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Association between protein intake and changes in renal
function among Japanese community-dwelling older
people: The SONIC study
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Aim: The aim of this study was to clarify the association between dietary protein intake and
decline in the estimated glomerular filtration rate (eGFR) among Japanese older adults.

Methods: We used the data of the Septuagenarians, Octogenarians and Nonagenarians
Investigation with Centenarians (SONIC) study, an ongoing narrow-age range cohort study:
69–71 years, 79–81 years and 89–91 years. The outcome variable, change in eGFR, was
estimated from serum creatinine measured at the baseline and 3-year follow up, and the
exposure variable, protein intake, was calculated using the brief-type self-administered diet
history questionnaire at the baseline. Associations between eGFR change and protein intake
were determined by multiple linear regression analysis.

Results: The mean eGFR change per year was �1.89 mL/min/1.73 m2. The mean protein
intake was 1.50 g/kg/day. The results of this study showed that there was no significant association
between protein or animal protein intake and change in eGFR per year in the entire population of
participants, including the very elderly, but there was a significant positive association in those
whose renal function fell into chronic kidney disease stage G3 or G4.

Conclusions: Protein intake among community-dwelling older adults was not associated
with lower eGFR, and for older chronic kidney disease patients, protein and animal protein
intakes were more beneficial in maintaining eGFR. The results provide evidence that protein
intake should not be restricted for older patients with chronic kidney disease, including the
very elderly. Geriatr Gerontol Int 2022; 22: 286–291.

Keywords: chronic kidney disease, community-dwelling older people, glomerular filtration
rate annual decline, protein intake.

Introduction

The number of chronic kidney disease (CKD) patients worldwide
increased by 1.2% in terms of change in age-adjusted prevalence
between 1990 and 2017, based on a report by the Global Burden

of Disease study in 2017.1 According to estimates by the Japanese
Society of Nephrology, the prevalence of CKD patients in Japan
increases with age for both men and women, with the majority of
patients in stage 3, accounting for 15.6% of men and 14.6% of
women at age 60 years, 27.1% of men and 31.3% of women at
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70 years, and 43.1% of men and 44.5% of women at 80 years.2

Regarding lifestyle intervention for CKD patients, protein restriction is
generally recommended to protect renal function, especially for CKD
patients with proteinuria and advanced renal dysfunction.3,4 The
results of a recent meta-analysis of randomized controlled trials
reported that protein-restricted diets for CKD patients reduce the rate
of decline in renal function, but did not show a beneficial effect on all
causes of death.5,6 However, in contrast, a systematic review reported
a negative association between protein intake and frailty in older
adults, so we need to be careful about restricting protein intake, even
in older CKD patients.7 Additionally, in a cohort study of 461 older
Japanese CKD patients in stages G3 to G5 with a mean age of
67.0 years and mean observation period of 3.2 years, stage 3 CKD
patients aged >65 years without overt proteinuria had no end-stage
renal disease (ESRD), and the incidence of death before renal replace-
ment therapy was 2.8/100 patient-years.8 Furthermore, another cohort
study of 209 622 CKD patients in the USA reported a lower risk of
ESRD and higher mortality with increasing age, and higher mortality
than incidence of ESRD in the age group 85–100 years, regardless of
baseline estimated glomerular filtration rate (eGFR) values, indicating
that death is a greater risk than ESRD in very elderly CKD patients.9

The Cardiovascular Health Study, a cohort study including older
CKD patients with a mean age of 72 years, also reported no associa-
tion between protein intake and decreased renal function.10 Based on
the results of these three cohort studies, protein intake restriction to
reduce the risk of renal function decline and end-stage renal failure
should be carefully considered in older CKD patients, taking into
account risks, such as sarcopenia. Therefore, the present study aimed
to investigate the association between protein intake and protection of
renal function, including very old people living in the community, for
whom there is little evidence.

Methods

Study design and setting

We used the data of the Septuagenarians, Octogenarians and
Nonagenarians Investigation with Centenarians (SONIC) study,

an ongoing narrow-age range cohort study: 69–71 years, 79–81
years and 89–91 years.

The SONIC study recruited participants who were living inde-
pendently in four areas of both western and eastern of Japan,
including urban and rural areas: Itami City, Hyogo (Western
urban); Asago City, Hyogo (Western rural); Itabashi ward, Tokyo
(Eastern urban); and Nishitama County, Tokyo (Eastern rural).
Participants were randomly selected from the basic resident regis-
tration, and enrolled with their consent from 2010 to 2013 as the
baseline survey. Detailed information was provided in a previous
study.11 We analyzed the data at the baseline and 3-year follow up.

The present study protocol was approved by the institutional
review board of Osaka University Graduate School of Medicine,
Dentistry and Human Sciences (Osaka, Japan) and Tokyo Metro-
politan Institute of Gerontology (Tokyo, Japan; approval number
266, H22-9, 22 018 and 38, respectively).

The exclusion criteria of the present study were as follows:
under dialysis treatment, CKD stage 5: <eGFR15 mL/min/1.73 m2,
implausible total energy intake (male: <600 kcal or >4000 kcal,
female: <500 kcal or >3500 kcal), excess eGFR �2 SD, missing
data on creatinine and nutrition intake.

Variables and measurement

All data were collected at the investigation venue. Blood samples
were collected using vacuum blood collection tubes. The level of
serum creatinine, glycated hemoglobin, uric acid and non-high-
density lipoprotein cholesterol were determined by biochemical
examinations. Serum creatinine was assayed by an enzymatic
method. Annual change in eGFR (mL/min/1.73 m2) between the
baseline and follow up as the main outcome variable was calculated
with an equation of the Japanese Society of Nephrology using serum
creatinine: eGFR = 194 � Cr–1.094 � age–0.287 (�0.739 if female), and
the annual change in eGFR between the baseline and follow-up
survey was determined as the main outcome variable.12

Dietary intakes of protein (g/day) and other nutrients during the
previous month were assessed using a brief-type self-administered
diet history questionnaire (BDHQ) at the baseline survey.13,14

Figure 1 Participant recruitment and
follow-up flow diagram.
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BDHQ preserves the features of the self-administered diet history
questionnaire, simplifies the structure, and simplifies the answers
and processing. BDHQ is a four-page fixed-portion questionnaire
that asks about the frequency of consuming selected foods, but not
about portion size, to estimate the dietary intake of 42 nutrients
and 58 food items during the preceding month. Although the
energy-adjusted protein intake measured by BDHQ was signifi-
cantly different from that measured by a dietary record, the ability
to rank individual intakes in a population was reported in previous
studies.14 There was also a report examining the relative validity of
BDHQ in individuals aged ≥80 years, and the total energy-adjusted
protein intake using the residual method was not significantly

different from semi-weighed dietary records.15 BDHQ answered by
each participant was checked by a trained research staff member
during the medical examination. Protein intake calculated from
BDHQ was adjusted for total energy intake by the residual method
to obtain protein intake per kg of bodyweight.16

Medical history, including hypertension, diabetes, dyslipi-
demia, cerebrovascular disease and cardiac disease, was
obtained from the participants by doctors and nurses based on
a questionnaire. Blood pressure was measured twice with the
left and right arms in a sitting position while the patient was in
a calm state using the auscultation method, and the average
value was adopted.

Table 1 Participant characteristics at baseline by quartile of protein intake (g/kg bodyweight/day)

Total Q1 Q2 Q3 Q4

n = 1160 n = 290 n = 290 n = 290 n = 290 P-value

Protein intake (g/kgBW/day) 1.50 � 0.43 1.01 � 0.16 1.32 � 0.07 1.59 � 0.08 2.07 � 0.30 <0.01
Energy intake (kcal) 1953 � 555 2170 � 536 1878 � 519 1842 � 557 1922 � 549 <0.01
Protein intake (g/day) 80.3 � 29.3 74.0 � 22.0 73.3 � 25.3 78.8 � 28.7 95.1 � 34.4 <0.01
Animal protein intake (g/day) 47.3 � 23.0 38.5 � 15.8 41.1 � 18.0 46.9 � 20.7 62.9 � 27.5 <0.01
Vegetable protein intake (g/day) 32.9 � 10.2 35.5 � 10.0 32.2 � 10.2 31.9 � 10.1 32.2 � 10.0 <0.01
BMI (kg/m2) 22.6 � 2.96 24.3 � 2.95 23.1 � 2.72 22.4 � 2.51 20.7 � 2.48 <0.01
Bodyweight (kg) 55.7 � 9.7 64.8 � 8.4 58.1 � 7.2 52.8 � 6.4 47.1 � 6.7 <0.01
Sex <0.01
Male 567 (49%) 252 (87%) 178 (61%) 88 (30%) 49 (9%)
Female 593 (51%) 38 (13%) 112 (39%) 202 (70%) 241 (91%)

Age 76.3 � 5.9 74.8 � 5.4 76.5 � 5.8 76.5 � 5.8 77.4 � 6.3 <0.01
eGFR (mL/min/1.73 m2) 69.15 � 14.4 68.5 � 13.5 68.4 � 15.4 70.0 � 13.0 69.7 � 15.6 0.41
HbA1c (%) 5.5 � 0.6 5.5 � 0.6 5.6 � 0.6 5.6 � 0.6 5.5 � 0.5 0.33
Uric acid (mg/dL) 5.2 � 1.3 5.7 � 1.2 5.4 � 1.2 5.0 � 1.3 4.7 � 1.2 <0.01
Non-HDL-cholesterol (mg/dL) 146.1 � 32.9 143.0 � 33.5 146.0 � 31.4 147.5 � 31.7 148.0 � 34.7 0.26
SBP (mmHg) 110.4 � 13.4 111.6 � 13.8 111.0 � 13.0 110.6 � 12.9 108.4 � 13.6 0.02
Investigation season (summer) 419 (36%) 112 (39%) 116 (40%) 94 (32%) 97 (33%) 0.47
Hypertension 567 (49%) 156 (54%) 157 (54%) 134 (46%) 120 (41%) <0.01
Diabetes 122 (11%) 33 (11%) 34 (12%) 28 (10%) 27 (9%) 0.72
Dyslipidemia 405 (35%) 101 (35%) 96 (33%) 112 (39%) 96 (33%) 0.46
Stroke 60 (5.0%) 17 (6.0%) 17 (5.9%) 14 (4.8%) 12 (4.1%) 0.74
Heart disease 190 (16%) 50 (17%) 50 (17%) 45 (16%) 45 (16%) 0.89

BMI, body mass index; BW, bodyweight; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein;
SBP, systolic blood pressure.

Table 2 Changes of estimated glomerular filtration rate (mL/min/1.73 m2) and bodyweight between baseline and follow-up study by
quartile of protein intake

Total Q1 Q2 Q3 Q4

n = 1160 n = 290 n = 290 n = 290 n = 290 P-value

Baseline
eGFR 69.1 � 14.4 68.5 � 13.5 68.4 � 15.4 70.0 � 13.0 69.7 � 15.6 0.41
BW 55.7 � 9.7 64.8 � 8.4 58.1 � 7.2 52.8 � 6.4 47.1 � 6.7 <0.01

Follow up
eGFR 64.6 � 14.3 64.1 � 14.5 63.7 � 14.3 65.4 � 13.0 65.0 � 15.1 0.41
BW 55.4 � 10.0 63.7 � 9.2 56.9 � 7.8 52.3 � 7.5 47.8 � 7.4 <0.01

Changes per year
eGFR �1.89 � 2.98 �1.78 � 2.81 �1.90 � 2.94 �1.96 � 3.11 �1.93 � 3.07 0.97
BW �0.67 � 4.93 �1.06 � 5.25 �1.26 � 4.93 �0.44 � 4.71 0.16 � 4.71 0.04

BW decline 4.5 kg/year
21 (100%) 10 (47.6%) 9 (42.9%) 1 (4.8%) 1 (4.8%) <0.01

BW, bodyweight; eGFR, estimated glomerular filtration rate.
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Statistical analysis

We analyzed the characteristics of the participants in the base-
line survey by dividing them into quartiles according to their
total energy-adjusted protein intake per bodyweight, and
assessed whether there were significant differences by analysis
of variance. The number of people who lost more than 4.5 kg
of weight per year, one of the criteria for frailty, was analyzed
by Fisher’s exact test.17 The association between total energy-
adjusted protein intake (g/day/kgBW) and the change per year
in eGFR between the baseline survey and 3-year follow up was
analyzed using multiple linear regression analysis. The same
analysis was then carried out for the subgroups of eGFR
60 mL/min/1.73 m2 and above and below. In addition to the
total protein intake, intakes of animal and vegetable protein
were also analyzed. Because eGFR has been reported to tend to
be lower in the summer months when temperatures are higher,
there is a risk of systematic error if the timing of measurements
at baseline and follow-up surveys are different.18 To overcome
this, the present study considered the difference in the timing
of measurement at the time of both surveys in the analysis.
Statistical analysis was carried out using SPSS Statistics version

Table 3 Association between baseline protein intake and
changes in estimated glomerular filtration rate using linear
regression†

n β 95% CI P-value

Total protein
Total 1160 0.21 �0.27 to 0.68 0.39
eGFR ≥60 869 �0.01 �0.57 to 0.55 0.98
eGFR <60 291 0.98 0.18–1.78 0.02

Vegetable protein
Total 0.73 �0.55 to 2.01 0.26
eGFR ≥60 0.84 �0.69 to 2.37 0.28
eGFR <60 0.16 �1.97 to 2.29 0.88

Animal protein
Total 0.12 �0.39 to 0.63 0.64
eGFR ≥60 �0.14 �0.75 to 0.47 0.65
eGFR <60 1.07 0.22 to 1.92 0.01

†Adjust for sex, age, season change, glycated hemoglobin, uric acid,
systolic blood pressure, non-high-density lipoprotein-cholesterol,
stroke, heart failure, hypertension, diabetes and dyslipidemia.

CI, confidence interval; eGFR, estimated glomerular filtration rate.

Figure 2 (a) Change of estimated glomerular filtration rate (eGFR; mL/min/1.73 m2) by quartile of total protein intake. Q1,
quartile 1 (0.28–1.20 g/BW/day); Q2, quartile 2 (1.20–1.45 g/BW/day); Q3, quartile 3 (1.45–1.74 g/BW/day); Q4, quartile 4 (1.74–
3.41 g/BW/day). (b) Change of eGFR (mL/min/1.73 m2) by quartile of animal protein intake. Q1, quartile 1 (0.05–0.63 g/BW/day);
Q2, quartile 2 (0.63–0.84 g/BW/day); Q3, quartile 3 (0.84–1.07 g/BW/day); Q4, quartile 4 (1.08–2.45 g/BW/day).
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22 (IBM Japan, Tokyo, Japan) with the significance level set at
5%. In the present study, the following were adjusted for the
multivariate analysis as confounders: age, sex, season of the
survey, uric acid, non-high-density lipoprotein cholesterol,
systolic blood pressure, medical history, stroke, heart disease,
hypertension, diabetes and dyslipidemia.

Results

Of the 2245 patients, 1160 were included in the analysis,
excluding 1085 patients who met the exclusion criteria or
could not be followed. The mean follow-up period was
2.53 years, and the follow-up rate was 51.7%. (Fig. 1) Table 1
shows the demographic information of the participants classi-
fied into quartiles by protein intake per kg of bodyweight. The
eGFR and weight status of each quartile are described in
Table 2. In terms of quartiles, there was no significant differ-
ence in eGFR, but there was a significant difference in weight
in the baseline survey, follow-up survey and annual change
(Table 2). In terms of age group and sex, there were also signif-
icant differences in eGFR, and weight and its change (Table S1
in Supporting Information).

Analysis of the association between protein intake and eGFR
change showed that for those with eGFR of <60 mL/min/1.73 m2,
protein and animal protein intakes showed significant associations
with eGFR change (Table 3; Fig. 2). However, there was no differ-
ence of declining eGFR changes by amounts of protein intake
both in age groups and sex (data not shown).

Discussion

The results of the present study showed that there was no signifi-
cant association between protein or animal protein intake and
change in eGFR per year in the entire population of participants,
including the very elderly, but there was a significant positive asso-
ciation in those whose renal function fell into CKD stage G3 or
G4. In addition, unintentional weight loss of >4.5 kg/year, one of
the criteria for frailty, was found to occur less frequently in the
group with higher protein intake. Although the Evidence-based
Clinical Practice Guideline for CKD 2018 does not recommend
uniform restriction of protein intake for older CKD patients, the
results of the present study also support that policy, suggesting
that higher intakes of total protein and animal protein are better
for preservation of renal function.4

In participants with eGFR <60 mL/min/1.73 m2, why was the
rate of decline in eGFR slower in those with high protein intake?
A study of older women aged between 65 and 72 years reported
that a protein intake of at least 1.1 g per kg of bodyweight
prevented the onset of frailty, and that a higher intake of animal
protein led to a lower prevalence of frailty.19 Similarly, in the
results of the present study, annual weight loss, one of the criteria
for frailty, occurred relatively more frequently in the group with
the lowest protein intake.

Cardiovascular Health Study reported that 6% of people aged
≥65 years with an eGFR of ≥60 mL/min/1.73 m2 and 15% with an
eGFR of <60 mL/min/1.73 m2 are in a frail state, and that older
people with conservative CKD are more likely to develop frailty.20

Thus, the prognosis of patients with CKD in the conservative
stage complicated by sarcopenia is worse than that of patients
without sarcopenia, suggesting that insufficient intake of protein,
especially animal protein, in patients with eGFR <60 mL/
min/1.73 m2, who are at high risk of frailty, might have led to pro-
gression to frailty, and a decline in kidney function and other

physical functions.21 In addition to the prognosis, sarcopenia is
associated with proteinuria and a decreased renal function in dia-
betes patients, according to a meta-analysis.22 An observational
study of 336 patients with conservative CKD in the USA also
showed that patients with CKD complicated by frailty had a
2.5-fold higher risk of death or end-stage renal failure.23 As these
studies have shown, the coexistence of sarcopenia and frailty in
older patients with conservative CKD increases the risk of various
physical functional declines, including renal function decline and
even death.

Also, anemia increases the risk of frailty. In an observational
study of community-dwelling older women, the risk of frailty was
1.9-fold higher with hemoglobin of 11.5 g/dL, and 1.5-fold higher
with hemoglobin of 12.0 g/dL than with normal hemoglobin.24

Animal protein intake might prevent anemia by improving iron
absorption, which in turn might prevent frailty. These findings
suggest that high intakes of protein and animal protein prevent
frailty in older people with conservative CKD, and also reduce the
decline in renal function.

The strengths of the present study were that it was a prospec-
tive study of the association between protein intake and decline in
renal function in community-dwelling older adults, including the
very elderly, for whom the accumulation of evidence is not yet
sufficient, especially in the state of CKD, and that it used BDHQ,
a validated measurement of protein intake in older adults. The
results of a study comparing intakes using BDHQ and dietary
records in the SONIC and TOOTH studies of older Japanese
adults showed that there was no significant difference in daily
intake of protein, and the result of Spearman’s correlation coeffi-
cient was 0.32, which means that although the approximate intake
status can be grasped, the accurate median dietary intakes might
not be sufficiently estimated. Therefore, based on the results of
the present study, it is not possible to make a definitive statement
about the exact amount of protein intake that will reduce the
decline in renal function. The present study participants were ran-
domly selected from the community-dwelling general population,
and their protein intake was considered to be similar to the aver-
age Japanese older adult intake. According to the Japanese dietary
intake standards 2020, as shown below, target amounts of protein
intake are >90 g/day for men and 69 g/day for women who are
active in early elderly, and >79 g/day for men and 62 g/day for
women in late elderly.25 Therefore, we would like to recommend
that Japanese older adults, especially older CKD patients, consume
the aforementioned target amounts.

Urinalysis was not carried out in the present study and it solely
focused on eGFR with serum creatinine, so the results of this
study might underestimate the impact of proteinuria. The present
study did not collect detailed information on therapeutic drugs
that affect renal function, such as antihypertensive drugs, and
therefore could not consider their effects. Although we statistically
adjusted for the effect of season on renal function, we were not
able to completely eliminate the effect, so we should consider the
same season for carrying out follow-up studies. As a survival bias,
the dropouts showed a relatively high protein intake per
bodyweight and age, and a relatively frequent history of cardiovas-
cular disease, hypertension and diabetes, which might have led to
an underestimation of the risk of eGFR decline in the group with
the higher intake. In addition, serum creatinine might not accu-
rately show the decline in renal function, because it is affected by
muscle mass and other factors.26,27 Future studies should be vali-
dated with eGFR using serum cystatin C, which is not affected by
muscle mass.

The present study examined the association between protein
intake and the rate of eGFR decline in community-dwelling older
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adults, for which there is insufficient evidence. The results showed
a significant association only in CKD stage G3a or higher (eGFR
<60 mL/min/1.73 m2), for which protein intake restriction is rec-
ommended. The results provide evidence that protein intake
should not be restricted for older patients with conservative CKD,
including the very elderly.
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