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Abstract

Background: Inflammation is a major risk factor for frailty, but n-3 polyunsaturated fatty acids (PUFA) has been suggested as an anti-
inflammatory agent. The present study aimed to investigate the hypothesis that the higher erythrocyte levels of long-chain n-3 PUFA were
associated with lower odds of frailty and frailty criterion.

Methods: Cross-sectional analysis from the Korean Frailty and Aging Cohort Study, a total of 1,435 people aged 70-84 years were included.
Sex- and age-stratified community residents, drawn in urban and rural regions nationwide, were eligible for participation in the study. All
participants were categorized as frail and nonfrail according to the Cardiovascular Health Study index.

Results: The likelihood of frailty was inversely associated with the erythrocyte levels of eicosapentaenoic acid (EPA; odds ratio [OR] per unit
0.33; 95% confidence interval [CI] 0.14-0.77; p for trend = .002) and docosahexaenoic acid (DHA; OR per unit 0.42; 95% CI 0.20-0.87; p
for trend = .018). Among each frailty criterion, the likelihood of slow walking speed was associated with erythrocyte levels of EPA and DHA,
and the likelihood of exhaustion was inversely associated with the erythrocyte levels of DHA.

Conclusions: The present study showed that the frailty and frailty criterion were significantly associated with lower erythrocyte levels of long-
chain n-3 PUFA, suggesting that lower n-3 PUFA could be a marker for the risk of frailty.
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Frailty is a common geriatric syndrome characterized by uninten-
tional weight loss, exhaustion, slowness, low physical activity, and
weakness, which results in adverse health outcomes including subse-
quent falls, fractures, hospitalization, disability, and death (1). Korea
is one of the most rapidly aging countries worldwide, and prevalence
of frailty has been estimated as 13% among Korean older adults
over 65 years old (2).

Although the pathophysiological changes underlying and pre-
ceding frailty are not fully understood, inflammation is one of
the major causes for frailty (3). A meta-analysis showed that
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proinflammatory cytokines were associated with the risk of frailty (4).
On the other hand, InCHIANTI study showed that proinflammatory
cytokines such as tumor necrosis factor-o. (TNF- a), interleukin-6
(IL-6), and C-reactive protein (CRP) were inversely associated with
plasma levels of n-3 polyunsaturated fatty acids (PUFA), suggesting
that n-3 PUFA as an anti-inflammatory agent could have beneficial
effect against frailty (5).

Intake of fish rich in n-3 PUFA was associated with reduced in-
cidence of frailty during 3.5 years follow-up in the Seniors-ENRICA
study (6). Robinson and colleagues (7) also reported that intake
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of fatty fish was positively associated with handgrip strength as
a component of the frailty phenotype among older people in the
Hertfordshire study. Blood levels of eicosapentaenoic acid (EPA;
20:5n3) and docosahexaenoic acid (DHA; 22:6n3), an objective
biomarker of dietary intake of fish oil (8), were positively associ-
ated with walking speed (9,10). In addition, supplementation of EPA
and DHA significantly improved walking speed in postmenopausal
women (11), and thigh muscle volume, muscle strength, and hand-
grip strength in older people (12). Sarcopenia, loss of muscle mass
and strength, is one of the major causes for frailty (13), and mor-
tality was higher in frail older people with sarcopenia than without
sarcopenia (14). Harris and colleagues (15) showed that older
people with higher erythrocyte levels of EPA + DHA had lower risk
for mortality during 11 years follow-up in the Framingham Heart
Study. Fatty acid composition of erythrocyte membrane has been
suggested to be superior than that of plasma due to reflect long-term
(~16 weeks) dietary n-3 PUFA (16). To our knowledge, there is no
study evaluated the association between the erythrocyte levels of
n-3 PUFA and risk of frailty in older people. Therefore, the pur-
pose of the present study was to investigate the hypothesis that the
higher erythrocyte levels of long-chain n-3 PUFA such as EPA and
DHA were associated with lower odds of frailty and each frailty cri-
terion, using data from the Korean Frailty and Aging Cohort Study
(KFACS).

Methods

Participants
This cross-sectional study was based on the data from the KFACS,
a Korean multicenter longitudinal study that purposed to identify
diverse risk and preventive factors for the progression of frailty in
community-dwelling older people (17). Sex- and age-stratified com-
munity residents aged 70-84 years, drawn from 10 medical centers
(8 hospitals and 2 public health centers) in urban and rural regions
nationwide, were eligible for participation in the study. From the
baseline data of 1,455 participants recruited during 2017, 1,435
participants were included in the final analysis after excluding 20
participants who had missing data for frailty index, consent with-
drawal or had insufficient blood samples for analysis.

The KFACS protocol was approved by the Institutional Review
Board (KHUH-2015-12-103-044 and HYI-18-166). Written in-
formed consent was obtained from the all participants.

Frailty Assessment

Fried’s frailty index consists of five components, with a score range
of 0-5 (unintentional weight loss, self-reported exhaustion, low
physical activity, slow walking speed, and weakness) (1). Participants
who met three or more criteria were considered frail, otherwise they
were considered nonfrail. Unintentional weight loss was defined as
self-reported unintentional loss of > 4.5 kg or 5% of the body weight
during the last year. Self-reported exhaustion was evaluated using the
questions from the Center for Epidemiological Studies Depression
(CES-D) scale, and defined if either one of the questions “I felt that
everything I did was an effort” or “I could not get going” was posi-
tive for three days or more a week (1). Low physical activity was
calculated as the energy spent for a week by International Physical
Activity Questionnaire (IPAQ) and defined as < 494.65 kcal/wk for
men and < 283.50 kcal/wk for women (18). Slow walking speed was
defined as < 1 m/s from the average of the walking speed for 4 m
with 1.5 m before and after the walkway to allow for acceleration

and deceleration (13). Low handgrip strength was defined as max-
imal grip strength < 26 kg for men and < 18 kg for women (19),
measured twice for each and using a digital hand grip dynamometer
(TKK-5401; Takei Scientific Instruments CO, Ltd., Tokyo, Japan).

Measurement of Erythrocyte Fatty Acid

Composition

At the baseline visit, blood samples were drawn when the partici-
pant was in a fasting state and aliquots of erythrocyte samples were
frozen immediately to ~80°C until utilization in order to prevent cell
lysis. The fatty acid composition of erythrocytes was performed as
previously described (20). Briefly, the erythrocytes were methylated
with boron trifluoride methanol benzene (Sigma-Aldrich, St. Louis,
MO) and heated at 100°C for 10 minutes. Fatty acid methyl esters
were extracted with hexane and analyzed by gas chromatography
(Shimadzu 2010AF; Shimadzu Scientific Instrument, Kyoto, Japan),
which was equipped with a 100 m x 0.25 mm inner diameter, with
a 0.20 pm film capillary column (SP2560; Supelco, Bellefonte, PA).
The content within erythrocytes of 27 fatty acids were identified
by comparison with standards (GLC-727; Nu-Check Prep, Elysian,
MN), and expressed as a weight present of total identified fatty acids.
The gas chromatography evaluation was qualified by measuring the
coefficient of variation of the sum of EPA and DHA composition in
quality control material. The coefficient of variation for a quality
control sample was 3.9%.

Covariates

Sociodemographic characteristics included age, sex, living alone,
year of education (0-6, > 7), economic status, and marital status
(married, divorced/separated, widowed, single). Smoking status cat-
egorized never, former or current smoker, and alcohol drinking was
classified as never or ever (servings per week). Comorbid status was
determined by presence of 0, 1, and > 2 of following diseases: hyper-
tension, diabetes mellitus, cancer, chronic obstructive pulmonary
disease, myocardial infarction, heart failure, angina, asthma, arthritis,
cerebral ischemic, or renal disease (21). Participants were also asked
about prescribed medications used in the past 3 months. Weight was
measured in light clothing without shoes to the nearest 0.1 kg using a
portable digital scale, and height was measured without shows to the
nearest 0.1 cm using a measuring tape. Body mass index (BMI) was
calculated as weight (kg) divided by height squared (m?). Cognitive
impairment was measured using the Korean Mini-Mental State
Examination (K-MMSE) score of less than 24 (22), and nutritional
status was assessed using the Korean version of Mini-Nutritional
Assessment Short Form (23). High-sensitivity (hs)-CRP concen-
tration was analyzed and categorized as low (<1.0 mg/L), average
(1.0-3.0 mg/L), and high (>3.0 mg/L) according to the statement for
healthcare professionals from the Centers for Disease Control and
Prevention and the American Heart Association (24).

Statistical Analysis

The Kolmogorov-Smirnov test was used to check the normal distri-
bution of variables. Continuous variables were presented as mean =
standard deviation (SD) value using the independent # test for nor-
mally distributed variables, and using the Mann—Whitney U test for
skewed distributed variables. Proportions of nominal variables were
presented as the number of participants (percentage distribution)
using the chi-squared test. In the multivariate models, the covariates
showing a p-value of < .20 were selected as confounding factors and
included in the fully-adjusted model (25).
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Erythrocyte levels of fatty acids were compared by analysis of
covariance (ANCOVA) for normal distributed variables or rank
ANCOVA for skewed variables between the groups after adjustment
for the covariates. The Dunn-Bonferroni post hoc test was performed
to assess differences of n-3 PUFA among three categories of hs-CRP.
The erythrocyte levels of n-3 PUFA were analyzed both as a con-
tinuous variable for each 1-unit increase in erythrocyte levels of n-3
PUFA, and by quintiles for examination of nonlinear associations.
The association between risk of frailty and the erythrocyte levels of
n-3 PUFA was calculated with odds ratio (OR) and 95% confidence
interval (CI) using multivariable logistic regression. In addition, the
erythrocyte levels of fatty acids were divided into quintiles based on
nonfrail participants as a reference, and trend test was performed
by treating the median values of each quintile of the erythrocyte
levels of fatty acids. Considering the type 1 error caused by multiple
testing, p-values were adjusted by using Bonferroni correction, and
thus divided by the number of subgroups. The SPSS version 24.0
(SPSS Inc., Chicago, IL) was used for statistical analyses.

Results

The characteristics of the participants are shown in Table 1.
Prevalence of frailty was 7.4%, and frail participants were older,
more likely women, lower educated, lower economic status, di-
vorced/separated, and had more comorbidities than nonfrail par-
ticipants. In addition, frail participants had higher number of
medications, prevalence of malnutrition, and hs-CRP (>3.0 mg/
dL), but lower cognitive ability than nonfrail participants. However,
BMI, smoking, and alcohol drinking were not significantly different
between frail and nonfrail participants. In addition, erythrocyte level
of EPA was significantly higher in participants with low and normal
categories of hs-CRP than those with high category of hs-CRP, but
other fatty acids were not associated with hs-CRP (Table 2).

Frail participants had lower erythrocyte levels of EPA and DHA,
and higher erythrocyte levels of 16:1n7 compared to nonfrail par-
ticipants after adjusting covariates (Table 3). After accounting for
multiple comparisons, only EPA was significantly different between
frail and nonfail participants.

In the multivariable adjusted model, the likelihood of frailty was
inversely associated with erythrocyte levels of EPA and DHA before
and after accounting for multiple comparisons (Table 4). In addition,
participants in the highest quintile of erythrocyte levels of EPA and
DHA had lower likelihood of frailty than those in the lowest quintile.

Among each frailty criterion in the multivariable adjusted model,
the likelihood of slow walking speed was inversely associated with
EPA and DHA before and after accounting for multiple comparisons
(Table 5). In addition, the likelihood of exhaustion was inversely as-
sociated with erythrocyte levels of DHA before and after accounting
for multiple comparisons. In the multivariable adjusted model, the
likelihood of low handgrip strength and low physical activity were
inversely associated with erythrocyte levels of EPA before correcting
for multiple comparisons.

Discussion

The present cross-sectional study showed that the erythrocyte
levels of long-chain n-3 PUFA such as EPA and DHA were associ-
ated with lower odds of frailty, slow walking speed, and exhaustion
in community-dwelling older people. There has been no previous
study showing the association between risk of frailty and erythro-
cyte levels of n-3 PUFA. However, previous epidemiological studies

consistently reported that intake of seafood including fish was in-
versely associated with risk of frailty in older Japanese (26), and
the incidence of frailty in older people during 3.5-year follow-up
of the Senior-ENRICA study (6). In particularly, Leon-Munoz and
colleagues (6) showed that risk of frailty was lower in older Spanish
people with intake of fish or seafood > 3 servings/wk, which resulted
in intake of 1.3-1.8 g/d of EPA + DHA in older people (27,28).
Flock and colleagues (29) reported that supplementation of 1.8 g/d
of EPA + DHA increased erythrocyte levels of EPA + DHA Index
from 4.3% to 9.5% in older Western population. As a marker for
fish intake, erythrocyte levels of EPA + DHA have been shown to be
inversely associated with risk for all-cause mortality among older

Table 1. Baseline Characteristics of the Participants With and
Without Frailty

Nonfrail Frail
(n=1,329)  (n=106)  p
Age (years) 75.6 £3.8 78.9 £ 3.5 <.001
Women, 72 (%) 680 (51.2) 65 (61.3) .044
BMI (kg/m?) 24.5 + 3.0 24.4 + 3.9 946
Smoking status, 7 (%) 642
Never 810 (60.9) 67 (63.2)
Former 439 (33.0) 31(29.2)
Current 80 (6.0) 8(7.5)
Alcohol, 7 (%)* 909
Never 1069 (80.7) 86 (81.1)
Ever 256 (19.3) 20 (18.9
Education (year), 7 (%) <.001
0-6 553 (41.6) 70 (66.0)
>7 776 (58.4) 36 (34.0)
Low economic status, 7 (%)® 83 (6.3) 13 (12.4) 016
Marital status, 7 (%) .008
Married 946 (71.2) 59 (55.7)
Divorced/separated 351 (26.4) 44 (41.5)
Widowed 30 (2.3) 3(2.8)
Single 2(0.2) 0(0.0)
Comorbidity, 7 (%)¢ .001
0 334 (25.1) 14 (13.2)
1 510 (38.4) 35 (33.0)
>2 485 (36.5) 57 (53.8)
Number of medications! 3.7+54 7.3+13.2 <.001
Cognitive impairment, 7 (%)* 233 (17.5) 50 (47.2) <.001
Nutritional status’ <.001
Normal 1131 (85.1) 64 (60.4)
At risk of malnutrition 191 (14.4) 32 (30.2)
Malnutrition 7(0.5) 10 (9.4)
hs-CRP mg/L, 7 (%) .005
<1.0 862 (64.9) 63 (59.4)
1.0-3.0 345 (26.0) 23 (21.7)
>3.0 122 (9.2) 20 (18.9)

Note: BMI = body mass index; hs-CRP = high-sensitivity C-reactive protein.
Data were presented as mean = SD or number of the participants (percentage
distribution), as appropriate. p-values were analyzed using the Mann—Whitney
U test for continuous variables and chi-squared test for categorical variables.

*Servings per week; four nonfrail participants had missing values. "Recipients
of the National Basic Livelihood Security System or Medical Beneficial System;
three nonfrail participants and 1 frail participant had missing values. ‘Number
of comorbid conditions (hypertension, diabetes mellitus, cancer, chronic ob-
structive pulmonary disease, myocardial infarction, heart failure, angina,
asthma, arthritis, cerebral ischemic, renal disease). “Three nonfrail participants
and two frail participants had missing values. ‘Korean Mini-Mental State
Examination score of less than 24. ‘Mini-Nutritional Assessment Short Form.
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Table 2. Erythrocyte Levels of n-3 Polyunsaturated Fatty
Acids According to High-Sensitivity C-reactive Protein (hs-CRP)
Categories

hs-CRP, mg/L
% <1.0 (=925) 1.0-3.0 (n=368) >3.0(n=142) p
20:5n3 2.27 £ 0.91° 2.08 = 0.81° 2.04 = 0.87° .001
22:6n3  9.53 = 1.44 9.54 +1.52 9.30 = 1.59 205

Note: Data were presented as mean = SD, as appropriate.

p-values were determined by ranked-ANOVA for non-normally distrib-
uted continuous variables of 20:5n3, and ANCOVA for normally distributed
continuous variables of 22:6n3 after adjusting for age, medications, cognitive
impairment, and frailty. Different letters indicate a statistically significant dif-
ference between three categories by Dunn-Bonferroni post hoc test. p-value of
<.025 was regarded as statistically significant by Bonferroni correction.

Table 3. Erythrocyte Fatty Acid Composition of Participants With
and Without Frailty

% Nonfrail (7 = 1,329) Frail (z = 106) p

14:0 0.34 =+ 0.09 0.33 = 0.09 2120
16:0 21.94 = 1.00 22.06 = 0.96 .586°
18:0 17.11 £ 0.73 17.19 = 0.68 2450
16:1n7t 0.12 = 0.09 0.12 = 0.04 1590
18:1t 0.31 = 0.09 0.29 = 0.07 2410
18:2n6t 0.09 = 0.03 0.09 = 0.03 S1eb
16:1n7 0.44 =+ 0.21 0.53 +0.23 024>
18:1n9 13.80 = 0.94 13.99 = 0.87 2160
18:3n3 0.37 £ 0.24 0.40 = 0.26 .096°
20:5n3 2.22 = 0.89 1.84 = 0.74 .002°
22:5n3 3.41 £ 0.51 3.45 +0.57 766"
22:6n3 9.55 = 1.47 9.02 = 1.48 .011¢
18:2n6 9.73 + 1.62 9.43 + 1.66 2850
20:4n6 13.75 £ 1.48 14.24 = 1.36 2200

Note: Data were presented as mean = SD, as appropriate.

p-values were determined by “ANCOVA for normally distributed continu-
ous variables or Pranked ANCOVA for non-normally distributed continuous
variables after adjustment for sex, age, body mass index, smoking, alcohol
drinking, medications, cognitive impairment, nutritional status, and high-
sensitivity C-reactive protein. p-value of < .00357 was regarded as statistically
significant by Bonferroni correction.

people (15). Fried and colleagues (1) showed that mortality was ap-
proximately threefold higher in frail than nonfrail older people during
the 7 years’ follow-up of the Cardiovascular Health Study. In present
study, erythrocyte levels of EPA + DHA of > 13.4% were associated
with lower likelihood of frailty (OR 0.31; 95% CI 0.13-0.73; p for
trend = .008) in Korean older adults, whose usual intake of fish and
shellfish has been known to be higher than those in the Western popu-
lation (30). In addition, a clinical trial reported that supplementation
of 1.2 g/d of EPA + DHA improved gait speed, but did not improve
frailty status in older women aged > 65 years (11). In the clinical study
by Hutchins-Wiese and colleagues (11), supplementation of EPA +
DHA did not increase erythrocyte levels of n-3 PUFA, suggesting that
1.2 g/d of EPA + DHA could not be enough to improve frailty status.

The possible explanation for the association of EPA and DHA
with risk of frailty could be related with inflammation. Epidemiologic
studies showed that inflammatory cytokines were positively associ-
ated with risk of frailty in older people (4). A meta-analysis of clinical
trials reported that EPA + DHA had beneficial effect on reduction of
inflammatory cytokines such as CRP, IL-6, and TNF-q, but EPA, not
DHA negatively associated with hs-CRP (31). Moreover, it is well
known that EPA competes with AA for cyclooxynase, and inhibits
production of inflammatory eicosanoids (32), which reduce the se-
cretion of inflammatory cytokines such as IL-6 and TNF-a (33). The
present study also showed that erythrocyte levels of EPA were sig-
nificantly higher in older adults with the low hs-CRP.

Consistent with the present study, slow walking speed among
frailty criteria was inversely associated with blood levels of EPA and
DHA in the Three-City-Bordeaux study (9) and InCHIANTI study
(10). Clinical trial also showed that EPA + DHA supplementation
improved walking speed in older women (11). In addition, among
older people aged over 85 years, intake of EPA + DHA was nega-
tively associated with risk of poor Timed Up and Go test (34), which
has been shown to highly correlate with walking speed (35). Previous
epidemiologic studies showed that handgrip strength was also posi-
tively associated with intake of n-3 PUFA (36) and fatty fish (7) in
older people. Additionally, clinical study showed that supplementa-
tion of EPA + DHA resulted in improvement in handgrip strength in
older people (12). Present study showed that the erythrocyte levels
of EPA were inversely associated with the likelihood of low physical
activity assessed by IPAQ. Stefan and colleagues (37) also showed
that higher intake of fish and seafood was positively associated with
physical activity assessed by IPAQ in older people aged > 85 years.

Table 4. Logistic Regression of Erythrocyte Levels of n-3 Polyunsaturated Fatty Acids for Risk of Frailty

Quintiles of Fatty Acid Levels

Fatty Acid Continuous®

Q1 Q2 Q3 Q4 QS p for Trend  OR (95% CI) p

20:5n3

Frail/nonfrail,n  32/266  33/265 20/266 12/266 9266

Cutoff, % <1.48  1.48<t0<1.90 1.90<t0<2.30 2.30<t0<2.86 >2.86

OR (95% CI) 1.0 1.34 (0.74-2.42) 0.78 (0.40-1.50) 0.62 (0.30-1.30) 0.33 (0.14-0.77)* .002 0.59 (0.44-0.80) .001
22:6n3

Frail/monfrail, n»  35/265  20/267 21/265 171267 13/265

Cutoff, % <8.30  8.30<t0<9.17 9.17<t0<9.87 9.87<t0<10.78 >10.78

OR (95% CI) 1.0 0.83 (0.44-1.58) 0.58 (0.30-1.10) 0.74 (0.37-1.45) 0.42 (0.20-0.87)* .018 0.81 (0.70-0.94) .006

Note: OR (Odd ratios) and 95% Cls (confidence intervals) were presented. Estimates of p for trend values for linear trends were based on linear scores derived

from the medians of quintiles of erythrocyte levels of n-3 PUFA among nonfrail participants. Logistic regression was adjusted for sex, age, body mass index, smok-

ing, alcohol drinking, medications, cognitive impairment, nutritional status, and high-sensitivity C-reactive protein. p-value of < .025 was regarded as statistically

significant by Bonferroni correction. *p < .025 compared to the first quintile by logistic regression analysis.

“Each point corresponds to a 1-unit increment in erythrocyte levels of n-3 PUFA.
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Table 5. Logistic Regression of Erythrocyte Levels of n-3 Polyunsaturated Fatty Acids for Each Frailty Criterion

Weight Loss/ Exhaustion/ Low PA/ Slow WS/Non-slow Low HGS/
Nonweight Loss Nonexhaustion Non-low PA WS Non-HGS
(n=61/1,374) (n =445/990) (n=126/1,309) (n = 340/1,095) (n=229/1,206)

OR (95% CI) 4 OR (95% CI) p OR (95% CI) p OR (95% CI) 4 OR (95% CI) p

20:5n3

OR (95% CI) 1.05(0.77-1.42) .669 0.89(0.77-1.03) .101 0.78(0.61-0.98) .036 0.84 (0.72-0.99) .022 0.83 (0.69-0.99) .032

22:6n3

OR (95% CI) 0.97 (0.81-1.16) .729 0.89 (0.82-0.97) .005 1.06(0.93-1.20) .382 0.86 (0.79-0.94) .001 0.94 (0.85-1.04) .197

Note: ORs (odds ratio) and 95% ClIs (confidence intervals) were presented. Each point corresponds to a 1-unit increment in erythrocyte levels of n-3 PUFA. Logistic

regression was adjusted for sex, age, body mass index, smoking, alcohol drinking, medications, cognitive impairment, nutritional status, and high-sensitivity C-reactive

protein. p-value of < .025 was regarded as statistically significant by Bonferroni correction. PA = physical activity; WS = walking speed; HGS = handgrip strength.

In the present study, the erythrocyte levels of DHA were inversely
associated with the likelihood of exhaustion assessed by two ques-
tions from the CES-D scale used to assess depressive symptoms (38).
To our knowledge, there has been no previous study showing an
inverse association between n-3 PUFA and risk of exhaustion. Glise
and colleagues (39) reported that patients with stress-related exhaus-
tion had high levels of mental symptoms such as burnout, anxiety,
and depression. Epidemiologic studies showed that the blood levels
of EPA and DHA were inversely associated with risk of depression
(40). Our previous study showed that CES-D scores were negatively
correlated with erythrocyte levels of EPA and DHA in Korean (41).
In addition, a meta-analysis of clinical study showed that EPA +
DHA supplementation had beneficial effect on depression (42).

In the present study, ALA and DPA, but not EAP and DHA were
not significantly different between frail and nonfrail older adults.
Epidemiologic studies reported that blood levels of ALA and DPA
were not associated with risk of disability (43) and mortality (15) in
older people. Burdge and colleagues (44) showed that ALA supple-
mentation did not increase plasma levels of EPA and DHA in older
men. Additionally, it has been showed that intake of fish and n-3
PUFA was not correlated with erythrocyte levels of ALA and also
DPA (45). In particular, DPA is originated from meat and poultry not
from fish and seafood (46).

This present study has a few limitations. Frist, the relatively
small number of frailty older people might have attenuated the
strength of or underestimated our results. Second, this study was the
cross-sectional design, so that only associations rather than causal
relationships between erythrocyte fatty acid composition and frailty
could be inferred. Third, since Koreans are known to have higher
erythrocyte levels of n-3 PUFA than the Western populations, the
generalizability of our findings to other populations may be limited.
Last, although adjustments were made for confounders, it is possible
that unmeasured factors affected the results of this study.

This study was the first to show that erythrocyte levels of
long-chain n-3 PUFA were inversely associated with the likelihood
of frailty, slow walking speed, low handgrip strength, exhaustion,
and low physical activity in older people. Further study is needed to
investigate whether erythrocyte levels of EPA and DHA are associ-
ated with incidence of frailty in large population-based longitudinal
studies of diverse ethnic origins.
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