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Abstract: Objective: This study aimed to investigate the association between dietary inflammation, pre-frailty
and frailty among older US adults. Additionally, effect modification of gender on the association between
dietary inflammation and frailty was assessed. Design: Study data came from the National Health and Nutrition
Examination Survey (2007-2014) — a nationally representative, cross-sectional study of adults. Participants: The
analytic sample included adults >60 years (n=7,182). Measurements: Dietary Inflammatory Index (DII®) scores
were calculated from 24-hour dietary recalls; DII was categorized into quintiles from Quintile 1 (Q1) (least
inflammatory) to Q5 (most inflammatory). Frailty was assessed by four criteria: exhaustion, weakness, low body
mass, and low physical activity. Individuals were then categorized into robust (O criteria), pre-frail (1-2 criteria),
or frail (3-4 criteria). Multinomial logistic regression was used to examine the odds of frailty categories (pre-
frail vs. robust; frail vs. robust). Results: After adjusting for potential confounders, individuals in DII quintile
5 (vs Q1) were more likely to be pre-frail (OR = 1.71; 95% CI: 1.36-2.15) and frail (OR = 1.70; 95% CI: 1.02-
2.85). Individuals in Q4 had greater odds of frailty only (OR = 1.82; 95% CI: 1.13, 2.93). No evidence of effect
modification by gender on the association of DII and frailty was found. Conclusion: This study expands upon
previous evidence of a relationship between dietary inflammation and frailty. When designing nutrition-based

frailty interventions, inflammatory properties of diets should be considered.
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Introduction

Frailty is an age-related syndrome of physiologic
decline that affects approximately 10% of community-
dwelling older adults (1). Another 41.6% of older adults
are considered to be pre-frail, a condition thought to be a
precursor of frailty development (2). In research practice,
frailty is typically defined as a syndrome of unintentional
weight loss, slow walking speed, low grip strength, low
energy, and/or low physical activity (1). The frailty syndrome
increases vulnerability to adverse health outcomes through
underlying physical changes (3), and is associated with
worsening mobility (1), acute illness, falls (4), injuries,
disability (5), hospitalization, dementia and Alzheimer’s (6),
institutionalization (7), and mortality (8).

Despite increasing interest in frailty, the pathophysiological
mechanisms contributing to frailty are not well understood.
Previous studies have demonstrated that systemic inflammation
is a potential mechanism influencing frailty development. For
example, prior findings show that when compared to robust
individuals, pre-frail and frail individuals have higher levels
of inflammatory markers such as C-reactive protein (CRP),
interleukin-6 (IL-6), and fibrinogen (9). Higher levels of CRP
and IL-6 also are associated with poor physical performance
(10) and with loss of muscle strength (11). Higher levels
of IL-6 have been linked with slower gait speed and gait
speed decline (12). Relatively few studies have investigated
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potential sources of systemic inflammation in relation to
frailty development; however, such information may be key
to strategies aimed at addressing and preventing frailty and its
consequences.

Diet, as an important potential source of pro-inflammatory
or anti-inflammatory compounds, is an important modulator
of inflammation (13). Several studies suggest that individuals’
diets are related to either greater or lesser levels of systemic
inflammatory markers such as C-reactive protein (CRP)
and fibrinogen (14, 15). Researchers from the University of
South Carolina developed a tool in 2014 called the Dietary
Inflammatory Index (DII®) to measure the inflammatory
potential of diet (16). Pro-inflammatory diets, as indicated
by higher DII scores, have been shown to be associated with
greater incidence of frailty (17) and chronic inflammatory-
related health outcomes, such as cardiovascular disease (18),
diabetes (19), and cancer (20). However, evidence regarding the
potential association between dietary inflammation and frailty
is limited (17). Additionally, compared to robust individuals,
pre-frailty has been found to be associated with inflammation
(9), cardiovascular disease (21), and greater mortality (8). One
study by Shivappa and colleagues among older adults in the
US with arthritis found that more pro-inflammatory DII scores
were associated with greater incidence of frailty; however, that
study did not examine the association between DII and pre-
frailty (17). Shivappa and colleagues also found differences in
the association between frailty and obesity by sex; however,
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generalizability of these results was limited by the selective
nature of the sample.

The purpose of this study was to examine whether there
is an association between DII, pre-frailty and frailty among
a nationally representative sample of older US adults. We
hypothesized that greater DII scores, indicating a more pro-
inflammatory diet, would be associated with greater odds of
pre-frailty and frailty. Gender was examined as a potential
effect modifier of the association between DII and frailty.

Methods

Data Source

This study used data from the National Health and Nutrition
Examination Survey (NHANES). NHANES is a nationally
representative cross-sectional study conducted yearly
and released in two-year cycles by the Centers for Disease
Control and Prevention. NHANES respondents are selected
through a complex, multistage, probability sampling design.
Participants are first interviewed in their home and asked to
report demographic, dietary, and health-related information. In
addition, participants undergo detailed medical examination by
trained survey personnel in a mobile survey center, including
measures of height, weight, and blood pressure. More detailed
explanation of NHANES survey procedures and sampling
design are available elsewhere (22).

We used NHANES data from waves 2007-2014 (N=40,610).
Participants aged =60 years with complete data from a one-day
24-hour dietary recall and responses to frailty questions were
considered eligible for analysis, yielding a final analytic sample
of 7,182.

QOutcome: Pre-Frailty and Frailty

Frailty and pre-frailty were defined using a modified four-
criteria version of phenotypic frailty (1), adapted and validated
in previous NHANES studies (8, 23). Criteria included
weakness, exhaustion, low physical activity, and low body
mass. Weakness was defined as having some difficulty, much
difficulty, or being unable to lift or carry 10 pounds. Exhaustion
was defined as having some difficulty, much difficulty, or being
unable to walk from one room to the other on the same floor.
Low physical activity was defined as being in the lowest 20%
of the weighted sum of the average minutes of moderate and
vigorous recreational activity per day; the weights used were
according to NHANES suggested Metabolic Equivalency of
Task (MET) scores — vigorous activities = 8§ MET and moderate
activities = 4 MET (22). Low body mass index (BMI) was
defined as having BMI < 18.5 kg/m?. Frailty criteria were
summed and categorized into three levels: robust, defined as
having O criteria; pre-frail, defined as having 1-2 criteria; and
frail, defined as having 3-4 criteria.

Exposure: Dietary Inflammatory index

The Dietary Inflammatory Index (DII®) is a measure
developed to help estimate the level by which individuals’ diets
increase or decrease systemic inflammatory processes. DII is
based on inflammatory effect scores assigned to forty-five food
parameters, including macro- and micronutrients, flavonoids,
spices and food items. Inflammatory effect score for each food
parameter was derived by Shivappa and colleagues (16), where
1,943 qualifying articles that assessed the relationships between
each food parameter and inflammatory biomarkers (e.g.,
C-reactive protein (CRP), interleukin (IL)-1b, IL-4, IL-6, IL-10,
and tumor necrosis factor a) were scored. After weighting
articles based on study design, inflammatory effect scores
were assigned to food parameters that were associated with
pro- or anti-inflammation. Negative effect scores mean anti-
inflammation, while positive scores mean pro-inflammation.

DII was calculated using dietary recall interview. The first of
two 24-hour assessments was used to determine dietary intake,
a procedure which has been validated (24). Dietary recall was
collected in person at a mobile examination center by a trained
dietary interviewer. Based on this interview, 26 food parameters
were utilized to calculate individual consumption value. The
food parameters used in the calculation were: carbohydrate,
protein, fat, alcohol, fiber, cholesterol, saturated fatty acids,
monosaturated fatty acids, polysaturated fatty acids, niacin,
thiamin, riboflavin, vitamin B12, vitamin B6, Fe, Mg, Zn,
Se, vitamin A, vitamin C, vitamin D, vitamin E, folic acid,
[-carotene, omega 6 and omega 3. Individuals’ intake of each
of these food parameters was standardized to obtain z scores
by subtracting the individualized consumption value by the
global mean then dividing this by the global standard deviation.
To minimize an effect of positive skewing, z scores were then
converted to proportions (i.e., with values from 0 to 1). These
proportions were then doubled, and one was subtracted in
order to center the score around zero. The centered proportions
were then multiplied by their respective inflammatory effect
score (16). Finally, the DII score was calculated by summing
each food score per individual. The DII score was used as a
continuous variable and categorized into quintiles using scores
from the total sample population (all ages). Analysis was
limited to individuals = 60. More positive DII scores indicate
pro-inflammatory diets, while negative DII scores indicate anti-
inflammatory diets. Energy-adjusted DII (E-DII) scores were
calculated by dividing the food parameters by energy intake
and then multiplying by 1000. The DII has been validated with
a range of inflammatory markers — including c-reactive protein
and interleukin - in various populations (25-28).

Covariates

Self-reported age, sex, race and ethnicity, education,
smoking status, and summed score of 10 common
co-morbidities (arthritis, cancer, congestive heart failure,
coronary heart disease, diabetes, heart attack, high blood
pressure, osteoporosis, stroke, and weak or failing kidneys;
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Table 1
Weighted sample characteristics (n=7,182) by DII categories, NHANES 2007-2014

Q1: Most AI Q2: Some Al Q3: Some PI Q4: More PI Q5: Most PI
% or Mean (se)

Age (Years), mean (se) 70.49 (0.23) 69.69 (0.24) 69.14 (0.28) 69.33 (0.25) 68.72 (0.31)
Female 60.7 53.8 51.6 51.5 49.6
Less than high school education 17.3 19.8 213 23.6 26.2
Race/Ethnicity

White Non-Hispanic 532 51 52.1 53 50.8

Black Non-Hispanic 17.1 19.7 21.2 224 30

Hispanic 20.3 24 214 21 16.3

Other 94 53 53 3.6 2.8
Frailty status

Robust 494 45.1 44 435 36.1

Pre-frail 447 49.6 50 49.6 575

Frail 59 53 6 6.9 6.4
Smoking status

Never 55.6 50.2 46.2 453 412

Former 38 40.6 40.7 38.2 373

Current 6.4 9.1 134 16.5 215
Chronic conditions, mean (se) 2.02 (0.05) 2.08 (0.06) 2.02 (0.6) 2.10 (0.06) 2.07 (0.06)

Note. DII: Dietary inflammatory index; Q: Quintile; Al: Anti-inflammatory; PI: Proinflammatory; chi square test for categorical variables, t-test for continuous

range: 0-10) were considered as potential confounders. Age and
the summed co-morbidity score were analyzed as continuous
variables, while sex (male/female), education (less than
9th grade, some high school, high school graduate or GED
equivalent, some college or AA degree, or college graduate or
above), race and ethnicity (non-Hispanic White, non-Hispanic
Black, Mexican American, other Hispanic, and other race), and
smoking status (current, former, or non) were considered as
categorical variables.

Statistical Analyses

All analyses were completed using SAS® 9.4 software. To
determine an appropriate model and covariates, model selection
was utilized based on change in estimate and not p-values. In
short, each covariate was added one at a time to a crude model
including only DII; if the variable produced at least a 10%
change in estimate compared to the crude association, it was
kept in the final model. This was done until no added variable
produced a change >10%.

Descriptive statistics were calculated for demographic and
health-related sample characteristics by frailty categories. We
used logistic regression to estimate the odds of frailty as a
binary outcome (frail vs. non-frail). In separate analyses, we
used multinomial logistic regression to examine the odds of

frailty categories (pre-frail vs. robust; frail vs. robust). DII
was operationalized as a continuous variable and then divided
into quintiles, to examine potential for non-linear associations
between DII and frailty occurrence. The fully adjusted model
included age, gender, race and ethnicity, education, summed
co-morbidities score, and smoking status. Gender was examined
as a possible effect modifier of the association between DII
and frailty, by including an interaction term between DII and
gender in logistic regression models and by stratifying analysis
by gender. Logistic regression was used to estimate the odds
of each frailty component associated with different levels
of dietary inflammation. All models were estimated using
appropriate SAS survey procedures and NHANES strata,
cluster, and sampling probability weights to account for the
NHANES complex survey design and to produce unbiased
national estimates. Sampling probability weights were
appropriately constructed based on NHANES guidance (29).

Results

Of the 7,182 analytic sample respondents, 2,185 (30.4%)
were in the most anti-inflammatory diet group, 1,359
(19.9%) in some anti-inflammatory, 1,262 (17.6%) in some
pro-inflammatory, 1,146 (16.0%) in more pro-inflammatory,
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and 962 (13.4%) in most pro-inflammatory. Table 1 presents
weighted descriptive statistics for sample characteristics
across DII categories. Individuals in quintile 5 (Q5) — most
pro-inflammatory group — tended to be younger, male, less
educated, more minority race, smokers, and have higher
co-morbidities. Compared to individuals with the most anti-
inflammatory diets, those who had the most pro-inflammatory
diets were more pre-frail and frail.

Table 2
Odds of frailty by continuous DII score and DII category,
NHANES 2007-2014

Crude
OR (95% CI)
1.07 (1.00-1.14)*

Adjusted®
OR (95% CI)
1.06 (0.99-1.15)

DII Continuous

DII Quintiles
Q1: Most Al Ref Ref
Q2: Some Al 1.03 (0.71-1.49) 1.02 (0.70-1.48)
Q3: Some PI 1.03 (0.66-1.61) 1.05 (0.66-1.67)
Q4: More PI 1.61 (1.08-2.39)* 1.63 (1.03-2.59)*
Q5: Most PI 1.27 (0.85-1.89) 1.22 (0.76-1.96)

Note. OR: odds ratio; DII: Dietary inflammatory index; Q: Quintile; AI: Anti-
inflammatory; PI: Proinflammatory; a Adjusted for age, gender, race, education,
summed co-morbidities score, and smoking status; * p<0.05

Table 2 displays crude and adjusted logistic regression
results describing odds of being frail compared to non-frail
(the combined pre-frail or robust groups). When examining
DII as a continuous variable, a one-unit increase in DII (more
pro-inflammatory) was associated with significantly greater
odds of frailty in crude model (OR = 1.07, 95% CI: 1.00, 1.14).
Adjusted model estimates suggested a similar increase in odds
of frailty with increasing DII scores, (OR = 1.06, 95% CI: 0.99,
1.15). In categorical analysis, compared to individuals with

anti-inflammatory diets (Q1), only individuals with moderately
pro-inflammatory diets (Q4) had greater odds of frailty in fully
adjusted (OR = 1.63, 95% CI: 1.03, 2.59) and crude (OR =
1.61,95% CI: 1.08, 2.39) models.

Results from crude and adjusted multinomial logistic
regression models estimating the odds of pre-frailty and
frailty are displayed in Table 3. When DII was considered as
a continuous variable, a one-unit increase in DII score was
associated with greater odds of pre-frailty (OR = 1.09; 95%
CI: 1.06, 1.12) and frailty (OR = 1.12; 95% CI: 1.03, 1.22).
Compared to those with most anti-inflammatory diet (Q1),
those with the highest pro-inflammatory diet (Q5) were 1.70
times as likely to be frail (OR = 1.70; 95% CI: 1.02-2.85) and
1.71 times as likely to be pre-frail (OR = 1.71; 95% CI: 1.36-
2.15). Individuals with moderately pro-inflammatory diets
(Q4) had 1.21 greater odds of pre-frailty (OR= 1.21; 95% CI:
0.99-1.48) and 1.82 greater odds of being frail (OR = 1.82; 95%
CI: 1.13, 2.93) compared to individuals with anti-inflammatory
diets (Q1); however, secondary analysis indicated that odds
of frailty were not significantly different between individuals
with moderately pro-inflammatory diets (Q4) and most pro-
inflammatory diets (contrast p=0.14).

Table 4 displays adjusted logistic regression results for the
odds of individual frailty components, comparing each quintile
of DII to the most anti-inflammatory quintile. All levels of pro-
inflammatory diet (Q3, Q4, Q5), when compared to the most
anti-inflammatory (Q1) diet, were associated with increased
odds of low physical activity, weakness, and exhaustion.
Comparing those in Q1, those in any pro-inflammatory group
(Q3, Q4, Q5) had lower odds of low BMI.

In sensitivity analysis, we recategorized DII into four groups.
Results from the quartile analysis had a similar trend to the
quintile analysis presented for pre-frail and frail individuals.
When DII was categorized into quartiles, compared to those in
Q1, those in Q4 had 1.51 greater odds of being frail (OR = 1.51;
95% CI: 0.90-2.57) and 1.59 greater odds of being pre-frail (OR
=1.59;95% CI: 1.30-1.93).

Table 3
Crude and adjusted multinomial logistic regression of frailty status, NHANES 2007-2014

Crude

Pre-frail (95% CI)

Adjusted®

Frail (95% CI) Pre-frail (95% CI) Frail (95% CI)

DII continuous 1.09 (1.05-1.13)*

DII Quintiles

Q1: Most Al Ref

Q2: Some Al 1.12 (0.93-1.34)
Q3: Some PI 1.27 (1.05-1.53)*
Q4: More PI 1.22 (0.99-1.50)
Q5: Most PI 1.70 (1.37-2.10)*

1.11 (1.04-1.19)* 1.09 (1.06-1.13)* 1.12 (1.03-1.22)*
Ref

1.08 (0.74-1.58)

1.15(0.73-1.82)

1.75 (1.16-2.65)*

1.64 (1.08-2.50)*

Ref
1.12 (0.94-1.35)
1.32% (1.10-1.59)
121 (0.99-1.48)
1.71 (1.36-2.15)*

Ref
1.09 (0.73-1.62)
1.23 (0.76-2.00)
1.82 (1.13-2.93)*
1.70 (1.02-2.85)*

Note. DII: Dietary inflammatory index; Q: Quintile; Al: Anti-inflammatory; PI: Proinflammatory; a Adjusted for age, gender, race, education, summed co-morbidities score, and smoking

status; * p<0.05
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Table 4
Adjusted logistic regression of frailty components, NHANES 2007-2014

Low BMI

Low Physical Activity

Weakness Exhaustion

DII Continuous 0.86 (0.75 -0.99)*

DII Quintiles

Q1: Most Al Ref Ref
Q2: Some Al 0.79 (0.34 - 1.85)

Q3: Some PI 0.36 (0.16 - 0.81)*

Q4: More PI 0.78 (0.43. 1.40)

Q5: Most PT 0.45(0.22-0.93)*

1.09 (1.05 - 1.14)*

1.07 (0.90 - 1.29)
1.37 (1.12 - 1.66)*
1.34 (1.09 - 1.66)*
1.67 (1.33 - 2.10)*

1.05 (1.00 - 1.10)* 1.06 (1.00 - 1.11)*
Ref

0.96 (0.73 - 1.27)

1.10 (0.89 - 1.36)

1.14 (0.88 - 1.47)

1.19 (0.90 - 1.58)

Ref
0.81 (0.61 - 1.08)
1.32(0.90 - 1.92)
1.52 (1.13 - 1.59)*
1.11 (0.79 - 1.59)

Note. DII: Dietary inflammatory index; Q: Quintile; Al: Anti-inflammatory; PI: Proinflammatory; a. Adjusted for age, gender, race, education, summed co-morbidities score, and smoking

status; * p<0.05

Interaction terms between gender and DII were not
statistically significant in either multinomial (p=0.27) or logistic
regression models (p=0.15). In separate analyses by gender,
estimates of the association between DII and frailty were
similar to overall results, indicating no multiplicative effect
modification by gender (results not shown).

Discussion

Using data from the NHANES, a large, nationally
representative survey, this study examined the association
between dietary inflammatory potential and the geriatric
syndrome of frailty. The results show that individuals with
more pro-inflammatory diets, as indicated by higher DII scores,
were more likely to be both pre-frail and frail after adjusting for
health-related and demographic covariates. Categorical analyses
further suggest that increased likelihood of frailty is similar
among those with moderately and very pro-inflammatory
diets when compared to those with anti-inflammatory diets.
Although previous studies found an association between dietary
inflammation and frailty only among men (17), we found no
significant differences in this association by gender.

Our findings are consistent with a previous study by
Shivappa and colleagues that examined the relationship
between dietary inflammation and incident frailty over
eight years of follow-up (17). Similar to our results, those
individuals in the highest DII category had higher frailty
incidence. Shivappa and colleagues also found that DII level
was only associated with greater incidence of frailty among
men, suggesting potential interaction between gender and
dietary inflammation. In contrast, our results were similar
when stratified by gender. Differences in results between this
and the previous study may reflect different methodological
approaches. For example, NHANES data are nationally
representative, while the previous study by Shivappa and
colleagues used data only from individuals with arthritis.
Evidence of interaction may therefore reflect differences in
the severity or rate of arthritis between frail and non-frail

individuals, between men and women, or both.

Although previous studies indicate that pre-frail individuals
may indeed have higher levels of inflammatory biomarkers
compared to robust individuals (8), the association between DII
and pre-frailty has not been evaluated. Our study found that
more pro-inflammatory diets were associated with a greater
likelihood of pre-frailty while controlling for key confounders.
While it is not clear to what extent pre-frailty may be seen
as a precursor of frailty, these results suggest that dietary
inflammation may be an important factor in the development
of frailty components individually, even in individuals not
considered to be frail by standard cutoff criteria. Additionally,
pre-frailty has been shown to be a risk facrtor of death (8),
cardiovascular diseases (21), and disability (30), independent
of frailty. The identification of factors that distinguish between
robust and pre-frail individuals may therefore have clinical
and public health implications, as the latter group may have
distinctly greater risk of poor health outcomes and of becoming
frail. Addressing dietary inflammation may be an important
consideration, not only in treating frailty but also in developing
strategies to help prevent frailty from developing in the first
place.

These findings have important implications for
frailty intervention development. Previous nutrition-based
interventions for frailty have generally focused on protein-
energy supplementation (31), micronutrient supplementation
(32), and nutritional counseling (33). These interventions
demonstrated limited improvements in individual frailty
components such as physical activity level, grip strength, body
weight, and/or walking speed; however, as nutrition-based
frailty interventions are usually combined with exercise, it is
difficult to assess the independent influence of specific nutrients
on frailty. Although, certain micronutrients have been found to
be associated with frailty (31, 32), results of the present study
suggest that considering the inflammatory properties of overall
diet may also be relevant to frailty prevention. Determining the
average inflammatory potential of overall diet, for instance,
helps distill an important feature of nutrient and food intake,
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independent of any particular nutrient or food. From a practical
standpoint, a focus on reducing dietary inflammation, on
average, rather than on supplementation of specific nutrients,
may help simplify and improve adherence to current nutrition-
based interventions for frailty.

Despite this study’s strengths, there are some limitations
worth noting. First, NHANES data are cross-sectional and
thus we were unable to assess the temporality of frailty and
dietary inflammation scores. Frailty may lead to poorer
nutrition (more pro-inflammatory diets) due to lack of access
or decreases in mobility. However, as noted before, previous
studies have found similar associations between dietary
inflammation and incident frailty (17). Furthermore, individuals
with prevalent frailty, as measured by cross-sectional data,
may be less severely frail and more likely to participate in
research interviews. Second, dietary intakes were measured
through a 24-hour recall interview. As such, diet at the time of
interview may not reflect long-term, habitual dietary patterns;
however, prior work has demonstrated the validity and utility
of this approach to assess associations between diet and health
outcomes (34, 35). Additionally, the diets of older adults have
been found to be relatively stable for at least five to seven years
(36, 37), suggesting that 24-hour recall may be an accurate
reflection of diet over a longer period of time. Finally, due
to lack of availability of certain measures, this study used a
modified version of the frailty phenotype model, which could
lead to misclassification of frailty status. However, previous
studies have found similar rates of frailty and pre-frailty using
this modified measure (8).

Weighing its strengths and limitations, the current study
contributes important information to current knowledge
regarding the potential association of dietary inflammation
in frailty. Whereas previous studies have been restricted to
individuals with specific medical conditions, the NHANES
complex sampling design allowed us to evaluate this
association in a nationally representative sample. Additionally,
this study is one of the first to evaluate the association between
dietary inflammation and likelihood of pre-frailty. This is
important because it suggests that frailty may be prevented
or ameliorated by interventions focusing on inflammatory
potential of individual diets, independent of other intervention
approaches.
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