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Abstract: Background/Objectives: Chronic kidney disease (CKD) is associated with in-
creased mortality, with cardiovascular disease (CVD) being the primary cause of death.
Proper lipid regulation may reduce CVD risk and slow CKD progression. While there
is evidence that a higher plant protein intake could ameliorate lipid levels in the general
population, the effects of this dietary regimen within the CKD population remain uncertain,
with studies providing conflicting results. We aim to investigate the impact of increased
plant protein intake on the lipid levels of CKD patients. Methods: Two electronic databases
(PubMed, Scopus) were reviewed for controlled clinical trials assessing the effect of in-
creased plant protein intake versus the usual CKD animal-based diet in CKD patients,
published until June 2024. Results: Eleven trials, encompassing 248 patients, were in-
cluded in this meta-analysis. Overall, compared to the usually recommended CKD diet,
increased plant protein intake was associated with statistically significant reductions in
total cholesterol (−24.51 mg/dL, 95% CI −40.33, −8.69), low-density lipoprotein (LDL)
(−21.71 mg/dL, 95% CI −38.32, −5.1), triglycerides (− 21.88 mg/dL, 95% CI −35.34,
−8.40), and Apolipoprotein B levels (−11.21 mg/dL, 95% CI −18.18, −4.25). No significant
changes were observed in high-density lipoprotein (HDL) (0.09 mg/dL, 95% CI −1.82, 1.99)
and Apolipoprotein A levels (0.04 mg/dL, 95% CI −7.14, 7.21). Conclusions: Increased
plant protein intake, mainly from soy, reduces total cholesterol, LDL, triglycerides, and
ApoB in adult CKD patients. Further research is needed to assess these effects in dialysis
patients and explore non-soy plant sources.

Keywords: chronic kidney disease; CKD; dialysis; plant protein; soy protein; total
cholesterol; LDL cholesterol; triglycerides; HDL cholesterol; Apolipoprotein A; ApoA;
Apolipoprotein B; ApoB; meta-analysis

1. Introduction
Chronic kidney disease (CKD) is a significant contributor to global morbidity and

mortality, with the total number of deaths per year ranging from 5 million to 11 million [1].
Deaths due to CKD increased by 50% from 2000 to 2010, and by 2040, it is predicted to be the
fifth most common cause of years of life lost (YLL), surpassing other major drivers of early
mortality, such as diabetes mellitus [2–4]. Cardiovascular disease (CVD) is the leading cause
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of death among this population, while CKD is increasingly recognized as an independent
risk factor for cardiovascular events [5–7]. Compared to the general population, patients
with CKD stage 3 (estimated glomerular filtration rate 30–59 mL/min/1.73 m2) have an
approximately two-fold risk of dying from CVD, which becomes three-fold at stage 4
(15–29 mL/min/1.73 m2) [8].

Aside from traditional cardiovascular risk factors, which are highly prevalent across
all stages of CKD, separate pathways have been identified as possible links between the two
entities. The pathological metabolism of calcium and phosphorus, impaired production of
Klotho, and increased levels of fibroblast growth factor 23 (FGF 23) contribute to diffuse
myocardial fibrosis and diastolic dysfunction [9,10]. Additionally, endothelial dysfunction
and plaque formation seem to be aggravated by the highly atherogenic lipidemic profile
of CKD patients. This profile is characterized by an increase in triglycerides, very low-
density lipoprotein (VLDL), and Lp(a), while high-density lipoprotein (HDL) levels are
remarkably low. Low-density lipoprotein (LDL) levels appear normal, but oxidized—thus
more atherogenic—levels of LDL are increased [11–15].

Pharmacological or dietary interventions for lipid regulation among CKD patients
are thus being extensively researched. The latest nutritional guidelines from the American
Heart Association concerning cardiovascular risk reduction in the general population
emphasize the importance of protein source, recommending that the majority of protein
consumed should be of plant origin [16]. However, the corresponding guidelines for CKD
patients do not specify a preferred plant protein source due to insufficient evidence [17].

In a systematic review published in 2014, which included nine randomized controlled
trials (RCTs) with 197 participants, the effects of soy protein on kidney function and lipid
levels in pre-dialysis CKD patients were investigated [18]. The findings suggested that
soy protein had a beneficial effect on serum creatinine, phosphorus, total cholesterol (TC),
and triglyceride (TG) levels. However, the reduction in total cholesterol and triglycerides
was not statistically significant. To further investigate this relationship, we conducted a
meta-analysis on the effect of plant protein on the lipid profile of CKD patients across all
stages, taking into account participants’ baseline characteristics and the methodological
aspects of the included studies.

2. Materials and Methods
This meta-analysis has been registered in PROSPERO (registration number CRD

42022331268), and the results are reported in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement, as well as the standards
of the Cochrane Handbook for Systematic Reviews of Interventions [19,20].

2.1. Literature Search Strategy

The PubMed and Scopus databases were searched using appropriate algorithms tai-
lored for each database. The following keywords, along with relevant variations, were used:
“Chronic Kidney Disease”, “Glomerular Filtration Rate”, “Proteinuria”, “Renal Replace-
ment Therapy”, “plant protein”, “soy protein”, “vegan protein”, and “animal protein” The
detailed search strategy, along with the Boolean operators used, can be found in the Sup-
plementary Materials. Additionally, the bibliographies of included studies were reviewed
to identify relevant studies that were not retrieved during the initial search. A thorough
search of the gray literature (relevant conference proceedings, clinical trial registries, and
Google Scholar) was also conducted using the same keywords. All manuscripts (original
studies published in journals or as conference proceedings) published before 22 June 2024
were considered.
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2.2. Eligibility Criteria and Study Selection

Controlled clinical trials (of either parallel or crossover design) evaluating the impact
of increased plant protein intake on the lipid profile of CKD patients were deemed eligible.
The specific inclusion criteria are as follows: (1) adult patients diagnosed with CKD at
any stage, as defined by KDIGO/KDOQI guidelines [21]; (2) an intervention involving
an increase in plant protein intake through dietary modifications or daily supplements,
maintained for at least four weeks; (3) a control group following the standard CKD diet,
with less than 50% of total protein intake derived from plant sources; and (4) lipid profile
indicators (including non-HDL, VLDL, Apolipoprotein A, Apolipoprotein B, and Lp(a))
reported as mean values before and after the intervention. Studies that were not published
in English, as well as studies in which participants had indications of acute kidney injury or
were renal transplant recipients, were excluded. Screening of the studies identified in the
initial search was carried out independently by two authors (IP and AN). Disagreements
were resolved via consensus or, if necessary, after discussion with a third author (EV).

2.3. Data Extraction and Risk of Bias Assessment

The following data were extracted from each of the eligible studies: name of the first
author, year of publication, country of origin, study type, number of participants in each
group, age, sex, CKD stage of participants, cause of CKD, percentage or amount of plant
protein administered to the intervention arm, type of plant protein, percentage or amount of
animal protein administered to the control arm, total daily intake of protein for each group,
duration of the intervention, existence of a washout period in crossover trials, baseline
lipidemic status, use of lipid-lowering agents and outcome measures (mean ± SD before
and after the intervention, as well as the standard deviation of the difference in means).
Values expressed as mmol/L were converted to mg/dL (by multiplying either by 38.67 for
TC, LDL, and HDL, or by 88.57 for TG). In four studies [22–25] in which the published data
required for the pooled analysis were inadequate, the authors were contacted via email,
but no responses were received.

For the calculation of the pooled effect size, the difference in mean values before and
after the intervention and their standard deviations were used. If the standard deviations
were not provided, the method proposed by Higgins et al. [19], which imputes the missing
standard deviation of the difference in means from the mean value of the available standard
deviations, was employed. However, standard deviations of the difference in means before
and after the intervention were available for less than 50% of the studies; therefore, mean
values after the intervention and their standard deviations were used for the calculation of
the pooled effect size. Sensitivity analyses were conducted to assess whether the pooled
effect sizes were impacted by the imputation of the standard deviations.

To assess the internal validity of the studies, the Cochrane Rob2 tool was used for ran-
domized controlled trials, and the ROBINS-I tool was used for non-randomized controlled
interventions [26,27]. Two authors (IP and AN) worked independently, and in cases of
disagreement, consensus was reached with the involvement of a third author (EV). The five
domains through which bias could be introduced are as follows: (1) bias arising from the
randomization process, (2) bias due to deviations from intended interventions, (3) bias due
to missing outcome data, (4) bias in the measurement of the outcome, and (5) bias in the
selection of the reported result. Each domain was categorized as having a high or low risk
of bias, or as raising some concerns. Consequently, based on these categorizations, each
study was deemed to have a low risk, high risk, or some concerns regarding the risk of
bias [26].
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2.4. Statistical Analysis

The meta-analysis was conducted using RevMan 5.4 (Review Manager (RevMan)
[Computer program]. Version 5.3. Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014). The effect sizes were calculated using the inverse variance
method under a random effects model since there was significant heterogeneity between the
studies (related to differences in the study population, study design, and intervention). All
data were continuous and pooled as weighted mean differences (MD) with 95% confidence
intervals (CI). Heterogeneity was also assessed using the I2 statistic. Subgroup analyses
based on CKD stage, study design, percentage of plant protein compared to total protein,
risk of bias, and imputation of the standard deviations were carried out. Leave-one-out
sensitivity analyses were also employed for all outcomes to assess any exaggerated effects
of a single study on the pooled effect size. To assess the possibility of publication bias,
funnel plots were constructed using STATA 13.1, and the Egger’s test was also performed.
Statistical results were deemed statistically significant if p < 0.05.

3. Results
The study selection process is illustrated in Figure 1. A comprehensive search of

PubMed, Scopus, and gray literature sources yielded 2249 study reports. After screening ti-
tles and abstracts and removing duplicates, 353 full-text reports were assessed for eligibility.
Eleven reports of controlled trials, encompassing a total of 248 patients, met the inclusion
criteria and were included in this meta-analysis.
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The main characteristics of the eligible studies are detailed in Table 1.
Five studies [24,25,28–30] are randomized controlled crossover trials, while one study [31]

is a non-randomized crossover controlled trial. The remaining studies [22,23,32–34] are
randomized controlled parallel trials.
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Only two of the eleven studies employed blinding for both the participants and the
researchers [22,23]. Out of a total of 248 patients, 99 were end-stage kidney disease patients
requiring renal replacement therapy.

Table 1. Characteristics of controlled clinical trials that assessed the impact of increased plant protein
intake on the lipid profile of adult CKD patients.

Author, Year Country Study Type Number of Study
Participants RRT Intervention Control Duration

(Weeks)

Ahmed, 2011 [32] Brazil RP 18 None 100% vegetable
protein

100% animal
protein 8

Anderson, 1998 [28] USA RC 8 None 50% soy protein 50% animal
protein 8

Azadbakht, 2003 [29] Iran RC 14 None 35% soy + 30%
vegetable protein

70% animal
protein 7

Azadbakht, 2008 [33] Iran RP 41 None 35% soy + 30%
vegetable protein

70% animal
protein 192

Chen, 2005 [22] Taiwan RP 37 Hemodialysis 30 g soy protein/d 30 g cow milk
protein/d 12

Chen, 2006 [23] Taiwan RP 26 Hemodialysis 30 g soy protein/d 30 g milk
protein/d 12

D’Amico, 1992 [31] Italy NRC 20 None 100% vegetable
protein

Usual CKD
diet 1 8

Miraghajani, 2013 [24] Iran RC 25 None 240 mL soy milk/d 240 mL cow
milk/d 4

Soroka, 1998 [25] Israel RC 9 None >50% soy protein >50% animal
protein 24

Tabibi, 2010 [34] Iran RP 36 Peritoneal
dialysis 14 g soy protein/d Usual CKD

diet 1 8

Teixeira, 2004 [30] USA RC 14 None 50% soy protein 50% animal
protein 8

RP: Randomized parallel controlled trial; RC: Randomized crossover controlled trial; NRC: Non-randomized
crossover controlled trial; RRT: Renal replacement therapy; 1: The usual CKD diet is generally composed of at
least 50% animal protein.

Concerning the intervention, the majority of studies used soy as the sole source of plant
protein. The total amount of protein intake ranged between 0.75 and 1.2 g/kg/day and
was generally consistent across the intervention and control groups, except for the study
by D’Amico et al., in which the protein intake of the control group was not specified [31].

Among the eleven studies included, four [25,28,29,32] did not specify the methods
used to measure lipid levels. In the remaining studies [22–24,30,31,33,34], total choles-
terol and triglyceride levels were assessed using enzymatic reagents. Apolipoprotein A
and Apolipoprotein B were measured through either immunoturbidometry [22,23] or im-
munonephelometry [31]. HDL levels were determined using homogenous assays [22–24,34]
or precipitation methods [30,31,33]. Finally, LDL was quantified either through calcula-
tion using the Friedewald formula [31,33] or through direct measurement with enzymatic
reagents [22–24,30,34].

In their analysis, Chen et al. [22] present results stratified by the patients’ lipidemic
profile at baseline (hyperlipidemic vs. normolipidemic). Therefore, data for these two
groups were recorded separately throughout this meta-analysis and are presented as «Chen
2005 (h)» for the hyperlipidemic group and «Chen 2005 (n)» for the normolipidemic group.

3.1. Risk of Bias Assessment

The risk of bias assessment is presented in Supplementary Tables S1 and S2. Using
the Cochrane RoB 2 and the ROBINS-I assessment tool, four studies [24,31,32,34] (Ahmed
2011, D’Amico 1992, Miraghajani 2013, and Tabibi 2010) were judged to be at high risk of
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bias, primarily due to insufficient or inconsistent data regarding the randomization process,
failure to apply an intention-to-treat analysis, or missing outcome data. The remaining
seven studies [22,23,25,28–30,33] were deemed to have some concerns regarding possible
risk of bias.

3.2. Outcomes
3.2.1. Total Cholesterol

Overall, compared to the consumption of the usually recommended CKD diet, in
which the major sources of protein are of animal origin, the increased intake of plant
protein led to a statistically significant reduction of total cholesterol by 24.5 mg/dL [pooled
MD = −24.51 mg/dL favoring the plant protein group, (95% CI −40.33, −8.69), I2 = 96%]
(Figure 2).
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Figure 2. Meta-analysis of controlled trials assessing the effect of increased plant protein intake on
total cholesterol levels of non-dialysis and dialysis CKD patients [22–25,28–34].

In studies that include only non-dialysis CKD patients [24,25,28–33], increased plant
protein intake resulted in a statistically significant reduction of total cholesterol [pooled
MD = −26.19 mg/dL favoring the plant protein group, (95% CI −44.65, −7.74), I2 = 97%]
(Figure 2). In studies that included dialysis patients [22,23,34], total cholesterol decreased
in the intervention group, but, compared to the control group, this reduction was not
statistically significant [pooled MD = −19.12 mg/dL (95% CI −48.41, 10.16), I2 = 57%]
(Figure 2).

Among the studies in which plant protein constituted at least 50% of the total protein in-
take, a significant reduction in total cholesterol was observed [pooled MD = −28.57 mg/dL
favoring the plant protein group, (95% CI −48.92, −8.23), I2 = 98%] (Figure 3). Regarding
the studies in which the percentage increase in plant protein was not defined [22–24,34],
the intervention led to a reduction in total cholesterol, although it was not statistically
significant [pooled MD = −14.4 mg/dL (95% CI −32.26, 3.47), I2 = 45%] (Figure 3).
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total cholesterol levels of CKD patients according to the percentage of plant protein compared to total
protein administered [22–25,28–34].

Following a subgroup analysis of the included studies based on their design (parallel
or crossover), a statistically significant reduction in total cholesterol was observed in studies
with a parallel design [22,23,32–34], in favor of the increased consumption of plant protein
[pooled MD = −24.54 mg/dL (95% CI −40.84, −8.24), I2 = 57%] (Figure S1). Among
the crossover studies [24,25,28–31], the reduction in total cholesterol was not statistically
significant [pooled MD = −24.8 mg/dL (95% CI −54.91, 5.31), I2 = 98%] (Figure S1).

After excluding the four studies with high Rob2 scores [24,31,32,34], or the five stud-
ies [22–25,31] with imputed standard deviations, the beneficial effect of increased plant pro-
tein consumption remained; however, the reduction in total cholesterol was smaller [pooled
MD = −15.92 mg/dL (95% CI −28.88, −2.96), I2 = 92% and pooled MD = −18.66 mg/dL
(95% CI −30.61, −6.7), I2 = 91%, respectively] (Figures S2 and S3).

A leave-one-out sensitivity analysis was also carried out, which indicated the impact
of the outlying study by D’Amico et al. [31] on the pooled result. After the exclusion of this
study, the reduction in total cholesterol levels associated with higher plant protein intake
was attenuated but remained statistically significant [pooled MD = −14.11 mg/dL (95% CI
−25.20, −3.02), I2 = 90%].

3.2.2. Triglycerides

The overall pooled result of the studies indicated a statistically significant reduc-
tion in triglycerides of 21.9 mg/dL following increased consumption of plant protein
compared to the usually prescribed CKD diet [pooled MD = −21.88 mg/dL (95% CI
−35.35, −8.4), I2 = 76%] (Figure 4). This primary result was further supported within the
non-dialysis population [24,25,28–33], with the reduction being almost identical [pooled
MD = −22.66 mg/dL (95% CI −36.61, −8.71), I2 = 82%] (Figure 4). However, the reduction
of triglycerides was not statistically significant in the dialysis population [22,23,34] [pooled
MD = −17.69 mg/dL (95% CI −79.3, 43.92), I2 = 42%] (Figure 4).
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Upon isolating the seven studies in which the percentage of plant protein constituted
at least 50% of the total protein intake [25,28–33], a statistically significant reduction in
triglycerides was observed in favor of the intervention [pooled MD = −21.11 mg/dL (95%
CI −35.84, −6.37), I2 = 85%] (Figure 5).
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Concerning the effect of the study design on the pooled result, a reduction in triglyc-
erides was observed in the subgroup of studies with a parallel design [22,23,32–34] [pooled
MD = −18.54 mg/dL (95% CI −37.42, 0.34), I2 = 8%] and among those with a crossover de-
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sign [24,25,28–31] [pooled MD = −18.68 mg/dL (95% CI −47.59, 10.23), I2 = 87%]; however,
it was not statistically significant (Figure S4).

Our primary result concerning triglycerides was upheld following the exclusion
of studies with a high risk of bias [24,31,32,34] [pooled MD = −24.35 mg/dL (95%
CI −39.53, −9.18), I2 = 83%] or with imputed standard deviations [22–25,31] [pooled
MD = −25.13 mg/dL (95% CI −40.69, −9.31), I2 = 85%] (Figures S5 and S6).

Notably, in the analysis of how plant protein intake affects triglycerides levels among
CKD patients, the leave-one-out method did not reveal any study that was particularly
influential to the overall outcome.

3.2.3. LDL Cholesterol

Following the increased consumption of plant protein in CKD patients, the overall
pooled analysis of the eligible studies indicated a statistically significant reduction in
LDL cholesterol by 21.7 mg/dL [pooled MD = −21.71 mg/dL (95% CI −38.32, −5.1),
I2 = 98%]. The beneficial effect of increased plant protein intake was observed in all
CKD patients, although it was less pronounced among patients receiving dialysis [pooled
MD = −12.47 mg/dL (95% CI −29.07, −4.13), I2 = 61%] (Figure 6).
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Upon isolating the studies in which the percentage of plant protein intake was at least
50% [25,29–33], a greater reduction in LDL was observed [pooled MD = −30.63 mg/dL, in
favor of the intervention (95% CI −54.17, −7.10), I2 = 99%] (Figure 7).

The statistically significant reduction in LDL cholesterol levels remained after the
exclusion of studies with a high risk of bias, although it was less prominent [24,31,32,34]
[pooled MD = −13.65 mg/dL (95% CI −25.8, −1.5), I2 = 94%] or with imputed standard
deviations [22–25,31] [pooled MD = −16.25 mg/dL (95% CI −29.27, −3.23), I2 = 95%]
(Figures S7 and S8).

Two [31,33] of the three studies [30,31,33] that used the precipitation method to assess
HDL levels applied the Friedewald formula to calculate LDL cholesterol levels. To deter-
mine whether this indirect method for LDL measurement could have introduced bias, we
repeated the analysis after excluding these two studies. The beneficial effect was attenuated
but remained statistically significant [pooled MD = −8.4 mg/dL (95% CI −15.18, −1.63),
I2 = 66%].
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Following a leave-one-out sensitivity analysis, the impact of the D’Amico et al. [31]
study contributing an exaggerated pooled mean difference was confirmed. The meta-
analysis was repeated after excluding this study, which resulted in an attenuated but
statistically significant reduction in LDL cholesterol levels [pooled MD = −12.49 mg/dL
(95% CI −23.04, −1.93), I2 = 94%].

3.2.4. HDL Cholesterol

Overall, no biologically relevant or statistically significant association was found be-
tween increased plant protein intake and HDL cholesterol levels [pooled MD = 0.09 mg/dL
(95% CI −1.82, 1.99), I2 = 6%] (Figure 8). No change in this outcome was observed after
conducting sensitivity analyses based on CKD stage or percentage of plant protein intake
(Figures 8 and 9).
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Figure 9. Meta-analysis of controlled trials assessing the effect of increased plant protein intake on
HDL cholesterol levels of CKD patients according to the percentage of plant protein compared to
total protein administered [22–25,29–34].

Similarly, after excluding the four studies that were judged to have a high risk of
bias [24,31,32,34] or the three studies [30,31,33] that used the precipitation method to
estimate HDL cholesterol, no significant association was found [pooled MD = 0.22 mg/dL
(95% CI −1.91, 2.35), I2 = 17% and pooled MD = −0.22 mg/dL, favoring the control group
(95% CI −2.28, 1.84), I2 = 0% respectively] (Figure S9).

Lastly, no study appeared to have an impact on HDL levels after repeating the analysis,
excluding one study each time (leave-one-out method).

3.2.5. Apolipoprotein A

Overall, following the increased consumption of plant protein, no significant differ-
ences in Apolipoprotein A levels were observed [pooled MD = 0.04 mg/dL (95% CI −7.14,
7.21), I2 = 0%] (Figure 10). However, when the analysis was repeated after excluding the out-
lying D’Amico et al. [31] study, the Apo A levels of CKD patients increased by 2.64 mg/dL;
however, this finding was not statistically significant [pooled MD = 2.64 mg/dL (95% CI
−4.99, 10.26), I2 = 0%].
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3.2.6. Apolipoprotein B

Finally, a beneficial impact was found on Apolipoprotein B levels, which were shown
to be decreased by 11.21 mg/dL following the increased consumption of plant protein
[pooled MD = −11.21 mg/dL (95% CI −18.18, −4.25), I2 = 42%] (Figure 11).
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4. Publication Bias
We assessed the possibility of publication bias through visual inspection of funnel

plots (Figures S10–S13) and the Egger regression test [35]. In our analysis, although Egger’s
regression test did not indicate publication bias across any of our outcomes, the funnel plots
appeared asymmetrical. Specifically, for HDL and triglycerides, smaller, less precise studies
were asymmetrically distributed (Figures S11 and S13), while for total cholesterol and LDL,
the distribution of studies was diffusely asymmetrical (Figures S10 and S12). While the
high degree of heterogeneity in total cholesterol and LDL outcomes may have contributed
to the observed asymmetry, the presence of publication bias cannot be ruled out.

5. Discussion
Our meta-analysis of clinical trials assessing the effect of plant protein intake on

the lipidemic profile of adult CKD patients demonstrates that increased plant protein
intake, compared to an animal-based diet, resulted in a statistically significant reduction of
24 mg/dL in total cholesterol, 22 mg/dL in LDL cholesterol, 22 mg/dL in triglycerides,
and 11 mg/dL in Apolipoprotein B levels. No significant associations were found between
increased plant protein intake and HDL cholesterol or Apolipoprotein A levels.

Our findings align with those of Zhang et al. [18], who conducted a meta-analysis
of nine studies on the impact of soy protein on lipid levels in pre-dialysis CKD patients.
Although they observed reductions in triglycerides and total cholesterol, these changes
were not statistically significant.

In the general population, Li et al. [36] conducted a thorough meta-analysis of 112 trials
involving 5582 participants, which indicated that increased plant protein intake could
decrease LDL cholesterol by 6 mg/dL (95% CI −7, −4) and Apolipoprotein B by 5 mg/dL
(95% CI −6, −3).

The more pronounced reductions in total cholesterol and LDL cholesterol observed in
our analysis—in comparison to the existing literature—could be partially attributed to the
study by D’Amico et al. [31], which was shown to produce an exaggerated pooled effect
estimate. Following its exclusion, the reductions in total cholesterol and LDL cholesterol
associated with higher plant protein intake were 14.11 mg/dL (95% CI −25.20, −3.02) and
12.49 mg/dL (95% CI −23.04, −1.93), respectively.

Remarkably, despite the beneficial effects of plant protein on most lipid parameters, the
majority of the existing literature—including our findings—has observed little to no impact
on HDL cholesterol or Apolipoprotein A levels. Meta-analyses in the general population
have reported varying effects of plant protein on HDL cholesterol, with some showing a
modest increase of up to 2.7 mg/dL [37–40] and others noting a slight decrease [41–43].
Similarly, the effect of plant protein on Apolipoprotein A levels appears to follow this
variable pattern [44–48].

Appropriate lipid regulation is crucial for CKD patients, not only to mitigate the
risk of cardiovascular disease but also to address the nephrotoxic effects of dyslipidemia.
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Elevated circulating levels of LDL cholesterol are linked to mesangial cell proliferation,
increased chemokine production, and macrophage recruitment. This cascade of events
can lead to focal segmental glomerulosclerosis through mechanisms similar to those of
atherosclerosis [49–51]. Additionally, hypertriglyceridemia has been shown to exacerbate
podocyte injury, further contributing to glomerulosclerosis [50,52]. Recent cohort studies
have underscored the relationship between lipid regulation and the improvement of kidney
disease progression [53–55]. Specifically, three large cohort studies conducted in Korea and
Italy have demonstrated that hypertriglyceridemia and elevated levels of Apolipoprotein B
and LDL cholesterol are independently associated with a decline in the glomerular filtration
rate (GFR) and the progression to end-stage renal disease [53–55].

Soy was exclusively used as a source of plant protein in varying amounts for the
majority of the included studies. Azadbakht et al. [29,33] applied a diet consisting of 35%
soy protein and 30% non-soy vegetable protein, but the exact sources were not specified.
Thus, although our findings likely reflect the effect of increased intake of soy protein rather
than other plant protein sources, the inclusion of the Azadbakht et al. studies [29,33] limits
the generalizability of our results to soy protein alone.

It is noted that the safety profile and benefits of soy protein have been well researched
within the renal disease population, presumably due to the prolonged lifespan of these pa-
tients in East Asian countries, where there is a tradition of consuming soy products [56–58].
The main safety concerns lie in the risk of developing hyperphosphatemia and hyper-
kalemia; however, these concerns are not supported by current evidence. In two meta-
analyses of pre-dialysis CKD patients, soy intake was associated with lower serum phos-
phorus levels, while a clinical trial involving dialysis patients—who are at the highest risk
of developing hyperkalemia—failed to find an effect of soy consumption on potassium
levels in the blood [18,59,60]. These meta-analyses also highlight the potential renoprotec-
tive effects of soy protein, showing small but statistically significant reductions in serum
creatinine [18,59] and proteinuria [59]. Moreover, animal studies have provided insight
into the counteractive pathways of soy protein regarding oxidative stress and fibrosis, two
important prognostic factors in CKD progression [61–64]. As an example, in mouse mod-
els of kidney disease, soy protein appears to increase antioxidant capacity by increasing
catalase and decreasing lipid peroxidation [65], as well as improving the histopathological
findings of fibrosis, such as mesangial matrix expansion, tubulointerstitial fibrosis, and
myofibroblast differentiation [66].

When considering the generalizability of our results, certain limitations need to be
taken into account. First, the relatively small number of studies included in some analyses
renders the pooled estimates susceptible to type 1 error [67,68]. Of the eleven studies
included, four were judged to be at a high risk of bias [24,31,32,34], mainly due to an
inadequate randomization process, missing outcome data, and failure to apply an intention-
to-treat analysis.

Another limitation of our study lies in the high degree of heterogeneity observed
for the pooled estimates of total cholesterol (I2 = 97%) and LDL cholesterol (I2 = 98%).
Heterogeneity persisted even after conducting subgroup analyses based on CKD stage, per-
centage of plant protein, study design, risk of bias, and the imputation of missing standard
deviations. A small reduction in the degree of heterogeneity (90% and 94%, respectively)
was observed after excluding the study by D’Amico et al. [31], which presented exagger-
ated effect estimates for these values. This study is a non-randomized crossover trial in
which, following a baseline free diet, participants were placed on a strict vegetarian diet
for 8 weeks, with both protein and fatty acid sources replaced by vegetarian alternatives.
It is therefore likely that the amplified reductions in total cholesterol and LDL cholesterol
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observed in this trial are attributable to differences in total calorie intake and fatty acid
composition between the two diets, rather than the effect of plant protein alone.

Incomplete data limited the thorough exploration of heterogeneity. For example, a
possible effect modifier of the impact of plant protein on lipid levels is the baseline lipid
status. Higher baseline values may potentially amplify the impact of plant protein [69,70].
However, within our sample, only one study [22] stratified results according to baseline
lipid status, preventing a comprehensive assessment of this factor’s contribution to hetero-
geneity. Similarly, the exploration of heterogeneity was limited by insufficient information
on the use of lipid-lowering agents in the majority of the included studies. Nevertheless,
lipid-lowering drug use could introduce bias into our analysis only if there were significant
differences in their administration between the intervention and control groups. Consid-
ering that all of our studies, except one (D’amico et al. [31] in which patients receiving
lipid-lowering agents were excluded), are randomized controlled studies, it is unlikely that
such differences would exist. In addition, the methods used for lipid measurement can also
be a source of heterogeneity. However, it was not possible to explore this further, as four
out of the eleven studies considered in this analysis did not report on the methods used.

Another possible source of heterogeneity is the quality of plant protein, which is
related to the different forms of industrial processing and their impact on the protein’s
digestibility throughout the intestinal tract. Soy protein exhibits broad variations in DIAAS
(Digestible Indispensable Amino Acid Score), a measure of digestibility [71,72]. Given
the wide time span over which our studies were published, it is plausible that changes
in processing methods over time could have contributed to variations in protein quality,
further influencing heterogeneity.

A more comprehensive assessment of heterogeneity is additionally limited by the
incomplete exploration of the underlying pathophysiological pathways. A deeper under-
standing of these pathways could clarify how specific properties of plant proteins interact
with blood lipids, enabling targeted research and potentially more informative results.

Another limitation of our study concerns the short duration of the interventions, which
does not allow us to draw direct conclusions about the effect of increased plant protein
intake on hard outcomes such as major cardiovascular events or death. Short duration is
often acknowledged as a limitation of clinical trials, which often aim to elucidate the impact
of different therapies/interventions on biomarkers of effect rather than on the disease
itself. In this context, blood lipids serve as a reliable biomarker of effect, as the association
between lipid regulation and cardiovascular risk has been well established in the medical
literature [73,74].

Our analysis has several strengths. The eligible studies were all controlled clinical
trials, retrieved through an extensively thorough search of up-to-date databases and gray
literature sources. In comparison to the existing literature, our study contributes by provid-
ing pooled estimates concerning the effect of increased plant protein intake on LDL, HDL,
ApoA, and ApoB levels (while in previous analyses, effect estimates were limited to TC
and TG). CKD patients of all stages were also included, enabling a global application of
findings to this population and revealing gaps in the existing literature.

6. Conclusions
In conclusion, we found evidence that increased plant protein intake (primarily

achieved through increases in soy protein consumption) can reduce total cholesterol, LDL
cholesterol, triglycerides, and Apolipoprotein B levels in adult CKD patients. However,
further research is required to explore the effects of plant protein intake on lipid levels
within this population. Long-term randomized studies with larger samples and an empha-
sis on dialysis populations in which hard outcomes (such as major cardiovascular events or
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death) could also be accounted for, could help clarify the existing evidence. In addition,
there is a significant literature gap concerning the effect (and safety profile) of non-soy
plant protein sources on blood lipids, as well as the effect of plant protein on important
blood lipid indicators such as VLDL, Non-HDL, ApoA, or ApoB.
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each database; Figure S1. Meta-analysis assessing the effect of increased plant protein intake on total
cholesterol levels of CKD patients according to study design; Figure S2. Meta-analysis assessing
the effect of increased plant protein intake on total cholesterol levels of CKD patients according to
risk of bias; Figure S3. Meta-analysis assessing the effect of increased plant protein intake on total
cholesterol levels of CKD patients according to the imputation of standard deviations; Figure S4.
Meta-analysis assessing the effect of increased plant protein intake on triglyceride levels of CKD
patients according to study design; Figure S5. Meta-analysis assessing the effect of increased plant
protein intake on triglyceride levels of CKD patients according to risk of bias; Figure S6. Meta-analysis
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on Glycemic Control and Lipid Profile in Patients with Type 2 Diabetes: A Systematic Review and Meta-Analysis of Randomized
Controlled Trials. Nutrients 2021, 13, 1886. [CrossRef] [PubMed]

44. Campbell, S.C.; Khalil, D.A.; Payton, M.E.; Arjmandi, B.H. One-year soy protein supplementation does not improve lipid profile
in postmenopausal women. Menopause 2010, 17, 587–593. [CrossRef] [PubMed]

45. Matthan, N.R.; Jalbert, S.M.; Ausman, L.M.; Kuvin, J.T.; Karas, R.H.; Lichtenstein, A.H. Effect of soy protein from differently
processed products on cardiovascular disease risk factors and vascular endothelial function in hypercholesterolemic subjects. Am.
J. Clin. Nutr. 2007, 85, 960–966. [CrossRef]

46. McVeigh, B.L.; Dillingham, B.L.; Lampe, J.W.; Duncan, A.M. Effect of soy protein varying in isoflavone content on serum lipids in
healthy young men. Am. J. Clin. Nutr. 2006, 83, 244–251. [CrossRef]

47. Najjar, R.S.; Moore, C.E.; Montgomery, B.D. Consumption of a defined, plant-based diet reduces lipoprotein(a), inflammation,
and other atherogenic lipoproteins and particles within 4 weeks. Clin. Cardiol. 2018, 41, 1062–1068. [CrossRef]

https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1093/ajcn/68.6.1347S
https://doi.org/10.1038/sj.ejcn.1601688
https://doi.org/10.1093/jn/134.8.1874
https://doi.org/10.1016/0140-6736(92)90731-H
https://doi.org/10.1590/S0101-28002011000200006
https://doi.org/10.2337/dc07-2065
https://www.ncbi.nlm.nih.gov/pubmed/18184902
https://doi.org/10.3747/pdi.2009.00161
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1161/JAHA.117.006659
https://doi.org/10.1080/07315724.2011.10719947
https://doi.org/10.1007/s00592-020-01534-4
https://doi.org/10.3390/nu13082531
https://doi.org/10.1016/j.atherosclerosis.2008.04.006
https://doi.org/10.1093/ajcn/85.4.1148
https://doi.org/10.1080/10408398.2019.1689097
https://doi.org/10.3390/nu13061886
https://www.ncbi.nlm.nih.gov/pubmed/34072748
https://doi.org/10.1097/gme.0b013e3181cb85d3
https://www.ncbi.nlm.nih.gov/pubmed/20215976
https://doi.org/10.1093/ajcn/85.4.960
https://doi.org/10.1093/ajcn/83.2.244
https://doi.org/10.1002/clc.23027


Nutrients 2025, 17, 1408 18 of 19

48. Pipe, E.A.; Gobert, C.P.; Capes, S.E.; Darlington, G.A.; Lampe, J.W.; Duncan, A.M. Soy protein reduces serum LDL cholesterol and
the LDL cholesterol:HDL cholesterol and apolipoprotein B:apolipoprotein A-I ratios in adults with type 2 diabetes. J. Nutr. 2009,
139, 1700–1706. [CrossRef]

49. Dominguez, J.H.; Tang, N.; Xu, W.; Evan, A.P.; Siakotos, A.N.; Agarwal, R.; Walsh, J.; Deeg, M.; Pratt, J.H.; March, K.L.; et al.
Studies of renal injury III: Lipid-induced nephropathy in type II diabetes. Kidney Int. 2000, 57, 92–104. [CrossRef]

50. Joles, J.A.; Kunter, U.; Janssen, U.; Kriz, W.; Rabelink, T.J.; Koomans, H.A.; Floege, J. Early mechanisms of renal injury in
hypercholesterolemic or hypertriglyceridemic rats. J. Am. Soc. Nephrol. 2000, 11, 669–683. [CrossRef]

51. Kim, H.J.; Moradi, H.; Yuan, J.; Norris, K.; Vaziri, N.D. Renal mass reduction results in accumulation of lipids and dysregulation
of lipid regulatory proteins in the remnant kidney. Am. J. Physiol. Renal Physiol. 2009, 296, F1297–F1306. [CrossRef]

52. Lee, H.S. Mechanisms and consequences of hypertriglyceridemia and cellular lipid accumulation in chronic kidney disease and
metabolic syndrome. Histol. Histopathol. 2011, 26, 1599–1610. [CrossRef]

53. Jung, H.N.; Huh, J.H.; Roh, E.; Han, K.D.; Kang, J.G.; Lee, S.J.; Ihm, S.H. High remnant-cholesterol levels increase the risk for
end-stage renal disease: A nationwide, population-based, cohort study. Lipids Health Dis. 2024, 23, 165. [CrossRef] [PubMed]

54. Pontremoli, R.; Desideri, G.; Arca, M.; Temporelli, P.L.; Perrone, V.; Dovizio, M.; Borghi, C.; Esposti, L.D. Hypertriglyceridemia is
associated with decline of estimated glomerular filtration rate and risk of end-stage kidney disease in a real-word Italian cohort:
Evidence from the TG-RENAL Study. Eur. J. Intern. Med. 2023, 111, 90–96. [CrossRef]

55. Kwon, S.; Kim, D.K.; Oh, K.H.; Joo, K.W.; Lim, C.S.; Kim, Y.S.; Han, S.S. Apolipoprotein B is a risk factor for end-stage renal
disease. Clin. Kidney J. 2021, 14, 617–623. [CrossRef]

56. Fanti, P.; Stephenson, T.J.; Kaariainen, I.M.; Rezkalla, B.; Tsukamoto, Y.; Morishita, T.; Nomura, M.; Kitiyakara, C.; Custer, L.J.;
Franke, A.A. Serum isoflavones and soya food intake in Japanese, Thai and American end-stage renal disease patients on chronic
haemodialysis. Nephrol. Dial. Transplant. 2003, 18, 1862–1868. [CrossRef]

57. Wong, J.S.; Port, F.K.; Hulbert-Shearon, T.E.; Carroll, C.E.; Wolfe, R.A.; Agodoa, L.Y.; Daugirdas, J.T. Survival advantage in Asian
American end-stage renal disease patients. Kidney Int. 1999, 55, 2515–2523. [CrossRef]

58. Adlercreutz, H.; Mazur, W. Phyto-oestrogens and Western diseases. Ann. Med. 1997, 29, 95–120. [CrossRef]
59. Jing, Z.; Wei-Jie, Y. Effects of soy protein containing isoflavones in patients with chronic kidney disease: A systematic review and

meta-analysis. Clin. Nutr. 2016, 35, 117–124. [CrossRef]
60. Siefker, K.; DiSilvestro, R.A. Safety and antioxidant effects of a modest soy protein intervention in hemodialysis patients. J. Med.

Food 2006, 9, 368–372. [CrossRef]
61. Cachofeiro, V.; Goicochea, M.; de Vinuesa, S.G.; Oubiña, P.; Lahera, V.; Luño, J. Oxidative stress and inflammation, a link between

chronic kidney disease and cardiovascular disease. Kidney Int. Suppl. 2008, 74, S4–S9. [CrossRef]
62. Ling, X.C.; Kuo, K.-L. Oxidative stress in chronic kidney disease. Ren. Replace. Ther. 2018, 4, 53. [CrossRef]
63. Panizo, S.; Martínez-Arias, L.; Alonso-Montes, C.; Cannata, P.; Martín-Carro, B.; Fernández-Martín, J.L.; Naves-Díaz, M.; Carrillo-

López, N.; Cannata-Andía, J.B. Fibrosis in Chronic Kidney Disease: Pathogenesis and Consequences. Int. J. Mol. Sci. 2021, 22, 408.
[CrossRef]

64. Hewitson, T.D.; Holt, S.G.; Smith, E.R. Progression of Tubulointerstitial Fibrosis and the Chronic Kidney Disease Phenotype—Role
of Risk Factors and Epigenetics. Front. Pharmacol. 2017, 8, 520. [CrossRef]

65. Javanbakht, M.H.; Sadria, R.; Djalali, M.; Derakhshanian, H.; Hosseinzadeh, P.; Zarei, M.; Azizi, G.; Sedaghat, R.; Mirshafiey, A.
Soy protein and genistein improves renal antioxidant status in experimental nephrotic syndrome. Nefrologia 2014, 34, 483–490.
[CrossRef]

66. Jheng, H.F.; Hirotsuka, M.; Goto, T.; Shibata, M.; Matsumura, Y.; Kawada, T. Dietary low-fat soy milk powder retards diabetic
nephropathy progression via inhibition of renal fibrosis and renal inflammation. Mol. Nutr. Food Res. 2017, 61, 1600461. [CrossRef]

67. Guolo, A.; Varin, C. Random-effects meta-analysis: The number of studies matters. Stat. Methods Med. Res. 2017, 26, 1500–1518.
[CrossRef]

68. von Hippel, P.T. The heterogeneity statistic I2 can be biased in small meta-analyses. BMC Med. Res. Methodol. 2015, 15, 35.
[CrossRef]

69. Zhan, S.; Ho, S.C. Meta-analysis of the effects of soy protein containing isoflavones on the lipid profile. Am. J. Clin. Nutr. 2005, 81,
397–408. [CrossRef]

70. Anderson, J.W.; Johnstone, B.M.; Cook-Newell, M.E. Meta-Analysis of the Effects of Soy Protein Intake on Serum Lipids. New
Engl. J. Med. 1995, 333, 276–282. [CrossRef]

71. Herreman, L.; Nommensen, P.; Pennings, B.; Laus, M.C. Comprehensive overview of the quality of plant- And animal-sourced
proteins based on the digestible indispensable amino acid score. Food Sci. Nutr. 2020, 8, 5379–5391. [CrossRef]

72. van den Berg, L.A.; Mes, J.J.; Mensink, M.; Wanders, A.J. Protein quality of soy and the effect of processing: A quantitative review.
Front. Nutr. 2022, 9, 1004754. [CrossRef]

https://doi.org/10.3945/jn.109.109595
https://doi.org/10.1046/j.1523-1755.2000.00814.x
https://doi.org/10.1681/ASN.V114669
https://doi.org/10.1152/ajprenal.90761.2008
https://doi.org/10.14670/hh-26.1599
https://doi.org/10.1186/s12944-024-02050-y
https://www.ncbi.nlm.nih.gov/pubmed/38835081
https://doi.org/10.1016/j.ejim.2023.02.019
https://doi.org/10.1093/ckj/sfz186
https://doi.org/10.1093/ndt/gfg229
https://doi.org/10.1046/j.1523-1755.1999.00464.x
https://doi.org/10.3109/07853899709113696
https://doi.org/10.1016/j.clnu.2015.03.012
https://doi.org/10.1089/jmf.2006.9.368
https://doi.org/10.1038/ki.2008.516
https://doi.org/10.1186/s41100-018-0195-2
https://doi.org/10.3390/ijms22010408
https://doi.org/10.3389/fphar.2017.00520
https://doi.org/10.3265/Nefrologia.pre2014.Jun.12051
https://doi.org/10.1002/mnfr.201600461
https://doi.org/10.1177/0962280215583568
https://doi.org/10.1186/s12874-015-0024-z
https://doi.org/10.1093/ajcn.81.2.397
https://doi.org/10.1056/NEJM199508033330502
https://doi.org/10.1002/fsn3.1809
https://doi.org/10.3389/fnut.2022.1004754


Nutrients 2025, 17, 1408 19 of 19

73. Silverman, M.G.; Ference, B.A.; Im, K.; Wiviott, S.D.; Giugliano, R.P.; Grundy, S.M.; Braunwald, E.; Sabatine, M.S. Association
Between Lowering LDL-C and Cardiovascular Risk Reduction Among Different Therapeutic Interventions: A Systematic Review
and Meta-analysis. JAMA 2016, 316, 1289–1297. [CrossRef] [PubMed]

74. Hagström, E.; Steg, P.G.; Szarek, M.; Bhatt, D.L.; Bittner, V.A.; Danchin, N.; Diaz, R.; Goodman, S.G.; Harrington, R.A.; Jukema,
J.W.; et al. Apolipoprotein B, Residual Cardiovascular Risk After Acute Coronary Syndrome, and Effects of Alirocumab.
Circulation 2022, 146, 657–672. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1001/jama.2016.13985
https://www.ncbi.nlm.nih.gov/pubmed/27673306
https://doi.org/10.1161/CIRCULATIONAHA.121.057807
https://www.ncbi.nlm.nih.gov/pubmed/35770629

	Introduction 
	Materials and Methods 
	Literature Search Strategy 
	Eligibility Criteria and Study Selection 
	Data Extraction and Risk of Bias Assessment 
	Statistical Analysis 

	Results 
	Risk of Bias Assessment 
	Outcomes 
	Total Cholesterol 
	Triglycerides 
	LDL Cholesterol 
	HDL Cholesterol 
	Apolipoprotein A 
	Apolipoprotein B 


	Publication Bias 
	Discussion 
	Conclusions 
	References

