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Association of functional 
competencies with vaccination 
among older adults: a JAGES 
cross‑sectional study
Kousuke Iwai‑Saito1*, Koryu Sato2 & Katsunori Kondo3,4

It is unknown whether higher functions in sublevels of competence other than instrumental activities 
of daily living (IADL) are associated with vaccinations. This study examined whether higher functions, 
including intellectual activity (IA) and social role (SR), were associated with vaccinations among 
26,177 older adults. Older adults with incapable activities in IA and SR had increased risks for non‑
receipt of influenza vaccinations (IA: for one incapable task/activity: incident rate ratio (IRR) = 1.05, 
95% confidence interval (CI) = 1.02–1.09; SR: for two incapable tasks: IRR = 1.12, 95% CI = 1.08–1.16). 
Those with incapable activities in IADL and IA had increased risks for non‑receipt of pneumococcal 
vaccination (IADL: for two incapable tasks: IRR = 1.13, 95% CI = 1.05–1.23; IA: for two incapable tasks: 
IRR = 1.10, 95% CI = 1.08–1.12). Those with incapable activities in IADL, IA, and SR had increased 
risks for non‑receipt of both of the two vaccinations (IADL: for two incapable tasks: IRR = 1.17, 95% 
CI = 1.03–1.33; IA: for two incapable tasks: IRR = 1.18, 95% CI = 1.11–1.25; SR: for two incapable tasks: 
IRR = 1.13, 95% CI = 1.07–1.20). Having a family physician mitigated associations for non‑receipt, 
regardless of competency. Our results suggest—maintaining the higher functions are important for 
older adults to undergo recommended vaccinations as scheduled; also, having a family physician to 
promote vaccinations is beneficial even for older adults with limited functions.

Influenza and pneumonia become more severe or lethal in older adults aged 65 years compared to younger adults. 
Human influenza viruses A and B typically cause mild respiratory illness and infection of the lower respiratory 
tract, which can progress to pneumonia, acute respiratory distress syndrome or secondary bacterial infection, 
and death from respiratory  failure1. An average of 389,000 respiratory deaths were estimated to be associated 
with influenza worldwide each year during the study period, or ~ 2% of all annual respiratory deaths and 67% of 
these were among older adults aged ≥ 65  years2. Pneumonia is a major cause of mortality and morbidity among 
older adults. Streptococcus pneumoniae is a leading cause of morbidity and mortality of the illness globally, con-
tributing to 1,189,937 deaths, which is more than all other  etiologies3

Influenza and pneumococcal vaccinations are effective in preventing older adults from these severe  illnesses4,5. 
However, social, or geriatric factors may hamper them from receiving vaccinations. For example, living alone, 
paucity of social  capital6–8, and cognitive impairment can be risk factors for non-receipt of vaccinations among 
older  adults9. The lower capability of instrumental activity of daily living (IADL) is one such geriatric factor 
among older adults. IADL is a measure for assessing “instrumental self-maintenance,” which was defined as 
one of Lawton’s seven sublevels of competence, which include life maintenance, functional health, perception 
and cognition, physical self-maintenance, effectance, and social role (SR)10. Manias et al. recently reported that 
the lower capability in IADL was associated with the lower uptake of influenza and pneumococcal vaccinations 
among older adults aged 65 years and more 3 months after discharged from geriatric  rehabilitation11. However, 
it is unknown whether higher-level functions of competency other than IADL, such as intellectual activity (IA) 
and SR, are associated with influenza and pneumococcal vaccination uptake in older adults. Examining these 
associations is important because higher-level functions are more likely to be lost as aging than  IADL12.
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As a result, we evaluated whether lower capabilities of the higher functions, including IA and SR, were associ-
ated with non-receipt of influenza and pneumococcal vaccinations among community-dwelling older adults aged 
65 years or more. Furthermore, we hypothesized that having a family physician could mitigate the relationship 
between competency deterioration and non-receipt of the vaccinations and assessed its effect  modification13.

Methods
Study design and participants. This study had a cross-sectional design and used data from the Japan 
Gerontological Evaluation Study (JAGES). In Japan, this study looked at the social determinants of health 
among non-institutionalized and functionally independent people aged 65 years and more who did not require 
assistance from public long-term care insurance. We mailed self-reported questionnaires to older adults in 64 
municipalities from November 2019 to January 2020. We invited 45,974 individuals, and 31,495 returned the 
questionnaire, corresponding to a response rate of 68.5%. We excluded 5,318 people from the study because they 
did not agree with the academic consent, were under the age of 65 years, or did not provide information about 
their age or sex. As a result, the analytical data consisted of 26,177 individuals.

Outcome variables. The outcome variable was non-receipt of influenza, pneumococcal, or the both vac-
cinations according to the recommended  schedule14–16. We examined the three outcomes separately because 
our recent study suggested heterogeneous determinants of the  vaccinations13 and we found that the participants 
who received neither of the two vaccinations were prevalent among all the participants (24.1%, Supplemental 
Table 4). We asked, “Did you get an influenza vaccination in the last year?” and “Did you get a pneumococcal 
vaccination in the last 5 years?” We created binary variables for influenza, pneumococcal, or both of the two vac-
cinations 1 indicating those who did not undergo the vaccination and 0 indicating otherwise.

Explanatory variables. Explanatory variables were the incapability of IADL, IA, and SR, measured using 
the Tokyo Metropolitan Institute of Gerontology Index of Competence (TMIG-IC)17. The IADL was assessed 
by asking the participants, “Can you go out alone by train or bus?” “Can you go shopping for daily necessities?” 
“Can you cook for yourself?” “Can you pay your bills by yourself?” “Can you deposit or withdraw money from 
your bank/postal savings account(s) by yourself?” For each question, we assigned 1 for those who answered, 
“No, I can’t,” and 0 for those who answered, “Yes, I can and do,” or “Yes, I can but usually don’t.” We added the 
number of incapable activities and categorized it into 0, 1, 2, and more. IA was assessed by asking participants, 
“Can you complete paperwork for your pension or other reasons (e.g., documents submitted to your local gov-
ernment offices, clinics/hospitals, etc.) by yourself?” “Do you read newspapers?” “Do you read books or maga-
zines?” “Are you interested in health-related articles or TV programs?” SR was assessed by asking participants, 
“Do you visit your friends’ homes?” “Do you advise your family members or friends?” “Can you visit people who 
have fallen ill?” “Do you start conversations with young people?” For IA and SR, there were yes/no options. We 
assigned 1 for the response of “No” and 0 for “Yes” and categorized the number of incapable activities for IA and 
SR into 0, 1, 2 and more. In addition, the total number of incapable activities in the TMIG-IC (i.e., the sum of 
IADL, IA, and SR) was also categorized into 0, 1, 2, and more. For IADL, IA, SR, and the TMIG-IC, we set 0 (i.e., 
fully capable) for the reference group.

Covariates. For individual covariates, sociodemographic data, behavior, health status, and social relation-
ship were used. Sociodemographic covariates consisted of sex, age (65–74 and ≥ 75 years), marital status (mar-
ried, widowed, divorced, never married, and others), educational attainment (< 6, 6–9, 10–12, ≥ 13 years, and 
others), equivalized income (< 0.5, 0.50–0.99, 1.00–1.99, 2.00–3.99, and ≥ 4.00 million yen), and household 
structure (living alone, living with a spouse, living with offspring, living with a spouse and offspring, living in 
a three-generation household, and others)18. Behavioral covariates consisted of smoking status (never smoked, 
quit smoking ≥ 5 years ago, quit smoking < 5 years ago, smoke sometimes, and smoke almost every day), self-
rated health (excellent, good, fair, and poor), having a medical checkup (within 1 year, sometimes between 1 and 
4 years ago, > 4 years ago, and never), and having a family  physician13. Patients’ questioning attitude was meas-
ured by asking, “How would you rate how well you were able to ask your physician about something you did not 
understand in the last visit?” (1 = poor, 2 = fair, 3 = good, and 4 = excellent)13. Health status covariates consisted 
of high-risk diseases associated with the severity of influenza and pneumonia (stroke, heart disease, diabetes, 
respiratory disease, kidney/prostate disease, or blood/immune disease)19,20, history of influenza or pneumonia 
in the past year, depressive symptoms (the short form of the geriatric depression scale: not depressed, depressive 
tendency, or depression)21, and homeboundness (going to the field or immediate neighborhood, for shopping, 
to the hospital, etc.: once a week and more or less). Social relationship covariates consisted of civic participation, 
social cohesion, and  reciprocity7,22–24.

Statistical analyses. We created the Directed Acyclic Graph (DAG) to identify a Minimal Sufficient 
Adjustment Sets (MSAS) of potential confounders to estimate a direct effect of competence on influenza and 
pneumococcal vaccinations among older adults. We used an online tool, DAGitty v3.0 (http:// www. dagit ty. net) 
to create the DAG. The DAG analyses revealed that the MSAS to estimate the effects were age, sex, marital sta-
tus, educational attainment, equivalized income, household structure, smoking status, self-rated health, medi-
cal checkup, family physician, patient’s questioning attitude, high-risk disease, pneumococcal or influenza vac-
cination, history of influenza or pneumonia, geriatric depression, homeboundness, civic participation, social 
cohesion, and reciprocity. We generated 20 imputed data sets for handling missing data by using the chained 
equations  method25. Chi-squared tests were used for categorical variables. A Poisson regression model was used 
to calculate the incident rate ratio (IRR) and 95% confidence interval (CI) based on robust standard errors for 
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the association between the incapability of activities and non-receipt of vaccinations because the prevalence of 
no vaccination exceeded 10%26,27. We carried out sensitivity analyses with the complete data set without missing 
data as conducted in the imputed data sets. All P values were two-tailed and the significance was set at 5%. We 
used Stata version 17.1 (Lightstone Corp., College Station, TX, USA) for all analyses.

Ethical consideration. The process of obtaining informed consent in the present study was as follows: the 
questionnaire was sent by mail with the explanation of the study; the participants read the written explanation 
about the purpose of study and replied. Hence, we considered that informed consent was provided by those who 
replied and sent back the questionnaire. The JAGES protocol in 2019 was approved by the ethics committee of 
National Center for Geriatrics and Gerontology (No. 992), the ethics committee of Chiba University (No. 2493), 
and JAGES (No. 2019-01). We followed the STROBE Statement to report our observational study. This study 
was performed in accordance with the principles of the Declaration of Helsinki. Informed consent was obtained 
from all participants.

Institutional review board statement. The study was conducted according to the guidelines of the Dec-
laration of Helsinki. The JAGES Committee (no. 2019-01), the National Center for Geriatrics and Gerontology 
(no. 1274-2), and the Chiba University Ethics Committee (no. 3442) approved the parent JAGES protocol.

Results
Table 1 shows the variables of participants by the status of influenza, pneumococcal, and the both of the two 
vaccinations. A  percentage of older adults with normal capability in the IA or SR who received influenza vac-
cination was higher than those who did not receive the vaccination, while the percentage of those with normal 
or the lower capability in the IADL or TMIG-IC with the vaccination was higher than those without it. Older 
adults with the following characteristics were more likely to receive influenza vaccination than their counterparts: 
aged ≥ 75 years, being female, being widowed, had education for > 6 or 6–9 years, had < 0.5 or ≥ 4.00 million yen 
of the equivalized income, lived with offspring, lived in a three-generation household, or lived in households 
other than the five, never smoked, rated their health status as “good”, “fair”, or “poor,” had a medical checkup 
within a year, had a family physician, rated their questioning attitude on a physician visit as “excellent,” had  ≥1 
high-risk disease that potentially exacerbates influenza or pneumonia, received pneumococcal vaccination, had a 
history of influenza or pneumonia in the past year, was not depressed, was homebound, and had civic participa-
tion, social cohesion, or reciprocity.  A percentage of older adults with normal capability in the IADL, IA, or SR 
who received pneumococcal vaccination was higher than those without the vaccination, while the percentage 
of those with normal or the lower capability in the TMIG-IC with the vaccination was higher than those without 
it. Those with the following characteristics were more likely to receive pneumococcal vaccination than their 
counterparts: aged ≥ 75 years, being female, being married or widowed, had education for 6–9 or ≥13 years, 
had 1.00–1.99 or ≥ 4.00 million yen of the equivalized income, lived with a spouse or offspring, lived in a three-
generation household, quit smoking ≥ 5 years ago or never smoked, rated their health status as “good”, had a 
medical checkup within a year, had a family physician, rated their questioning attitude on a physician visit as 
“excellent,” had  ≥1 high-risk disease, received influenza vaccination, had a history of influenza or pneumonia in 
the past year, was not depressed, was not homebound, and had civic participation, social cohesion, or reciproc-
ity. A percentage of older adults with normal capability in the IADL, IA, or SR who received either of the two 
vaccinations was higher than those who received neither of the two vaccinations, while the percentage of those 
with either of the two was higher than those with neither of them. Those with the following characteristics were 
more likely to receive either influenza or pneumococcal vaccination than their counterparts: aged ≥ 75 years, 
being female, being married or widowed, had education for > 6 years, 6–9 years, had ≥ 4.00 million yen of the 
equivalized income, lived with spouse or offspring, lived in a three-generation household, quit smoking ≥ 5 years 
ago or never smoked, rated their health status as “good”, “fair”, or “poor”, had a medical checkup within a year, had 
a family physician, rated their questioning attitude on a physician visit as “excellent,” had  ≥1 high-risk disease a, 
had a history of influenza or pneumonia in the past year, was not depressed, was not homebound, and had civic 
participation, social cohesion, or reciprocity.

Table 2 shows the IRRs and 95% CIs for non-receipt of influenza, pneumonia, or the both vaccinations after 
adjusting for all covariates. Incapability of IA, SR, or TMIG-IC was positively associated with non-receipt of 
influenza vaccination (IA: for one incapable task/activity: IRR 1.05, 95% CI 1.02–1.09; SR: for one incapable task/
activity: IRR 1.08, 95% CI 1.04–1.12; for two incapable tasks/activities: IRR 1.12, 95% CI 1.08–1.16; TMIG-IC: for 
two incapable tasks/activities: IRR 1.14, 95% CI 1.08–1.21). Unexpectedly, incapability of IADL was negatively 
associated with influenza vaccination (one incapable task/activity: IRR 0.93, 95% CI 0.87–0.99) Incapability of 
IADL or IA was positively associated with non-receipt of pneumococcal vaccination (IADL: for two incapable 
tasks/activities: IRR 1.13, 95% CI 1.05–1.23; IA: for two incapable tasks/activities: IRR 1.10, 95% CI 1.08–1.12). 
Incapability of IADL, IA, SR, or TMIG-IC was positively associated with non-receipt of the both vaccinations 
(IADL: for two incapable tasks/activities: IRR 1.17, 95% CI 1.03–1.33; IA: for one incapable task/activity: IRR 
1.07, 95% CI 1.02–1.13 and for two incapable tasks/activities: IRR 1.18, 95% CI 1.11–1.25; SR: for one incapable 
task/activity: IRR: 1.06, 95% CI 1.01–1.12 and for two incapable tasks/activities: IRR 1.13, 95% CI 1.07–1.20; 
TMIG-IC: for two incapable tasks/activities: IRR 1.14, 95% CI 1.08–1.21). The result of sensitivity analysis with 
the complete data set without imputation was almost matched with the result analyzed with the imputed data 
sets (Supplemental Table 2).

Table 3 shows IRRs and 95% CIs of interactions between IADL, IA, SR, or TMIG-IC and a family physician 
on non-receipt of vaccinations. Having a family physician was negatively associated with non-receipt of influ-
enza vaccination, regardless of incapability in IADL, IA, SR, or TMIG-IC (e.g., IADL: for two incapable tasks/
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Vaccination

Influenza Pneumococcal Either (E) or neither (N)

Yes SD No SD Yes SD No SD E SD N SD

IADL

0 90.7 0.23 91.3 0.29 91.5 0.23 90.2 0.30 91.1 0.20 90.6 0.37

1* 6.4 0.19 5.8 0.24 6.0 0.19 6.5 0.24 6.2 0.17 6.2 0.31

2** 2.9 0.13 2.9 0.17 2.6 0.13 3.3 0.18 2.8 0.12 3.2 0.22

Intellectual activity

0 67.0 0.37 61.8 0.51 67.5 0.38 61.5 0.49 66.8 0.34 59.8 0.63

1 22.4 0.33 25.2 0.45 22.5 0.34 24.8 0.43 22.7 0.30 25.6 0.56

2 10.6 0.24 13.0 0.35 10.0 0.25 13.7 0.34 10.4 0.22 14.6 0.45

Social role

0 50.3 0.40 43.4 0.53 50.0 0.41 44.4 0.51 49.6 0.36 42.2 0.65

1 26.1 0.35 27.5 0.47 26.5 0.36 26.7 0.45 26.4 0.32 27.1 0.58

2 23.6 0.33 29.2 0.48 23.5 0.34 28.8 0.46 24.0 0.31 30.6 0.59

TMIG-IC

0 38.6 0.39 32.5 0.49 38.6 0.41 33.1 0.47 38.1 0.36 31.0 0.60

1 25.2 0.35 24.5 0.46 25.4 0.37 24.3 0.43 25.3 0.32 24.0 0.55

2 36.2 0.38 43.1 0.53 36.0 0.40 42.6 0.50 36.6 0.35 45.0 0.65

Age (years)
65–74 46.8 0.39 62.2 0.50 49.1 0.40 57.3 0.49 49.4 0.36 61.5 0.62

 ≥ 75 53.2 0.39 37.8 0.50 50.9 0.40 42.7 0.49 50.6 0.36 38.5 0.62

Sex
Male 44.7 0.39 53.0 0.52 44.9 0.40 52.0 0.50 45.6 0.35 54.4 0.63

Female 55.3 0.39 47.0 0.52 55.1 0.40 48.0 0.50 54.4 0.35 45.6 0.63

Marital status

Married 72.6 0.35 72.9 0.47 73.3 0.36 71.9 0.45 73.2 0.32 71.3 0.58

Widowed 20.3 0.32 16.3 0.39 19.5 0.32 17.8 0.38 19.4 0.28 16.9 0.48

Divorced 4.0 0.16 5.8 0.25 4.1 0.16 5.5 0.23 4.2 0.14 6.2 0.31

Never married 2.4 0.12 4.1 0.21 2.3 0.12 4.0 0.19 2.5 0.11 4.6 0.27

Other 0.7 0.07 0.8 0.10 0.7 0.07 0.9 0.09 0.7 0.06 1.0 0.13

Educational attainment

 < 6 1.0 0.09 0.7 0.09 0.9 0.08 0.9 0.10 0.9 0.08 0.8 0.12

6–9 28.7 0.36 22.7 0.45 27.3 0.36 25.4 0.44 27.4 0.32 23.8 0.55

10–12 41.8 0.39 43.3 0.52 42.3 0.40 42.3 0.50 42.3 0.36 42.5 0.63

 ≥ 13 27.8 0.35 32.6 0.49 28.8 0.36 30.6 0.45 28.6 0.32 32.2 0.59

Others 0.8 0.07 0.8 0.09 0.8 0.07 0.8 0.09 0.8 0.06 0.8 0.11

Equivalized income, million yen

 < 0.5 11.8 0.25 11.1 0.33 11.2 0.26 12.0 0.33 11.4 0.23 12.0 0.41

0.50–0.99 30.0 0.35 32.7 0.49 30.2 0.37 32.1 0.46 30.3 0.33 33.1 0.60

1.00–1.99 19.6 0.31 20.5 0.42 20.1 0.32 19.7 0.39 19.9 0.28 20.0 0.51

2.00–3.99 13.7 0.27 14.9 0.37 14.1 0.28 14.1 0.34 14.1 0.25 14.1 0.44

 ≥ 4.00 24.9 0.34 20.9 0.42 24.3 0.35 22.2 0.41 24.3 0.30 20.9 0.52

Household structure (living with others or alone)

A spouse 49.8 0.39 51.0 0.53 50.6 0.41 49.7 0.50 50.3 0.36 50.2 0.64

Alone 15.0 0.29 16.4 0.39 14.7 0.30 16.6 0.38 14.8 0.26 17.6 0.49

Offspring 7.7 0.22 7.0 0.27 7.6 0.22 7.2 0.27 7.6 0.20 6.9 0.33

A spouse and offspring 8.1 0.21 9.4 0.31 8.5 0.23 8.7 0.28 8.5 0.20 8.8 0.36

Three-generation household 10.6 0.24 7.6 0.28 10.2 0.24 8.5 0.28 10.1 0.22 7.7 0.34

Other than described above 8.9 0.22 8.5 0.29 8.4 0.22 9.3 0.29 8.7 0.20 8.8 0.36

Smoking status

Smoking almost everyday 6.3 0.19 12.3 0.34 6.2 0.19 11.9 0.32 6.8 0.18 13.8 0.44

Smoking sometimes 1.5 0.10 1.8 0.14 1.4 0.10 1.9 0.14 1.4 0.09 2.0 0.18

Quit smoking < 5 years ago 3.2 0.14 4.4 0.22 3.2 0.15 4.2 0.20 3.3 0.13 4.6 0.27

Quit smoking ≥ 5 years ago 27.1 0.35 28.5 0.47 27.7 0.37 27.5 0.44 27.6 0.32 27.5 0.57

Never smoked 61.9 0.38 53.0 0.52 61.5 0.40 54.5 0.49 60.8 0.35 52.0 0.63

Self-rated health

Excellent 13.3 0.27 16.0 0.39 13.7 0.29 15.2 0.36 13.7 0.25 16.3 0.47

Good 72.1 0.35 71.1 0.48 72.5 0.37 70.6 0.46 72.3 0.33 70.2 0.59

Fair 12.8 0.26 11.4 0.33 12.1 0.26 12.5 0.33 12.4 0.24 11.9 0.41

Poor 1.8 0.10 1.5 0.13 1.6 0.10 1.8 0.13 1.7 0.09 1.6 0.16

Medical checkup

Within a year 67.5 0.37 55.8 0.52 68.7 0.38 55.2 0.49 67.4 0.34 50.5 0.63

1–4 years ago 13.1 0.27 15.4 0.38 13.0 0.28 15.3 0.36 13.3 0.25 16.1 0.47

 > 4 years ago 8.0 0.22 11.8 0.34 7.9 0.23 11.6 0.32 8.1 0.20 13.2 0.43

Never 11.3 0.25 17.0 0.39 10.4 0.25 17.9 0.38 11.2 0.23 20.2 0.51

Family physician
No 12.7 0.29 29.5 0.48 14.4 0.29 25.3 0.44 14.4 0.27 32.4 0.60

Yes 87.3 0.29 70.5 0.48 85.6 0.29 74.7 0.44 85.6 0.27 67.6 0.60

Continued
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activities: IRR 0.79, 95% CI 0.70–0.88; IA: for two incapable tasks/activities: IRR 0.78, 95% CI 0.73–0.83; SR: 
for two incapable tasks/activities: IRR 0.83, 95% CI 0.79–0.88; TMIG-IC: for two incapable tasks/activities: IRR 
0.82, 95% CI 0.78–0.87). Having a family physician was negatively associated with non-receipt of pneumococ-
cal vaccination, regardless of incapability in IA, SR, or TMIG-IC (e.g., IA: for one incapable task/activity: IRR 
0.95, 95% CI 0.90–0.99; SR: for two incapable tasks/activities: IRR 0.94, 95% CI 0.89–0.99; TMIG-IC: for two 
incapable tasks/activities: IRR 0.93, 95% CI 0.88–0.99). Having a family physician was negatively associated with 
non-receipt of the both vaccinations, regardless of incapability in  IADL, IA, SR, or TMIG-IC (e.g., IADL: for 
two incapable tasks/activities: IRR 0.72, 95% CI 0.62–0.84; IA: for two incapable tasks/activities: IRR 0.70, 95% 

Table 1.  Variables of participants by the status of influenza or pneumococcal vaccinations. IADL instrumental 
activity of daily life, IA intellectual activity, SR social role, TMIG-IC Tokyo Metropolitan Institute of 
Gerontology Index of Competence. *Incapable of any one task/activity. **Incapable of any two tasks/activities.

Vaccination

Influenza Pneumococcal Either (E) or neither (N)

Yes SD No SD Yes SD No SD E SD N SD

Patients’ questioning attitude

Excellent 66.3 0.40 60.6 0.54 66.1 0.42 61.4 0.50 65.7 0.37 59.7 0.65

Good 22.2 0.36 24.2 0.49 22.2 0.38 23.9 0.45 22.4 0.33 24.5 0.59

Fair 6.9 0.20 9.3 0.32 7.0 0.22 8.9 0.29 7.2 0.19 9.5 0.39

Poor 4.7 0.17 5.9 0.25 4.7 0.17 5.8 0.23 4.7 0.15 6.3 0.31

High-risk disease
No 69.5 0.36 74.0 0.46 70.0 0.37 72.7 0.44 70.1 0.33 74.3 0.56

 ≥ 1 30.5 0.36 26.0 0.46 30.0 0.37 27.3 0.44 29.9 0.33 25.7 0.56

Pneumonia or influenza vaccination
No 24.5 0.35 32.9 0.50 19.7 0.33 60.6 0.49 - - - -

Yes 75.5 0.35 67.1 0.50 80.3 0.33 39.4 0.49 - - - -

History of influenza or pneumonia in the past year
No 79.3 0.34 87.9 0.37 80.4 0.37 85.3 0.41 80.5 0.31 88.3 0.44

Yes 20.7 0.34 12.1 0.37 19.6 0.37 14.7 0.41 19.5 0.31 11.7 0.44

Depression

Not applicable 79.1 0.34 77.0 0.46 80.0 0.34 75.9 0.44 79.3 0.31 75.4 0.58

Homeboundness 16.7 0.31 18.0 0.42 16.2 0.32 18.7 0.40 16.5 0.29 19.2 0.53

Depression 4.2 0.16 5.0 0.23 3.8 0.16 5.4 0.22 4.2 0.14 5.4 0.29

Homeboundness
No 96.2 0.15 96.4 0.19 96.4 0.15 96.1 0.19 96.3 0.13 96.1 0.25

Homeboundness 3.8 0.15 3.6 0.19 3.6 0.15 3.9 0.19 3.7 0.13 3.9 0.25

Social participation
No participation 62.2 0.40 63.5 0.52 60.9 0.41 65.4 0.49 61.6 0.37 65.8 0.62

 ≥ 1 37.8 0.40 36.5 0.52 39.1 0.41 34.6 0.49 38.4 0.37 34.2 0.62

Social cohesion
No social cohesion 14.3 0.28 16.1 0.39 14.3 0.29 15.9 0.38 14.4 0.26 16.8 0.48

 ≥ 1 85.7 0.28 83.9 0.39 85.7 0.29 84.1 0.38 85.6 0.26 83.2 0.48

Reciprocity
No reciprocity 3.4 0.16 3.5 0.20 3.3 0.16 3.6 0.21 3.2 0.14 3.9 0.26

 ≥ 1 96.6 0.16 96.5 0.20 96.7 0.16 96.4 0.21 96.8 0.14 96.1 0.26

Table 2.  IRRs and 95% CIs of associations between non-receipt of vaccinations and IADL, IA, SR, or 
TMIG-IC. IRR incident rate ratio, 95% CI 95% confidence interval, IADL instrumental activity of daily 
life, IA intellectual activity, SR social role, TMIG-IC Tokyo Metropolitan Institute of Gerontology Index of 
Competence. *Incapable of any one task/activity. **Incapable of any two tasks/activities. IRRs and 95% CIs 
were adjusted for age, sex, marital status, educational attainment, equivalized income, household structure, 
smoking status, self-rated health, medical checkup, family physician, patient’s questioning attitude, high-risk 
disease, pneumonia, or influenza vaccination (only for non-receipt of influenza or pneumococcal vaccination), 
history of influenza or pneumonia, geriatric depression, homeboundness, civic participation, social cohesion, 
and reciprocity.

Number of incapable tasks/
activities Influenza vaccination Pneumococcal vaccination Neither of the two vaccinations

0 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

IADL
1* 0.93 (0.87–0.99) 1.04 (0.98–1.10) 0.97 (0.89–1.07)

2** 1.04 (0.95–1.14) 1.13 (1.05–1.23) 1.17 (1.03–1.33)

IA
1 1.05 (1.02–1.09) 1.02 (0.99–1.06) 1.07 (1.02–1.13)

2 1.04 (0.99–1.09) 1.10 (1.08–1.12) 1.18 (1.11–1.25)

SR
1 1.08 (1.04–1.12) 0.99 (0.96–1.03) 1.06 (1.01–1.12)

2 1.12 (1.08–1.16) 1.02 (0.98–1.06) 1.13 (1.07–1.20)

TMIG-IC
1 1.05 (1.004–1.09) 1.00 (0.96–1.04) 1.05 (0.99–1.12)

2 1.11 (1.07–1.15) 1.02 (0.99–1.06) 1.14 (1.08–1.21)
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CI 0.64–0.76; SR: for two incapable tasks/activities: IRR 0.69, 95% CI 0.63–0.74; TMIG-IC: for two incapable 
tasks/activities: IRR 0.68, 95% CI 0.62–0.73). A result of sensitivity analysis with the complete data set without 
imputation was almost matched with the result analyzed with the imputed data sets (Supplemental Table 3).

Discussion
We investigated the association between lower capacities of higher functions in competency and non-receipt of 
influenza, pneumococcal, or the both vaccinations among older adults aged 65 years or more. Our results showed 
that the deterioration of IADL, IA, and SR was positively associated with non-receipt of influenza vaccination, 
that IADL and IA but not SR was positively associated with pneumococcal vaccination, and that the deteriora-
tion of all the three was positively associated with non-receipt of both the vaccinations. In addition, having a 
family physician mitigated the association between the deterioration of the higher functions and non-receipt of 
each or the both vaccinations. Our results suggested that maintaining IA and SR are important to undergo the 
vaccinations according to the recommended schedule and that having a family physician could promote vac-
cination even for older adults with lower capabilities in functions.

The TMIG-IC assesses IA by asking responders whether they are capable of seeking health-related informa-
tion by reading articles in the media (see Methods). Moriya et al. showed that IA was associated with general 
 intelligence28. This suggests that it is challenging for older adults with lower capabilities in IA to find and under-
stand information related to vaccinations. These older adults may be less likely to receive the vaccinations because 
they are not interested in and capable of understanding the media’s promotion of the risks and necessity of infec-
tious diseases compared to normal adults. Shar et al. showed that dementia has a negative effect on influenza 
vaccination among community-dwelling or institutionalized older  adults9. Our results show that IA is associated 
with both influenza and pneumococcal vaccinations among community-dwelling older adults. IA in the TMIG-
IC predicts dementia risk among functionally independent community-dwelling older  adults29. Taken together, 
it is suggested that the lower cognitive capability before dementia may impede vaccination among older adults.

Our results show that SR is associated with two vaccinations among older adults and that the ability to play 
a SR is also as important for vaccinations among them. To our best knowledge, this is the first study that shows 
the association between SR and vaccinations among older adults. SRs are defined as “social positions that are 
linked to sets of norms, expectations, rules and behaviors a person is expected to comply with when enacting a 
 role30.” SRs may encourage older adults to prevent the spread of infectious diseases as members of society and 
contribute to the promotion of vaccinations.

We recently showed that there are heterogeneous determinants of influenza and pneumococcal vaccinations 
among older  adults13. Our results show that lower capability of SR was significantly associated with non-receipt 
of influenza vaccination, while the association was weak with non-receipt of pneumococcal vaccination. Nicholls 
et al. showed motivation to receive influenza vaccination for protecting a family member with a diminished 
immune system was greater than the one to receive pneumococcal vaccination among  adults31. SR may be more 
important to be motivated for receiving influenza vaccination to protect people living together, but it is not so 
much for receiving pneumococcal vaccination among older adults because of the reason which was discussed 
above. On the other hand, our results show that lower capability of IADL was associated with non-receipt of 

Table 3.  IRRs and 95% CIs of interactions between IADL, IA, SR, or TMIG-IC and a family physician on non-
receipt of vaccinations. IRR incident rate ratio, 95% CI 95% confidence interval, IADL instrumental activity 
of daily life, IA intellectual activity, SR social role, TMIG-IC Tokyo Metropolitan Institute of Gerontology 
Index of Competence. *Incapable of any one task/activity. **Incapable of any two tasks/activities. The IRRs 
and 95% CIs were adjusted for age, sex, marital status, educational attainment, equivalized income, household 
structure, smoking status, self-rated health, medical checkup, family physician, patient’s questioning attitude, 
high-risk disease, pneumococcal or influenza vaccination (only for non-receipt of influenza or pneumococcal 
vaccination), history of influenza or pneumonia, geriatric depression, homeboundness, civic participation, 
social cohesion, and reciprocity.

Number of incapable 
tasks/activities Home physician Influenza vaccination

Pneumococcal 
vaccination

Neither of the two 
vaccinations

0 No 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

IADL

0 Yes 0.73 (0.71–0.76) 0.92 (0.89–0.95) 0.58 (0.56–0.61)

1* Yes 0.68 (0.63–0.74) 0.97 (0.90–1.04) 0.59 (0.53–0.67)

2** Yes 0.79 (0.70–0.88) 1.07 (0.98–1.17) 0.72 (0.62–0.84)

IA

0 Yes 0.72 (0.69–0.75) 0.91 (0.88–0.95) 0.57 (0.54–0.61)

1 Yes 0.76 (0.72–0.80) 0.95 (0.90–0.99) 0.63 (0.59–0.68)

2 Yes 0.78 (0.73–0.83) 0.99 (0.94–1.05) 0.70 (0.64–0.76)

SR

0 Yes 0.74 (0.70–0.77) 0.90 (0.85–0.94) 0.59 (0.54–0.63)

1 Yes 0.79 (0.75–0.83) 0.89 (0.85–0.94) 0.62 (0.57–0.67)

2 Yes 0.83 (0.79–0.88) 0.94 (0.89–0.99) 0.69 (0.63–0.74)

TMIG-IC

0 Yes 0.74 (0.69–0.78) 0.89 (0.84–0.95) 0.58 (0.53–0.63)

1 Yes 0.77 (0.72–0.82) 0.90 (0.84–0.95) 0.60 (0.55–0.66)

2 Yes 0.82 (0.78–0.87) 0.93 (0.88–0.99) 0.68 (0.62–0.73)
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pneumococcal vaccination, while it was negatively associated with non-receipt of influenza vaccination, sug-
gesting that IADL is important to receive pneumococcal vaccination than influenza vaccination and that the 
lower capability enhances influenza vaccination, which is opposite to our hypothesis. There may be difference 
in accessibility of pneumococcal and influenza vaccinations for older adults with the lower capability of IADL 
because there is a difference between the two vaccinations in implemented year as the national program: the 
program for influenza vaccination started since 2001, while the one for pneumococcal vaccination did since 
 20147,32. However, further investigation is necessary to examine the hypothesis.

Our results show that incapability of IADL, IA, and SR were associated with non-receipt of both influenza 
and pneumococcal vaccinations, while IADL or SR and IA were associated with non-receipt of influenza or 
pneumococcal vaccination. Non-receipt of both the vaccinations was prevalent among older adults. Our results 
suggest that all the capability of IADL, IA, and SR have an effect on both the vaccinations (24.1%) and that IADL 
or SR and IA have the same on influenza (16.4%) or pneumococcal vaccination (10.8%).

We and other groups have shown that having a family physician or general practitioner is positively associ-
ated with influenza and pneumococcal vaccinations among older  adults13,33,34. We show that having a family 
physician mitigated the associations for non-receipt, suggesting that it compensated lower capabilities of IADL, 
IA, and SR which are important for the vaccinations among older adults. It would be more convenient for older 
adults with lower capability of IADL to receive vaccinations at the family physician’s clinic in their home town 
than going to a medical facility far away by using public transport or driving a car  independently35. It would be 
easier for those with lower capabilities in IA to understand the risks of the diseases and benefits of the vaccina-
tions, with explanations by their family physician rather than seeking such information  themselves28. A family 
physician may increase awareness of the infection risks among older adults who are less likely to recognize the 
risk of transmission to or from family or friends due to decreased  SRs36,37.

Our results have some limitations. First, this study has a cross-sectional design, so we did not determine 
causal pathways. The possibility of a reverse causal relationship between influenza, pneumococcal vaccinations, 
and competency of older adults potentially cannot be completely excluded; however, it is unlikely that these 
vaccinations improve lower competency of older adults. Second, the nature of the observational study could not 
clarify causality because of unmeasured confounders. However, we have tried to adjust for major confounding 
variables on the individuals and vaccinations. Third, our findings cannot be generalized to people who had been 
certified as needing long-term care. Fourth, a recall bias may have occurred in the survey for the vaccinations. 
The impact of this potential bias is unknown.

Vaccinations are necessary to prevent older adults from catching severe influenza and pneumonia. One report 
among older adults has shown that IADL is associated with these vaccinations. However, it remained uninves-
tigated whether higher-level functional capacities are associated with the vaccinations. Our results showed that 
lower capabilities in IA and SR were positively associated with non- receipt of vaccinations as well as IADL 
and that having a family physician mitigated the associations. Our results suggest that maintaining IA and SR 
is important for older adults to receive the recommended vaccinations as scheduled and that having a family 
physician to promote the vaccinations is beneficial even for older adults with limited  functions14–16. This study 
indicates that vaccine policies for older adults should consider the higher-level functional capacities and the 
benefit of having a family physician.

Data availability
Data are from the JAGES study. All inquiries are to be addressed to the data management committee via e-mail: 
dataadmin.ml@jages.net. All JAGES datasets have ethical and legal restrictions on public deposition due to the 
inclusion of sensitive information from human participants.
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