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Abstract
Background:

Patients with stage 3-4 chronic kidney disease (CKD) are at high risk for
cardiovascular complications. Sodium restriction is commonly recommended for
blood pressure control and reducing cardiovascular events, but its broader effects on

other outcomes in CKD are not well studied.
Objective:

This study aims to evaluate the impact of dietary sodium restriction on cardiovascular
outcomes, including blood pressure, left ventricular hypertrophy (LVH),
hospitalizations due to heart failure, kidney function, and quality of life in patients
with stage 3-4 CKD.

Methods:

A total of 150 patients with stage 3-4 CKD were enrolled in this 12-month
observational study. Seventy-five patients followed a sodium-restricted diet (< 2.3
g/day), while 75 patients adhered to a standard diet (> 2.3 g/day). Key outcomes

measured included changes in blood pressure, LVH regression, hospitalization rates
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due to heart failure, estimated glomerular filtration rate (eGFR), electrolyte levels, and
quality of life (QoL).

Results:

Patients on the sodium-restricted diet had significant reductions in systolic (12 mmHg)
and diastolic (8 mmHg) blood pressure compared to the standard diet group (p <
0.001 and p < 0.01, respectively). LVH regression was more prevalent in the sodium-
restricted group (20% vs. 8%, p = 0.02). Hospitalization rates for heart failure were
significantly lower in the sodium-restricted group (6.7% vs. 20%, p = 0.004), with
shorter hospital stays (4 vs. 7 days, p = 0.03). Kidney function declined more slowly
in the sodium-restricted group (eGFR: 4.5 vs. 6.8 mL/min/1.73 m2, p = 0.03). QoL

scores improved by 15% in the sodium-restricted group (p < 0.01).
Conclusion:

Sodium restriction in CKD patients significantly improves cardiovascular outcomes,

slows kidney function decline, and enhances quality of life.
Keywords:

Chronic kidney disease, sodium restriction, blood pressure, left ventricular

hypertrophy, heart failure, eGFR, quality of life
Introduction

Chronic kidney disease (CKD) is a progressive condition that significantly increases
the risk of cardiovascular complications, particularly in patients with stage 3-4 CKD?.
These patients commonly experience hypertension, left ventricular hypertrophy
(LVH), and heart failure, which contribute to high morbidity and mortality rates.
Managing cardiovascular risk in CKD is crucial to improving patient outcomes, and
dietary modifications, such as sodium restriction, are often recommended as a non-

pharmacological intervention to achieve this goal®®.

Excessive sodium intake is well-known to exacerbate hypertension, fluid retention,

and cardiovascular strain, leading to adverse outcomes such as heart failure and LVH*,
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Current guidelines recommend sodium restriction (< 2.3 g/day) for patients with CKD
to manage blood pressure and prevent cardiovascular events>®. However, the evidence
supporting the long-term benefits of sodium restriction in this patient population,
particularly on outcomes such as LVH regression, hospitalization rates, kidney

function, and quality of life, remains limited’.

This observational study aims to evaluate the impact of sodium restriction on key
cardiovascular and renal outcomes in patients with stage 3-4 CKD over a 12-month
period. Specifically, the study examines the effects of a sodium-restricted diet on
blood pressure control, LVH, hospitalization due to heart failure, estimated
glomerular filtration rate (eGFR), electrolyte balance, and quality of life. By
providing further insight into the potential benefits of sodium restriction in this high-
risk population, this study seeks to contribute to the development of more effective

dietary interventions for managing CKD-related complications.
Methodology
Study Design:

This observational study was conducted at the National Institute of Medical Science
& Research, Jaipur, from July 2023 to June 2024. The study aimed to assess the
impact of dietary sodium restriction on cardiovascular and renal outcomes in patients
with stage 3-4 chronic kidney disease (CKD). A total of 150 patients diagnosed with
stage 3-4 CKD were enrolled and followed for 12 months. The study included patients
who met specific inclusion and exclusion criteria, and data were collected at baseline,

every three months, and at the end of the study.
Study Population:
Patients were eligible for inclusion if they were:

e Aged 18 years or older,
o Diagnosed with stage 3-4 CKD (estimated glomerular filtration rate [eGFR]
between 15 and 59 mL/min/1.73 m?),

o Had stable kidney function for at least three months prior to enrollment.
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Exclusion criteria included patients:

e On dialysis or scheduled for kidney transplantation,
o With heart failure requiring hospitalization within the last three months,

« With active infections, malignancies, or other serious comorbid conditions.

Intervention:

Participants were divided into two groups:

1. Sodium-Restricted Group: 75 patients followed a sodium-restricted diet,
limiting sodium intake to < 2.3 g/day.

2. Standard Diet Group: 75 patients followed a standard diet with sodium
intake > 2.3 g/day.

Both groups received dietary counseling at the beginning of the study and were

monitored regularly for adherence to their respective diets.
Data Collection:

Data were collected at baseline, every three months, and at the end of the 12-month

study. The following parameters were measured:

o Blood Pressure: Systolic and diastolic blood pressure were recorded using
automated sphygmomanometers.

o Echocardiograms: Performed at baseline and the end of the study to assess
left ventricular hypertrophy (LVH) and left ventricular mass index (LVMI).

o Hospitalizations: Records of hospital admissions due to heart failure were
documented.

« Kidney Function: eGFR was measured at baseline and every three months.

o Electrolyte Levels: Serum sodium and potassium levels were assessed
regularly.

e Quality of Life: Assessed using the Kidney Disease Quality of Life (KDQoL)

instrument.

Statistical Analysis:
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Continuous variables such as blood pressure, LVMI, eGFR, and electrolyte levels
were expressed as mean + standard deviation (SD) and compared between groups
using independent t-tests or Mann-Whitney U tests for non-parametric data.
Categorical variables such as hospitalization rates and LVH regression were analyzed
using Chi-square tests. A p-value of less than 0.05 was considered statistically

significant for all analyses.

Ethical Considerations:

The study protocol was approved by the Institutional Ethics Committee of the
National Institute of Medical Science & Research, Jaipur. Informed consent was
obtained from all participants before enrollment in the study. The study adhered to the

principles of the Declaration of Helsinki.

Results

Our study revealed significant differences between the sodium-restricted group and

the standard diet group across several cardiovascular and renal parameters.

Blood Pressure Control

Patients in the sodium-restricted group experienced more substantial reductions in
blood pressure compared to those in the standard diet group (Table 1). The sodium-
restricted group showed a mean systolic blood pressure decrease of 12 mmHg,
compared to only 4 mmHg in the standard diet group (p < 0.001). Similarly, diastolic
blood pressure decreased by 8 mmHg in the sodium-restricted group versus 2 mmHg
in the standard diet group (p < 0.01). Pulse pressure reduction was also more

pronounced in the sodium-restricted group (4 mmHg vs. 0 mmHg, p < 0.01).

Cardiac Structure and Function

The sodium-restricted diet was associated with more favorable changes in cardiac
structure (Table 2). The prevalence of left ventricular hypertrophy (LVH) regression
was significantly higher in the sodium-restricted group (20% vs. 8%, p = 0.02).
Moreover, the reduction in left ventricular mass index (LVMI) was more substantial

in the sodium-restricted group (10 g/m2 vs. 3 g/m?, p = 0.04).
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Heart Failure Outcomes

Patients on the sodium-restricted diet demonstrated better outcomes related to heart
failure (Table 3). The hospitalization rate for heart failure was significantly lower in
the sodium-restricted group (6.7% vs. 20%, p = 0.004). When hospitalization did
occur, the average length of stay was shorter for the sodium-restricted group (4 days
vs. 7 days, p = 0.03).

Kidney Function

The sodium-restricted diet appeared to have a protective effect on kidney function
(Table 4). The decline in estimated glomerular filtration rate (eGFR) was less
pronounced in the sodium-restricted group compared to the standard diet group (4.5
mL/min/1.73 m2 vs. 6.8 mL/min/1.73 m?, p = 0.03).

Electrolyte Balance

Despite the dietary sodium restriction, there were no significant differences in serum
electrolyte levels between the two groups (Table 5). Serum sodium levels (138 mEq/L
vs. 139 mEq/L, p = 0.08) and potassium levels (4.3 mEg/L vs. 4.4 mEqg/L, p = 0.11)

remained within normal ranges and did not differ significantly between the groups.

Quiality of Life

Patients in the sodium-restricted group reported a greater improvement in quality of
life compared to those in the standard diet group (Table 6). The percentage of patients
reporting quality of life improvement was significantly higher in the sodium-restricted
group (15% vs. 8%, p < 0.01).

Discussion

This observational study demonstrates the significant impact of dietary sodium
restriction on cardiovascular outcomes, kidney function, and quality of life in patients
with stage 3-4 chronic kidney disease (CKD). Over the 12-month period, patients who
adhered to a sodium-restricted diet (< 2.3 g/day) showed notable improvements in

blood pressure control, left ventricular hypertrophy (LVH) regression, hospitalization
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rates due to heart failure, and a slower decline in kidney function compared to those
on a standard diet. These findings underscore the potential of sodium restriction as an

essential non-pharmacological strategy for managing CKD-related complications.
Cardiovascular Outcomes

The reduction in systolic and diastolic blood pressure in the sodium-restricted group
was significant compared to the standard diet group. This result is consistent with
existing studies, such as those conducted by Kang et al’. (2023), which showed that
reduced sodium excretion is associated with better cardiovascular outcomes in CKD
patients. In our study, the sodium-restricted group exhibited a 12 mmHg reduction in
systolic and an 8 mmHg reduction in diastolic blood pressure, compared to 4 mmHg
and 2 mmHg, respectively, in the standard diet group. This blood pressure reduction
likely contributed to the observed LVH regression in 20% of the sodium-restricted
group compared to 8% in the standard diet group. Given that LVH is a key predictor
of cardiovascular mortality in CKD, our findings are in line with other research
highlighting sodium reduction's role in improving cardiovascular health in CKD
patients (Garofalo et al®., 2018).

The significantly lower hospitalization rates due to heart failure (6.7% in the sodium-
restricted group vs. 20% in the standard diet group) further emphasize the
cardioprotective effects of sodium restriction. These findings are consistent with those
of Doukky et al®. (2016), who observed that dietary sodium restriction was associated
with a reduction in heart failure-related hospitalizations. Moreover, the shorter
average length of hospital stay (4 days in the sodium-restricted group vs. 7 days in the
standard diet group) supports previous studies that show patients on low-sodium diets
experience fewer heart failure episodes and recover more quickly when hospitalized
(Shi et al'®., 2022).

Kidney Function

The slower decline in estimated glomerular filtration rate (eGFR) in the sodium-
restricted group compared to the standard diet group (4.5 vs. 6.8 mL/min/1.73 m?)
suggests that sodium restriction may have a renoprotective effect. This aligns with
studies by Borrelli et al'l. (2020) and Saran et al'2. (2017), which reported that
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sodium restriction slows CKD progression by lowering blood pressure and reducing
cardiovascular strain. Although the primary mechanism is likely related to blood
pressure control, reduced fluid retention and lower cardiovascular strain may also
contribute to the slower decline in kidney function. This is particularly relevant, as
CKD patients have limited treatment options to slow disease progression, especially

in the later stages.
Electrolyte Balance and Quality of Life

No significant differences in serum sodium or potassium levels were observed
between the groups, indicating that sodium restriction did not lead to adverse
electrolyte imbalances. This supports the safety of sodium restriction in CKD patients,
which aligns with findings from McMahon et al*®. (2021), who reported that altered

salt intake does not significantly affect serum electrolytes.

In terms of quality of life (QoL), patients on the sodium-restricted diet reported a 15%
improvement in QoL scores, compared to 8% in the standard diet group. This
improvement can be attributed to better cardiovascular health, fewer hospitalizations,
and enhanced control of fluid retention. Similar results were found in a meta-analysis
by Garofalo et al®. (2018), which suggested that sodium restriction improves overall
well-being in CKD patients by alleviating the burden of cardiovascular symptoms and

hospital admissions.
Clinical Implications

The findings from this study suggest that sodium restriction should be strongly
recommended for patients with stage 3-4 CKD as part of a comprehensive
management strategy. The improvements in cardiovascular outcomes, reduced
hospitalizations, and slower decline in kidney function highlight the significant
clinical benefits of sodium restriction. This intervention is safe, does not adversely
affect electrolyte balance, and enhances patients' quality of life. Jaques et al*4. (2021)
also emphasized the importance of managing sodium intake to reduce cardiovascular

risk, which is consistent with the conclusions drawn from our study.

Limitations
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This study is not without limitations. First, as an observational study, it cannot
establish causality between sodium restriction and the observed outcomes. Second,
adherence to the sodium-restricted diet was based on self-reported intake and may not
have been fully accurate. Finally, the relatively small sample size and single-center
design may limit the generalizability of the results. Future randomized controlled
trials with larger cohorts and more rigorous dietary monitoring are needed to confirm

these findings.
Conclusion

This study demonstrates that dietary sodium restriction in patients with stage 3-4
chronic kidney disease (CKD) leads to significant improvements in cardiovascular
and renal outcomes. Patients on a sodium-restricted diet showed a substantial
reduction in both systolic (12 mmHg) and diastolic (8 mmHg) blood pressure, along
with a higher prevalence of left ventricular hypertrophy (LVH) regression (20% vs.
8%). The sodium-restricted group also experienced significantly fewer
hospitalizations due to heart failure (6.7% vs. 20%) and a shorter average hospital
stay (4 vs. 7 days). Moreover, the decline in kidney function, as measured by
estimated glomerular filtration rate (eGFR), was slower in the sodium-restricted group
(4.5 vs. 6.8 mL/min/1.73 m?), suggesting a renoprotective effect. Importantly, the
sodium-restricted diet did not result in significant electrolyte imbalances, and patients

reported a marked improvement in their quality of life (15% vs. 8%).

These findings highlights the potential benefits of sodium restriction as a key dietary
intervention for improving cardiovascular outcomes, preserving kidney function, and
enhancing quality of life in patients with stage 3-4 CKD. Implementing sodium
restriction as part of a comprehensive CKD management strategy could significantly
reduce cardiovascular risks and hospitalizations, ultimately improving patient

outcomes.
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Table No:1.Blood Pressure Control Data:

Parameter Sodium- Standard Diet p-value
_ Restricted Group Group
%gf;;‘;ﬁfang) 12 4 <0.001
Bleisr?agg I(Brrlijg) 8 2 <001
g :

Table No:2 Left Ventricular Hypertrophy (LVH) and Left Ventricular Mass
Index (LVMI) Data:

Parameter Sodium- Standard Diet value
Restricted Group Group P
Prevalence of LVH
Regression (%) 20 8 0.02
LVMI Reduction 10 3 0.04
(9/m?)
Table No:3 Heart Failure Hospitalization Data:
Parameter Sodium- Standard Diet _value
Restricted Group Group P
Hospitalization
Rate (%) 6.7 20 0.004
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Average Length of

Stay (days) 4 ! 0.03
Table No:4 Kidney Function Data:
Parameter Sodium- Standard Diet value
Restricted Group Group P
eGFR Decline
(mUmin/1.73 m) | 42 6.8 0.03
Table No:5.Electrolyte Levels Data:
Parameter Sodium- Standard Diet value
Restricted Group Group b
Serum Sodium
(MEq/L) 138 139 0.08
Potassium Levels
(MEq/L) 4.3 4.4 0.11
Table No:6.Quality of Life Data:
Parameter Sodium- Standard Diet value
Restricted Group Group P
Quality of Life 15 8 <001

Improvement (%)
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121 p < 0.001 EEm Sodium-Restricted Group

Em Standard Diet Group

Decrease (mmHg)

Systolic BP Decrease Diastolic BP Decrease Pulse Pressure Decrease
Blood Pressure Parameters

Figure No:1.Blood Pressure Control: Sodium -Restricted vs Standard Diet
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p=0.02

HE Sodium-Restricted Group
I Standard Diet Group
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LVH and LVMI Parameters

Figure No:2 LVH Regression and LVMI Reduction:Sodium-Restricted vs.
Standard Diet

eGFR Decline: Sodium-Restricted vs. Standard Diet

| == Sodium-Restricted Group p = 0.03

B Standard Diet Group

eGFR Decline (mL/min/1.73 m?)

eGFR Decline (mL/min/1.73 m?)
Kidney Function Parameter

Figure No:3. eGFR Decline: Sodium-Restricted vs.Standard Diet
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Figure No:4. Electrolyte Levels: Sodium-Restricted vs. Standard Diet
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