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REVIEW ARTICLE
Isoflavones versus hormone therapy for reduction of vertebral
fracture risk: indirect comparison
Rafael Bolaños, MD, MSc,1 and José Francia, MD, MSc2
Abstract
Objective: The aim of this study was to conduct an indirect comparison of the results from meta-analyses that
evaluated the incidence of osteoporotic vertebral fracture in postmenopausal women exposed to hormone therapy
(HT) or isoflavones.
Methods: Systematic review and meta-analysis of HT and isoflavones related to the reduction of vertebral
fracture risk in osteoporotic women versus the same control (placebo) were undertaken. Then, the combination of the
overall results obtained from these two meta-analysis (indirect comparison) was adjusted to the common control
(placebo).
Results: The indirect odds ratio (OR), obtained from the combination of both individual meta-analyses, was
calculated by using the following equation: OR(indirect) = OR(HT)/OR(isoflav), with a total indirect variance equivalent
to the following equation: var(total) = var(HT) + var(isoflav). These calculations yielded a point estimate of 1.56 (95%
CI, 0.39-6.19) for the indirect OR.
Conclusions: According to this indirect comparison, there is no statistically significant difference between HT or
isoflavones in the reduction of vertebral fracture risk due to osteoporosis, and both interventions seem to be similar
for this outcome.
Key Words: Hormone therapy Y Isoflavones Y Fracture Y Indirect comparison.

T

here is growing evidence about the positive effect of
isoflavones in the inhibition of bone resorption and in
the increase in bone mineral density (BMD).1 As far as
we know, there are very few clinical trials that have evaluated
the relationship between isoflavone consumption and osteoporotic fracture risk as the final variable of interest, which is a
critical point when pondering the actual usefulness of these
agents. Moreover, such trials have been conducted with relatively small samples and the incidence of fractures was a
secondary objective of the study. Nevertheless, the Shanghai
Women’s Health Study2 is the largest cohort study published
to date that evaluated the association between the routine
consumption of soy foods and the incidence of fracture in
24,403 postmenopausal women without fracture or cancer
background, between March 1997 and May 2000. This study
concluded that high consumption of soy foods may reduce the
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risk of fracture in postmenopausal women, particularly in the
early postmenopausal years. The results from a previous metaanalysis3 concluded that there is a significant trend in favor of
isoflavones for the reduction of osteoporotic fracture risk.
On the other hand, intervention with hormone therapy (HT)
to reduce the risk of osteoporotic fracture has been evaluated
in some previous meta-analyses4,5; however, none of them
included the results from the Women’s Health Initiative
(WHI)6 study, one of the most important clinical trials
involving HT. Therefore, it would be important to update the
evidence by including its results.
Indirect treatment comparison (ITC) is the method by
which two independent meta-analyses are combined, each one
confronting a different intervention versus the same control.
This analysis has proven to be very useful when there are no
Bhead-to-head[ comparisons, and its methodology has been
reviewed in several previous publications.7 Thus, this review
intends to establish an indirect comparison of the efficacy
between both interventions (HT and isoflavones) by using the
results found in the corresponding meta-analyses that compared
the efficacy of these interventions versus that of placebo.
The aim of this study was to conduct an indirect comparison of the results from systematic reviews that evaluated the
incidence of osteoporotic vertebral fracture in postmenopausal
women exposed to HT or isoflavones.
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METHODS
Study inclusion criteria
The systematic review for each intervention (HT or isoflavones) was developed by using the following research
question: Does the use of isoflavones or HT, as compared with
placebo, reduce the risk of vertebral fracture in postmenopausal women?
The search was limited to clinical trials, reviews, and metaanalyses in middle-aged adult women (945 y). No language
restrictions were made.

Review method
Three reviewers analyzed the published trials independently to assess their quality. The same reviewers also extracted
data from each study independently. We used the Jadad
scale,8 which comprises five basic criteria: (1) presence of
randomization, (2) description and adjustment of randomization, (3) presence of blinding, (4) description and adjustment of blinding, and (5) description of study losses and
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Duration, y
N (each group)
Dose, mg/d
Treatment
Age, y
Author (year)

The search for studies ended on September 15, 2009. We
looked up in the trials register of the Cochrane Osteoporosis
Treatment Study Group and in the Cochrane Controlled Trials
Register. We also searched the following databases: Medline,
Embase, ProQuest, BIREME, Trip Database, LILACS, and
Scielo.
The bibliographic research for the first three searching
formulas (previously described) detected three clinical trials,
one cohort study, and one meta-analysis.
The reference lists of these publications were thoroughly
reviewed to complete the search. Upon the completion of
this process, we could not find another prospective study or
systematic review that could join the five studies we had
previously found. We did not search for unpublished trials
or summary books of congresses on this topic, and we did
not make direct contact with the researchers of these studies.
We contacted several national and international experts to
request a bibliographic search supplementary to ours and to
ask them if they knew about other studies additional to
those already found by our team. However, these consultations did not contribute any additional information to
what we already had as a result of our bibliographic search.
The bibliographic search for the last two systematic
searches detected 17 studies, including one cohort study and
two meta-analyses.

TABLE 1. Summary of studies included in the meta-analysis for HT versus placebo

Search 1: (flavonoids or isoflavones) and (fracture)
Search 2: (flav* or isoflav*) and (fracture)
Search 3: (flav* or isoflav* or phytoestrogen) and (fracture
or bone)
Search 4: (hormone replacement or estrogen therapy or hormone therapy) and (fracture)
Search 5: (HRT or HT or ERT) and (fracture or bone)

Outcome

Search strategy for identification of studies
The following terms were initially used for searching the
articles:

Cauley et al (2003)12 (WHI)
50-79
CEE/MP
0.625/2.5
8,506/8,102
5.2
Vertebral fracture incidence
Yes
A
47-75
17A-Estradiol (dp)/MP
0.1 (for days 1-21)/10 (for days 11-21)
34/34
1
Vertebral fracture incidence
Yes
B
Lufkin et al (1992)13
64.9 T 0.5
CEE/norgestrel
0.625/0.15
15/14
4
Vertebral fracture incidence
Yes
A
Wimalawansa (1998)14
60-70
17A-Estradiol (dp)/NETA
0.050/1.0
17/19
2
Vertebral fracture incidence
Yes
B
Alexandersen et al (1999)15
45-65
17A-Estradiol/NETA
1.0/0.25-0.5
90/45
2
Vertebral fracture incidence
NS
B
Delmas et al (2000)16
65-77
CEE/MP
0.625/2.5
101/112
3
Vertebral fracture incidence
Yes
B
Gallagher et al (2001)17
CEE/MP
0.625/2.5
883/982
4.1
Vertebral fracture incidence
Yes
B
Cauley et al (2001) (HERS)18 66.7 T 6.7
45-58
Estradiol/NETA
2.0/1.0
502/504
5
Vertebral fracture incidence
Yes
B
Mosekilde et al (2000)19
20
965
CEE/MP
0.3/2.5
50/51
3.5
Vertebral fracture incidence
Yes
A
Recker et al (1999)
47-48
Mestranol
0.01-0.038
57/37
9
Vertebral fracture incidence
Yes
C
Lindsay et al (1980)21b
HT, hormone therapy; WHI, Women’s Health Initiative; CEE, conjugated equine estrogens; MP, medroxyprogesterone; dp, dermal patch; NETA, norethisterone acetate; NS, not specified; HERS, Heart and
Estrogen/Progestin Replacement Study.
a
According to Jadad criteria: A, more than three Jadad criteria; B, three Jadad criteria; and C, fewer than three Jadad criteria.6
b
Prospective cohort study.
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TABLE 2. Summary of studies included in the meta-analysis for isoflavones versus placeboa
Author, year
Maugeri et al (1994)9

Age, y

Treatment

N
Dose, mg/d (each group) Duration, y

Outcome

965

Ipriflavone + calcium
600
41/43
2
Vertebral fracture
supplement (1,000 mg/d)
incidence
Passeri et al (1995)10
65-79 Ipriflavone + calcium
600
20/20
2
Vertebral fracture
supplement (1,000 mg/d)
incidence
Alexandersen et al (2001)11 45-75 Ipriflavone + calcium
600
132/160
3
Vertebral fracture
supplement (500 mg/d)
incidence
a
All studies were clinical trials.
b
According to Jadad criteria: A, more than three Jadad criteria; B, three Jadad criteria; and C, fewer than three Jadad criteria.6

withdrawals. According to Jadad’s original study, every
experimental clinical trial that gathers three or more criteria
may be considered of sufficient quality.
The indirect odds ratio (OR), obtained from the combination of the results from both individual meta-analyses, was
calculated by using the following equation: OR(indirect) =
OR(HT)/OR(isoflav), with a total indirect variance equivalent to
the following equation: var(total) = var(HT) + var(isoflav). Random effects model was used in each meta-analysis.
STATA version 10 was the software used for the indirect
meta-analysis. The results for each study were expressed in
ORs and 95% CIs. The heterogeneity analysis was conducted
for each meta-analysis that synthesized the evidence of each
intervention. We also conducted the meta-regression of all the
studies (confronting the log OR vs the type of treatment) to
estimate the residual heterogeneity among the studies. The
level of significance to evaluate heterogeneity was defined as
P G 0.05.
RESULTS
The characteristics of the studies included for the metaanalyses of HT and isoflavones are shown in Tables 1 and 2,
respectively.
The systematic review that corresponds to the efficacy of
isoflavones versus a placebo in the reduction of vertebral
fracture risk identified three controlled, randomized clinical
trials9<11 and one prospective cohort study,2 whose results
were combined in a subsequent meta-analysis.3 Then, we
conducted a new meta-analysis considering only the inclusion
of the three clinical trials, since the cohort study did not show
its results in accordance with the type of fracture. We finally
used the results from this new meta-analysis for the indirect
comparison with HT (Table 3).
TABLE 3. Meta-analysis of isoflavones versus placebo for reduction
of vertebral fracture risk (Random Effects Model)
Study

OR

95% CI

% Weight

0.149
0.031-0.722
28.63
Maugeri et al (1994)9
0.306
0.075-1.246
31.27
Passeri et al (1995)10
1.231
0.516-2.938
40.09
Alexandersen et al (2001)11
D + L pooled OR
0.435
0.117-1.625
100.00
Heterogeneity W22 = 6.50, P = 0.039. I 2 (variation in OR attributable to heterogeneity) = 69.2%. T2 (estimate of between-study variance) = 0.9299. Test
of OR = 1: z = 1.24, P = 0.216.
OR, odds ratio; D+L, DerSimonian and Laird.

Radiograph evidence Quality
of incident fracture scoreb
Yes

B

Yes

B

Yes

B

On the other hand, the systematic review that corresponded
to HT efficacy versus placebo in the reduction of vertebral
fracture risk identified 14 clinical trials,12<20,22<26 one cohort
study,21 and two previous meta-analyses.4,5 Then, we conducted a new meta-analysis versus placebo for the subsequent
indirect comparison with isoflavones (Table 4). Nevertheless,
of the 15 studies we found in our review, we chose only 10 for
the new meta-analysis, because 5 of them did not comply with
our inclusion criteria.22<26 The reason for the exclusion was the
absence of report of the incidence of vertebral fracture.
The combined OR of the meta-analysis that compared HT
versus placebo under the random effects model was 0.68 (95%
CI, 0.46-1.01), with a variance of 0.04. The combined OR of
the meta-analysis that compared isoflavones versus placebo
under the random effects model was 0.44 (95% CI, 0.121.63), with a variance of 0.45. The indirect OR calculation
yielded an estimated value of 1.56 (95% CI, 0.39-6.19). To
estimate the residual heterogeneity among the studies, a
weighted regression model was then fitted with the log OR as
the outcome and the type of treatment as the predictor. The
model weighted each study according to the inverse variance. The random effects meta-regression was used because
it allows for unexplained variability between treatment
groups. The meta-regression model estimates a single T2 to
describe the residual heterogeneity among all trials having
accounted for the difference in estimates between trials
comparing placebo versus HT and trials comparing placebo
TABLE 4. Meta-analysis of HT versus placebo for reduction of
vertebral fracture risk (Random Effects Model)
Study

OR

95% CI

% Weight

0.649
0.436-0.967
39.69
WHI (2003)12
0.475
0.160-1.412
11.01
Lufkin et al (1992)13
0.277
0.044-1.756
4.29
Wimalawansa (1998)14
15
3.545
0.135-93.012
1.43
Alexandersen et al (1999)
16
0.096
0.005-2.046
1.63
Delmas et al (2000)
2.242
0.200-25.110
2.58
Gallagher et al (2001)17
0.757
0.372-1.543
21.09
HERS (2001)18
21
0.114
0.013-1.022
3.11
Lindsay et al (1980)
2.024
0.606-6.766
9.25
Mosekilde et al (2000)19
0.750
0.159-3.536
5.93
Recker et al (1999)20
D + L pooled OR
0.680
0.458-1.010
100.00
Heterogeneity W29 = 10.65, P = 0.300. I 2 (variation in OR attributable to
heterogeneity) = 15.5%. T2 (estimate of between-study variance) = 0.0613.
Test of OR = 1: z = 1.91, P = 0.056.
HT, hormone therapy; OR, odds ratio; WHI, Women’s Health Initiative;
HERS, Heart and Estrogen/Progestin Replacement Study.
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versus isoflavones (T2 = 0.17). For this T2 value, the percentage residual variation due to heterogeneity was 35.87%
(I2 = 0.3587).
DISCUSSION
The previous meta-analysis from Bolaños et al,3 which
evaluates the efficacy of isoflavones in the reduction of fracture
risk, is composed of three randomized clinical trials and one
prospective cohort study. The combination of results from
clinical trials (experimental designs), together with prospective
cohort studies (observational designs), is a valid model when
there is compatibility in the objectives of the study and when
both designs have sufficient quality to be included into the
combined analysis. It is very important to highlight this current
epidemiological trend because the combination of both designs
allows for more information when there are common objectives.27 Nevertheless, such a cohort study was excluded from
our new indirect meta-analysis because it did not show results
regarding the type of fracture.
Because of the significant heterogeneity obtained when
we combined these three studies, it was pertinent to use the
random effects model to obtain the estimation for the overall
effect.28 According to the final results, the overall effect of
isoflavones (combined OR) obtained an OR value of 0.44
(95% CI, 0.12-1.63), with a variance of 0.45, and these
results were used for this adjusted indirect comparison
(Table 3).
The meta-analysis of Guyatt et al,4 which compares HT
with placebo, combines the results from six clinical trials that
evaluated vertebral fracture risk among its objectives, but its
analysis did not include the results from the WHI trial,6 which
could be considered a weakness, taking into account that the
WHI trial is a primary prevention study in the assessment of
osteoporotic fracture risk with the use of HT. The results from
this meta-analysis show an overall effect favorable to HT,
reaching an estimated OR value of 0.68 (95% CI, 0.461.01). Although the previous meta-analysis of Torgerson and
Bell-Syer5 considered a greater number of studies, its results
were similar to those of Guyatt et al4; however, it did not
include WHI trial findings either. This is why we decided to
conduct a new systematic review under the inclusion criteria
considered by our work team. We finally conducted the new
analysis including 10 studies that were valid enough to be
combined (Table 4).
The indirect OR, obtained from combining the results
from both individual meta-analyses, was 1.56 (95% CI,
0.39-6.19); thus, no significant difference was found between
both interventions.
Based on these reviews, the indirect comparison between HT and isoflavones to reduce osteoporotic vertebral
fracture risk suggests that there is still no sufficient evidence
to ensure that there is a statistically significant and robust
difference between these two interventions. That is, both
could be equally efficacious versus placebo. Nevertheless, it
is important to point out some weaknesses of this study.
First, clinical trials with isoflavones that gather information
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about vertebral fracture risk are still scarce. The combination
of the results shows an important heterogeneity, which must
be evaluated in future studies with similar designs. At this
point, there may be potential explanations for the lack of
efficacy of ipriflavone observed in the study of Alexandersen
et al11; for example, statistical power was not sufficient to
detect statistically significant differences between the ipriflavone group and the placebo group because fracture incidence was considered as a secondary endpoint, or it could be
questioned if the population studied was too old or had too
little bone mass. Second, in our analysis, we considered
vertebral fracture to be the most important outcome because
it occurs at a metabolically very active anatomic location and
it is usually an early complication of osteoporosis, although
its clinical assessment is more prone to error in subclinical
cases that have only radiological interpretation. Third, HT
was heterogeneous with respect to the route of administration, the hormones used, and the dose, which could imply
important differences in the long-term efficacy and safety.
Fourth, in the studies that evaluated the intervention with
isoflavones, ipriflavone (synthetic isoflavone that is metabolized to genistein [10%] by the action of the intestinal flora)
was used, which could generate differences in the magnitude
of the efficacy, considering that the main sources of isoflavone (eg, soy) are composed of a mixture of these compounds (genistein, daidzein, and glycitein).
It will be important to carry out new comparative (head-tohead) clinical trials that assess these two available alternatives (HT and isoflavones) in the fragility fracture risk,
considering that there are still very few studies that have
focused on this point and take BMD (and not the fracture
incidence) as the primary outcome of the analysis. For
example, in a comparative head-to-head design, Morabito
et al29 evaluated the efficacy and safety of HT versus a
genistein concentrate in the bone mass. Both interventions
(HT and isoflavones) differed significantly from the placebo
with regard to the changes in BMD; however, the authors did
not find significant differences in the magnitude of the effect
between both treatments.
ITC can provide useful information, but this analysis may
have some limitation. ITC requires extrapolation from known
results to situations in which a study has not been done, and
therefore, the validity of ITC estimates may be questionable.
Significant differences may exist between trials that compare
one treatment to a control and trials that compare another
treatment to the same control. Thus, the two sets of trials may
be characterized by differences in patient characteristics, and
such heterogeneity between patients may result in a different
effect linking the treatment of interest. Differences in the
length of follow-up, measurement of outcomes, and diagnostic criteria may also yield very weak results.30
Keeping in mind these observations, if a comparison
between two treatments is of relevance and randomized controlled clinical trial (direct evidence) cannot be conducted,
investigators may proceed to an indirect comparison and
interpret, with caution, results based on such analyses. Making
* 2010 The North American Menopause Society
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reasonable ITCs is useful for healthcare decision makers who
face the option of performing an ITC or who rely on information generated through indirect evidence. Moreover, combining both direct and indirect evidence in the evaluation of
two interventions may provide more precise estimates, as
indicated by narrower CIs, than do results based on direct
evidence alone.30
CONCLUSIONS
According to this ITC, there is no statistically significant
difference between HT and isoflavones in the reduction of
vertebral fracture risk due to osteoporosis, and both interventions seem to be similar for this outcome.
Acknowledgments: We thank Paola Laverde for her valuable and
professional support in the systematic review.
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