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Abstract:
Introduction: Cardiovascular disease (CVD) is the leading cause of death in hemodialysis patients (HPs). As a food source,
fish contains both CVD-preventive and CVD-promoting fatty acids; however, there is no consensus on fish consumption as
a preventive measure for CVD in HPs. This single-center longitudinal cohort study aims to assess the impact of fish intake
frequency (FIF) per week on CVD in Japanese HPs.
Methods: Upon the initiation of the study, 148 HPs were evaluated to determine the FIF, and blood samples were ana-
lyzed. These patients were then monitored for 6 years.
The relationships between each FIF and blood sampling data, CVD-specific survival (CSS), and new CVD-free survival
(nCFS) were statistically calculated using Kaplan-Meier survival curves.
Results: During the observation period, 65 deaths were reported, 16 of which were attributed to CVD. Further, 53 pa-
tients developed new CVD onset, and no association was found between the FIF and blood sampling data. Based on the
Kaplan-Meier survival curves, there was a significant difference in the CSS probability rates at 72 months between patients
with an FIF of ≥4 (0.719, 95% confidence interval (CI): 0.530-0.842) and those with an FIF of ≤3 (0.930, 95% CI:
0.851-0.968) (p < 0.01). However, the nCFS probability at 72 months did not significantly differ between patients with an
FIF of ≥4 and those with an FIF of ≤3. Multivariate Cox proportional hazards regression showed that an FIF of ≥4
(hazard ratio: 3.64, 95% CI: 1.22-10.9, p = 0.02) was an independent predictor of CSS, but not of nCFS.
Conclusions: It was suggested that a higher FIF in HPs might be one of the risks for developing CVD with increased mor-
tality.
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Introduction

Cardiovascular disease (CVD) is the leading cause of death in
hemodialysis patients (HPs), accounting for approximately
40% of all mortality cases (1), (2), (3), (4), (5), (6), (7), (8), (9). Dietary therapy
plays an important role in the primary and secondary preven-
tion of CVD (10). Further, it can be performed by patients
themselves for the management of early-stage chronic kidney
disease (CKD) and is cost-effective from the viewpoint of
medical economics (1), (2), (3), (4), (5), (6), (7), (8), (9), (10). Concerning this,
healthcare professionals should actively provide dietary guid-
ance to HPs to prevent the occurrence of CVD from the early

stages of CKD.
Fish has a high content of high-quality protein and essen-

tial fatty acids, which makes it important in the diet of
HPs (1), (2), (3), (4), (5), (6), (7), (8), (9). Docosahexaenoic acid (DHA) and ei-
cosapentaenoic acid (EPA) are essential omega-3 fatty acids
that are abundant in fish and can prevent CVD via their anti-
inflammatory effects (1), (2), (3), (4), (5), (6), (7), (8), (9). Another essential
omega-6 fatty acid abundant in fish is arachidonic acid
(ARA); however, ARA promotes inflammation via the ARA
cascade (7), (8). Therefore, a high intake of ARA may promote
CVD (7), (8).

There is no consensus on fish intake as a strategy to pre-
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vent CVD, as there have been reports that show increased fish
intake prevents CVD (11), (12) as well as reports that claim the op-
posite (11), (12). Furthermore, the evidence available for dietary
studies is limited because it is extremely difficult to conduct
double-blind, randomized controlled trials (11), (12). For these rea-
sons, the American Heart Association’s recommendation for
preventing the occurrence of CVD is limited to “healthy peo-
ple should eat fish 2-3 days per week” (13).

It has been predicted that the aging society will further in-
crease due to the declining birth rate (14), and dietary guidance
that is easy for elderly HPs to understand and implement will
be necessary. Simple dietary advice using food intake frequen-
cy is thought to be easy for elderly people to understand, en-
force, and comply with.

However, the relationship between fish intake frequency
(FIF) per week and CVD in HPs is currently unknown, and
real-world data are lacking, especially in Japanese HPs.

The current study aims to determine whether there is an
association between FIF and new CVD onset and mortality in
HPs. Herein, we report the results of this single-center longi-
tudinal 6-year cohort study on the association between FIF
and overall survival (OS), CVD-specific survival (CSS), and
new CVD-free survival (nCFS) in HPs.

Materials and Methods

Study design
This single-center longitudinal cohort study included all adult
patients who underwent hemodialysis between January 2015
and December 2021 at Nankai Medical Center and aims to
determine whether there is an association between FIF and
new CVD onset and mortality in HPs. This study was con-
ducted following the Declaration of Helsinki and good clini-
cian guidelines. Further, the Ethics Committee of Nankai
Medical Center approved this study (study number: NC-
H27-001).

Participants
We included HPs aged ≥20 years who underwent hemodialy-
sis at Nankai Medical Center for at least 30 days and had sta-
ble conditions, could participate in the study, could provide
written informed consent, and could answer the questionnaire
in January 2015. We excluded patients with a history of kid-
ney transplantation, with active infections or cancer, and
those being treated for acute CVD from the study. Data on
the characteristics of patients (age, sex, hemodialysis duration,
medical history [including diabetes and CVD], and medica-
tions [phosphate binders and antihyperlipidemic drugs]) were
collected from the medical chart. The FIF survey was conduct-
ed only once at the beginning of this study on the routine
monthly blood collection day by asking the patients to indi-
cate their average daily FIF (0-1 day, 2-3 days, 4-5 days, and al-
most every day) as previously reports for the general popula-
tion or over middle age (15), (16), (17), (18), (19). Expert nurses, clinical

engineers, and urologists guided HPs who needed help in
completing the FIF survey. CVD was defined as the occur-
rence of heart failure, ischemic heart disease, valvular disease,
large vessel disease, or stroke. Information on CVD history
was obtained from the medical chart on the day of the FIF
survey. A blood sample was collected immediately before he-
modialysis and during fasting. White blood cell count, hemo-
globin, C-reactive protein (CRP), albumin, total cholesterol,
high-density lipoprotein cholesterol, low-density lipoprotein
cholesterol, triglycerides, EPA, DHA, ARA, potassium (K),
and phosphorus (P) levels were evaluated. After the FIF survey
and blood sample collection, patients were followed up until
December 2021 to assess for overall mortality, CVD-related
mortality, and new CVD onset.

Statistical analysis
Categorical variables were compared using Fisher’s exact test
and the student’s t-test or the Mann-Whitney U test was used
for continuous variables.

Logistic regression models were used to calculate adjusted
odds ratios (ORs) with 95% confidence intervals (CIs) for the
risk of overall mortality, CVD mortality, and new CVD onset
in HPs. Multivariate logistic regression model analyses were
performed to adjust for selecting an appropriate number of
clinically important confounders, as shown in Table 1.

In addition, the Kaplan-Meier survival curves were gener-
ated to calculate the probabilities of overall survival (OS),
CVD-specific survival (CSS), and new CVD-free survival
(nCFS) based on each FIF, and statistically significant differ-
ences between the Kaplan-Meier survival curves were evaluat-
ed using the log-rank test. An appropriate number of clinically
important confounders were selected, and the magnitude of
their respective effects on each survival was assessed using
COX proportional hazards regression. Fine-Gray proportion-
al hazards regression analysis was used to evaluate the influ-
ence of competing risks such as death due to causes other than
CVD for CSS and all-cause death for nCFS.

All statistical analyses were performed using EZR (Saita-
ma Medical Center, Jichi Medical University), a GUI for R
(The R Foundation) for Statistical Computing version
2.13.0.20). More precisely, it is an improved version of the R
commander (version 1.6-3), equipped with statistical func-
tions frequently used in biostatistics (20). The statistical signifi-
cance level was set at p < 0.05.

Results

This study included 85 men and 63 women with a mean age
of 68.5 (standard deviation: 11.4) years and a mean hemodial-
ysis duration of 94.3 (96.3) months. The median FIF was 2-3
days. In total, 35 (41.2%) men and 32 (50.8%) women had a
history of CVD. During the 6-year observation period, 65
deaths (infectious disease: 28, cancer: 11, and others: 10) were
recorded, 16 of which were due to CVD (heart failure: 6, is-

DOI: 10.31662/jmaj.2023-0135
JMA Journal: Volume 7, Issue 1 https://www.jmaj.jp/

86



chemic heart disease: 4, valvular disease: 1, large vessel disease:
2, and stroke: 3). Moreover, 53 patients developed new CVD
onset (heart failure: 26, ischemic heart disease: 19, valvular dis-
ease: 1, large vessel disease: 1, and stroke: 6). Compared with
survivors, non-survivors were older, had a greater proportion
of patients with a history of CVD and FIF, and a lower pro-
portion of patients taking phosphate-binding agents
(Table 1). The CVD mortality group had a significantly high-
er FIF than the non-CVD mortality group (Table 2). Howev-
er, there were no significant differences between the new CVD
onset group and non-new CVD onset groups (Table 3).

Multivariate logistic regression analysis showed that CRP
level, CVD history, and age were associated with a higher risk
of overall death, with adjusted ORs of 3.3 (95% CI: 1.5-7.2, p
< 0.01), 2.81 (95% CI: 1.3-6.3, p = 0.01), and 1.12 (95% CI:

1.1-1.2, p < 0.01), respectively.
Further, only FIF ≥ 4 was associated with a higher risk of

CVD mortality, with adjusted ORs of 3.64 (95% CI:
1.22-10.9, p = 0.02) (Table 4). Further, only hemodialysis du-
ration was associated with a reduced risk of new CVD onset,
with adjusted ORs of 0.99 (95% CI: 0.989-0.998, p < 0.01).
There was no association between FIF, age, and sex (data not
shown).

The probability of OS, CSS, and nCFS per FIF was calcu-
lated using the Kaplan-Meier survival curves (Figure 1a, b, c).
OS and CSS worsened with increasing FIF (Figure 1a, b, c).
Based on the median FIF, the OS, CSS, and nCFS were com-
pared between the group with an FFI of ≤3 and that with an
FFI of ≥4 (Figure 2a, b, c).

The probabilities of OS at 72 months significantly differed

Table 1. Characteristics of the Patients in the Overall Survival Group and Overall Death Group.

Variable (unit: reference value) Overall
(n = 148)

Overall survival group
(n = 83)

Overall death group
(n = 65)

p-value

Male/Female 85/63 47/36 38/27 0.88

Age (years) 68.5 ± 11.4 64.4 ± 11.2 73.8 ± 9.6 <0.01

Body Mass Index (kg/m2) 24.7 ± 4.2 22.6 ± 3.2 24.0 ± 2.9 0.39

Duration on HD (months) 94.3 ± 96.3 84.6 ± 85.0 106.6 ± 109.8 0.17

Patients with Diabetes 54 (36.5%) 30 (36.1%) 24 (36.9%) 1

Patients with a history of CVD 78 (52.7%) 33 (39.8%) 45 (69.2%) <0.01

Patients taking phosphate binders 96 (64.9%) 62 (74.7%) 34 (52.3%) <0.01

Patients taking antihyperlipidemic drugs 8 (5.4%) 7 (8.4%) 1 (1.5%) 0.08

Patients taking antihypertensive drugs 63 (42.6%) 36 (43.4%) 27 (41.5%) 0.78

FIF (days/week) <0.01

0-1 day 32 (21.6%) 26 (31.3%) 6 (9.2%)

2-3 days 68 (45.9%) 43 (51.8%) 25 (38.5%)

4-5 days 29 (19.6%) 9 (10.8%) 20 (30.8%)

everyday 19 (12.8%) 5 (6.0%) 14 (21.5%)

Blood sampling data

WBC (/μL: 3100-8400) 5056 ± 1642 5186 ± 1687 4821 ± 1672 0.34

Hemoglobin (g/dL: 11.4-16.6) 10.2 ± 1.62 10.38 ± 1.68 10.19 ± 1.26 0.64

CRP (mg/L: 0.0-0.3) 0.33 ± 0.58 0.22 ± 0.45 0.48 ± 0.74 <0.01

Albumin (g/L: 3.8-5.3) 3.5 ± 0.40 3.35 ± 0.69 3.50 ± 0.41 0.13

P (mg/L: 2.5-4.5) 5.7 ± 1.5 5.86 ± 1.57 5.42 ± 1.37 0.08

K (mEq/L: 3.5-5.0) 4.9 ± 0.8 4.99 ± 0.85 4.75 ± 0.74 0.07

TG (mg/dl: 20-149) 97.9 ± 60.8 106.9 ± 69.4 85.8 ± 447 0.03

T-Chol (mg/dl: 140-199) 143.1 ± 32.8 150.3 ± 33.8 134.5 ± 29.0 <0.01

HDL-c (mg/dl: ≥40) 41.8 ± 12.8 43.9 ± 13.6 39.8 ± 11.4 0.06

LDL-c (mg/dl: 60-119) 81.0 ± 25.6 85.1 ± 26.1 76.3 ± 24.1 0.04

DHA (μg/mL: 54.8-240.3) 92.5 ± 33.4 91.2 ± 36.2 93.7 ± 29.7 0.66

EPA (μg/mL: 10.2-142.3) 52.9 ± 32.4 52.4 ± 32.5 52.6 ± 32.4 0.97

ARA (μg/mL: 135.7-335.3) 144.4 ± 40.6 147.6 ± 41.6 139.0 ± 39.1 0.20
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between patients with an FIF of ≥4 (0.292, 95% CI:
0.172-0.423) and those with an FIF of ≤3 (0.690, 95% CI:
0.589-0.771) (p < 0.01) (Figure 2a).

The CSS probabilities at 72 months significantly differed
between patients with an FIF of ≥4 (0.719, 95% CI:
0.530-0.842) and those with an FIF of ≤3 (0.930, 95% CI:
0.851-0.968) (p < 0.01) (Figure 2b).

The nCFS probabilities at 72 months did not differ be-
tween patients with an FIF of ≥4 (0.558, 95% CI:
0.370-0.710) and those with an FIF of ≤3 (0.577, 95% CI:
0.467-0.672) (p = 0.454) (Figure 2c).

Multivariate Cox proportional hazards regression analysis
showed that an FIF of ≥4 (hazard ratio [HR]: 2.403, 95% CI:
1.430-4.038; p < 0.01), CRP level (HR: 1.833, 95% CI:
1.291-2.602; p < 0.01), age (HR: 1.076, 95% CI: 1.046-1.106;

p < 0.01), and hemodialysis duration (HR: 1.004, 95% CI:
1.002-1.007; p < 0.01) were independent predictors of OS
(data not shown). In addition, the only independent predictor
of CSS was an FIF of ≥4 (HR: 3.64, 95% CI: 1.22-10.9, p =
0.02).

Treatment with phosphate binders (HR: 0.4104, 95% CI:
0.2362-0.713; p < 0.01) was the only independent predictor of
nCFS based on the multivariate Cox proportional hazards re-
gression analysis.

Multivariate analysis for cumulative incidence (including
competing events) was performed using Fine-Gray propor-
tional hazards regression analysis. An FIF of ≥4 (HR: 3.87,
95% CI: 1.43-10.45; p < 0.01) was an independent and signifi-
cant factor in the multivariate analysis for the cumulative inci-
dence of CSS (competing events to mortality without CSS).

Table 2. Characteristics of Patients in the Non-CVD Mortality Group and CVD Mortality Group.

Variable (unit: reference value) Non-CVD mortality group
(n = 132)

CVD mortality group
(n = 16)

p-value

Male/Female 77/55 8/8 0.60

Age (years) 68.2 ± 11.4 71.5 ± 11.7 0.27

Body Mass Index (kg/m2) 23.1 ± 2.6 22.7 ± 2.9 0.56

Duration on HD (months) 92.1 ± 91.4 112.4 ± 137.2 0.43

Patients with Diabetes 50 (37.9%) 4 (25.0%) 0.41

Patients with a history of CVD 66 (50.0%) 12 (75.0%) 0.07

Patients taking phosphate binders 88 (66.7%) 8 (50.0%) 0.27

Patients taking antihyperlipidemic drugs 8 (6.1%) 0 (0%) 0.6

Patients taking antihypertensive drugs 56 (42.4%) 7 (43.8%) 0.78

FIF (days/week) <0.01

0-1 day 30 (22.7%) 2 (12.5%)

2-3 days 64 (48.5%) 4 (25.0%)

4-5 days 26 (19.7%) 3 (18.8%)

everyday 12 (9.1%) 7 (43.8%)

Clinical data

WBC (/μL: 3100-8400) 5071 ± 1574 5063 ± 2458 0.98

Hemoglobin (g/dL: 11.4-16.6) 10.32 ± 1.02 10.26 ± 1.22 0.59

CRP (mg/L: 0.3-1.7) 0.32 ± 0.60 0.51 ± 0.72 0.24

Albumin (g/L: 3.8-5.3) 3.27 ± 0.38 3.49 ± 0.29 0.44

P (mg/L: 2.5-4.5) 5.71 ± 1.54 5.29 ± 1.08 0.30

K (mEq/L: 3.5-5.0) 4.88 ± 0.83 4.88 ± 0.69 0.99

TG (mg/dl: 20-149) 99.3 ± 61.7 83.9 ± 49.7 0.34

T-Chol (mg/dl: 140-199) 144.1 ± 32.5 137.7 ± 34.6 0.46

HDL-c (mg/dl: ≥40) 42.0 ± 12.8 42.5 ± 13.4 0.89

LDL-c (mg/dl: 60-119) 81.9 ± 25.1 75.4 ± 29.3 0.33

DHA (μg/mL: 54.8-240.3) 92.1 ± 33.9 94.0 ± 30.2 0.83

EPA (μg/mL: 10.2-142.3) 52.6 ± 33.2 52.0 ± 24.3 0.94

ARA (μg/mL: 135.7-335.3) 144.8 ± 40.0 135.9 ± 45.7 0.41
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An FIF of ≥4 (HR: 0.88, 95% CI: 0.48-1.62; p = 0.69)
was not a significant factor in the multivariate analysis for the
cumulative incidence of nCFS (competing events to all-cause
mortality).

In the stepwise multiple regression analysis, an FIF of ≥4
was independently associated with the CRP level (correlation
coefficient: 0.32; 95% CI: 0.11-0.53; p < 0.01), but not with
the P, EPA, DHA, or ARA levels (data not shown).

Discussion

This study obtained the following two findings: First, an FIF
of ≥4 was significantly inferior to an FIF of ≤3 for CSS in
HPs, and an FIF of ≥4 was independently associated with
CSS.

Second, the incidence of new CVD onset during the 6-
year observation period did not significantly differ between
HPs with an FIF of ≥4 and those with an FIF of ≤3. Thus,
an FIF of ≥4 might be one of the important risk factors for
the development of CVD with high mortality in HPs.

The risk factors of CVD in HPs are a history of CVD,
CKD mineral bone disorders, hyperphosphatemia, hyperlipi-
demia, smoking, hypertension, diabetes, alcohol consump-
tion, chronic inflammation, and the presence of oxi-
dants (1), (2), (3), (4), (5), (6), (7), (8), (9).

Similar to previous reports, our study showed that phos-
phate binder intake is an independent predictor of longer
nCFS (1), (2), (3), (4), (5), (6), (7), (8), (9). Several CVD risk factors are associat-
ed with dietary habits, which have primary and secondary pre-
ventive effects against CVD (10). Moreover, appropriate dietary

Table 3. Characteristics of Patients in the Non-New CVD Onset Group and New CVD Onset Group.

Variable (unit: reference value) Non-new CVD onset group
(n = 95)

New CVD onset group
(n = 53)

p-value

Male/Female 55/40 30/23 1.0

Age (years) 68.5 ± 12.4 68.7 ± 9.7 0.91

Body Mass Index (kg/m2) 22.9 ± 2.9 23.2 ± 3.1 0.44

Duration on HD (months) 107.7 ± 91.4 70.2 ± 76.9 0.02

Patients with Diabetes 33 (34.7%) 21 (39.6%) 0.60

Patients with a history of CVD 56 (58.9%) 22 (41.5%) 0.059

Patients taking phosphate binders 67 (70.5%) 29 (54.7%) 0.07

Patients taking antihyperlipidemic drugs 4 (4.2%) 4 (7.5%) 0.46

Patients taking antihypertensive drugs 40 (42.1%) 23 (43.4%) 0.67

FIF (days/week) 0.13

0-1 day 24 (25.3%) 8 (15.1%)

2-3 days 38 (40.0%) 30 (56.6%)

4-5 days 22 (23.2%) 7 (13.2%)

everyday 11 (11.6%) 8 (15.1%)

Clinical data

WBC (/μL: 3100-8400) 5235 ± 1523 4775 ± 1992 0.11

Hemoglobin (g/dL: 11.4-16.6) 10.46 ± 1.00 10.19 ± 1.23 0.60

CRP (mg/L: 0.3-1.7) 0.38 ± 0.66 0.26 ± 0.50 0.28

Albumin (g/L: 3.8-5.3) 3.48 ± 0.21 3.32 ± 0.27 0.36

P (mg/L: 2.5-4.5) 5.71 ± 1.61 5.58 ± 1.28 0.64

K (mEq/L: 3.5-5.0) 4.80 ± 0.74 5.03 ± 0.91 0.10

TG (mg/dl: 20-149) 98.1 ± 64.5 96.9 ± 53.2 0.91

T-Chol (mg/dl: 140-199) 143.2 ± 33.7 143.7 ± 30.9 0.93

HDL-c (mg/dl: ≥40) 41.3 ± 13.0 43.5 ± 12.3 0.32

LDL-c (mg/dl: 60-119) 82.5 ± 24.6 78.9 ± 27.2 0.42

DHA (μg/mL: 54.8-240.3) 88.3 ± 32.2 99.4 ± 34.7 0.053

EPA (μg/mL: 10.2-142.3) 50.4 ± 34.2 56.4 ± 28.5 0.28

ARA (μg/mL: 135.7-335.3) 143.1 ± 38.2 145.2 ± 44.9 0.77

DOI: 10.31662/jmaj.2023-0135
JMA Journal: Volume 7, Issue 1 https://www.jmaj.jp/

89



habits are effective in preventing CVD (10). However, it has
been reported that dietary habits do not change significantly
over time, as they are largely influenced by family preferences,
food intake, income, and the person in charge of cook-
ing (21), (22), (23), (24). On this basis, we investigated FIF only once.
Therefore, dietary guidance should be given multiple times
not only to HPs but also to their families regardless of age or
sex.

Some reports show that a lower intake of fruits, vegeta-
bles, fish, and fiber and a higher intake of red meat, salt, and
sugar, increases the risk of long-term hospitalization and mor-
tality from CVD in HPs (4), (5). These reports have analyzed the
association between dietary intake and dietary balance and the
risk of mortality (4), (5). However, the results of these studies re-
quire complex calculations of dietary intake (1), (4), (5), (6), (8), (9), and
they are challenging to apply in actual patient guidance.

In addition, EPA and DHA are CVD-preventive, and

ARA is CVD-promotive (2), (3), (4), (6), (7), (8), (9). But deep-fried forms
of the fish are not only associated with the benefits of prevent-
ing CVD (13), (25), (26), but also increased the risk of CVD. It has
been reported that deep-frying fish increases both calorie in-
take and salt intake, and is associated with loss of the natural
DHA and EPA in fish as they are replaced by cooking oil (26).
Based on previous reports and the results of this study, it was
inferred that a high FIF may be involved in dietary imbalance
and increased ARA intake. Therefore, dietary guidance using
only EPA, DHA, and ARA levels is challenging and limited
because their content varies with food materials and cooking
methods (2), (3), (4), (6), (7), (8), (9), (13), (25), (26).

In our study, there was no association between FIF ≥ 4
and P, EPA, DHA, or ARA levels, nor was there an associa-
tion between nCFS or CSS and EPA, DHA, or ARA levels.
The correlation coefficient between an FIF of ≥4 and CRP
levels was 0.32, which indicated a weak correlation. Based on

Table 4. Single and Multiple Regression Analysis between the CSS and Clinical Laboratory Parameters.

Single regression analysis

Explanatory variable Odds ratio 95% confidence interval P value

Male/Female 0.71 0.25-2.02 0.53

Age (years) 1.03 0.98-1.08 0.27

Body Mass Index (kg/m2) 1.12 0.93-1.28 0.27

Duration on HD (months) 1.00 1.00-1.01 0.43

Patients with Diabetes 0.55 0.17-1.79 0.32

Patients with a history of CVD 3.00 0.92-9.78 0.07

Patients taking phosphate binders 0.50 0.17-1.42 0.19

Patients taking antihyperlipidemic drugs <0.01 0.00-0.01 0.99

Patients taking antihypertensive drugs 0.69 0.19-2.21 0.56

FIF (days/week) ≥ 4 4.12 1.40-12.1 >0.01

WBC (/μL: 3100-8400) 1.00 1.00-1.00 0.98

Hemoglobin (g/dL: 11.4-16.6) 1.02 0.89-1.17 0.77

CRP (mg/L: 0.0-0.3) 1.46 0.76-2.80 0.26

Albumin (g/L: 3.8-5.3) 1.11 0.60-1.24 0.25

P (mg/L: 2.5-4.5) 0.81 0.55-1.20 0.29

K (mEq/L: 3.5-5.0) 1.02 0.51-2.04 0.97

TG (mg/dl: 20-149) 0.98 0.97-1.01 0.21

T-Chol (mg/dl: 140-199) 1.03 0.97-1.11 0.34

HDL-c (mg/dl: ≥40) 0.96 0.89-1.05 0.38

LDL-c (mg/dl: 60-119) 0.96 0.90-1.03 0.24

DHA (μg/mL: 54.8-240.3) 1.02 0.99-1.04 0.24

EPA (μg/mL: 10.2-142.3) 0.99 0.97-1.02 0.45

ARA (μg/mL: 135.7-335.3) 0.99 0.97-1.01 0.49

Multiple regression analysis

FIF ≥ 4 3.64 1.22-10.9 0.021

Patients with a history of CVD 2.49 0.744-8.36 0.14
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these findings and previous reports, it is impossible to explain
the mechanism by which FIF ≥ 4 is one of the risk factors for
the development of CVD with high mortality only by fatty
acids and P in fish. However, the imbalance of intake with
other foods due to an increase in fish intake may play a role in
inducing inflammation. Thus, an FIF of ≥4 is one of the risks
for developing CVD with high mortality and may apply to
strict dietary guidance for HPs.

The current study had several limitations. This was a 6-
year observational study using data from 148 HPs at a single
institution with only 16 CVD mortalities and only on the
FIF. Therefore, long-term observational studies should be
conducted to investigate the frequency of the intake of foods
such as meat, fish, vegetables, and fruits in a larger cohort of

HPs.
We found that an FIF of ≥4 in HPs significantly wors-

ened CSS and was independently associated with CSS. In ad-
dition, the incidence of a new CVD onset did not significantly
differ between patients with an FIF of ≥4 and those with an
FIF of ≤3 during the 6-year observational period. Therefore,
an FIF of ≥4 could be one of the important risks for CVD
with high mortality, and FIF may apply to strict dietary guid-
ance for HPs.
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Figure 1. Kaplan-Meier survival curves per FIF (a: OS, b: CSS, c: nCFS)
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