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Abstract

Background: Type 2 diabetes mellitus (T2DM) is associated with chronic low-grade
inflammation, and one of the most common markers of systemic inflammation is C-reactive
protein (CRP). Protein-rich dietary intake has been suggested as a potential method of improving
metabolic and inflammatory conditions in patients with T2DM, yet its influence on CRP levels is

unknown.

Methods: This meta-analysis and systematic review adhered to the PRISMA guidelines and
screened articles through PubMed, Scopus, and Web of Science until November 2025. The selected
randomized control trials assessed the effect of a high-protein diet on CRP levels among adults
diagnosed with type 2 diabetes mellitus. Ten RCTs that involved 1,231 patients were included.

Data were analyzed using a random-effects model, reporting results as WMDs with 95% Cls.

Results: High protein intake resulted in lower levels of CRP relative to controls (WMD = -0.039
mg/L; 95% CI: -0.072 to -0.007; P = 0.016). There was little heterogeneity among the studies
included in the meta-analysis (12 = 7.81%, P = 0.36), and no publication bias existed. Further
analysis revealed greater reductions for those aged less than 55 years old, interventions exceeding
6 months in duration, sample size greater than 60 participants, BMI less than 35 kg/m2, and initial
CRP greater than 3.5 mg/L. The sensitivity analysis demonstrated that the effect size was highly

dependent on a particular study.

Conclusion: Although high protein intake has shown some effect in lowering levels of CRP in
patients with type 2 diabetes mellitus (T2DM), this effect seems to be relatively insignificant. It is
necessary to conduct further trials that will establish whether this effect is clinically significant at

all.

Keywords: High protein diet, C-Reactive protein, Type 2 diabetes, Meta analysis
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1. Introduction

T2DM has turned out to be one of the most prevalent metabolic diseases around the world and
keeps on causing immense suffering to both health-care systems and patient wellbeing(1). As per
estimates from IDF, there were around 536.6 million cases of people with diabetes aged between
20 and 79 years in the year 2021, which will reach 783.2 million by 2045(2). Importantly, more
than 90% of these cases are attributed to T2DM (2). Given this rapidly increasing burden,
identifying effective lifestyle and nutritional approaches to improve disease management and

reduce long-term complications has become increasingly important.

Recent research has focused on the importance of chronic inflammation as part of the
pathophysiological processes in type 2 diabetes mellitus (T2DM)(3). Studies have found that
inflammation is not only the result of metabolic disorders but is also an active player in the
development of insulin resistance and complications(3). Persistent hyperglycemia and metabolic
imbalance can trigger oxidative stress, endothelial dysfunction, and inflammatory signaling
pathways, collectively worsening cardiometabolic health in individuals with diabetes (3, 4).
Inflammatory mechanisms have also been linked to both microvascular and macrovascular

complications, highlighting inflammation as a potential therapeutic target in T2DM (5).

Among inflammatory biomarkers, C-reactive protein (CRP) has received particular attention due
to its strong association with systemic inflammation and cardiometabolic risk (5, 6). CRP, an acute-
phase protein synthesized primarily by the liver, has been shown to correlate with insulin
resistance, impaired glucose metabolism, and an increased risk of developing T2DM (7).
Moreover, elevated CRP concentrations in individuals with diabetes may reflect a higher

inflammatory burden and contribute to adverse cardiovascular outcomes (3, 6).

Alongside pharmacological therapy, medical nutrition therapy remains a cornerstone of T2DM
management, and increasing attention has been given to dietary macronutrient composition and its
effects on metabolic health (8, 9). Among various dietary strategies, high-protein diets (HPDs),
often accompanied by reduced carbohydrate intake, have attracted considerable interest as a
potential approach for improving metabolic control in T2DM (8, 10). Previous studies suggest that
HPDs may support glycemic control and metabolic regulation through mechanisms such as

enhanced satiety, improved body weight management, and better glucose homeostasis (9, 11).
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Beyond metabolic effects, dietary protein interventions may also influence inflammatory status,

including biomarkers such as CRP, interleukin-6, and tumor necrosis factor-a (8, 12).

Despite growing interest in HPDs, evidence regarding their effect on inflammatory outcomes,
particularly CRP concentrations, remains inconclusive (8, 9). While some intervention studies
have reported favorable changes in cardiometabolic and inflammatory markers following protein-
rich or carbohydrate-restricted dietary interventions in patients with T2DM, others have observed
little or no significant effect on CRP levels (7, 9). Such inconsistencies may partly be explained
by differences in study design, dietary composition, intervention duration, protein source, and
participant characteristics (8). Although the metabolic effects of dietary protein modification in
T2DM have been explored previously, evidence specifically addressing the impact of HPDs on
circulating CRP concentrations remains fragmented and has not been comprehensively synthesized
(7-10). To the best of our knowledge, no previous systematic review and meta-analysis has
specifically evaluated the effect of high-protein diets on CRP levels in adults with T2DM based

exclusively on evidence from randomized controlled trials.

Given the established role of CRP as a marker of systemic inflammation and its association with
cardiometabolic risk in T2DM, even modest changes in CRP may have clinical implications for
risk stratification and long-term outcomes (13, 14). However, despite the increasing application
of high-protein dietary strategies in clinical practice, their effects on inflammatory biomarkers
remain uncertain, particularly in individuals with T2DM who exhibit a heightened baseline
inflammatory state (15). Therefore, a quantitative synthesis of randomized controlled trials is
warranted to clarify the impact of high-protein diets on CRP levels and to determine their potential

role in improving both metabolic and inflammatory profiles in this population.
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2. Methods

The PRISMA (Preferred Reporting Items for Systematic Review and Meta-analysis)
framework followed in the design and reporting of this study (16). The protocol for conducting
this review is registered in the PROSPERO database with the register ID: CRD420261413346
(Date of registration: 3 June 2026).

2.1. Search strategy

The research question was formulated according to the PICOS framework. Population (T2DM
adults aged 18 and older), Intervention (high protein diet), Comparison (control or any
comparative group), Outcome (changes of CRP concentrations), and Study Design (clinical
trials). A systematic review search of the PubMed, Scopus and Web of Science databases was
conducted up until November 2025. The following MeSH and non-MeSH keywords was used
for the systematic literature search: 1) “High protein diet” OR “High Protein Low Carbohydrate
diet” OR “Carbohydrate Restricted diet” OR “low carbohydrate diet”; 2) "Type 2 diabetes" OR
“T2DM” OR “diabetes”; 3) "Randomized Controlled Trial" OR "clinical trial" OR "controlled
trial" OR "intervention" OR "Randomised" OR "Randomized" OR "randomly" OR "placebo"
OR "trial" OR "assignment" OR "RCT" OR "cross-over" OR "parallel" OR "single-blind" OR
"double-blind" OR "Controlled Clinical Trial". Besides the systematic search, we also

performed a hand search of the included studies' references to identify other relevant articles.
2.2. Eligibility criteria

In assessing the eligibility of studies included in the present article, two researchers (A.M. and
F.A.) screened the title and abstract of the possible studies. Next, the full text of the studies
whose titles and abstracts were adequate was reviewed. The difference in opinion was settled
by including the opinion of a third researcher (H.B.). Only the original randomized controlled
trial whose full text was accessible was included. Human studies done on adults (>18 years of
age) with high protein diet, which were informative regarding levels of CRP, were included.
Studies in children and adolescents who were treated for less than 4 weeks and whose dietary

protein intake was less than 20% were excluded.
2.3 Data extraction

Information relevant to the objectives of this meta-analysis was independently extracted from
the eligible studies by two authors (M.H. and A.M.). The extracted data included the first

author’s name, year of publication, country in which the trial was conducted, sample size and
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allocation to intervention and control groups, as well as details of the high-protein diet
intervention, including type, dosage, and duration. Information regarding the control
interventions, participants’ baseline characteristics and anthropometric measures, and the mean
changes and standard deviations (SD) of CRP levels were also collected. Any discrepancies in
the extracted data were resolved through discussion to reach consensus, and when necessary, a

third reviewer (H.B.) was consulted to adjudicate unresolved disagreements.
2.4 Risk of bias assessment

The risk of bias associated with the included studies was independently assessed by two
reviewers (A.M. and M.H.), employing the revised Cochrane Risk of Bias tool for randomized
trials (RoB 2)(16). The RoB tool evaluates the possibility of risk in five distinct areas, such as
risk of bias due to the randomization process, deviations from the intervention, missing data
on the outcome, measurement of the outcome, and reporting of the outcome. All the areas were
assessed as having low, some, or high risk of bias (see Table3). An assessment of the risk of
bias for each study was performed based on the results obtained from the domains and
categorized as high risk if any of the domains was assessed as having a high risk of bias, or
where there were two or more domains with some concerns about the bias. In situations where
only one domain had some concerns, the study was assessed as having some concerns about
the risk of bias. Where all the domains were assessed as having a low risk of bias, it was
categorized as having a low risk of bias. Differences between the two reviewers were sorted

out by discussion with the third reviewer (H.B.).
2.5 Data synthesis and statistical analysis

Statistical analysis was done using Comprehensive Meta-Analysis program, version 3.0, with
a significance level of P<0.05. The effect sizes were estimated in terms of weighted mean
difference (WMD) accompanied by their 95% confidence intervals. For pooled data analysis,
random-effects model (DerSimonian & Laird model) was used(17). The missing standard
deviations were imputed through procedures outlined by Hozo et al.(18). Mean differences
were calculated as post-intervention minus baseline values in case they were not provided

directly in the literature. The standard deviations for the mean changes were calculated by(19):

SD change =V [(SD baseline) 2 + (SD final) 2 — (2 x R x SD baseline x SD final)], where R is

the correlation coefficient.
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The presence of heterogeneity was evaluated using the Cochran Q test and the heterogeneity
index I2. The presence of heterogeneity was indicated when the value of 1> exceeded 50% or P
< 0.05(19, 20). Sensitivity analysis was conducted through leave-one-out methods to examine
the sensitivity of the combined effects of the study findings and the effect of each individual
study in determining the overall effect size. Funnel plot asymmetry, Begg’s test, and Egger’s
regression were applied for detecting publication bias, while its potential impact was
determined through Duval and Tweedie’s Trim and Fill method and fail-safe N(21). Subgroup

analyses were performed using a fixed-effect model where appropriate(22).
3. Results
3.1 Study Selection

A systematic review of PubMed, Web of Science, and Scopus produced 1447 total records.
After duplicating 436, there was a total of 1011 records that were unique and were screened
via titles and abstracts. Ultimately, 23 full-text articles were critically reviewed for eligibility.
After critically reviewing the full-text articles 13 studies were excluded for various reasons
such as design was not randomized, outcomes or intervention were irrelevant, duplicate
publication, or data not available. 10 randomized controlled trials (RCTs) were ultimately
included in the meta-analysis. The identification, screening, and selection processes are

summarized in the PRISMA flow diagram (Figure 1).



Records identified through
database searching (n=1447)

(PubMed (n=354), web of science
(n=483) and scopous (n=610))

Screened Records after duplicates
removed (n=1011)

Full -text articles assessed for
eligibility (n=23)

Duplicate records (n=436)

Review and non-related articles were
excluded after assessing the title and
abstract (n=988)

Full -text articles included for review
(n=12)

Atrticles were excluded (n=11)
For these reasons:
Without sufficient data (1)
No relevant outcome reported (5)
Repetitive study (1)
not RCT (3)

No relevant intervention reported (1)

Figure 1: A PRISMA flowchart outlining the study selection proc
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3.2 Study Characteristics

This meta-analysis included 10 RCTs examining the effects of the high protein diet on C-Reactive
Protein in adults. Trials spanned 2010 to 2024, conducted across diverse regions: Australia(23-28),
USA(29), Netherland(30), Egypt(31) and Germany(32). Most used parallel-group randomized
designs with employing double-blind methods. Participants were predominantly adults with
T2DM. The average age of participants (across studies) was 51(32) to 60.9(23) years old, and the
average (baseline) BMI was between 30.7(30) and 36.2 kg/m?(29), representing a range of
overweight and obesity classes. Most of the included studies recruited both male and female
participants. Trial sample sizes ranged from 28(28) to 446(32). Intervention durations ranged from

12(27) to 104(26) weeks. Outcome included CRP. Table 1 summarizes key study characteristics.
3.3. Meta-analysis results

CRP was reported as an outcome measure in 10 studies with a total of 1231 contributors. The
pooled findings from the fix effects model exhibited significant alteration in CRP levels after high
protein diet intervention (mean difference (MD): - 0.039 mg\l, 95% CI: -0.072, -0.007, P value:
0.016) (Figure 2) with substantial heterogeneity among the studies (I>= 7.81 %, P value = 0.36).

CRP

Study name Statistics for each study Difference in means and 95% CI

Difference Standard Lower Upper

in means error  Variance  limit limit Z-Value p-Value
Jeannie Tay 0.300 0.661 0.438 -0.996 1.596 0454  0.650 b
WYCHERLEY -0.200 0.642 0412 -1458 1.058 -0.312 0.755 ——
Rock 0.400 0.590 0.348 -0.756 1.556 0678 0.498 -+
Rock2 -2.400 1.029 1.059 -4.417 -0.383 -2.332 0.020 —_—
Tay 0.000 0.353 0.124 -0.691 0.691 0.000  1.000 ——
Tay 2 0.200 0.566 0.320 -0.909 1.309 0353 0.724 ——
Watson -0.250 0.701 0492 -1624 1.124 -0356 0.721 ——
Watson 2 0.630 0.739 0.546 -0.818 2.078 0853 0.394 ——
Brinkworth -0.600 1.618 2.618 -3.771 2571 -0.371 0.711
lias Attaye 2.340 1.235 1.526 -0.081 4.761 1.894 0.058
Shaimaa A. Fathy -1.290 1.351 1.825 -3.938 1.358 -0.955 0.340
Kerstin Kempf -0.040 0.016 0.000 -0.072 -0.008 -2.428 0.015

-0.039 0.016 0.000 -0.072 -0.007 -2.404 0.016 T

-7.00 -3.50 0.00 3.50 7.00

Favours High protein diet Favours Placebo

Figure.2. Forest plot of randomized controlled trials that compares the effects of the intervention
(high protein diet) and the control (Placebo) groups on C-Reactive Protein. Effects are presented
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as means and standard error (SE) for within-group change from baseline and standardized (Std)
mean differences with Random 95% CI.

3.4. Sensitivity analysis
Leave-one-out sensitivity analysis was carried out to determine the influence of each trial on the
effect size. Effect size for the impact of high-protein intake on CRP was found to be sensitive to 1

study(32). Omission of this study from the meta-analysis produced significant changes in results

(see Figure3).

CRP

Study name Statistics with study removed Difference in means (95%

Standard Lower Upper Cl) with study removed

Point error Variance limit limit Z-Value p-Value

Jeannie Tay  -0.040  0.016  0.000 -0.072 -0.007 -2416 0.016
WYCHERLEY -0039  0.016 0000 -0.072 -0.007 -2.397 0.017

Rock 0040 0016  0.000 -0.072 -0.008 -2424 0.015
Rock2 0039 0018  0.000 -0.071 -0.007 -2.367 0.018
Tay 0040 0016  0.000 -0.072 -0.007 -2407 0.016
Tay2 0040 0016  0.000 -0.072 -0.007 -2415 0.016
Watson 0039 0016  0.000 -0.072 -0.007 -2.396 0.017

Watson 2 0040 0016  0.000 -0.072 -0.008 -2424 0.015
Brinkworth 0039 0.018  0.000 -0.072 -0.007 -2400 0.016
llias Attaye 0040 0016  0.000 -0.072 -0.008 -2429 0.015
Shaimaa A. Fathy0.039 ~ 0.016  0.000 -0.071 -0.007 -2.393 0.017
Kerstin Kempf 0038 0199 0.040 -0.353 0429 0.190 0850

003 0016  0.000 -0.072 -0.007 -2404 0.016

-1.00 -3.50 0.00 3.50 7.00

Favours High protein diet Favours Placebo

Figure 3. Forest plot of the Leave-one-out sensitivity analysis of the effects of the intervention
(high protein diet) and the control (Placebo) groups on C-Reactive Protein. Effects are presented
as means and standard error (SE) for within-group change from baseline and standardized (Std)
mean differences with Random 95% CI.

3.5. Results from subgroup analysis

The results of the subgroup analyses are provided in Table 4. We stratified the studies based on the
age (year), duration (weeks), BMI, sample size and baseline CRP. The subgroup analysis presented
that high protein diet could significantly reduce CRP in patients below than 55 years old (WMD:
-0.04 mg\l, 95%CI: -0.072, -0.008, P-Value: 0.015), intervention duration more than 6 month
(WMD: -0.04 mg\l, 95%CI: -0.072, -0.008, P-Value: 0.015), sample size more than 60 (WMD: -

10
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0.039 mg\l, 95%CI: -0.072, -0.007, P-Value: 0.017), baseline BMI lower than 35 (WMD: -0.039
mg\l, 95%CI: -0.071, -0.007, P-Value: 0.017) and baseline CRP higher than 3.5 (WMD: -0.04
mg\l, 95%CI: -0.073, -0.008, P-Value: 0.014).

3.6. Meta-Regression

Univariate meta-regression was conducted in an attempt to find sources of heterogeneity for the
association between consumption of a high-protein diet and CRP level in patients with diabetes.

These covariates include age, baseline CRP, BMI, duration of intervention, and sample size.

The analysis showed that none of the examined covariates were statistically significant moderators.
Specifically: age (coefficient = 0.0375, 95% CI: -0.0049 to 0.0799, p = 0.0828), baseline CRP
(coefficient = -0.0605, 95% CI: -0.1274 to 0.0064, p = 0.0763), BMI (coefficient = -0.0310, 95%
CI: -0.1218 to 0.0598, p = 0.5035), intervention duration (coefficient = -0.0012, 95% CI: -0.0069
to 0.0044, p = 0.6655), and sample size (coefficient = -0.0006, 95% CI: -0.0016 to 0.0004, p =
0.2618). The R*-like numbers were as follows: 0.59 for age, 0.57 for initial CRP level, 0.00 for
BM]I, 0.00 for diabetes duration, and 0.23 for sample size, implying that age and initial CRP levels
explained a substantial amount of variation in the effect estimates, while BMI and duration

explained virtually nothing (Figure 4, Panels A-E).

A.Association between the mean difference of CRP and mean age of the participants

Regression of Std diff in means on age

0.60 -

0.40 —

0.20

0.00

Std diff in means

-0.20 —

-0.40 —

-0.60 —

48.0 50.0 52.0 54.0 56.0 58.0 60.0 62.0

age

11
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B. Association between the mean difference of CRP and mean BMI of the participants

Std diff in means

0.80

Regression of Std diff in means on bmi

30.0 31.0 32.0 33.0 34.0 35.0 36.0

bmi

37.0

38.0

C. Association between the mean difference of CRP and mean Duration of the studies

Std diff in means

0.40

0.20

0.00

-0.40

Regression of Std diff in means on duration

0.0

20.0 40.0 60.0 80.0 100.0

duration

12

120.0



217  D. Association between the mean difference of CRP and mean Sample size of the studies

Regression of Std diff in means on number

Std diff in means

-0.40 —

-0.60 —

-0.80 —

-200.0 -100.0 0.0 100.0 200.0 300.0 400.0 500.0 600.0

number

218

219 E. Association between the mean difference of CRP and baseline values of CRP in the
220 intervention group

Regression of Std diff in means on crp

0.40 —|

0.20 —

0.00 —

-0.20 —

-0.40 ]

-0.60 —|

Std diff in means

-0.80 —

-1.00 —

-1.20 —

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0

crp

221

222  Figured4. Meta-Regression of the association between the mean difference of CRP and
223 mean age, BMI, duration, baseline values of CRP and sample size of studies
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Based on these results, it appears that the impact of a high protein diet on CRP concentrations

does not depend on the investigated clinical and demographic variables.
3.7. Publication bias

The funnel plot showing the effect of high protein diet on CRP is illustrated in Figure S1. The
findings of Begg’s rank correlation test, Egger’s linear regression test, “fail-safe N test, and

correlated effect size are presented in Table 5.

Funnel Plot of Standard Error by Difference in means

0.0

0.5

Standard Error

2.0

*
-3 -2 -1 0 1 2 3

Difference in means

Figure S1. Funnel plots for publication bias assessment of the intervention (high protein diet)
and the control (Placebo) groups on C-Reactive Protein. Effects are presented as means and
standard error (SE) for within-group change from baseline

To assess the potential publication bias in the meta-analysis of the effect of a high-protein diet on
CRP levels in patients with diabetes, Begg’s rank correlation test and Egger’s linear regression test
were performed. Begg’s test (Kendall’s Tau =-0.015, z=0.06, p = 0.94) and Egger’s test (intercept
= 0.04, 95% CI: -0.70 to 0.79, t = 0.13, df = 10, p = 0.89) showed no evidence of significant
publication bias. Additionally, the fail-safe N test revealed that 0 missing studies would be needed

to nullify the effect, suggesting that the observed effect sizes are robust.

14
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In addition, a trim-and-fill analysis was performed. In this case, no studies needed to be added,
and the combined effect size did not change from the original one in the random-effects model.

This is another way of proving that there is no publication bias in this case.
4.Discussion

The most important result in this systematic review and meta-analysis was that high-protein diet
decreases serum C-reactive protein (CRP) concentrations in patients with type 2 diabetes mellitus
(T2DM) compared with controls (MD: -0.039 mg/L; 95% CI: -0.072 to -0.007; p=0.016). Although
the magnitude of the effect is low, it is statistically significant. According to the GRADE system,
there is high-quality evidence in support of our results. To our knowledge, this is among the few
studies in meta-analysis which quantified the anti-inflammatory effects of a high-protein diet on

patients with T2DM.
Comparison with Existing Literature

The findings reported herein support existing literature on how macronutrient intake may alter
systemic inflammation, which is central to the physiology of type 2 diabetes mellitus(33-36).
While previous meta-analyses of high-protein diet intake in relation to inflammation have been
conducted, most of them have centered on either weight loss or improvement in glycemia, with
the change in CRP concentration used as a secondary variable, and provided conflicting
findings(37). The findings from this current meta-analysis, however, indicate that lowering CRP
concentration does not depend on any weight loss, as evidenced by significant differences found

even when baseline BMI was less than 35 kg/m?.
Interpretation of Subgroup Analyses

Subgroup analysis showed a few notable findings. First, the intervention had more impact on those
less than 55 years old and on individuals whose baseline CRP exceeded 3.5 mg/L. It implies that
persons with higher levels of inflammatory burden might benefit from the intervention to a greater
extent(38). Second, interventions which lasted for more than six months led to statistically
significant results; shorter studies had no effect, which means that long-term dietary compliance
is essential in order to have any effect on inflammation(39). Third, studies having over 60
participants showed significant results; therefore, smaller trials lacked power to show such

changes. Of interest is the fact that BMI at baseline did not change the effect, thus showing that

15
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the anti-inflammatory effect of high protein diets was not due to their adiposity-reducing

properties(40).
Heterogeneity and Meta-Regression

There was little heterogeneity noted in the analysis (I = 7.81%, p = 0.36) and is quite impressive
for an analysis involving diet intervention studies. The low heterogeneity makes us more confident
about the pooled effect. Univariate meta-regression revealed that no covariate was significant in
moderation such as age, baseline CRP, BMI, intervention length, or sample size. Yet, the analogous
value of R? revealed that 59% and 57% of the between-study heterogeneity were accounted for by
age and baseline CRP respectively and thus these two variables appear clinically significant even

though they did not reach statistical significance (age p = 0.0828; baseline CRP p = 0.0763).
Sensitivity Analysis and Publication Bias

From the leave-one-out sensitivity analysis, it emerged that the combined effect size was sensitive
to one study. The exclusion of the study made significant changes to the outcome; therefore, the
effect size is not fully robust against the inclusion/exclusion of all the studies. It is worth noting

that this finding does not nullify the result, although future reviews can take further measures.

Luckily, there were no small study effects, and no signs of asymmetry on the funnel plot based on
the results obtained from the tests for publication bias using Begg’s test (p = 0.94), Egger’s test (p
=0.89) and trim and fill analysis (zero missing studies). The fact that the Fail-Safe N analysis was

conducted indicates the robustness of the result obtained.
Biological Plausibility

There are several ways through which high-protein diets can exert their anti-inflammatory effects
in individuals with T2DM. Firstly, the consumption of meals rich in proteins increases glucagon-
like peptide-1 (GLP-1) secretion after eating, and this acts directly to produce an anti-inflammatory
effect on the endothelial cells and inhibit the activation of nuclear factor kappa-B (NF-kB)(41).
Secondly, by substituting carbohydrate foods with proteins in the diet, there is less postprandial
hyperglycemia, and hence AGE formation and oxidative stress that induce the production of CRP
by hepatocytes is prevented(42). Furthermore, high protein intake can increase insulin sensitivity

and decrease insulin resistance, which is one of the significant factors behind the development of
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inflammation in the context of T2DM. Increased insulin sensitivity could lead to decreased levels
of pro-inflammatory cytokines, such as IL-6 and TNF-a, which stimulate CRP production in the
liver(11). Additionally, certain amino acids found in protein-containing foods might have a direct
effect on the immune system and act as antioxidants. For instance, arginine may help to improve
the functioning of endothelium due to higher levels of nitric oxide, whereas cysteine and glutamine
are involved in antioxidant response processes. The use of diets that contain high amounts of
protein is known to improve endogenous antioxidant activity by means of producing glutathione
in order to minimize oxidative stress-induced inflammation(43-45). Furthermore, changes in the
lipid profile and decreasing concentration of free fatty acids in blood vessels can inhibit the
activation of NF-xB and other inflammatory reactions(46). Lastly, new data suggests that the diet
consisting of large quantities of protein affects the composition of gut microflora and the integrity
of intestinal wall. These factors might lead to decreasing levels of metabolic endotoxemia and,
consequently, overall inflammation. In general, these processes might lead to CRP reduction,

irrespective of the initial BMI level of participants(47-49).
Strengths and Limitations

Here are several significant strengths of this meta-analysis. First, the quality of evidence has been
assessed as high, and there was minimal statistical heterogeneity (1>=7.81%). Publication biases
were tested using Begg's test, Egger's test, fail-safe N, and trim-and-fill approach. The results of
all these analyses have proved that no bias existed. Furthermore, subgroup analysis has revealed
clinically relevant responder groups (patients <55 years old, CRP >3.5 mg/L at baseline,
intervention >6 months). Finally, 10 RCTs conducted from 2010 to 2024 across five regions of the

world were included.

Limitations must also be addressed. Firstly, the relatively small number of clinical trials (n = 10)
used meant that the results of meta-analysis and regression could be affected, and Type II errors
are common in this scenario. Secondly, considerable heterogeneity was seen in regard to duration
of interventions (12 to 104 weeks), types of proteins, and control group's diet plans. Thirdly, there
was a high risk of participant's blinding bias, which is very difficult to control in clinical trials of
diet. Fourthly, even though statistically significant, the overall size of the effect observed (-0.039
mg/L reduction in mean) was clinically minor. Nevertheless, such a change in the population on

the whole might result in decreased morbidity for the heart in terms of cardiovascular disorders in
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large cohorts of people. Fifthly, generalization would be somewhat impossible because of the

nature of participants recruited (overweight/obese adults with T2DM from high-income countries).
Implications for Clinical Practice and Future Research

Clinically, a prescription for a high protein diet (about 25% to 30% of daily calories or 1.2-1.5
grams per kg body weight) can be suggested as a complementary treatment for lowering systemic
inflammation among adult patients with T2DM, especially those with high baseline CRP (CRP
>3.5 mg/L) and younger age (<55 years old). Care must be taken to consider the effects on renal
function, since prolonged exposure to high protein diet can be harmful to diabetic nephropathy

patients(50).

Areas for future investigation would be: (1) large-scale longitudinal (> 1 year), RCT with
standardized CRP testing; (2) direct comparison of animal versus plant protein source; (3)
mechanistic evaluation with measurement of GLP-1, oxidative stress biomarkers, and gut
microbiota analysis; and (4) investigation in subjects with chronic kidney disease to establish

safety limits.
5.Conclusions

The meta-analysis based on 10 RCTs proves the effectiveness of a high protein diet in reducing
CRP among type 2 diabetic adults, showing low heterogeneity and absence of publication bias.
The subgroup analysis shows that younger individuals, those with a longer duration of the
intervention (>6 months), and those with higher baseline CRP respond better. Nonetheless, there
are limitations with regard to the magnitude of the result, which appears to be highly dependent

on the specific studies included in the analysis.
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Tablel. Demographic Characteristics of the included studies

First author RCT design . Mean Age Mean BMI Sample SI.Z ¢ Durati Intervention
. Target population Sex 2 (Intervention on Outcomes
(country; year) (year) (kg/m’) /Control) (weeks) Intervention group Control group
Brinkworth Parallel Type 2 Diabetes F/M HP diet (40% carb, LP diet (55% carb, CRP
(Australia,2004) Mellitus 60.9 33.6 38(19/19) 64 30% pro, and 30% fat) | 15% pro, and 30% fat)
Parallel Type 2 Diabetes FM CRP
Thomas Wycherley Mellitus HP diet (43% carb, CON diet (53% carb,
(Australia,2010) 50.8 354 28(12/16) 16 33% pro, and 22%fat) 19% pro, and 26% fat)
Cheryl Rock Parallel Type 2 Diabetes FM LC diet (45% carb, LF diet (60% carb, CRP
(USA,2014) Mellitus 57.3 36.2 135(68/67) 48 25% pro, and 30% fat) | 20% pro, and 20% fat)
Cheryl Rock Parallel Type 2 Diabetes F/M 136(68/68) 48 LC diet (45% carb, UC diet (55% carb, CRP
(USA,2014) Mellitus 57.3 36.2 25% pro, and 30% fat) | 15% pro, and 30% fat)
Jeannie Tay Parallel Type 2 Diabetes F/M LC diet (14% carb, HC diet (53% carb, CRP
(Australia,2014) Mellitus 58 344 93(46/47) 24 28% pro, and 58% fat) 17% pro, and 30% fat)
Jeannie Tay Parallel Type 2 Diabetes FM LC diet (14% carb, HC diet (53% carb, CRP
(Australia,2015) Mellitus 58 34.2 112(56/56) 52 28% pro, and 58% fat) 17% pro, and 30% fat)
. CRP
. HP diet (34% carb, .
Nerylee Watson Type 2 Diabetes 55 HC diet (48% carb,
(Alztralia,2016) Parallel Mellitus FM 343 61(32/29) 12 29%&;5‘;& fol:f fa) 1 519 pro, and 24% fat)
+ weight loss
. CRP
Nerylee Watson . HP diet (34% carb, .
(Aurystralia,2016 Parallel Type 2 Diabetes F/M 33 343 60(31/29) 12| 29% pro,and 31% fat) | ,FIC diet (48% carb,
Mellitus + weight maintance 21% pro, and 24% fat)
+ weight maintance
Jeannie Tay Parallel Type 2 Diabetes F/M LC diet (14% carb, HC diet (53% carb, CRP
(Australia,2018) Mellitus 58 34.6 113(56/57) 104 28% pro, and 58% fat) 17% pro, and 30% fat)
Kerstin Kempf Parallel Type 2 Diabetes F/M HP, low glycemic meal CRP
(Germany,2010) Mellitus 51 27-35 446(301/145) 52 replacement control
Ilias Attaye Parallel Type 2 Diabetes F/M CRP
(Amsterdam,2023) Mellitus 58.2 30.7 151(78/73) 12 HP diet (30% pro) LP diet (10% pro)
Shaimaa A. Fathy . . o HF diet (10% carb, CRP
(Egypt,2024) Cohort Typife l]ﬁits’etes FM 53.1 33.43 54.(27/27) 12 ; (gf I‘)ir‘st ;igé’oizr?ét) 25% pro, and 65% fat)

Abbreviation: BMI, Body mass index; CRP, C-reactive protein; LC, Low carbohydrate; HC, High carbohydrate; LF, Low fat; HP, High protein; UC, Usual care; LP, Low protein
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Table 2. GRADE profile regarding the effect of high protein diet on C-Reactive Protein

Corrected effect size

Begg’s rank correlation test

Egger’s linear regression test

Fail-safe N test

WMD 95% CI Kendall’s z-value | p-value | Intercept 95% CI1 t-value df p-value n
Tau
C-Reactive Protein -0.039 | -0.071,-0.007 -0.015 0.06 0.94 0.04 -0.7,0.79 0.13 10 0.89 0
Table 5. Publication bias for C-Reactive Protein
Quality assessment Quality of evidence
Outcomes Risk of bias Inconsistency Indirectness Imprecision Publication bias

C-Reactive Protein

No serious limitation

No serious limitation

No serious limitation

No serious limitation

No serious limitation

High

SODD
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Table 4. Results of subgroup analysis of the included trials regarding the effects of high protein diet on C-Reactive Protein.

WMD CI 95% P value 12 (%) P-
comparisons Heterogen
eity

C-Reactive Protein (mg\l)
Age (years)
<55 -0.040 -0.072, -0.008 0.015 0 0.622
> 50 0.049 -0.382, 0.479 0.824 30.01 0.188
Duration (weeks)
<24 0.064 -0.434, 0.561 0.802 7.21 0.37
> 24 -0.040 -0.072, -0.008 0.015 21.61 0.27
BMI (kg\m?)
<35 -0.039 -0.071, -0.007 0.017 0 0.641
> 35 -0.257 -1.041, 0.528 0.521 64.18 0.061
Sample Size
<60 -0.107 -0.837,0.622 0.773 0 0.751
> 60 -0.039 -0.072, -0.007 0.017 39.89 0.125
Baseline of C-Reactive Protein (mg\l)
<35 0.246 -0.327,0.819 0.4 49.16 0.08
>35 -0.040 -0.073, -0.008 0.014 0 0.89

WMD; weighted mean difference, CI; confidence interval, BMI; body mass index
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Table 3. Quality assessment of the studies included using the Cochrane Collaboration tool investigating the effect of high protein diet on C-Reactive

protein.

Studies Random Allocation Blinding of Blinding of | Incomplete Selective Other General
sequence concealment participants outcome Outcome outcome potential risk of bias
generation and assessment data reporting threats to

personnel validity

Brinkworth et al. 2004 L U U U L U L Low

Thomas Wycherley et al. 2010 L U U U L L L Low

Jeannie Tay et al. 2014 L L H L L L L Low

Cheryl Rock et al. 2014 L 0] 0] U L U L Low

Jeannie Tay et al. 2015 L L H L L L L Low

Nerylee Watson et al. 2016 L U U U L L L Low

Jeannie Tay et al. 2018 L L H L H L L Moderate

Kerstin Kempf et al., 2021 L U U L L L L Low

Ilias Attaye et.al. 2023 U H U Low

Shaimaa A. Fathy et al., 2024 0] H U Low

Abbreviations: H, high risk of bias; L, low risk of bias; U, unclear risk of bias

28




