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Background: Frailty is a complex clinical syndrome characterized by a decline
in the functioning of multiple body systems and reduced adaptability to external
stressors. Dietary w-3 fatty acids are considered beneficial dietary nutrients
for preventing frailty due to their anti-inflammatory and immune-regulating
properties. However, previous research has yielded conflicting results, and
the association between w-6 fatty acids, the w-6: ®-3 ratio, and frailty remains
unclear. This study aims to explore the relationship between these factors using
the National Health and Nutrition Examination Survey (NHANES) database.

Materials and methods: Specialized weighted complex survey design analysis
software was employed to analyze data from the 2005-2014 NHANES, which
included 12,315 participants. Multivariate logistic regression models and
restricted cubic splines (RCS) were utilized to assess the relationship between
omega intake and frailty risk in all participants. Additionally, a nomogram model
for predicting frailty risk was developed based on risk factors. The reliability of
the clinical model was determined by the area under the receiver operating
characteristic (ROC) curve, calibration curves, and decision curve analysis (DCA).

Results: In dietary -3 intake, compared to the T1 group (<£1.175g/d), the
T3 group’s intake level (>2.050g/d) was associated with approximately 17%
reduction in frailty risk in model 3, after rigorous covariate adjustments (odds
ratio (OR) = 0.83, 95% confidence interval (Cl): (0.70, 0.99)). In dietary -6 intake,
the T2 group's intake level (>11.423, <19.160g/d) was associated with a 14%
reduction in frailty risk compared to the T1 group (<11.423g/d) (OR: 0.86, 95%
Cl: 0.75,1.00, p = 0.044). RCS results indicated a non-linear association between
®-3 and w-6 intake and frailty risk. Both ROC and DCA curves demonstrated the
stability of the constructed model and the effectiveness of an omega-rich dietin
reducing frailty risk. However, we did not find a significant association between
the 0-6: -3 ratio and frailty.

Conclusion: This study provides support for the notion that a high intake of ®-3
and a moderate intake of -6 may contribute to reducing frailty risk in middle-
aged and elderly individuals.
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Introduction

Frailty is a comprehensive syndrome characterized by a decline in
physiological reserves when confronted with external stressors.
Individuals in a frail state experience decreased capabilities in areas such
as musculoskeletal function, nutritional intake, metabolism, cognition,
and the nervous system. Frailty is also associated with a higher risk of
adverse outcomes, including falls, fractures, hospitalization, and
disability (1). Heterogeneity exists among individuals in terms of frailty,
and it is not simply a linear function of age. Frailty shows a significant
association with Disability-adjusted life years (DALYs) compared to age
alone (2), making it advantageous for assessing an individual’s health
status (3). Currently, due to societal stress and unhealthy lifestyles, many
middle-aged individuals are also experiencing frailty, which is no longer
exclusively considered a complex condition associated only with the
elderly. It is now viewed as a manifestation of physical decline, thereby
increasing the urgency for frailty prevention strategies (4). To date, there
is no cure for frailty, making prevention and symptom management the
desired goals. The most effective interventions involve increased
physical activity and maintaining a balanced nutritional diet (5, 6).

Polyunsaturated fatty acids (PUFAs) are essential fats that must
be obtained from external sources (7). Among these, ®-3 and -6 fatty
acids (omega-3 and omega-6) are the two main families of PUFAs and
play crucial roles in heart health, brain development and function,
inflammation regulation, immune system support, mental health, and
cancer prevention, among other aspects (8, 9). -3, in particular, is
considered to have a direct impact on factors closely associated with
frailty due to its anti-inflammatory properties and its role in
preserving muscle and bone health (10, 11), making it a potential risk
reducer for frailty (6, 12). Studies by Leén-Muiioz (13) and Hutchins-
Wiese (14) have confirmed the benefits of eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA), the primary components of
®-3, in improving frailty phenotypic symptoms. Additionally, a meta-
analysis is working to provide guidance in dietary supplementation
recommendations of omega for frailty prevention in the elderly (15).
However, some large-scale cohort studies have contradictory findings
(16, 17), and the data regarding -6 interventions for frailty are
limited, impeding strong recommendations for the use of long-chain
polyunsaturated fatty acids in frailty prevention.

There is currently no research clearly defining the specific intake
levels of -3 and ®-6 and their association with frailty risk. Therefore,
the aim of this study is to explore the correlation between dietary -3
and w-6, as well as their ratio, and the risk of frailty using data from the
National Health and Nutrition Examination Survey (NHANES). The
NHANES study is a multi-stage, stratified, and nationally representative
investigation of the US population conducted by the National Center
for Health Statistics of the Centers for Disease Control and Prevention.
Its objective is to assess the nutritional and health status of Americans,
gathering data on demographics, dietary habits, physical examinations,
laboratory tests, and questionnaires. This article is presented in
accordance with the STROBE reporting checklist.
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Materials and methods

Study population in NHANES

For our study, we specifically examined data collected between
2005 and 2014. Subjects were excluded from our study for the
following reasons: (1) missing data on the frailty index (FI); (2)
missing data on ®-3 and w-6 intake; (3) aged under 45years old
(Non-Elderly Population); (4) missing covariate data (such as
hypertension, hyperlipidemia, diabetes, etc.) (Figure 1).

Frailty

Building upon the standards for frailty established by Searle
(18), Hakeem (19) further expanded the FI to include 49 deficits,
encompassing various systems. These systems include cognitive
function (related to confusion and memory issues), dependence
(difficulties with activities of daily living), depression (assessed
with the Patient Health Questionnaire-9), comorbidities (various
chronic diseases), hospital utilization, and self-rated health status
(healthcare utilization frequency and prescription medication
counts compared to the past year), physical performance and
anthropometric measurements (grip strength and body mass
index), and laboratory values (including complete blood counts
and blood glucose levels). The FI is expressed as the number of
deficits acquired by participants divided by the total potential
deficits (with a 0-1)
(Supplementary Table S1). For example, an individual with 10
deficits would have an FI score of 0.20 (10/49 = 0.20). Consistent
with previous research, we categorized individuals as “robust”
(FI<0.21) and “frail” (FI>0.21) (19).

numerical  range  from

Dietary »-3 and -6 intake

Dietary 0-3 and w-6 intake was based on data obtained from 24-h
dietary recall interviews. The primary dietary interview was conducted
by trained interviewers at the Mobile Examination Center (MEC)
using an automated data collection system. Detailed information on
data processing procedures can be found in the NHANES website’s
dietary interview component [The examination protocol and data
collection methods. https://wwwn.cdec.gov/nchs/data/nhanes/2011-
2012/manuals/mec_in_person_dietary_procedures_manual_
jan_2012.pdf].

In this study, we aimed to capture as many components of -3
and ®-6 as possible. Dietary -3 included alpha-linolenic acid (ALA,
18:3), EPA (20:5), docosapentaenoic acid (DPA, 22:5), and
docosahexaenoic acid (DHA, 22:6), in addition to other forms
[stearidonic acid (SDA), 18:4]. Dietary -6 included linoleic acid
(LA, 18:2) and arachidonic acid (AA, 20:4) (20). Daily average intake
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Participants of The National Health and Nutrition Examination
Survey(NHANES) from2005-2014
(N=70,190)
Excluded(Total N=26,176)
e Exclude incomple.te data of frailty in‘dcx (FI) (n=0)
e Exclude incomplete data of w-3
and -6 fatty acids (n=26,176)

Y

N=44,014
Exclude (Total N=30,463)
o Age<<45 (n=29,824)
— e Exclude incomplete data of Gender/Race/BMI(Body mass
index)/Marital/Serum cotinine(n=635)

\ / e Exclude incomplete data of Smoke (n=4)

N=13,124
Exclude (Total N=809)
e Exclude incomplete data
of diabetes/Cardiovascular disease(CVD)/hypertension/
4 Hyperlipidemia/diabetes
‘ N=12,315 ,
FIGURE 1

Inclusion flow diagram.

of ®-3 and ®-6 was calculated from dietary intake based on the
USDA Food and Nutrient Database for Dietary Studies, and only
dietary intake of these fatty acids was considered, with supplements
not being taken into account [U.S. Department of Agriculture,
Agricultural Research Service. Usda Food and Nutrient Database for
Dietary Studies. https://www.ars.usda.gov/northeast-area/beltsville-
md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-
research-group/docs/wweianhanes-overview/].

Furthermore, the low-fat dietary pattern is defined based on the
total lipid intake and total calorie intake of the respondents.
Specifically, this dietary pattern is characterized by a total lipid intake
of less than or equal to 30% of the daily intake. Since the NHANES
questionnaire does not provide a detailed breakdown of all lipid
energies, we used a fat energy coefficient for conversion, where
approximately 1 g of fat intake equals 9 kcal.

Covariates

Covariates included age, sex, race/ethnicity (Mexican American,
black,
non-Hispanic Asian, other race), BMI, marital status, smoking status,

other Hispanic, non-Hispanic white, non-Hispanic
cotinine, hypertension, hyperlipidemia, diabetes and coronary artery
disease (CVD). BMI was divided into three categories: Normal
(<25kg/m?), Overweight (>25kg/m? <30kg/m?), and Obese (>30kg/
m?). Smoking status was classified as Current Smoker (Defined as
having smoked more than 100 cigarettes in a lifetime and still
smoking), Former Smoker (Defined as having smoked more than 100
cigarettes in a lifetime but no longer smoking), Never smoke (defined
as smoking less than 100 cigarettes in their lifetime). Hypertension
was defined according to the American Heart Association/American

College of Cardiology (AHA/ACC) 2017 guidelines as systolic blood
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pressure > 130 mmHg or diastolic blood pressure > 80 mmHg and self-
reported diagnosis or use of antihypertensive medication. As per the
guidelines set by the Adult Treatment Panel IIT (ATP 3) of the National
Cholesterol Education Program (NCEP), hyperlipidemia is defined by
the following criteria: total cholesterol levels equal to or exceeding
200 mg/dL, triglyceride levels equal to or exceeding 150 mg/dL, HDL
cholesterol levels below 40 mg/dL for men and below 50 mg/dL for
women, or LDL cholesterol levels equal to or exceeding 130 mg/dL
(21). Diabete as any of the following: (1) HbAlc levels equal to or
greater than 6.5%; (2) serum glucose levels exceeding 200mg/dL at 2h
after a 75 g glucose load (OGTT); (3) fasting glucose levels equal to or
greater than 126 mg/dL; (4) self-reported diagnosis of diabetes; (5)
self-reported use of insulin or other diabetes medication. The duration
of diabetes was determined by subtracting the participantss current age
from the self-reported age at diagnosis, or zero for individuals
diagnosed during the NHANES examination. For CVD, a positive
response to any of the following questions was defined as CVD: “Has
a doctor or other health professional ever told you that you have
congestive heart failure (CHF)/coronary heart disease (CHD)/angina/
heart attack/stroke?”

Considering drugs affecting lipid metabolism, we defined lipid-
lowering drugs and drug categories (such as statins, fibric acid
derivatives, ezetimibe, cholesterol absorption inhibitors, and PCSK9
inhibitors, etc.) using the Multum Lexicon standardized drug codes
or therapeutic classification schemes. Specifically, we confirmed the
use of prescription drugs in the past month, with primary treatment
category drugs classified as “metabolism modifiers” (code “358”) and
secondary treatment drug category classified as anti-hyperlipidemic
agents (code “19”), and associated them with respondents’ individual
identification symbols “SEQN” through the unique identifier
“RXDDRGID”  (https://wwwn.cdc.gov/Nchs/Nhanes/1999-2000/
RXQ_DRUG.htm#Component_Description).
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NHANES analysis

A complex sampling design was implemented to ensure nationally
representative estimates. All analyses were adjusted for survey design
and weighted variables, with new sample weights calculated as the
original 2-year sample weights divided by 2. Dietary ®-3 and w-6 fatty
acids intake were categorized into tertiles (with 1/3, 2/3, and 1 as
cut-off points). The w-6: -3 ratio was divided into four groups:
recommended (<4), mildly high (>4, <10), high (>10, <15), and very
high (>15). Continuous variables were expressed as mean * standard
deviation (SD), while categorical variables were presented as counts
(N) and percentages (%). Weighted t-tests (for continuous variables)
and weighted chi-square tests (for categorical variables) were used to
assess differences between robust and frailty subjects. Kruskal-Wallis
tests (for continuous variables) or weighted chi-square tests (for
categorical variables) were employed to evaluate differences among
the three groups based on omega intake.

Initially, a crude model was fitted, followed by stepwise
adjustment for covariates. Model 1 adjusted for age, sex, and race;
Model 2 further adjusted for BMI, marital status, serum cotinine,
and smoking status based on Model 1; Model 3 additionally
adjusted for hyperlipidemia, hypertension, diabetes, and CVD
based on Model 2. Results were presented as odds ratios (OR) with
corresponding 95% confidence intervals (95% CI). Subgroup
analyses were conducted for significant results. Furthermore, a
logistic regression model was used to assess the significance of the
interaction between omega intake and covariates on frailty.
Regression models and restricted cubic splines (RCS) flexibly
model the relationship between independent and dependent
variables, especially in regression analysis. When the relationship
between independent and dependent variables is not a simple
linear one, RCS can help capture this non-linear relationship. They
allow researchers to approximate the relationship using different
polynomial functions within different ranges of independent
variables, thereby providing a more accurate description of the
data’s trend. RCS with three knots, at the 10", 50", and 90"
percentages, were used to explore the non-linear relationships of
Omega intake levels and frailty in the linear terms model.

In addition, the risk magnitude of all variables on frailty was
evaluated by constructing a nomogram. Subsequently, calibration
curves were plotted to assess the fit between the predicted probabilities
from the nomogram and the actual proportions. To further evaluate
the sensitivity of the constructed model, the performance of the model
was assessed using the area under the curve (AUC) of the receiver
operating characteristic (ROC) curve. Decision curve analysis (DCA)
was employed to estimate the net benefit at different threshold
probabilities, determining the clinical utility of the model (22).
Statistical significance was considered at a p-value <0.05, and all
reported probability tests were two-sided.

Results

The baseline characteristics of the
participants

In this study, a total of 12,315 individuals were finally
included. Based on the exclusion criteria, 3,568 participants were
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classified as “Frail” Compared to the “Robust” group, which
consisted of 8,747 individuals, the “Frail” individuals were older,
had a higher proportion of females, obesity, divorced individuals,
and smokers (smoking history population). Additionally, they
had a higher prevalence of underlying conditions such as
hypertension and hyperlipidemia. Their intake of m-3 was notably
inadequate, and their intake of m-6 was slightly lower. However,
the ®-6:w-3 ratio was significantly high at 10.1, indicating a
deficiency of 0-3 intake and an imbalance in the -6 to ®-3 ratio
compared to the recommended values in the human evolutionary
diet (Table 1). These findings align with the current health
challenges faced by frail individuals, especially in terms of their
dietary habits. These risk factors are visualized through a
nomogram (Figure 2A). The daily intake of -3 was divided into
three equal parts using the tertiles method: T1 (<1.175 g/day), T2
(>1.175, £2.050 g/day), and T3 (>2.050 g/day). Similarly, the daily
intake of w-6 was divided into three parts: T1 (<11.423 g/day),
T2 (>11.423, <19.160 g/day), and T3 (>19.160g/day). It was
observed that female individuals, divorced individuals, smokers,
and those with hypertension were less attentive to ®-3 and w-6
intake. In contrast, individuals with normal BMI did not pay
much attention to the intake of polyunsaturated fatty acids.
Additionally, we also investigated the use of ®-3 dietary
supplements, with approximately 5.3% of respondents reporting
their intake. There was no statistically significant difference in
the intake of supplements between the frail and robust groups,
indicating that supplements are unlikely to have influenced the
results of this study. It’s interesting to note that an increased
intake of ®-3 fatty acids often goes hand in hand with an
increased intake of w-6 fatty acids, and the proportion of
vulnerable populations is also on the decline. When grouping
individuals based on the w-6: -3 ratio, there was no significant
difference in the proportion of frail individuals in these groups,
variables showed no differences

and most significant

(Supplementary Tables S2-S5).

Associations between omega intake and
frailty outcomes

Through the construction of multiple linear regression models,
we found that for 0-3, using the daily intake level T1 (<1.175g/
day) as the reference, at the T3 level of »-3 intake (>2.050 g/day),
there was a significant negative correlation with the risk of frailty
in all models (p<0.05). This result remained robust even after
adjusting for covariates, especially after adjusting for variables such
as age, gender, race, marital status, serum cotinine, smoking,
hypertension, hyperlipidemia, CVD, and diabetes (Model 3). The
risk reduction was up to 17% (OR: 0.83, 95% CI: 0.70-0.99,
p=0.035). Similarly, for ®-6, using the daily intake level T1
(<11.423 g/day) as the reference, at the T2 level of ®-6 intake
(>11.423, <19.160g/day), there was a significant negative
correlation with the risk of frailty in all models. In Model 3, the
risk reduction was up to 14% (OR: 0.86, 95% CI: 0.75-1.00,
p=0.044). These results showed little variation across different
models (Table 2).

The ROC curves for -3 and -6 in Model 3 both had an
AUC of 0.80, indicating that the constructed Model 3 had good
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TABLE 1 Characteristics of participants by Robust or Frail. (NHANES 2005-2014, N = 12,315).

Characteristic Overall, N =12,315 Robust, N = 8,747 Frail, N =3,568 P Value

(100%)* (77%)* (23%)?
Age (years) 59.9 (10.6) 58.9 (10.2) 62.9 (11.5) <0.001
Sex <0.001
Female 6,305 (53%) 4,250 (51%) 2,055 (61%)
Male 6,010 (47%) 4,497 (49%) 1,513 (39%)
Race <0.001
Non-Hispanic White 6,155 (76%) 4,445 (78%) 1,710 (71%)
Non-Hispanic Black 2,606 (9.7%) 1,698 (8.3%) 908 (14%)
Mexican American 1,678 (5.2%) 1,203 (5.0%) 475 (5.8%)
Other Hispanic 1,064 (3.7%) 770 (3.6%) 294 (4.0%)
Other Race - Including Multi-Racial 812 (5.1%) 631 (8.1%) 181 (5.2%)
BMI <0.001
Normal (>18.5,<25) 3,067 (26%) 2,390 (29%) 677 (19%)
Obese (>30) 4,837 (38%) 3,045 (34%) 1,792 (51%)
Overweight (>25,<30) 4,411 (36%) 3,312 (37%) 1,099 (31%)
Marital <0.001
Divorced 7,129 (64%) 5,446 (68%) 1,683 (52%)
Married 4,764 (34%) 3,049 (30%) 1,715 (44%)
Never married 422 (2.2%) 252 (1.8%) 170 (3.6%)
Serum cotinine 53 (127) 49 (123) 67 (136) <0.001
Smoking status <0.001
Current 2,123 (17%) 1,352 (15%) 771 (22%)
Former 4,037 (32%) 2,777 (31%) 1,260 (35%)
Never 6,155 (51%) 4,618 (54%) 1,537 (42%)
Hypertension <0.001
Yes 7,274 (53%) 4,476 (46%) 2,798 (76%)
No 5,041 (47%) 4,271 (54%) 770 (24%)
Hyperlipidemia <0.001
Yes 10,074 (82%) 7,005 (80%) 3,069 (87%)
No 2,241 (18%) 1,742 (20%) 499 (13%)
Diabetes <0.001
Yes 3,311 (20%) 1,605 (13%) 1,706 (43%)
No 9,004 (80%) 7,142 (87%) 1,862 (57%)
CVD <0.001
Yes 10,203 (86%) 8,027 (93%) 2,176 (64%)
No 2,112 (14%) 720 (7.1%) 1,392 (36%)
-3 1.90 (1.37) 1.95(1.39) 1.73 (1.30) <0.001
ALA 1.65 (1.25) 1.69 (1.27) 1.53 (1.19) <0.001
SDA 0.01 (0.04) 0.01 (0.04) 0.01 (0.03) <0.001
EPA 0.09 (0.13) 0.09 (0.13) 0.06 (0.10) <0.001
DPA 0.08 (0.04) 0.09 (0.04) 0.06 (0.04) <0.001
DHA 0.07 (0.20) 0.08 (0.20) 0.05 (0.17) <0.001
TI(<1.175g/d) 4,487 (33%) 2,953 (31%) 1,534 (40%)
T2 (>1.175, £2.050g/d) 4,054 (33%) 2,952 (34%) 1,102 (32%)
T3 (>2.050g/d) 3,774 (33%) 2,842 (35%) 932 (28%)

(Continued)
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TABLE 1 (Continued)

10.3389/fnut.2024.1377910

Characteristic Overall, N =12,315 Robust, N = 8,747 Frail, N = 3,568 P Value
(100%)* (77%)* (23%)?

®-6 17 (11) 17 (11) 16 (11) <0.001

LA 16 (11) 16 (11) 15 (11) <0.001

AA 0.84(0.13) 0.94(0.13) 0.73 (0.13) 0.001

T1(<11.423g/d) 4,663 (33%) 3,106 (31%) 1,557 (40%)

T2 (>11.423, <19.160 g/d) 3,956 (33%) 2,882 (34%) 1,074 (31%)

T3 (>19.160 g/d) 3,696 (33%) 2,759 (35%) 937 (29%)

®-6/@-3 10.1 (5.1) 10.1 (5.2) 10.1 (4.8) 0.8

Recommended (<4) 264 (1.9%) 202 (2.0%) 62 (1.6%)

Mildly high (>4, <10) 7,474 (60%) 5,316 (60%) 2,158 (61%)

High (>10, <15) 3,534 (30%) 2,500 (30%) 1,034 (29%)

Very high (>15) 1,043 (8.5%) 729 (8.5%) 314 (8.3%)

Energy (kcal/d) 2,035 (892) 2,083 (890) 1,877 (879) <0.001

Fat intake (g/d) 79 (44) 81 (44) 73 (44) <0.001

"Mean + SD for continuous; n (%) for categorical; *chi-squared test with Rao & Scott’s second-order correction. ©-3: omega-3 fatty acids; ©-6: omega-6 fatty acids.

predictive capability (Figures 2B,C). However, no significant
association was found between the w-6: »-3 ratio and the
reduction in frailty risk. Even when using a reference ratio of 4,
the OR values in all models remained greater than 1, suggesting
that increasing the ratio between the two is beneficial for
reducing frailty development, though not reaching statistical
significance. Further interaction analysis was performed on the
covariates that showed significant differences between the
healthy and frail groups in Table 1. Although there were
differences between some subgroups, particularly in males,
individuals with high BMI, non-smokers, low-fat intake diet,
diabetes, those with
cardiovascular diseases, these covariates showed no interaction

those without hypertension, and
with omega intake regarding frailty risk (p >0.05). This suggests
that the influence of covariates on the results of this study was
minimal (Table 3). The decision curve analysis (DCA) showed
that the net benefit probability for both ®-3 and »-6 models in
Model 3 ranged from 0 to 90%. The net benefit probability
consistently remained higher than the group that received no
intervention (depicted by the black solid line “None” in the
graphs). This indicates that implementing the conditions in
Model 3 (higher ©-3 intake and moderate -6 intake) is beneficial
in reducing frailty risk without causing any side effects
(Figures 3A,B). Furthermore, we used the RCS model to fit the
relationship between w-3 and -6 and frailty. After adjusting for
covariates, a non-linear relationship was observed (p =0.0085 for
®-3, p =0.0006 for w-6) (Figures 3C,D). To further assess the
impact of drugs affecting lipid metabolism (primarily some lipid-
lowering drugs) on this study, we conducted a sensitivity analysis
by further grouping the population using these drugs. The results
showed that in this study, there were 4,437 respondents with
records of using these drugs in the past month. They still
maintained a lower intake of -3 in the frail population but had
a higher intake of @-6 (Supplementary Table 56). After adjusting
for multiple models, we still maintained the conclusion that a
high level of ®-3 and moderate intake of -6 are associated with
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a reduced risk of frailty in middle-aged and elderly individuals
(Supplementary Table S7).

Discussion

As far as we know, this is the first large-scale study examining the
levels of w-3 and ®-6 intake and their ratio in relation to frailty. The
findings of this study align with our expectations, indicating that high
levels of ®-3 (>2.05g/d) and moderate ®-6 intake (>11.423,
<19.160g/d) are associated with a reduced risk of frailty in middle-
aged and older individuals. Furthermore, we observed for the first
time that this association exhibits a nonlinear relationship.

With advancing age, the challenge of ensuring adequate
nutrition for middle-aged and older individuals becomes more
pronounced due to factors such as decreased appetite (age-related
anorexia), physiological changes in the gastrointestinal system, oral
health issues, swallowing difficulties, and medication use. Oxidative
stress and inflammation are recognized as significant factors in the
aging process (23). PUFAs (polyunsaturated fatty acids) can
modulate antioxidant signaling pathways and regulate inflammatory
processes (24), which potentially makes w-3 intake beneficial for
reducing frailty. Many pro-inflammatory cytokines are produced by
fat cells and resident macrophages in adipose tissue, contributing to
the pro-inflammatory state that underlies age-related diseases and
frailty. Age-related muscle loss, which is a common part of the aging
process, is linked to chronic low-grade inflammation, and a decrease
in muscle mass is a key phenotype of frailty (25). Normal muscle
mass starts to decline after the age of 40, with muscle function
declining rapidly, up to 3% per year after the age of 60 (26). This
reduction in muscle mass can lead to inconveniences in daily life for
middle-aged and older individuals and contributes to additional
risks such as falls, fractures, and heart failure (27, 28). In the context
of the growing trend of Westernized diets, w-3 appears to play a
critical role in regulating inflammation and immune modulation
(29, 30), as well as in maintaining muscle mass and function (31), all
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(A) Nomogram for Predicting Frailty Risk, used to assess the risk of frailty based on factors such as Age, Sex, Race, Marital Status, BMI, serum cotinine
levels, Smoking status, Hypertension, Hyperlipidemia, Diabetes, daily intake of ©-3 [T1 (<1.175g/d), T2 (1.175<, <2.050 g/d), T3 (>2.050 g/d)], and daily
intake of w-6 [T1 (<11.423g/d), T2 (11.423<, <19.160 g/d), T3 (>19.160 g/d)]. Each predictor has a score, and the total score represents the likelihood of
frailty. For example, an 85-year-old male, Non-Hispanic Black, obese, divorced, with a serum cotinine level of 1800, currently smoking, and having
diabetes but not high cholesterol, high blood pressure, or coronary artery disease (CVD), with daily intake of 1g -3 and 15 g w-6, would have a frailty
score of 385 (16 + 40 + 15+ 28 +49+ 40+ 45+ 0+ 0+ 72+ 10 + 0 = 315), indicating a frailty risk of over 90%; (B) Receiver Operating Characteristic
(ROC) curves showing the area under the curve (AUC) for models related to daily w-3 intake, including the Crude model, Model 1, Model 2, and Model
3, with AUC values of 0.62, 0.55, 0.68, and 0.80, respectively; (C) ROC curves showing the AUC for models related to daily o-6 intake, including the
Crude model, Model 1, Model 2, and Model 3, with AUC values of 0.62, 0.54, 0.68, and 0.80, respectively.

of which are important considerations in the context of frailty in
middle-aged and older individuals. Research by Le6n-Muioz (13)
suggests that daily supplementation of 2.4 grams of EPA and DHA,
the primary components of ®-3, can improve physical functioning
in frail individuals. Similarly, studies have shown that supplementing
1,500 mg/day of DHA and 1860 mg/day of EPA in healthy older men
and women significantly increased thigh muscle volume by 3.6% and
grip strength by 2.3 kg (32), while supplementing 720 mg/day of EPA
and 40 mg/day of DHA had a positive impact on walking speed in
older individuals (14). Leén-Muiioz also suggests that the addition
of dietary antioxidants may synergize with ®-3 to improve physical
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functioning, an area that warrants further exploration. It’s important
to note that some studies have reported different findings, such as
the study by Orkaby (16), which found that taking 1 g/day of o-3 did
not affect frailty levels. However, this study only analyzed a single
dose and did not include a control group with varying doses, while
in our study, the -3 intake in the lowest range (T1) was less than
1.175g/day, covering the range of Orkaby’s research. Similarly,
studies by Krzyminska (33) and Rolland (34) examined the impact
of lower doses of DHA and EPA on muscle strength and grip
strength, which may explain the difference in results. This further
supports the urgency of increasing daily -3 intake above 2.05g.
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TABLE 2 Weighted multivariate adjusted logistic regression analysis of frailty risk with different omega intake levels in NHANES from 2005 to 2014.

10.3389/fnut.2024.1377910

Regression model Crude model Model 1 Model 2 Model3
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

-3 (g/day)

T1(£1.175) Reference Reference Reference Reference

T2 (>1.175, <2.050)

0.74 (0.65, 0.85) *#*

0.80 (0.70, 0.92)%*

0.83 (0.72, 0.95) **

0.87 (0.75, 1.02)

T3 (>2.050)

0.64 (0.55, 0.74)***

0.75 (0.64, 0.88)***

0.78 (0.66, 0.92)**

0.83 (0.70, 0.99)*

®-6 (g /day)

T1 (<11.423)

Reference

Reference

Reference

Reference

T2 (>11.423, <19.160)

0.72 (0.64, 0.80) ***

0.81 (0.72, 0.91)***

0.83 (0.73, 0.94) **

0.86 (0.75, 1.00)*

T3 (>19.160)

0.65 (0.58, 0.73)***

0.81 (0.71, 0.92)**

0.82 (0.72, 0.93)**

0.87 (0.76, 1.00)

®-6: ®-3 ratio

Recommended (<4)

Reference

Reference

Reference

Reference

Mildly high (>4, <10)

1.27 (0.83, 1.94)

1.19(0.77, 1.83)

1.20 (0.76, 1.91)

1.37 (0.89, 2.09)

High (>10, <15)

1.35 (0.86, 2.11)

1.37 (0.85, 2.18)

1.31 (0.84, 2.04)

1.26 (0.79, 2.01)

Very high (>15)

1.29 (0.78, 2.12)

1.15(0.73, 1.82)

1.11 (0.69, 1.80)

1.05 (0.62, 1.78)

#P <0.05; #*p<0.01; *#*p<0.001.

Multiple logistic regression model: Model 1: adjusted for age, sex, race; Model 2: adjusted for age, sex, race, marital, serum cotinine, BMI, smoking status; Model 3: adjusted for age, sex, race,

marital, serum cotinine, BMI, smoking status, hypertension, hyperlipidemia, diabetes, CVD. w-3: omega-3 fatty acids; w-6: omega-6 fatty acids.

Dietary w-3, by itself, may potentially regulate muscle protein
synthesis to maintain overall physical fitness (11). Additionally, since
pro-inflammatory cytokines are associated with muscle atrophy (35),
the anti-inflammatory effects of w-3 make it a beneficial factor in
preventing frailty. Another possibility is the close relationship between
inflammation and apoptosis, the latter of which may be a biological
pathway leading to muscle loss. For instance, tumor necrosis factor-
alpha (TNF-a) induces muscle cell apoptosis (36), while ®-3 can
inhibit TNF-a, interleukin-6 (IL-6), and C-reactive protein synthesis
(CRP) (37, 38). LA in -6 plays a specific and unique role in
maintaining the structural integrity and barrier function of human
skin (39). The skin is the body’s natural first line of defense against
various non-specific pathogens. Using LA as a partial substitute for
saturated fatty acids is advantageous in reducing total cholesterol and
low density lipoprotein cholesterol concentrations in the blood, which
is likely to lower the risk of various underlying diseases (40, 41). AA,
found in w-6, is involved in mediating and regulating inflammatory
responses (42), which are fundamental to inflammation. However,
early-stage inflammatory responses are also related to the production
of eicosatrienoic acid and subsequently to the induction of
inflammation. Daily intake of 600 mg of AA can improve physical
fitness (43), and Roberts (44) suggests that a daily intake of 1,000 mg
of AA actually reduces inflammation. These complexities make our
understanding of the role of ®-6 more nuanced. Moderate intake of
-6 and an increase in ®-3 intake seem to be central axes in
modulating the immune system and inflammatory responses for
preventing frailty risk. This underscores the importance of
maintaining nutritional balance and immune function in our bodies.

However, it's worth noting that daily intake of over 2g of -3 is
challenging, and in most regions globally, this level of intake is not
being achieved. Western diets tend to have an excess of ®-6
polyunsaturated fatty acids, often surpassing the recommended target
range in this study (>11.423, <19.160g/d) (8, 45), while -3 intake is
often very low. This exposes individuals to a higher risk of frailty (46).
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Additionally, the high ®-3 levels in this study are also associated with
high «-6 intake, with only a small percentage of participants having a
1:1 ratio. This lack of a 1:1 ratio may have contributed to the inability
to establish a direct association between w-6/w-3 levels and frailty, but
the results indicate the importance of reducing the ratio between the
two. In the future, further experimental research is needed to determine
whether the anti-inflammatory and antioxidant mechanisms of ®-3
can serve as preventive mechanisms against frailty, as well as to explore
the interaction between w-3 and w-6 in the frail process.

This work has certain limitations. First, frailty is a dynamic
condition that may change over time, and there are complex and
variable factors at play. Second, the intake of -3 and -6 fatty acids
is assessed through questionnaire surveys, and their components are
defined based on food composition lists, which may not accurately
reflect the precision of each component and individuals’ long-term
intake levels. However, the large sample size in this study provides a
reasonable representation of the average intake levels in the
U.S. population. Additionally, as a cross-sectional study with the
inability to track respondent information in the NHANES database,
this research cannot evaluate the subsequent frailty risk in robust
individuals with low ®-3 intake. Long-term tracking of frailty risk in
such populations is necessary and warrants further investigation.
Lastly, the lack of standardized frailty criteria makes the generalization
of the study’s conclusions a more cautious endeavor.

Conclusion

Our research findings support that daily intake of -3 exceeding
2.05 grams and o-6 intake ranging from greater than 11.423 grams to
less than or equal to 19.160 grams is beneficial in reducing frailty risk
among middle-aged and elderly individuals. Based on this,
we encourage individuals in this demographic in the United States to
increase their intake of m-3 while moderately reducing their intake of
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TABLE 3 Subgroup analysis of the risk of frailty occurrence associated with Omega intake considering various confounding factors.

Subgroup ®-3 ®-3 -3 ®-6 ®-6 ®-6

Interaction P- T2 (>1.175, T3 (>2.050) Interaction P- T2 (>11.423, T3 (>19.160)
Value <2.050) OR (95%Cl) Value <19.160) OR (95%Cl)
OR (95%Cl) OR (95%Cl)

Age p=092 p=065

45-60 0.95 (0.74, 1.21) 0.84 (0.63,1.11) 0.96 (0.75,1.21) 0.90 (0.71, 1.14)

61-75 0.82 (0.67, 1.01) 0.79 (0.61, 1.02) 0.77 (0.61, 0.96)* 0.82 (0.64, 1.04)

>75 0.85 (0.64, 1.13) 0.87 (0.68, 1.11) 0.82 (0.62, 1.08) 0.87 (0.68, 1.12)

Sex p=054 p=0.16

Female 0.88 (0.74, 1.03) 0.90 (0.72, 1.12) 0.86 (0.71, 1.04) 0.98(0.82,1.19)

Male 0.86 (0.66, 1.12) 0.77 (0.61, 0.97)* 0.84 (0.66, 1.08) 0.74 (0.60, 0.93)**

Race p=0.62 p=0.46

Non-Hispanic White 0.78 (0.56, 1.08) 0.93 (0.68, 1.26) 0.89 (0.67, 1.17) 0.9 (0.65, 1.25)

Non-Hispanic Black 0.79 (0.63, 0.99)* 0.75 (0.60, 0.95)* 0.99 (0.79, 1.23) 0.97 (0.77, 1.23)

Mexican American 0.90 (0.74, 1.09) 0.83 (0.66, 1.05) 0.83 (0.69, 1.00)* 0.86 (0.72, 1.03)

Other Hispanic 0.99 (0.63, 1.57) 0.68 (0.41, 1.13) 0.76 (0.50, 1.16) 0.63 (0.37, 1.07)

Other Race - Including 0.77 (0.43, 1.39) 1.11 (0.60, 2.06) 1.19 (0.65, 2.16) 0.90 (0.47,1.73)

Multi-Racial

Marital p=0.53 P=0.65

Divorced 0.86 (0.70, 1.05) 0.89(0.71, 1.12) 0.90 (0.74, 1.09) 0.90 (0.76, 1.07)

Married 0.90 (0.73, 1.10) 0.74 (0.57, 0.95)* 0.81 (0.65, 1.01) 0.80 (0.62, 1.03)

Never married 1.02 (0.48, 2.19) 1.13 (0.59, 2.19) 0.93 (0.42, 2.07) 1.59 (0.83, 3.03)

BMI (Kg/m?) p=072 p=021

Normal (<25) 0.91(0.73, 1.15) 0.83 (0.62, 1.10) 1.05 (0.83, 1.31) 0.92 (0.73, 1.16)

Obese (>30) 0.83 (0.66, 1.04) 0.92 (0.69, 1.22) 0.73 (0.57, 0.92)* 0.85 (0.63, 1.15)

Overweight (>25,<30) 0.82 (0.56, 1.20) 0.62 (0.45, 0.86)** 0.72 (0.55, 0.94)* 0.68 (0.46, 0.98)*

Smoking status p=0.051 p=035

Current 1.15(0.79, 1.68) 0.8 (0.60, 1.08) 0.89 (0.67, 1.18) 0.83 (0.63, 1.09)

Former 0.94 (0.74, 1.19) 0.95 (0.76, 1.19) 0.98 (0.76, 1.27) 0.91 (0.70, 1.18)

Never 0.74 (0.62, 0.89)** 0.8 (0.63,1.01) 0.78 (0.64, 0.96)* 0.92 (0.76, 1.11)

Hypertension p=0.07 p=051

Yes 0.9 (0.76, 1.06) 0.94 (0.76, 1.17) 0.88 (0.75, 1.03) 0.92 (0.76, 1.12)

No 0.82(0.61, 1.10) 0.63 (0.47, 0.85)** 0.81 (0.62, 1.06) 0.76 (0.58, 1.00)

Hyperlipidemia P=053 P=0.53

Yes 0.9 (0.77, 1.05) 0.84 (0.71, 1.01) 0.88 (0.74, 1.03) 0.90 (0.77, 1.04)

No 0.73 (0.51, 1.05) 0.76 (0.52, 1.12) 0.82 (0.56, 1.20) 0.74 (0.49, 1.11)

CVD P=0.51 p=0.67

Yes 0.84 (0.70, 1.02) 0.79 (0.64, 0.96)* 0.86 (0.72, 1.02) 0.84 (0.72, 0.99)*

No 0.98 (0.74, 1.30) 1.01 (0.74, 1.36) 0.87 (0.62, 1.22) 0.99 (0.72, 1.36)

Diabetes p=032 p=037

Yes 0.96 (0.73, 1.25) 0.93 (0.72,1.22) 0.93 (0.71,1.21) 0.94 (0.74, 1.19)

No 0.84 (0.71, 1.01) 0.78 (0.63, 0.96)* 0.83(0.72, 0.97)* 0.83 (0.70, 0.99)*

Fat intake level p=0.10 p=0.78

Low 0.87 (0.69, 1.10) 0.57 (0.38, 0.85)%* 0.95 (0.75, 1.21) 0.82 (0.52, 1.29)

Non-low group 0.90 (0.73, 1.11) 0.88 (0.71, 1.08) 0.84 (0.68, 1.04) 0.75 (0.62, 1.06)

Subgroup analysis adjustment factors: age; sex; race; education; marital; PIR; BMI; serum cotinine; smoking status; hyperlipidemia; hypertension; diabetes; CVD, excluding sub-group
variables, and the reference object in the sub-group is ©-3-(omega-3 fatty acids)-T1 (<1.175) and -6 (omega-6 fatty acids)-T1 (<11.423). *P<0.05; *¥p<0.01.

Frontiers in Nutrition 09 frontiersin.org


https://doi.org/10.3389/fnut.2024.1377910
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Yan et al.

10.3389/fnut.2024.1377910

A
o _
———  Crude_Model
«©
s 7 -~~~ Modell &
5 g
§ o | Model_2 :.'E’
z S 2
2 Model_3 z
3 2
g S
5 S Al g
s
k] 2
§ —— None ,%
» oo
S
o o
S
r T T T T 1
0.0 0.2 04 06 08 1.0
High Risk Threshold
T T T T T 1
1:100 1:4 2:3 32 41 100:1
Cost:Benefit Ratio
(o
1.10
3
=
3 K
o
o
P-overall < 0.0001
P-non-linear = 0.0074
0.90
0.0 25 50 75 10.0
w3
FIGURE 3
represents the risk of frailty for different levels of o-3 (C) and -6 (D) intake.

Decision Curve Analysis (DCA) showing net benefit curves for various models. The x-axis represents the threshold probability for frailty, and the y-axis
represents net benefit. The red line, orange line, light blue line, and yellow line represent improved prediction nomograms for daily o-3 and o-6 intake,
including the Crude model, Model 1, Model 2, and Model 3. The gray line represents the assumption that all patients use the nomogram model. The
black line represents the assumption that no patients use the nomogram model to predict frailty risk. Based on the results from Table 2 and the DCA
curves, it can be concluded that all constructed models can provide a net benefit for reducing frailty risk by increasing o-3 intake (>2.050 g/d) (A) and
by appropriately reducing o-6 intake (>11.423, <19.160 g/d) (B). The net benefit threshold is wide, and there are no side effects; adjustments were made
using Restricted Cubic Spline (RCS) models for factors such as age, gender, race, BMI, marital status, serum cotinine, smoking, hypertension,
hyperlipidemia, coronary artery disease, and diabetes to analyze the relationship between -3 and w-6 and frailty. The solid red line represents the
combined restricted cubic spline curve model, and the shaded area represents the 95% confidence interval for the combined curve. The dashed line
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®-6. Additionally, further investigation is warranted into the
mechanisms of w-3’s anti-inflammatory and antioxidant properties in
preventing frailty risk, as well as the interaction between w-3 and ®-6.

Data availability statement

The data presented in the study are deposited in the Centers for
Disease Control and Prevention. The links are as follows: 2005-2006:
https://wwwn.cdc.gov/Nchs/Nhanes/2005-2006/DEMO_D.htm and
https://wwwn.cdc.gov/Nchs/Nhanes/2005-2006/DR1IFF_D.htm.

Author contributions

ZY: Conceptualization, Data curation, Methodology, Software,
Validation, Writing - original draft. YX: Data curation, Methodology,
Validation, Writing - original draft.

Frontiers in Nutrition

10

KL: Data curation, Methodology, Supervision, Writing — original
draft. WZ: Formal analysis, Project administration, Validation,
Writing - review & editing. LL: Methodology, Supervision, Validation,
Writing - review & editing.

Funding
The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. National
Natural Science Foundation of China (No. 81860826).

Acknowledgments

Thanks to the following organizations for supporting the
Affiliated Hospital of Jiangxi University of Traditional Chinese
Medicine: Jiangxi Provincial Natural Science Foundation

frontiersin.org


https://doi.org/10.3389/fnut.2024.1377910
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://wwwn.cdc.gov/Nchs/Nhanes/2005-2006/DEMO_D.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2005-2006/DR1IFF_D.htm

Yan et al.

(N0.20212BAB216061, No.20232BAB206145); Jiangxi Provincial
Department of Education Science and Technology Research
Project (No0.GJJ211249); Jiangxi Provincial Health Commission
Science and Technology Program Project (No.202210783);
Jiangxi Provincial Administration of Traditional Chinese
Medicine  Science
(N0.2022B248).

and Technology Program Project

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, onder G, Fried LP. Frailty:
implications for clinical practice and public health. Lancet. (2019) 394:1365-75. doi:
10.1016/S0140-6736(19)31786-6

2. O’Donovan MR, Sezgin D, Liew A, O’Caoimh R. Burden of disease, disability-
adjusted life years and frailty prevalence. Q/M. (2019) 112:261-7. doi: 10.1093/qjmed/
hcy291

3. Fulop T, Larbi A, Witkowski JM, McElhaney J, Loeb M, Mitnitski A, et al. Aging,
frailty and age-related diseases. Biogerontology. (2010) 11:547-63. doi: 10.1007/
510522-010-9287-2

4. Pansini A, Lombardi A, Morgante M, Frullone S, Marro A, Rizzo M, et al.
Hyperglycemia and physical impairment in frail hypertensive older adults. Front
Endocrinol. (2022) 13:831556. doi: 10.3389/fendo.2022.831556

5. Angulo J, el Assar M, Alvarez-Bustos A, Rodriguez-Maiias L. Physical activity and
exercise: strategies to manage frailty. Redox Biol. (2020) 35:101513. doi: 10.1016/j.
redox.2020.101513

6. Hernandez Morante JJ, Gomez Martinez C, Morillas-Ruiz JM. Dietary factors
associated with frailty in old adults: a review of nutritional interventions to prevent
frailty development. Nutrients. (2019) 11:11. doi: 10.3390/nu11010102

7. Kapoor B, Kapoor D, Gautam S, Singh R, Bhardwaj S. Dietary polyunsaturated fatty
acids (PUFAs): uses and potential health benefits. Curr Nutr Rep. (2021) 10:232-42. doi:
10.1007/s13668-021-00363-3

8. Djuricic I, Calder PC. Beneficial outcomes of Omega-6 and Omega-3
polyunsaturated fatty acids on human health: an update for 2021. Nutrients. (2021) 13.
doi: 10.3390/nu13072421

9. D'Angelo S, Motti ML, Meccariello R. Omega-3 and omega-6 polyunsaturated fatty
acids, obesity and Cancer. Nutrients. (2020) 12:12. doi: 10.3390/nu12092751

10. Tortosa-Caparros, E, Navas-Carrillo, D, Marin, F, Orenes-Pinero, E. Anti-
inflammatory effects of omega 3 and omega 6 polyunsaturated fatty acids in
cardiovascular disease and metabolic syndrome. Crit Rev Food Sci Nutr. (2017)
57:3421-9. doi: 10.1080/10408398.2015.1126549

11. Dupont, ], Dedeyne, L, Dalle, S, Koppo, K, Gielen, E. The role of omega-3 in the
prevention and treatment of sarcopenia. Aging Clin Exp Res. (2019) 31:825-36. doi:
10.1007/s40520-019-01146-1

12. Troesch B, Eggersdorfer M, Laviano A, Rolland Y, Smith AD, Warnke I, et al.
Expert opinion on benefits of long-chain Omega-3 fatty acids (DHA and EPA) in aging
and clinical nutrition. Nutrients. (2020) 12:12. doi: 10.3390/nu12092555

13.Leon-Munoz, LM, Garcia-Esquinas, E, Lopez-Garcia, E, Banegas, JR,
Rodriguez-Artalejo, F. Major dietary patterns and risk of frailty in older adults: a
prospective cohort study. BMC Med. (2015) 13:11. doi: 10.1186/s12916-014-0255-6

14. Hutchins-Wiese HL, Kleppinger A, Annis K, Liva E, Lammi-Keefe CJ, Durham
HA, et al. The impact of supplemental n-3 long chain polyunsaturated fatty acids and
dietary antioxidants on physical performance in postmenopausal women. J Nutr Health
Aging. (2013) 17:76-80. doi: 10.1007/s12603-012-0415-3

15. Stocks ], Valdes AM. Effect of dietary omega-3 fatty acid supplementation on
frailty-related phenotypes in older adults: a systematic review and meta-analysis
protocol. BMJ Open. (2018) 8:€021344. doi: 10.1136/bmjopen-2017-021344

16. Orkaby AR, Dushkes R, Ward R, Djousse L, Buring JE, Lee IM, et al. Effect of
vitamin D3 and Omega-3 fatty acid supplementation on risk of frailty: an ancillary study
of a randomized clinical trial. JAMA Netw Open. (2022) 5:¢2231206. doi: 10.1001/
jamanetworkopen.2022.31206

17. Sandoval-Insausti, H, Perez—Tasigchana, RE Lopez-Garcia, E, Garcia-Esquinas, E,
Rodriguez-Artalejo, F, Guallar-Castillon, P, et al. Macronutrients intake and incident

Frontiers in Nutrition

11

10.3389/fnut.2024.1377910

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1377910/
full#supplementary-material

frailty in older adults: a prospective cohort study. J Gerontol A Biol Sci Med Sci. (2016)
71:1329-34. doi: 10.1093/gerona/glw033

18. Searle SD, Mitnitski A, Gahbauer EA, Gill TM, Rockwood K. A standard
procedure for creating a frailty index. BMC Geriatr. (2008) 8:24. doi:
10.1186/1471-2318-8-24

19. Hakeem FFE, Bernabe E, Sabbah W. Association between Oral health and frailty
among American older adults. ] Am Med Dir Assoc. (2021) 22:e552:559-563.e2. doi:
10.1016/j.jamda.2020.07.023

20.Chen J, Sun B, Zhang D. Association of Dietary n3 and n6 fatty acids intake
with hypertension: NHANES 2007-2014. Nutrients. (2019) 11:11. doi: 10.3390/
null061232

21. National Cholesterol Education Program Expert Panel on Detection E and
Treatment of High Blood Cholesterol in A. Third report of the National Cholesterol
Education Program (NCEP) expert panel on detection, evaluation, and treatment of
high blood cholesterol in adults (adult treatment panel IIT) final report. Circulation.
(2002) 106:3143-421. doi: 10.1161/circ.106.25.3143

22. Vickers AJ, Elkin EB. Decision curve analysis: a novel method for evaluating
prediction models. Med Decis Mak. (2006) 26:565-74. doi: 10.1177/0272989X06295361

23. Chung, HY, Cesari, M, Anton, S, Marzetti, E, Giovannini, S, Seo, AY, et al.
Molecular inflammation: underpinnings of aging and age-related diseases. Ageing Res
Rev. (2009) 8:18-30. doi: 10.1016/j.arr.2008.07.002

24. Oppedisano, F, Macri, R, Gliozzi, M, Musolino, V, Carresi, C, Maiuolo, J, et al. The
anti-inflammatory and antioxidant properties of n-3 PUFAs: their role in cardiovascular
protection. Biomedicines. (2020) 8:8. doi: 10.3390/biomedicines8090306

25. Calder, PC, Bosco, N, Bourdet-Sicard, R, Capuron, L, Delzenne, N, Dore, J, et al.
Health relevance of the modification of low grade inflammation in ageing
(inflammageing) and the role of nutrition. Ageing Res Rev. (2017) 40:95-119. doi:
10.1016/j.arr.2017.09.001

26. Patel HP, Syddall HE, Jameson K, Robinson S, Denison H, Roberts HC, et al.
Prevalence of sarcopenia in community-dwelling older people in the UK using the
European working group on sarcopenia in older people (EWGSOP) definition: findings
from the Hertfordshire cohort study (HCS). Age Ageing. (2013) 42:378-84. doi: 10.1093/
ageing/afs197

27. Fang XY, Xu HW, Chen H, Zhang SB, Yi YY, Ge XY, et al. Association between
poor nutritional status and increased risk for subsequent vertebral fracture in elderly
people with percutaneous Vertebroplasty. Clin Interv Aging. (2022) 17:1503-12. doi:
10.2147/CIA.S376916

28. Crump C, Sundquist J, Winkleby MA, Sundquist K. Aerobic fitness, muscular
strength and obesity in relation to risk of heart failure. Heart. (2017) 103:1780-7. doi:
10.1136/heartjnl-2016-310716

29. Innes JK, Calder PC. Omega-6 fatty acids and inflammation. Prostaglandins Leukot
Essent Fatty Acids. (2018) 132:41-8. doi: 10.1016/j.plefa.2018.03.004

30. Shakoor, H, Feehan, J, Al Dhaheri, AS, Ali, HI, Platat, C, Ismail, LC. Immune-
boosting role of vitamins D, C, E, zinc, selenium and omega-3 fatty acids: could they
help against COVID-19? Maturitas. (2021) 143:1-9. doi: 10.1016/j.maturitas.2020.08.003

31. Jeromson S, Gallagher IJ, Galloway SD, Hamilton D. Omega-3 fatty acids and
skeletal muscle health. Mar Drugs. (2015) 13:6977-7004. doi: 10.3390/md13116977

32. Smith GI, Julliand S, Reeds DN, Sinacore DR, Klein S, Mittendorfer B. Fish oil-
derived n-3 PUFA therapy increases muscle mass and function in healthy older adults.
Am ] Clin Nutr. (2015) 102:115-22. doi: 10.3945/ajcn.114.105833

33. Krzyminska-Siemaszko, R, Czepulis, N, Lewandowicz, M, Zasadzka, E,
Suwalska, A, Witowski, J, et al. The effect of a 12- week Omega-3 supplementation on

frontiersin.org


https://doi.org/10.3389/fnut.2024.1377910
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2024.1377910/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2024.1377910/full#supplementary-material
https://doi.org/10.1016/S0140-6736(19)31786-6
https://doi.org/10.1093/qjmed/hcy291
https://doi.org/10.1093/qjmed/hcy291
https://doi.org/10.1007/s10522-010-9287-2
https://doi.org/10.1007/s10522-010-9287-2
https://doi.org/10.3389/fendo.2022.831556
https://doi.org/10.1016/j.redox.2020.101513
https://doi.org/10.1016/j.redox.2020.101513
https://doi.org/10.3390/nu11010102
https://doi.org/10.1007/s13668-021-00363-3
https://doi.org/10.3390/nu13072421
https://doi.org/10.3390/nu12092751
https://doi.org/10.1080/10408398.2015.1126549
https://doi.org/10.1007/s40520-019-01146-1
https://doi.org/10.3390/nu12092555
https://doi.org/10.1186/s12916-014-0255-6
https://doi.org/10.1007/s12603-012-0415-3
https://doi.org/10.1136/bmjopen-2017-021344
https://doi.org/10.1001/jamanetworkopen.2022.31206
https://doi.org/10.1001/jamanetworkopen.2022.31206
https://doi.org/10.1093/gerona/glw033
https://doi.org/10.1186/1471-2318-8-24
https://doi.org/10.1016/j.jamda.2020.07.023
https://doi.org/10.3390/nu11061232
https://doi.org/10.3390/nu11061232
https://doi.org/10.1161/circ.106.25.3143
https://doi.org/10.1177/0272989X06295361
https://doi.org/10.1016/j.arr.2008.07.002
https://doi.org/10.3390/biomedicines8090306
https://doi.org/10.1016/j.arr.2017.09.001
https://doi.org/10.1093/ageing/afs197
https://doi.org/10.1093/ageing/afs197
https://doi.org/10.2147/CIA.S376916
https://doi.org/10.1136/heartjnl-2016-310716
https://doi.org/10.1016/j.plefa.2018.03.004
https://doi.org/10.1016/j.maturitas.2020.08.003
https://doi.org/10.3390/md13116977
https://doi.org/10.3945/ajcn.114.105833

Yan et al.

body composition, muscle strength and physical performance in elderly individuals with
decreased muscle mass. Int | Environ Res Public Health. (2015) 12:10558-74. doi:
10.3390/ijerph120910558

34. Rolland, Y, Barreto, PS, Maltais, M, Guyonnet, S, Cantet, C, Andrieu, S, et al. Effect
of long-term omega 3 polyunsaturated fatty acid supplementation with or without
multidomain lifestyle intervention on muscle strength in older adults: secondary
analysis of the multidomain Alzheimer preventive trial (MAPT). Nutrients. (2019) 11:11.
doi: 10.3390/nu11081931

35. Liang Z, Zhang T, Liu H, Li Z, Peng L, Wang C, et al. Inflammaging: the ground
for sarcopenia? Exp Gerontol. (2022) 168:111931. doi: 10.1016/j.exger.2022.111931

36. Stratos I, Behrendt AK, Anselm C, Gonzalez A, Mittlmeier T, Vollmar B. Inhibition
of TNF-alpha restores muscle force, inhibits inflammation, and reduces apoptosis of
traumatized skeletal muscles. Cells. (2022) 11:11. doi: 10.3390/cells11152397

37. Kyriakidou Y, Wood C, Ferrier C, Dolci A, Elliott B. The effect of Omega-3
polyunsaturated fatty acid supplementation on exercise-induced muscle damage. J Int
Soc Sports Nutr. (2021) 18:9. doi: 10.1186/s12970-020-00405-1

38.Custodero C, Mankowski RT, Lee SA, Chen Z, Wu S, Manini TM, et al.
Evidence-based nutritional and pharmacological interventions targeting
chronic low-grade inflammation in middle-age and older adults: a systematic
review and meta-analysis. Ageing Res Rev. (2018) 46:42-59. doi: 10.1016/j.
arr.2018.05.004

39. Feingold KR. The outer frontier: the importance of lipid metabolism in the skin. J
Lipid Res. (2009) 50:5417-22. doi: 10.1194/j1r.R800039-JLR200

Frontiers in Nutrition

12

10.3389/fnut.2024.1377910

40. Froyen E, Burns-Whitmore B. The effects of linoleic acid consumption on lipid
risk markers for cardiovascular disease in healthy individuals: a review of human
intervention trials. Nutrients. (2020) 12:12. doi: 10.3390/nu12082329

41. Mensink, RP, Zock, PL, Kester, AD, Katan, MB. Effects of dietary fatty acids and
carbohydrates on the ratio of serum total to HDL cholesterol and on serum lipids and
apolipoproteins: a meta-analysis of 60 controlled trials. Am J Clin Nutr. (2003)
77:1146-55. doi: 10.1093/ajcn/77.5.1146

42. Pereira M, Liang J, Edwards-Hicks ], Meadows AM, Hinz C, Liggi S, et al. Arachidonic
acid inhibition of the NLRP3 inflammasome is a mechanism to explain the anti-inflammatory
effects of fasting. Cell Rep. (2024) 43:113700. doi: 10.1016/j.celrep.2024.113700

43. De Souza, EO, Lowery, RP, Wilson, JM, Sharp, MH, Mobley, CB, Fox, CD, et al.
Effects of arachidonic acid supplementation on acute anabolic signaling and chronic
functional performance and body composition adaptations. PLoS One. (2016)
11:¢0155153. doi: 10.1371/journal.pone.0155153

44. Roberts MD, Tosia M, Kerksick CM, Taylor LW, Campbell B, Wilborn CD, et al.
Effects of arachidonic acid supplementation on training adaptations in resistance-
trained males. J Int Soc Sports Nutr. (2007) 4:21. doi: 10.1186/1550-2783-4-21

45. Rett BS, Whelan J. Increasing dietary linoleic acid does not increase tissue
arachidonic acid content in adults consuming Western-type diets: a systematic review.
Nutr Metab (Lond). (2011) 8:36. doi: 10.1186/1743-7075-8-36

46. Singh JE. Dietary sources of Omega-3 fatty acids versus Omega-3 fatty acid
supplementation effects on cognition and inflammation. Curr Nutr Rep. (2020)
9:264-77. doi: 10.1007/s13668-020-00329-x

frontiersin.org


https://doi.org/10.3389/fnut.2024.1377910
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3390/ijerph120910558
https://doi.org/10.3390/nu11081931
https://doi.org/10.1016/j.exger.2022.111931
https://doi.org/10.3390/cells11152397
https://doi.org/10.1186/s12970-020-00405-1
https://doi.org/10.1016/j.arr.2018.05.004
https://doi.org/10.1016/j.arr.2018.05.004
https://doi.org/10.1194/jlr.R800039-JLR200
https://doi.org/10.3390/nu12082329
https://doi.org/10.1093/ajcn/77.5.1146
https://doi.org/10.1016/j.celrep.2024.113700
https://doi.org/10.1371/journal.pone.0155153
https://doi.org/10.1186/1550-2783-4-21
https://doi.org/10.1186/1743-7075-8-36
https://doi.org/10.1007/s13668-020-00329-x

	The relationship between dietary intake of ω-3 and ω-6 fatty acids and frailty risk in middle-aged and elderly individuals: a cross-sectional study from NHANES
	Introduction
	Materials and methods
	Study population in NHANES
	Frailty
	Dietary ω-3 and ω-6 intake
	Covariates
	NHANES analysis

	Results
	The baseline characteristics of the participants
	Associations between omega intake and frailty outcomes

	Discussion
	Conclusion
	Data availability statement
	Author contributions

	References

