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Systematic review and meta-analysis of soy products
consumption in patients with type 2 diabetes mellitus
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Clinical trials have reported the lipid-lowering effect of consuming soy products, and epidemiological studies
have shown that soy intake is associated with decreased risk of type 2 diabetes mellitus (T2DM). The aim of this
meta-analysis was to systematically review the effects of soy products consumption on serum lipid profiles and
glycaemic control in T2DM patients. Potential papers were initially searched from PubMed (1966 to 2010) and
Cochrane Library (1984 to 2010) without language limitations. All randomized controlled trials were included in
which soy products supplementation was the only intervention in subjects with type 2 diabetes. Weighted mean
effect size was calculated for net changes in serum lipids and fasting glucose concentrations using fixed-effect or
random-effect models. Previously defined subgroup analyses were performed to identify the source of heteroge-
neity. Eight studies were included according to the criteria. The intake of soy products was associated with a sig-
nificant reduction in serum total cholesterol (by 0.42 mmol/L; 95% confidence interval (CI): -0.70, -0.14;
p<0.001), triacylglycerol (by 0.22 mmol/L; 95% CI: -0.38, -0.07; p<0.001) and low-density lipoprotein-
cholesterol (by 0.30 mmol/L; 95% CI: -0.60, -0.00; p<0.001), and a significant increase in high-density lipopro-
tein-cholesterol (0.05 mmol/L; 95% CI: 0.04, 0.06; p=0.89). There were no significant effects on fasting glu-
cose, insulin and glycated hemoglobin. It can be concluded that intake of soy and soy products has beneficial ef-

fects in T2DM patients in relation to serum lipids.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is one of the most
common chronic diseases, which has become a major
health problem causing significant morbidity and mortal-
ity." It was reported that diabetes will affect about 285
million adults around the world in 2010, and the number
will increase to 439 million in 2030.” Clinical trials have
shown that lifestyle interventions (which including die-
tary changes) could significantly reduce the risk of com-
plications in type 2 diabetes,” even more effective than
pharmacological intervention (metformin).’

Soybean, a member of the legume family, is rich in
protein, fiber, vitamins, minerals, polyunsaturated fatty
acids and phytoestrogens etc, which are related to glucose
and insulin homeostasis.”® Animal studies have demon-
strated that soy protein and soy isoflavones improve gly-
ceamic control, lower insulin requirement, and increase
insulin sensitivity. Epidemiological studies have shown
that elevated soy protein consumption is associated with
decreased serum lipid profiles.” It has also been reported
that soy-based diet is effective in reducing total choles-
terol (TC), low-density lipoprotein-cholesterol (LDL-C)
and triacylglycerol (TG), and in increasing the high-
density lipoprotein-cholesterol (HDL-C),'"'? suggesting

that soy products may be beneficial in the management of
T2DM.

However, in prospective studies, the link between ele-
vated consumption of soy products and risk of T2DM is
still inconsistent. The relationship between soy products
intake and T2DM was first reported in a 20-year follow-
up survey from the Finnish and Dutch cohorts of the Sev-
en Countries Study, which found that a high consumption
of legumes was related to a protective effect on the de-
velopment of glucose intolerance and diabetes.”> Soy
products consumption is generally high in Asia popula-
tions, which could strengthen the ability of epidemiologic
studies to determine associations between soy products
intake and T2DM. A cohort study conducted in the popu-
lation of Shanghai Women’s Health Study also found that
consumption of soybean was inversely associated with
risk of T2DM among middle-aged Chinese womem."

Corresponding Author: Dr Duo Li, Zhejiang University, 866
Yu-Hang-Tang Road, Hangzhou, China 310058.

Tel: +86-571-88982024; Fax: +86-571-88982024

Email: duoli@zju.edu.cn

Manuscript received 5 January 2011. Initial review completed
28 January 2011. Revision accepted 12 May 2011.



594 B Yang, Y Chen, T Xu, Y Yu, T Huang, X Hu and D Li

Conversely, a cohort study conducted on a Japanese pop-
ulation, suggested that consumption of soy product and
isoflavones overall were not significantly associated with
the risk of T2DM in either men or women."> Consistent
with this, a study in Hawaii suggested that soy consump-
tion is not protective against diabetes.'®

Clinical trials and epidemiology studies have also do-
cumented that soy products was associated with serum
lipids in subjects with obesity,” hyperlipemia'’ and in
postmenopausal women."® In addition, several studies
have reported the beneficial effect of soy products con-
sumption in subjects with T2DM, but the results have not
been consistent. In order to systematically review the re-
lationship between soy products consumption and risk
factors in T2DM patients, we conducted this meta-
analysis.

MATERIALS AND METHODS

Search strategy and selection criteria

We conducted a search from PubMed (1966 to 2010) and
the Cochrane Library using the following terms: soy, soya,
soybeans, tofu, miso or natto and diabetes mellitus, T2DM
or type 2 diabetes mellitus without time and language
limitations. The references cited by the published original
studies and relevant reviews were also searched. The ad-
ditional articles were also conducted on Web of Sciences
to minimize possible publication bias. In order to ensure
the quality and validity of selected studies, the studies
included in this meta analysis met the following criteria: 1)
the study design was a randomized controlled trial; 2) the
supplement should use soy (included soy protein com-
bined with soy isoflavones) or soy products (tofu, miso or
tofu) as the only intervention in subjects with T2DM; 3) it
provided specifically tested soy-based interventions and
the amount and frequency of soy products; 4) the study
reported at least one of the continuous outcomes we were
interested in: TC, HDL-C, LDL-C, TG, fasting glucose,
fasting insulin and glycated hemoglobin (HbA1c). Studies
evaluating soy fiber, soy polysaccharides, soy isoflavones
alone, pinitols extracted from soybeans and soy combined
foods, and the subjects with type 1 diabetes mellitus were
not included in the present study.

Data collection

Two investigators (Bin Yang and Ying Chen) extracted
detailed information in the predefined criteria independ-
ently to ensure consistency in data collection. Any dis-
agreements were discussed to obtain consistency by the
two investigators. These information included: author
identification, year of publication, study design (cross-
over, parallel, double-blind, etc.), participant characteris-
tics (age, sex, BMI, diabetes status), sample size, duration
of patient follow-up, type of intervention (soy dosage and
form), and type of placebo. In addition, we also captured
the metabolic parameters of the participant including
those at baseline and endpoints, which were recorded as
the mean + standard deviation (SD). If a study had multi-
ple time points for the same participants, only the last
endpoint was used for analysis.

Data synthesis and statistical analysis

We converted different units to mg/dL (for lipids and
glucose) and pmol/L (for insulin) by using the conversion
factors 1 mg/dL = 0.0259 mmol/L for cholesterol, 1
mg/dL = 0.0113 mmol/L for TG, 1 mg/dL = 0.0556
mmol/L for glucose and 1 pmol/L = 6.945 plU/mL for
insulin when these former units were reported in the stud-
ies. We calculated the mean change of TC, TG, HDL-C,
LDL-C and glucose, by subtracting the mean change in
the placebo group from that in the treatment group in the
studies with parallel design; in studies with a crossover
design, the mean changes were gained by calculating the
difference in post-treatment concentrations for the treat-
ment and placebo periods.

For the extraction of SD values for an outcome, we
excluded the percentage change data in mean and SD,
because the actual mean change of each patient was un-
known. We calculated SD from standard errors, 95% con-
fidence interval (CI), p-values, or t, F if necessary. The
missing SD for change from baseline were imputed using
the methods of Cochrane Handbook,' as suggested by
Follmann et al,*® assuming correlation coefficient of 0.5
between the beginning and end of each intervention. Sen-
sitivity analysis was performed to test the influence of
studies with imputed SD on the overall result.

Both fixed-effects models and random-effects models
were used to calculate the weighted mean differences
(WMD) and 95% CI for each outcome according to the
level of heterogeneity. The random-effects models were
presented when the significantly heterogeneity was found
in the test. Otherwise, the fixed-effects models were used
to calculate the effect of soy products. Statistical hetero-
geneity was tested by Cochrane’s Q, p-value <0.10 was
considered to represent significantly statistical heteroge-
neity, which is a threshold to determine which effect
model was conducted. Sources of heterogeneity were
investigated by sensitivity analyses and subgroup analy-
ses. Visual inspection of funnel plots and Egger’s
weighted regression statistics were used to evaluate the
presence of publication bias. The Trim and Fill method
was used to assess the potential effect of any publication
bias on the meta-analysis results for each outcomes to
determine whether the results of the original analysis
were affected by publication bias. All of the statistical
analysis was performed by using STATA version 11.0
(StataCorp, College Station, Tex). A p-value<0.05 was
considered statistically significant for all analyses.

RESULTS

Characteristics of the studies

After primary selection, ten clinical studies met the crite-
ria for analysis.”'° Of all ten studies, the study of Gon-
zalez et al. and Ble-Castillo et a. were excluded for using
soy isoflavones and soy milk as intervention,”® which
does not belong to the soy products category. Therefore,
we included eight studies which represented 183 patients
with T2DM.*'**7® The characteristics of the selected
studies are summarized in Table 1. Pipe et al and Gobert
et al were thought to be derived from the same trials
based on its identical characteristics.”* The study dura-
tions of included trials ranged from 6 weeks to 4 years.
Seven studies used crossover design and only one
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Table 1. Characteristics of selected 8 randomized controlled trails of soy foods supplement in type 2 diabetes patients

Author (Year) Age (yr)’ BMI Diabetic T2DM n Menopausal ~ Study Design  Duration Diet dosage and dosage form Diabetes
(kg/m?)" complication durations (yr) status and and washout Soy group Placebo group therapy
gender
Anderson et al 64.5+2.3 35.142.2 obesity, hy- >5.0 8 M C 8 wks 111 g/SP 1 g animal insulin-treated
.(1998) pertension (4wks ) protein/kg/bwt
proteinuria
Hermansen et al 63.6+7.5 30.1+4.2 NO 3.0£2.7 20 14M, 6F, D,C 6 wks 50 g ISP (>165 mg 50 g caseinand 20 g No insulin,
.(2001) (3 wks) ISF) and 20 g SF cellulose antidiabetic
drugs
Jayagopal et al 62.5+£6.77  32.245.0 NO 2.6+2.7 32 POM D, C (2wks) 12 wks SP 30 g/day, 30 g pure microcrys-  No medications
.(2002) ISF 132 mg/day talline cellulose
Azadbakhtetal  62.5+12.1 NR nephropathy NR 14 10M, 4F C (4wks) 7 wks 20 g/SP* 20 g animal protein* NR
.(2003)
Teixeira et a 53-73 29.8+0.8 nephropathy NR 14 M C 8 wks 0.5 g/kg/d ISP, 0.5 g/d casein lipid-lowering,
1.(2004) (wks) 2.0 mg ISF insulin
Azadbakhtetal  62.1+12.1 NR nephropathy 10£3 41 18M, 23F R,P 4 yrs 20 g/SP* 20 g animal protein* oral glucose
(2008) lowering agents
and insulin
Pipe et al.(2009);  60.149.64  29.6+4.07 NO 3.4+4.8 29 16M, 13POM  D,C (4wks) 58d 40 g/d SP, 40 g/d milk protein, ~ No medications
Gobert et al.( 2009) 88 mg/d ISF 0 ISF

Abbreviations: NR, not reported; C, crossover; D, double-blind; P, parallel; SP, soy protein; ISP, isolated soy protein; ISF, isoflavones; SF, cotyledon fiber. POM, postmenopausal women
0.8 g protein/kg body weight (35% animal proteins, 35% textured soy protein, and 30% vegetable proteins)

¥70% animal proteins and 30% vegetable proteins

§Range or mean+SD
Mean+SD
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study used aparallel design.*"*>*** Four studies involved
110 T2DM patients without any complications,”> =%
three studies were carried out on T2DM patients with
nephropathy and one study was carried out on diabetes
patients with obesity,”***>*" hypertension and proteinuria.
One study focused on postmenopausal women,” two on
men,”'* two on men and postmenopausal women and
three focused on both genders.”**** Six studies re-
ported results of serum lipid concentrations,*" 2>
while two studies reported values for plasma.*** Four
studies reported fasting glucose concentrations.”> 7%
We ignored the different concentrations of these out-
comes in serum and plasma, because it was only slightly
different,’' and we considered them without correction for
its difference. We reported all results as serum concentra-
tions. All studies used soy protein containing isoflavones
as supplementation ranging from 20 g/d to 111 g/d. Three
studies used fiber (cellulose, casein) as placebo diet,”> %
three used animal protein,”"***’ and two used milk pro-
tein.”* Of all eight include trials, four studies®>***
reported the T2DM patients were not receiving any kind
of additional drugs or diet medications during interven-
tion and placebo periods, three reported that patients re-
ceived various sorts of anti-diabetic drugs such as insulin,
statins, and hypoglycemic agents.*"*>*’

=

Effect of soy products in T2DM patients

Figure 1 reports the forest plots for the effects of soy
products on TC, TG, LDL-C and HDL-C in patients with
T2DM. The mean change in TC was statistically affected
in subjects with T2DM supplemented with soy products
(-0.35 mmol/L; 95% CI: -0.69, -0.01) (Figure 1A) com-
pared with placebo groups. But there was high heteroge-
neity (1°=91.5%, p<0.001). Heterogeneity was partly ex-
plained by Azadbakht et al and when this longest duration
study was excluded,”” the heterogeneity was reduced
(1>=28%, p=0.23) (Table 2).

The pooled estimate showed a marginal significant re-
duction in LDL-C, the overall effect was -0.30 mmol/L
(95% CI: -0.60, -0.00) with a high heterogeneity (1>=94%,
p<0.001) (Figure 2B). Heterogeneity was partly explained
by Azadbakht et a.l and when this longest duration study
was excluded,”’ the heterogeneity was reduced (1°=0%,
p=0.49) (Table 2). The mean change in HDL-C signifi-
cantly increased in subjects with T2DM supplemented
with soy products, the overall effect was 0.05 mmol/L
(95% CI: 0.04, 0.06) and no heterogeneity was observed
(1’=0%, p=0.89).

The supplementation of soy products appears to sig-
nificantly lower TG (-0.22 mmol/L; 95% CI: -0.38, -0.07),
but a high heterogeneity was observed (1°=85%, p<0.001)
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Figure 1. Effect of soy products on lipid profiles in T2DM patients. A: TC; B: TG; C: LDL-C; D: HDL-C. The horizontal lines denote the

95% Cls. The hollow diamond represents the overall summary estimate
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Table 2. Subgroup and sensitivity analysis of TC, TG, LDL-C HDL-C and fasting blood glucose using different exclu-

sion criteria

TC (mmol/L) TG (mmol/L) LDL-C (mmol/L) HDL-C (mmol/L)
Mean dif- Mean differ- . Mean differ- Mean differ-
ference p* N ence p* ence p* N ence p*
(95% CI) (95% CI) (95% CI) (95% CI)
. -0.427 -0.22° -0.30" 0.05°
All studies 0.70,-0.14) 900 7 (38007 00 -0.60,-0.00) % 6 (004006 O
. -0.42 -0.33" -0.30" 0.05°
Trim and fill 070,014y %0 9 (oa5.017) 000 -0.60,-000) % ¢ (004006 ¥
Subgroup
analysis
Follow-up
-0.417 -0.23 -0.32 0.05° 0.7
=8 weeks 075,-007 %90 5 (053,007 OO0 073,009 %00 % 004006 0
-0.42" -0.15" -0.23" 0.05
< 8Bweeks 0.66,-0.18) %% 2 (023007 OB -037,-0.08) *71 3 (oo4,014) °76
Placebo diet
. . -0.60" -0.347 -0.45" 0.05
animal protein 092,028y %00 3 (53015 000 (090,-0.00) %0 2 (00012 064
-0.22 -0.01 -0.17 0.05°
fiber -043,0.02) ¥ 3 (032030 ©7° 038,004 °27 3 (002,008 %
Diabetic
complication
. -0.48" 0.0 -0.217 -0.33 0.05°
With 082,-0.14y 0 *  (024-019) 000 074,009 %00 3 004,006 %
. -0.28" 0.02 -0.24 -0.00
Without 056,000 %32 3 (020,023 % 3 (oas00n %0 3 (009,000
Sensitivity
analysis
Excluded
6 -0.34 -0.21 -0.17° 0.04
Q?‘ﬁiﬁht 049-0200 %2 ¢ (osi010 %90 3 (o27,00n ¥ 3 (001,000 982
Excluded T
6 -0.40" 6 -0.15 -0.30" 0.05°
An;fgg‘)l et (-0.75,-0.04) 000 023007 9 6 (060,000 %% © (004006 ¥

9<0.05; NA: Not applicable; *p for heterogeneity

(Figure 2D). Systematic removal of each trial during sen-
sitivity analysis and subgroup analysis did not alter the
heterogeneity (Table 2). However, no heterogeneity was
observed after removal of both Anderson et al and Azad-
bakht et al synchronal (1>=0%, p=0.42) (Data no
shown).?"*

Of all eight included studies, only four studies reported
serum fasting glucose concentration in a way that permit-
ted pooling of data (Figure 2A). The pooled weighted
mean difference of fasting glucose was -0.68 mmol/L
(95% CI: -1.78, 0.42). High heterogeneity was observed
(1>=86%, p<0.001). The pooled weighted mean difference
of insulin was -0.77 pmol/L (95% CI: -4.16, 2.62). Five
trials reported HbA ¢ data that was amenable to meta-
analysis. The pooled weighted mean difference was -
0.09% (95% CI: -0.50% to 0.31%).

Publication bias and sensitivity analysis

Visual inspection of funnel plots (data not shown) could
not rule out publication bias for many of the analyses.
Review of Egger’s weighted regression statistics sug-
gested that publication bias was unlikely for TG, HDL-C,
insulin and HbAlc, while a relatively strong suspicion of
publication bias for TC (Egger’s test, p=0.01), LDL-C
(Egger’s test, p=0.08) and fasting blood glucose (Egger’s
test, p=0.04) was observed. However, the results of soy

products on TC, LDL-C and fasting blood glucose did not
change after recalculating effect size estimates using the
Trim and Fill methodology. Trim and Fill analysis also
suggested that two studies could potentially exist but
were masked by publication bias. However, soy products
had a significant, with a little reinforcement, effect when
theoretically “missing” studies were imputed for TG (-
0.33 mmol/L, 95% CI: -0.48, -0.17) (Table 2).

Sensitivity analysis showed that the significance in the
pooled changes in TC, LDL-C, HDL-C, fasting blood
glucose, insulin and HbA1C were not altered after the
imputation correlation coefficient of 0.5 according to
Follmann et al*® The results of subgroup and sensitivity
analysis are presented in Table 2. Exclusion of the study
by Anderson et al. did not change the pooled estimate and
heterogeneity in any outcomes.”' The study of Azadbakht
et al could affect the heterogeneity in TC and LDL-C.”’
We did a subgroup analysis by duration of <8 and >8 wk,
with the latest data available for each study in each sub-
group. The longer-term subgroup showed a more robust
effect on LDL-C than the shorter-term subgroup. In addi-
tion, we did a subgroup analysis by different types of pla-
cebo diet, it appears that soy products have more robust
effects on TC, TG and LDL-C in T2DM patients with
animal protein as placebo diet than those with fiber as
placebo diet. Sensitivity analysis with method of design
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Figure 2. Effect of soy products on glycaemic control in T2DM patients. A: fasting blood glucose; B: insulin; C: HbA1C. The horizontal
lines denote the 95% Cls. The hollow diamond represents the overall summary estimate

was also performed. No robust effects on any endpoints Soy products have been recognized as a potential ben-
in patients with T2DM were found (data no shown). efit but not a predictable factor in the management of

T2DM.**** However, studies which only provided indi-
DISCUSSION rect relationships showed that these observed benefits of
In the present study, eight randomized clinical trials rep- soy products in T2DM are biologically plausible. The
resenting 183 T2DM patients who consumed soy prod- present study is the first report to systematically assess

ucts showed a significant decrease in serum TC, LDL-C, the potential effects of soy products consumption in
HDL-C and TG. However, no significant effect was found T2DM patients. Present data suggests that the beneficial
on fasting blood glucose, insulin or HbAlc. effects of soy products in T2DM patients are attributed to
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the reduction of serum TC, LDL-C and TG. Epidemiol-
ogical studies have proved that soy products consumption
is associated with lower risk of coronary heart disease
(CHD) and ischemic stroke.***> This beneficial effect
may partially be explained by alteration of blood lipids.*®
Our data are also relevant to clinicians managing patients
with T2DM. It was well documented that a reduction in
TC and LDL-C and an increase in HDL-C is associated
with a decrease in the risk of cardiovascular disease
(CVD) for T2DM patients.’” Therefore, soy products con-
sumption might be a potential dietary intervention to re-
duce the risk of CVD for patients with T2DM. Consistent
with our speculation, Eastman et al found that soy prod-
ucts consumption could reduce the risk of CHD in the
patients with T2DM.* Thus, it can be concluded that soy
product consumption might be useful as an adjunctive
therapy for dyslipidemia in T2DM patients.

Our pooled estimates indicates that the effect of soy
products on LDL-C and TC were more remarkable in
T2DM patients with complications than in T2DM without
complications, which may be caused by the different ini-
tial serum lipid concentrations in different subgroups.*
The potential mechanisms responsible for the beneficial
effects of soy products on the serum lipid profiles are still
being explored. Animal studies report that soy protein is a
main component in soy products which may reduce the
insulin/glucagons ratio, by down-regulating the expres-
sion of the hepatic transcription factor sterol regulatory
element binding protein, thereby decreasing LDL-C in
serum and liver.** Moreover, isoflavones may regulate
lipid metabolism by activation of peroxisome prolifera-
tor-activated receptors.”’ In addition, isoflavones may
also exert an effect on lipid metabolism through reducing
the activity of lipoprotein lipase.*

Studies have demonstrated that fasting serum glucose
concentration significantly decreased after soy product
supplementation in postmenopausal women.'” However,
in the present study, there is no significant effect of soy
products consumption on fasting serum glucose concen-
tration in T2DM patients compared with placebo groups.
One of the possible reasons is that subjects in the present
study were quite different from that of previous clinical
trials.'”* Studies have reported that soy products have no
effects on sex hormones in men,* while increasing sex
hormones in women,* which is associated with diabetes
in men and postmenopausal women.***” In addition, some
of effects of soy products may be influence by meno-
pausal status. However, both men and women of different
menopausal status were included in our study. Another
explanation may be the duration of follow-up. The dura-
tion of studies selected in our study were relatively short
(no more than 12 weeks), which is not sufficient to ob-
serve clinically significant changes in fasting blood glu-
cose.” However, we would still expect to see a trend or
tendency toward beneficial changes in fasting serum glu-
cose with soy products supplementation compared with
placebo after this short time period, if in fact such a bene-
fit truly existed.

The limitation of the present meta-analysis is the wide
criteria used to select appropriate trials. Because evidence
has shown that dietary fiber itself has lipid lowering ef-
fects,” we excluded papers which directly mentioned soy

fiber and pinitol as potential factors. The complex com-
ponents of soy and various types of interventions make
the effects of soy intake on T2DM patients difficult to
assess. We only ensured that all subjects were diagnosed
with diabetes mellitus according to the information pro-
vided by the published papers, but failed to enact a uni-
fied criteria for the selection of T2DM patients. Secondly,
crossover studies are thought to have a lower internal
validity than an equivalent parallel study although all of
the crossover design studies in our study explicitly state
the presence and duration of the washout period. No
changes in any of endpoints were noted after we did sen-
sitivity analysis, which make the inclusions of our study.
In addition, the medications used by subjects was ignored,
some patients did not use medications such as insulin or
other hypoglycemic agents to regulate the glucose levels,
which may produce a possible confounding effect on re-
sults. Because of the insufficient number of studies in-
cluded in this meta-analysis, the results should be inter-
preted with caution and considered hypothesis-generating
only. Moreover, the observed effects from meta-analysis
were therefore not adjusted for other factors that could
affect the outcomes. For example, the effect of soy prod-
ucts was influenced by the duration of follow-up because
we failed to adjust for it. Therefore, we could not exclude
chance as an explanation for significant results which are
based on limited comparisons, although subgroup analy-
ses were performed to identify and minimize heterogene-
ity. Larger and long-term randomized clinical trials are
needed to make it clear which soy component is responsi-
ble for its beneficial effect in T2DM.

In summary, we found that intake of soy and soy
products have beneficial effects in T2DM patients in rela-
tion to serum TC, TG, LDL-C and HDL-C. More longer-
term randomized controlled trails are needed to provide
further information and confirmation of these findings.
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