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Abstract
Background: Whether dietary protein intake worsens renal function in the general population has been discussed but not yet
determined. We aimed to examine the longitudinal association between dietary protein intake and risk of incident chronic kidney
disease (CKD).
Methods: We conducted a 12-year follow-up study with 3,277 Japanese adults (1,150 men and 2,127 women) aged 40–74 years,
initially free from CKD, who participated in cardiovascular risk surveys from two Japanese communities under the Circulatory Risk in
Communities Study. The development of CKD was defined by the estimated glomerular filtration rate (eGFR) during the follow-up
period. Protein intake was measured at baseline by using the brief-type self-administered diet history questionnaire. We estimated sex-,
age-, community- and multivariate-adjusted hazard ratios (HR) for incident CKD were calculated using the Cox proportional hazards
regression models according to quartiles of percentage of energy (%energy) from protein intake.
Results: During 26,422 person-years of follow-up, 300 participants developed CKD (137 men and 163 women). The sex-, age-, and
community-adjusted HR (95% confidence interval, CI) for the highest (²16.9%energy) versus lowest (¯13.4%energy) quartiles of total
protein intake was 0.66 (0.48–0.90), p for trend = 0.007. The multivariable HR (95%CI) was 0.72 (0.52–0.99), p for trend = 0.016
after further adjustment for body mass index, smoking status, alcohol drinking status, diastolic blood pressure, antihypertensive
medication use, diabetes mellitus, serum total cholesterol levels, cholesterol-lowering medication use, total energy intake, and baseline
eGFR. The association did not vary by sex, age, and baseline eGFR. When examining animal and vegetable protein intake separately,
the respective multivariable HRs (95%CIs) were 0.77 (0.56–1.08), p for trend = 0.036, and 1.24 (0.89–1.75), p for trend = 0.270.
Conclusions: Higher protein intake, more specifically animal protein intake was associated with a lower risk of CKD.
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Background

As renal function declines with age, the prevalence of
chronic kidney disease (CKD) is expected to grow with
continued population aging [1]. Approximately 347,000
individuals required dialysis in Japan at the end of 2020
[2]. Because dialysis treatment for chronic renal failure is a
large burden on medical expenditure, preventing the devel-
opment of chronic renal failure is highly warranted.
It is often discussed whether, in the general population,

a high protein diet reduces renal function or not, but the
association between high protein diet and CKD has been
reported inconsistently among previous studies. In a cohort
study of American nurses, higher total protein intake was
not associated with renal function decline in women with
normal renal function, but higher intake of non-dairy ani-
mal protein was associated with renal function decline in
women with mild renal insufficiency [3]. A cohort study of
Italian residents showed that higher total protein intake
was associated with higher estimated glomerular filtration
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rate (eGFR) at baseline but with greater renal function
decline over time [4] while a cohort study of Dutch adults
reported no association between total protein intake and
decline of renal function [5]. In American adults, higher
total protein intake tended to be inversely associated with
risk of CKD [6] while in Iranian adults, total protein intake
was not associated with the risk [7]. A cross-sectional
study of Japanese aged 30 and over reported that higher
total protein intake was associated with higher eGFR [8].
Since evidence for the association between protein in-

take and renal function decline was mixed and unclear, we
examined whether higher protein intake was associated
with higher risk of CKD in the Japanese general population.
Since risk of CKD increases with aging [9], and men gen-
erally have a higher risk of end-stage renal disease (ESRD)
than women; the incidence of ESRD begins to rise ten years
earlier in men than in women, the association was exam-
ined by sex, age, and baseline eGFR. We also examined the
association of animal and vegetable intakes separately with
risk of CKD because the findings from previous studies
were inconsistent [3, 6, 7, 9]. Additionally, we performed
the analysis, stratified by seafood, meat, egg, and dairy
food intakes, the primary food sources of animal protein.

Materials and methods

Study population
The Circulatory Risk in Communities Study (CIRCS) is an

ongoing dynamic community cohort study involving five
communities in Japan for which the study design and pro-
cedural details have been described elsewhere [10–13]. In
the current study, we recruited men and women aged 40 to
74 years living in two areas of the CIRCS: the town of
Ikawa (a rural community in Akita Prefecture, northwest-
ern Japan) and the Minami-Takayasu district in Yao City
(a suburb of Osaka Prefecture, midwestern Japan). As
shown in Fig. 1, 3,972 individuals (534 men and 789
women from Ikawa, and 938 men and 1,711 women from
Yao) responded to the brief-type self-administered diet
history questionnaire (BDHQ) at the baseline survey be-
tween 2002 and 2006. We excluded the baseline partici-
pants with low eGFR (<60mL/min/1.73m2), proteinuria,
or history of kidney disease, and missing data on covar-
iates. We also excluded those who participated in no
follow-up surveys. Finally, 3,277 individuals (1,150 men
and 2,127 women) were enrolled in the current study and
followed up until the end of 2013 to identify incident
CKD.

Nutritional survey
To assess the participants’ dietary habits during the pre-
vious month at the baseline, we used the BDHQ developed
by Sasaki et al. [14], a questionnaire asking frequency of
intake for 58 generally consumed foods/beverages in
Japan. In the BDHQ, proteins from seafood, meat, egg,
and dairy food are summed as animal protein, and proteins

Fig. 1 Flow chart of selection for the study participants
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from grains, legumes, potatoes, confectioneries, fruits,
vegetables, alcoholic and non-alcoholic beverages are
summed as vegetable protein. The validity of the BDHQ
for these nutrient intakes was examined; Pearson correla-
tion coefficients for estimates of total protein intake based
on single BDHQ versus the semi-weighed dietary records
(DR) (four-day © four seasons) were 0.38 for men and
0.35 for women [14]. Dietary intake of total protein as
well as other major nutrients were presented as percen-
tages of energy (% energy).

Estimation of renal function
Serum creatinine levels were assayed using an enzymatic
method, and eGFR was calculated using the Chronic Kid-
ney Disease Epidemiology Collaboration (CKD-EPI)
equation with the Japanese coefficient [15, 16]. Incidence
of CKD was defined as the appearance of reduced eGFR
(eGFR < 60mL/min/1.73m2) during the follow-up.

Ascertainment of other factors
Height was measured while participants were in stocking
feet, and weight was determined while they wore light
clothing. Body mass index (BMI) was calculated as the
body weight (kg) divided by the height squared (m2). An
interview was conducted to ascertain smoking status
(never-, ex-, or current), drinking status (never-, ex-, or
current drinker), histories of kidney disease, diabetes mel-
litus, hypertension, and hyperlipidemia, and uses of anti-
diabetic, antihypertensive, and cholesterol-lowering medi-
cations. A history of kidney disease was defined as the re-
port of kidney disorder, chronic nephritis, nephrosis, renal
failure, or glomerulonephritis. Blood pressure levels were
measured by trained physicians using standard mercury
sphygmomanometers and standardized epidemiological
methods. Serum total cholesterol and glucose were mea-
sured using enzymatic methods with an automatic analyzer
(AU2700, Olympus Co., Tokyo, Japan) at the Osaka Cen-
ter for Cancer and Cardiovascular Diseases Prevention, an
international member of the US National Cholesterol Ref-
erence Method Laboratory Network. Diabetes mellitus was
defined as a fasting glucose level of ²7.0mmol/L (²126
mg/dL), a non-fasting glucose level of ²11.1mmol/L
(²200mg/dL), or anti-diabetic medication use.

Follow-up surveillance (endpoint determination)
The follow-up survey was conducted through annual car-
diovascular risk surveys. For each participant, the person-
years of follow-up were calculated as the duration from the
date of the baseline survey through the date of incident
CKD or the latest exam without incident CKD, whichever
occurred first.

Statistical analysis
According to quartiles of total protein intake, we calculat-
ed the mean values (standard deviations) and proportions
of selected CKD risk factors and dietary variables at the
baseline. Hazard ratios (HRs) and 95% confidence inter-

vals (95%CIs) for incident CKD were calculated using the
Cox proportional hazards regression models compared
with the lowest quartile of total protein intake.
The initial model was adjusted for sex, age, and com-

munity, whereas the variables adjusted in the multivariable
analysis were BMI (sex-specific quartile), smoking status
(current or non-current), alcohol drinking status (current or
non-current), diastolic blood pressure (continuous), anti-
hypertensive medication use (yes or no), diabetes mellitus
(yes or no), serum total cholesterol level (continuous),
cholesterol-lowering medication use (yes or no), and total
energy intake (sex-specific quartile) based on the findings
of potential confounders from previous studies [3, 5, 6, 8,
17]. Further adjustment for baseline eGFR (60–69, 70–79,
80–89, 90 or higher) was conducted.
Additionally, we performed the analysis, stratified by

sex, age (40–64 and 65–74 years old), baseline eGFR
(eGFR ² 75mL/min/1.73m2 and 60 ¯ eGFR < 75mL/
min/1.73m2), animal and vegetable protein intakes, and
seafood, meat (red, processed meat, and pork), egg, and
dairy food intakes as the primary food sources of animal
protein.
Tests for linear trends across quartiles were conducted

by modeling the median value within each quartile. The
significance of the interactions by sex, age, and baseline
eGFR was examined using cross-product terms of these
variables with protein intake.
All statistical analyses were conducted using the SAS

statistical software package, version 9.4 (SAS Institute,
Inc., Cary, NC, USA). All statistical analyses were two-
tailed, and a p-value < 0.05 was considered statistically
significant.

Results

During a median 8.1-year follow-up totaling 26,422 per-
son-years, 300 CKD cases (137 for men and 163 for wom-
en; 139 in 40–64 years and 161 in 65–74 years; 191 in
eGFR of 60–<75mL/min/1.73m2 and 109 in eGFR of
²75mL/min/1.73m2) were identified.
Table 1 lists mean values and prevalence of baseline

characteristics according to quartiles of total protein intake
at baseline. The proportion of people in Ikawa (rural com-
munity) was higher, and that of current drinkers was lower
with higher total protein intake. Mean values of animal
protein, vegetable protein, and total fat intake were higher,
and that of total carbohydrate intake was lower with higher
total protein intake. Other characteristics did not vary ac-
cording to total protein intake.
Table 2 indicates HRs and 95% CIs of CKD according

to quartiles of total protein intake. Total protein intake was
inversely associated with risk of CKD in sex-, age-, and
community-adjusted model; HR (95%CI) for the highest
versus lowest quartiles of total protein intake was 0.66
(0.48–0.90), p for trend = 0.007. After adjustment of po-
tential confounders including baseline eGFR, the cor-
responding HR (95%CI) was 0.72 (0.52–0.99), p for
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Table 1 Baseline CKD risk factors and selected dietary variables according to quartiles of total protein intake

Quartiles of total protein intake (% energy)
Quartile 1 (Low) Quartile 2 Quartile 3 Quartile 4 (High)

Total protein intake (% energy)
Median (range) 12.2 (6.7–13.4) 14.2 (13.4–15.0) 15.8 (15.0–16.9) 18.4 (16.9–34.2)
Number of participants 819 819 820 819
Women, n (%) 544 (66.4) 523 (63.9) 533 (65.0) 527 (64.4)
Age, years, mean (SD) 58.8 (7.4) 59.0 (8.5) 58.6 (8.5) 58.9 (8.5)
Ikawa (rural community), n (%) 255 (31.1) 286 (34.9) 315 (38.4) 337 (41.2)
eGFR, mL/min per 1.73m2, mean (SD) 81.3 (7.4) 81.4 (7.4) 81.7 (7.4) 81.9 (7.1)
Body mass index, kg/m2, mean (SD) 23.2 (3.1) 23.4 (3.1) 23.4 (3.1) 23.4 (3.1)
Current smokers, n (%) 138 (16.9) 170 (20.8) 146 (17.8) 140 (17.1)
Current drinkers, n (%) 338 (41.3) 329 (40.2) 311 (37.9) 308 (37.6)
Systolic blood pressure, mmHg, mean (SD) 128 (17) 127 (16) 126 (16) 127 (16)
Diastolic blood pressure, mmHg, mean (SD) 78 (11) 78 (11) 77 (10) 78 (10)
Use of antihypertensive medication, n (%) 143 (17.5) 154 (18.8) 144 (17.6) 142 (17.3)
Serum total cholesterol, mg/dL, mean (SD) 218 (36) 218 (35) 218 (34) 217 (37)
Use of cholesterol-lowering medication, n (%) 68 (8.3) 76 (9.3) 87 (10.6) 79 (9.7)
Diabetes mellitus, n (%) 36 (4.4) 55 (6.7) 43 (5.2) 51 (6.2)
Total energy intake, kcal/day, mean (SD) 1991 (602) 1904 (579) 1926 (535) 2026 (623)
Total protein intake, % energy, mean (SD) 12.0 (1.2) 14.2 (0.5) 15.9 (0.6) 18.9 (2.0)
Animal protein intake, % energy, mean (SD) 5.5 (1.3) 7.6 (1.0) 9.1 (1.1) 12.2 (2.3)
Vegetable protein intake, % energy, mean (SD) 6.5 (0.9) 6.6 (0.9) 6.8 (0.9) 6.7 (1.0)
Total fat intake, g/day, % energy, mean (SD) 21.3 (4.8) 25.3 (4.1) 27.4 (4.1) 29.4 (4.3)
Total carbohydrate intake, % energy, mean (SD) 58.6 (8.0) 56.1 (5.7) 53.6 (5.0) 49.1 (5.4)

CKD, chronic kidney disease; SD, standard deviation; eGFR, estimated glomerular filtration rate.
Data are presented as mean (standard deviation) or number of subjects (%).

Table 2 Hazard ratios of CKD according to quartiles of total protein intake

Quartiles of total protein intake (% energy)
P for trend

P for sex
interactionQuartile 1

(Low)
Quartile 2 Quartile 3

Quartile 4
(High)

Total subjects
Number at risk 819 819 820 819
Person years 6,322 6,396 6,738 6,966
Number of cases 89 78 67 66
Incidence, per 1,000 person-years 14.1 12.2 9.9 9.5
Sex-, age-, and community-adjusted HR 1.00 0.83 (0.61–1.12) 0.70 (0.51–0.97) 0.66 (0.48–0.90) 0.007
Multivariable HR1 1.00 0.82 (0.61–1.12) 0.70 (0.51–0.97) 0.66 (0.48–0.91) 0.007
Multivariable HR2 1.00 0.92 (0.67–1.26) 0.66 (0.48–0.91) 0.72 (0.52–0.99) 0.016

Men
Number at risk 275 296 287 292
Person years 1,902 2,170 2,238 2,438
Number of cases 43 33 24 37
Incidence, per 1,000 person-years 22.6 15.2 10.7 15.2
Age-, and community-adjusted HR 1.00 0.65 (0.41–1.02) 0.47 (0.29–0.78) 0.67 (0.43–1.04) 0.064 0.850
Multivariable HR1 1.00 0.65 (0.41–1.04) 0.47 (0.28–0.78) 0.64 (0.41–1.00) 0.045 0.935
Multivariable HR2 1.00 0.79 (0.49–1.26) 0.44 (0.26–0.74) 0.71 (0.45–1.14) 0.080 0.993

Women
Number at risk 544 523 533 527
Person years 4,420 4,226 4,500 4,528
Number of cases 46 45 43 29
Incidence, per 1,000 person-years 10.4 10.6 9.6 6.4
Age-, and community-adjusted HR 1.00 1.03 (0.68–1.55) 0.96 (0.63–1.45) 0.64 (0.40–1.02) 0.061
Multivariable HR1 1.00 1.01 (0.66–1.52) 0.95 (0.62–1.46) 0.64 (0.40–1.03) 0.066
Multivariable HR2 1.00 1.03 (0.67–1.58) 0.87 (0.56–1.33) 0.67 (0.42–1.08) 0.074

CKD, chronic kidney disease; HR, hazard ratio.
In parentheses, 95% confidence intervals
Total protein intake is indicated as a percent of energy.
1Adjusted further for body mass index, smoking status (current or non-current), alcohol drinking status (current or non-current), diastolic blood pressure,
antihypertensive medication use, diabetes mellitus, serum total cholesterol, cholesterol-lowering medication use, and total energy intake.
2Adjusted further for baseline estimated glomerular filtration rate.
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trend = 0.016. The inverse association was observed sim-
ilarly for men and women.
Table 3 shows the association between total protein in-

take and risk of CKD, stratified by age. The inverse asso-
ciation was similarly observed for 40–64 years and 65–74
years, although the interaction was of borderline statistical
significance in the final multivariable model.
Table 4 shows the association between total protein in-

take and risk of CKD, stratified by baseline eGFR. The

inverse association was similarly observed for baseline
eGFRs of 60–<75 and ²75mL/min/1.73m2.
Table 5 indicates the associations of animal and vege-

table protein intakes with risk of CKD. The inverse asso-
ciation with risk of CKD was confined to animal protein
intake, but not vegetable protein intake.
The associations of seafood, meat, egg, and dairy food

intakes with risk of CKD are shown in Table 6. Seafood
intake was inversely associated with risk of CKD, but

Table 4 The association between total protein intake and risk of CKD, stratified by baseline eGFR

Quartiles of total protein intake (% energy)
P for trend

P for eGFR
interactionQuartile 1

(Low)
Quartile 2 Quartile 3

Quartile 4
(High)

60 ¯ eGFR < 75mL/min/1.73m2

Number at risk 150 156 137 123
Person years 902 955 845 781
Number of cases 58 47 49 37
Incidence, per 1,000 person-years 64.3 49.2 58.0 47.4
Sex-, age-, and community-adjusted HR 1.00 0.75 (0.51–1.11) 0.91 (0.62–1.33) 0.75 (0.49–1.13) 0.262 0.636
Multivariable HR1 1.00 0.78 (0.52–1.16) 0.92 (0.62–1.36) 0.75 (0.49–1.14) 0.269 0.539

eGFR ² 75mL/min/1.73m2

Number at risk 669 663 683 696
Person years 5,419 5,441 5,892 6,185
Number of cases 31 31 18 29
Incidence, per 1,000 person-years 5.7 5.7 3.1 4.7
Sex-, age-, and community-adjusted HR 1.00 0.93 (0.57–1.54) 0.49 (0.27–0.87) 0.73 (0.44–1.21) 0.103
Multivariable HR1 1.00 0.87 (0.52–1.44) 0.47 (0.26–0.85) 0.68 (0.41–1.15) 0.071

CKD, chronic kidney disease; HR, hazard ratio.
In parentheses, 95% confidence intervals.
Total protein intake is indicated as a percent of energy.
1Adjusted further for body mass index, smoking status (current or non-current), alcohol drinking status (current or non-current), diastolic blood pressure,
antihypertensive medication use, diabetes mellitus, serum total cholesterol, cholesterol-lowering medication use, and total energy intake.

Table 3 The association between total protein intake and risk of CKD, stratified by age

Quartiles of total protein intake (% energy)
P for trend

P for age
interactionQuartile 1

(Low)
Quartile 2 Quartile 3

Quartile 4
(High)

Ages 40–64 years
Number at risk 571 570 595 579
Person years 4,640 4,668 5,159 5,142
Number of cases 41 40 27 31
Incidence, per 1,000 person-years 8.8 8.6 5.2 6.0
Sex-, age-, and community-adjusted HR 1.00 0.96 (0.62–1.48) 0.59 (0.36–0.96) 0.68 (0.42–1.08) 0.040 0.333
Multivariable HR1 1.00 0.95 (0.61–1.48) 0.58 (0.35–0.94) 0.64 (0.40–1.02) 0.022 0.424
Multivariable HR2 1.00 1.12 (0.71–1.76) 0.55 (0.34–0.91) 0.66 (0.40–1.09) 0.021 0.063

Ages 65–74 years
Number at risk 248 249 225 240
Person years 1,682 1,728 1,579 1,824
Number of cases 48 38 40 35
Incidence, per 1,000 person-years 28.5 22.0 25.3 19.2
Sex-, age-, and community-adjusted HR 1.00 0.73 (0.48–1.13) 0.83 (0.54–1.26) 0.65 (0.42–1.01) 0.084
Multivariable HR1 1.00 0.75 (0.49–1.15) 0.84 (0.54–1.29) 0.69 (0.44–1.07) 0.139
Multivariable HR2 1.00 0.77 (0.50–1.20) 0.76 (0.49–1.20) 0.77 (0.48–1.21) 0.272

CKD, chronic kidney disease; HR, hazard ratio.
In parentheses, 95% confidence intervals.
Total protein intake is indicated as a percent of energy.
1Adjusted further for body mass index, smoking status (current or non-current), alcohol drinking status (current or non-current), diastolic blood pressure,
antihypertensive medication use, diabetes mellitus, serum total cholesterol, cholesterol-lowering medication use, and total energy intake.
2Adjusted further for baseline estimated glomerular filtration rate.
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Table 5 The associations of animal and vegetable protein intakes with risk of CKD

Quartiles of each protein intake (% energy)
P for trend

Quartile 1 (Low) Quartile 2 Quartile 3 Quartile 4 (High)
Animal protein intake (% energy)
Median (range) 5.6 (0–6.7) 7.5 (6.7–8.4) 9.2 (8.4–10.3) 11.8 (10.3–29.4)
Number at risk 819 819 820 819
Person years 6,422 6,226 6,831 6,942
Number of cases 82 87 61 70
Incidence, per 1,000 person-years 12.8 14.0 8.9 10.1
Sex-, age-, and community-adjusted HR 1.00 1.05 (0.77–1.42) 0.65 (0.47–0.91) 0.75 (0.54–1.03) 0.016
Multivariable HR1 1.00 1.09 (0.80–1.48) 0.67 (0.48–0.93) 0.78 (0.56–1.07) 0.026
Multivariable HR2 1.00 1.01 (0.74–1.37) 0.66 (0.47–0.92) 0.77 (0.56–1.08) 0.036

Vegetable protein intake (% energy)
Median (range) 5.6 (2.9–6.0) 6.3 (6.0–6.6) 6.9 (6.6–7.2) 7.6 (7.2–12.0)
Number at risk 819 819 820 819
Person years 6,602 6,657 6,463 6,699
Number of cases 68 78 77 77
Incidence, per 1,000 person-years 10.3 11.7 11.9 11.5
Sex-, age-, and community-adjusted HR 1.00 1.14 (0.82–1.58) 1.18 (0.85–1.63) 1.20 (0.87–1.67) 0.274
Multivariable HR1 1.00 1.16 (0.83–1.61) 1.17 (0.84–1.63) 1.18 (0.84–1.65) 0.360
Multivariable HR2 1.00 1.10 (0.79–1.53) 1.02 (0.73–1.44) 1.24 (0.89–1.75) 0.270

CKD, chronic kidney disease; HR, hazard ratio.
In parentheses, 95% confidence intervals.
Animal and vegetable protein intakes are indicated as a percent of energy.
1Adjusted further for body mass index, smoking status (current or non-current), alcohol drinking status (current or non-current), diastolic blood pressure,
antihypertensive medication use, diabetes mellitus, serum total cholesterol, cholesterol-lowering medication use, and total energy intake.
2Adjusted further for baseline estimated glomerular filtration rate.

Table 6 The associations of seafood, meat, egg, and dairy food intakes with risk of CKD

Quartiles of each of animal protein food source intake (g/day)
P for trend

Quartile 1 (Low) Quartile 2 Quartile 3 Quartile 4 (High)
Seafood intake (g/day)
Median (range) 40.8 (0–56.1) 71.1 (56.2–87.9) 107.9 (87.9–133.7) 174.2 (133.8–609.9)
Number at risk 819 820 819 819
Person years 6,188 6,363 6,750 7,119
Number of cases 94 75 66 65
Incidence, per 1,000 person-years 15.2 11.8 9.8 9.1
Sex-, age-, and community-adjusted HR 1.00 0.76 (0.56–1.03) 0.67 (0.49–0.92) 0.57 (0.42–0.79) 0.001
Multivariable HR1 1.00 0.78 (0.57–1.07) 0.65 (0.46–0.91) 0.51 (0.35–0.74) <0.001
Multivariable HR2 1.00 0.77 (0.56–1.05) 0.63 (0.44–0.88) 0.50 (0.34–0.72) <0.001

Meat intake (g/day)
Median (range) 12.3 (0–18.0) 29.5 (18.1–35.1) 39.4 (35.1–44.8) 56.8 (44.9–327.0)
Number at risk 819 834 803 821
Person years 6,658 6,509 6,441 6,813
Number of cases 82 86 57 75
Incidence, per 1,000 person-years 12.3 13.2 8.9 11.0
Sex-, age-, and community-adjusted HR 1.00 1.13 (0.84–1.54) 0.75 (9.54–1.06) 0.92 (0.67–1.26) 0.315
Multivariable HR1 1.00 1.16 (0.85–1.57) 0.77 (0.55–1.10) 0.94 (0.67–1.32) 0.045
Multivariable HR2 1.00 1.16 (0.85–1.59) 0.84 (0.59–1.19) 0.94 (0.66–1.32) 0.482

Egg intake (g/day)
Median (range) 9.4 (0–18.9) 23.6 (21.2–25.9) 32.2 (26.9–52.8) 67.7 (53.7–180.5)
Number at risk 744 835 874 824
Person years 5,822 6,662 7,209 6,727
Number of cases 72 66 86 76
Incidence, per 1,000 person-years 12.4 9.9 11.9 11.3
Sex-, age-, and community-adjusted HR 1.00 0.77 (0.55–1.07) 0.94 (0.68–1.28) 0.95 (0.69–1.31) 0.861
Multivariable HR1 1.00 0.78 (0.56–1.09) 0.99 (0.71–1.39) 1.03 (0.73–1.48) 0.578
Multivariable HR2 1.00 0.80 (0.57–1.12) 0.83 (0.59–1.15) 0.88 (0.61–1.26) 0.743
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meat, egg, and dairy food intakes were not associated with
the risk.

Discussion

This large population-based prospective study of Japanese
men and women found that higher total, animal protein,
and seafood intake were associated with a lower risk of
incident CKD. The inverse associations did not vary by
sex, age, and baseline eGFR.
Findings from previous studies regarding the association

between protein intake and renal function decline were
limited and inconsistent. In the Nurses’ Health Study with
an 11-year follow-up of 1,624 American nurses aged 42–
68 years, total protein intake was not associated with
eGFR decline among women with normal renal function
(eGFR ² 80mL/min/1.73m2), but higher intake of non-
dairy animal protein was associated with greater decline
of eGFR among women with mild renal insufficiency
(55 ¯ eGFR < 80mL/min/1.73m2) [3]. The Gubbio
Study, an Italian community-based cohort study of 1,522
men and women aged 45–64 years, showed that higher
intake of total protein, estimated from 24-hour urinary urea
nitrogen excretion at baseline, was associated with greater
decline of eGFR [4]. The PREVEND study, a Dutch co-
hort study of 8,461 men and women aged 28–75 years
reported no association between total protein intake esti-
mated from 24-hour urinary urea nitrogen and eGFR de-
cline [5]. The ARIC Study of 11,952 men and women
aged 44–66 years showed that total protein intake tended
to be inversely associated with risk of CKD [6], while the
TLGS, an Iranian population-based prospective study of
1,630 men and women aged 27 and older, indicated no
association between total protein intake and risk of CKD
[7]. A cross-sectional study of 7,404 Japanese residents
aged ²30 years showed a positive association between
total protein intake (either animal or vegetable protein in-
take) and eGFR for both men and women [8].

The associations between source-specific protein intake
and risk of CKD were inconsistent. Studies from the
United States and Iran showed that vegetable protein in-
take was inversely associated with the risk, while animal
protein intake was not associated with the risk [6, 7]. The
discrepancy in the findings between these studies and ours
could be in part due to large differences in the distribution
of animal and vegetable protein. Animal protein intake
was moderately lower in Japanese than in Americans be-
cause of Japanese’s much lower meat intake and higher
fish intake [18, 19]. Vegetable protein intake was much
higher in Japanese than in Americans because of Japa-
nese’s higher intake of rice as a stable food [6]. The lack
of the association between vegetable protein and risk of
CKD in our study may be due to a high intake and a small
variation of vegetable protein. The positive association
between animal protein intake and risk of CKD was ob-
served in Americans probably because major animal pro-
tein food sources are red meat and processed meat. A 23-
year follow-up of 11,952 Americans aged 44–66 years
showed that red and processed meat intake was associated
with an increased risk of CKD, but fish and seafood intake
was associated with a reduced risk [6]. Our present study
also showed that seafood intake was inversely associated
with the risk of CKD, but none of meat, egg, and dairy
food intakes was not associated with the risk. The protec-
tive effect of seafood intake on the development of CKD
may be due to an anti-inflammatory effect of long-chain n-
3 polyunsaturated fatty acids from seafood [20].
According to a 6-month randomized-clinical trial for

weight reduction by modification of total protein intake
under low fat intake among healthy overweight or obese
men and women [21], the increased total protein intake
group (n = 25, the intake changed from 91.4 to 107.8
g/day) had increased GFR (+5.2mL/min) and increased
kidney volume (+9.1 cm3). In contrast, the decreased total
protein intake groups (n = 25, the intake changed from
91.1 to 70.4 g/day) had decreased GFR (¹7.1mL/min).

Table 6 (Continued.)

Quartiles of each of animal protein food source intake (g/day)
P for trend

Quartile 1 (Low) Quartile 2 Quartile 3 Quartile 4 (High)
Dairy food intake (g/day)
Median (range) 9.0 (0–47.1) 79.7 (48.2–133.5) 150.0 (134.3–171.4) 223.9 (171.4–751.9)
Number at risk 808 823 822 824
Person years 6,374 6,640 6,570 6,837
Number of cases 64 79 71 86
Incidence, per 1,000 person-years 10.0 11.9 10.8 12.6
Sex-, age-, and community-adjusted HR 1.00 1.13 (0.81–1.57) 1.01 (0.72–1.42) 1.14 (0.83–1.58) 0.581
Multivariable HR1 1.00 1.10 (0.79–1.54) 1.03 (0.73–1.44) 1.20 (0.86–1.67) 0.366
Multivariable HR2 1.00 1.03 (0.74–1.44) 1.07 (0.76–1.52) 1.19 (0.85–1.66) 0.288

CKD, chronic kidney disease; HR, hazard ratio.
In parentheses, 95% confidence intervals.
Seafood, meat, egg and dairy food intakes are indicated as gram per day.
Meat intakes are included red, processed meat, and pork.
1Adjusted further for body mass index, smoking status (current or non-current), alcohol drinking status (current or non-current), diastolic blood pressure,
antihypertensive medication use, diabetes mellitus, serum total cholesterol, cholesterol-lowering medication use, and total energy intake.
2Adjusted further for baseline estimated glomerular filtration rate.
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A potential protective effect of total protein intake on renal
function among persons without renal insufficiency may
be protein-induced hyperfiltration adapted to the increased
nitrogen load and the higher demand for renal clearance
[22]. Our result also showed an inverse association be-
tween total protein intake and risk of CKD among persons
with eGFR of 60–<75mL/min/1.73m2.
The strengths of our study included large sample size,

community-based, prospective study design, repeated mea-
surements of the outcome, and a long-term follow-up. Be-
cause of a population-based survey, our findings can be
extrapolated to the Japanese general population. To the
best of our knowledge, this is the first population-based
prospective cohort study to examine sex- and age-specific
associations of total protein intake with risk of incident
CKD in Japanese.
The present study also had several limitations. First, we

measured total protein intake only once at the start of this
study using the BDHQ, so the time course up to the end of
follow-up was unknown. Secondly, the validity of total
protein intake estimated by the BDHQ was moderate, but
the measurement error on the current findings was inevi-
table. However, the misclassification by such a measure-
ment error is considered non-differential according to renal
function, then the association between protein intake and
risk of CKD may be underestimated. Thirdly, the inci-
dence of CKD in the current study was defined as the
appearance of an eGFR < 60mL/min/1.73m2. A previous
study reported good repeatability for CKD diagnosis: as
the coefficients of variation for serum creatinine in the
present study were 0.6–0.7% [12]. However, we could not
take into account 3 months or more duration of eGFR < 60
mL/min/1.73m2, addressed as the clinical criteria for CKD
by the Japanese Society of Nephrology [23], because no
such data was available. Fourthly, at the result of the num-
ber of participation in each quartile of protein intake (%
energy) during the study period, the lowest protein intake
group had significantly fewer visits than the other groups
(p = 0.0028). Since our present study found that the higher
protein intake, the lower the risk of CKD, it could be spec-
ulated that the risk of CKD might be underestimated in the
lowest protein intake group. Lastly, we had unmeasured
potential confounding factors such as socioeconomic sta-
tus. Higher socioeconomic status has been associated with
risk of CKD [24]. According to the National Health and
Nutrition Examination survey, vegetable, meat and dairy
intakes were higher in people with higher household in-
come [25].

Conclusion

In Japanese general population, higher total protein intake,
more specifically higher animal protein was associated
with a lower risk of developing CKD. Our finding suggests
a clinical implication for the primary prevention of CKD.
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