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ARTICLE INFO ABSTRACT

Keywords: Purpose: Chronic inflammation is a pathophysiological cause of age-related diseases including sarcopenia.
Dietary inflammatory index However, limited data are available on the association between the diet-derived inflammation and sarcopenia.
Sarcopenia Here, using the Dietary Inflammatory Index (DII), we examined the associations between inflammatory poten-
Inflammation . . o .
hsCRP tials of the diet, sarcopenia/its components, and serum inflammatory markers.

s . . . . . .
men Materials and methods: This cross-sectional study was performed in 2014 among 1,254 community-dwelling older

adults. Energy-adjusted DII score (E-adjusted DII) was calculated using a self-administered diet history ques-
tionnaire. Sarcopenia/its components was determined according to the Asian Working Group for Sarcopenia.
Serum interleukin (IL)-1p, IL-4, IL-6, IL-10, tumor necrosis factor (TNF)a, and high-sensitivity C-reactive protein
(hsCRP) were measured.

Results: The mean of E-adjusted DII was 0.13+2.1 (-4.92~5.29) in participants (74.6+5.5 y). After adjustment of
confounders, men in the highest tertile of the E-adjusted DII showed a 2.89-times (95% CI: 1.04-8.04) higher risk
of sarcopenia than those in the lowest tertile. Regarding its components (low muscle mass/strength/function),
men in the highest tertile did not have significantly greater odds, respectively. Intriguingly, when the E-adjusted
DII was calculated only based on anti-inflammatory food parameters, men who did not consume food with anti-
inflammatory properties scored high E-adjusted DII and were significantly associated with sarcopenia in the
highest tertile (OR: 2.96; 95% CI: 1.06-8.93). Higher serum hsCRP levels were seen in sarcopenic men with the
highest E-adjusted DII (p=0.036).

Conclusions: These results suggest that a diet with pro-inflammatory potential is associated with the risk of
sarcopenia. Further investigations whether anti-inflammatory diet could reduce its risk are needed.

1. Introduction

Chronic inflammation accompanies aging and is recognized as an
underlying pathophysiological cause of age-related diseases (Chhetri
et al., 2018; Chung et al., 2009; Lopez-Candales et al., 2017; Newcombe
et al., 2018; Wellen & Hotamisligil, 2005), such as cardiovascular dis-
eases (Lopez-Candales et al., 2017), chronic obstructive pulmonary
disease (COPD) (Barnes et al., 2016), dementia (Newcombe et al., 2018),
and sarcopenia (Chhetri et al., 2018).

Especially in sarcopenia, several inflammatory cytokines are
responsible for decreasing muscle mass and strength (Schaap et al.,
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2006; Thoma & Lightfoot, 2018). For example, lower muscle mass and
strength are associated with higher plasma concentrations of interleukin
(IL)-6 and tumor necrosis factor (TNF)a in 3,075 well-functioning older
adults (Visser et al., 2002). Furthermore, higher levels of C-reactive
protein (CRP), IL-6, and IL-1 receptor antagonist (IL-1RA) are strongly
associated with poorer physical performance in 1,020 older adults
(Cesari et al., 2004). Regarding the molecular mechanisms underlying
sarcopenia, it has been demonstrated that inflammatory cytokines
disturb the balance of muscle protein synthesis and degradation by
modulating critical regulators such as MyoD (Langen et al., 2004) or
myostatin (Zhang et al., 2011), eventually leading to sarcopenia (Bian
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et al., 2017; Li et al., 2019; Rong et al., 2018).

Diet is one critical factor affecting immune responses. Higher intakes
of fiber, omega-3-fatty acids, and vitamin C have been reported to
contribute to the low levels of circulating inflammatory markers
observed. Based on these findings, the majority of previous studies have
focused on the inflammatory potential of specific nutrients rather than
that of the diet as a whole. The Dietary Inflammatory Index (DII) was
designed to assess the inflammatory potential of an individual’s diet
(Shivappa et al., 2014a), and is derived from an extensive literature
review of diet and inflammatory markers (IL-1p, IL-4, IL-6, IL-10, TNFa,
and CRP). This DII score is based on identifying 45 known nutrient/food
intake parameters as having either a pro- or anti-inflammatory effect on
a range of inflammatory biomarkers.

An increasing body of evidence has shown the association between a
high DII score (indicating a pro-inflammatory diet), high levels of
circulating inflammatory markers (Shivappa et al., 2017; Yang et al.,
2020; Shin et al., 2019), and the prevalence of inflammation-mediated
diseases, including cardiovascular disease (Park et al., 2018; Shivappa
et al.,, 2018a; Ruiz-Canela et al., 2016), diabetes (Denova-Gutiérrez
et al., 2018; Laouali et al., 2019; Mtintsilana et al., 2019), metabolic
syndrome (Ren et al., 2018; Canto-Osorio et al., 2020; Kim et al., 2018),
and COPD (Shivappa et al., 2016). Regarding sarcopenia and frailty,
recent studies have shown that higher DII scores were associated with a
higher incidence of frailty (Shivappa et al., 2018b), reduced appendic-
ular lean mass and bone health (Cervo et al., 2020a), and further,
increased hip fracture rate (Zhang et al., 2017). However, limited
studies are available on the association of the inflammatory potential of
the diet with sarcopenia.

In the present study, using energy-adjusted DII scores (E-adjusted
DII), we aimed to examine the effects of the inflammatory potential of
diets on sarcopenia/its components. Furthermore, we sought to clarify
the association between this potential and circulating inflammatory
biomarkers. Additionally, various parameters affecting diets, such as
oral function, mental health, social interactions with friends or family,
and dietary status (e.g., eating alone), were considered in this study.

2. Materials and methods
2.1. Design and participants

This Kashiwa-based study is a prospective cohort study designed to
characterize the biological, psychosocial, and functional changes asso-
ciated with aging in community- dwelling older adults in Kashiwa city, a
commuter town of Tokyo in the Chiba prefecture, Japan. In 2012, a total
of 2,044 older adults (1,013 men, 1,031 women) agreed to participate in
the study, and these individuals comprised the inception cohort. Of the
1,308 older adults who participated in wave 3 of the Kashiwa-based
study in 2014, the sample comprised 1,254 older adults, of which 650
(51.8%) were men. Participants with incomplete dietary data, extreme
energy intake (over 3600 kcal/day), or lack of sociodemographic data
were excluded. The experimental protocols were approved by the
institutional review committee of the University of Tokyo (#12-8) and
conformed to the guidelines of the appropriate Japanese governmental
agency. All participants provided written informed consent.

2.2. Muscle mass, strength, and physical performance

Appendicular muscle mass was measured through bioelectrical
impedance analysis (BIA) using the Inbody 430 (Biospace, Seoul, Korea).
This method has been validated for the assessment of appendicular
skeletal muscle mass, has a strong correlation with that of dual-energy X-
ray absorptiometry, and has been used to investigate the prevalence of
sarcopenia according to the Asian Working Group for Sarcopenia
(AWGS) definition (Wang et al., 2016; Kim et al., 2015).

Muscle strength was assessed as handgrip strength, measured using a
digital grip strength dynamometer (Takei Scientific Instruments,
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Niigata, Japan). The test was conducted twice, and the higher score was
used in the analysis. Physical performance was measured based on usual
gait speed. Participants were instructed to walk over an 11 m straight
line, and the usual gait speed was derived from the speed over the
middle 5 m distance (between 3 and 8 m from the start line).

2.3. Diagnosis of sarcopenia

Sarcopenia was defined according to the diagnostic criteria laid out
by the AWGS 2019, including low muscle mass (< 7.0 kg/m? for men
and < 5.7 kg/m? for women, as measured by BIA), low handgrip
strength (< 28 kg for men and < 18 kg for women), and slow gait speed
(< 1.0 m/s for both sexes). The presence of sarcopenia was defined as
low muscle mass with low handgrip strength or slow gait speed (Chen
et al., 2020).

2.4. Dietary assessment and calculation of energy-adjusted DII

Dietary intake was assessed with a brief self-administered diet his-
tory questionnaire (BDHQ), previously validated (Kobayashi et al.,
2011). We used the method of Shivappa et al. (2014a) to compute the
DII score. Briefly, the DII score was calculated across 25 food parameters
(intake volume), data of which were obtained from the BDHQ. The
parameters were alcohol, vitamin B12, vitamin B6, B-carotene, carbo-
hydrate, cholesterol, total fat, fiber, folic acid, iron, magnesium,
monounsaturated fatty acids, niacin, n-3 fatty acids, n-6 fatty acids,
protein, polyunsaturated fatty acids, riboflavin, saturated fat, thiamine,
vitamin A, vitamin C, vitamin E, zinc, and tea. The residual method was
used to obtain the energy-adjusted amounts for all nutrients (Willett &
Stampfer, 1986) and we used as the energy (E)-adjusted DII in this study.
To normalize the scoring system and to avoid skewness, the derived Z
score values were converted to percentiles and centered by doubling the
values and subtracting one. Then, to obtain the food parameter-specific
DII score, the centered percentile value for each food parameter was
multiplied by its respective overall food parameter score. Finally, the DII
score was determined by totaling the food parameter-specific DII scores.
A more positive E-adjusted DII indicated a more pro-inflammatory diet,
and a more negative score indicated a more anti-inflammatory diet.

2.5. Inflammatory biomarkers

Fasting blood samples were collected from each participant by well-
trained nurses to determine the concentration of inflammatory bio-
markers. Serum was stored at —80°C and was analyzed for five in-
flammatory cytokines (IL-1f, IL-4, IL-6, IL-10, and TNFa) using the Bio-
Plex pro human cytokine assay kit (Bio-Rad). High-sensitivity C-reactive
protein (hsCRP) was also analyzed in serum.

2.6. Dietary environment

Living status and eating status were assessed using a standardized
self-reporting questionnaire, since it has recently been suggested that
living with family yet eating alone is associated with frailty in
community-dwelling older adults (Suthutvoravut et al.,, 2019). To
examine the effects of oral frailty (Tanaka, et al., 2018), the number of
remaining teeth were counted by dental hygienists. The Japanese
version of the General Oral Health Assessment Index (GOHAI) was used
to measure oral health-related life (Campos et al., 2017). Given that
appetite has been suggested as one of the factors associated with sar-
copenia (Tsutsumimoto et al., 2020), a question in this questionnaire
was on self-reported appetite, namely, “Have you experienced a
decreased appetite over the last month?” This was answered as “yes” or
“no.”
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2.7. Other parameters

We obtained sociodemographic characteristics data (e.g., age, sex,
and duration of education) using a standardized self-reporting ques-
tionnaire. Data on medical histories of hypertension, cardiovascular
diseases, diabetes, and hyperlipidemia were obtained from patient in-
terviews conducted by trained nurses. History of falling was ascertained
through a short questionnaire. Physical activity was assessed using the
Global Physical Activity Questionnaire (GPAQ) (Armstrong & Bull,
2016). The 15-item Geriatric Depression Scale (GDS) was also used.
Scores > 6 were defined as “depressive symptoms” (Montorio & Izal,
1996). The Mini-Mental State Examination was used, and a score < 27
was defined as “mild cognitive impairment”. Social interactions with
family and friends were also assessed based on the abbreviated Lubben
Social Network Scale-6 (Gray et al., 2016).

2.8. Statistical analysis

Participants were classified based on the tertile of E-adjusted DII.
Basic general characteristics of men and women across the tertiles of the
E-adjusted DII score were compared using the Chi-square test for cate-
gorical variables and ANOVA for continuous variables. To examine the
relationship between E-adjusted DII with overall score, and with only
pro- or only anti-inflammatory score, and odds of sarcopenia or its
components, binary logistic regression analysis was used to estimate the
inter-tertile odds ratio (OR) and their 95% confidence interval (CI),
using the lowest tertile as a reference. Regression models were built with
two levels of adjustment: Model 1 was adjusted for age, and model 2 was
additionally adjusted for education level, protein intake, physical ac-
tivity, medical history (hypertension, diabetes, hyperlipidemia, or car-
diovascular disease), eating alone, social interactions, GDS score > 6,
and oral health (GOHAI), which could be considered as a potential

Table 1
Basic characteristics of men and women by E-adjusted DII tertile.
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confounder, based on a p-value of < 0.100 by univariate analysis and the
literature (Lopez-Candales et al., 2017; Guzik & Toyuz, 2017; Tietge
2014).

We examined six inflammatory markers using the serum samples of
four groups, which were divided based on E-adjusted DII and presence of
sarcopenia (the highest or lowest nine samples in each group; group 1:
robust with the lowest E-adjusted DII (—4.19+0.28); group 2: robust
with the highest E-adjusted DII (3.62+0.75); group 3: sarcopenia with
the lowest E-adjusted DII (—1.73+1.13); group 4: sarcopenia with the
highest E-adjusted DII (4.68+0.34)). When comparing the four groups,
data were analyzed by Kruskal-Wallis non-parametric one-way ANOVA
with Tukey’s post hoc test. Statistical analyses were performed using
IBM SPSS statistics version 26 for Windows (IBM Japan, Tokyo, Japan).
The threshold of statistical significance was set at p < 0.05.

3. RESULTS
3.1. Characteristics of study participants

Of the 1,308 older adults who participated in wave 3 of the Kashiwa-
based study, the 1,254 who completed dietary assessment and provided
other relevant measurements were included in this analysis. Partici-
pants’ mean age was 74.6+5.5 y (range: 67-96 y), and 51.8% were men.
The mean E-adjusted DII for all study participants was 0.13+2.1 (range:
—4.92 to 5.29).

Table 1 presents basic patient characteristics stratified by sex, along
with the E-adjusted DII tertile. There was no difference in mean age
(74.845.5 y vs. 74.44+5.4 y). The mean E-adjusted DII was 0.67+2.1
(range: —4.49 to 5.29) for men and —0.44+2.0 (range: —4.92 to 5.08)
for women, indicating that women consumed a more anti-inflammatory
diet than men. Men in the highest tertile who consumed a pro-
inflammatory diet (tertile 3, higher E-adjusted DII) were more likely

Men
Tertile 1 n=217

Women
Subject group by E-DII tertile Tertile 2 n=217
Basic attributes

Age (yrs)

DII score

Education level (<12 yrs)

Energy (Kcal)

75.56+5.79
-1.74+1.12
93(42.9%)
2338.6+619.1

74.47+5.06
0.83+0.53
93(42.9%)
2120.0+608.9

74.42+5.71
2.93+0.81
94(43.5%)

Protein (g) 113.4+36.3 89.9+30.2 82.4+25.5
BMI (kg/mz) 22.83+2.78 22.71+2.66 22.41+£2.70
Body fat (%) 23.04+6.17 23.00+5.97 22.19+45.75
Comorbidity

Hypertension (%) 100(50.5%) 101(48.6%) 98(48.0%)
Diabetes Mellitus (%) 34(17.1%) 32(15.4%) 20(9.6%)
Hyperlipidemia (%) 58(29.1%) 67(32.2%) 50(24.5%)
Cardiovascular disease (%) 53(26.9%) 52(25.0%) 61(30.0%)
Sarcopenia

Sarcopenia (%) 11(5.1%) 17(7.8%) 22(10.2%)
Low Appendicular SMI (%) 57(26.4%) 67(30.6%) 70(32.6%)
Low hand grip strength (%) 21(9.7%) 21(9.6%) 28(13.0%)
Slow gait speed (%) 7(3.2%) 5(2.3%) 7(3.3%)
Physical function and activity

Time up and go (sec) 5.49+1.24 5.44+1.20 5.57+1.28
GPAQ (METs/day) 410.2+ 456.7 432.4+895.6 349.6+426.0

Fall (1> fall in last 1 yr, %)
Oral function

27(12.5%) 24(11.1%) 34(15.8%)

Remaining teeth (<20, %) 71(32.7%) 69(31.9%) 80(37.0%)
GOHAI 56.11+6.03 55.57+5.79 55.09+5.60
Cognitive and mental function

MMSE (<27, %) 22(10.1%) 21(9.7%) 22(10.2%)

GDS (>6, %)
Environment of food

24(11.4%) 33(15.6%) 47(22.2%)

LSNS friends 7.08+3.76 6.61+£3.83 6.21+£3.97
LSNS family 6.84+3.43 6.42+3.39 6.44+3.43
Living alone (%) 19(8.8%) 14(6.5%) 21(9.7%)
Eating alone (%) 21(9.7%) 27(12.2%) 37(16.7%)
Loss of appetite (%) 5(2.3%) 6(2.8%) 5(2.3%)

Tertile 3 n=216

2284.6+582.3

p-value Tertile 1 n=201 Tertile 2 n=201 Tertile 3n=202  p-value
0.067 75.07+5.69 74.33+4.89 73.74+5.44 0.032*
p<0.001*  -2.68+0.89 -0.45+0.57 1.79+1.03 p<0.001*
0.987 142(70.6%) 146(72.6%) 155(76.7%) 0.370
0.020* 1997.9+587.7 1851.6+488.1 1952.2+549.9 0.041*
p<0.001*  103.3+34.8 84.54+25.5 76.3+£23.7 p<0.001*
0.255 21.76+3.08 22.06+3.13 21.70+£3.10 0.490
0.244 28.25+7.14 29.80+7.10 28.72+6.87 0.056
0.873 81(41.8%) 80(43.0%) 74(39.6%) 0.792
0.088 24(12.4%) 21(11.3%) 17(9.1%) 0.592
0.220 74(38.1%) 86(46.2%) 88(46.0%) 0.192
0.511 37(19.1%) 40(21.5%) 23(12.4%) 0.057
0.135 15(7.5%) 9(4.5%) 16(7.9%) 0.321
0.359 73(36.3%) 70(34.8%) 76(38.2%) 0.782
0.427 14(7.0%) 15(7.5%) 20(10.1%) 0.481
0.788 6(3.0%) 4(2.0%) 7(3.5%) 0.645
0.410 5.96+1.18 5.96+1.42 5.94+1.46 0.779
0.394 479.3+ 793.2 456.7+673.2 293.7+379.9 0.026*
0.332 41(20.5%) 32(15.9%) 42(20.8%) 0.378
0.484 62(31.0%) 46(23.0%) 74(36.8%) 0.010%
0.012* 55.39+6.51 55.26+5.93 53.40+£6.99 0.005*
0.981 18(9.0%) 18(9.0%) 21(10.4%) 0.849
0.010* 31(16.0%) 32(16.6%) 34(17.2%) 0.951
0.099 7.93+3.37 7.90+3.02 7.05£3.15 0.005*
0.217 7.21+£3.45 7.934+2.99 7.10+£2.91 0.014*
0.448 46(22.9%) 25(12.4%) 35(17.3%) 0.022*
0.092 51(25.4%) 31(15.4%) 36(17.8%) 0.032*
0.939 4(2.0%) 3(1.5%) 7(3.5%) 0.392
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to have lower protein intake, higher carbohydrate intake, poorer oral
health, and greater depressive symptoms, compared with those who
consumed an anti-inflammatory diet (tertile 1, lower E-adjusted DII
score). Women who consumed a pro-inflammatory diet were younger
and, like men, had lower protein intake, higher carbohydrate intake, and
poorer oral health than those who consumed an anti-inflammatory diet.
However, unlike men, women in the highest tertile (tertile 3) had lower
physical activity, a higher proportion of remaining teeth (< 20), and
lower scores for their social network of friends and family than those in
the lowest tertile of E-adjusted DIL

3.2. E-adjusted DII and sarcopenia

In this cross-sectional analysis, 7.2% of all participants were diag-
nosed with sarcopenia according to the AWGS criteria. No differences
were found in the prevalence of this phenotype between men (7.7%) and
women (6.6%). Table 2 shows the association between E-adjusted DII
and sarcopenia or its diagnostic parameters (low appendicular skeletal
mass index (SMI), low handgrip strength, and low gait speed) stratified
by men and women.

In men, a significant association between E-adjusted DII tertile 3 and
sarcopenia was observed in crude (OR: 2.12, 95% CIL: 1.00-4.50), age-
adjusted (OR: 2.82, 95% CI: 1.27-6.23), and fully-adjusted models
(OR: 2.89, 95% CI: 1.04-8.04), compared with the association between
E-adjusted DII tertile 1 and sarcopenia. Of the three diagnostic param-
eters of sarcopenia, a significant association between E-adjusted DII
tertile 3 and low appendicular SMI was detected only in the age-adjusted
model (OR: 1.59, 95% CI: 1.02-2.48) and not in the fully-adjusted
model. No significant associations between E-adjusted DII tertile and
low handgrip strength or slow gait speed were observed. However, for
women, no significant associations were observed between E-adjusted
DII and sarcopenia or any of its three diagnostic parameters in the crude,
age-adjusted, and fully-adjusted models.

To further clarify the characteristics of an inflammatory diet asso-
ciated with sarcopenia in men, we examined whether a different
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association exists between a high DII score and high intake of pro-
inflammatory nutrients (seven food parameters), such as total fat or
cholesterol, or whether a high DII score is the result of low intake of anti-
inflammatory nutrients (18 food parameters), such as fiber or p-caro-
tene. Further examination of the association between pro- and anti-
inflammatory food parameter-derived E-adjusted DII and sarcopenia
were performed. As shown in Table 3, we found that a lower anti-
inflammatory E-adjusted DII (eventually leading to a high E-adjusted
DII) was strongly associated with sarcopenia (OR: 2.96, 95% CI:
1.06-8.93), whereas a higher pro-inflammatory E-adjusted DII alone
was not associated with sarcopenia (OR: 1.01, 95% CI: 0.40-2.55),
suggesting that the pro-inflammatory diet contributing to sarcopenia
was a result of the low intake of anti-inflammatory nutrients and not the
high intake of pro-inflammatory nutrients in this population.

3.3. Serum inflammatory markers and E-adjusted DII in men with
sarcopenia

To obtain a more in-depth insight into the relationship between E-
adjusted DII and sarcopenia, we measured six inflammatory markers
using the serum samples of men with or without sarcopenia and avail-
able E-adjusted DII (4 groups: robust or sarcopenia having the lowest or
the highest E-adjusted DII). Table 4 shows the serum levels of hsCRP, IL-
1B, IL-6, TNFa, IL-4, and IL-10 in the four groups. We found that serum
levels of hsCRP were significantly associated with a high E-adjusted DIL
in sarcopenia (p=0.036). Levels of the other inflammatory cytokines (IL-
1B, IL-4, IL-6, IL-10, TNFa) were not significantly different between the
groups.

4. Discussion

In the present study, men in the highest tertile (with a more pro-
inflammatory diet) of the E-adjusted DII, showed a higher risk of sar-
copenia, even after adjusting for potential confounders. Notably, the E-
adjusted DII derived from anti-inflammatory food parameters was

Table 2
Associations among E-adjusted DII and sarcopenia and its diagnostic parameters stratified by sex.
Men Women
Crude Age-adjusted Fully-adjusted Crude Age-adjusted Fully-adjusted
OR (95% OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)
CD
Sarcopenia
Tertile 1 low (reference) 1 1 1 1 1 1
Tertile 2 middle 1.59 (0.73- 2.20 (0.96- 2.68 (0.95- 0.97 (0.45- 0.67 (0.28- 0.57 (0.22-
3.48) 5.04) 7.58) 2.09) 1.61) 1.50)
Tertile 3 high (more 2.12% (1.00- 2.82% (1.27- 2.89* (1.04- 1.60 (0.69- 1.29 (0.60- 1.54 (0.69-
inflammatory) 4.50) 6.23) 8.04) 3.71) 2.75) 3.44)
Low appendicular SMI
Tertile 1 low (reference) 1 1 1 1 1 1
Tertile 2 middle 1.20 (0.79- 1.44 (0.93- 1.40 (0.84- 1.00 (0.74- 0.99 (0.65- 0.99 (0.62-
1.82) 2.25) 2.32) 1.349) 1.50) 1.56)
Tertile 3 high (more 1.31 (0.87- 1.59* (1.02- 1.45 (0.85- 1.04 (0.77- 1.20 (0.79- 1.08 (0.68-
inflammatory) 1.99) 2.48) 2.46) 1.41) 1.81) 1.71)
Low handgrip strength
Tertile 1 low (reference) 1 1 1 1 1 1
Tertile 2 middle 1.00 (0.53- 1.28 (0.66- 1.35 (0.61- 1.38 (0.63- 1.37 (0.62- 1.35 (0.57-
1.89) 2.51) 3.00) 3.06) 3.04) 3.18)
Tertile 3 high (more 1.39 (0.76- 1.74 (0.92- 1.56 (0.71- 1.99 (0.93- 1.96 (0.92- 2.15 (0.94-
inflammatory) 2.53) 3.31) 3.44) 4.28) 4.21) 4.90)
Slow gait speed
Tertile 1 low (reference) 1 1 1 1 1 1
Tertile 2 middle 0.71 (0.22- 1.00 (0.30- 1.03 (0.22- 0.78 (0.21- 0.79 (0.22- 0.68 (0.18-
2.27) 3.37) 4.88) 2.88) 2.90) 2.60)
Tertile 3 high (more 1.01 (0.35- 1.28 (0.42- 1.29 (0.31- 1.40 (0.45- 1.40 (0.45- 1.62 (0.49-
inflammatory) 2.92) 3.88) 5.33) 4.34) 4.34) 5.36)

The fully-adjusted model was adjusted by age, education level, protein intake, physical activity, medical history (hypertension, diabetes, hyperlipidemia, cardio-
vascular disease), eating alone, Lubben Social Network Scale (LSNS) social ties (<12), Geriatric Depression Scale (GDS) >6, and Geriatric Oral Health Assessment Index

(GOHAI) score.
*p < 0.05. OR: odds ratio CI: confidence interval Binary logistic regression.
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Table 3
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Association among anti- and pro-inflammatory E-adjusted DII, and sarcopenia and its diagnostic parameters in men.

Anti-inflammatory E-adjusted DII

Pro-inflammatory E-adjusted DII

Crude Age-adjusted Fully-adjusted Crude Age-adjusted Fully-adjusted
OR (95%CI) OR (95% OR (95%CI) OR (95%CI) OR (95%CI)
CcDh
Sarcopenia
Tertile 1 low (reference) 1 1 1 1 1 1
Tertile 2 middle 2.22%  (1.02- 3.14*  (1.37- 4.46*  (1.53- 0.88  (0.43- 0.77  (0.36- 0.92  (0.39-
4.83) 7.19) 12.98) 1.81) 1.63) 2.17)
Tertile 3 high (more 2.00 (0.91- 2.82%  (1.22-  2.96*  (1.06-8.93) 1.06  (0.53- 0.83  (0.40- 1.01  (0.40-
inflammatory) 4.40) 6.51) 2.12) 1.72) 2.55)
Low appendicular SMI
Tertile 1 low (reference) 1 1 1 1 1 1
Tertile 2 middle 1.22 (0.81- 1.47 (0.94- 1.56 (0.93-2.60) 1.01 (0.67- 0.92 (0.60- 1.08 (0.68-
1.86) 2.29) 1.51) 1.41) 1.73)
Tertile 3 high (more 1.29 (0.85- 1.61*  (1.03- 1.42 (0.83-2.42) 0.86 (0.57- 0.70  (0.45- 0.76  (0.45-
inflammatory) 1.95) 2.51) 1.29) 1.10) 1.27)
Low handgrip strength
Tertile 1 low (reference) 1 1 1 1 1 1
Tertile 2 middle 1.42 (0.76- 1.87 (0.96- 1.84 (0.82-4.11) 0.96  (0.51- 0.85  (0.44- 0.88  (0.43-
2.65) 3.64) 1.79) 1.64) 1.83)
Tertile 3 high (more 1.36 (0.73- 1.82 (0.93- 1.60 (0.70-3.65) 1.26  (0.69- 1.02  (0.54- 1.06  (0.49-
inflammatory) 2.56) 3.55) 2.29) 1.92) 2.30)
Slow gait speed
Tertile 1 low (reference) 1 1 1 1 1 1
Tertile 2 middle 1.00 (0.35- 1.40 (0.46- 1.31 (0.31-5.51) 0.57  (0.16- 0.46  (0.13- 0.46  (0.10-
2.90) 4.28) 1.96) 1.69) 2.15)
Tertile 3 high (more 0.71 (0.22- 0.97 (0.29- 1.10 (0.24-5.02) 1.15 (0.41- 0.83 (0.28- 0.91 (0.23-
inflammatory) 2.28) 3.25) 3.22) 2.46) 3.55)

The model was fully adjusted by age, education level, protein intake, physical activity, medical history (hypertension, diabetes, hyperlipidemia, or cardiovascular
disease), eating alone, Lubben Social Network Scale (LSNS) social ties (< 12), Geriatric Depression Scale (GDS) score > 6, and Geriatric Oral Health Assessment Index

(GOHAI) score.
*p < 0.05; OR: odds ratio; CI: confidence interval Binary logistic regression.

Table 4

Serum concentrations of inflammatory cytokines and high-sensitivity CRP
(hsCRP) in the lowest and the highest E-adjusted DII with and without
sarcopenia.

Robust Sarcopenia
The Lowest E- The Highest
adjusted DII
E-adjusted The Lowest
DII
E-adjusted The Highest
DII
E-adjusted p
DII
hsCRP (pg/  0.06 + 0.02 0.07 £0.02  0.06 + 0.27 + 0.036*
mL) 0.01 0.11
IL-1p (pg/ 0.04 + 0.01 0.17 £0.09 0.18 + 0.07 + 0.280
mL) 0.08 0.02
1L-6 (pg/ 0.45 + 0.05 0.57 £0.08 0.96 + 0.99 + 0.066
mL) 0.25 0.21
TNFa (pg/ 1.95+0.10 2.24+£0.21 2.60 + 2.29 + 0.278
mL) 0.30 0.26
IL-4 (pg/ 0.01 £ 0.002 0.01 + 0.01 + 0.01 + 0.212
mL) 0.002 0.004 0.002
1L-10 (pg/ 0.13 + 0.015 0.23+£0.06 0.33+ 0.21 + 0.095
mL) 0.08 0.04

Note: All values are presented as mean =+ standard error (n=9). *p <0.05, one-
way ANOVA with Tukey’s post hoc test. hsCRP: high-sensitivity C-reactive
protein.

significantly associated with sarcopenia. To the best of our knowledge,
this is the first report showing an association between the E-adjusted DII
and AWGS-defined sarcopenia. Furthermore, sarcopenic men with the
highest E-adjusted DII, showed significantly higher levels of serum
hsCRP than men in the other three groups.

Consistent with the results of the present study, a positive association
between higher E-adjusted DII and greater odds of sarcopenia has been
suggested among 300 elderly people, using the definition of the

European Working Group on Sarcopenia (EWGSOP) (Bagheri, et al.,
2020). Also consistent with our results, no significant association was
seen between DII and components of sarcopenia, including low muscle
mass, low handgrip strength, and slow gait speed.

Recently, several studies have suggested the association between the
DII score and muscle mass, strength, and function both with negative
and positive findings. For example, a prospective population-based
study with 1,099 Austrian subjects aged 50-79 years revealed that unit
increase in DII score was not associated with lower appendicular lean
mass and hand grip strength after adjustment for potential confounders
(Cervo et al., 2020a). With respect to muscle strength, a cross-sectional
study with 270 adults living in Iran, showed that a significant decrease
was found in grip strength across the tertiles of the DII score. However,
compared with those in the lowest tertile of DII score, no significant
difference in skeletal muscle mass was seen in subjects in the highest
tertile of DII score. Furthermore, DII score was significantly related to
muscle endurance in the crude model, an association that disappeared
after adjustment of confounders (Shahinfar et al., 2021).

On the other hand, in contrast to our results, those of another study
showed that a higher energy-adjusted DII (E-DII) was associated with a
lower appendicular lean mass (ALM/BMI), as measured by dual-energy
X-ray absorptiometry (Cervo et al., 2020b). Furthermore, a recent study
demonstrated that the DII score is associated with slow gait speed in
older adults (Laclaustra et al., 2020). This inconsistency observed in the
association between our E-adjusted DII or E-DII, DII score and muscle
mass, strength, and function might require additional examination with
sufficient sample sizes and diagnosis of sarcopenia to clarify.

Regarding the characteristics of diets, inadequate protein intake is
recognized as an etiological factor contributing to sarcopenia (Baum
et al., 2016; Tessier & Chevalier, 2018). In the present study, we found
that men in the highest tertile of E-adjusted DII were more likely to have
lower protein intake than those in the lowest tertile. However, the
highest tertile protein intake was 1.4+0.5 g/kg/day, which is sufficient
as per recent recommendations (1.0-1.2 g/kg/day) for healthy in-
dividuals. Thus, in this population, protein intake was considered to be
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adequate and not an etiologic factor of sarcopenia. Interestingly, when
we examined the highest tertile group of E-adjusted DII only calculated
using anti-inflammatory food parameters, the association between
anti-inflammatory E-adjusted DII and sarcopenia was significant,
implying that the association between total E-adjusted DII and sarco-
penia was mainly due to a low intake of anti-inflammatory food pa-
rameters, and not due to the high intake of pro-inflammatory food
parameters.

Supporting our findings, a recent study has demonstrated that older
adults in the highest tertile of sarcopenia had significantly lower intakes
of the anti-inflammatory components of DII. This finding indicates that
individuals with greater adherence to a pro-inflammatory diet have
lower intakes of fruits, vegetables, and protein (Bagheri et al., 2020).
Given that the strong anti-inflammatory potential of a Mediterranean
diet is comparable to a DII score of -3.96 (Steck, et al., 2014), which has
been associated with lower odds for the development of EWGSOP-
defined sarcopenia among community-dwelling men and women with
an average age of 66 years (Hashemi et al., 2015), these results are
consistent with our study findings.

Furthermore, the Japanese dietary pattern, which is characterized by
the high consumption of rice, fish, soybean products, and vegetables,
might be relevant to the inflammatory potential caused by high intake of
carbohydrates or low intake of fish, soybean products, and vegetables in
Japanese older adults. Further investigation is needed to elucidate the
balance between protein intake (a pro-inflammatory food parameter)
and consumption of anti-inflammatory food parameters to prevent
sarcopenia.

Among the mechanisms addressing sarcopenia pathogenesis, we
found that higher E-adjusted DII was associated with higher serum levels
of hsCRP in the sarcopenic men. Congruently, Cavicchia et al. (2009)
and Shivappa et al. (2014b) have suggested that the DII score predicts
changes in serum hsCRP levels, showing an inverse association between
the inflammatory index score and hsCRP levels in 494 adult men and
women in the seasonal variation of blood cholesterol study (SEASON).
Furthermore, supporting our notion that CRP could be a potential
parameter for sarcopenia, a recent meta-analysis of cross-sectional
studies demonstrated the proportional relationship between serum
CRP levels and sarcopenia (Bano et al., 2017; Hamer & Molloy, 2009).
Namely, in the analysis of 17 studies with a total of 11,249 participants,
sarcopenic participants were found to have significantly higher levels of
CRP than those without sarcopenia, whereas serum levels of IL-6 or
TNFa were not significantly different between participants with and
without sarcopenia.

Consistent with a previous study (Shivappa et al., 2018b), a signifi-
cant association between E-adjusted DII and sarcopenia was identified
only in men. For example, compared with men in the lowest tertile, men
in the highest tertile seemed to be more depressive. In contrast, women
in the highest tertile seemed to be less physically active, and had poor
oral health and weak social interactions with friends. This might have
caused sex-related differences in the association between DII score and
sarcopenia. To clarify why men might be more susceptible to the
negative effects of an inflammatory diet than women, future research
comparing these effects across genders is needed.

There are strengths and limitations to the present study. Our study’s
strengths include the well-defined cohort of older adults with a large
sample size (1,254 participants contributing to a total of 1,308 partici-
pants). Furthermore, since these cohort study participants were
randomly selected from the resident register, they are representative of
older adults in the study area and have similar health characteristics. A
wealth of information, including information relating to eating status
and the attributes of the diet (e.g., appetite, food enjoyment, and food
preparation), was collected, which allowed for the appropriate control
of several other variables, thus decreasing the possibility of residual
confounding effects. Notably, we assessed all six inflammatory media-
tors in the context of the DII score and sarcopenia to better understand
this relationship, although we used the serum of nine representative
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participants across the four groups (DIL: low or high x sarcopenia: with
or without).

Several limitations of this work should also be addressed. We used
cross-sectional data, therefore, we could not draw causal inferences. It is
possible that, with the occurrence of sarcopenia, cooking healthy food
becomes harder to do and, in turn, diets turn more towards easier to
prepare meals, which may not be as healthy. Further, E-adjusted DII was
calculated using 25 nutrients only; however, in a validation study, the
predictive ability of DII scores was found to remain the same when the
number of food variables decreased from 45 to 28 (Shivappa et al.,
2014b), suggesting that this measurement is valid with a lower number
of nutrients being included. Although the diet history questionnaire used
in this study has been validated, it only accounted for dietary intake in
the previous month. Thus, it is impossible to determine whether sea-
sonal variations in dietary intake influence the association between the
DII score and sarcopenia and its diagnostic parameters. Comparing the
levels of serum inflammatory markers using only nine samples in each
group is not sufficient to validate the effects of an inflammatory diet.

Taken together, our findings, obtained using E-adjusted DII, indicate
the significant positive association between a pro-inflammatory diet and
sarcopenia in men, which might be further attributable to a low intake of
anti-inflammatory food parameters and, partly, to an increase in serum
hsCRP levels. This suggests a significant potential of dietary intervention
to modulate systemic inflammation through the intake of anti-
inflammatory foods in older adults. Future randomized controlled tri-
als on the effects of anti-inflammatory diets on sarcopenia in men are
warranted. Furthermore, a sex-stratified methodology should be
considered.
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