
Kanauchi et al. BMC Nephrology          (2024) 25:274  
https://doi.org/10.1186/s12882-024-03707-7

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

BMC Nephrology

Effective method for life-style modifications 
focused on dietary sodium intake in chronic 
kidney disease: sub-analysis of the FROM-J 
study
Noriko Kanauchi1,2, Chie Saito3, Kei Nagai3, Kohsuke Yamada4, Hirayasu Kai5,6, Tsuyoshi Watanabe7, 
Ichiei Narita8, Seiichi Matsuo9, Hirofumi Makino10, Akira Hishida11 and Kunihiro Yamagata3* 

Abstract 

Background Lifestyle modifications by educational sessions are an important component of multidisciplinary 
treatment for chronic kidney disease (CKD). We attempted to identify the best method to teach these modifications 
in order to ensure their acceptance by patients and investigated its effectiveness in CKD practice.

Methods This study is a post-hoc analysis of the FROM-J study. Subjects were 876 CKD patients in the advanced care 
group of the FROM-J study who had received lifestyle modification sessions every 3 months for 3.5 years. Two-hun-
dred and ten males (32.6%) and 89 females (38.2%) showed success in sodium restriction. In this study, we examined 
factors affecting sodium restriction in these subjects.

Results Subjects received three or more consecutive educational sessions about improvement of salt intake. The 
median salt-intake improvement maintenance period was 407 days. The number of dietary counseling sessions (OR 
1.090, 95%CI: 1.012–1.174) in males and the number of dietary counseling sessions (OR 1.159, 95%CI: 1.019–1.318), 
CKD stage progression (OR 1.658, 95%CI: 1.177–2.335), and collaboration with a nephrologist (OR 2.060, 95%CI: 1.073–
3.956) in females were identified as significant factors improving salt intake. The only factor contributing to the main-
tenance of improved salt intake was the continuation of dietary counseling (p = 0.013).

Conclusion An increased number of educational sessions was the only successful approach for males to implement 
and maintain an improved salt intake. Providing the resources for continuous counseling is beneficial for lifestyle 
modifications and their maintenance in the long-term management of CKD. Continuous counseling for lifestyle modi-
fications is highly cost-effective.

Trial registration The FROM-J study was registered in UMIN000001159 on 16/05/2008.
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Background
The number of patients newly receiving kidney replace-
ment therapy (KRT) has recently increased [1]. One of 
the reasons for this is the faster rate of deterioration of 
renal function in men with lifestyle-related chronic kid-
ney disease (CKD), such as diabetic kidney disease (DKD) 
and hypertensive nephropathy as the underlying cause 
of renal disease [2, 3]. Efforts to prevent the progression 
and severity of CKD are of great significance for limiting 
the development of end-stage kidney disease (ESKD) and 
cardiovascular disease (CVD) [4, 5]. Therefore, it is very 
important to improve the lifestyles of patients with CKD 
and to take measures that will maintain the good habits 
acquired [6]. Lifestyle modifications represent the most 
effective approach to treat lifestyle-related CKD.

Dietary sodium restriction may slow the progression 
of renal disease and albuminuria [7–9]. Previous stud-
ies demonstrated that a low sodium diet potentiated 
the effects of renin–angiotensin–aldosterone system 
(RAAS) blockers and, thus, attenuated proteinuria and 
reduced blood pressure (BP) [10]. While several reviews 
and meta-analyses suggested the lack of clear evidence 
for dietary sodium restriction reducing the rate of the 
decline in eGFR, proteinuria, the incidence of all-cause 
mortality, and CV events, it was shown to decrease the 
risk of renal composite outcome events in patients with 
CKD [11].

We conducted the Frontier of Renal Outcome Modifi-
cations in Japan (FROM-J) study [12, 13], a cluster ran-
domized trial in which each local medical association 
served as a cluster and the medical support system for 
multidisciplinary care by primary care physicians (PCPs) 
effectively promotes cooperation with nephrologists and 
improves CKD outcomes. This trial included 489 PCPs 
and 2417 CKD patients. Clusters were randomly assigned 
to the standard intervention group or the advanced inter-
vention group. The standard intervention group received 
regular medical care in accordance with the CKD treat-
ment guidelines, while the advanced intervention group 
was given the same medical care based on the CKD 
treatment guidelines and dietary counseling sessions by 
dieticians every 3 months. In the FROM-J study, a 50% 
reduction in the estimated glomerular filtration rate 
(eGFR) was significantly attenuated in the advanced 
intervention group at 3.5 years [13]. Furthermore, we 
followed up CKD patients for 10 years and found a sig-
nificant decrease in CVD in the advanced intervention 
group [14].

Lifestyle modifications effectively improve the life 
and renal outcomes of CKD patients, particularly those 
with lifestyle-related CKD, which has been increas-
ing in recent years, and trials have been conducted to 
prove their effectiveness. The establishment of effective 

lifestyle modification methods is important for prevent-
ing lifestyle-related renal diseases in males, which is the 
main cause of the recent increase in the number of ESKD 
patients worldwide.

In the present study, we focused on diet, particularly 
sodium restriction, as one indicator of lifestyle modifica-
tions, and attempted to identify factors that improve the 
effectiveness of lifestyle guidance.

Methods
Study patients
This study is a post-hoc analysis of the FROM-J study. 
This study is a detailed analysis of the advanced interven-
tion group in the FROM-J study. The FROM-J study was 
a 3.5-year (Oct. 2008 to Mar. 2012) cluster randomized 
intervention study of CKD patients treated by general 
physicians in Japan. Details on the methods used and 
findings obtained in the FROM-J study have already been 
reported [12–14]. The advanced intervention group that 
received continuous dietary counseling in the FROM-J 
study consisted of 1,184 patients (Fig. 1). In the advanced 
intervention group, 206 patients who received less than 
3 dietary education sessions and 102 patients whose 
salt intake was less than 6 g/day at the first session were 
excluded.

In this study, we analyzed 876 subjects, which included 
643 males and 233 females (Fig. 1). Informed consent was 
obtained from all subjects and/or their legal guardians.

Assessment of salt intake
Dietary counseling on salt intake was provided based on 
the Japanese CKD Guidelines, with the goal of achiev-
ing and maintaining a salt intake < 6 g per day [15]. 
Patients brought their dietary records to each visit, and 
the dietitian calculated their salt intake and provided 
feedback. Salt intake per day was rated by the dietitian-
in-charge into three categories: > 12 g, 6–12 g, and < 6 g. 
Each patient’s salt intake was monitored every 3 months 
throughout the intervention period. The validation study 
on the accuracy of the categorical assessment of salt 
intake employed in the FROM-J study was done [16].

Outcomes
We defined “salt-intake improvement” as a change in a 
patient’s salt-intake category to a lower intake category 
than that observed in the first session, plus the confirma-
tion of this improved state for two consecutive sessions. 
We defined the “salt-intake improvement maintenance 
period” as the longest period during which the salt-intake 
category had changed to a lower intake category than 
that observed in the first session with a continuously con-
firmed improvement. We examined the extent to which 
dietary counseling interventions improved patients’ 
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salt-intake behavior, how long the improved behavior was 
maintained, and the number of dietary counseling ses-
sions required to change salt-intake behavior. The inter-
vention items evaluated included the presence or absence 
of collaborative care with a nephrologist, the number 
of counseling sessions, and whether subjects regularly 
measured BP at home as an indicator of lifestyle modi-
fication monitoring. We examined factors affecting salt-
intake improvement and the salt-intake improvement 
maintenance period using these intervention conditions 
and patient characteristics as variables.

Statistical analyses
Descriptive statistics for continuous variables were 
expressed as the mean and standard deviation (SD) and 
categorical variables as frequencies (%). The significance 
of differences in means for categories were examined 
using Levene’s test if equal variances were confirmed 
by the F-test, otherwise Welch’s test was used. The χ2-
test was employed for categorical data. We performed a 
multiple logistic regression analysis to examine factors 
contributing to salt-intake improvement with results 

expressed as odds ratios (ORs) and 95% confidence inter-
vals (CIs). A multiple regression analysis was also used as 
a factorial analysis of the salt-intake improvement main-
tenance period. Statistical analyses were performed using 
SPSS Statistics ver. 28 (IBM, Armonk, NY), and p-val-
ues < 0.05 were considered to be significant.

Results
Baseline characteristics of patients
The mean age of the CKD patients examined (n = 876) 
was 62.2 ± 8.0 years. The body mass index (BMI) was 
25.7 ± 3.9 kg/m2, eGFR was 59.1 ± 21.6 mL/min/1.73  m2, 
and 84.1% of patients were in CKD stage 2 or 3. In addi-
tion, 53.0% of patients were obese (BMI ≥ 25 kg/m2), 
60.4% had diabetes mellitus, and 91.1% had hypertension. 
Regarding sex, 73.4% of subjects were male, significantly 
more females had CKD stages 4 and 5, and diabetes mel-
litus was significantly more common in males (Table 1).

Dietary consulting and salt‑intake changes
In comparisons of patients with and without salt-intake 
improvement, the former had significantly lower eGFR 

Fig. 1 Flow diagram of the present study

The subjects were the advanced intervention group of the FROM-J study (indicated by bold lines in the flowchart). Of the 1,184 participants enrolled 
in the advanced-intervention arm of the FROM-J study, 876 (male 643, female 233) were included in the present study, excluding 308 participants 
who met the study’s exclusion criteria
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and significantly higher diastolic BP (Table  2). During  
the intervention period, subjects received dietary coun-
seling an average of 11.7 ± 2.5 times (males 11.7 times, 
females 11.7 times, p = 0.938). Home BP measurements 
were regularly performed by 75.7% of patients (males 
74.8%, females 78.1%, p = 0.314). Furthermore, 23.1% of 
patients (males 22.7%, females 24.0%, p = 0.680) received 
medical care in collaboration with a nephrologist. 

Salt-intake improvement was observed in 34.1% of patients 
(males 32.7%, females 38.2%, p = 0.127) (Fig. 1 and Table 3).

Factors affecting behavior modifications
The number of counseling sessions required for salt-
intake improvement was 3.2 ± 2.4 (males 3.1, females 3.4, 
p = 0.259). Based on patient background characteristics 
and intervention methods, multivariate variables were 

Table 1 Baseline characteristics of patients

eGFR estimated glomerular filtration rate, BMI body mass index, CKD chronic kidney disease, SBP systolic blood pressure, DBP diastolic blood pressure
a Mean (standard deviation [SD]) unless otherwise specified
b No. of individuals (%). P−values: male vs. female

Variable Overall
n = 876

Male
n = 643

Female
n = 233

p-value

Age,  yrsa 62.2 (8.0) 62.0 (8.0) 62.6 (8.1) 0.351

eGFR, mL/min/1.73m2,a 59.1 (21.6) 59.9 (20.7) 57.0 (23.7) 0.075

Proteinuria, g/gcra 0.76 (1.77) 0.72 (1.90) 0.87 (1.33) 0.237

BMI, kg/m2a 25.7 (3.9) 25.7 (3.7) 25.6 (4.3) 0.694

SBP,  mmHga 137.0 (15.4) 137.0 (15.6) 137.1 (14.9) 0.924

DBP,  mmHga 78.9 (10.6) 79.3 (10.8) 78.0 (9.9) 0.115

CKD stage:b 0.003*

1b 70 (8.0%) 47 (7.3%) 23 (9.9%) 0.217

2b 327 (37.3%) 249 (38.7%) 78 (33.5%) 0.156

3b 410 (46.8%) 307 (47.7%) 103 (44.2%) 0.354

　 3ab 253 (28.9%) 199 (30.9%) 54 (23.2%) 0.025*

　 3bb 157 (17.9%) 108 (16.8%) 49 (21.0%) 0.149

4b 61 (7.0%) 37 (5.8%) 24 (10.3%) 0.020*

5b 8 (0.9%) 3 (0.5%) 5 (2.1%) 0.021*

Complications:

Obesityb 462 / 872 (53.0%) 339 / 639 (53.1%) 123 / 233 (52.8%) 0.945

Diabetesb 527 / 873 (60.4%) 407 / 640 (63.6%) 120 / 233 (51.5%) 0.001*

Hypertensionb 795 / 873 (91.1%) 582 / 640 (90.9%) 213 / 233 (91.4%) 0.826

Table 2 Clinical characteristics of patients with successful and not successful sodium restriction

a Mean (standard deviation [SD]) unless otherwise specified
b No. of individuals (%). P−values: Success in sodium restriction vs. not success

Variable Success in sodium restriction n = 299 Not success in sodium restriction n = 577 p-value

Age,  yrsa 62.2 (7.4) 62.1 (8.3) 0.971

eGFR, mL/min/1.73m2,a 56.6 (20.8) 60.4 (21.9) 0.014*

Proteinuria, g/gcra 0.90 (2.73) 0.69 (0.94) 0.236

BMI, kg/m2a 25.5 (3.7) 25.7 (4.0) 0.464

SBP,  mmHga 137.1 (14.6) 137.0 (15.8) 0.874

DBP,  mmHga 79.9 (9.9) 78.4 (10.9) 0.046*

Complications:

Obesityb 153 / 298 (51.3%) 309 / 574 (53.8%) 0.727

Diabetesb 173 / 298 (58.1%) 354 / 575 (61.6%) 0.603

Hypertensionb 277 / 298 (93.0%) 518 / 575 (90.1%) 0.371
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sex, age, CKD stage progression, obesity, diabetes, hyper-
tension, frequency of dietary counseling, BP self-monitor-
ing, and collaboration with a nephrologist. In all patients, 
the significant factor for salt-intake improvement was the 
number of dietary counseling sessions (OR 1.110, 95%CI: 
1.041–1.183, p = 0.001). Among females, the following 
factors significantly improved salt-intake behavior: the 
number of dietary counseling sessions (OR 1.159, 95%CI: 
1.019–1.318, p = 0.025), CKD stage progression (OR 1.658, 
95%CI: 1.177–2.335, p = 0.004), and collaboration with a 

nephrologist (OR 2.060, 95%CI: 1.073–3.956, p = 0.030). 
The only factor that significantly improved salt intake 
in males was the number of dietary counseling sessions 
(OR 1.090, 95%CI: 1.012–1.174, p = 0.022) (Table 4).

The median salt-intake improvement maintenance 
period was 407.3 days (males 407.1 days, females 407.9 
days, p = 0.984). The multiple regression analysis also 
showed that the salt-intake improvement maintenance 
period was dependent on the number of dietary coun-
seling sessions (p = 0.013) (Table 5).

Table 3 Educational Intervention and behavior change

a Mean (standard deviation [SD]) unless otherwise specified
b No. of individuals (%). P−values: male vs. female

Variable Overall Male Female p-value

Number of counseling  sessionsa 11.7 (2.5) 11.7 (2.5) 11.7 (2.5) 0.938

Self-monitoring of BP implementation > 50%b 663 (75.7%) 481 (74.8%) 182 (78.1%) 0.314

Collaboration with  nephrologistsb 202 (23.1%) 146 (22.7%) 56 (24.0%) 0.680

Salt-intake  improvementb 299 (34.1%) 210 (32.7%) 89 (38.2%) 0.127

Table 4 Factors contributing to salt-intake improvement

The odds ratios (ORs), 95%confidence intervals (CIs), andp −values are from multiple logistic regression analysis using the variables shown

Variable Overall Male Female

OR 95%CI p-value OR 95%CI p-value OR 95%CI p-value

Male sex 0.807 0.586–1.110 0.187

Age 0.992 0.974–1.011 0.399 0.995 0.973–1.017 0.643 0.989 0.955–1.025 0.550

CKD stage 1.202 0.985–1.467 0.070 1,036 0.802–1.338 0.785 1.658 1.177–2.335 0.004*

Obesity 0.941 0.705–1.255 0.677 0.950 0.676–1.334 0.767 0.833 0.468–1.482 0.534

Diabetes 0.957 0.709–1.291 0.773 0.943 0.659–1.348 0.746 0.989 0.556–1.758 0.970

Hypertension 1.418 0.830–2.423 0.202 1.182 0.643–2.172 0.590 2.811 0.851–9.284 0.090

Number of counseling sessions 1.110 1.041–1.183 0.001* 1.090 1.012–1.174 0.022* 1.159 1.019–1.318 0.025*

Self-monitoring of BP implementation > 50% 1.330 0.937–1.888 0.111 1.370 0.909–2.065 0.133 1.214 0.603–2.443 0.588

Collaboration with nephrologists 1.301 0.929–1.822 0.125 1.078 0.719–1.616 0.716 2.060 1.073–3.956 0.030*

Table 5 Factors contributing to the salt-intake improvement maintenance period

Standardized partial regression coefficients (β) and p−values from the multiple regression analysis using these variables are shown

Variable Overall Male Female

β p-value β p-value β p-value

Male sex 0.000 0.992

Age 0.028 0.428  − 0.001 0.977 0.109 0.105

CKD stage  − 0.018 0.630  − 0.017 0.699  − 0.010 0.883

Obesity 0.045 0.191 0.037 0.356 0.078 0.249

Diabetes  − 0.004 0.917 0.005 0.904  − 0.020 0.764

Hypertension  − 0.020 0.565  − 0.017 0.668  − 0.021 0.755

Number of Counseling sessions 0.085 0.013* 0.074 0.064 0.121 0.077

Self-monitoring of BP implementation > 50% 0.016 0.642 0.008 0.845 0.051 0.448

Collaboration with nephrologists 0.006 0.869 0.021 0.603  − 0.039 0.569
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Effect of improved salt intake improvement on blood 
pressure and proteinuria
Changes in blood pressure in those who successfully 
reduced salt, and change in proteinuria in those who 
had proteinuria were confirmed. Regarding blood pres-
sure, both groups with successful and unsuccessful salt 
restriction showed a decrease in blood pressure after 
dietary guidance, but the percentage change in systolic 
blood pressure before and after dietary intervention 
was not different between the successful salt restriction 
and unsuccessful salt restriction groups (-3.2 ± 12.1% 
and -2.2 ± 12.7, P = 0.251, respectively). Diastolic blood 
pressure, on the other hand, decreased slightly more 
in the successful salt restriction group (-5.6 ± 13.3 and 
-3.6 ± 14.5, P = 0.041). And there was no significant 
change in proteinuria between the successful salt restric-
tion and unsuccessful salt restriction groups.

Multiple regression analysis for effect on final blood 
pressure, there was no significant factor including salt-
intake improvement (Supplement Table 1).

Discussion
The objectives of global CKD countermeasures is to pre-
vent the deterioration of renal function in CKD patients 
and reduce not only the physical burden associated with 
ESKD and CVD, but also the social burden caused by an 
increase in the number of patients receiving KRT [17]. 
Furthermore, recent global prevalence and incidence of 
ESKD due to DKD or hypertensive nephropathy, such 
as lifestyle-related diseases, are increasing, and the main 
reason for the larger number of male ESKD patients 
was found to be a more rapid decline in renal function 
in male patients with DKD or hypertensive nephropa-
thy [2, 3]. Lifestyle modifications are the best approach 
for improving lifestyle-related diseases. In the FROM-J 
study, dietary education sessions to implement lifestyle 
modifications were offered every 3 months for 3.5 years. 
A novel CKD evaluation checklist was used to select 
appropriate educational sessions. The most frequently 
provided instructions were those related to BP control 
(46%), followed by BMI control (28%), and potassium 
control (9%) [16]. Consequently, the most frequent edu-
cational sessions were those to restrict salt intake. One 
of the main challenges encountered in the treatment of 
CKD is how to achieve and sustain lifestyle modifica-
tions. Dietary intervention studies evaluated clinical indi-
cators and nutrient intakes at several defined time points, 
such as at the baseline and endpoints, using averages and 
other measures. Improvements in salt-intake behavior in 
individuals due to an intervention are difficult to discern 
in a collective evaluation; it has been not clear when and 
by what factors CKD patients improve their salt intake 
with interventions and for how long they maintain it.

The present study is the first to focus on changes in 
salt intake among individual CKD patients and evaluate 
improvements in salt-intake behavior over time through 
dietary counseling interventions. The Transtheoretical 
Model, which proposes a stepwise process for a behav-
ior change, showed a transition from the implementation 
phase to the maintenance phase approximately 6 months 
after a behavior change [18]. Health psychology research 
on the maintenance of changed behaviors has indicated 
that latent and newly adopted behaviors change in domi-
nance depending on the environment and conditions 
[19]. The present study used patient backgrounds and 
intervention conditions as variables to examine factors 
contributing to improved salt intake behavior.

For this salt intake category classification, we have con-
ducted a validation study on the accuracy of the categori-
cal assessment of salt intake employed in the FROM-J 
study: less than 6 g, 6–12 g, and 12 g or more. To con-
firm the accuracy of the survey method in the FROM-J 
study, we compared the actual measured salt and protein 
intakes with the survey method in the FROM-J study. 
Compared to the accuracy of the salt intake, the agree-
ment between the dietitian’s estimate of salt intake and 
the objective assessment was 78.5%, and Cohen’s k coef-
ficients was 0.616, indicating a high degree of accuracy 
[16].

No sex differences were observed in the degree of 
improvement or the duration of the maintenance period 
of improved salt intake due to the dietary counseling 
intervention; however, sex differences were noted in 
factors that promoted salt-intake improvement. We 
observed that the progression of the CKD stage and 
collaborative care with a nephrologist promoted bet-
ter salt-intake behavior in females, while only persistent 
and continuous counseling was important for males. An 
average of three dietary counseling sessions with a dieti-
tian was required to improve salt intake by CKD patients, 
which was then maintained for an average of 407 days.

Few studies have examined health behavior changes 
and sex differences due to interventions based on clini-
cal data assessments. The Modification of Diet in Renal 
Disease study reported no sex differences in compliance 
with a low-protein diet among CKD patients [20]. In con-
trast, in the Diabetes Care in General Practice examina-
tion of 6 years of structured personal care for patients 
with type 2 diabetes, males were more active in exercise 
therapy and females in diet therapy [21]. The present 
study found no sex differences in the degree of improve-
ment or the duration of the maintenance of improved 
salt intake in patients with CKD; however, sex differences 
were observed in factors leading to improved salt intake. 
Factors improving salt intake in females were the num-
ber of counseling sessions, progression of the CKD stage, 
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and collaboration with a nephrologist, whereas only the 
number of counseling sessions was a significant factor for 
improving salt intake in males.

Self-monitoring is a fundamental technique of cogni-
tive behavioral therapy that is used to improve health 
behaviors. We examined the self-monitoring of BP 
measurements and observed no significant effect of this 
monitoring on improvements in salt intake. Improved 
salt-intake behavior is not always directly reflected in 
daily BP values, and this may have affected the results 
obtained. The present results also inferred the greater 
difficulties experienced by older patients to accept life-
style modifications and by patients with comorbidities, 
such as obesity and diabetes, to self-manage, whereas 
patients with comorbid hypertension were more recep-
tive to improvements in salt-intake behavior. Females 
were motivated to change their salt intake behavior by 
the progression of their CKD stage and by the explana-
tions and advice of their nephrologists. Despite reports of 
disadvantaged healthcare delivery for females, the oppor-
tunity to consult with a nephrologist was confirmed to 
be meaningful for salt reduction in female patients in the 
present study. Regarding male patients with CKD, our 
results indicate that the optimal approach to improve salt 
intake is through sustained and continuous interventions 
by a dietitian. Previous studies reported that the thresh-
old for a salty taste, which affects salt intake, increases 
with age and is higher in males than in females [22, 23]. 
It remains unclear whether this hinders males from 
improving their salt intake; therefore, further research is 
necessary to identify the factors affecting male behavior.

A health economic analysis using a Markov model 
based on the findings of the FROM-J study demon-
strated that the incremental cost-effectiveness ratio (the 
additional cost required to extend the healthy life expec-
tancy of one citizen by one year) of a dietetic interven-
tion provided every 3 months was only 145,593 Japanese 
yen (1,324 USD) per year (i.e., quality-adjusted life year 
[QALY]) [24]. Since the threshold for one QALY in a 
medical intervention in Japan is 5 million yen (45,455 
USD), continuous counseling by a dietitian is very cost-
effective [24]. A budget impact analysis also confirmed 
that the continuation of this system of care, including 
lifestyle modification counseling, will reduce the num-
ber of patients with end-stage kidney disease in Japan by 
approx. 5,000 per year, with decreases in public health-
care costs being achieved from the 10th year [25]. Con-
tinuous dietary counseling for patients with chronic 
diseases, such as CKD, in Japan is often provided at a 
more advanced stage under the supervision of a specialist 
at a local base hospital, and general physicians often do 
not have a dietitian on staff. The FROM-J study verified 

that the health economic benefits of interventions were 
high despite a dietitian from each regional Nutrition 
Care Station being sent to all registered general physi-
cians participating in that study.

Salt intake restriction was not a significant factor for 
blood pressure reduction or proteinuria reduction in this 
study. While salt intake was classified in three catego-
ries in this study, more accurate salt intake assessment is 
needed to assess the impact of improved salt intake on 
blood pressure and proteinuria. In the FROM-J study, 
dietary counseling was provided once every 3 months, 
during which the patients were examined by their attend-
ing physicians once every 2 to 4 weeks, and blood pres-
sure was measured as needed while the prescription of 
antihypertensive medication was changed, and if suffi-
cient reduction in blood pressure was achieved, the dose 
of antihypertensive medication was reduced. This may be 
the reason why the difference in antihypertensive effect 
between the salt intake improvement group and the non-
improvement group is less pronounced. Adjustment of 
antihypertensive drug prescriptions in the dietary coun-
seling group was also a factor that led to the high effec-
tiveness of the cost-effectiveness analysis in the FROM-J 
study. [24].

There were several limitations in this study. Firstly, the 
assessment of salt intake was calculated based on dietary 
records with semi-quantitatively, which is inferior to 24-h 
urine excretion in terms of accuracy, but was considered 
to be capable of reflecting salt-intake behavior changes, 
which were the focus of this study. Secondly, the short 
observation period did not allow for an evaluation of life-
style modification and adequate renal prognosis. Thirdly, 
to confirm the impact of sodium restriction on BP and 
proteinuria, long-term studies with more accurate assess-
ment of sodium intake are needed.

Conclusions
The provision of continuous dietary counseling is ben-
eficial for both improving salt intake and maintaining 
a reduced salt intake in the long-term management of 
CKD in both sexes. To implement these lifestyle modi-
fications, dietary education sessions every 3 months 
were required, and these sessions were effective for 1 
year. Continuous counseling for lifestyle modifications is 
highly cost-effective.
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