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Background: Influenza and pneumonia tend to be severe in older adults; thus, vaccination is necessary to
prevent these illnesses. Vaccination is especially important for older family caregivers (OFCs) not only to
prevent them from becoming ill, but also to prevent secondary infections in the family care receivers
(FCRs), who are mostly frail older adults and have a higher risk of severe illness. Thus, we investigated
whether caregiving burdens were associated with the vaccinations among older adults.
Methods: We used cross-sectional data from the Japan Gerontological Evaluation Study (JAGES), which
was conducted in 64 Japanese municipalities from November 2019 to January 2020. The target popula-
tion consisted of 26,177 individuals aged 65 years or older who were independent and did not need pub-
lic long-term care. The primary outcome was the uptakes of either or both influenza and pneumococcal
vaccinations. Multinomial logistic regressions were performed, setting those who underwent neither vac-
cinations as the reference group.
Results: Among the participants, 23.3 %, 25.8 %, 9.4 %, or 41.5 % underwent neither, only influenza, only
pneumococcal, or the both vaccinations, respectively. The caregiving frequency, time length in a day, or
dementia of FCR were negatively associated with influenza vaccination (caregiving almost every day: rel-
ative risk ratio {RRR}: 0.39, 95 % confident interval {95 % CI} [0.24–0.63]; caregiving almost all day: 0.44,
95 % CI: 0.23–0.85; caregiving for FCR: RRR:0.55, 95 % CI: 0.34–0.91). On the other hand, those caregiving
burdens were not associated with pneumococcal only or the both vaccinations. Having a family physician
mitigated all the negative effect of the caregiving burdens on the vaccinations.
Conclusion: Our results suggest that the caregiving burden is a barrier to influenza vaccination but not to
pneumococcal vaccination and that having a physician mitigates the negative effect regardless of the bur-
den kind.

� 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Influenza and pneumonia are often more severe in older adults
aged 65 years or older. Human influenza viruses typically cause
mild respiratory illness and infection of the lower respiratory tract,
which can progress to pneumonia, acute respiratory distress syn-
drome or secondary bacterial infection, or death from respiratory
failure. [1] An average of 389,000 respiratory-related deaths were
associated with influenza annually worldwide, which account
for � 2 % of all annual respiratory deaths. Of this, 67 % involved
older adults aged � 65 years. [2] A recent systematic review esti-
mated the annual influenza-related hospitalizations at
31,087,000, with a higher hospitalization rate among older adults
aged � 65 years than in those aged 20–64 years. [3] Pneumonia
is a major cause of mortality and morbidity among older adults.
Streptococcus pneumoniae is the leading cause of pneumonia glob-
ally, contributing to 1,189,937 deaths, which is higher than all
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other etiologies. [4] Particularly, frail older adults are more fre-
quently hospitalized, show poor recovery, and have a higher mor-
tality due to influenza or pneumonia compared with their non-frail
counterparts. [5–7].

The World Health Organization has recommended that all
countries develop a long-term care system (LTCS) that provide
affordable and accessible services to older adults who require
them, particularly for those with less access to resources and the
system has been implemented in several countries including Japan
[8]. Even under the relatively egalitarian system, a few reports sug-
gested that there is socioeconomic inequality in the LTCS utiliza-
tion in the countries, suggesting that alternative caregiving
resources are necessary to compensate the inequality. [9,10] A
family (informal) caregiver is defined as the person who (in con-
trast to professional caregivers) provides unpaid care to a family
member, partner, friend or neighbor because of long-term physical
or mental ill health, disability, or problems related to old age. [11]
The prevalence of OFCs is high in several countries including Japan
with aging populations. [12–14] Household transmission is a major
infectious pathway of influenza viruses and S. pneumoniae. [15–17]
Nosocomial infections with these pathogens frequently occur by
transmissions from the nursing staff to the residents in nursing
homes, suggesting that these infectious pathogens can be trans-
mitted from caregivers to care receivers during the caregiving pro-
cess. [18,19] Recommended influenza and pneumococcal
vaccinations effectively prevent older adults from contracting sev-
ere illness. [20,21,43] These vaccinations are especially important
for OFCs to prevent severe illness and subsequent transmission
to FCRs through caregiving.

The association between caregiving and influenza or pneumo-
coccal vaccination among older adults has not been established.
McGuire et al. found no significant differences in influenza and
pneumococcal vaccinations between OFCs and non-caregivers.
[22] However, while they compared the immunization between
OFCs and non-caregivers in a univariate analysis, they did not test
whether caregiving was associated with these immunizations after
adjusting for potential confounders. In the present study, we
examined whether the caregiving burden was negatively associ-
ated with these vaccinations after adjusting for potential con-
founders among older adults aged � 65 years. Furthermore, the
presence of a family physician is associated with influenza or
pneumococcal vaccination among older adults.[23,24] Therefore,
we further hypothesized whether the potential negative effect of
caregiving burden could be mitigated by having a family physician
and assessed these associations.
2. Material and methods

2.1. Study design and participants

This study adopted a cross-sectional design and analyzed data
obtained from the Japan Gerontological Evaluation Study (JAGES).
This study looked at the social determinants of health among
non-institutionalized and functionally independent people
aged � 65 years in Japan who were independent and did not
require public long-term care. We mailed self-reported question-
naires to the participants in 64 municipalities from November
2019 to January 2020. We invited 45,974 individuals, of which
31,495 returned the questionnaire, corresponding to a 68.5 %
response rate. We excluded 5,318 people from the study because
they did not provide written informed consent, were
aged < 65 years, or did not provide information about their age
or sex. In all, the analyzed data were obtained from 26,177
individuals.
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2.2. Vaccinations

In Japan, the national influenza and pneumococcal vaccination
have started for adults aged � 65 years as national vaccine pro-
gram since 2001 and October 2014, respectively. [25,26] The out-
come variables were recommended either or both of influenza
and pneumococcal vaccinations. We asked, ‘‘Did you get an influ-
enza vaccination in the last year?” and ‘‘Did you get a pneumococ-
cal vaccination in the last 5 years?” We created a multiary variable
for each vaccination, 1 indicating neither of the two vaccinations, 2
or 3 indicating only influenza or pneumococcal vaccination respec-
tively, 4 indicating the both vaccinations.

2.3. The caregiving burdens

The explanatory variables were the caregiving burdens. We
assessed the caregiving by asking participants the following: ‘‘Cur-
rently, do you care for (a) family member(s)?” In response, they
chose one from the following: ‘‘Yes, I do. I’m the main caregiver”;
‘‘Yes, I do, but I mostly help someone else care for (a) family mem-
ber(s)”; or ‘‘No, I don’t.” We considered those who chose the first as
primary OFCs who provided mainly caregiving for FCR, those who
chose the second as the secondary OFCs who helped the primary
OFC, or those who chose third responses as non-caregivers. We
assessed OFC’s caregiving burdens according to caregiving fre-
quency, duration in a day, and dementia status of the FCR. We
assessed the caregiving frequency by asking OFCs, ‘‘On average,
how often do you provide care for your family member(s)?” In
response, they chose one from ‘‘Almost every day,” ‘‘2 to 4 days a
week,” ‘‘Once a week,” or ‘‘1 to 3 days a month.” We assessed the
duration of caregiving by asking OFCs to specify whether it was
‘‘Almost all day,” ‘‘About half a day,” ‘‘About 2 to 3 h,” ‘‘When
needed,” or ‘‘Other.” We assessed the dementia status of the FCRs
by asking OFCs, ‘‘Does the person you care for have possible symp-
toms of dementia? The question refers to such symptoms as ‘‘for-
getfulness more than standard with age”; ‘‘He or she doesn’t know
the time or place”; or ‘‘He or she cannot do what he or she used to
do previously (If you are caring for more than one person, please
circle here even if applicable to only one person).” The respondents
chose a response from ‘‘Yes (A doctor has diagnosed them with
dementia)”; ‘‘Yes (He or she has such symptoms but he or she
has not been diagnosed with dementia)”; or ‘‘No.”.

2.4. Covariates

The sociodemographic covariates consisted of sex, age group
(65–74 and � 75 years), marital status (married, 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), house-
hold structure (living alone, living with a spouse, living with off-
spring, living with a spouse and offspring, living in a three-
generation household, and others) [27,28]. The health behavioral
covariates consisted of smoking status (never smoked, quit
smoking � 5 years ago, quit smoking < 5 years ago, smokes some-
times, and smokes almost every day), alcohol consumption (do not
drink, quit drinking � 5 years ago, quit drinking < 5 years ago, cur-
rently drinks), self-rated health (excellent, good, fair, and poor),
time of last medical checkup (within the previous year, between
1 and 4 years ago, >4 years ago, and never), whether they had a
family physician, and the patient’s inquiring attitude. The latter
was determined 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 = ex-
cellent). [23] The health status covariates consisted of high-risk
diseases associated with the severity of influenza and pneumonia
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(stroke, heart disease, diabetes, respiratory disease, kidney/pros-
tate disease, or blood/immune disease) [29,30], history of influenza
or pneumonia in the past year, depressive symptoms (determined
using the short form of the geriatric depression scale: not
depressed, depressive tendency, or depression) [31]. The Tokyo
metropolitan institute of gerontology index on competency was
evaluated as follows: 0 = no incapable capacity/activity, �1 = one
incapable capacity/activity, and �2 = two incapable capacity/activ-
ity = [32]. The social relationship covariates consisted of civic par-
ticipation, social cohesion, and reciprocity [28,33]. The caregiving
types were categorized into three as the primary, the secondary,
or non-caregivers.
2.5. Statistical analyses

We performed directed acyclic graph (DAG) analysis to identify
minimal sufficient adjustment sets of potential confounders to
estimate the direct effects of caregiving types or burdens on influ-
enza and pneumococcal vaccinations among older adults. [28] We
generated 20 imputed data sets for handling missing data using
Markov chains. [34] To satisfy the assumption that data were miss-
ing at random and to improve the quality of the imputed values,
we included auxiliary variables associated with missing data for
the imputation (see Supplemental Table 1 and the Methods). A
multinomial logistic regression model was used to estimate rela-
tive risk ratio (RRR) and 95 % confidence interval (95 % CIs) of
the associations between either or the both vaccinations and the
caregiving burdens. Those who underwent neither vaccinations
were set as the reference group. The RRRs and 95 % CIs were esti-
mated after adjusted for covariates consisting of the caregiving
types, age, sex, marital status, educational attainment, equivalized
income, household structure, smoking status, alcohol consump-
tion, self-rated health, medical checkup, family physician, patient’s
inquiring attitude, high-risk disease, history of influenza or pneu-
monia, geriatric depression, TMIG-IC, social participation, social
cohesion, and reciprocity. The associations between the vaccina-
tions and the caregiving burdens were evaluated by combining
the estimations of the 20 imputed data sets with Rubin’s rules.
[35] We performed sensitivity analyses (SA) with the complete
data set without missing data, as performed in the main analyses
(MA) with imputed data sets (see Supplemental Tables). All P val-
ues were two-tailed, and the significance was set at 5 %. We per-
formed all analyses using Stata version 17.0 (Lightstone Corp.,
College Station, TX, USA).
2.6. Patient and public involvement

No patients were involved in the development of the research
questions, study design, or data interpretation in this study.
3. Results

Table 1 shows the basic characteristics of the recommended
influenza and pneumococcal vaccinations among older adults
aged � 65 years.

Of the individuals studied, 23.3 %, 25.8 %, 9.4 %, or 41.5 % of
older adults received neither of the two vaccinations, influenza,
pneumococcal, or both of the two vaccinations, respectively. A per-
centage of the both vaccinations was greatest among OFCs who
provided the primary or secondary caregiving, while the one pneu-
mococcal only was greatest among non-caregivers. The tendency
was almost the same among OFCs with relatively higher caregiving
burdens as those with the two caregiving types (e.g., caregiving
almost every day), while percentages of either of the two vaccina-
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tions were greatest among those with the other burdens (e.g., care-
giving once a week).

A percentage of non-receipt of the both vaccinations was great-
est among older adults who were men, divorced, never married, or
in the other marital status than the four, had the other education
than the four, had 0.50–0.99 million yen equivalized income, lived
by alone, smoked almost every day, sometimes, or quit
smoking < 5 years ago, self-rated health ‘‘Excellent”, had no medi-
cal checkup within a year, rated patient’s questioning attitude
other than ‘‘Excellent”, had no high-risk disease, had depression
or the tendency, had one incapability in TMIG-IC. A percentage of
influenza vaccination only was greatest among older adults who
widowed or in the other marital status, had < 6 or 6–9 years edu-
cation or the other education, had < 0.5 million or � 4.00 yen
equivalized income, lived with offspring or lived in households
other than the five, smoking sometimes, quit drinking < 5
or � 5 years ago, self-rated health ‘‘Fair” or ‘‘poor”, had influenza
or pneumonia history in the past year, had no social participation,
no social cohesion, or no reciprocity. A percentage of pneumococ-
cal vaccination only was greatest among older adults who aged
65–74, married, had 10–12 or � 13 years education, had 1.00–
1.99 or 2.00–3.99 million yen equivalized income, lived with a
spouse only or together with offspring, quit smoking � 5 years
ago, consumed alcohol currently, self-rated health ‘‘Good”, had
no family physician, had no history of influenza or pneumonia in
the past year, had social participation or reciprocity. A percentage
of the both vaccinations was greatest among those who aged � 75,
were women, had the other education, lived in a three-generation
household, never smoked, did not drink, had medical checkup
within a year, had a family physician, rated the patient’s question-
ing attitude ‘‘Excellent”, had high-risk disease, were not depressed,
had no incapability in TMIG-IC, or had social cohesion.

Table 2 shows RRRs and 95 % CIs of associations between the
vaccinations and the caregiving burdens among older adults aged
65 years or more.

The caregiving frequencies, time lengths in a day, or dementia
of FCR of OFC’s caregiving were negatively associated with influ-
enza vaccination after adjusting for covariates including the care-
giving types compared with no caregiving (e.g., the caregiving
almost every day: RRR: 0.39, 95 % CI: 0.24–0.63; the caregiving
almost all day: RRR: 0.44, 95 % CI: 0.23–0.85; the caregiving for
FCR who was diagnosed with dementia: RRR: 0.55, 95 % CI: 0.34–
0.91). On the other hands, the caregiving burdens were not associ-
ated with pneumococcal and the both vaccinations. The results of
SA showed almost similar trend with those of MA, while some of
the associations showed positive trend with the vaccinations (Sup-
plemental Table 2).

Table 3 shows RRRs and 95 % CIs of associations between the
vaccinations and the caregiving burdens with or without a family
physician.

Having a family physician mitigated the negative effect of the
caregiving burden on influenza vaccinations (e.g., caregiving
almost every day with the physician: RRR: 0.70, 95 % CI: 0.42–
1.16 compared to the same burden without the physician: RRR:
0.45, 95 % CI: 0.25–0.82; caregiving almost all day: RRR: 0.89,
95 % CI: 0.45–1.78 compared to the same burden without the
physician: RRR: 0.33, 95 % CI: 0.12–0.88). Having the physician
enhanced the both vaccinations even in the presence of the care-
giving burdens which had negative effect on influenza vaccination
(e.g., caregiving almost every day with the physician: RRR: 2.08,
95 % CI: 1.43–3.03 compared to the same burden without the
physician: RRR: 0.91, 95 % CI: 0.56–1.48; caregiving almost all
day with the physician: RRR: 2.37, 95 % CI: 1.44–3.89 compared
to the same burden without the physician: RRR: 0.79, 95 % CI:
0.37–1.68), The results of SA showed almost similar with those of
MA (supplemental Table 3).



Table 1
Basic characteristic of influenza and pneumococcal vaccinations among older adults aged � 65 years.

Neither Influenza #

Pneumococcal ## The both
vaccinations
###

n = 6,336*
(3.30) **

n = 5,715
(17.99)

n = 2,900
(3.30)

n = 11,226
(17.99)

% SD % SD % SD % SD

Do you care for a family member(s)? Non-caregiver 91.9 0.35 91.4 0.39 92.5 0.49 90.3 0.28
Primary 4.6 0.27 4.5 0.30 4.3 0.38 5.0 0.21
Secondary 3.4 0.23 4.1 0.27 3.2 0.33 4.7 0.20

Frequency of caregiving Non-caregiver 92.1 0.34 91.7 0.38 92.6 0.49 90.5 0.28
Almost every day 4.9 0.28 5.2 0.31 4.3 0.38 6.2 0.23
2 to 4 times a day 1.3 0.15 1.1 0.14 1.0 0.19 1.5 0.12
Once a week 0.7 0.10 0.8 0.12 0.9 0.18 0.8 0.09
1 to 3 times in a month, or less 1.0 0.12 1.1 0.14 1.2 0.20 1.0 0.09

Time length of caregiving in a day Non-caregiver 91.9 0.35 91.4 0.39 92.5 0.49 90.3 0.28
Almost all day 1.4 0.15 1.6 0.18 1.1 0.20 1.9 0.13
About half a day 1.1 0.14 1.3 0.18 1.1 0.20 1.1 0.11
About 2 to 3 h a day 1.2 0.14 1.3 0.17 1.3 0.21 1.5 0.12
When needed 4.1 0.25 4.1 0.27 3.8 0.36 4.9 0.21
Other 0.3 0.07 0.3 0.07 0.2 0.08 0.3 0.05

Dementia of FCR Non-caregiver 92.0 0.35 91.4 0.39 92.5 0.49 90.3 0.28
Diagnosed with dementia 2.8 0.21 3.2 0.26 2.0 0.27 3.3 0.18
Have the symptoms but not diagnosed 1.8 0.17 2.2 0.21 1.9 0.26 2.1 0.14
Neither of the two 3.5 0.23 3.1 0.23 3.5 0.34 4.3 0.19

Age 65–74 61.3 0.61 46.9 0.69 64.8 0.89 46.8 0.48
�75 38.7 0.61 53.1 0.69 35.2 0.89 53.2 0.48

Sex Man 54.2 0.63 47.6 0.69 50.3 0.93 43.4 0.48
Woman 45.8 0.63 52.4 0.69 49.7 0.93 56.6 0.48

Marital status Married 71.2 0.57 70.8 0.63 77.0 0.79 73.4 0.42
Widowed 17.0 0.48 20.6 0.56 14.5 0.66 20.1 0.38
Divorced 6.2 0.30 4.5 0.28 5.0 0.41 3.8 0.18
Never married 4.6 0.26 3.1 0.23 3.1 0.32 2.0 0.14
Other 1.0 0.12 1.0 0.14 0.4 0.11 0.6 0.08

Educational attainment <6 0.8 0.12 1.6 0.20 0.4 0.13 0.7 0.10
6–9 23.8 0.54 32.1 0.64 19.3 0.74 27.0 0.43
10–12 42.4 0.63 40.1 0.68 45.6 0.93 42.6 0.48
�13 32.2 0.59 25.4 0.61 34.1 0.88 28.9 0.44
Others 0.8 0.12 0.8 0.12 0.6 0.14 0.8 0.08

Equivalized income, million yen <0.5 12.0 0.41 13.8 0.47 8.5 0.52 10.8 0.30
0.50–0.99 33.1 0.59 29.1 0.62 32.0 0.87 30.4 0.44
1.00–1.99 20.0 0.50 17.5 0.51 22.0 0.77 20.7 0.38
2.00–3.99 14.0 0.44 12.3 0.45 17.2 0.70 14.3 0.33
�4.00 20.9 0.51 27.4 0.61 20.3 0.75 23.8 0.41

Household structurer (living with who or by alone) A spouse 50.1 0.63 47.5 0.71 53.4 0.93 50.9 0.48
By alone 17.7 0.48 16.4 0.54 13.1 0.63 14.4 0.34
Offspring 6.9 0.32 8.6 0.42 7.1 0.48 7.3 0.26
A spouse and offspring 8.8 0.36 7.9 0.37 10.9 0.58 8.1 0.26
Three-generation household 7.7 0.34 9.8 0.41 7.6 0.50 10.9 0.30
Other than described above 8.8 0.36 9.8 0.40 7.9 0.50 8.4 0.27

Smoking status Almost everyday 13.8 0.43 8.7 0.38 9.0 0.53 5.3 0.22
Sometimes 2.0 0.18 2.0 0.20 1.1 0.20 1.2 0.11
Quit < 5 years ago 4.5 0.27 3.9 0.28 3.8 0.37 2.9 0.17
Quit � 5 years ago 27.5 0.57 26.7 0.61 30.9 0.86 27.3 0.43
Never 52.2 0.63 58.7 0.69 55.1 0.93 63.3 0.47

Alcohol consumption Currently 45.5 0.63 38.8 0.67 45.6 0.94 38.4 0.48
Quit < 5 years ago 4.7 0.29 5.7 0.34 4.0 0.41 5.1 0.22
Quit � 5 years ago 8.1 0.36 8.5 0.41 5.7 0.46 7.4 0.26
Do not drink 41.7 0.63 47.0 0.70 44.7 0.94 49.0 0.49

Self-rated health Excellent 16.3 0.47 13.3 0.47 15.3 0.68 13.5 0.33
Good 70.2 0.58 70.7 0.62 73.1 0.83 72.8 0.43
Fair 11.9 0.41 13.9 0.48 10.1 0.56 12.2 0.32
Poor 1.6 0.16 2.0 0.19 1.5 0.22 1.6 0.12

Medical checkup Within a year 50.6 0.63 59.6 0.69 67.8 0.87 71.3 0.44
Sometime between 1 and 4 years ago 16.2 0.47 14.8 0.52 13.7 0.64 12.3 0.32
�4 years ago 13.2 0.43 9.4 0.39 8.7 0.53 7.3 0.25
Never 20.0 0.50 16.2 0.50 9.8 0.56 9.1 0.28

Family physician No 11.7 0.47 16.9 0.52 22.9 0.79 11.0 0.31
Yes 88.3 0.47 83.1 0.52 77.1 0.79 89.0 0.31

Patient’s questioning attitude Excellent 59.7 0.64 65.0 0.69 62.3 0.93 66.8 0.48
Good 24.5 0.58 22.6 0.60 23.6 0.82 21.9 0.42
Fair 9.5 0.38 7.7 0.38 9.1 0.54 6.5 0.25
Poor 6.3 0.31 4.7 0.29 5.0 0.41 4.7 0.20

High-risk disease No 74.3 0.55 70.1 0.62 73.2 0.83 69.2 0.45
1 or more 25.7 0.55 29.9 0.62 26.8 0.83 30.8 0.45

(continued on next page)
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Table 1 (continued)

Neither Influenza #

Pneumococcal ## The both
vaccinations
###

n = 6,336*
(3.30) **

n = 5,715
(17.99)

n = 2,900
(3.30)

n = 11,226
(17.99)

% SD % SD % SD % SD

History of influenza or pneumonia in the past year No 88.3 0.47 75.6 0.70 88.4 0.69 80.9 0.42
Yes 11.7 0.47 24.4 0.70 11.6 0.69 19.1 0.42

Geriatric depression Not depressed 75.5 0.58 76.1 0.62 80.5 0.76 80.7 0.40
Depression tendency 19.1 0.53 18.4 0.58 15.5 0.70 15.8 0.38
Depression 5.4 0.28 5.4 0.31 4.0 0.37 3.5 0.18

TMIG-IC 0 55.3 0.64 60.6 0.72 61.4 0.92 65.7 0.46
�1 44.4 0.64 39.2 0.72 38.4 0.92 34.1 0.46
�2 0.2 0.08 0.2 0.09 0.1 0.10 0.1 0.04

Social participation 0 65.8 0.63 68.4 0.69 57.6 0.96 59.3 0.48
1 or more 34.2 0.63 31.6 0.69 42.4 0.96 40.7 0.48

Social cohesion 0 16.7 0.48 16.9 0.52 14.2 0.66 13.1 0.34
1 or more 83.3 0.48 83.1 0.52 85.8 0.66 86.9 0.34

Reciprocity 0 3.9 0.26 5.1 0.35 2.0 0.28 2.6 0.18
1 or more 96.1 0.26 94.9 0.35 98.0 0.28 97.4 0.18

TMIG-IC: Tokyo Metropolitan Institute of Gerontology Index of Competency; TMIG-IC: 0: No incapable task/activity, �1: one incapable task/activity, �2: two incapable tasks/
activities; *: an average number of the vaccination status in the twenty imputed datasets; **: a standard error of the average number in the twenty imputed datasets; #:
received influenza vaccination but not pneumococcal one; ##: received pneumococcal vaccination but not influenza one; ###: received the both vaccinations. A greatest
percentage was highlighted as bold of the four vaccination statuses in each category.

Table 2
Associations between vaccinations and the caregiving burdens among older adults aged 65 years and more (RRRs and 95 % CIs).

Vaccination

Influenza# Pneumococcal ## The both vaccinations ###

Frequency of caregiving Almost every day 0.39 (0.24–0.63) 0.84 (0.53–1.34) 0.76 (0.53–1.10)
2 to 4 days a week 0.42 (0.26–0.69) 0.73 (0.43–1.23) 0.78 (0.53–1.15)
Once a week 0.72 (0.42–1.24) 1.22 (0.69–2.17) 1.01 (0.64–1.59)
1 to 3 days a month or less 0.68 (0.42–1.08) 1.08 (0.65–1.78) 0.78 (0.53–1.16)

Time length of caregiving in a day Almost all day 0.44 (0.23–0.85) 0.84 (0.44–1.60) 0.80 (0.50–1.28)
About half a day 0.59 (0.32–1.08) 1.00 (0.57–1.78) 0.76 (0.49–1.19)
2 to 3 h 0.61 (0.36–1.03) 1.04 (0.60–1.82) 0.93 (0.61–1.41)
When needed 0.51 (0.32–0.82) 0.89 (0.59–1.34) 0.85 (0.61–1.16)
Other 0.47 (0.21–1.02) 0.54 (0.19–1.52) 0.79 (0.42–1.48)

FCR of dementia Diagnosed with dementia 0.55 (0.34–0.91) 0.72 (0.44–1.16) 0.80 (0.57–1.13)
Having the symptoms but not diagnosed 0.62 (0.39–1.01) 1.07 (0.66–1.73) 0.87 (0.60–1.27)
Neither of the two 0.45 (0.28–0.72) 0.95 (0.63–1.45) 0.86 (0.62–1.19)

RRR: relative risk ratio; 95 % CI: 95 % confident interval; all the RRRs and 95 % CIs were adjusted for the caregiving type, age, sex, marital status, educational attainment,
equivalized income, household structure, smoking status, alcohol consumption, self-rated health, medical checkup, family physician, patient’s questioning attitude, high-risk
disease, history of influenza or pneumonia, geriatric depression, TMIG-IC, social participation, social cohesion, and reciprocity. References of RRRs (1.00) were set at no
caregiving. #: received influenza vaccination but not pneumococcal one; ##: received pneumococcal vaccination but not influenza one; ###: received the both vaccinations.
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4. Discussion

We investigated the associations between recommended influ-
enza and pneumococcal vaccinations and the caregiving burdens
among older adults aged � 65 years. Our results showed the care-
giving burdens, including frequency, time length in a day, and
dementia of FCR, were negatively associated with influenza vacci-
nation, but not with pneumococcal and the both vaccinations. Hav-
ing a family physician mitigated the negative effect of the
caregiving burdens on influenza vaccinations and enhanced the
both vaccinations even in the presence of the caregiving burdens.
Our results suggest that the caregiving burdens have an effect on
influenza vaccination but not on pneumococcal vaccination and
that having a physician mitigate the negative effect regardless of
the burden kind or extent.

Mounting evidence suggests that caregiving burden negatively
affects an OFC’s physical and mental health outcomes, as well as
health behaviors. [12,36–38] We showed that the caregiving bur-
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dens had negative effects on influenza vaccination after adjusting
for the caregiving types and the other covariates. Our result sug-
gests a consistence with those evidences and that the caregiving
is a barrier to influenza vaccination, but not pneumococcal vacci-
nation among older adults. One possible reason why the burdens
affect only influenza vaccination among older adults is a difference
in immunization intervals. The revaccination of pneumococcal vac-
cination is recommended for people who need because of health
reasons 5 years after the first one. [39,40] The influenza vaccine,
on the other hand, is recommended to be administered every influ-
enza season. However, due to the caregiving burden, it may be
more inconvenient to avail of the yearly influenza vaccination.
On the other hand, pneumococcal vaccination is recommended
once every 5 years, which improves the possibility of arranging
relief care for the patient. [41].

Our result showed that having a family physician mitigated the
negative effect of the caregiving burdens on influenza vaccination
and enhanced the both vaccinations even in the presence of the



Table 3
Associations of the vaccinations with the caregiving burdens in a presence of family physician among older adults aged 65 years and more (RRRs and 95 % CIs).

Vaccination

Family
physician

Influenza # Pneumococcal
##

The both vaccinations ###

Frequency of caregiving Almost every day No 0.45 (0.25–0.82) 0.95 (0.51–1.75) 0.91 (0.56–1.48)
Yes 0.70 (0.42–1.16) 1.14 (0.71–1.84) 2.08 (1.43–3.03)

2 to 4 days a week No 0.29 (0.11–0.80) 0.65 (0.25–1.66) 0.70 (0.32–1.52)
Yes 0.89 (0.52–1.50) 1.10 (0.62–1.97) 2.39 (1.56–3.64)

Once a week No 0.57 (0.19–1.76) 0.56 (0.13–2.37) 1.30 (0.53–3.19)
Yes 1.47 (0.81–2.65) 2.05 (1.09–3.86) 2.90 (1.76–4.78)

1 to 3 days a month or less No 0.56 (0.25–1.29) 1.01 (0.41–2.48) 0.98 (0.48–1.99)
Yes 1.32 (0.79–2.21) 1.56 (0.88–2.75) 2.15 (1.39–3.34)

Time length of caregiving in a day Almost all day No 0.33 (0.12–0.88) 0.49 (0.15–1.62) 0.79 (0.37–1.68)
Yes 0.89 (0.45–1.78) 1.36 (0.69–2.68) 2.37 (1.44–3.89)

About half a day No 0.72 (0.27–1.92) 1.15 (0.44–2.97) 1.10 (0.52–2.34)
Yes 1.03 (0.54–1.96) 1.35 (0.71–2.55) 1.98 (1.22–3.22)

2 to 3 h No 0.70 (0.28–1.71) 1.37(0.53–3.51) 1.43 (0.67–3.06)
Yes 1.10 (0.63–1.90) 1.36 (0.75–2.49) 2.44 (1.59–3.77)

When needed No 0.54 (0.30–0.96) 0.88(0.49–1.58) 0.91 (0.57–1.45)
Yes 0.95 (0.58–1.55) 1.26 (0.82–1.94) 2.39 (1.72–3.32)

Other No 0.19 (0.004–
96.43)

0.57 (0.06–5.28) 0.94 (0.19–4.62)

Yes 0.95 (0.58–1.55) 0.76 (0.24–2.38) 2.26 (1.17–4.38)
FCR of dementia Diagnosed with dementia No 0.68 (0.36–1.28) 0.53 (0.24–1.20) 0.87 (0.52–1.48)

Yes 1.00 (0.59–1.69) 1.10 (0.66–1.83) 2.26 (1.57–3.26)
Having the symptoms but not diagnosed No 0.67(0.32–1.38) 1.20 (0.56–2.56) 1.14 (0.61–2.14)

Yes 1.14 (0.69–1.89) 1.47 (0.87–2.47) 2.36 (1.58–3.50)
Neither of the two No 0.35 (0.18–0.68) 1.03 (0.56–1.92) 0.99 (0.61–1.62)

Yes 0.90 (0.55–1.45) 1.34 (0.87–1.92) 2.44 (1.75–3.40)

RRR: relative risk ratio; 95 % CI: 95 % confident interval; All the RRRs and 95 % CIs were adjusted for the caregiving types, age, sex, marital status, educational attainment,
equivalized income, household structure, smoking status, alcohol consumption, self-rated health, medical checkup, family physician, patient’s questioning attitude, high-risk
disease, history of influenza or pneumonia, geriatric depression, TMIG-IC, social participation, social cohesion, and reciprocity. References of RRRs (1.00) were set at no
caregiving. #: received influenza vaccination but not pneumococcal one; ##: received pneumococcal vaccination but not influenza one; ###: received the both vaccinations.
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caregiving burdens which had the negative effect on the one of the
two vaccinations. Our recent study also suggests that having the
physician mitigates negative effects of cognitive and social incapa-
bility on either or the both vaccinations among older adults. [42]
Our present and recent results indicate that having a family physi-
cian is beneficial to receive vaccination for older adults with such
social or functional difficulties.

Our study has 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 or
pneumococcal vaccination and the caregiving status cannot be
completely excluded. However, the two vaccinations are unlikely
to have an effect on the caregiving type or caregiving burden of
OFCs. Second, given the nature of an observational study, we could
not clarify causality because of unmeasured confounders. How-
ever, we tried to adjust for major confounding variables among
the enrolled individuals and vaccinations. Third, we did not
observe FCR-received medical services including vaccination with
the caregiver’s help, which potentially affect the caregiver’s vacci-
nation. However, the burden of the help could have been indirectly
adjusted as the caregiving burdens which we adjusted to estimate
the effects of caregiving on the vaccinations. Forth, our findings
cannot be generalized to people who had been certified as needing
long-term care. Fifth, a recall bias may have occurred in the survey
on the vaccination statuses. The impact of this potential bias is
unknown. Sixth, we did not assess the age of the FCRs; therefore,
some FCRs may not have been aged � 65 years. However, we
assessed the family relationships between FCRs and OFCs and
found that 81.2 % of OFCs responded that they were caring for their
spouse, parents, or their spouse’s parents (Supplemental Table 5).
Seventh, we did not assess history of influenza or pneumococcal
vaccination before the survey, which potentially had an effect on
the vaccinations.
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5. Conclusions

Recommended influenza and pneumococcal vaccinations are
necessary to prevent OFCs and their FCRs from contracting severe
influenza and pneumonia, either as primary or secondary infection.
Our results showed that the caregiving burdens including fre-
quency, duration, and dementia status of FCRs were negatively
associated with influenza vaccination, while the burdens were nei-
ther associated with pneumococcal nor with the both vaccinations.
Having a family physician mitigated the negative associations of
the burdens on the vaccinations regardless of the caregiving bur-
den kind. These results suggest that the caregiving burdens affect
influenza vaccination and that having a family physician mitigates
the negative effect. A vaccination program should be established to
educate OFCs on the transmissibility of and more severe secondary
infections due to influenza virus especially in frail FCRs. The pro-
gram should recommend influenza vaccination to mitigate the vac-
cination gap based on the caregiving burden. Furthermore, an
environment that encourages caregivers to avail the vaccinations
can be promoted by improving long-term care insurance services.
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