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Background: Dietary soy protein (SP) is a potential intervention for protecting
the kidneys and improving glucose and lipid metabolism. However, whether this
effect is related to the percentage of SP intake remains unclear.

Objective: This study aims to review and analyze the results of randomized clinical
trials (RCTs) in patients with type 2 diabetic nephropathy (T2DN) who received
diets with different percentages of SP.

Methods: The databases: PubMed, Embase, Cochrane Central Register of
Controlled Trials (CENTRAL), Web of Science, China National Knowledge
Infrastructure (CNKI), Chinese BioMedical Literature Database (CBM), WanFang,
Weipu (VIP), and ClinicalTrials.gov were searched until February 2023, for
RCTs on T2DN and SP.

Results: A total of six studies comprising 116 participants were included. The
interventions were classified as 0% SP, 35% SP, and 100% SP. To improve serum
creatinine (Scr), blood urea nitrogen (BUN), 24-h urine total protein (24hUTP),
and glomerular filtration rate (GFR), a 35% SP diet was the most effective,
compared to a 0% SP diet, which showed a mean difference of —154.00 (95%
confidence interval: —266.69, —41.31) for 24hUTP. Although it had significant
benefits for 24hUTP, great heterogeneity was observed. To improve the glycolipid
metabolism-related markers such as cholesterol (CHO), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), fasting blood
glucose (FPG), and weight, the 35% SP diet demonstrated superior efficacy
compared to the 0% SP diet. Specifically, the mean difference for CHO was
—0.55 (95% confidence interval: —1.08, —0.03), and for LDL-C, it was —17.71 (95%
confidence interval: —39.67, —4.24). The other indicators were not statistically
significant. Most studies had concerns regarding the risk of bias.

Conclusion: The findings of this study demonstrate that both 35% and 100% SP
diets are more effective than a diet with no SP in improving renal function and

01 frontiersin.org


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2023.1184337
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2023.1184337&domain=pdf&date_stamp=2023-08-24
https://doi.org/10.3389/fnut.2023.1184337
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fnut.2023.1184337/full
https://clinicaltrials.gov
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Sun et al.

10.3389/fnut.2023.1184337

glucolipid metabolism in patients with T2DN. As a result, a diet incorporating 35%
SP may be the optimal choice for individuals with T2DN.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/display_
record.php?RecordID=352638, identifier CRD42022352638.

soy protein, percentages, type 2 diabetic nephropathy, systematic reviews, network

meta-analysis

1. Introduction

The latest global diabetes map (1) released by the International
Diabetes Federation (IDF) in 2021 revealed that the number of
adult patients with diabetes (20-79 years old) worldwide has
reached 537 million. Diabetic nephropathy (DN) is the most
common microvascular complication in patients with type 2
diabetes (2). Chronic hyperglycemia leads to the dysfunction of
various cell types in the kidney and eventually leads to progressive
renal failure (3). Traditionally, DN is diagnosed based on persistent
hyperalbuminuria and a subsequent decline in the glomerular
filtration rate (GFR) (4). More than 40% of patients with diabetes
eventually develop DN, and a considerable number develop kidney
failure, requiring dialysis or transplantation (4, 5). In developed
countries, DN accounts for 44.5% of end-stage renal disease (ESRD)
(6), resulting in a public health burden.

Patients with DN are recommended for comprehensive
management, usually by choosing diet therapy, glycemic control,
blood pressure control with renin-angiotensin system (RAS)
inhibitors, and lipid control with statins to inhibit DN progression
(7-9). In addition, dietary protein intake has attracted the interest
of researchers worldwide. Brenner et al. (10) hypothesized that
excess protein intake contributes to the progressive deterioration
of renal function in the diabetic state. Therefore, limiting protein
intake can reduce hyperfiltration in patients with diabetes.
Anderson et al. (11) proposed a new hypothesis. They suggested
that substituting soy protein (SP) with animal protein in patients
with diabetes would lead to less hyperfiltration and glomerular
hypertension, thus preventing the occurrence and progression of
DN. This hypothesis has been confirmed in a recent prospective
study. The investigators suggested that the effect of protein
consumption on the risk of end-stage renal failure might depend
on the type of protein source. Red meat consumption was
strongly associated with ESRD risk in a dose-dependent manner,
whereas other proteins, such as fish, did not show such deleterious
associations (12). It is worth noting that there was a negative
correlation between the consumption of soybean and beans and

Abbreviations: AP, animal protein; BMI, body mass index; BUN, blood urea
nitrogen; Cl, confidence intervals; CHO, cholesterol; CKD, chronic kidney
disease; DN, diabetic nephropathy; ESRD, end-stage renal disease; FPG,
fasting blood glucose; GFR, glomerular filtration rate; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MD,
mean difference; RCTs, randomized clinical trials; Scr, serum creatinine; SI,
soy isoflavones; SP, soy protein; TG, triglycerides; T2DN, type 2 diabetic
nephropathy; VP, vegetable protein; 24hUTP, 24-h urine total protein.
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ESRD risk. However, there is no clear evidence to clarify the
relationship between the percentage of SP intake in the diet and the
prognosis of patients with type 2 diabetic nephropathy (T2DN).

Therefore, we conducted a network meta-analysis of
randomized clinical trials (RCTs) on SP intake in patients
with T2DN and evaluated the effects of different percentages of
SP in the diet on primary renal outcome measures and markers
related to glucose and lipid metabolism in patients with T2DN.

Figure 1 presents a flowchart of the research method.

2. Materials and methods

This study was reported according to the PRISMA Extension
Statement for Reporting Systematic Reviews Incorporating
Network Meta-analyses (13). The International Prospective
Register of Systematic Reviews (PROSPERO) registration number
is CRD42022352638.

2.1. Literature search strategy

We systematically searched seven electronic databases,
including PubMed, Embase, the Cochrane Central Register of
Controlled Trials (CENTRAL), Web of Science, China National
Knowledge Infrastructure (CNKI), Chinese BioMedical Literature
Database (CBM), WanFang, and VIP, for randomized clinical
trials investigating SP intake in patients with T2DN. The retrieval
period ranged from the earliest record to February 2023. Our
retrieval used Medical Subject Headings (MeSH) and text words
from PubMed. In addition, we also searched “DN” related studies
in the ClinicalTrials.gov database to find clinical trials related to
SP. Supplementary Table 1 provides a detailed description of the
search strategies used.

2.2. Inclusion and exclusion criteria

Studies that met the following criteria were included: (1)
Participants: T2DN patients aged >18 years; (2) Intervention
Group: Individuals with a diet containing SP; (3) Control Group:
Subjects who were given a placebo or diet without SP; (4) Outcome
Measures: The study reports included at least one of the kidney-
related indicators: serum creatinine (Scr), blood urea nitrogen
(BUN), 24-h urine total protein (24hUTP), glomerular filtration
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FIGURE 1

Flowchart of the study.
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FIGURE 2
Test search and selection process.
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as outcome indicators to express the pairwise and network meta-
analysis results. The evidence network of different intervention
measures was summarized using a network structure chart, and a
league table was used to compare the efficacy of any two treatment
methods. Stata version 15.0 (Stata Corp., College Station, TX,
USA) was used to calculate the area under the cumulative ranking
curve (SUCRA). The higher the SUCRA value, the better the
intervention effect. A calibration comparison funnel chart was used
to evaluate whether the small-sample effect caused bias in the
intervention network.

3. Results

3.1. Process and information for included
studies

A detailed flow of the study’s retrieval and screening process is
illustrated in Figure 2. A total of 17 articles were retrieved from
PubMed, 14 from Embase, 25 from Cochrane Central, 22 from
Web of Science, 4 from CNKI, 6 from CBM, 10 from Wanfang,

10.3389/fnut.2023.1184337

3 from VIP, and 2 from ClinicalTrials.gov. After the results found
by the above methods were merged and deduplicated, 45 articles
remained. Of these, 32 were excluded based on title and abstract
screening. Finally, 6 of the 13 articles that underwent complete text
evaluation met the inclusion criteria, including five randomized
crossover trials and one randomized parallel trial. A total of 116
patients were included in six studies, and the impact of seven diets
with different protein compositions on the patients was evaluated.
We divided the patients into three groups according to the amount
of SP in the diet for the network meta-analysis. There were no
statistically significant differences in the baseline data in any of the
studies. Table 1 presents the grouping and experimental design. See
Supplementary Table 2 for the results and data included in this
study.

3.2. Risk of bias assessment

According to the standard methods recommended by the
Cochrane Collaboration for assessing death risk, three of the six
ion studies showed clear random sequence genera. Four studies
reported allocation concealment and none of the studies noted the
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FIGURE 3

Risk of bias summary and risk of bias graph. Green, low risk; yellow, unclear; red, high risk.
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blinding of participants and personnel. In addition, none of the
studies mentioned the blinding of the outcome assessment and five
studies had complete outcomes data. Owing to the small number
of original studies, all studies were included in the analysis without
considering the bias score. The risk assessment of bias is illustrated
in Figure 3.

3.3. Effects of different percentages of
soy protein on renal function

3.3.1. Traditional pairwise and network
meta-analyses

Traditional pairwise and network meta-analyses
performed on these four indicators. The results showed that
the efficacy of the 35% SP diet was higher than that of the 0% SP
diet, and the result of 24hUTP was statistically significant; 35% SP
vs. 0% SP diet had an MD of —154.00 (95% CI: —266.69, —41.31)

for 24hUTP (Figure 4).
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FIGURE 4
Network meta-analysis results (blue panels) and traditional pairwise
meta-analysis results (green panels) show results for 24-h urine
total protein (24hUTP), blood urea nitrogen (BUN), glomerular
filtration rate (GFR), and serum creatinine (Scr). The line with the
95% Cl represents the 95% Cl in the network and traditional pairwise
meta-analyses. When traditional meta-analyses are not feasible in
specific comparisons, the results of a single trial can serve as direct
evidence.
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3.3.2. Network meta-analysis

Based on the results of the network meta-analysis, we created
an evidence network (Figure 5) and a league table (Figure 6). The
effects of three different percentages of SP on four renal indices
were demonstrated. The results indicate that for BUN, the mean
difference between the 35% and 0% SP groups was —0.62 (95% CI
—1.92, 0.59), and for Scr, it was —0.17 (95% CI —0.37, 0.03). While
these findings did not reach statistical significance, there was an
observable trend suggesting that the 35% SP diet performed better
than the 0% SP diet. To further validate these trends, we conducted
SUCRA ranking analysis.

3.3.3. SUCRA ranking

The SUCRA ranking indicated that the 35% SP diet is the
most beneficial among the three SP diet percentages for reducing
24hUTP and Scr. The probability rank was as follows: 35%
SP > 100% SP > 0% SP. Similarly, for reducing BUN, as well as
increasing GFR, the dietary composition with 35% SP was found
to be the most advantageous, with the probability rank as follows:
35% SP > 0% SP > 100% SP. The probability-ranking diagram is
illustrated in Figure 7. This ranking was consistent with the results
of the network meta-analysis.

3.3.4. Publication bias assessment

Despite the sample size being less than 10, we conducted a bias
check for the study. Comparison-specific funnel charts showed that
the studies were generally distributed in the upper middle section,
suggesting a lower risk. However, individual studies appeared
scattered at the bottom, which could be attributed to their small
sample sizes (Supplementary Figure 2.1).

3.4. Effects of different percentages of
soy protein on blood lipids

3.4.1. Traditional pairwise and network
meta-analyses

Traditional pairwise and network meta-analyses were
performed on these four indicators. Results demonstrated
that the efficacy of the 35% SP diet was higher than that of the 0%
SP diet. However, the effects of CHO and LDL-C were statistically
significant. Specifically, for the comparison between the 35% SP
and 0% SP diets, the MD was —0.55 (95% CI: —1.08, —0.03) for
CHO, and for LDL-C, it was —17.71 (95% confidence interval:
—39.67, —4.24) (Figure 8).

3.4.2. Network meta-analysis

Based on the results of the network meta-analysis, we generated
an evidence network (Figure 9) and a corresponding league
table (Figure 10). These representations illustrated the effects of
three different percentages of SP on four blood lipid indices.
Specifically, for the comparison between 35% and 100% SP diets,
the mean difference was 0.18 (95% CI —0.69, 1.12) for CHO, and
—0.39 (95% CI —0.95, 0.28) for LDL-C. Although these results
are not statistically significant, a trend was observed suggesting
that the 35% SP diet might be more favorable than the 100%
SP diet; therefore, we conducted a SUCRA ranking to verify
this.
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FIGURE 8
Network meta-analysis results (blue panels) and traditional pairwise
meta-analysis results (green panels) show cholesterol (CHO),
high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), and triglycerides (TG) results. The
line with the 95% Cl represents the 95% ClI in the network
meta-analysis and the 95% ClI in the traditional pairwise
meta-analysis. When traditional meta-analyses are not feasible in
specific comparisons, the results of a single trial can serve as direct
evidence.

3.4.3. SUCRA ranking

The SUCRA ranking showed that CHO, HDL-C, LDL-C, and
TG levels improved. The 35% SP diet was the most beneficial
for CHO, HDL-C, and LDL-C. The probability ranking was 35%
SP > 100% SP > 0% SP. The probability-ranking diagram is shown
in Figure 11. This ranking was consistent with the results of the
network meta-analysis.
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3.4.4. Publication bias assessment

Despite the sample size being less than 10, we conducted a
bias check. The distribution of the comparison-specific funnel chart
was acceptable but still suggested some potential publication bias
(Supplementary Figure 2.2).

3.5. Effects of different percentages of
soy protein on blood sugar and weight

3.5.1. Traditional pairwise and network
meta-analyses

Traditional pairwise and network meta-analyses were
performed on these three indicators. The results showed no
statistical significance for FPG or weight, and the efficacy
of the 35% SP diet was higher than that of the 0% SP diet

(Figure 12).

3.5.2. Network meta-analysis

Based on the results of the network meta-analysis, we generated
an evidence network (Figure 13) and a corresponding league table
(Figure 14). The effects of three different percentages of SP on
FPG and body weight are shown. The results indicate that for
comparison between 35% and 0% SP diets, the mean difference was
—7.77 (95% CI —41.44, 25.37) for FPG, and —0.90 (95% CI —5.88,
4.07) for weight. These results were not statistically significant, and
the 35% dominance trend was not obvious.

3.5.3. SUCRA ranking

The SUCRA ranking indicated that, among the three
percentages of SP diets, the 35% SP diet was the most beneficial for
reducing FPG and weight. For FPG, the probability rank was 35%
SP > 0% SP > 100% SP, while for weight, it was 35% SP > 100%
SP > 0% SP. The probability-ranking diagram is illustrated in
Figure 15.

3.5.4. Publication bias assessment

Despite the sample size being less than 10, we conducted a
bias check. The distribution of the comparison-specific funnel chart
was acceptable but still suggested some potential publication bias
(Supplementary Figure 2.3).

4. Discussion

Soy protein is a plant protein. Recently, the importance of
plant-based diets for health has been increasingly recognized,
especially in patients with kidney diseases. A meta-analysis by
Aycart et al. (15) showed that for non-dialysis and dialysis patients
with chronic kidney disease (CKD), eating plant proteins can
reduce the inflammatory response compared with animal proteins.
Based on the National Health and Nutrition Examination Survey
(NHANES) database, the relationship between plant protein intake
and mortality in patients with CKD was explored. The results
showed that for populations with an estimated glomerular filtration
rate of <60 ml/min/m?, increasing plant protein intake in the
diet was associated with a decrease in all-cause mortality with the
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95% Cl represents the 95% Cl in the network and traditional pairwise meta-analyses. When traditional meta-analyses are not feasible in specific

comparisons, the results of a single trial can serve as direct evidence.

same total protein intake (16). According to the digestible essential
amino acid score (DIAAS) method recommended by the Food and
Agriculture Organization of the United Nations (FAO), Herreman
et al. (17) calculated the DIAAS of 5 animal and 12 plant proteins.
The results demonstrated that the SP score for people over 3 years
old was > 100, second only to whey.

Epidemiological and animal studies have demonstrated that
endogenous estrogen in the human body has a protective effect
on the kidneys (18). Soy isoflavones (SI) are the main active
constituents of soy. Daidzein and Genistein are present in free
and combined forms and account for 30 and 60% of the total
SI, respectively. Studies have shown that SI and estrogen have
similar structures and functions (19). Abnormal lipid metabolism
in DN is associated with a decline in renal function (20). A meta-
analysis by Wang et al. (21) showed that SI could improve
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DN by significantly reducing 24hUTP, BUN, FPG, blood lipids,
and related inflammatory indicators. Another meta-analysis by
Zhang et al. (22) showed that soy protein intake has a protective
effect on Scr and serum phosphorus in patients with CKD
and can significantly reduce serum TG concentration. Li et al.
(23) administered different doses of SI to rats with metabolic
syndrome by gavage for 4 weeks. The results showed that SI
reduced the blood glucose levels and insulin resistance index of
the rats compared to the model group. In a 4-week randomized
crossover control trial, it was demonstrated that consumption
of soymilk significantly reduced the systolic blood pressure in
patients with T2DN in comparison to drinking milk (24). In
conclusion, the potential mechanism of SP in reducing DN may
be related to factors such as improving renal function, improving
blood lipid levels, reducing blood glucose, and lowering blood
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The bars are sorted by probability, representing their effectiveness in improving fasting blood glucose (FPG) and weight. The green dashed line
corresponds to the 100% SP diet, the red dashed line represents the 0% SP diet, and the blue dashed line represents the 35% SP diet.

pressure. The main component responsible for these beneficial
effects appears to be SI.

Considering the beneficial effects of SP in patients with kidney
disease, along with relevant studies, it appears that the extent of
this effect might be related to different percentages of SP intake.
Hence, the question arises whether T2DN patients can attain the
most beneficial SP intake. To address this, we conducted a network
meta-analysis to investigate the impact of different percentages of
SP intake on patients with T2DN. Our analysis aimed to determine
whether three different SP dietary protein percentages yield the
same effect on the main renal outcome indicators and markers
associated with glucose and lipid metabolism. Globally, ESRD
caused by DN progression accounts for 30-50% of cases (25); it has
an irreversible impact on the lives of sick people and places a heavy
burden on public health. Therefore, we focused on renal function.
In terms of renal function indicators, GFR is used to identify and
stage DN (20). In addition, 24hUTP and Scr are important markers
of renal function, and BUN is a biochemical parameter of renal
function. These indicators were included in the analyses. We found
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that the 35% SP diet was the most effective in reducing Scr, BUN,
24hUTP, and increasing GFR among the three SP diets, which was
better than the 0% SP and 100% SP diets; 24hUTP was statistically
significant. CHO, TG, HDL-C, and LDL-C levels were selected
for the analysis of blood lipid indicators. The results showed that,
except for TG, 35% SP was the most beneficial among the three
SP ratios for CHO, HDL-C, and LDL-C; CHO and LDL-C were
statistically significant. The incidence of DN in obese patients with
type 2 diabetes mellitus is >40% (26). We focused on weight and
FPG levels. FPG levels and weight were not statistically significant.
Additionally, the 35% SP diet was the best choice for improving
blood sugar levels and weight.

The advantage of our study is that, before reporting more
evidence of direct comparison, our network meta-analysis provides
a comprehensive comparison of the prognosis of kidney, blood
lipid, blood glucose, and weight of T2DN patients with different
percentages of SP in their diet, which includes both direct and
indirect comparisons. Not only can we compare the difference
between the intake and non-intake of SP, but more importantly,
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we also analyzed the different percentages of SP in the diet.
Particularly, for the 35% SP diet, most indicators showed the
most positive effect on prognosis, and the results of the practical
estimation were robust. By contrast, the sensitivity analysis results
show little change, which is consistent with our initial assumption.
The diet structure includes three proteins: SP, plant protein, and
animal protein, the percentages of which are relatively balanced.

5. Limitations

This study has several limitations. First, owing to the small
number of studies that met the inclusion criteria, it was difficult
to unify the duration of the intervention. As a result, the most
prolonged duration of the included studies was 4 years, and the
shortest was only 4 weeks; this may be a significant source of
heterogeneity. Fortunately, only one study lasted for more than
3 months. Second, dietary protein has two dimensions: quality and
quantity. Strictly speaking, the amount should be controlled and
consistent when studying quality; however, this is because of the
limitations of the original research quantity. In addition, we did
not standardize the amount of protein, which may have caused
heterogeneity. However, by manually analyzing the results with
heterogeneity and looking at possible sources of heterogeneity, it
appeared that the difference in total protein intake was not the
source of heterogeneity. This indicates that the proposed scheme
is feasible. Third, patients with different dietary plans were at
different DN stages, but an insufficient number of patients was
unsuitable for any specific analysis. As a result, we only evaluated
the effect of varying SP ratios on T2DN patients and were unable
to explore different stages of kidney disease. Nevertheless, we
included patients in the non-renal failure stage when formulating
the inclusion criteria, which reduced the deviation of the results
at various stages of kidney disease. Fourth, some studies did not
clearly describe whether random sequence generation, allocation
hiding, or blind methods were conducted, which may have affected
the analysis results. However, we evaluated the results according
to the ROB and the results were acceptable. Finally, patient
characteristics and method quality, such as age, sex, duration
of diabetes and nephropathy, blood glucose control level, and
different randomization methods of the trial, may have been
potentially uncontrollable factors in our analysis. However, in the
network meta-analysis, whether differences in the characteristics
of these patients have a substantial impact on the indicator results
warrants further study.

6. Conclusion

Our analysis showed that for T2DN patients, different
percentages of SP in the diet have other effects on major renal
outcome indicators and markers related to glucose and lipid
metabolism. When SP constitutes 35% of the total protein in the
diet, it exhibits the most significant benefits in terms of Scr, BUN,
24hUTP, GFR, CHO, HDL-C, LDL-C, FPG, and weight. However,
there are other more effective dietary protein structure percentages
as well as long-term effectiveness, safety, and patient compliance. It
is necessary to strictly design randomized controlled trials (RCTs)
with multiple SP percentages, large sample sizes, and longer follow-
up to confirm their impact on DN.
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