estimates for St. John’s Wort Studies

No. of Studies
in Meta-Analysis Study Added in This Step Cumulative RR 95% ClI
1 Schmidt et al, 1989 2.50 0.94 t0 6.66
2 Halama 1991'8 4.78 0.70t0 32.6
3 Reh et al, 1992%° 2.33 1.15t0 4.72
4 Lehrl et al, 1993%° 2.06 1.34t03.19
5 Quandt et al, 1993% 3.34 1.54t07.27
6 Schmidt and Sommer, 1993% 2.89 1.69 to 4.95
7 Hansgen et al, 19947 291 1.90to 4.46
8 Hiibner et al, 1994 2.60 1.76 t0 3.83
9 Sommer and Harrer, 19942 251 1.82t0 3.46
10 Witte et al, 1995% 2.30 1.68t03.14
1 Laakmann et al, 1998%7 2.16 1.63t0 2.86
12 Laakmann et al, 1998°72 2.03 1.55 to 2.65
13 Schrader et al, 1998*2 2.17 1.65t0 2.85
14 Philipp et al, 1999% 2.04 1.56 t0 2.67
15 Shelton et al, 2001%° 1.97 1.54t02.53
16 Kalb et al, 20017 191 1.52 to 2.40
17 Hypericum Depression Trial Study Group, 2002* 181 1.43t02.29
18 Lecrubier et al, 2002° 173 1.41t02.14

4 ower hyperforin content.
Abbreviation: RR = risk ratio.

hypericum responses. Therefore, the possibility arises
that a systematic bias was introduced into the other stud-
ies, e.qg., during recruitment, randomization, or conduct
of the study. The difference in response between St.
John’s wort and placebo was not included as a variable
in the meta-regression as cutoff points for the response
differences would be arbitrary and a covariate to the
outcome variable. Nevertheless, exploring the effects of
variability in the clinical trial characteristics through
techniques such as meta-regression may reveal the lim-
ited utility of funnel plot analysis and statistical tests
in accounting for heterogeneity of effect sizes in meta-
analyses. Systematic evaluation of trial characteristics
for potentia inclusion into meta-regression is useful to
identify major methodological problems that may not be
highlighted otherwise. Thus, funnel plot and statistical
tests identify bias, but not its cause, and meta-regression
may be required to identify the factors that drive the
outcome of a meta-analysis. This approach is preferable
to the exclusion of smaller studies of presumably lower
quality, which would introduce a further bias as the
studies had met the inclusion criteria set forth prior to
anaysis.

Given that there was atrend toward reduction of effect
size, can St. John's wort still be recommended for the
treatment of depression? If the trend continued, then St.
John’s wort might finally be proven to be ineffective.
This prediction is supported by the trim and fill statistic
for Meta-18, which showed that after imputation of 8
additional studies to achieve funnel plot symmetry, the
effect size was reduced to 1.30, which was just margin-
ally significant with a confidence interval of 1.03 to 1.64.
On the other hand, effect sizes for conventional antide-
pressants are also surprisingly low. For instance, a meta-
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analysis by Bech et al.* found that 37.8% of patients re-
sponded to fluoxetine and 24.2% responded to placebo.

Inclusion of unpublished studies could have reduced
the effect size of St. John’s wort further. However, the
goal of our study was to demonstrate the statistical
assessment of publication bias, thereby making a pub-
lished meta-analysis robust in the light of emerging data.
It would be impossible to identify all unpublished data
available, and inclusion of some unpublished studies but
not others would be arbitrary.

The question of whether St. John’s wort is effective
in patients with mild depression remains unresolved.
Approximately 7 groups of pharmacologicaly active
compounds have been identified from preparations of
Hypericum perforatum.®* Suggested modes of antide-
pressive action include monoamine oxidase inhibition
and GABAergic activity,* monoamine reuptake,** up-
regulation of 5-HT,, and 5-HT,, receptors,® and modula-
tion of cytokine production thought to be involved in the
development of depression in susceptible individuals.*

Although the active ingredient is currently considered
to be the extract in toto,* attempts have been made
to identify the pharmacologically active substance. Hy-
pericin, a red photosensitive pigment, was originally
thought to be responsible for the antidepressant effect.®%
However, recent in vitro receptor binding studies demon-
strated that pure hypericin had affinity only for N-methyl-
p-aspartate receptors.* Studies now seem to indicate that
hyperforin inhibits the reuptake of monoamines and thus
may be the pharmacologically active component.**** Fu-
ture trials should test extracts in which the hyperforin
content is maximized.

The side effects of St. John's wort resemble those
of conventional antidepressants, albeit at lower frequen-
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cies than are seen with other antidepressants. The meta-
analysis by Whiskey et al.® reported pooled side effects
that included dry mouth (3.7%), headaches (1.8%), nausea
and vomiting (1.6%), fatigue/sedation (1.2%), abdominal
pain (1.3%), vertigo and dizziness (1.0%), and restless-
ness (1.0%). Because of its serotonergic properties, St.
John’swort islikely to interact with other serotonergic an-
tidepressants and increase the risk of serotonin syndrome,
which has already been reported for several selective sero-
tonin reuptake inhibitors and serotonin-norepinephrine re-
uptake inhibitors.”>** In addition, St. John’s wort induces
cytochrome P450 3A4, 1A2, and 2C9 and interacts with a
variety of drugsincluding human immunodeficiency virus
(HIV) protease inhibitors, HIV non-nucleoside reverse
transcriptase inhibitors, warfarin, cyclosporin, oral contra-
ceptives, anticonvulsants, digoxin, and theophylline.*~®
These adverse factors are important since St. John’s wort
is often recommended as a“safe” and “natural” treatment
for depression and, because of this, the possibility of rela
tively less robust efficacy compared with synthetic anti-
depressants is often willingly accepted by patients and
prescribers. Increased awareness of the possible adverse
consequences of St. John's wort coupled with increased
doubt over its efficacy may well alter significantly patient
and prescriber perceptions.

Our study has highlighted the need to systematically
evaluate publication bias and small-study effects when
conducting meta-analyses. In doing this, we have cast
considerable doubt on the efficacy of St. John’'s wort.
Although our meta-analyses indicated that St. John’s wort
was effective in the treatment of depression, we estab-
lished a trend toward reduction of cumulative effect size
over time. St. John’swort may finally be shown to beinef-
fectiveif future trials continue this trend. Clinicians need
to bear thisin mind when discussing the use of St. John's
wort with their patients.

Drug names: cyclosporin (Gengraf, Neoral, and others), digoxin
(Lanoxin and others), fluoxetine (Prozac and others), theophylline
(Aerolate, Theo-24, and others), warfarin (Coumadin and others).
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