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Abstract
Background Increased protein intake has been recommended to prevent sarcopenia/frailty, reports on the quantity 
and quality of protein intake needed and the associated prognosis, particularly in the aging population of Asia, are 
limited. In this study, we aimed to investigate the relationship between protein intake and mortality in Japanese 
individuals, aged 85 years and older.

Methods The data were obtained from The Kawasaki Aging and Wellbeing Project, which is a prospective cohort 
study of older adults aged between 85 and 89 years with no physical disability at baseline. Of the 1,026 adults in the 
cohort, 833 were included in the analysis, after excluding those who had not completed a brief, self-administered 
diet history questionnaire or those who scored less than 24 on the Mini-Mental State Examination. The participants 
were grouped into quartiles based on protein intake: Q1 (protein < 14.7, %Energy), Q2 (14.7 ≤ protein < 16.7, %Energy), 
Q3 (16.7 ≤ protein < 19.1, %Energy), and Q4 (≥ 19.1, %Energy). Multivariate Cox proportional hazards models were 
utilized to evaluate the association between protein intake and all-cause mortality. Kaplan–Meier survival curves were 
employed to investigate the relationship between protein intake and all-cause mortality.

Results The mean protein intake of our study population was 17.0% of total energy. Animal protein intake, 
particularly fish intake, increased significantly along with total protein intake. The study had an average observation 
period of 1,218 days and recorded 89 deaths. After adjusting for age, sex, skeletal muscle mass index, cardiovascular 
disease, cancer, education, and serum albumin levels, a lower risk of all-cause mortality was observed in the highest 
protein intake (Q4) group than in the lowest protein intake (Q1) group (hazard ratio: 0.44, 95% confidence interval: 
0.22–0.90, p-value: 0.020).

Conclusion Protein intake is associated with a reduced risk of all-cause mortality in older adults (aged ≥ 85 years) 
who engage in independent activities of daily living. This association may impact all-cause mortality independent of 
muscle mass.
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Background
The relationship between the nutritional composition 
of the diet and health has been a major medical and fre-
quent research topic [1–4]. In terms of nutrient compo-
sition, most attention should be paid to the quality and 
quantity of protein in particular, as well as the sources 
of intake. In Europe and the U.S., higher animal protein 
intake is associated with a higher risk of death from car-
diovascular disease (CVD) in the general population [5], 
whereas higher plant protein intake is associated with 
a lower risk of death [6, 7]. On the contrary, in China, 
higher protein intake per se is associated with a lower 
mortality risk, and no significant association between 
animal protein intake and mortality risk has been 
reported [8].

Research findings on the quantity and quality of nutri-
ents in the diet vary widely, which may reflect regional 
differences in eating habits, as the animal and vegetable 
proteins consumed also vary. For instance, people in the 
U.S. consume a higher percentage of fat, whereas people 
in Japan consume a higher percentage of protein and car-
bohydrates [9, 10]. Many studies also point to the impor-
tance of the source of animal protein. A higher intake of 
processed and red meat has been reported to increase 
the risk of death [11], whereas fish consumption has been 
reported to contribute to a lower risk of mortality [12, 
13]. In Western countries, a high percentage of animal 
protein is derived from red meat and processed meat [6, 
7], whereas in Japan, most animal protein is derived from 
fish and shellfish [6]. In assessing the impact of protein 
intake and quality on health, it is thus essential to identify 
regional differences in food culture and examine the data 
carefully.

Age should also be considered when it comes to food 
and health issues. Extending healthy life expectancy and 
improving the quality of life in an aging society is a chal-
lenge for countries worldwide. Frailty, which impairs 
activities of daily living (ADL) in older people [14], is one 
of the risk factors for their mortality [15]. Several reports 
have shown that the higher the protein intake, the lower 
the incidence of frailty [16, 17]; therefore, aggressive pro-
tein intake has been advocated for older people [18]. On 
the contrary, approximately 95% of older people in Japan 
do not experience frailty until age 75 years [19]. However, 
few large-scale studies have been conducted on protein 
intake and prognosis in adults aged ≥ 75 years. In one of 
the few reports on this topic, Mendonca et al. found that 
a higher protein intake, particularly when combined with 
greater physical activity, may delay the incidence of dis-
ability in very old adults in a study of Caucasian individu-
als aged ≥ 85 years [20].

Thus, although the dangers of frailty and the impor-
tance of its prevention have been emphasized, data show-
ing how increased protein intake improves mortality 

in the generation with the highest incidence of frailty 
remain insufficient. Moreover, protein intake is often 
discussed in the context of sarcopenia prevention, but 
whether the prognostic impact of protein intake can be 
defined by muscle mass alone remains unclear. In partic-
ular, large-scale studies on protein intake in older persons 
aged ≥ 75 years with preserved ADL are lacking. Thus, the 
prognostic impact of increased protein intake remains 
unclear.

In the light of this, this study aimed to investigate the 
relationship between protein intake and mortality in Jap-
anese adults aged ≥ 85 years.

Materials and methods
Study population
The Kawasaki Aging and Wellbeing Project (KAWP) is a 
prospective cohort study of older adults aged between 85 
and 89 years, with no physical disability at baseline. The 
main purpose of the KAWP is to explore trajectories of 
functional decline, frailty, and cognitive impairment, and 
to identify genetic, biological, behavioral, and socioen-
vironmental factors that delay or modify this deteriorat-
ing process at an advanced age. The inclusion criteria of 
KAWP are as follows: (1) being a resident of Kawasaki 
city, a city with a population of 1.5 million, located in the 
greater Tokyo area and aged between 85 and 89 years; (2) 
having no limitations in performing basic ADLs; and (3) 
being able to visit the study site, the Kawasaki Munici-
pal Hospitals, independently. As of March 2017, 12,906 
individuals were screened as potential participants, using 
the basic registration of residents and the long-term care 
insurance database. Among them, we sent an invita-
tion to participate in this study to 9,976 individuals, and 
1,464 eligible residents responded to express their will-
ingness to participate in the study. Between March 2017 
and December 2018, a total of 1,026 independent older 
people were enrolled in the KAWP. A comprehensive 
baseline assessment, including assessment of physical, 
mental, and cognitive function, as well as social partici-
pation, was conducted. Specifically, the following tests 
were performed at three hospitals in Kawasaki City at the 
site of the basic survey: medical examination (interview, 
blood pressure measurement, and consultation), physical 
fitness test (grip strength, walking speed, and lower-limb 
muscle strength), carotid artery echocardiogram, hear-
ing test, cognitive function test, measurement of muscle 
mass by bioimpedance method, blood test, urine test, 
bone density test, and spinal X-ray. Several papers on the 
KAWP cohort have already been published [21–23]. The 
participants were scheduled for telephonic surveys every 
6 months to monitor their vital status [24], any inciden-
tal disabilities, trauma from falls and fractures, and hos-
pitalizations until December 2024, or until they dropped 
out of the study. Three and 6 years after the start of the 
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study, a survey was planned to include medical examina-
tion, physical fitness tests, and echocardiography. How-
ever, due to the spread of the new coronavirus infection, 
a 3-year follow-up survey scheduled for 2020 was post-
poned; after a delay of 1.5 years, it is now underway.

Written informed consent to take part in the KAWP 
was obtained from all participants. The KAWP was 
approved by the ethics committee of the Keio University 
School of Medicine (ID: 20,160,297) and was registered 
in the University Hospital Medical Information Network 
Clinical Trial Registry as an observational study (ID: 
UMIN000026053).

Eleven participants who filled out the self-administered 
brief diet history questionnaire (BDHQ) insufficiently 
and 15 participants with daily energy intake outside the 
range of 400–6000  kcal inferred from their completed 
BDHQ were excluded. In a validation study of the BDHQ 
in older adults aged ≥ 80 years [25], the mean Mini Men-
tal State Examination (MMSE) of the target population 
was 27.7. In order to ensure the accuracy of the BDHQ 
in our study, we excluded participants with an MMSE 
score < 24. Finally, 833 participants were included in our 
analysis.

Diet history questionnaire
Nutrient and food intake was estimated using the BDHQ, 
which consisted of four pages with 90 items addressing 
foods and dietary habits of the previous month and takes 
approximately 15–20 min to complete. The BDHQ con-
sists of five sections: (i) frequency of food and non-alco-
holic beverage intake, (ii) daily intake of rice and miso 
soup, (iii) frequency and amount per serving of alcoholic 
beverage consumption, (iv) usual cooking methods, and 
(v) general eating behavior. The foods and beverages 
included in the BDHQ were selected primarily from 
the food lists used in the Japanese National Health and 
Nutrition Survey [26], which are commonly consumed in 
Japan. Standard portion sizes and the sizes of bowls for 
rice and cups for miso soup were derived from several 
recipe books for Japanese dishes [27, 28]. Major sources 
of protein include the following foods: low-fat milk, full-
cream milk, chicken, pork, beef, ham, sausage, bacon, 
liver, squid, shrimp, octopus, shellfish, fish eaten with the 
bones, canned tuna, dried fish, fatty fish, less fatty fish, 
eggs, tofu and thick fried tofu, and natto. The BDHQ pro-
vides insight into the habitual nutrient intake, which is 
the intake of about 30 nutrients and 50 foods that peo-
ple living in Japan consume from their normal diet. The 
validity of the BDHQ for Japanese older people aged ≥ 80 
years has been demonstrated in previous studies [25]. 
Our research group has already reported a cross-sec-
tional analysis using BDHQ data for the KAWP cohort 
[24].

To analyze nutrient data, the density method was used 
to estimate intake per 1,000 kcal. The following formula 
was used to calculate the energy intake ratio [%Energy 
(%E)] of energy-producing nutrients (proteins, lipids, 
and carbohydrates): energy intake from each nutrient / 
energy intake × 100, since the Dietary Reference Intakes 
in Japan, the U.S., and other countries use the %E value as 
the reference value.

Baseline characteristics
Sociodemographic and health data were obtained from 
the KAWP baseline survey conducted between March 
2017 and December 2018. All participants were invited 
to visit one of three Hospitals in Kawasaki (Kawasaki, 
Ida, or Tama) and were interviewed and examined using 
a study protocol that was harmonized with the Tokyo 
Oldest Old Survey on Total Health and the Japan Semi-
Supercentenarian Study, both of which were managed 
by the Center for Super-Centenarian Medical Research, 
Keio University School of Medicine [29, 30]. Partici-
pants were asked to fill out a pre-mailed questionnaire 
that included questions about education (whether or 
not they were college graduates), living situation, smok-
ing status, the number of remaining teeth, and self-rated 
health. Their responses were confirmed for consistency 
by interviewers at the time of the baseline survey. The 
medical interview was conducted by trained physicians, 
and the number of chronic conditions was counted based 
on previous and current medical history of 18 diseases: 
cerebrovascular disease, cardiac disease, hypertension, 
diabetes, dyslipidemia, respiratory disease, gastrointes-
tinal disease, renal disease, prostate disease, thyroid dis-
ease, Parkinson’s disease, connective tissue disease, eye 
disease, osteoporosis, arthritis, hyperuricemia, cancer, 
and dementia. CVD was recalculated as a combination of 
cardiac disease and cerebrovascular disease. The BDHQ 
survey was conducted by several trained and experienced 
staff.

ADLs were checked by use of the Barthel Index (0–100 
points) [31], instrumental ADL (IADL) were assessed 
using the Lawton scale (0–5 points) [32], and cognitive 
functions were evaluated according to the MMSE (0–30 
points) [33]. Blood and urine samples were taken at the 
three aforementioned hospitals, the sites of the basic 
survey. Blood tests measured serum albumin, triglycer-
ides, low-density lipoprotein, high-density lipoprotein, 
C-reactive protein, hemoglobin A1c, urea nitrogen, cre-
atinine, cystatin. Urinalysis measured urinary albumin 
creatinine ratio. Body composition, specifically, visceral 
fat area, percentage of body fat, and skeletal muscle 
index, was measured by the impedance method, using 
the Body Composition Analyzer InBody S10 (InBody 
Japan Inc, Tokyo, Japan).
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Mortality assessment
Mortality information was obtained from the long-term 
care insurance system, which is a nationwide comprehen-
sive welfare insurance scheme covering most of the care 
services for older people [34]. The plan was to collect data 
every 6 months and tabulate the data at the 3-year point. 
However, due to the outbreak of the coronavirus disease 
2019 pandemic, this was delayed by 1.5 years. Therefore, 
we analyzed mortality data through December 2021.

Statistical analysis
Participants were grouped according to their protein 
intake quartiles: Q1 (protein < 14.7, %E), Q2 (14.7 ≤ pro-
tein < 16.7, %E), Q3 (16.7 ≤ protein < 19.1, %E), and Q4 
(≥ 19.1, %E). Baseline characteristics were expressed as 
mean and standard deviation; categorical variables were 
shown as numbers and proportions. Skeletal muscle 
mass index (SMI) is sex-disaggregated; thus, results are 
also listed by sex. A trend test was performed for con-
tinuous variables, and a chi-square test was performed 
for categorical variables. Association trends between 
quartile groups of protein intake and other continuous 
variables were tested using a linear regression model that 
assigned scores to the independent variable levels (i.e., 
Q1 of protein intake = 1, Q2 = 2, and so on). Cumulative 
Kaplan–Meier curves were plotted to depict the relation-
ship between protein quartile groups, and log-rank tests 
were conducted to assess differences in survival among 
the groups. The intake of protein, fish, n-3-polyunsat-
urated fatty acids (PUFAs), and other nutrients were 
divided into quartiles, and Cox proportional hazards 
regression analysis was employed to estimate the hazard 
ratio (HR) and 95% confidence interval (CI) for all-cause 
mortality in each group, with reference to the group with 
the lowest protein intake [35]. Age, sex, SMI, education, 
CVD, cancer, and serum albumin levels were included 
as covariates in the Cox regression analysis, as these fac-
tors may impact prognosis, standard of living, and pro-
tein intake in older individuals. Furthermore, a trend test 
was performed to examine the risk of all-cause mortal-
ity across each quartile. Association trends in each quar-
tile group were tested using Cox regression analysis that 
assigned scores to the independent variable levels (i.e., 
Q1 of protein intake = 1, Q2 = 2, and so on).

All analyses were performed using SPSS Statistics 
ver. 29.0 software (IBM SPSS Inc., Armonk, NY, USA). 
Results were considered statistically significant at a 
P-value of < 0.05, and two-sided tests were applied.

Results
The baseline characteristics according to quartiles of pro-
tein intake are shown in Table 1. The average age of our 
study participants was 86.5 ± 1.36 years, the proportion 
of women was 50.6%, and the average body mass index 

(BMI) was 23.1  kg/m2. The mean values of the Barthel 
Index, a measure of the ADLs, and the Lawton scale, a 
measure of the IADLs, fell within the normal score limits. 
Mean serum albumin was 4.16  mg/dl, mean estimated 
glomerular filtration rate (eGFR) based on creatinine was 
59.3 ml/min/1.73 m2, and the mean eGFR based on cys-
tatin was 57.3 ml/min/1.73 m2. Mean triglycerides, high-
density lipoprotein, C-reactive protein, hemoglobin A1c, 
and urea nitrogen levels were within the normal range. 
The mean SMI was 7.33 kg/m2, and was 8.25 kg/m2 and 
6.45 kg/m2 for men and women, respectively. In addition, 
the proportion of females was higher among those with a 
higher protein intake, while those with a higher protein 
intake also had a higher number of remaining teeth. Mus-
cle mass displayed the opposite trends. However, when 
analyzed by sex, no trend association was found between 
SMI and protein intake. No significant associations were 
found between protein intake and albuminuria, urea 
nitrogen levels, a history of cancer or CVD, or an edu-
cational background. Mean LDL was mildly elevated in 
general, but showed no significant trend association with 
protein intake.

The BDHQ results according to quartile of protein 
intake are shown in Table 2. The average protein intake 
was 17.0%E. The mean protein intake for the first quartile 
(Q1) was 13.1%E, Q2 was 15.7%E, Q3 was 17.9%E, and 
Q4 was 21.2%E. The average daily energy intake for each 
quartile group was approximately 2,000 kcal. As protein 
intake increased, carbohydrate intake decreased and fat 
intake increased. Moreover, as protein intake increased, 
plant protein intake remained constant, but animal pro-
tein intake increased. Animal proteins were obtained 
primarily from fish and meat. In particular, the protein 
intake from fish was approximately 3.5 times as high in 
the fourth than in the first quartile.

As shown in Fig. 1, during the 3.5-year follow-up, with 
an average observation period of 1,218 days, 29 deaths 
occurred in group Q1, 31 in group Q2, 17 in group Q3, 
and 12 in group Q4. Survival time analysis for groups 
Q1–4 showed significantly longer survival in the high 
protein intake group.

HRs and 95% CIs for the contribution of quartiles of 
protein per se, animal protein, protein-rich food, plant 
protein, and n-3PUFA intake to death over a 3.5-year 
period are shown in Table 3. To determine the relation-
ship between the intake of these foods and all-cause 
mortality, we performed an analysis using a Cox regres-
sion model. The Q4 group, which had the highest pro-
tein intake, had a significantly lower HR (0.44 [95% CI, 
0.22–0.90]; P = 0.020) than did the Q1 group. Similarly, 
for fish intake, the Q4 group had a lower HR than did the 
Q1 group. The trends for protein intake were significant. 
When BMI was used as a covariate instead of SMI, the 
results were consistent with those presented in Table 3.
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Discussion
Our study found that older individuals aged ≥ 85 years 
with independent ADLs who consumed higher amounts 
of protein had a lower risk of mortality. As an observa-
tional study, it is difficult to establish a causal relation-
ship between protein intake and mortality based solely 
on our results. However, our findings suggest that pro-
tein intake may play a significant role in the all-cause 
mortality of a large number of older individuals, even 
after adjusting for as many confounding factors as pos-
sible (Table 3). The blood and urine test results for all of 
our study participants were mostly within the normal 
range, with no clinically problematic values. The results 
for the Q4 group showed no significant increase in the 
prevalence of albuminuria, urea nitrogen, or serum cre-
atinine levels, and no negative effects of a high protein 
intake (Table  1). Although the target protein intake in 
Japan is 15–20%E [36], the upper limit of the protein 
intake standard in Japan has been established based on 
reports from a review of mainly Caucasians who were 
in their sixties [37]. This means that the race, age, and 

eating habits of the target population were not taken into 
account, and the adaptation of these findings to Japanese 
people, particularly older people, can be debated. Our 
study included only the very old Japanese population. We 
believe we have reported valuable results on nutrition 
and mortality related to older people in Asia.

The results of this study suggested two mechanisms 
by which protein intake affects mortality. The first is 
fish consumption. Fish is rich in n-3 unsaturated fatty 
acids and provides a balance between high-quality pro-
tein and fat. In our study population, as protein intake 
increased, the proportion of animal protein intake, par-
ticularly fish intake, became significantly larger (Table 2), 
unlike previous reports from Western countries [6, 7]. 
The Q4 group, which had the highest intake of fish, had 
a significantly lower all-cause mortality rate than did the 
Q1 group (Table  3). Fish contain good fats, such as n-3 
unsaturated fatty acids, along with abundant nutrients, 
such as vitamins [38, 39], essential amino acids [40, 41], 
and trace elements [42, 43]. In addition, n-3 unsaturated 
fatty acids have been reported to have anti-inflammatory 

Table 1 Baseline characteristics by quartiles of protein intake (N = 833)
Characteristics mean/n SD/% Protein intake (%Energy)

Q1
–14.7
N = 208

Q2
–16.7
N = 208

Q3
–19.1
N = 209

Q4
19.1–
N = 208

P 
value

Age (years) 86.5 1.36 86.6 86.5 86.5 86.3 0.042

Sex (female) 422 50.6 37.9 51.4 53.1 60.0 0.002

BMI (kg/m2) 23.1 3.16 23.3 22.9 23.2 22.9 0.49

Cancer (n) 182 22.0 48 46 38 50 0.77

CVD (n) 268 32.1 70 66 63 69 0.87

Residual teeth number 13.8 9.85 12.6 12.9 14.6 14.9 0.005

MMSE score 26.9 1.93 26.8 26.9 27.0 26.9 0.37

Barthel Index score 98.5 3.49 98.4 98.6 98.6 98.5 0.63

Lawton Scale score 4.87 0.39 4.89 4.84 4.89 4.88 0.65

Secondary education attainment (n) 271 32.6 69 69 70 63 0.63

Serum Albumin (mg/dl) 4.16 0.28 4.16 4.11 4.17 4.19 0.056

TG (mg/dl) 130 71.2 126 137 130 128 0.92

LDL (mg/dl) 110 27.5 110 109 109 114 0.09

HDL (mg/dl) 61.2 16.0 60.5 60.8 60.9 62.6 0.22

CRP (mg/dl) 0.21 0.57 0.19 0.24 0.19 0.22 0.17

HbA1c (%) 5.97 0.58 5.88 5.96 6.01 6.02 0.004

UN (mg/dl) 19.9 5.73 18.7 19.8 20.6 20.6 0.11

eGFR Cre (ml/min/1.73 m2) 59.3 14.5 59.6 59.4 57.9 60.2 0.86

eGFR Cys (ml/min/1.73 m2) 57.3 13.9 56.9 56.0 56.8 59.4 0.07

Albuminuria (n) 102 12.3 28 24 23 27 0.89

VFA (cm2) 63.6 26.7 64.0 63.2 63.9 63.5 0.98

PBF (%) 27.8 8.04 27.5 27.7 28.0 28.2 0.28

SMI (kg/m2)
 Male
 Female

7.33
8.25
6.45

1.30
0.05
0.03

7.54
8.23
6.46

7.29
8.29
6.42

7.32
8.12
6.45

7.19
8.16
6.49

0.018
0.79
0.31

P value was assessed with trend test or chi-square tests on mean values of each quartile

Abbreviations: BMI: Body Mass Index, CVD: cardiovascular disease, MMSE: Mini Mental State Examination, TG: triglycerides, LDL: low density lipoprotein, HDL: high 
density lipoprotein, CRP: C-reactive protein, HbA1c: hemoglobin A1c, UN: urea nitrogen, eGFR: estimated glomerular filtration rate, Cre: creatinine, Cys: cystatin, VFA: 
visceral fat area, PBF: percentage of body fat, SMI: skeletal muscle index
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effects [44], inhibit carcinogenesis of some cancer types 
[45–50], and prevent the onset of coronary artery disease 
[51]. In addition, a high intake of fish leads to a relative 
reduction in the intake of saturated fatty acids, which are 
abundant in animal proteins, particularly meat. Saturated 

fatty acids are a risk factor for CVD-related mortality 
[52], and their excessive intake should be avoided. Thus, 
the abundant nutrients in fish, the multifaceted effects 
of n-3PUFAs present in fish, and the improved fatty acid 

Table 2 BDHQ results by quartiles of protein intake (N = 833)
Characteristics mean/n SD/% Protein intake (%Energy)

Q1
–14.7
 N = 208

Q2
–16.7
 N = 208

Q3
–19.1
 N = 209

Q4
19.1–
N = 208

P value

Energy (kcal/day) 2,038 606 1,957 2,041 2,080 2,076 0.016

Carbohydrate (%E) 50.5 7.64 55.4 53.3 49.1 44.1 <0.001

Protein (%E) 17.0 3.18 13.1 15.7 17.9 21.2 <0.001

 Animal protein (%E) 10.3 3.35 6.52 9.06 11.1 14.5 <0.001

 Plant protein (%E) 6.71 1.15 6.66 6.71 6.75 6.72 0.58

  Fish (g/1,000 kcal) 42.2 25.5 20.3 34.3 45.6 68.6 <0.001

  Meats (g/1,000 kcal) 45.8 29.8 29.0 40.1 51.3 62.4 <0.001

  Eggs (g/1,000 kcal) 27.8 17.2 19.5 26.8 31.6 33.4 <0.001

  Dairy products (g/1,000 kcal) 108 67.0 90.1 111 110 121 <0.001

Fat (%E) 29.4 5.29 25.9 28.1 30.9 32.8 <0.001

 Total fatty acid (%E) 25.4 4.66 22.5 24.2 26.6 28.0 <0.001

 SFA (%E) 8.10 1.84 7.40 7.87 8.34 8.77 <0.001

 MUFA (%E) 10.3 2.14 9.18 9.88 10.9 11.4 <0.001

 PUFA (%E) 6.92 1.44 5.96 6.52 7.35 7.82 <0.001

  n-6PUFA (%E) 5.39 1.16 4.82 5.14 5.72 5.85 <0.001

  n-3PUFA (%E) 1.50 0.44 1.11 1.35 1.60 1.92 <0.001

   EPA (%E) 0.20 0.12 0.10 0.16 0.21 0.31 <0.001

   DPA (%E) 0.57 0.30 0.32 0.49 0.61 0.86 <0.001

   DHA (%E) 0.33 0.01 0.18 0.28 0.35 0.50 <0.001
P-value was assessed with trend test on mean values of each quartile

Abbreviations: SFA: saturated fat acids, MUFA: monounsaturated fat acids, PUFA: polyunsaturated fat acid, EPA: eicosapentaenoic acid, DPA: docosapentaenoic acid, 
DHA: docosahexaenoic acid

Fig. 1 Cumulative survival rate and categorical protein intake vs. follow up duration
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intake balance associated with fish intake may contribute 
to reduced mortality.

The other is the maintenance and improvement of 
nutritional status. Albumin, the major component of 
serum protein, is synthesized in the liver and reflects 
the nutritional status of the body. A positive associa-
tion between serum albumin and animal protein intake 
has been reported [53], and hypoalbuminemia has been 
reported to be a risk factor for all-cause mortality and 
CVD [54–56]. Our study confirmed a positive trend 
in protein intake and serum albumin levels (Table  1). 
This result may suggest that good nutritional status due 
to protein intake is one factor that reduces mortality 
rates. However, the effect of protein and fish consump-
tion on mortality is multifactorial and cannot be attrib-
uted to a single factor. In the model adjusted for serum 
albumin levels and other factors, unlike n-3PUFAs, fish 
intake equivalent to Q4 levels also contributed to mortal-
ity reduction (Table 3). This may reflect the fact that the 
intake of abundant nutrients other than n-3PUFA con-
tributed to the reduction in mortality through a mecha-
nism independent of serum albumin.

Our analysis found that the beneficial effect of pro-
tein intake on mortality was independent of muscle 
mass. This result may be because our study included 
only participants who maintained their ADL, indicating 
that other factors may also contribute to the observed 
association.

Our study included the following limitations: First, no 
cutoff value for protein was set for clinical use: although 
Q4 intake (≥ 19.1, %E) was associated with a lower mor-
tality than Q1, that cutoff value differed from the clini-
cally prevalent value. Our study used quartiles as cutoffs 
and did not take ease of use into account. Second, the 
causes of death were unknown. Animal protein intake has 
been reported to be a risk factor for CVD [5]. Although 
associations between high protein intake and the risk of 
mortality in Asian individuals have rarely been reported, 
we cannot rule out the possibility that cause-of-death bias 
may underestimate the negative effects of meat-derived 
proteins, such as those obtained from processed meat. 
Third, the follow-up period was shorter than that of other 
studies, with fewer mortality events. We cannot rule out 
the possibility that longer-term follow-up would change 
the results. Fourth, reverse causality may be possible. The 
study was conducted among older people aged ≥ 85 years, 
and it is undeniable that those who can consume more 
protein are healthier and physically stronger. The fifth is 
the loss of power due to protein categorization for analy-
sis. The sixth is external and internal validity. The KAWP 
participants are urban, socioeconomically advantaged, 
older Asian adults with a high fish intake. Moreover, 
they have no organ damage or reduced ADLs. Therefore, 
generalizability should be interpreted in the light of the 
particularities of the participants in this study. The num-
ber of death events over the 3.5-year period was limited 
and did not allow for inclusion of a sufficient number of 

Table 3 Hazard ratios and 95% confidence intervals for the contribution of quartiles of protein, animal protein, protein-rich food, plant 
protein, and n-3PUFA intake to death over a 3.5-year period

Q1 Q2 Q3 Q4 P trend
HR 95%CI HR 95%CI HR 95%CI

Model 1

 Protein (%E) ref 1.15 0.69–1.94 0.63 0.35–1.16 0.45 0.22–0.88 0.006

 Animal protein (%E) ref 1.09 0.63–1.88 0.93 0.53–1.64 0.53 0.27–1.03 0.06

 Plant protein (%E) ref 0.85 0.48–1.49 0.79 0.43–1.42 0.61 0.33–1.14 0.12

 Fish (g/1,000 kcal) ref 0.89 0.50–1.58 1.04 0.60–1.80 0.46 0.22–0.93 0.08

 Meats (g/1,000 kcal) ref 0.69 0.38–1.26 0.76 0.42–1.38 0.83 0.46–1.50 0.57

 Eggs (g/1,000 kcal) ref 1.12 0.63–2.00 1.18 0.67–2.07 0.67 0.33–1.37 0.48

 Dairy products (g/1,000 kcal) ref 1.05 0.60–1.82 0.77 0.41–1.41 0.55 0.28–1.11 0.08

 n-3PUFA (%E) ref 0.77 0.44–1.35 0.68 0.38–1.22 0.53 0.28–1.00 0.043

Model 2

 Protein (%E) ref 1.11 0.66–1.88 0.67 0.36–1.22 0.44 0.22–0.90 0.010

 Animal protein (%E) ref 1.05 0.60–1.83 1.03 0.58–1.83 0.53 0.26–1.05 0.11

 Plant protein (%E) ref 0.81 0.46–1.42 0.75 0.41–1.36 0.58 0.33–1.07 0.08

 Fish (g/1,000 kcal) ref 0.89 0.51–1.58 1.14 0.65–1.98 0.48 0.23–0.97 0.13

 Meats (g/1,000 kcal) ref 0.67 0.37–1.21 0.70 0.38–1.28 0.82 0.45–1.49 0.51

 Eggs (g/1,000 kcal) ref 1.19 0.67–2.12 1.22 0.69–2.14 0.69 0.34–1.41 0.52

 Dairy products (g/1,000 kcal) ref 1.01 0.58–1.76 0.77 0.42–1.42 0.55 0.28–1.10 0.07

 n-3PUFA (%E) ref 0.82 0.47–1.44 0.72 0.36–1.30 0.56 0.26–1.06 0.08
Covariates: Model 1 included age, sex, SMI, secondary education, cancer, and CVD; Model 2 included Model 1 plus serum albumin levels

P-value for the trends of association among each quartile group of protein intake or other continuous variables

Abbreviations: HR: hazard ratio, CI: confidence interval
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covariates in the Cox analysis. Although the analysis was 
performed using as many covariates as possible, it was 
not free from confounding effects. However, the protocol 
of our study takes into account the lack of follow-up, and 
telephonic surveys were conducted every 6 months. Dur-
ing the interviews, several experienced and trained staff 
members assisted with the questionnaires. Information 
on deaths was based on long-term care insurance and 
was highly accurate and reliable.

The strengths of our study were two-fold. First, we 
were able to analyze the dietary habits and mortality of 
approximately 850 older individuals aged ≥ 85 years with 
independence in ADLs. The participants were indepen-
dent in their daily lives, indicating that this allowed us 
to analyze nutritional status and mortality after exclud-
ing one factor that has a significant impact on prognosis. 
Notably, large-scale studies on older individuals aged ≥ 85 
years are rare, and therefore, valuable. Second, the analy-
sis considered various factors, including blood markers, 
urinalysis, body composition, and social background. We 
measured muscle mass, which can influence survival in 
older people, and adjusted for this to determine the prog-
nostic impact (Table  3). Protein intake limits are often 
implemented due to concerns about the burden on renal 
function. However, in our study, eGFR showed no inverse 
association with protein intake (Table  1), which may 
indicate that it is not necessary for older adults in good 
health to restrict protein intake, and, in fact, that higher 
protein intake had positive health associations.

Conclusion
This study, based on the KAWP, revealed that protein 
intake is associated with a reduced risk of all-cause mor-
tality in older adults aged ≥ 85 years with independence in 
ADLs. This association may contribute to improved mor-
tality, independent of muscle mass. Greater emphasis on 
increased protein intake is required to improve the health 
of older Asian individuals.
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