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Soy may be a suitable food for anti-obesity efforts because of its high protein and isoflavone content. We conducted this meta-analysis to

evaluate potential effects of soy and soy isoflavones on weight, waist circumference, and fat mass. PubMed, MEDLINE, Scopus, EMBASE, and
Cochrane databases were searched. Twenty-four trials with soy and 17 trials with isoflavones passed the eligibility stage. According to the results,
soy showed no overall statistically significant effect on weight, waist circumference, or fat mass, but a significant increasing effect on weight was
observed in some circumstances: for instance, in obese subjects [mean difference (MD): 0.80 kg; 95% Cl: 0.15, 1.45 kg; P = 0.02], with ingestions of
=40 g soy protein/d (MD: 0.94 kg; 95% Cl: 0.11, 1.77 kg; P = 0.03), with short-term applications (1-3 mo) (MD: 0.45 kg; 95% Cl: 0.05, 0.86 kg;
P =0.03), and when soy was compared with meat (MD: 0.36 kg; 95% Cl: 0.09, 0.64 kg; P = 0.03) and whey protein (MD: 1.53 kg; 95% CI: 0.10, 2.96 kg;
P =0.04). In contrast to the effects of soy on weight, soy significantly decreased waist circumference in older ages (MD: —0.36 cm; 95% Cl: —0.71,
—0.01 cm; P = 0.04), in women (MD: —0.32 cm; 95% ClI: —0.57, —0.08 cm; P = 0.01), and at doses of <40 g soy protein/d (MD: —0.31 cm;
95% Cl: —0.57, —0.05 cm; P = 0.02). Isoflavone studies, conducted only in women, showed that isoflavones may reduce body mass index (BMI;
in kg/m?) (MD: —0.26; 95% Cl: —0.55, 0.04; P = 0.085), especially in dosages <100 mg/d (MD: —048; 95% Cl: —0.90, —0.06; P = 0.02) and in
intervention periods of 2-6 mo (MD: —0.28; 95% Cl: —0.56, 0.00; P = 0.053), but no effect was observed in higher doses or longer intervention
periods. Also, a trend for reduced BMI after consumption of isoflavones was observed in Caucasians (MD: —0.35; 95% Cl: —0.74, 0.04; P = 0.08). Overall,
results showed that, although soy is the major source of isoflavones, soy and isoflavones may have different impacts on weight status. Adv Nutr

2017,8:705-17.
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Introduction
Soy has been approved as a health-promoting food because
of its biological effects in prevention of metabolic disorders,
such as hyperlipidemia, cardiovascular diseases, and type 2
diabetes (1). These beneficial effects are supposed to be ex-
erted by constituents such as unsaturated fats, fiber, and the
high content of protein and isoflavones (2).

Both animal and human studies have shown the effect of
dietary soy protein on weight control and prevention of
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obesity (3). Inhibition of hepatic lipogenic enzymes and
FA synthesis, simulation of muscle FA oxidation, elevation
of plasma concentration of adiponectin, and increased fecal
TG excretion are some of the mechanisms proposed for the
anti-obesity effect of soy proteins (3). In a number of clinical
trials, the effect of soy consumption on weight and other
obesity-related variables has been examined. However, no
meta-analysis on the issue has yet been published to our
knowledge. In the current work, we collected the available
data from controlled clinical trials examining the effect of
soy or soy isoflavones on weight or BMI (in kg/m?), waist
circumference, and fat mass in healthy adults aged =18 y.
There is a somewhat similar meta-analysis by Zhang et al.
(4) who found beneficial effects of soy isoflavones on body
weight and glucose metabolism in non-Asian postmenopausal

705


https://doi.org/10.3945/an.117.015370

women. The ways this analysis differentiates from the previous
one are the main subject, which is soy, the lack of limitation on
study subjects (both sexes, all adulthood ages), and the separate
meta-analyses on soy and soy isoflavones.

Methods

This systematic review and meta-analysis was performed in accor-
dance with the guidelines of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses at all stages of design, implementation,
and reporting (5).

Search

We searched PubMed (beginning 1950), MEDLINE (beginning 1946), Scopus
(beginning 1966), EMBASE (beginning 1947), and Cochrane (beginning
1992) databases from the earliest online available date through August 2016
to find controlled clinical trials examining the effect of soy or isoflavones
on weight, BMI, waist circumference, fat mass, and abdominal fat mass in
healthy adults aged =18 y. We included isoflavone reports because soy con-
tains considerable amounts of isoflavones, which are phytochemicals that
have known biological effects on weight and metabolic pathways.

Search terms were as follows: soy, isoflavones, weight, BMI, waist cir-
cumference, obesity, overweight, obese, adiposity, adipose, abdominal cir-
cumference, and fat mass. In the PubMed search, soy, isoflavones, body
weight, obesity, overweight, adiposity, BMI, and abdominal fat were used
as MeSH terms. One investigator searched the literature, and 2 independent
investigators screened titles and abstracts and assessed full texts for qualify-
ing eligibility. There was little disagreement between the 2 investigators in
the screening and eligibility steps, and differences were resolved through
scrutinized reassessment. The search was limited to adults. No restriction
on language was applied.

Eligibility criteria

Clinical trials needed to be controlled and randomized, but blindness was
not a requirement because in some studies soy was administered in the
form of soybean or soy-containing foods, where blindness was not possible.
Subjects were apparently healthy and normal weight, overweight, and obese,
but underweight subjects were excluded. Trials examining diseases were not
included, apart from those on hyperlipidemia or nonalcoholic fatty liver
disease because such conditions do not have an impact on weight (obesity
is a causative factor of both, but neither one affects weight).

There was no restriction on the type of study (parallel or crossover), the
type of treatment (diet or pure compounds), or length of intervention, and
studies were included if a full description of the intervention and control
treatments, including diets, the inclusion and exclusion criteria, and suffi-
cient information on the study outcomes, was reported and confounding
factors were appropriately controlled. Studies were included if sufficient in-
formation on weight, BMI, waist circumference, or fat mass was reported.
Trials were excluded for the following reasons: the dose of treatment was
not reported; the study included mixed diets where the amount of soy in
the diet was not determined and controlled; an incomparable control was
used or isocaloric diets were not used for treatment and control groups;
weight change was prevented during the intervention; there was a great
difference in the calcium content of the treatments; soy ingredients
such as B-conglycinin, soy polysaccharides, and soy oil were used (but
soy protein was allowed); soy varieties other than regular soy, such as
black soy, or tofu or fermented soy products were used; and the number
of participants in the control and treatment arms was not clearly reported.
Repeated publications and reports with insufficient information for ob-
taining mean and SD (or SE) were also excluded. For isoflavones studies,
trials were excluded if the isoflavones used were products of other plant
sources or if the trials used single isoflavone compounds, such as daidzein
and genistein.

Statistical analysis
The mean difference (MD) and SD of the difference between baseline and post-
intervention for control and intervention groups (or control and intervention
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conditions in crossover studies) were used to calculate pooled overall effects.
The SD of the MD was calculated by using the following equation:

SDgi* = SD} 4 SD2—2 X r X SD, X SD, (1)

Where SDy;¢ is the standard deviation of the mean, SD, and SD, are SDs of
baseline and postintervention values, and r (r = 0.5) is a coefficient for the
correlation between baseline and postintervention values (6).

In trials in which SEs were reported, the SD was calculated from the SE
multiplied by square root of the sample size:

SD = SE X square root of the sample size(y/n) (2)

Statistical heterogeneity was assessed with the I° test by using random
inverse-variance heterogeneity (6). I* values >50% were considered moder-
ate heterogeneity. To delineate the sources of heterogeneity, the subgroup
analysis was performed based on the BMI of participants [in normal
(BMI <25), overweight (BMI = 25-29.9), and obese (BMI =30) categories
(7)1, age [younger ages (<50 y), young and old ages (e.g., 2060 y), and
older ages (>45-50 y) for soy trials; premenopausal, perimenopausal,
and postmenopausal women for isoflavone trials], sex (men, women,
and both), ethnicity (Caucasians compared with Asians), treatment dose
(<40 compared with =40 g soy protein/d; <100 compared with
=100 mg isoflavones/d), intervention period (1-3 compared with 4-24 mo
for soy protein; 2—6 compared with 10-12 mo for isoflavones), and the
type of control group (meat, whey protein, casein or whole milk, and usual
diets and cereals). The basis of categorization of the treatment dose and in-
tervention length for the subgroup analysis was the median of each classifica-
tion. For isoflavones, the subgroup analysis for the type of control and sex was
not performed because in all trials a nonactive placebo was used for the con-
trol group and the participants in all studies were women. Publication bias
was determined by visual evaluation of funnel plots and Egger’s and Begg’s
tests (8). STATA software version 12.0 (StataCorp) was used for data analysis.

Results

Search results

After the search of the 5 databases, 3005 publications were
identified, of which 2828 were excluded based on the title
and abstract (1566 duplicates and 1262 irrelevant studies)
(Figure 1). Full texts of 195 reports were assessed for eligibil-
ity, of which 157 citations were excluded for various reasons,
such as no reporting on obesity-related anthropometric mea-
sures, an inappropriate control group, the prevention of
weight change during the intervention, use of soy mixed
with other weight-affecting compounds, and insufficient in-
formation. Finally, 41 clinical trials were selected for the
meta-analysis, 24 trials with soy (4 from 2 publications) and
17 trials with isoflavones (2 from 1 publication).

A total of 1634 and 1113 subjects were entered in the
meta-analyses of soy and isoflavones, respectively. In all of
these studies, soy or isoflavones were administered in spec-
ified and designated ways regarding both the dose and the
nature of implementation while controlling for calories,
protein, and other important weight-affecting compounds.
All of the trials had a parallel design except for one crossover
(with 2 treatment arms) (9) among soy trials and another
(10) among isoflavone trials. Table 1 presents a summary
of the studies included.

Soy publications mostly used either whole soy (9, 15, 17,
18, 21, 24, 26, 28, 31) or isoflavone-containing soy protein
(9, 11, 13, 14, 16, 19, 20, 23, 25, 27, 29). Only a few studies
(12, 20, 22, 30) used isoflavone-free soy protein isolate.
However, subgroup analysis did not show a noticeable



References identified
(n=3005)

Assessed for eligibility products, ...

- 2828 references excluded:
- 1566 duplicates
- 1262 irrelevant studies: animal and cross-
sectional studies, weight-affecting medical
conditions, undernourished subjects, muscle
synthesis purposes, soy components other
than protein and isoflavones, fermented soy

(n=177)

- 136 excluded:

Used in meta-analysis =

- Obesity indexes not measured: n =75
- Repeatedreports: n =13

- Prevention of weight change: n = 4

- No or unsuitable control: n =10

- Incomparable diets:n =3

- Unequal amount of calcium: n =5
Mixed soy treatments: n =9
Insufficient information: n =17

FIGURE 1 Summary of the
screening and selection process
of trials included in the meta-
analysis of the effect of soy and
soy isoflavones on obesity-related
anthropometric measures.

(n=41) -
Soy trials Isoflavone trials
(n=24) (n=17)

difference between the results of studies with isoflavone-
containing compared with isoflavone-free soy treatments.

Of the soy trials, 7 trials were performed on normal-
weight (14, 19-22, 26), 7 on overweight (9, 11, 15, 18, 23,
24), and 10 on obese individuals (12, 13, 16, 17, 19, 27—
31). Of the isoflavone trials, 8 were performed on normal-
weight (10, 20, 25, 33, 38, 41, 43, 44), 6 on overweight
(35-37, 39, 42), and 3 on obese individuals (32, 34, 40).
One study from soy trials was conducted on men (30-65 y),
6 studies included both men and women (ranging in age
from 20 to 79 y), and 17 studies included only women (ages
18-70 y). However, all isoflavone studies (17 studies) were
conducted on women (ages 35-70 y). The amounts of the ad-
ministered soy protein and isoflavones ranged from 7.5 to
116 g and 33.3 to 300 mg, respectively. The length of interven-
tions was also quite variable, ranging from 4 wk to 2 y for soy
trials and from 8 wk to 2 y for isoflavones. Twenty-one, 17, 16,
and 10 of 24 soy publications measured weight, BMI, waist
circumference, and fat mass, respectively. The corresponding
numbers for the isoflavone publications were 8, 17, 5, and
7, respectively.

Effect of soy on weight

As stated, 21 of 24 soy trials evaluated the effect of soy con-
sumption on weight. Because the number of trials that exam-
ined the effect of soy on weight was more than those that
assessed BMI (21 compared with 17), the effect of soy con-
sumption on weight was evaluated. There was no overall effect
of soy consumption on weight [MD (soy minus control):
0.22 kg; 95% CI: —0.12, 0.56 kg; P = 0.2]. There was a mod-
erate heterogeneity (P = 50.4%; P = 0.005) between studies.
Subgroup analysis based on subjects’ BMI values revealed no
effect of soy on weight of normal-weight and overweight

subjects, but there was a significant weight increase in obese
subjects (P = 0.02) (Figure 2). Also, a slightly obesogenic ef-
fect of soy was observed in younger ages (<50 y) (P = 0.1)
(Supplemental Figure 1A). Sex did not show a significant
impact on the association, but the only trial on men showed
a significant obesogenic effect (Supplemental Figure 1B). Soy
protein in amounts of <40 g/d had no effect on weight,
but in doses of =40 g/d it increased weight (P = 0.03) (Figure
3). Regarding intervention length, weight increased during 1-3
mo of soy consumption (P = 0.03), but there was no effect
during 4-24 mo of consumption (Figure 4). A significant
positive effect of soy on weight was observed when soy was
compared with meat (P = 0.03) and whey protein (P = 0.04)
but not when compared with casein or whole milk and usual
diet and cereals (Supplemental Figure 1C). Subgroup analysis
based on ethnicity did not show a particular effect (data not
shown).

Effect of soy on waist circumference

Sixteen trials evaluated the effect of soy consumption on
waist circumference. There was no significant overall effect;
the overall pooled estimated MD was 0.40 cm (95% CIL:
—0.42, 1.22 cm) with substantial heterogeneity between
trials (I = 91.9%; P < 0.0001) (Table 2). Subgroup analysis
revealed that BMI, age, sex, treatment dose, and the type of
control affect the effect of soy on waist circumference (Table
2). For overweight subjects, those in older ages (>50 y), and
women; in a treatment dose of <40 g/d; and in comparison
with meat, soy may decrease waist circumference.

Effect of soy on fat mass
Ten trials examined the effect of soy consumption on fat
mass. There was no significant overall pooled effect
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BMI < 25 kg/m®

MD (95% CI)
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1
FIGURE 2 Forest plot of clinical BMI = 25-29.9 kg/m® }
trials examining the effect of soy Maskarinec et al., 2004 (24) } 0.60 (-0.81, 2.01)
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Faghih et al., 2011 (17) — 0.20 (-1.39, 1.79)
Noroozi et al., 2011 (27) —_— -0.11 (-2.15, 1.93)
Beavers et al., 2015 (13) ; * 3.60 (0.99, 6.21)
Subtotal (I-squared = 38.7%, P =0.122) Q 0.80 (0.15, 1.45)
Overall (I-squared = 50.4%, P = 0.005) ‘¢ 0.22 (-0.12, 0.56)
J
T T
-6.21 0 6.21

(MD: 0.21 kg; 95% CI: —0.31, 0.73 kg) with a moderate het-
erogeneity (I = 50.1%; P = 0.035). Because of the low num-
ber of studies in this group, no specific effect from soy on fat
mass was observed in any of the aforementioned subgroups.

Effect of isoflavones on BMI

The number of trials that examined the effect of isoflavones on
BMI was higher than those on weight (16 compared with 9).
Therefore, for the analysis of isoflavone studies, BMI was as-
sessed instead of weight. Evaluating the effect of isoflavones
on BMI revealed that isoflavones tended to decrease BMI
(MD: —0.26; 95% CIL: —0.55, 0.04; P = 0.085). Subgroup anal-
ysis did not show a significant effect in any of the subcategories
of BMI (Supplemental Figure 2A). Menopausal stage may
have an impact because in postmenopausal women isoflavones
almost significantly decreased BMI (P = 0.1) (Supplemental
Figure 2B). Ethnicity was also effective because Caucasians
benefited more from isoflavones (P = 0.08) (Figure 5). Lower
doses (P = 0.02) (Figure 6) and shorter intervention lengths
(P = 0.053) (Supplemental Figure 2C) were more effective in
the prevention of obesity by isoflavones.

Effect of isoflavones on waist circumference and fat mass
Five trials reported on the effect of isoflavones on waist
circumference; no effect was observed (MD: —0.13 cmy;
95% CI: —1.06, 0.79 cm; I? = 41.8%). Seven trials assessed
the effect of isoflavones on fat mass; yet, no significant effect
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was observed in overall pooled estimates (MD: —0.36 kg;
95% CI: —0.83, 0.12 kg; I* = 0.0%).

Publication bias
No publication bias was detected by Begg’s and Egger’s tests in
any of the evaluated outcomes in either soy or isoflavones trials.

Discussion
Numerous animal and human studies have shown the bene-
ficial effect of soy on weight reduction (3). The anti-obesity
effect of soy is partly attributed to its high protein content
(45). High-protein diets have been effective in ad libitum
food consumption in weight maintenance and reduction
(46, 47). Nevertheless, the results of this meta-analysis
showed no statistically significant overall effect of soy on
weight, waist circumference, or fat mass. However, a statisti-
cally significant obesogenic effect of soy was observed in obese
subjects (BMI =30), in short-term applications (1-3 mo), in
consumptions of =40 g soy protein/d, and in comparisons
with meat and whey protein but not milk or usual diets.
The diverse impact of soy on obese and nonobese indi-
viduals may be explained by the fact that obese individuals
have less control over their food intake than normal-
weight subjects (48, 49). Normal-weight individuals com-
pensate the extra energy of soy consumption by reducing
the energy obtained from other food items, whereas obese
individuals are less likely to do so (50). In line with this
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explanation, consuming soy protein in quantities of =40 g/d
led to increased body weight whereas lower amounts ex-
hibited no effect.

The lack of the obesogenic effect in long-term interven-
tions is probably the result of poor adherence to the treat-
ment in long-term interventions, a fact that has been
highlighted in previous investigations in which short-term
interventions proved to be more efficacious than long-
term treatments (51, 52). The results of this meta-analysis
also suggest that the effect of soy is not increased with cumu-
lative doses, which are usually obtained during long-term
interventions.

Although no significant effect of soy on weight was ob-
served in comparison with usual diet or casein, soy increased
weight compared with whey and meat. Because the compar-
ison of soy with usual diets revealed no overall effect on
weight, the difference in the impact of soy and whey proteins
on weight seems to result from the anti-obesity effect of
whey rather than the obesogenic effect of soy. The anti-
obesity effect of whey has been reported numerous times
and is likely due to its potential to induce satiety. The con-
sumption of whey reduces appetite and hunger more than
the consumption of casein or soy (30, 53). In free-calorie
diets, the consumption of whey protein by overweight and
obese individuals has reduced weight, waist circumference,
and fat mass whereas soy protein either increased or had
an impact on these characteristics (12, 30). Soy was also
more obesogenic than meat. Studies examining the anti-
obesogenic effect of meat are scarce, and no study has yet

investigated the possible underlying mechanisms. However,
essential amino acids, such as lysine, leucine, isoleucine,
tryptophan, and threonine, which are abundant in animal
proteins, including meats, might be involved in regulating
body weight through the suppression of appetite (53). Spe-
cial amino acids may also stimulate production of hormones
that influence metabolism (54).

Contrary to the above-mentioned obesogenic potential of
soy on weight, isoflavones almost significantly (P = 0.085)
reduced BMI, especially in doses of <100 mg/d and inter-
vention lengths of 2-6 mo but not in higher doses or longer
intervention lengths. Isoflavones also caused a nearly signif-
icant reduced BMI in Caucasians compared with Asians,
which is suggested to be the result of a higher frequency
of UDP-glucuronosyltransferase 1A3 alleles, which produce
flavonoid metabolites with high-biological activity (55).

Isoflavones belong to flavonoids, a broad family of phyto-
chemicals with extensive metabolic effects (56). Many ani-
mal and human studies have highlighted the anti-obesity
potential of flavonoids (57), including isoflavones (58). In-
hibition of lipogenesis and increased FA 3-oxidation, which
lead to the reduction of body fat depots, have been found to
be mechanisms of isoflavones’ action against obesity (56,
58). Isoflavones are also categorized as phytoestrogens, a
group of compounds that, because of their similarity in
the structure to 17-f-estradiol, are able to bind to estrogen
receptors, mimicking estrogen activity (59).

A majority of studies on isoflavones were conducted in
postmenopausal women; only 2 trials included pre- and
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FIGURE 4 Forest plot of clinical
trials examining the effect of soy
on body weight (kilograms) with
subgroup analysis based on
intervention length. Data are
presented as MDs between
treatment and control groups
with 95% Cls. MD, mean

difference.
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Liu et al., 2013 (21) T 0.60 (-0.23, 1.43)
Berger et al., 2014 (14) — 0.20 (-0.80, 1.20)
Subtotal (l-squared =56.1%, P =0.015) -0.13 (-0.72, 0.46)
Overall (I-squared = 50.4%, P = 0.005) 0.22 (-0.12, 0.56)
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perimenopausal women. Therefore, it is hard to distinguish
whether these beneficial effects of isoflavones were the con-
sequence of isoflavone consumption, the impact of post-
menopausal status, or both. In fact, because of low
amounts of estrogen, postmenopausal women may benefit
the most from consumption of isoflavones. A part of the
anti-obesity effects of isoflavones is likely exerted through
their binding to estrogen receptors. Estrogens are known
to have anti-obesity effects of regulating food intake and en-
ergy expenditure, as well as preventing fat accumulation in
adipose tissue (60). It has been reported that isoflavones in-
teract with estrogen receptors in adrenal medullary cells,
where they stimulate catecholamine synthesis (61). The
anti-obesity potential of isoflavones is clarified more
when we note that catecholamine release is associated
with higher systemic energy expenditure (62). However, the
catecholamine-stimulating effect of isoflavones is dose
dependent; low doses stimulate catecholamine secretion
whereas high doses inhibit it (61). This mechanism may
explain the dose-dependent effect of isoflavones on BMI
in this meta-analysis in which low doses exhibited a nearly
significant negative effect on BMI, and high doses (=100 mg/d)
appeared to have no effect. This dose-dependent effect has
also been reported for the lipid-lowering and satiating po-
tential of soy protein in that low doses (<30 g/d) showed a
dose-response lipid-lowering effect (63), whereas higher
doses revealed no effect of either lipid-lowering (64) or sati-
ating (53) potential.
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Soy seemed to have a sex-specific effect on weight in this
meta-analysis. This sex-dependent effect may be the result of
faster pharmacokinetics and higher excretion rates of isofla-
vones in men compared with women (65-67). In fact, it may
be the higher and longer-lasting plasma isoflavone concen-
trations in women that are responsible for the anti-obesity
effect in this sex. In men, however, because of faster excre-
tion rates, higher concentrations may be needed to exert
the same biological effects (58).

Age also seemed to be an important factor in the effect of
soy and isoflavones on weight; a relatively obesogenic effect
of soy (P = 0.1) was observed in younger subjects (<50 y),
and a relatively anti-obesity effect of isoflavones (P = 0.1)
was seen in older subjects (postmenopausal). It seems
that a sort of resistance to the obesogenic effect of soy
and a kind of sensitivity to the anti-obesity effect of isofla-
vones exists in older subjects. In this regard, Fujimoto
et al. (68) reported that equol production in the intestine
is increased by age. In their study, subjects aged 1040 y
had lower equol serum concentrations than individuals in
ages 40-60 y. Equol is produced by intestinal microflora
from daidzein, one of the main isoflavones in soy, and like
isoflavones, it binds to estrogen receptors (68). With consid-
eration of the above-mentioned anti-obesity effects of estro-
gen (60), the role of equol in the age-dependent anti-obesity
effect of isoflavones is more clarified.

In some subgroups, soy had an opposite effect on weight
and waist circumference. For instance, although doses of



TABLE 2 Subgroup analysis of the effect of soy consumption on waist circumference in the meta-analysis of the effect of soy and soy

isoflavones on obesity-related anthropometric measures'

Waist circumference mean

Subgroup categorization Studies, n difference (95% Cl), cm P Heterogeneity, %
BMI, kg/m?
<25 4 —0.28 (—1.07,0571) 0.5 638
25-299 3 —0.34 (=061, —0.07) 0.01 0
=30 9 0.93 (=090, 2.75) 03 939
Age
Younger 3 —0.22 (=0.72, 0.29) 04 0
Middle 5 226 (—037,4.89) 0.09 93.7
Older 8 —0.38 (=0.71, —0.04) 0.03 241
Sex
Men 1 740 (6.08, 8.72) <0.001 —
Men and women 4 0.95 (—0.58, 2.49) 02 67.1
Women 1 —0.32 (=057, —0.08) 0.01 86
Ethnicity
Caucasian 7 0.17 (—1.04, 1.39) 08 844
Asian 9 0.58 (=057, 1.73) 03 94.2
Treatment dose, g soy protein/d
<40 1 —0.31 (=057, —0.05) 0.02 154
=40 5 1.98 (—0.81, 4.77) 02 94.1
Intervention length, mo
1-3 9 0.58 (=063, 1.79) 03 939
4-24 7 0.18 (—0.94, 1.30) 0.7 86.5
Control type
Meat 3 —0.34 (=061, —0.07) 0.01 0
Whey protein 6 3.09 (—0.92, 7.10) 0.1 96.3
Casein/whole-milk protein 3 —0.28 (—1.07,0571) 05 63.8
Usual diet/cereals 4 —0.33(—0.89,0.22) 0.2 0
Overall estimates 16 040 (=042, 1.22) 03 919

! Mean differences and SDs of control and intervention groups were used to calculate pooled overall effects. Statistical heterogeneity was assessed with the I test by using

random inverse-variance heterogeneity.

=40 g soy protein/d increased weight, quantities of <40 g
soy protein/d decreased waist circumference. Such an oppo-
site effect of soy on weight and waist circumference may
have resulted from the aforementioned sex-specific effect
of soy. In fact, only 3 of 7 studies that reported increased
weight after the consumption of soy and examined the ef-
fect of =40 g soy protein/d were conducted on women,
whereas 10 trials of 11 trials that observed a reduction in
waist circumference after ingestion of <40 g soy protein/d
were conducted on women, further emphasizing the im-
pact of sex on the effect of soy in prevention or intensifica-
tion of obesity. Overall, sex seemed to influence many
associations especially in subgroups with low number of
studies.

Soy is the richest dietary source of isoflavones (69). Many
health benefits of soy have been attributed to its high isofla-
vone content (1). Therefore, soy is supposed to have the
same impact on obesity as isoflavones. However, this
meta-analysis showed that soy and soy isoflavones have op-
posite effects on obesity. Because subgroup analysis of soy
publications showed BMI, dosage, the length of treatment,
and sex as important determining factors for the effect of
soy on obesity indexes, the difference in these variables
might have caused such differences between soy and isofla-
vone results. Hence, these variables were compared between
soy and isoflavone studies. The participants’ mean BMI
(28.8 compared with 26.4), mean dose of isoflavones

(78.3 = 42.8 mg/d compared with 77.8 * 24.4 mg/d), and
mean intervention lengths (5 mo compared with 8 mo)
seemed to be comparable in the soy and isoflavone studies.
However, the sex of participants remarkably differed be-
tween the 2 set of studies because in a number of soy inves-
tigations both sexes participated, whereas isoflavone studies
were conducted only on women. Subgroup analysis based on
sex revealed that women benefited more from the anti-
obesity effect of soy and isoflavones. In soy trials, for in-
stance, studies that included only men or both men and
women showed a rather obesogenic effect of soy on weight,
waist circumference, and fat mass, whereas trials with only
women showed a neutral or an anti-obesity effect. Likewise,
in trials that reported reduced waist circumference after the
consumption of <40 g soy protein/d (P = 0.02), the anti-
obesity effect of soy may be in part affected by the sex of
the participants because participants of all but one of the
studies were women.

In this meta-analysis, we observed a high degree of heter-
ogeneity between studies that was not completely resolved
by subgroup analysis based on BMI, age, sex, ethnicity, treat-
ment dosage, intervention duration, and the type of placebo.
Other sources of the heterogeneity may be the difference in
the experimental design of the studies. Also, the low number
of studies in some subgroups hindered making firm and
powerful conclusions in a few cases. In some soy trials, a
wide subject age range made age categorization for subgroup
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Subgroups MD (95% CI)

Caucasians i
Maskarinec et al., 2003 (41) — 0.30 (-1.03, 1.63)
Han et al., 2002 (38) = | -0.80 (-1.13, -0.47)
Colacurci et al., 2005 (35) —t— 0.20 (-0.51, 0.91)
Garrido et al., 2006 (37) —_— -0.10 (-1.24, 1.04)
Weickert et al., 2006 (10) —_— -0.10 (-0.89, 0.69)
Aubertin et al., 2007 (32) € - ! -2.00 (-3.56, -0.44)
Maskarinec et al., 2009 (42a) ——————+——— | -2.00 (-3.43, -0.57)
FIGURE 5 Forest plot of clinical Maskarinec et al., 2009 (42b) 5 + 0.60 (-0.93, 2.13)
trials examining the effect of Llaneza et al., 2011 (40) — -0.40 (-1.41, 0.61)
isoflavones on BMI (in kg/mz) Choquette et al., 2011 (34) —:0— 0.10(-1.23, 1.43)

. ) Delmanto et al., 2013 (36) e 0.10 (-0.97, 1.17)
with subgroup analysis based on Lebon et al., 2014 (39) — -0.50 (-1.48, 0.48)
ethnicity. Data are presented as Subtotal (I-squared = 49.2%, P = 0.027) <> -0.35 (-0.74, 0.04)
MDs with 95% Cls. MD, mean ) ]
difference. Asians !

Mori et al., 2004 (43) — -0.30 (-1.06, 0.46)
Wu et al., 2006 (44) . | -0.10 (-0.85, 0.65)
Liu et al., 2010 (20c) : 0.09 (-0.59, 0.77)
Cheng et al., 2013 (33) . 0.10 (-0.62, 0.82)
Subtotal (l-squared = 0.0%, P = 0.859) <> -0.04 (-0.40, 0.32)
Overall (I-squared = 43.9%, P =0.031) <> -0.26 (-0.55, 0.04)
T : T
-3.56 0 3.56

analysis hard and relatively imprecise, and so studies that closed by future investigations. Because isoflavones likely
target specific age categories and more importantly trials act as phytoestrogens, the response to isoflavones probably
that compare adults and in particular women in young com-  differs in postmenopausal compared with premenopausal
pared with old ages are warranted. The lack of data for the ~women. To our knowledge, this was the first meta-analysis
effect of isoflavones on men and on women of younger on the effect of soy consumption on obesity-related anthropo-
ages also leaves a gap in our knowledge that needs to be metric measures. The strength of this meta-analysis was the

FIGURE 6 Forest plot of clinical
trials examining the effect of
isoflavones on BMI (in kg/m?)
with subgroup analysis based on
isoflavones dosage. Data are
presented as MDs with 95% Cls.
MD, mean difference.
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Subgroups

Isoflavones < 100 mg/day

Han et al., 2002 (38) -
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0.10 (-1.23, 1.43)

-0.50 (-1.48, 0.48)
-0.48 (-0.90, -0.06)

0.30 (-1.03, 1.63)
-0.30 (-1.06, 0.46)
-0.10 (-1.24, 1.04)
0.80 (-0.93, 2.13)
0.09 (-0.59, 0.77)
0.10 (-0.97, 1.17)
0.10 (-0.62, 0.82)
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Subtotal (I-squared = 0.0%, P = 0.956) ‘<> 0.04 (-0.31, 0.38)
Overall (l-squared = 43.9%, P =0.031) ¢ -0.26 (-0.55, 0.04)
|
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inclusion of studies on soy and soy isoflavones, which enabled
us to make a comparison between the effects of soy and soy
isoflavones on obesity-related anthropometric measures
and helped in better interpretation of the results.

Conclusions

Overall, the results of this meta-analysis show that, although
soy is the main source of isoflavones, soy and isoflavones may
have different impacts on weight status. Although isoflavones
demonstrate anti-obesity properties, soy consumption may
actually increase weight in some groups, for instance, in
obese subjects and when consumed in high quantities.
The anti-obesity effect of isoflavones did not depend on
participants’ BMI but was more pronounced in low dos-
ages and short intervention lengths. However, because all
isoflavone trials were conducted in women the actual
comparison between the anti-obesity effects of soy and
isoflavones cannot be performed unless the anti-obesity
effect of isoflavones is tested in men as well. Future clin-
ical trials are needed to compare the effects of soy and iso-
flavones on obesity-related variables and to examine
specific differences between the 2 sexes. The existence of
nonsignificant trends in some subgroups also calls for ex-
amining the impact of age, sex, and ethnicity on the effect
of soy and isoflavones on obesity indexes.
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