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Abstract

Objective: To examine associations of Dietary Inflammatory Index (DII) scores with
disability and subjective health, which is prognostic of disability, in a large, systematically

sampled population of older adults living in non-urban areas in Japan.

Design: Cross-sectional. The Tokyo Metropolitan Institute of Gerontology Index of
Competence (TMIG-IC) was used to assess disability. Both overall disability and disabilities
in components of everyday competence (instrumental activities of daily living [IADLs],
intellectual activities, and social participation) were examined. Participants who reported an
inability to perform one or more activities were categorized as disabled. Subjective health
was assessed based on the response to the following question: “In general, how do you feel

about your own health?”
Setting: Six non-urban municipalities in Japan that differ in terms of regional characteristics.
Participants: Adults aged 65-74 years (n = 7930).

Results: DIl scores were positively associated with the odds of overall disability (odds ratio
[OR] [95% confidence interval {CI}]) = 1.23 [1.19, 1.28]); disabilities in IADLs (OR [95%
Cl] = 1.10 [1.05, 1.15]); intellectual activities (OR [95% CI] = 1.28 [1.23, 1.33]); social
participation [OR (95% CI] = 1.17 [1.13, 1.22)]; and poor subjective health (OR [95%CI] =
1.09 [1.05, 1.14]).

Conclusions: Our results imply the importance of reducing dietary inflammation to prevent

both disability and a decline in subjective health, a predictor of disability.

Keywords: Dietary Inflammatory Index, Disability, Subjective health, Older people, Japan
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Introduction

Chronic low-grade inflammation, also termed “inflammaging”, plays a crucial role in aging,
triggering the development of various age-related diseases and functional decline?. Dietary
components (e.g., nutrients or food items) either promote or suppress inflammation by
influencing the immune system®*°). The balance between pro- and anti-inflammatory dietary
components determines overall dietary inflammatory status, which can be quantified using
the Dietary Inflammatory Index (DI1)®. Research on the relationship between DIl scores and
disability, conducted both in Japan and elsewhere, has focused principally on impairments in
basic physical and cognitive functions*®. Our previous study added to existing knowledge
by revealing an association between DIl scores and reduced everyday competence (the ability
to engage in complex processes that are indispensable when living independently). In
increasing order of complexity, everyday competence includes instrumental activities of daily
living (IADLs), intellectual activities, and social participation®™. This implies that dietary
inflammation should be reduced to prevent declines not only in basic physical and cognitive
functions but also in the complex practical activities that require such functions in the older
population.

However, our earlier study had certain limitations. The sample size was relatively
small (n = 1642), and sampling was not systematic; the recruitment procedures differed
among the five participating municipalities. Also, examination of whether DIl scores are
associated with subjective health would reveal the extent to which dietary inflammation
affects the predictors of disability development!**®). Subjective health is a subjective
assessment of health status, encompassing both mental and physical well-being. A systematic
review revealed that subjective health was one of the most important prognostic factors in
IADL disability, which considers the most basic components of everyday competence™®. A
recent longitudinal study in Korea also suggested that poor subjective health predicted future
IADL disability™.

Based on our previous study, we systematically sampled a larger number of older
adults living in non-urban municipalities in Japan to examine the link between DIl scores and
disability in everyday competence. We enrolled a more general population of older Japanese
adults from six municipalities that vary in terms of regional characteristics. We also included
subjective health as an outcome, which has been suggested to predict IADL disability. As in

our previous study, we also explored the various determinants of DII scores?.
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Methods

Participants

Participants were recruited from six non-urban municipalities that differ in terms of regional
characteristics. The municipalities were those of two Japanese prefectures: Suzu-shi in
Ishikawa Prefecture and Unzen-shi, Shimabara-shi, Hasami-cho, Matsuura-shi, and
Minamishimabara-shi in Nagasaki Prefecture. The inclusion criteria were all residents of the
target municipalities who were enrolled in the National Health Insurance system and aged
40-74 years at the time of the survey. For Shimabara-shi and Unzen-shi, of the residents who
met the inclusion criteria, 50% were randomly selected (with consideration of age and sex)
and sent questionnaires due to the relatively larger population size and budgetary constraints.
For the other municipalities, questionnaires were sent to all residents who met the inclusion
criteria. Although this discrepancy in the sampling strategy could potentially affect the
representativeness of the descriptive statistics of the entire study population, it should have
minimal impact on the association analyses and the comparability between municipalities, as
the eligible individuals in Shimabara-shi and Unzen-shi were randomly selected.
Questionnaires were distributed in Hasami-cho, Matsuura-shi, and Minamishimabara-shi in
2020, in Unzen-shi and Shimabara-shi in 2021, and in Suzu-shi in 2022. Questionnaires were
sent to 30558 eligible individuals across the six municipalities; 14127 responded (46%). After
excluding individuals aged < 64 years (n = 4662), those aged > 75 years (n = 158), those with
missing questionnaire data (n = 1299), and those with energy intakes > 3 standard deviations
from the mean (n = 78), 7930 individuals were included in analysis.

Dietary Inflammatory Index

DIl scores were calculated based on the intakes of 20 nutrients®¥ detailed using a short food
frequency questionnaire (FFQ) validated for middle-aged and older Japanese adults™”. DII
scores were calculated via the following steps: using a global dietary database®, nutrient
intakes were converted to Z-scores and then to percentile scores that were in turn multiplied
by the “inflammatory effect scores” of the nutrients to yield “food parameter-specific DII
scores”, which were summed to obtain the final DIl scores. Previous studies have validated
the use of DII scores in Japanese populations*®2%,

Tokyo Metropolitan Institute of Gerontology Index of Competence

The Tokyo Metropolitan Institute of Gerontology Index of Competence (TMIG-IC) is widely
used to assess the everyday competence of Japanese populations®?. The index covers three

components of competence: IADLs, intellectual activities, and social participation.
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Disabilities in everyday competence reflect the early development of disability (as explained
elsewhere™). The TMIG-IC questionnaire explores the ability to perform 13 activities in the
abovementioned three categories. Overall disability, and disabilities in each component of
competence, were assessed in this study. In terms of overall disability, a participant was
considered “disabled” if s/he could not perform at least 1 of the 13 activities. Similarly, in
terms of disability in each component, a participant was considered “disabled” if s/he could
not perform at least one of the activities included in the corresponding component. Those
lacking any disability were considered “healthy” in terms of both overall disability and
disability in each component.
Subjective health
Subjective health was assessed based on the answer to the following question: “In general,
how do you feel about your own health?”” The responses were provided via a four-point scale:
(1) excellent, (2) good, (3) poor, and (4) very poor. Participants who reported excellent or
good health were combined into the “good subjective health” group, and all other participants
comprised the “poor subjective health” group. Poor subjective health, as assessed by a
single-item question, has been associated with mortality in a meta-analysis of
community-based prospective cohort studies from multiple countries published in English®?,
as well as in a longitudinal study among older adults in rural Japan®®®, providing evidence
that supports the predictive validity of this single-item question. Three studies conducted in
Australia®, Sweden®, and in the US®® have demonstrated moderate reliability within
repeated assessments of subjective health using a single-item question.
Statistical analysis
Factors influencing DII scores were sought using two regression models: Model 1 examined
the association of each individual variable with the DIl score, whereas model 2 included all
variables simultaneously. The variables included were sex (male, female); age (years) ; body
mass index (BMI) (kg/m?); municipality (Suzu-shi, Unzen-shi, Shimabara-shi, Hasami-cho,
Matsuura-shi, and Minamishimabara-shi); living alone (yes, no); education level (<9 years, >
10 years); economic status (constrained, normal or good); and frequency of shopping (1-2
times per week or less, 3—6 times per week or more). Energy intake was included as a
covariate in both models.

Subsequently, the associations between DIl scores and everyday competence (i.e.,
overall disability and disability in each component of competence) and subjective health were

examined via logistic regression analysis. The odds ratios (ORs) for being “disabled” or
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having “poor subjective health” were calculated. The covariates were Sex, age, BMI,
economic status, education level, and energy intake. Analyses stratified by municipality were
also conducted to examine the robustness of the results.

All statistical analyses were performed using R ver. 4.3.1 (R Project for Statistical

Computing, Vienna, Austria). The significance level was set to P < 0.05.

Results
Table 1 shows the descriptive statistics. The mean (SD) age was 69.9 (2.7) years, and the
mean (SD) DII score was 0.19 (1.36). In total, 60% of the participants exhibited overall
disability, and 18%, 37%, and 41% had disabilities in IADLs, intellectual activities, and
social participation, respectively; 23% reported poor subjective health.

The associations of participants’ characteristics with the DIl scores are shown in
Table 2. In the model that included all variables (Model 2), they were all associated with the
DIl scores. Female sex, older age, more education, higher economic status, and more frequent
shopping were associated with lower DIl scores. A higher BMI, living alone, and residency in
Matsuura-shi or Minamishimabara-shi were associated with higher DII scores.

Table 3 shows the associations of the DII scores with disability and subjective health.
In the entire population, the OR of disability was positively associated with the DIl scores for
overall disability (OR [95% CI] = 1.23 [1.19, 1.28]) and disabilities in IADLs (OR [95% CI]
= 1.10 [1.05, 1.15]), intellectual activities (OR [95% CI] = 1.28 [1.23, 1.33)], and social
participation (OR [95% CI} = 1.17 [1.13, 1.22]). The OR for poor subjective health was also
positively associated with DIl scores (OR [95% CI] = 1.09 [1.05, 1.14]). In the analysis
stratified by municipality, DIl scores were positively associated with the ORs for overall
disability and disabilities in intellectual activities and social participation (all six
municipalities). Associations between DIl scores and IADL disabilities were apparent only in
Shimabara-shi and Hasami-cho, whereas associations with poor subjective health were seen

only in Suzu-shi, Shimabara-shi, Matsuura-shi, and Minamishimabara-shi.

Discussion

The factors associated with inter-individual variations in DIl scores were similar to those in our
previous study“”: in both studies, male sex, living alone, less education, lower economic status, and
lower shopping frequency were associated with higher DII scores. This implies that these factors and

dietary inflammation may be commonly associated in the non-urban Japanese population.
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Additionally, older age, higher BMI, and residence in Matsuura-shi or
Minamishimabara-shi were associated with higher DIl scores. Previous Japanese studies
reported lower DII scores in older participants®*21%2% Appetite loss associated with aging
can reduce the intakes of certain pro-inflammatory nutrients, such as fat and protein, resulting
in malnutrition®”. Recent studies have suggested a bidirectional relationship between BMI
and inflammation®®®. The higher DII scores in Matsuura-shi and Minamishimabara-shi may
be explained by lower adherence to the typical Japanese diet, which is high in seafood and

plant food and reduces mortality®®

. Lower intakes of the following anti-inflammatory
nutrients best explained the higher DII scores in these municipalities: polyunsaturated fatty
acid (PUFA), n-6 fatty acids, and vitamin D (all found in seafood), and dietary fiber and
B-carotene (found in vegetables) (Supplementary Table 1). In Minamishimabara-shi, a higher
fat intake (typical of a Western diet)®” also contributed to higher DII scores (Supplementary
Table 1). Although moderate Westernization of the traditional Japanese diet has improved the
nutritional status of the postwar Japanese population®®, certain features of a Western diet,
such as low fiber intake and excessive fat intake, can promote inflammation®3V. The
differences in nutrient intakes among municipalities highlight the importance of targeting
populations that diverge from the typical Japanese diet, i.e., those following a Western diet,
when planning public health interventions to reduce dietary inflammation in Japan.

DIl scores were positively associated with both overall disability and components
thereof, as reported in our previous study™®. Other Japanese studies have linked DII scores
mainly to disabilities in the basic functions required for everyday competence. One study
used the disability certifications of the long-term care insurance system, which assesses
impairments in physical and cognitive functions*®. Others focused on sarcopenia, i.e.,
pathologically impaired physical function™, or frailty defined by the five components of the
Cardiovascular Health Study Index™®. In terms of everyday competence, two European
studies reported associations between D11 scores and IADL disabilities®>*¥, but few relevant
studies have been performed in Asia (including Japan). Our study adds to previous
knowledge, focusing on the inability to perform complex activities. This has received
minimal attention, especially in Asian populations.

To the best of our knowledge, this is the first study to reveal an association between
DIl scores and subjective health. Poor subjective health may reflect prodromal disease
status® and has been associated with increased levels of C-reactive protein (CRP), an

inflammatory biomarker®®. Poor subjective health may predict future IADL disability®>®,
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and our study implies that dietary inflammation influences this risk factor.

Our analysis stratified by municipality vyielded generally consistent results,
strengthening our evidence. However, no associations of DIl scores with IADL disability or
subjective health were apparent in certain municipalities. Associations between DIl scores
and certain variables may thus be region-specific.

The strengths of our study include the relatively large sample size, the systematic
sampling method employed, and the younger age of the study population; we previously
evaluated adults aged > 65 years®™, whereas here we studied only those aged 65-74 years,
who may be in earlier stages of disability development. The findings of this study should be
interpreted in light of the following limitations. Due to the relatively moderate response rate
(46%), there is a potential for nonresponse bias in the study population, such as the healthy
volunteer effect, where individuals who are healthier may be more likely to respond to the
questionnaire. The potential issue of multiple testing is another limitation of this study. Given
the multiple statistical analyses conducted across several health outcomes and subgroup
analyses within individual municipalities, there is a potential risk of increased Type 1 errors
(false positives), highlighting the need for careful interpretation of the findings.

Longitudinal studies are required to define causal relationships. In addition, the
biological basis of the observed associations should be ascertained using measures of

inflammatory biomarkers, including CRP.

Conclusion

This study highlights the importance of reducing dietary inflammation in the early stage of
disability development. We have identified the determinants of dietary inflammation in older
Japanese adults living in non-urban municipalities, which may aid the development of

appropriate interventions.
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Table 1. Descriptive statistics of participants’ characteristics, Dietary Inflammatory Index
(DIN) scores®, disability assessed using the Tokyo Metropolitan Institute of Gerontology
Index of Competence (TMIG-IC)®?, and subjective health status (n = 7930).

Mean SD
Age (years) 69.9 2.7
BMI (kg/m?) 23.0 45
DIl score 0.19 1.36
n %
Sex
Male 3630 46
Female 4300 54
TMIG-IC score (overall)
Healthy 3183 40
Disabled 4747 60
TMIG-IC score (IADLS)
Healthy 6468 82
Disabled 1462 18
TMIG-IC score (Intellectual activities)
Healthy 4971 63
Disabled 2959 37
TMIG-IC score (Social participation)
Healthy 4660 59
Disabled 3270 41
Subjective health
Good 6124 77
Poor 1806 23
Municipality
Ishikawa Prefecture
Suzu-shi 1245 16
Nagasaki Prefecture
Unzen-shi 823 10
Shimabara-shi 1025 13
Hasami-cho 782 10
Matsuura-shi 1253 16
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Minamishimabara-shi

Living alone

No

Yes
Education

<9 years

> 10 years
Economic status

Constrained

Normal or good
Frequency of shopping

1-2 times per week or less

3-6 times per week or more

2802

6879
1051

2195
5735

2556
5374

3487
4443

35

87
13

28
72

32
68

44
56

SD, standard deviation
BMI, body mass index
IADLs, instrumental activities of daily living
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Table 2. Associations between participants’ characteristics and Dietary Inflammatory
Index (DI1) scores® (n = 7930).

Model 1* Model 2
B 95% ClI B 95% ClI
Sex

Male (ref)

Female -0.75 -0.81,-0.68 -0.74 -0.80, -0.68
Age (years) -0.05 -0.06,-0.04  -0.05 -0.06, -0.04
BMI (kg/m?) 0.02 0.01, 0.03 0.01 0.00, 0.02
Municipality

Ishikawa Prefecture

Suzu-shi (ref)
Nagasaki Prefecture
Unzen-shi 0.07 -0.05, 0.19 0.08 -0.03, 0.20
Shimabara-shi -0.01 -0.13,0.10 0.05 -0.05, 0.16
Hasami-cho -0.04 -0.16, 0.08 0.04 -0.08, 0.15
Matsuura-shi 0.15 0.04, 0.25 0.14 0.04,0.24
Minamishimabara-shi 0.06 -0.03,0.15 0.09 0.00, 0.17
Living alone

No (ref)

Yes 0.21 0.12,0.30 0.21 0.12,0.29
Education

< 9 years (ref)

> 10 years -0.26 -0.33,-0.19  -0.25 -0.32,-0.19

Economic status

Constrained (ref)

Normal or good -0.28 -0.34,-0.22 -0.18 -0.25, -0.12
Frequency of shopping

1-2 times per week or less
(ref)

3-6 times per week or more -0.16 -0.22,-0.10 -0.16 -0.22,-0.10

Cl, confidence interval

BMI, body mass index
*The association of participants’ characteristics with DII scores was examined via regression analysis with energy intake as a covariate.
tMultiple regression analysis including all participants’ characteristics as explanatory variables was performed to examine the associations between

the characteristics and DIl scores. Energy intake was included as a covariate.
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Table 3. The associations of Dietary Inflammatory Index (DI1) scores® (Shivappa et al., 2014) with overall disability and disabilities in each
component of everyday competence assessed using the Tokyo Metropolitan Institute of Gerontology Index of Competence (TMIG-IC)®Y,

and subjective health status (n = 7930).*

TMIG-IC
Intellectual Subjective health
Overall IADLs Social participation
activities
n OR 95% Cl OR 95% Cl OR 95% Cl OR 95% ClI OR 95% ClI
1.19, 1.05, 1.23, 1.13, 1.05,
All municipalities 7930 1.23 1.10 1.28 1.17 1.09
1.28 1.15 1.33 1.22 1.14
Ishikawa Prefecture
1.03, 0.98, 1.10, 1.02, 1.07,
Suzu-shi 1245 1.13 1.10 1.22 1.11 1.20
1.23 1.23 1.34 1.21 1.34
Nagasaki Prefecture
1.08, 0.90, 1.04, 1.02, 0.89,
Unzen-shi 823 1.21 1.04 1.16 1.14 1.01
1.35 1.21 1.30 1.28 1.15
1.17, 1.02, 1.16, 1.15, 1.01,
Shimabara-shi 1025  1.30 1.15 1.29 1.27 1.14
1.44 1.32 1.43 1.40 1.28
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1.23, 1.20, 1.18, 1.12, 0.84,
Hasami-cho 782 1.39 1.44 1.35 1.28 0.96

1.58 1.73 1.56 1.45 1.11

1.17, 0.94, 1.25, 1.06, 1.01,
Matsuura-shi 1253 1.28 1.06 1.37 1.17 1.12

141 1.21 1.52 1.28 1.24

Minamishimabara-sh 1.15, 0.99, 1.21, 1.10, 1.02,
2802 1.22 1.07 1.29 1.17 1.09

i 1.30 1.15 1.37 1.25 1.17

IADLs, instrumental activities of daily living

OR, odds ratio

Cl, confidence interval

*The associations of DIl scores with overall disability, disabilities in each component of everyday competence (IADLs, intellectual activities, and
social participation), and subjective health were determined via multiple logistic regression analyses using the data for the entire study population,
followed by analyses stratified by municipality. Sex, age, body mass index, educational and economic status, and energy intake were included as
covariates. The ORs are for disability or poor subjective health. Overall disability was defined as an inability to perform at least one of the activities in
the TMIG-IC questionnaire. Disability in a given component of everyday competence (IADLs, intellectual activities, and social participation) was
defined as an inability to perform at least one of the activities in the corresponding component. The following question was used to assess subjective
health: “In general, how do you feel about your health?”. Participants who answered (1) excellent or (2) good were considered to have good subjective

health, while those who answered (3) poor or (4) very poor were considered to have poor subjective health.
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