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A B S T R A C T

Background: Chronic and lifestyle-related diseases and social status were reported to be associated with long-
term care (LTC). The social factors should be treated as social sub-groups of which characteristics show social
profiles. However, few previous studies considered that. The present study aimed to investigate the associations
between LTC and chronic and lifestyle-related diseases, and whether the associations were modified by the social
sub-groups in the community-dwelling elderly.
Method: A cross-sectional study was conducted among 1004 community-dwelling participants aged 80 and 90.
LTC was used as the outcome. Chronic and lifestyle-related diseases (i.e., stroke, heart disease, joint pain, os-
teoporosis, lung disease, cancer, hypertension, dyslipidemia, and diabetes) were used as the predictors.
Education, household income, residential area, and support environment were analyzed by latent class analysis
(LCA) to derive social profiles. We obtained odds ratios (ORs) of LTC from those diseases and tested interactions
between those diseases and the social profiles by logistic regression analyses.
Result: The participants were categorized into two sub-groups of social factors (n = 675 and 329) by LCA.
Logistic regression analyses showed ORs (95% CI) of LTC were 4.69 (2.49, 8.71) from stroke, 2.22 (1.46, 3.38)
from joint pain, 1.99 (1.22, 3.25) from osteoporosis, and 2.05 (1.22, 3.40) from cancer adjusting for the social
sub-groups. There were no significant interactions between the social subgroups and those diseases in relation to
LTC except for osteoporosis.
Conclusion: The associations between LTC and chronic and lifestyle-related diseases were significant with ad-
justing for the social sub-groups, and not modified by that except osteoporosis.

1. Introduction

The global population is rapidly aging. Japan has experienced
pronounced population aging, and now has the highest proportion of

elderly adults in the world (B. K. Chen et al., 2016). Many elderly adults
generally need significant care and support (Beard et al., 2016). In
Japan, more than half of adults aged 80 years and over receive long-
term care (LTC). Especially, 72% of Japanese adults aged 90 years old

https://doi.org/10.1016/j.archger.2018.12.010
Received 20 April 2018; Received in revised form 13 December 2018; Accepted 21 December 2018

⁎ Corresponding author at: Department of Health Promotion Science, Osaka University Graduate School of Medicine, 1-7 Yamadaoka, Suita, Osaka, Japan.
E-mail address: kamide@sahs.med.osaka-u.ac.jp (K. Kamide).

Archives of Gerontology and Geriatrics 81 (2019) 176–181

Available online 24 December 2018
0167-4943/ © 2018 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/01674943
https://www.elsevier.com/locate/archger
https://doi.org/10.1016/j.archger.2018.12.010
https://doi.org/10.1016/j.archger.2018.12.010
mailto:kamide@sahs.med.osaka-u.ac.jp
https://doi.org/10.1016/j.archger.2018.12.010
http://crossmark.crossref.org/dialog/?doi=10.1016/j.archger.2018.12.010&domain=pdf


and over need some help from others (Ministry of Health, Labour &
Welfare. Kaigoyobou Manual Kaiteiban, 2017; Ministry of Public
Management, 2014).

Most of LTC was due to functional limitations, such as Activity of
Daily Living (ADL) decline and physical function decline (Yeh et al.,
2014). ADL decline among older adults has been associated with
chronic diseases and lifestyle-related diseases, such as hypertension,
diabetes, hyperlipidemia, and stroke (van der Vorst et al., 2016).

Many previous studies have shown associations of social factors
with ADL decline and chronic diseases (Lindsay Smith, Banting, Eime,
O’Sullivan, & van Uffelen, 2017; Sommer et al., 2015). Previous studies
have shown strong association between ADL decline and residence
areas (Aida et al., 2013), socioeconomic status, education (Kingston
et al., 2015), and emotional and instrumental support, and social sup-
port (Neugebauer & Katz, 2004). In addition, chronic diseases including
hypertension, diabetes, hyperlipidemia, and cardiovascular disease
have been associated with social factors such as household income,
education, social support, occupation, insurance status, housing con-
dition, and maternal marital status (Lindsay Smith et al., 2017; Sommer
et al., 2015; Mackenbach et al., 2008). Thus, the association of chronic
diseases with LTC and ADL decline can be influenced by social factors,
which implies that social factors should be considered and adequately
treated in statistical models.

However, previous studies have treated social variables by each
single observed variable but not by latent variables derived from mul-
tiple observed variables, even though statistical results and conclusions
were possibly biased when social variables were treated as each single
predictor in statistical models (Braveman et al., 2005; Pollack et al.,
2007). In real-world, people have social profiles that are multi-dimen-
sional phenomenon and based on multiple social variables including
economic status, residence areas, and social support (Savage, Warde, &
Devine, 2005). Therefore, social variables should be treated by social
profiles based on multiple social variables. Social profiles can be de-
rived from characteristics of sub-groups of social factors by Latent Class
Analysis (LCA).

The present study aimed to investigate the associations between
LTC and chronic and lifestyle-related diseases adjusted by the sub-
groups of social factors obtained by LCA in community-dwelling elderly
Japanese people aged 80 and 90 years old. The second aim of the
present study was to investigate whether associations between LTC and
chronic and lifestyle-related diseases can be modified by the sub-groups
of the social factors.

2. Methods

2.1. Participants

The present study used a cross-sectional design and was based on
the Septuagenarians, Octogenarians, Nonagenarians Investigation with
Centenarians (SONIC) study, an ongoing study since 2010. The parti-
cipants of the SONIC study were collected from Itami City, Hyogo
prefecture (Western-urban); Asago City, Hyogo prefecture (Western-
rural); Itabashi Ward, Tokyo (Eastern-urban); Nishitama District, Tokyo
(Eastern-rural). We sent invitation letters to the residents between 2010
and 2013, and they were invited to participate in the SONIC study. The
baseline participants composed 1000 participants aged 69–71 years old,
973 participants aged 79–81 years old, and 272 participants aged
89–91 years old. We are following up these participants every 3 years.
The SONIC study was approved by the Institutional Review Board of
Osaka University Graduate School of Medicine, Dentistry and Human
Sciences (Osaka, Japan) and the Tokyo Metropolitan Geriatric Hospital
and Institute of Gerontology (Tokyo, Japan). All participants provided
written informed consent to participate.

The eligible criteria for the present study were the participants 1)
aged 79–81 and 89–91, 2) who were free of dementia, and 3) who
provided information about LTC. The participants with missing

information on any possible confounders (i.e., education, household
income, supporting conditions, histories of chronic diseases) were ex-
cluded (n = 169 for 79–81, and n = 72 for 89–91). The number of
participants for this study was 1004; 804 were 79–81 years old and 200
were 89–91 years old.

2.2. The LTC assessment

In the present study, LTC status was assessed by use of LTC in-
surance. LTC insurance is national insurance and implemented for ci-
tizens over 65 years of age, as well as for citizens over 40 years of age
deemed to require LTC services (Long-Term Care Insurance Act, 2018).
The care needs levels for LTC services were categorized into the fol-
lowing 7 levels: support needs levels 1 and 2, and care needs levels 1–5.
Higher care needs levels indicate more severe conditions that require
greater levels of care and services to prevent functional limitation and
support independent living.

The levels of LTC services were assessed by medical or social spe-
cialists’ completed lectures about nursing care held by municipalities.
They conducted a door-to-door survey using a 74 items questionnaire
about physical and mental conditions of each insured individual. They
also described special care for each insured individual which could not
be assessed well by the questionnaire. Based on those information and
physician diagnoses, care needs levels of LTC services were decided by
LTC approval boards, comprised of specialists who were nominated by
a mayor (physicians, dentists, pharmacists, nurses, public health nurses,
dental hygienists, and care workers).

In the present study, we asked participants whether or not they were
provided LTC services with a questionnaire by mail. We defined par-
ticipants being provided any level of LTC services as having received
LTC.

2.3. The social factors assessment

Education, household income, residential area, and supporting
conditions were included as social factors. The social factors were asked
in the questionnaire by health check-up of the SONIC study. We cate-
gorized years of education into three categories (≦9 years, 9–12
years, > 12 years) because 9 and 12 years are required to graduate
from junior high school and high school, respectively. Subjective sa-
tisfaction of household income was asked by three categories
(Dissatisfying, Neutral, Satisfying) in the questionnaire. Residential
area (rural or urban) was categorized by their mail address. Supporting
condition was asked by the following question: "Do you have someone
to help you in your time of need?" This question was responded by “yes”
or “no”.

2.4. The chronic diseases and lifestyle-related disease assessment

Histories of chronic diseases including stroke, heart disease, joint
pain, osteoporosis, lung disease, and cancer were collected by self-re-
ported questionnaire in health check-ups. In the present study, hy-
pertension was defined by medication use of hypertension or blood
pressure (BP) level (i.e., systolic BP > 150 mmHg or diastolic
BP > 90 mmHg). Physicians and trained nurses used mercury sphyg-
momanometer to measure BP. BP was measured twice on each arm in a
sitting position. The average of the first and second measurements on
each arm was used for analysis. The present study defined hyperlipi-
demia by medication use of dyslipidemia, or low-density lipoprotein
cholesterol≧140 mg/dL, or high-density lipoprotein cholesterol < 40
mg/dL, or triglyceride≧150 mg/dL. In the present study, diabetes was
defined by medication use of diabetes, or hemoglobin A1c≧7.0%, or
blood glucose≧200 mg/dL. Those definitions were based on the cri-
terion of Japanese guidelines for aged people (Haneda et al., 2018;
Kario, 2015; Teramoto et al., 2014).
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2.5. Statistical analyses

To derive social profiles from observed variables related to social
factors, we conducted Latent Class Analysis. LCA is a form of categorical
data analysis hypothesizing that latent categorical variables equivalent
to latent classes (i.e., sub-groups) explains patterns of responses to ca-
tegorical observed variables, and that the latent classes are mutually
exclusive. Thus, we can obtain sub-groups that one person in a certain
sub-groupshares a similar pattern of responses to the categorical ob-
served variables with other persons in the same sub-group.
Additionally, characteristics of the sub-groups can be considered as
profiles of responses to the categorical variables of interest.

To obtain the latent sub-groups related to the social factors, we used
the following four social observed variables for LCA: education,
household income, residential area, and supporting condition. To de-
termine the optimal number of the sub-groups, we compared models
with one group, two sub-groups, three sub-groups, and four sub-groups.
The best model was determined by Bayesian Information Criterion
(BIC), a good-of-fit index that considers the rule of parsimony. Once the
number of sub-groups was determined, characteristics of the sub-groups
as the social profiles were summarized.

After we obtained social profiles, we investigated associations of
each of the chronic and lifestyle-related diseases with LTC by logistic
regression models. We obtained odds ratios (ORs) and 95% confidence
intervals (CI). Model 1 was adjusted for age (80 years old / 90 years

old) and sex (male/female). Model 2, fully-adjusted model, was model 1
with additional adjustment for the sub-groups derived by LCA (the first
social sub-group/the second social sub-group), and the other chronic
and lifestyle-related diseases of interest (i.e., those diseases were mu-
tually adjusted in the same model). Additionally, we investigated in-
teractions between those diseases and the sub-groups of the social
factors in relation to LTC because those diseases and ADL decline have
been reported to be associated with social factors (Lindsay Smith et al.,
2017; Sommer et al., 2015). When we found the significant interaction
terms, we investigated associations of those diseases with LTC stratified
by the sub-groups of the social factors.

All statistical analyses were performed by statistical software R
version 3.4.0. Latent class analyses were conducted by poLCA, an R
package (Linzer & Lewis, 2011).

3. Results

Of the eligible 1004 participants, 804 (80.1%) were 80 years old,
542 (54.0%) were females, and 140 (13.9%) had LTC. Additionally,
many participants had hypertension (58.1%) and hyperlipidemia
(73.8%) (Table1). Characteristics of the present participants were
summarized in Table 1.

To find the number of sub-groups related to social factors and derive
social profiles, we performed LCA using the following observed social
variables: education, house-hold income, living in urban area, and no
support. We investigated models with one group, two sub-groups, three
sub-groups, and four sub-groups, and compared those models by BIC
(Fig. 1). BIC were 6326 for model with one group, 6294 for model with
two sub-groups, 6321 for three sub-groups, and 6352 for four sub-

Table 1
Social profiles for the two sub-groups of the social factors and characteristics of
the present participants by the two sub-groups based on the SONIC study aged
79–81 and 89–91 years old.

Social profiles for the two sub-groups, n (%)

All The first social
sub-group

The second
social sub-
group

P-values*

　n (%) 1004 675 (67.2) 329 (32.8)
Education < 0.001
≦9 years 335 (33.5) 71 (10.53) 232 (70.53)
9 to 12 years 405 (40.5) 356 (52.69) 68 (20.69)
＞12years 261 (26.1) 248 (36.77) 29 (8.78)
House-hold income < 0.001
Dissatisfying 190 (18.9) 80 (11.77) 101 (30.6)
Neutral 560 (55.8) 374 (55.43) 186 (56.63)
Satisfying 252 (25.1) 221 (32.8) 42 (12.77)
Living in the city (vs

rural area)
622 (62.0) 503 (74.58) 136 (41.54) < 0.001

No support 154 (15.4) 91 (13.51) 61 (18.58) < 0.001

Characteristics of the participants stratified by the two sub-groups

　n (%) All The first
social sub-
group

The second
social sub-
group

P-values*

Long-Term Care (LTC) 140 (13.9) 87 (12.9) 53 (16.1) 0.20
80 years old 804 (80.1) 547 (81.0) 257 (78.1) 0.32
90 years old 200 (19.9) 128 (19.0) 72 (21.9) 0.32
Female 542 (54.0) 370 (54.8) 172 (52.4) 0.52
History of joint pain 334 (33.3) 231 (34.2) 103 (31.3) 0.40
History of

osteoporosis
215 (21.4) 148 (21.9) 67 (20.4) 0.63

History of stroke 71 (7.1) 48 (7.1) 23 (7.0) > 0.99
History of heart

disease
209 (20.8) 142 (21.0) 67 (20.4) 0.87

Hypertension 741 (73.8) 496 (73.5) 245 (74.5) 0.80
Hyperlipidemia 583 (58.1) 404 (59.9) 179 (54.4) 0.12
Diabetes 130 (12.9) 81 (12.0) 49 (14.9) 0.24
History of lung

disease
188 (18.7) 140 (20.7) 48 (14.6) 0.02

History of cancer 153 (15.2) 113 (16.7) 40 (12.2) 0.07

* Comparisons between the first and second sub-groups by chi-square test.

Fig. 1. Concept of Latent Class Analysis.
Each observed variable is partially explained by the latent classes (This is in-
dicated by arrows). Ovals indicate latent variables. Squares indicate observed
variables. BIC of model with four sub-group was 6352. Abbreviations: BIC,
Bayesian Information Criterion.
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groups. We determined the model with two sub-groups as the best
model because of the lowest BIC among the four models.

In the best model, 675 (67.2%) participants belonged to Latent class
1 (the first social sub-group) and 329 (32.8%) to Latent class 2 (the
second social sub-group). Compared to the second social sub-group
participants, the first social sub-group participants were likely to be
educated for a longer time, to be satisfied with their household income,
and to live in an urban area. We summarized the detailed character-
istics of the sub-groups of the social factors equivalent to the social
profiles, and characteristics of the present participants stratified by the
two sub-groups (Table 1).

We investigated the association of those diseases with LTC
(Table 2). LTC was significantly associated with the histories of stroke,
heart disease, joint pain, osteoporosis, and cancer. ORs (95%CI) of LTC
were 4.68 (2.54, 8.50) for having stroke, 1.62 (1.03, 2.50) for having
heart diseases, 2.14 (1.44, 3.18) for having joint pain, 1.97 (1.23, 3.15)

for having osteoporosis, and 1.86 (1.13, 3.00) for having cancer. OR
(95%CI) of LTC was 1.24 (0.83, 1.86) for the second social sub-group
compared with the first social sub-group. We obtained similar results in
model 2 as the fully-adjusted model.

Additionally, we found a significant interaction between osteo-
porosis and the sub-groups of the social factors (p < 0.001) in relation
to LTC, though there were no significant interactions between the sub-
groups of the social factors and the other chronic and lifestyle-related
diseases (p > 0.09) (Table 2). Thus, we investigated associations be-
tween the history of osteoporosis and LTC stratified by the sub-groups
of the social factors using logistic regression analyses (Table 3). ORs
(95%CI) of LTC for having osteoporosis compared with no having os-
teoporosis were 2.93 (1.66, 5.2) in the first social sub-group and 0.80
(0.32, 1.92) in the second social sub-group. Because osteoporosis pre-
valence was different between men and women, we investigated the
association of osteoporosis with LTC stratified by sex and the sub-
groups of the social factors (Table 3). Compared with not having os-
teoporosis, ORs (95%CI) of LTC for having osteoporosis were 3.62
(1.88, 7.19) in women with the first social sub-group, and were 0.84
(0.3, 2.24) in women with the second social sub-group.

4. Discussion

The present study aimed to investigate the associations between
LTC and chronic and lifestyle-related diseases adjusted for the sub-
groups of social factors, and to consider whether they can be modified.
LTC was significantly associated with histories of stroke, heart disease,
joint pain, osteoporosis, and cancer with adjustment for the two social
sub-groups derived by LCA; the first social sub-group, 67.2% and the
second social sub-group, 32.8%. Almost all of the associations between
LTC and chronic and lifestyle-related diseases were not significantly
modified by the two social sub-groups except for osteoporosis. The
association of osteoporosis with LTC was significantly modified by the
social sub-groups, and the association was significant in the first social
sub-group but not in the second social sub-group.

Table 2
Adjusted Odds Ratios (95% CI) of LTC by diseases.

Chronic diseases and Lifestyle-related diseases Model1a Model2b P-values for interactionc

Sex Male 1 (Ref.) – –
Female 1.98 (1.33, 2.98) – –

Age 80 years old 1 (Ref.) – –
90 years old 7.83 (5.31, 11.62) – –

Sub-groups of the social factors The first social sub-group 1 (Ref.) – –
The second social sub-group 1.24 (0.83, 1.86) – –

History of stroke No 1 (Ref.) 1 (Ref.) 0.28
Yes 4.68 (2.54, 8.50) 4.69 (2.49, 8.71)1

History of heart disease No 1 (Ref.) 1 (Ref.) > 0.99
Yes 1.62 (1.03, 2.50) 1.56 (0.97, 2.47)

Hypertension No 1 (Ref.) 1 (Ref.) 0.32
Yes 0.89 (0.57, 1.39) 0.87 (0.55, 1.39)

Hyperlipidemia No 1 (Ref.) 1 (Ref.) 0.21
Yes 0.90 (0.61, 1.34) 0.90 (0.6, 1.35)

Diabetes No 1 (Ref.) 1 (Ref.) 0.78
Yes 1.22 (0.70, 2.05) 1.19 (0.67, 2.07)

History of joint pain No 1 (Ref.) 1 (Ref.) 0.10
Yes 2.14 (1.44, 3.18) 2.22 (1.46, 3.38)

History of osteoporosis No 1 (Ref.) 1 (Ref.) < 0.001
Yes 1.97 (1.23, 3.15) 1.99 (1.22, 3.25)

History of lung disease No 1 (Ref.) 1 (Ref.) 0.63
Yes 1.24 (0.76, 1.98) 1.20 (0.72, 1.97)

History of cancer No 1 (Ref.) 1 (Ref.) 0.09
　 Yes 1.86 (1.13, 3.00) 2.05 (1.22, 3.4)

a Model1 adjusted for sex and age.
b Model2 adjusted for sex, age, sub-groups of the social factors obtained by latent class analysis in Table 2, and the other chronic and life-related diseases of

interest (i.e., those diseases were mutually adjusted in the same model). Note that when history of osteoporosis was main predictor, history of joint pain was not
adjusted in the Model2, because history of joint pain would be an intermediate variable.

c Interaction between diseases and latent class of social demographic factors. Abbreviations: CI, confidence interval; Ref, reference.

Table 3
Multivariable-adjusted odds ratios (95% CI) of LTC for osteoporosis, stratified
by the sub-groups of the social factors and sex a.

Osteoporosis ORs in the first social
sub-group (n = 675)

ORs in the second
social sub-group
(n = 329)

Males and
Females

No 1 (Ref.) 1 (Ref.)

Yes 2.93 (1.66, 5.2) 0.80 (0.32, 1.92)
Males No 1 (Ref.) 1 (Ref.)

Yes 2.42 (0.24, 15.92) NA
Females No 1 (Ref.) 1 (Ref.)

Yes 3.62 (1.88, 7.19) 0.84 (0.3, 2.24)

a All models were stratified by the sub-groups of the social factors obtained
by LCA in Table 2. All models were adjusted for age, sex, histories of stroke,
heart disease, lung disease, and cancer, hypertension, hyperlipidemia, and
diabetes. Abbreviations: CI, confidence interval; Ref, reference; LTC, long-term
care.
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The present results of the social sub-groups derived by LCA were
similar to those of previous studies that also utilized LCA to derive
social sub-groups (Scharoun-Lee et al., 2011; Yuan et al., 2014). In the
present study, compared with the second social sub-group participants,
the first social sub-group participants had higher prevalence of long-
term education, satisfaction for household income, and living in urban
areas. In the previous study, five sub-groups of socioeconomic status
were derived based on education, income, residence, employment, and
transitions in social roles (Scharoun-Lee et al., 2011). The five sub-
groups can be roughly categorized into two types of which one was
characterized by high education and high income and the other was
characterized by low education and low income. Additionally, living in
an urban area was associated with high socioeconomic status, and
living in a rural area was associated with low socioeconomic status
(Gordon, 2003). Thus, the two sub-groups of the social factors in the
present can be supported by those previous studies.

We expected significant associations between the sub-groups of the
social factors and LTC because many previous studies found significant
associations between social factors and ADL decline (Aida et al., 2013;
Kingston et al., 2015; Neugebauer & Katz, 2004). However, the present
study showed no significant association between the sub-groups of the
social factors and LTC. This might have to do with differences between
ADL and LTC. Additionally, the previous studies treated the social
variables by each single observed variable (Aida et al., 2013; Kingston
et al., 2015; Neugebauer & Katz, 2004), though the present study
treated them by latent variables derived from multiple observed vari-
ables. Previous studies have discussed that statistical results and con-
clusions could be biased when social variables were treated as each
single predictor in statistical models (Braveman et al., 2005; Pollack
et al., 2007). In the real world, people have social profiles that are a
multi-dimensional phenomenon and based on multiple social variables
(Savage et al., 2005). Thus, further studies are required to clarify
whether social profiles (i.e., characteristics of the social sub-groups) are
associated with LTC and ADL.

The present study showed the significant association between LTC
and chronic and lifestyle-related diseases, which were similar to pre-
vious studies. In the present study, histories of stroke, heart disease,
joint pain, osteoporosis, and cancer, were significantly associated with
LTC. These associations were presented in several previous studies
(Naruse, Sakai, Matsumoto, & Nagata, 2015; W. Chen et al., 2013; Ito,
Inagaki, Okamura, Shimokado, & Awata, 2012), which meant that the
present results were supported by those previous results. The present
study newly showed that the associations were significant even after
adjusting for the sub-groups of social factors reflecting the social pro-
files. Additionally, the present study showed no significant interactions
between the social sub-groups and histories of stroke, heart disease,
joint pain and cancer in relation to LTC. Thus, the preset study showed
that those four diseases were significantly associated with LTC re-
gardless of social sub-groups. Because these four diseases were ranked
highly in the causes of death in Japan, those who suffered from any of
these diseases are likely to receive LTC. Thus, social sub-groups did not
modify the association between those four diseases and LTC.

Although the present study showed no significant interactions be-
tween the social sub-groups and the four diseases in relation to LTC,
there was a significant interaction between the social sub-groups and
osteoporosis in relation to LTC (p < 0.001). We additionally con-
ducted the analyses stratified by social sub-groups of which the main
predictor was osteoporosis. As a result, in the first social sub-group,
osteoporosis was significantly associated with LTC (ORs = 2.93 95%CI,
1.66, 5.2), though in the second social sub-group, osteoporosis was not
significantly associated with LTC (ORs = 0.80 95%CI, 0.32, 1.92).
Possible reasons of this difference can be as follows. According to
previous research, low-educated people tend not to use public health-
care service (Pirisi, 2000). Receiving LTC insurance can be seen as use
of public healthcare service. In addition, osteoporosis could indirectly
link to death or ADL decline. Thus, osteoporosis was not significantly

associated with LTC in people categorized into the second social sub-
group characterized by low education, but significantly associated with
LTC in people of the first social sub-group. Therefore, it may be bene-
ficial to provide public health service information to low-educated
people.

Additionally, in females of the first social sub-group, osteoporosis
was significantly associated with LTC (OR = 3.62, 95%CI, 1.88 7.19),
though in male of the first social sub-group, osteoporosis was not sig-
nificantly associated with LTC (OR = 2.42, 95%CI, 0.24 15.92).
Possible reasons of the sex difference can be a pathogenetic mechanism
of elderly female. Elderly females likely suffer from osteoporosis
(Zebaze et al., 2010) because estrogen deficiency during menopause
causes bone fragility and leads to postmenopausal osteoporosis.

4.1. Limitation and strength

The strength of the present study was deriving social sub-groups by
LCA. Due to the feature of LCA, we were able to derive the social sub-
groups without priori assumptions or biases introduced by researchers
(Kato, Sullivan, & Pedersen, 2010). Additionally, in the real world, the
social sub-groups contain several social factors, which can be ade-
quately treated by LCA.

Nevertheless, the present study had the following limitations. First,
the present study used a cross-sectional design. Therefore, we could not
consider the causality of the association between diseases and LTC.
Second, the number of people with LTC may be underestimated because
the present study assessed LTC by use of LTC insurance. There may be
people with LTC who did not use LTC insurance. Third, we could not
consider levels of LTC because of the small number of present partici-
pants with severe levels of LTC. Fourth, the present study used the
limited number of social factors when deriving the social sub-groups
(i.e., education, household income, residential area, and supporting
condition). Deriving social subgroups that reflect real-world social
subgroups requires more social factors such as income, housing con-
dition, and occupation.

5. Conclusion

The present study showed that people aged around 80 and 90 years
old could be categorized into the two social sub-groups by LCA because
many previous studies did not consider social sub-groups of which
characteristics can show social profiles. In the present study, the social
sub-groups derived by LCA were not significantly associated with LTC.
However, chronic and lifestyle-related diseases were significantly as-
sociated with LCA even after adjustment for the social sub-groups.
Interestingly, there was a significant interaction between osteoporosis
and the social sub-groups in relation to LTC. Osteoporosis was sig-
nificantly associated with LTC in the first social sub-group, but not
significantly in the second social sub-group. This may suggest that it
could be important to provide health information related to public
services of LTC for the elderly, especially for those who are low-edu-
cated, a feature of the second social sub-group participants.
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