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Abstract

Diabetic Nephropathy (DN) represents one of the leading causes of end-stage renal disease (ESRD)
and imposes a substantial clinical and economic burden. Microalbuminuria, recognized as an early
marker of DN, is associated with heightened cardiovascular risk. While renin-angiotensin system
inhibition and glycemic control are the strategies now, the role of a low-protein diet (LPD) in
modulating DN and associated metabolic derangements remains under debate. This study assessed
the impact of LPD on kidney function and metabolic indicators in type II diabetic patients and
recently diagnosed with albuminuria. An 11-month prospective, randomized, controlled study that
enrolled 80 patients suffering from type II diabetes and recently diagnosed with albuminuria.
Participants were randomized into three groups: ACE-I/ARB, LPD (0.6 g/kg/day), and LPD + ACE-
I/ARB groups. In this study, we evaluated renal function (GFR, UAER), glycemic controls (FBS,
HbAlc), and metabolic indicators (BMI, blood pressure, lipid profile) at the start and conclusion of
the study. All study groups showed a significant reduction in albuminuria (p< 0.05) in the within-
group comparison. Meanwhile, group comparison showed no statistical variation in UAER.
Furthermore, GFR showed improvement in the LPD group, but it wasn’t statistically significant.
Moreover, the LPD group showed significant reductions in FBS, HbA1C, LDL, T.G, systolic blood
pressure, and BMI (all p < 0.05); these effects weren’t observed in other groups. LPD in type II diabetes
effectively reduces albuminuria in comparison to ACE-I/ARB therapy. Moreover, LPD shows
significant benefits regarding glycemic control, lipid profile, and body weight. These results suggest
that the therapeutic potential of LPD to manage diabetic nephropathy and its metabolic
complications highlights the critical role of dietary management.
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Introduction

DN represents a significant microvascular complication of DM, and a key cause of ESRD worldwide [1,2].
With a prevalence affecting roughly 30% of type 1 and 40% in type II diabetes, the pathogenesis of DN is
frequently preceded by signs such as glomerular hyperfiltration and microalbuminuria [3,4].
Microalbuminuria is a sign of renal impairment as well as a strong biomarker of systemic microvascular
damage, encompassing retinopathy, neuropathy, and ischemic heart disease, and is correlated with a
marked increase in all-cause mortality among diabetic patients [5,6,7]. The current practices to attenuate
the progression of DN include stringent glycemic control and the blockade of the renin-angiotensin system
[8,9].

The physiological impact of dietary protein on renal function is well-documented; elevated protein
consumption can induce a rise in glomerular filtration rate (GFR), similar to the renal adoptive mechanisms
observed post-nephrectomy [10]. This insight has spurred significant interest in employing low-protein diets
(LPDs) as a therapeutic approach to decelerate the advancement of diabetic renal disease, promoting their
recommendation in certain clinical guidelines for individuals with established chronic kidney disease
[11,12].

Despite numerous investigations on the effect of LPD on renal outcomes in diabetic populations, the reported
findings remain inconsistent. variant results have been reported between studies of varying duration,
including both short- and long-term interventions, in addition to findings from meta-analyses [11,13-18].
This inconsistency highlights a substantial gap concerning the precise and holistic benefits of LPD,
especially when evaluated against or in combination with conventional pharmacotherapy, preserving kidney
function and modulating metabolic parameters in individuals with incipient albuminuria. Resolving this
uncertainty is vital for refining treatment paradigms for DN. Consequently, this study was designed to assess
the efficacy of an LPD on kidney function, glycemic control, and lipid metabolism in individuals suffering
from type Il diabetes recently diagnosed with albuminuria, comparing its effects to standard ACE-I/ ARB
therapy and a combined therapeutic approach.

Methodology

Research Design

The research was a prospective, randomized, controlled trial conducted over an 11-month duration, from
July 1, 2024, to June 30, 2025, at the Nephrology Center. Patients were recruited after referral from a
diabetes center where they received diabetes care, and received care from the same physician and dietitian
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throughout the study. The ethics committee of the hospital accepted the research protocol (no.777), and all
subjects provided written permission prior to enrollment.

Sample size

Based on the primary outcome change [19], a total of 66 participants, about 22 per group, were required to
detect a difference within the groups with 80% power at a= 0.05. And to account for dropout, 90 patients
were recruited.

Screened (n=257)

Excluded n=167
Albuminuria< 300mg/24h n=89

Prior ACE-I/ARB n=42

eGFR <15 n=23

declined n=8
other n=5
run in time n=90
I— discontinued run-in n=6
Randomization n=84
— ACE-I/ARB n=29
I— discontinued (hyperkalemia/hypotension) n=3
L— completed n=27

—LPD n=28
I— discontinued (nonadherence) n=1
L— completed n=27
I— combination n=27
I— discontinued (hyperkalemia) n=1
L— completed n=26
Figure 1. Visual Consort Flow Structure

Participants

Initially, a total of 90 patients were recruited. During the run-in period, 6 participants were excluded, and
the remaining 84 participants were randomized into 3 groups. During the intervention, 4 discontinued.
Finally, 80 individuals (48 males, 32 females), with an age ranged 30 to 70 years, with type II diabetes
(diagnosed per WHO standard) completed the study. Inclusion criteria included: (1) recent diagnosis of
diabetic nephropathy, and (2) albuminuria (microalbuminuria < 300 and macroalbuminuria >300 mg/24 h)
in two out of three sterile urine samples, and no clinical or test indication of other kidney or urinary tract
disorders. Exclusion criteria were: (1) type 1 diabetes, (2) malignant hypertension or (3) prior use of
angiotensin II receptor blockers (ARBs) or ACE inhibitors (ACE-I), within 3 months of enrollment (4) a history
of heart diseases, liver disease, cancer, (5) morbid obesity (BMI _ 35 kg/m?2), (6) frequent episodes of urinary
tract infection and ESRD (GFR < 15 mL/min/ 1.73m? using CKD-EPI 2021). Blood pressure of >140/90
mmHg, or the use of non-ACE/ARB antihypertensive medications, was considered hypertension.

Randomization and Intervention

After a three-month run-in phase, participants were randomized in a 1:1:1 ratio into three treatment groups,
with stratification based on baseline urinary albumin excretion rate (UAER; 300-1000 mg/24 hrs versus
>1000 mg/24 hrs) to ensure balanced distribution of disease severity across the groups. During the run-in,
all patients received standardized guidance aimed at achieving optimal metabolic control through dietary
modifications and the use of insulin or oral hypoglycemic agents. The first intervention group received
standard care with ACE inhibitors or angiotensin receptor blockers, specifically enalapril administered at
10 mg twice daily and titrated to 20 mg twice daily, or losartan initiated at 50 mg/day and titrated to 100
mg/day. The second group was assigned to a low-protein diet (LPD), with counseling to achieve a daily
protein intake of 0.6 g/kg. The dietary plan emphasized high biological value protein sources, with more
than half derived from eggs, fish, poultry, and dairy products. To support adherence, participants were
provided with a seven-day menu plan and cooking instructions. The third group received a combination of
both interventions, integrating pharmacological therapy with dietary restriction. Given the nature of the
dietary intervention, blinding of investigators and participants was not feasible. This design allowed for the
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systematic evaluation of pharmacological, nutritional, and combined strategies in the management of
chronic kidney disease progression.

Monitoring of adherence

Protein intake adherence was assessed by (1) a three-day food record, and (2) 24-hour urea and protein
intake calculated by [ 24hUUN(g) + 0.031 g/kg x weight] [20]. Non-adherence (patients > 20% of
recommended protein intake) received intensified counseling, and pill counts and prescription refill were
used to assess medication adherence.

Clinical and Laboratory Measurements

Clinical and laboratory evaluations were conducted at both baseline and study conclusion to ensure a
comprehensive assessment of patient status. Anthropometric measurements included height, weight, and
body mass index, calculated as kilograms per square meter. Blood pressure was measured after five minutes
of rest using a mercury sphygmomanometer, with three readings taken and the mean of the final two used
for analysis. Kidney function was evaluated through estimated glomerular filtration rate (eGFR), calculated
using the Cockcroft-Gault formula, and urinary albumin excretion rate (UAER), which was determined by
nephelometry from sterile 24-hour urine samples (Beckman Instrument, Germany, order no. 441450).
Glycemic status was assessed by fasting blood glucose and glycated hemoglobin (HbAlc), with HbAlc
quantified using ion-exchange high-performance liquid chromatography (Merck, Darmstadt, Germany).
Lipid profile analysis was performed on fasting blood samples using automated methods (Roche/Hitachi
917; CAN 690, USA), measuring total cholesterol, high-density lipoprotein cholesterol, and triglycerides,
while low-density lipoprotein cholesterol was calculated using the Friedewald equation [21]. This
standardized evaluation protocol provided a robust dataset for monitoring metabolic, renal, and
cardiovascular parameters throughout the study.

Monitoring of safety

Predefined criteria for adverse effects were reviewed throughout study time (1) increase in s.cr by 50% from
baseline and persisted > 4 weeks; (2) hyperkalemia; (3) hypotension, SBP< 90mmHg. Any of these adverse
effects was reported to the ethics committee within 48 hours.

Data analysis

Results are presented as means + SD. Initial assessment of the difference between the 3 groups was
conducted using one-way ANOVA. Upon finding significant ANOVA results, further analysis involved:
unpaired t-tests for comparisons between different groups (Inter-group). A p-value of less than 0.05 was
considered of significance statistically significant. Data analysis was conducted using SPSS (V20.0).

Results

Patient Characteristics

Initially, this study enrolled 84 patients, with 4 discontinued in the intervention period. The remaining 80
patients were randomly allocated into 3 groups: ACE/ARB (n=27), LPD (n=27), and Combination (n=26). Key
demographic and clinical characteristics at the start are detailed in (Table 1). Across the study group, the
average age varied between 51 and 59.2 years. Males constituted a higher proportion in all groups (51.8%
to 69.2%). Hypertension was prevalent, affecting 50.0% to 74.1% of participants. Smoking prevalence varied,
with the Combination group having the lowest percentage (30.7%). Microalbuminuria (30-299 mg/24hrs)
and macroalbuminuria (>300 mg/24hrs) were distributed in the groups as shown in (Table 1).

Table 1. Demographic and Clinical Profile of Participants (n=80)

. ACEI /ARB Ao Combination n=26
Variable n=27(%) LPD n=27(%) (%)
Age (mean, SD) 59.2 +25.3 54.6 + 15.6 51+ 12.8
Gender (Male, %) 14 (51.8) 16(59.2) 18(69.2)
HTN (n, %) 20 (74.1) 14 (51.9) 13 (50.0)
Treatment (n, %)
Oral hypoglycemic agent 9 (33.3) 9 (33.3) 7 (26.9)
Insulin 9 (33.3) 9 (33.3) 6 (23.1)
Both (33 3) 9 (33.3) 13 (50.0)
Smoking (n, %) 4 (51.9) 14 (51.9) 8 (30.7)
Albumin in urine (n, %)
Microalbuminuria (30-
299mg/24hrs) 4 (51.9) 14 (51.9) 6 (23.1)
Macroalbuminuria (>
300mg/24hrs) 13 (48.5) 13 (48.5) 20 (76.9)
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Interventions Effect on Renal Function

All three intervention groups demonstrated a significant intra-group reduction in UAER from baseline (p
value < 0.05). specifically, UAER decrease from 441.6 + 387mg to 291.4 + 343.8 mg in the ACE/ARB group,
from 700.7 + 228.2 mg to 355.6 + 449.5 mg in the LPD group, and from 819.3 + 703.3 mg to 517.8 +715.0
mg in Combination group. However, inter-group comparisons revealed no significant differences in UAER,
which showed no statistical variation among the three groups. GFR did not show a significant change in any
of the groups (Figures 2 and 3).
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Figure 2. Impact of Interventions on UAER (mg/24 hours) (n=80)
(*) statistically significant (p value <0.05) in intra-group comparison
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Figure 3. Impact of Interventions on GFR (mL/min) (n=80)

Interventions Effect on Metabolic Control

Significant reductions in intra-group comparison in FBS and HbAlc were observed in both the LPD and
Combination groups. In the LPD group, FBS decreased from 186.70 + 22.60 mg/dl to 162.2 + 31.40 mg/dl,
and HbA1lc declined from 9.1 + 1.3% to 8.0 + 0.6%. in the Combination group, FBS decreased from 205.3 +
99.2 mg/dl to 144.53 + 40.52 mg/dl, and HbAlc decreased from 8.4 + 1.8% to 7.8 £ 1.5%. The LPD group
also showed a significant decline in intra-group and inter-group comparison in systolic blood pressure,
decreased from 123.7 £ 12.5 mmHg to 99.75 * 3.30 mmHg (Table 3). Moreover, BMI showed a significant
reduction in the LPD group.

Interventions Effect on Lipid Profile
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All groups showed a significant reduction in intra-group comparison in total cholesterol level (p < 0.05). TC
decreased from 155.4 + 32.6 mg/dl to 152.6 £ 24 mg/dl in the ACE/ARB group, from 149.7 + 33.4 mg/dl
to 141.7 £ 42 mg/dl in the LPD group, and from 155 * 66 mg/dl to 150 + 47.9 mg/dl in the Combination
group. No significant inter-group differences were noticed for TC. Furthermore, the LPD group demonstrated
a significant reduction in LDL (91.2 + 5.31 mg/dl to 88.2 + 4.0 mg/dl) and T.G (126 + 55.7 mg/dl to 111 +
51.6 mg/dl) (Table 4).

Table 2. Interventions' Effect on Metabolic Control and Lipid Profile
Parameters Groups Basal (mean End (mean P-value
P +SD +SD) (intra-group)

LPD 186.7 + 22.6 162.2 +31.4 < 0.05

FBS (me/dl) ™ mbination | 205.3 +99.2 | 144.5 +40.5 <0.05
HbAlc (%) Ll?D . 9.1 +1.3 8.0 +0.6 < 0.05
Combination 84+1.8 7.8+ 1.5 < 0.05

Systolic BP LPD 123.7 +12.5 99.75 + 3.3. < 0.05
ACE/ARB 155.4 + 32.6 152.6 + 24.0 < 0.05

TC (mg/dl) LPD 149.7 + 33.4 141.7 + 42.0 < 0.05
Combination 155.0 + 66.0 150.0 + 47.9 < 0.05

LDL (mg/dl) LPD 91.2+ 5.31 88.2 + 4.0 < 0.05
Triglycerides LPD 126.0 + 55.7 111.0 + 51.6 < 0.05

Discussion

This study evaluates the impact of low protein on kidney function, alongside metabolic markers in type II
diabetes patients with new onset albuminuria, comparing against ACE-I/ARB treatment and combined
intervention. Key results indicate that LPD significantly lowered UAER to a degree similar to pharmaceutical
intervention. Moreover, the LPD group showed marked enhancements in glycemic control, lipid metabolism,
and reduction in body weight, highlighting its potential as a comprehensive treatment approach for DN and
its related metabolic disorders.

The significant decrease in UAER across all treatment groups, notably the LPD group, is consistent with
existing literature supporting the renal benefits of both dietary protein moderation and pharmacological RAS
suppression [22,23]. The finding that LPD reduction of UAER is comparable to ACE-I/ARB therapy
highlights dietary adjustment as a viable non-pharmaceutical strategy for mitigating this important
indicator of renal impairment. The renoprotective mechanisms of LPD are multifactorial. High protein
consumption stimulates glucagon secretion, resulting in afferent arteriolar vasodilation and elevated intra-
glomerular pressure, which can worsen albuminuria [24]. LPD may counter these adverse hemodynamic
effects. Moreover, excessive protein can increase insulin-like growth factor-1, also known as a renal
vasodilator, while LPD appears to suppress the internal renin-angiotensin system, thereby supporting
kidney function [25]. Although UAER improvements were clear, the absence of a statistically significant
alteration in GFR within the LPD group despite a positive trend from baseline. This outcome agrees with
systematic reviews and prospective investigations [26,27], but conflicts with other studies of notable GFR
enhancement during LPD [28]. Discrepancies in GFR results across studies may arise from variables such
as participant baseline renal function, LPD may preserve GFR more effectively in individuals with initially
reduced function, while lowering it in those with higher baseline GFR [22], inaccuracies in creatinine-based
GFR estimation [29], or methodological differences [15]. Future studies using more accurate GFR
assessment methods and subgroup analyses by initial kidney function may help clarify these
inconsistencies.

A significant strength of this study lies in metabolic improvements such as BG, HbA1C, systolic blood
pressure, LDL, TC, TG, and BMI within the LPD group. These benefits were not consistently evident in the
ACE-I/ARB or in combination groups, indicating a distinct effect of dietary protein restriction. Our results
are in agreement with other works associating LPD with better glycemic management, blood pressure
control, and lipid metabolism in the diabetic population [28,30]. The physiological basis for these metabolic
effects is likely diverse. Substituting protein with carbohydrate and fiber-rich foods, common in LPD, may
help in glycemic control [31,32]. Moreover, weight loss, as noted in the LPD group, is a recognized modulator
of metabolic health in type II diabetes with obesity [33]. Reduction in LDL and T.G levels, in the absence of
lipid-lowering medication, implies that inherent aspects of LPD, such as lower fat and cholesterol
consumption, contribute to a positive effect [34]. These outcomes position LPD not only as a renoprotective
diet, but also as a systemic intervention with multi-organ benefits [35].

Conclusion
This research highlights the value of moderate protein restriction (0.6g/kg/day) as a supportive therapeutic
approach in reducing albuminuria in type II diabetes with conventional drug therapies. The added metabolic
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gains in glucose, lipids, and weight management suggest LPD should be incorporated into integrated care
strategies for diabetic nephropathy, especially considering the established interplay between albuminuria
and cardiovascular risk factors like hyperglycemia, hypertension, dyslipidemia, and obesity. Subsequent
studies should assess long-term adherence to LPD and determine protein consumption thresholds for
different nephropathy stages. Further, larger trials with extended follow-up are necessary to determine the
lasting influence of LPD on definitive endpoints such as ESRD and cardiovascular morbidity. Elucidating
the molecular pathways through which LPD imparts metabolic benefits could also inform future therapeutic
strategies. Limitations. Several limitations should be mentioned. The sample size (n=80), though adequate
for detecting within-group changes, may be underpowered for more nuanced between-group comparisons
or broader generalization. The reliance on estimated GFR derived from S.Cr c, while practical, is imperfect
and might not reflect small changes in renal function. Precisely measuring long-term dietary adherence is
inherently difficult. Lastly, the 11-month duration, though considerable, may be insufficient for a
comprehensive evaluation of the long-term renal effect of LPD.
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