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Association of fish intake with all-cause
mortality according to CRP levels or
inflammation in older adults: a prospective
cohort study
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Abstract

Background The relationship between inflammatory response, fish consumption, and mortality risk in older
individuals is unclear. We investigated whether C-reactive protein (CRP) levels > 0.1 mg/dL, fish intake, and
inflammatory responses are associated with all-cause mortality risk in older adults.

Methods This prospective cohort study included older adults aged 85-89 years from the Kawasaki Aging and
Wellbeing Project, who did not require daily care. Cohort was recruited from March 2017 to December 2018
(follow-up ended on December 31, 2021). Dietary assessment was conducted using the Brief Self-Administered Diet
History Questionnaire. Multivariate Cox proportional hazards regression was used to estimate the hazard ratio (HR)
and 95% confidence interval (Cl) for all-cause mortality in the CRP>0.1 mg/dL group; the CRP < 0.1 mg/dL group
was used for reference. Within CRP>0.1 and <0.1 mg/dL groups, participants were categorized into tertiles of fish
intake. HRs and 95% Cls for all-cause mortality in the other groups were estimated using the lower tertile group as a
reference.

Results The study included 996 participants (mean [standard deviation] age, 86.5 [1.37] years; 497 [49.9%] women)
with a median CRP level of 0.08 (interquartile range [IQR] =0.04-0.16). There were 162 deaths during 4,161 person-
years of observation; the multivariable-adjusted HR for all-cause mortality in the CRP > 0.1 mg/dL group was 1.86 (95%
Cl, 1.32-2.62); P<0.001. In 577 individuals with median (IQR) fish intake of 39.3 g/1000 kcal (23.6-57.6) and CRP level
of <0.1 mg/dL, the multivariable-adjusted HR for all-cause mortality in the higher tertile group of fish intake was 1.15
(0.67-1.97);, P=0.59, non-linear P=0.84. In 419 individuals with median (IQR) fish intake of 40.7 g/1000 kcal (25.0-60.1)
and CRP level of >0.1 mg/dL, the multivariate-adjusted HR for all-cause mortality in the higher tertile group of fish
intake was 0.49 (0.26-0.92); P=0.026, non-linear P=0.38, P-value for interaction =0.040.

Conclusions A negative association between fish intake and all-cause mortality was seen in older adults with
elevated CRP levels, which is a mortality risk factor. While the results may be limited owing to stringent methods
ensuring impartiality, they offer valuable insights for future research.
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Trial registration UMIN000026053. Registered February 24, 2017.
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Background

The exploration of different food cultures facilitates the
reconsideration of habitual foods. The low risk of coro-
nary heart disease in the Inuit population in Greenland,
who consume 400 g of fish, whale, and sea meat per day
[1], triggered research into the modern health benefits of
w-3 fatty acids (FAs). Recent meta-analyses have reported
associations between fish intake and all-cause mortal-
ity as well as contributions of w-3 FA intake in reduc-
ing cardiovascular mortality [2—4]. Daily protein intake
of 1-1.5 g/kg helps offset age-related inflammation and
catabolism, especially in older people [5].

Inflammation mediates cardiovascular disease (CVD),
plaque failure, and malignancy, and is an epidemiological
risk factor for mortality [6—12]. The inflammatory marker
C-reactive protein (CRP) demonstrates age- and ethnic-
ity-related differences [13-15], and the risk of mortality
associated with increasing CRP levels rises with age [16].
In older people, chronic inflammation is interrelated with
several factors including immune-senescence and micro-
vascular changes [17-21], and is associated with frailty,
which is a mortality risk factor in older people [22, 23].

As the global population ages, research on inflamma-
tory responses and fish consumption could boost life
expectancy. Studies linking inflammation with fish intake
and the efficacy of w-3 FAs in modulating inflammatory
responses are limited [24]. Furthermore, only few large-
scale studies have investigated CRP and mortality risk
in older people [25]; thus, there is a lack of comprehen-
sive survey data on the association between fish intake
and mortality, particularly focusing on the inflamma-
tory response. Cross-sectional research has previously
indicated a negative correlation between n-3 polyun-
saturated FA intake and CRP levels [26]. Interventional
studies suggest that inhibition of interleukin-6 signaling,
which induces CRP production, decreases the risks of
CVD and mortality [27, 28]. In trials such as JELIS and
REDUCE-IT, w-3 FA, particularly eicosapentaenoic acid
(EPA; which is abundant in fish), has demonstrated effi-
cacy against cardiovascular events and mortality; how-
ever, some reports question this efficacy [29-34]. The
inflammatory response at recruitment and its subsequent
trends in -3 FAs intervention studies have not been ade-
quately evaluated; there is limited literature on the con-
tribution of the anti-inflammatory effects of w-3 FAs to
the risk of CVD [30].

This study hypothesized that an elevated inflammatory
response increases mortality risk in older people (=85
years) without physical disability, and that fish consump-
tion affects mortality risk differently in the presence and

absence of inflammation. To this end, we examined the
relationship between CRP levels, fish consumption, and
all-cause mortality in older people.

Methods

Study population

This secondary analysis used data from the Kawasaki
Aging and Wellbeing Project (KAWP), an ongoing longi-
tudinal cohort study, which enrolled older people (aged
85-89 years) without physical disability at baseline who
lived in Kawasaki City, Kanagawa Prefecture, a metro-
politan area of Japan, between March 2017 and Decem-
ber 2018. The objectives, participation criteria, and basic
research of the KAWP study were previously reported
[35]. KAWP surveys were planned for 3 and 6 years
after study commencement; however, the 3-year follow-
up in 2020 was postponed because of the coronavirus
pandemic and is now underway after a 1.5-year delay.
Among the 1,026 KAWP participants, 30 were excluded
due to missing blood tests, an incomplete self-adminis-
tered brief dietary history questionnaire (BDHQ), or a
BDHQ-estimated daily energy intake not in the range
of 600-4,000 kcal/day. A total of 996 participants who
provided written informed consent for participation
were enrolled (Fig. 1). KAWP was approved by the Keio
University School of Medicine Ethics Committee (ID:
20160297), registered in the University Hospital Medi-
cal Information Network Clinical Trials Registry (ID:
UMINO000026053), and complied with the Strengthening
the Reporting of Observational Studies in Epidemiology
guideline for reporting observational studies [36].

Dietary assessment

The 4-page BDHQ could be completed in approximately
15-20 min, and comprises 90 sections on food and
dietary habits for the preceding month [37, 38] under
five categories, namely: (i) frequency of intake (food
and non-alcoholic drinks); (ii) daily consumption of
rice and miso soup; (iii) frequency of alcoholic beverage
intake and quantity per meal; (iv) typical cooking meth-
ods; and (v) general eating behavior. Unlike the weighed
food record method, the BDHQ primarily assesses the
intake frequency of foods and dishes. Nutrient and food
intakes were calculated using an ad hoc computer algo-
rithm for BDHQ based on the Japanese Standard Tables
of Food Composition [39] (Figure S1). As the Japanese
diet includes diverse fish types, the BDHQ disaggregates
fish into five categories: (1) fish eaten with the bones; (2)
canned tuna; (3) dried fish (salted mackerel and salted
fish); (4) oily fish such as sardines, mackerel, yellowtail,
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Eligibility criteria
1. A resident of Kawasaki city
2. Age at baseline: 85-89 years

n=12,906

3. No long-term care needs or need for support level 1

y

Invitation letter sent
n=9,978

y

n=1,464

Expressed interest to participate in the study

{

n=1,026 (KAWP participants)

Enrolled and examined at the study center
between Mar 2017 and Dec 2018

Reasons for exclusion from the analysis
Missed blood tests, n=4
Insufficient completion of BDHQ, n=11
Inaccurate completion of BDHQ, n=15

n=996

Total number of participants included in the final analysis

Fig. 1 Kawasaki aging and wellbeing project study population flowchart. The long-term care system in Japan includes seven categories: no certification
(no need for long-term care certification), support levels 1 and 2 for preventive long-term care, as well as care levels 1-5 for long-term care. A higher care
level indicates a greater functional decline in daily activities. Abbreviation: KAWP, Kawasaki Aging and Wellbeing Project

eel, tuna, saury, herring; and (5) fish with less fat. The
BDHQ was previously validated in Japanese older adults
aged =80 years (Spearman’s correlation with the 3-day
semi-weighed dietary records of seafood or the sum of
EPA, docosapentaenoic acid [DPA], and docosahexaenoic
acid [DHA]: 0.38 and 0.36, respectively) [40]. The density
method was used to estimate the intake per 1,000 kcal to
analyze the nutritional data. The ratio of energy intake of
energy-producing nutrients (protein, fat, and carbohy-
drate) (%Energy [%E]) was calculated using the formula
energy intake from each nutrient/energy intake x 100.
The nutritional survey, conducted using the BDHQ, was
administered by trained staff.

Outcome variable: all-cause mortality

To evaluate the study outcome of all-cause mortality,
survival status was determined from the database for the
Long-Term Care Insurance Scheme, a national compre-
hensive welfare insurance scheme covering the majority
of long-term care services for older people [41]. In the
analysis timeline, the initial examination date was the

entry point, and the date of loss to follow-up, defined as
the date of migration outside Kanagawa Prefecture, com-
mencement of welfare benefits, or death, was the end-
point. Information regarding outcomes was based on
data up to December 31, 2021.

Predictor variables: CRP, fish intake, and Marine w-3 FA

At enrollment in any of the three sites of the baseline
study, all participants provided non-fasting blood sam-
ples, and the CRP level was measured using the latex
agglutination immunoassay (SRL Inc., Tokyo, Japan)
using the Nanopia CRP° reagent (Sekisui Medical Co.;
range: 0.01-42 mg/dL). Using the BDHQ, fish intake was
calculated by summing the intake of the five abovemen-
tioned categories of fish; the frequency of fish intake per
category was tabulated under seven groups: at least twice
daily, once daily, 4—6 times/week, 2—-3 times/week, once
a week, less than once a week, and none. The aggregate
results were approximated to a weekly average and con-
verted to 14/7, 7/7, 5/7, 2.5/7, 1/7, 0.333/7, and O times,
and the total frequency in these seven categories was
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subdivided into three groups: 27, 2-7, and <2 times/
week. Marine w-3 FAs intake was defined as the sum of
EPA, DPA, and DHA, estimated based on the frequency
of consuming fish and seafood, including squid, octo-
pus, shrimp, clam, and the five abovementioned catego-
ries of fish. The contents used for these calculations were
derived from the Japanese Standard of Food Composition
Table [39].

Covariates

During the basic survey, age and sex information were
provided by the local authorities; education level (uni-
versity graduate or not), smoking status (current smoker
or not), medical history (presence of coronary artery
disease, stroke, or cancer), and medication use (statins,
renin-angiotensin system inhibitors [RAI], and anti-
thrombotic drugs) were assessed through a pre-filled
questionnaire and a face-to-face interview, comple-
mented by the pharmacy prescription records of the par-
ticipants (Additional file 1: Table S1). CVD was defined
based on the presence of coronary artery disease or
stroke, diabetes mellitus was assessed from the pre-
scription records of oral diabetes medication, insulin,
or glycated hemoglobin>6.5% (National Glycohemo-
globin Standardization Program), and hypertension was
assessed from the prescription records of antihyperten-
sive medications (calcium-channel blockers or angio-
tensin-receptor blockers) or systolic or diastolic blood
pressure>140 or 290 mmHg, respectively. The revised
Japanese Cardiovascular Health Study criteria, including
weight loss, muscle weakness, fatigue, walking speed, and
physical activity, were used to diagnose frailty as follows:
scores 0, 1-2, and =3 indicated robustness, pre-frailty,
and frailty, respectively [42]. The use of dietary supple-
ments was assessed based on the BDHQ results. These
covariates were tabulated as categorical variables. Height
and weight were measured after wearing light clothing
and standing upright. The Barthel index (0-100 points)
and Mini-Mental State Examination (MMSE; 0-30
points) were assessed by experienced staft [43, 44]. Using
standard enzymatic methods, the plasma total choles-
terol, triglyceride, low-density lipoprotein cholesterol
(LDL-C), and high-density lipoprotein cholesterol (HDL-
C) levels were measured at SRL Inc., Tokyo, Japan on the
day the blood was drawn. In accordance with reports by
Tabung et al. and Kaneuchi et al.,, the modified Empiri-
cal Dietary Inflammatory Index (modified EDII) was cal-
culated, excluding fish intake [45, 46] (Additional file 1:
Method S1).

Statistical analyses

The participants were categorized by the CRP cutoff
value of 0.1 mg/dL [7]. The participants’ characteris-
tics are presented as continuous variables (mean with
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standard deviation or median with interquartile range)
or categorical variables (frequency and proportions).
Each CRP group (<0.1 and >0.1 mg/dL) was further sub-
stratified by three fish-intake tertiles (CRP<0.1 mg/dL:
T1 [<28.4 g/1,000 kcal], T2 [28.4<fish<51.4 g/1,000 k
cal], and T3 [51.4<fish g/1,000 kcal]; CRP>0.1 mg/dL:
T1 [<30.3 g/1,000 kcal], T2 [30.3<fish<52.5 g/1,000 kc
al], and T3 [52.5<fish g/1,000 kcal]). The results of the
nutritional survey were disaggregated by the fish-intake
tertiles. Using age, sex, smoking status, hypertension, dia-
betes, history of CVD, history of cancer, body mass index
(BMI), and LDL-C as covariates, which were selected
based on their mortality influence in older people, Cox
proportional hazards regression was used to estimate
the hazard ratio (HR) and 95% confidence interval (CI)
for all-cause mortality in the CRP>0.1 mg/dL group;
HR (95% CI) were estimated in T2 and T3 using T1 as
the reference in the study groups. Association trends
in each tertile group were tested using Cox regression
analysis that assigned scores to the independent vari-
able levels (i.e., T1 of fish intake=1, T2=2, ...etc.), with
age, sex, history of CVD, history of cancer, diabetes, total
energy intake, modified EDII, dietary supplements, and
BMI as covariates. Restricted cubic spline models were
depicted to examine the non-linear relationship between
fish or Marine w-3 FA intake and all-cause mortality.
Effect modification was assessed using a Cox regression
model by incorporating dummy variables for fish intake
(T1-T3), Marine w-3 FA intake (T1-T3), or fish intake
frequency (<2 times, 2—7 times, =7 times), categorical
CRP, and the interaction term between dummy variables
for fish intake and categorical CRP before stratifying par-
ticipants by CRP levels.

Sensitivity analyses for all-cause mortality were per-
formed (estimated HR [95% CI]) for fish intake in the
CRP20.1 mg/dL group, excluding participants with fol-
low-up <180 days. To assess the potential heterogene-
ity, stratified analyses were conducted for the history of
CVD, cancer, and pre-frailty or frailty with age, sex, and
BMI as covariates.

All analyses were performed using SPSS Statistics (ver.
29.0; IBM SPSS Inc., Armonk, NY, USA) and R 4.3.3 (the
R Foundation for Statistical Computing, Vienna, Austria),
with statistical significance at a P-value<0.05, and two-
sided tests were applied.

Results

In Table 1, the characteristics of 996 participants (497
[49.9%] women) with a mean (standard deviation) age
of 86.5 (1.37) years, mean Barthel index of 98.5, and
mean MMSE of 26.0 are shown. Hypertension, history of
CVD, and history of cancer were noted in 54.0%, 32.7%,
and 20.6% of the cohort, respectively; About 34.4%,
38.5%, and 27.3% of the cohort were on statins, RAI, and
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Table 1 Participant characteristics stratified by the CRP category at baseline

Variables Total, n=996 CRP<0.1 mg/dL, n=577 CRP=0.1 mg/dL, n=419
Age, years 86.5(1.37) 86.6 (1.36) 86.5 (1.39)
Female sex, n (%) 497 (49.9) 301 (52.2) 196 (46.8)
Education, n (%) 196 (19.7) 109 (18.9) 87 (20.8)
Currently smoking, n (%) 417 (41.9) 211 (36.6) 206 (49.2)
Barthel index 985 (3.52) 98.7 (3.21) 98.2 (3.90)
MMSE 26.0 (2.73) 26.1(2.77) 259 (2.67)
Height, cm 153(8.83) 153 (8.66) 154 (9.07)
Weight, kg 55.1(9.92) 53.6 (9.85) 57.3(9.66)
Body mass index® 23.2(3.10) 226 (3.06) 23.9(3.00)
Hypertension, n (%) 538 (54.0) 306 (53.0) 232 (55.4)
Diabetes, n (%) 63 (6.32) 28 (4.85) 35(8.35)
Pre-frailty or frailty, n (%) 828 (83.1) 476 (82.5) 352(84.0)
History of CVD, n (%) 326(32.7) 80 (31.2) 146 (34.8)
History of cancer, n (%) 205 (20.6) 4(19.8) 91 (21.7)
Statins, n (%) 343 (344) 206 (35.7) 137 (32.7)
Renin-angiotensin inhibitors, n (%) 383 (38.5) 219 (38.0) 164 (39.2)
Anti-ischemic agents, n (%) 272 (27.3) 46 (25.3) 126 (30.1)

CRP, median (IQR), mg/dL 0.08 (0.04-0.16) 0.05 (0.03-0.07) 0.19(0.14-0.37)
Total cholesterol, mg/dL 199 (34.1) 200 (33.4) 199 (35.1)

TG, median (IQR), mg/dL 113 (82.0-157) 105 (76.0-141) 130 (91.0-181)
LDL-C, mg/dL 111 (27.8) 109 (26.9) 113(28.9)
HDL-C, mg/dL 60.7 (15.9) 64.2 (15.6) 55.9(15.0)

Abbreviations: CRP, C-reactive protein; CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; LDL-C, low-density

lipoprotein cholesterol; MMSE, Mini-Mental State Examination; TG, triglyceride

2Body mass index is calculated as weight in kilograms divided by height in meters squared

antithrombotic drugs, respectively. The overall median
CRP was 0.08 mg/dL; its values were 0.05 and 0.19 mg/
dL in the CRP<0.1 and >0.1 mg/dL groups, respectively.
The maximum CRP value was 7.68 mg/dL. Compared
with the CRP<0.1 mg/dL group, the CRP>0.1 mg/dL
group exhibited higher rates of smoking, BMI, and dia-
betes, but a lower proportion of women and HDL-C lev-
els. Upon aggregating the participants’ characteristics
based on tertiles of fish intake, higher fish consumption
was associated with a lower prevalence of CVD history,
higher use of statins, and lower use of RAIs (Additional
file 1: Table S2).

Table 2 presents the results of dietary assessment
by fish-intake tertiles. The overall average total energy
intake was approximately 2,000 kcal/day (carbohy-
drate, protein, and fat intake of 50%E, 17%E, and 29%E,
respectively). The median fish intake was approximately
40 g/1,000 kcal, and the average Marine -3 FA was
approximately 0.60%E. The median fish intake in T3 was
approximately 3.5 times higher than that in T1, with 0%
consuming fish less than twice a week. The mean intake
of Marine »-3 FA in T3 was 0.94%E. The median intake of
meat in T1 to T3 was approximately 35-40 g/1,000 kcal.
The CRP<0.1 mg/dL group had a median overall fish
intake of 39.3 g/1,000 kcal (T1, T2, and T3: 19.0, 39.3, and
67.3 g/1,000 kcal, respectively). About 14.9% of the whole
group consumed fish less than twice a week; 47.0% and

38.1% consumed fish 2-7 and >7 times a week, respec-
tively. In the CRP>0.1 mg/dL group, the overall median
fish intake was 40.7 g/1,000 kcal (T1, T2, and T3: 20.9,
40.7, and 67.0 g/1,000 kcal, respectively). About 12.4% of
the whole group consumed fish less than twice a week;
50.8% and 36.8% consumed fish 2-7 and 27 times a
week, respectively. In the overall sample, 23 (2.30%) par-
ticipants took EPA or EPA+DHA preparations.

The association between CRP and all-cause mortal-
ity (Table 3) during 4,161 person-years, with 162 deaths
and 21 untraceable cases, was stratified by CRP<0.1 and
20.1 mg/dL as follows: 2,428 person-years, 83 deaths,
and 15 cases and 1,733 person-years, 79 deaths, and 6
cases, respectively. The estimated HR [95% CI] per 1 mg/
dL increase in CRP was 1.31 [1.10-1.56] (P=0.003) for
all-cause mortality. With CRP<0.1 mg/dL as the refer-
ence group, the all-cause mortality (HR [95% CI]) in the
CRP20.1 mg/dL group was 1.86 [1.32-2.62] (P<0.001)
after adjustment for various covariates.

The HR [95% CI] for all-cause mortality associated
with continuous fish intake before stratification by CRP
was 1.00 [95% CI: 0.99-1.00] (P=0.44). For categorical
fish intake before stratification, the HRs for T2 and T3
were 0.97 [95% CI: 0.67-1.41] (P=0.90) and 0.79 [95% CI:
0.53-1.17] (P=0.24), respectively.

Regarding the inflammatory response, the association
of fish intake (g/1,000 kcal) with all-cause mortality is
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Table 2 Dietary assessment by the tertiles of fish intake according to the CRP category
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CRP <0.1 mg/dL, Mean (SD) All,n=577 T1(<28.4),n=192 T2(28.4-51.4),n=192 T3(=51.4),n=193
Energy, kcal/day 2,060 (632) 1,950 (672) 2,032 (592) 2,196 (609)
Carbohydrate, %E 50.8 (7.48) 545(7.72) 51.1(6.27) 46.9 (6.37)
Protein, %E 17.0(3.29) 14.6 (2.46) 16.6 (2.14) 9(2.73)
Animal protein, %E 10.2 (3.50) 7.56 (2.60) 9.94 (2.07) 3(2.95)
Plant protein, %E 6.79 (1.11) 7.05(1.28) 6.75 (1.03) 6.58 (1.07)

Fish, median (IQR), g/1,000 kcal 39.3(23.6-57.6) 19.0 (12.1-23.6) 39.3(34.4-45.3) 67.3(57.6-86.4)
Meat, median (IQR), g/1,000 kcal, 37.2(26.1-50.3) 34.6 (22.6-45.8) 0(274-51.0) 38.0(26.7-54.2)
Egg, median (IQR), g/1,000 kcal 24.0(13.5-33.7) 253(11.4-36.3) 225(13.7-32.5) 24.0(13.9-32.3)
Dairy, median (IQR), g/1,000 kcal 94.6 (63.0-142) 98.1 (66.8-146) 98.3 (73.5-148) 84.8 (50.9-132)
Frequency per week, n (%)

<2times 86 (14.9) 83 (43.2) 3(1.56) 0(0)

2-7 times 271 (47.0) 108 (56.3) 141 (734) 22(11.4)
>7times 220 (38.1) 1(0.52) 48 (25.0) 171 (88.6)

Fat, %E 29.3(5.12) 27.9 (5.44) 29.3 (5.06) 30.6 (4.50)

SFA, %E 8.07(1.82) 8.00(2.13) 8.08(1.74) 4(1.55)
MUFA, %E 10.3 (2.06) 9.92 (2.19) 10.3 (2.07) 6 (1.85)
PUFA, %E 6.89 (1.44) 6.38 (1.41) 6.93 (1.36) 736 (1.39)
n—-6PUFA, %E 537 (1.15) 524 (1.17) 545 (1.14) 542 (1.15)
n—-3PUFA, %E 1.49 (0.45) 1.12(0.27) 1.45(0.27) 89 (0.42)

w-3 FA, %E 0.58 (0.34) 0.27 (0.10) 0.53(0.11) 094( 1)

EPA, %E 0.20 (0.10) 0.08 (0.03) 0.17 (0.04) 0.32(0.11)
DHA, %E 0.32(0.15) 0.16 (0.06) 0.30 (0.06) 0.52 (0.16)

DPA, %E 0.05(0.02) 0.02 (0.01) 0.05(0.01) 0.08 (0.03)
Dietary supplement, n (%) 144 (25.0) 42 (21.8) 53 (27.6) 49 (25.4)
Modified EDII 035232 0.51 (245) 042 (2.15) 0.13 (2.35)
CRP=0.1 mg/dL, Mean (SD) All,n=419 T1(<30.3),n=140 T2 (30.3-52.5),n=140 T3 (=52.5),n=139
Energy, kcal/day 2,030(611) 1,917 (575) 1,974 (524) 2,199 (691)
Carbohydrate, %E 50.7 (7.88) 54.3(7.74) 51.1 (6.88) 46.6 (7.07)
Protein, %E 16.8 (3.09) 14.3 (2.05) 16.6 (2.23) 4 (2.60)
Animal protein, %E 10.2 (3.26) 7.63(2.25) 9.98 (2.21) 0(267)
Plant protein, %E 6.59 (1.12) 6.75(1.17) 6.66 (1.07) 6.34 (1. 10)

Fish, median (IQR), g/1,000 kcal 40.7 (25.0-60.1) 209 (14.0-25.2) 40.7 (35.1-46.6) 67.0 (60.1-80.4)
Meat, median (IQR), g/1,000 kcal 37.1(25.9-50.0) 36.6 (24.3-47.7) 35.9(26.1-49.1) 396 (28 5-53.9)
Egg, median (IQR), g/1,000 kcal 23.7(13.7-33.9) 24.1(12.8-34.2) 256 (14.3-35.5) 22.8(13.7-33.5)
Dairy, median (IQR), g/1,000 kcal 88.6 (54.5-134) 90.3 (56.4-136) 104 (60.4-142) 785 (44.4-118)
Frequency per week, n (%)

<2 times 52(124) 52(37.0) 0(0) 0(0)

2-7 times 213 (50.8) 87 (62.1) 106 (75.7) 20 (14.4)

>7 times 154 (36.8) 1(0.71) 34(24.3) 119 (85.6)

Fat, %E 29.1 (5.59) 27.5(5.79) 29.2 (5.68) 30.6 (4.86)

SFA, %E 8.04 (1.93) 7.87 (1.96) 8.14 (2.13) 1(1.68)
MUFA, %E 10.2 (2.26) 9.82 (2.40) 10.2 (2.28) .7 (1.99)
PUFA, %E 6.80 (1.45) 6.25 (1.47) 6.87 (1.42) 7.30(1.26)
n—-6PUFA, %E 529(1.18) 5.12(1.22) 539(1.22) 5.36 (1.09)
n-3PUFA, %E 148 (0.43) 1.11(0.29) 1.45 (0.26) 89 (0.32)

w-3 FA, %E 0.60 (0.29) 0.29(0.12) 0.55(0.12) 0.94 (0.22)

EPA, %E 0.20(0.10) 0.09 (0.04) 0.18 (0.04) 0.32(0.08)
DHA, %E 0.33(0.16) 0.17 (0.06) 1(0.06) 0.52(0.12)

DPA, %E 0.05 (0.02) 0.03 (0.01) 0.05 (0.01) 0.09 (0.02)
Dietary supplement, n (%) 108 (25.8) 32(22.9) 43 (30.7) 33(23.7)
Modified EDII 0.39(2.30) 045 (2.64) 0.28 (2.07) 044 (2.17)

Abbreviations: %E, %Energy; CRP, C-reactive protein; DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; EPA, eicosapentaenoic acid; FA, fatty acid; IQR,
interquartile range; Modified EDII, modified Empirical Dietary Inflammatory Index; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; SD,
standard deviation; SFA, saturated fatty acid
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Table 3 Association between CRP and all-cause mortality
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Mortality analysis models CRP (continuous), mg/dL CRP<0.1 mg/dL CRP=0.1 mg/dL
N 996 577 419

Person-years 4,161 2,428 1,733

Number of deaths 162 83 79

Model 1, HR (95% CI) 1.27 (1.08-1.49) 1 (Reference) 1.92 (1.37-2.69)
Model 2, HR (95% Cl) 1.29 (1.08-1.54) 1 (Reference) 1.73(1.23-2.43)
Model 3, HR (95% Cl) 1.31(1.10-1.56) 1 (Reference) 1.86 (1.32-2.62)

Model 1 is unadjusted, whereas Model 2 includes age, sex, smoking, hypertension, diabetes, history of cardiovascular disease, and cancer. Model 3 includes all
variables in Model 2 in addition to body mass index and low-density lipoprotein cholesterol levels

Abbreviations: Cl, confidence interval; CRP, C-reactive protein; HR, hazard ratio

Table 4 Association between fish intake and all-cause mortality, stratified by CRP category

Fish intake, g/1000 kcal

Pfortrend Pforinteraction?

CRP<0.1 mg/dL Continuous (10 g/1000 kcal)  T1 (<28.4)

N 577 192
Person-years 2,425 799

Number of deaths 83 26
Unadjusted model, HR (95% Cl)  1.02 (0.94-1.10) 1 (Reference)
Adjusted model, HR (95% Cl) 1.02 (0.95-1.10) 1 (Reference)
CRP=0.1 mg/dL Continuous (10 /1000 kcal)  T1(<30.3)

N 419 140
Person-years 1,733 552

Number of deaths 79 32
Unadjusted model, HR (95% Cl)  0.89 (0.81-0.98) 1 (Reference)
Adjusted model, HR (95% Cl) 0.90 (0.82-0.99) 1 (Reference)

0.040
T2 (284-51.4) T3 (=514)
192 193
817 808
28 29
1.00 (0.58-1.71) 1.08(0.63-1.83) 0.76
1.10(064-190) 1.15(067-1.97) 0.60
T2 (30.3-52.5) T3 (=525)
140 139
577 603
30 17
0.89 (0.54-1.46) 0.47(0.26-0.85) 0.014
0.88(0.53-148) 0.49(0.26-0.92) 0.029

The adjusted model included age, sex, history of cardiovascular disease, cancer, diabetes, total energy intake, modified Empirical Dietary Inflammatory Index,

dietary supplements, and body mass index

2Effect modification was assessed using a Cox regression model that included dummy variables for fish intake (T1-T3), categorical CRP, and the interaction term
between dummy variables for fish intake and categorical CRP before stratifying participants by CRP levels. The p-value for the interaction term between the dummy

variable representing T3 fish intake and categorical CRP was reported
Abbreviations: Cl, confidence interval; CRP, C-reactive protein; HR, hazard ratio

shown in Table 4. The effect modification of the inter-
action term between fish intake (T3 compared with
T1) and categorical CRP was significant (P=0.040). In
the CRP<0.1 mg/dL group, the observation period and
deaths in T1 (#=192), T2 (n=192), and T3 (n=193)
were 799, 817, and 808 person-years and 26, 28, and 29,
respectively (T3, all-cause mortality, HR [95% CI]: 1.15
[0.67-1.97]; P=0.59; P for trend=0.60). The estimated
HR [95% CI] for all-cause mortality per 10 g/1000 kcal
increase in fish intake was 1.02 [0.95-1.10] (P=0.54). In
the CRP>0.1 mg/dL group, the observation period and
deaths in T1 (#=140), T2 (n=140), and T3 (#=139) were
552, 577, and 603 person-years and 32, 30, and 17 deaths,
respectively (T3, all-cause mortality, HR [95% CI]: 0.49
[0.26-0.92]; P=0.026; P for trend=0.029). The estimated
HR [95% CI] for all-cause mortality per 10 g/1000 kcal
increase in fish intake was 0.90 [0.82-0.99] (P=0.042).
The relationship between fish-intake frequency and
all-cause mortality by inflammatory response is shown
in Additional file 1: Table S3. The effect modification of
the interaction term between the frequency of fish intake
(=7 times compared with <2 times) and categorical CRP

was significant (P=0.030). In the CRP<0.1 and 20.1 mg/
dL groups, the adjusted HR [95% CI] for all-cause mor-
tality in the =7 times per week group (reference: less than
twice a week) was 1.17 [0.56-2.46] (P=0.66) and 0.28
[0.12-0.65] (P=0.003), respectively. The HR [95% CI] for
all-cause mortality associated with continuous Marine
-3 FA intake before stratification by CRP was 0.79
[95% CI: 0.47-1.32] (P=0.37). For categorical Marine
-3 FA intake before stratification, the HRs for T2 and
T3 were 1.11 [95% CI: 0.77-1.61] (P=0.56) and 0.79
[95% CI: 0.53-1.18] (P=0.26), respectively. The relation-
ship between Marine -3 FA intake and all-cause mor-
tality by inflammatory response is shown in Additional
file 1: Table S4. The effect modification of the interac-
tion term between Marine -3 FA intake (T3 compared
with T1) and categorical CRP was significant (P=0.042).
In the CRP<0.1 and >0.1 mg/dL groups, the adjusted
HRs [95% CI] for all-cause mortality in the higher ter-
tiles of Marine w-3 FA intake (reference: lowest tertile)
were 1.12 [0.66—1.91]; P=0.82; P for trend=0.67 and 0.51
[0.27-0.97]; P=0.040; P for trend=0.049, respectively. In
the CRP<0.1 mg/dL and CRP=0.1 mg/dL groups, the
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estimated HR [95% CI] per 1%E increase in Marine -3
FA was 1.40 [0.75-2.62] (P=0.28) and 0.37 [0.17-0.82]
(P=0.020) for all-cause mortality, respectively (Addi-
tional file 1: Table S4). Moreover, in the groups with
CRP<0.1 mg/dL and CRP>0.1 mg/dL, the relationship
between fish intake and all-cause mortality, analyzed
using restricted cubic spline models, yielded overall
p-values of 0.71 and 0.17, respectively, and non-linear
p-values of 0.84 and 0.38 (Fig. 2). Marine w-3 FA intake
had overall p-values of 0.58 and 0.05, respectively, and
non-linear p-values of 0.98 and 0.11 (Figure S2).

A sub-analysis, excluding the participants with fol-
low-up period<180 days, in the CRP>0.1 mg/dL group
showed a significant negative association (HR [95% CI]:
0.53 [0.28-0.97], P=0.042; P for trend=0.047) between
fish intake and all-cause mortality in T3 (Table 5). The
association (HR [95% CI]) between fish intake and all-
cause mortality in the T3 sub-analyses were as follows:
with and without a history of CVD (0.29 [0.10-0.82],
P=0.020 and 0.73 [0.34—-1.53], P=0.40), with or without
a history of cancer (0.63 [0.18-2.12], P=0.46 and 0.53
[0.27-1.06], P=0.07), with or without pre-frailty or frailty
(0.45 [0.23-0.85], P=0.015 and 2.43 [0.35-9.17], P=0.36).

Discussion

In older people (aged>=85 years), CRP>0.1 mg/dL was
identified as a risk factor for all-cause mortality (Table 3),
highlighting the clinical relevance of CRP measurement
in this age group. This finding is supported by the posi-
tive correlation observed between interleukin-6 and

CRP < 0.1 mg/dL
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all-cause mortality in the Japanese older adults, including
supercentenarians (aged 85-110 years) [47]. Unlike the
findings in the CRP<0.1 mg/dL group, a negative cor-
relation between fish intake and all-cause mortality was
observed in older people with CRP>0.1 mg/dL (Table 4).
In the sensitivity analyses, these results remained consis-
tently significant in individuals with a history of CVD and
pre-frailty/frailty, with similar findings for Marine w-3
FA intake (Table 5, Additional file 1: Table S4). The fish-
intake frequency, another covariate, was negatively asso-
ciated with all-cause mortality (Additional file 1: Table
S3). Our report offers valuable insights, emphasizing the
importance of exploring the inflammatory response to
understand the link between fish consumption and over-
all mortality.

In older people with CRP>0.1 mg/dL, an inverse rela-
tionship was observed between fish intake and all-cause
mortality. This result was supported within the same
group by the comparison of categorical fish intake, the
trend test, and the Cox regression analysis of continuous
fish intake, as shown in Table 4. However, in the group
with CRP>0.1 mg/dL, the non-linear association (shown
as a flat inverted J-curve in Fig. 2) did not support this
finding. Additionally, the low number of events in the T3
group of fish intake may have led to an overestimation of
its association with mortality. Long-term observations
and replication of results in larger cohorts are warranted.
Furthermore, the stratified analysis by history of cancer,
as shown in Table 5, did not yield robust results. The lack
of significant associations may be owing to insufficient

CRP > 0.1 mg/dL

P for overall = 0.172
P for nonlinear = 0.381
2.0

Hazard Ratio

0 50 100 150
Fish

Fig.2 Curve association of dietary fish intake with all-cause mortality. The X-axis shows fish intake, /1000 kcal. The Y-axis shows the hazard ratio adjusted
by age, sex, history of cardiovascular disease, cancer, diabetes, total energy intake, modified Empirical Dietary Inflammatory Index, dietary supplements,

and body mass index. Abbreviation: CRP, C-reactive protein
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Table 5 Adjusted HRs and 95% Cls of fish intake and all-cause mortality in participants with CRP < 0.1 mg/dL and CRP>0.1 mg/dL by

subgroup
CRP<0.1 mg/dL N T1(<28.4) T2 (28.4-51.4) T3(=51.4) P for trend
Excluded follow-up <180 days 573 0.86
Deaths 80 26 27 27

1 (Reference) 0.99 (0.58-1.71) 1.04 (0.61-1.79)
History of CVD (+) 180 0.15
Deaths 39 10 15 14

1 (Reference) 1.67 (0.74-3.74) 1.80 (0.79-4.07)
History of CVD (-) 397 0.59
Deaths 44 16 13 15

1 (Reference) 0.69(0.33-1.45) 0.82 (0.40-1.66)
History of cancer (+) 114 0.24
Deaths 26 8 5 13

1 (Reference) 0.67 (0.21-2.09) 1.63 (0.67-3.97
History of cancer (-) 463 0.71
Deaths 57 18 23 16

1 (Reference) 1.18 (0.63-2.19) 0.87 (0.44-1.72)
Pre-frailty or frailty (+) 476 048
Deaths 75 22 26 27

1 (Reference) 1.15 (0.65-2.04) 1.22(0.69-2.15)
Pre-frailty or frailty (-) 90 037
Deaths 8 4 2 2

1 (Reference) 0.25(0.19-3.44) 0.31 (0.25-3.95)
CRP=0.1 mg/dL T1(<30.3) T2 (30.3-52.5) T3 (=52.5) P for trend
Excluded follow-up < 180 days 415 0.047
Deaths 75 30 29 16

1 (Reference) 0.99 (0.59-1.65) 0.53(0.28-0.97)
History of CVD (+) 146 0.023
Deaths 34 15 14 5

1 (Reference) 0.97 (0.46-2.03) 0.29 (0.10-0.82)
History of CVD (-) 273 040
Deaths 45 17 16 12

1 (Reference) 0.86 (0.43-1.71) 0.73 (0.34-1.53)
History of cancer (+) 91 042
Deaths 23 10 9 4

1 (Reference) 0.74 (0.29-1.87) 0.63 (0.18-2.12)
History of cancer (-) 328 0.08
Deaths 56 22 21 13

1 (Reference) 1.01 (0.55-1.85) 0.53(0.27-1.06)
Pre-frailty or frailty (+) 352 0.019
Deaths 72 30 27 15

1 (Reference) 1.01(0.59-1.72) 045 (0.23-0.85)
Pre-frailty or frailty (-) 67 0.44
Deaths 7 2 2 3

1 (Reference)

0.46 (0.05-3.78)

243(0.35-9.17)

The covariates are age, sex, and body mass index

Abbreviations: Cl, confidence interval, CRP, C-reactive protein; CVD, cardiovascular disease; HR, hazard ratio

statistical power in the stratified analysis, potential influ-
ence of a history of cancer on the relationship between
fish intake and overall mortality risk, or the impact of
other confounding factors.

The association between fish consumption and
reduced risk of mortality is potentially mediated by

the anti-inflammatory effects of nutrients found in
fish, such as w-3 FAs; vitamins D, E, and B; trace ele-
ments; and essential amino acids [48—-55]. This mecha-
nism receives credence from the anti-inflammatory
effects of interleukin-1p inhibitors and the reduced inci-
dence of CVD and mortality in individuals with stable
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atherosclerosis [28], as well as the close association of
inflammation with the pathology of CVD and frailty [6—
10, 22]. In a stratified analysis, fish consumption was neg-
atively associated with all-cause mortality for the same
condition (Table 5), which supports the anti-inflamma-
tory effects of fish intake.

The cultural peculiarities of the fish-eating study popu-
lation should be considered when interpreting the results.
First, regarding intake, the average combined EPA and
DHA intake of 0.85%E in T3 with CRP>0.1 mg/dL (aver-
age energy intake: approximately 2,000 keal, i.e., equiva-
lent to approximately 1.8 g/day; Table 2) is comparable to
the previously reported results with EPA and DHA sup-
plementations in the interventional studies [31]. Second,
regarding the intake frequency, 100% of the T3 cohort ate
fish at least twice a week (the American Heart Associa-
tion recommends fish intake at least twice a week), and
more than 85% consumed fish at least seven times a week
(Table 2) [56, 57]. High intake and increased intake fre-
quency may have contributed to the negative association
between fish intake and mortality risk in our study. Third,
the Japanese custom of eating raw fish constitutes a dif-
ference in the cooking method [58] that possibly contrib-
uted to our results. Besides these distinctive features, our
participants were older and had smaller stature, and their
abundant blood levels of fish-derived nutrients such as
-3 FA were more likely to be elevated than those in the
general population (Table 1).

Our study has three main strengths. The first is the
rarity of the study data, as we compiled valuable data on
the dietary habits of approximately 1,000 older people
who maintained activities of daily living up to the age of
85 years. Second, we found that the ease of implementa-
tion of fish intake was associated with a decreased risk of
mortality; the Dietary Guidelines for Americans, 2020—
2025, emphasizes practices and highlights of food intake
rather than vague nutrients [59]. In contrast, despite
the well-understood benefits of the Mediterranean diet,
interventions to change culturally derived dietary pat-
terns are required [60]. Third, the activities of daily liv-
ing of the target population, which are associated with
mortality in older people, indicated independence in all
cohorts, which enables the results of the analysis to be
interpreted without considering this effect [61].

Nonetheless, our study had several limitations. First,
the unknown cause of death precludes assessment of the
association of fish consumption with specific mortality.
Second, reverse causality cannot be ruled out. However,
the negative association of fish intake with mortality was
robust in a sensitivity analysis that excluded follow-up
within 180 days (Table 5). Third, only one blood sample
and nutritional survey were conducted. Thus, changes in
CRP levels and dietary behavior of the participants over
time were unascertained for. Fourth, this study had some
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beta errors. Although stratified analyses were performed
to assess the heterogeneity of effects, the small sample
size contributed to unstable HRs in the estimated mor-
tality (Table 5). Fifth, analyses adjusted for comorbidities
such as osteoarthritis and chronic obstructive pulmonary
disease could not be performed, but may have a stron-
ger influence on the inflammatory response than dietary
intake. Finally, unlike the detailed prescription records of
EPA preparations, supplement intake data collection of
was not conducted at baseline, potentially resulting in an
insufficient consideration of »w-3FA intake.

Conclusions

Fish intake was associated with a reduced risk of mor-
tality in older people aged>85 years with a culturally
derived fish-eating lifestyle and no physical disability at
baseline when accompanied by an increased inflamma-
tory response, which is a mortality risk. Although the
interpretation of our results is limited owing to the rigor-
ous methods employed to ensure impartiality, our study
provides valuable insights for future research. Further
studies on the inflammatory response in the association
between fish intake and mortality are warranted.
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LDL-C Low-density lipoprotein cholesterol
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MUFA Monounsaturated fatty acid

PUFA Polyunsaturated fatty acid
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