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ABSTRACT
Objective We aimed at investigating factors associated 
with social isolation and being homebound in older 
patients with diabetes.
Design Cross- sectional study.
Settings Those undergoing outpatient treatments at 
Ise Red Cross Hospital, Mie Prefecture.
Participants Patients with diabetes aged ≥65 years.
Primary and secondary outcome measures Social 
isolation was defined as indulging in less than one 
interaction per week with individuals other than 
cohabiting family members. We defined homebound 
as going outside home less than once a day. To 
identify factors associated with social isolation and 
being homebound, we performed logistic regression 
analysis. The dependent variable was social isolation 
or homebound and independent variables were basic 
attributes, glycaemic parameters, complications and 
treatment details.
Results We analysed 558 cases (320 men and 238 
women). Among these, 174 (31.2%) were socially 
isolated; meanwhile, 87 (15.6%) were homebound. The 
glycoalbumin/haemoglobin A1c ratio (OR 4.52; 95% 
CI 1.07 to 19.1; p=0.040) and the Tokyo Metropolitan 
Institute of Gerontology Index of Competence (TMIG- IC) 
scores (OR 0.72; 95% CI 0.57 to 0.90; p=0.006) had 
significant associations with social isolation. TMIG- IC 
scores (OR 0.78; 95% CI 0.66 to 0.92; p=0.003) and 
insulin use (OR 4.29; 95% CI 1.14 to 16.1; p=0.031) 
were associated with being homebound.
Conclusion In older patients with diabetes, glycaemic 
fluctuations and insulin use are associated with 
social isolation and being homebound, respectively. In 
addition, a decline in higher level functional capacity 
is a common factor associated with social isolation 
and being homebound. Thus, it is important to pay 
attention to social isolation and being homebound 
when a decline in higher level functional capacity, 
increased glycaemic fluctuations and insulin use in 
older patients with diabetes are observed.

BACKGROUND
The older population is growing globally, and 
Japan houses one of the greatest populations 

in this age group.1 2 Age- related changes 
include a decline in physical and mental func-
tions and the risk of decreased social interac-
tion.3 4 The opportunities for interacting with 
others3 or going out less frequently5 decrease 
with age. If a person is homebound or socially 
isolated, such opportunities are limited. Social 
isolation can be defined as a state in which 
the frequency of interactions with others is 
reduced to a frequency of less than once a 
week. It is usually associated with loss of cogni-
tive functions, low quality of life (QOL) and 
increased mortality.6–9 Being homebound can 
be defined as a state in which the frequency 
of leaving home is extremely low. It is usually 
associated with a deterioration of physical 
function, activities of daily living (ADLs) 
and higher mortality.8 10–13 Previous studies 
involving community- dwelling older patients 
revealed that the frequency of social isolation 
and being homebound is 22.3%–30.2% and 
23.7%–29.5%, respectively.10 14 It has become 

Strengths and limitations of this study

 ► The validity of definitions of social isolation and be-
ing homebound used in our study has been estab-
lished in the previous studies.

 ► We performed data analyses based on demographic 
characteristics, results of laboratory tests conducted 
in routine medical practice and medical interviews.

 ► The patients were outpatients at a clinic specialising 
in diabetes, and many of them had severe symp-
toms; therefore, the results of this study may not be 
applicable to patients with mild or stable diabetes 
who were treated by their primary physicians.

 ► This study did not include a measure of health, 
education history or income, which can affect the 
results.

 ► This is a cross- sectional study, so it is difficult to 
make statements regarding causality.
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increasingly important to evaluate health status in older 
individuals through focusing on how they interact with 
the community and the greater society.8 14 Therefore, 
social isolation and being homebound is an extremely 
critical issue in an ageing society.

Previous community studies involving the older have 
reported factors associated with social isolation and 
being homebound. These include male sex,3 15 decline 
in higher level functional capacity and depression.3 16 In 
addition, depression and deterioration of higher level 
functional capacity are factors associated with being 
homebound.17 18 However, these were community studies 
with older people, with no reports among older popula-
tion with diabetes. Older patients with diabetes usually 
have diabetic complications such as diabetic retinopathy, 
diabetic neuropathy and/or diabetic nephropathy that 
frequently require pharmacotherapies including insulin, 
to maintain good glycaemic control. In addition, such 
patients often experience a decline in mental and phys-
ical functions, which may increase the risk of decreased 
social interaction. Their awareness of the need to main-
tain good glycaemic control and their attitudes towards 
the requirement of pharmacotherapy outside home may 
contribute to their decreased interaction with others and 
low frequency of leaving home.19 20

Therefore, we hypothesised that in addition to the 
previously reported decline in physical and mental func-
tion, poor glycaemic parameters, diabetic complications 
and treatment of diabetes could be factors associated with 
social isolation and being homebound in older patients 
with diabetes. We believe that calling attention to these 
relationships will increase physicians’ awareness on the 
importance of taking precautions to prevent social isola-
tion and homeboundness in older patients with diabetes 
with poor glycaemic control and complications. Hence, 
we aimed at identifying factors associated with social isola-
tion and being homebound (including glycaemic param-
eters, diabetic complications and treatment for diabetes) 
in older patients with diabetes.

METHODS
Study design and population
We underwent a cross- sectional study with patients with 
diabetes undergoing outpatient treatment at Ise Red 
Cross Hospital in Ise City, Mie Prefecture.

Eligibility criteria included patients with diabetes ≥65 
years who visited the outpatient clinic between June 2017 
and August 2019.

Exclusion criteria included the following: alcohol 
addiction, severe psychiatric disorders, history of malig-
nant tumours, having an implanted pacemaker, past 
bilateral knee or hip replacement, undergoing home 
oxygen therapy, diagnosis of heart failure within the 
past 6 months or inability to cooperate with the study 
independently.

Evaluation of social isolation and homebound
Social isolation and being homebound were defined 
similar to previous large cohort community studies 
involving older patients in Japan.10 14 We asked patients a 
question regarding interpersonal interaction, ‘How often 
do you see someone including your family members who 
are not living with you, your friends or your neighbours?’, 
and a question regarding non- interpersonal contact, 
‘How often do you communicate with your family 
members not living with you, your friends or your neigh-
bours?’ We instructed the patients to answer as ‘less than 
once a week’ or ‘at least once a week’. We defined social 
isolation as an answer of ‘less than once a week’ for both 
questions.8 14

Furthermore, we instructed the patients to answer the 
question ‘How often do you go out?’ as ‘less than once 
a day’ or ‘at least once a day’. Hence, we defined being 
homebound as an answer of ‘less than once a day’ for this 
question.8 14

Clinical variables
We surveyed the following parameters: age, sex, body 
mass index, (weight (kg)/height(m²)), smoking and 
drinking habits, classification of diabetes (type 1, type 2 or 
other), duration of diabetes, haemoglobin A1c (HbA1c), 
glycoalbumin (GA)/HbA1c ratio, hypertension, dyslip-
idaemia, diabetic retinopathy, diabetic neuropathy, 
diabetic nephropathy, cardiovascular diseases and use of 
diabetic drugs.

Classification of diabetes into type 1, type 2 and other 
was done according to the diagnostic criteria of the Japa-
nese Diabetes Society.21 Diabetes was diagnosed as blood 
glucose levels (a fasting blood glucose level ≥126 mg/dL, 
a random blood glucose level ≥200 mg/dL or a blood 
glucose level on a 2 hour oral glucose- tolerance test 
≥200 mg/dL, whichever was met）and HbA1c ≥6.5%. 
We evaluated the GA/HbA1c ratio (a glycaemic control 
index) in addition to HbA1c. HbA1c is an index that 
indicates the mean blood glucose, while the GA/HbA1c 
ratio is an index that reflects the status of hyperglycaemic 
after meals.22 Some studies suggested that the GA/HbA1c 
ratio and HbA1c are independent factors associated with 
the onset of diabetes- related complications and cognitive 
impairment.23 24 Thus, we measured these values in our 
study. In addition, we measured systolic and diastolic pres-
sures in the examination room. Systolic pressure ≥130 mm 
Hg, and/or diastolic pressures ≥80 mm Hg and/or taking 
oral antihypertensive agents was considered as hyperten-
sion. Furthermore, if any of the following was observed, the 
patient was considered to have dyslipidaemia: es≥150 mg/
dL, high- density lipoprotein- cholesterol <40 mg/dL or 
low- density lipoprotein- cholesterol (LDLC) of ≥120 mg/
dL (in patients with coronary artery disease, an LDLC 
≥100 mg/dL) or taking oral lipid- lowering drugs.

An ophthalmologist confirmed the presence or 
absence of a diabetic retinopathy. We considered diabetic 
neuropathy if reduced Achilles tendon reflex, decreased 
vibration sensation on the lateral malleolus and/or an 
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abnormal nerve conduction test was present. We consid-
ered coronary artery disease when the patient had either 
a present diagnosis or history of ischaemic heart disease 
(such as angina pectoris, myocardial infarction). We also 
reviewed the presence or absence of cerebrovascular 
diseases such as cerebral infarction.

Questionnaire survey
We investigated the following factors related to social isola-
tion and being homebound in older individuals based 
on previous community studies: higher level functional 
capacity, cognitive function, depression, sleep disorders 
and living alone.3 11 15 25 We used the Tokyo Metropolitan 
Institute of Gerontology Index of Competence (TMIG- 
IC),26 (a self- administered questionnaire containing 13 
items), to evaluate higher level functional capacity. The 
TMIG- IC is widely used in Japan for evaluating higher 
level functional capacity, and its reliability and validity 
are tested and proven.26 Five questions are related to the 
instrumental ADLs (such as meal preparation, financial 
management and the use of transportation), four are 
related to intellectual activities and four are related to 
social roles. The questionnaire uses two multiple- choice 
questions with yes/no options. The score varies from 0 
to 13 points, with a higher score indicating better higher 
level functional capacity.

To measure cognitive function, we used the Japanese 
version of Test Your Memory (TYM- J); a validated self- 
administered, cognitive function evaluation tool devel-
oped by Hanyu et al.27 It comprises orientation (10 points), 
ability to copy a sentence (two points), knowledge (three 
points), calculation (four points), verbal fluency (four 
points), similarities (four points), naming (five points), 
visuospatial/constructive functions (two tasks, seven 
points), recall of a sentence (six points) and help (five 
points). The total score ranges from 0 to 50 points, and 
a lower score indicates lower cognitive function. In this 
study, a TYM- J total score of ≤44 was considered to repre-
sent cognitive dysfunction.

To measure depression, we used the Japanese version 
of the Patient Health Questionnaire 9 (J- PHQ-9); a 9- item 
validated questionnaire developed by Muramatsu et al.28 
It is a 4- point scale questionnaire (almost everyday, 3 
points; more than half the days, 2 points; several days, 1 
point; not at all, 0 points) about symptoms in the past 2 
weeks. The total score ranges from 0 to 27 points, and a 
higher score indicates a greater degree of depression. In 
this study, we considered a J- PHQ-9 score of ≥5 to indicate 
depression similar to previous studies.28

We used the Japanese version of the Pittsburgh Sleep 
Quality Index (PSQI- J)29 to measure sleep disorders. The 
PSQI- J is a self- administered questionnaire that is widely 
used for sleep disorder evaluation. The questionnaire 
comprises of the following seven components: sleep 
quality, sleep latency, sleep duration, sleep efficiency, 
sleep disturbances, use of sleep medication and daytime 
dysfunction. Each component is scored on a 0–3 point 
scale, with a total score ranging from 0 to 21 points; a 

higher score indicates a lower quality of sleep. This score 
is a highly reliable and valid scale that provides quanti-
tative and qualitative information on sleep and enables 
comparison between individuals and groups. We consid-
ered a total score of ≥5.5 points as a sleep disorder based 
on the previous studies.29

Statistical analysis
The patient characteristics were described according to 
the presence or absence of social isolation and being 
homebound. We used unpaired t- test for continuous vari-
ables and χ2 test for binary variables of group comparisons.

To identify factors associated with social isolation and 
being homebound, we analysed data in the following 
manner. First, we performed univariate analysis using 
logistic regression model with social isolation and being 
homebound as dependent variables. Our explanatory 
variables included age, sex, HbA1c, GA/HbA1c ratio, 
hypertension, dyslipidaemia, diabetic retinopathy, 
diabetic neuropathy, diabetic nephropathy, cardiovas-
cular diseases, depression, sleep disorders, decline in 
cognitive function, TMIG- IC score, living alone, use of 
oral hypoglycemic agents and the use of insulin, selected 
based on prior studies,3 15 17 18 and clinical judgement. 
Thereafter, we performed multivariate analysis using 
statistically significant variables (significance level p<0.05 
for both sides) obtained from the univariate analysis to 
identify factors associated with social isolation and being 
homebound.

We performed data analyses using STATA V.16.0 (Stata 
Corporation LP, College Station, Texas, USA).

Patient and public involvement statement
The patients and public were not involved in this research.

RESULTS
We enrolled 602 patients following our eligibility criteria. 
Among these, we excluded 44 due to missing data and 
included 558 (320 men and 238 women) for the study.

Table 1 shows the baseline characteristics. We observed 
174 (31.2%) patients with social isolation and 87 (15.6%) 
who were homebound. The mean age was 72 years old, 
the mean duration of diabetes was 18 years, and the mean 
HbA1c was 7.3%. Seventy- eight per cent used oral hypo-
glycemic agents and 68% used insulin. The social isolation 
group was older (73.6 years vs 72.1 years) and had higher 
GA/HbA1c ratios (2.9 vs 2.6), lower TMIG- IC scores (9.5 
points vs 11.6 points) and higher frequency of diabetic 
neuropathy (77.9% vs 62.9%) and sleep disorders (78.1% 
vs 69.7%) than the non- social isolation group. The home-
bound group was also older (75.4 years vs 72.1 years) with 
higher frequencies of diabetic neuropathy (85.7% vs 63.9 
%), cardiovascular disease (42.3% vs 21.2 %), depression 
(72.1% vs 56.9 %) and the use of insulin (85% vs 63 %), 
but a lower TMIG- IC score (8.4 points vs 11.4 points) than 
the non- homebound group.
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Table 2 shows the results of the logistic regression anal-
ysis. Age, GA/HbA1c ratio, diabetic neuropathy, sleep 
disorder, TMIG- IC scores and being homebound were 
significantly present in socially isolated cases. Then, we 
assessed the items using multivariate analysis. Only GA/
HbA1c ratios (OR 4.52; 95% CI 1.07 to 19.1; p=0.040) and 
TMIG- IC scores (OR 0.72; 95% CI 0.57 to 0.90; p=0.006) 
were associated with social isolation on multivariate anal-
ysis. Age, diabetic neuropathy, cardiovascular disease, 
depression, TMIG- IC scores, the use of insulin and social 
isolation were significantly present in homebound cases. 
However, only TMIG- IC scores (OR 0.78; 95% CI 0.66 to 
0.92; p=0.003) and the use of insulin (OR 4.29; 95% CI 
1.14 to 16.1; p=0.031) were significantly associated with 
being homebound on multivariate analysis.

Although univariate analysis did not show an associ-
ation between social isolation and a cognitive impair-
ment, cognitive impairment could be a confounding 
factor in the association between social isolation and 

glycaemic fluctuation. For that reason, we introduced 
cognitive impairment into the multivariate analysis, and 
we performed an additional analysis. Results showed that 
even after adjustment for cognitive impairment, there 
was a significant association between social isolation and 
GA/HbA1c ratios (4.73 (95% CI 1.11 to 20.10; p=0.035)).

DISCUSSION
In this exploratory study, we examined factors associ-
ated with social isolation and being homebound in older 
patients with diabetes. Glycaemic fluctuations and the 
use of insulin were identified as factors associated with 
social isolation and being homebound, respectively. In 
addition, a decline in higher level functional capacity was 
identified as a common factor associated with both social 
isolation and being homebound.

First, we examined the frequency of social isolation 
and being homebound. In previous community studies 

Table 1 Characteristics of the analysis population

Non- social 
isolation
n=384 
(68.8%)

Social 
isolation
n=174 (31.2%) P value

Non 
homebound
n=471 (84.4%)

Homebound
n=87 (15.6%) P value

Age (years), mean (SD) 72.1 (6.6) 73.6 (6) 0.009* 72.1 (6.3) 75.4 (6.5) <0.001*

Male, % 73.6 63.2 0.481 74.5 48.2 0.722

BMI (kg/m2), mean (SD) 24.3 (4.5) 24 (4.3) 0.722 24.1 (4.5) 24.8 (4.3) 0.264

T1DM/T2DM/others, % 7.8/91/1.2 5.5/92.7/1.8 0.635 7.6/91.5/0.9 5/91.7/3.3 0.268

Duration of diabetes (years), mean 
(SD)

16.6 (10.5) 20.6 (11.4) 0.001* 17.2 (10.7) 21 (11.8) 0.017*

HbA1c (%), mean (SD) 7.2 (1) 7.4 (1.1) 0.213 7.3 (1) 7.2 (1.1) 0.374

GA/HbA1c, mean (SD) 2.6 (0.3) 2.9 (0.6) 0.002* 2.7 (0.4) 2.8 (0.4) 0.091

Alcohol consumption, % 19 22.6 0.491 20.7 16.6 0.521

Smoking, % 21.6 28.5 0.201 25.5 12.5 0.050

Hypertension, % 76.8 85.3 0.066 78.2 85 0.235

Dyslipidaemia, % 70.5 76.1 0.274 70.7 80 0.141

Retinopathy, % 39.6 42.5 0.629 39.7 44.2 0.549

Neuropathy, % 62.9 77.9 0.021* 63.9 85.7 0.006*

Nephropathy, % 55.1 63.2 0.183 56.8 61.4 0.071

Cardiovascular disease, % 22.3 30.1 0.117 21.2 42.3 0.001*

Depression, % 56.9 65.1 0.136 56.9 72.1 0.027*

Sleep disorder, % 69.7 78.1 0.040* 71.1 79.3 0.117

Cognitive impairment, % 13.8 12 0.576 12.1 19.5 0.060

TMIG- IC (points), mean (SD) 11.6 (2.1) 9.5 (3.3) <0.001* 11.4 (2.3) 8.4 (3.5) <0.001*

Living alone, % 15 17.4 0.306 15.4 17.4 0.067

Oral hypoglycemic agents, % 78.8 77.9 0.859 78.9 76.6 0.695

GLP-1 analogue, % 12.3 10 0.542 11 15 0.381

Insulin, % 63.8 73.3 0.074 63 85 0.001*

*p < 0.05.
BMI, body mass index; GA, glycoalbumin; GLP-1, glucagon- like peptide-1; HbA1c, haemoglobin A1c; T1DM/T2DM, type 1/type 2 diabetes 
mellitus; TMIG- IC, Tokyo Metropolitan Institute of Gerontology Index of Competence.
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Table 2 Multiple regression with social isolation and homebound as the outcome

Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Social isolation

  Age, per year increase 1.04 (1.01 to 1.07) 0.009* 1.04 (0.94 to 1.15) 0.436

  Male (vs women) 0.98 (0.91 to 1.06) 0.722

  HbA1c, per 1% increase 1.11 (0.93 to 1.32) 0.214

  GA/HbA1c, per one increase 2.79 (1.36 to 5.73) 0.005* 4.52 (1.07 to 19.1) 0.040*

  Alcohol consumption (vs no) 1.24 (0.67 to 2.29) 0.491

  Smoking (vs no) 1.45 (0.81 to 2.56) 0.202

  Hypertension (vs no) 1.74 (0.95 to 3.19) 0.068

  Dyslipidaemia (vs no) 1.33 (0.79 to 2.22) 0.275

  Retinopathy (vs no) 1.12 (0.69 to 1.82) 0.629

  Neuropathy (vs no) 2.07 (1.11 to 3.88) 0.022* 0.61 (0.18 to 2.06) 0.426

  Nephropathy (vs no) 1.36 (0.87 to 2.13) 0.175

  Cardiovascular disease (vs no) 1.49 (0.90 to 2.48) 0.118

  Depression (vs no) 1.41 (0.89 to 2.22) 0.137

  Sleep disorder (vs no) 1.54 (1.01 to 2.35) 0.041* 1.18 (0.39 to 3.49) 0.765

  Cognitive impairment (vs no) 0.85 (0.49 to 1.47) 0.576

  TMIG- IC, per one point increase 0.74 (0.68 to 0.8) <0.001* 0.72 (0.57 to 0.90) 0.006*

  Living alone (vs no) 1.18 (0.73 to 1.91) 0.480

  Oral hypoglycemic agents (vs no) 0.95 (0.55 to 1.63) 0.859

  Insulin (vs no) 1.56 (0.95 to 2.56) 0.075

  Homebound (vs no) 4.25 (2.64 to 6.83) <0.001* 1.11 (0.19 to 6.26) 0.902

Homebound

  Age, per year increase 1.09 (1.05 to 1.13) <0.001* 1.01 (0.93 to 1.09) 0.740

  Male (vs women) 0.64 (0.4 to 1.02) 0.061

  HbA1c, per 1% increase 0.9 (0.71 to 1.13) 0.373

  GA/HbA1c, per one increase 1.41 (0.75 to 2.66) 0.277

  Alcohol consumption (vs no) 0.76 (0.33 to 1.73) 0.522

  Smoking (vs no) 0.41 (0.16 to 1.01) 0.056

  Hypertension (vs no) 1.57 (0.79 to 3.36) 0.239

  Dyslipidaemia (vs no) 1.65 (0.84 to 3.26) 0.144

  Retinopathy (vs no) 1.20 (0.66 to 2.18) 0.549

  Neuropathy (vs no) 3.38 (1.35 to 8.41) 0.008* 1.79 (0.52 to 6.13) 0.349

  Nephropathy (vs no) 1.19 (0.68 to 2.07) 0.534

  Cardiovascular disease (vs no) 2.72 (1.51 to 4.89) 0.001* 1.41 (0.55 to 3.59) 0.463

  Depression (vs no) 1.95 (1.07 to 3.56) 0.029* 2.18 (0.86 to 5.50) 0.096

  Sleep disorder (vs no) 1.55 (0.89 to 2.71) 0.119

  Cognitive impairment (vs no) 1.76 (0.97 to 3.2) 0.063

  TMIG- IC, per one point increase 0.72 (0.6 5 to 0.78) <0.001* 0.78 (0.66 to 0.92) 0.003*

  Living alone (vs no) 1.14 (0.62 to 2.09) 0.652

  Oral hypoglycemic agents (vs no) 0.87 (0.45 to 1.69) 0.695

  Insulin (vs no) 3.31 (1.57 to 6.97) 0.002* 4.29 (1.14 to 16.1) 0.031*

  Social isolation (vs no) 4.25 (2.64 to 6.83) <0.001* 1.60 (0.64 to 3.99) 0.312

*p < 0.05.
GA, glycoalbumin; HbA1c, haemoglobin A1c; TMIG- IC, Tokyo Metropolitan Institute of Gerontology Index of Competence.
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on the older with similar definitions to our study, the 
frequency of social isolation and being homebound was 
22.3%–30.2% and 23.7%–29.5%, respectively.10 14 In our 
study, the frequency of social isolation was 31.2%, which is 
slightly higher than that reported in the previous studies. 
Compared with those studies,10 14 the patients in our study 
had a significantly greater decline in higher level func-
tional capacity including instrumental ADLs. They also 
had more comorbidities such as cardiovascular disease 
and depression. In addition, many patients in our study 
had diabetes complications such as retinopathy, neurop-
athy and nephropathy. A decline in higher level func-
tional capacity and multiple comorbidities is thought to 
be associated with social isolation,3 which may explain 
the increase in the number of patients with social isola-
tion in our study. However, in our study, the frequency 
of being homebound was lower than that reported in the 
previous studies.10 14 The patients in our study were outpa-
tients with expected normal ADL, and this may not have 
hindered their going out. Furthermore, the percentage 
of men in our study was higher than that reported in the 
previous studies. Generally, the frequency of being home-
bound in men is lower than in women,10 14 which could 
be the reason for the low frequency of being homebound 
in our study.

Next, we discuss the association between glycaemic 
fluctuation and social isolation. To the best of our knowl-
edge, this is the first study to demonstrate an associa-
tion between social isolation and glycaemic fluctuation. 
Kinoshita et al24 and Mukai et al30 have reported that 
glycaemic fluctuations assessed by GA/HbA1c are associ-
ated with a decrease in cognitive function. The average or 
cut- off value of GA/HbA1c in these studies in the cogni-
tive decline group was 2.7–2.8.24 30 GA/HbA1c in the 
social isolation group in our study was 2.9, indicating a 
large fluctuation similar to that reported in the previous 
studies. Although, in our study, univariate analysis did 
not show an association between social isolation and 
decline in cognitive function, cognitive function decline 
could be a confounding factor in the association between 
social isolation and glycaemic fluctuation. Hence, we 
introduced cognitive function decline into the multivar-
iate analysis and we performed an additional analysis. 
Thus, after adjustment for cognitive function decline, we 
observed a significant association between social isolation 
and GA/HbA1c (4.73, 95% CI 1.11 to 20.10; p=0.035). 
This suggests that there may be another mechanism 
other than cognitive decline in the association between 
social isolation and glycaemic fluctuation. This could 
be explained by the fact that patients with diabetes are 
psychologically prone to avoid interactions with others 
due to their status.19 20 This involves self- stigma, negative 
thoughts about themselves or agreement with a negative 
emotional reaction or opinion of others.19 20 The mean 
GA/HbA1c ratio in the social isolation group in this 
study was comparable to levels of glycaemic fluctuation 
suggested to be associated with vascular complications in 
the previous studies.24 30 In addition, our patients suffered 

from diabetes for a long time, many of them used insulin, 
thus their frequency of postprandial hyperglycaemic and 
hypoglycaemic was estimated to be high. It is possible 
that the patients were psychologically prone to avoid 
interaction with others due to their conditions. More-
over, increased glycaemic fluctuations are reported to be 
associated with fear of having hypoglycaemic and psycho-
logical burden.31 32 These aspects may also decrease inter-
action with others. In contrast, there was no association 
between social isolation and HbA1c. The mean HbA1c in 
this study was 7.3%, suggesting that glycaemic control was 
relatively stable considering that the subjects of this study 
were older patients with diabetes. Thus, the stable blood 
glucose levels of the patients may explain the minor 
impact of HbA1c the index of the mean blood glucose, 
on social isolation.

Next, we discuss the association between use of insulin 
and being homebound. To the best of our knowledge, this 
is the first study to demonstrate an association between 
being homebound and the use of insulin. Although we 
observed an association between being homebound and 
the use of insulin in our study, the reason was unclear. 
Previous studies have reported that diabetes patients on 
insulin do not want others to know about it. Therefore, 
they tend to avoid interacting with others.19 20 In addi-
tion, older diabetes patients on insulin have a high risk 
of hypoglycaemic.33 Therefore, they are usually anxious 
about this.34 Although it is only speculative, this psycho-
logical feeling could be a mechanism linking the use of 
insulin and being homebound. However, whether such 
a feeling is specific to the Japanese or not remains to be 
determined. In this regards, further evaluation is required 
in the future.

Next, we discuss the association between social isola-
tion, being homebound and a decline in higher level 
functional capacity. In previous community studies on 
the older living in a community, decline in physical func-
tion and higher level functional capacity was associated 
with social isolation and being homebound.3 14 Our study 
identified a decline in higher level functional capacity as 
a common factor associated with both social isolation and 
being homebound, which is consistent with the previous 
studies. However, the TMIG- IC score was lower than that 
reported in previous studies3 14 (10.5 vs 11.7), indicating 
that it is important to pay attention to a deterioration 
of higher level functional capacity, social isolation, and 
being homebound in older patients with diabetes.

In previous community studies among older, male 
sex,3 15 living alone25 and depression11 were factors 
associated with social isolation and being homebound. 
However, these factors were not found to be significant 
in our study. Social isolation occurred more frequently in 
men (34.4%) than in women (15.6%).14 The frequency 
of social isolation in our study was 34% among men and 
27% among women, not as significant as in prior studies. 
In our study, there was a higher prevalence of cardiovas-
cular disease and diabetic complications. Furthermore, 
a significantly greater decline in higher level functional 
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capacity may have resulted to a high frequency of social 
isolation. One study reported that living alone is a factor 
associated with social isolation.25 However, another study 
showed no association between these two factors.35 In 
our study, the low frequency of living alone and the small 
sample size may have contributed to an insignificant 
association between living alone and social isolation/
being homebound compared with the previous commu-
nity studies. A previous study demonstrated a greater 
prevalence of depression among patients with diabetes 
than in patients with non- diabetes.36 The prevalence was 
also high in our study, but the impact of depression on 
social isolation and being homebound was probably not 
significant. We recommend further studies regarding 
sex differences and the presence or absence of an asso-
ciation between living alone and depression for social 
isolation and being homebound among older patients 
with diabetes. Although univariate analysis in this study 
showed a significant association between social isolation 
and being homebound, multivariate analysis did not 
demonstrate these associations. Some studies8 14 reported 
that social isolation and being homebound are associated 
with mortality and decreased ADL. These findings are 
presumed to suggest that these factors should be consid-
ered as important outcomes.

Thus, we recommend that clinicians should pay atten-
tion to an increase in glycaemic fluctuation and the use 
of insulin in the early detection of social isolation and 
being homebound, respectively. Reducing glycaemic fluc-
tuations and insulin usage in older diabetes patients is 
important for good prognosis and QOL as well as their 
influence on important social aspects of life (such as 
social isolation and being homebound). Glycaemic fluc-
tuation and the selection of drugs other than insulin are 
possible in some patients. Hence, it is important to deter-
mine whether modifying these parameters is a counter-
measure for social isolation and being homebound.

Our study has several limitations. First, the subjects 
were outpatients at a clinic specialised in diabetes, and 
many of these cases were quite severe. Therefore, the 
results of this study may not be applicable to patients 
with mild or stable diabetes. Second, this study did not 
include a measure of health, education history or income 
that could affect the results.10 14 Third, data regarding the 
use of insulin and other drugs for diabetes treatment (the 
dossing frequency, the type of drug used and the timing of 
administration) were not collected in this study. Further 
investigation of the associations between the methods of 
diabetes drug use, social isolation and being homebound 
are warranted in the future. Finally, as a cross- sectional 
study, it is difficult to make statements regarding causality. 
As mentioned above, we strongly recommend longitu-
dinal interventional studies on glycaemic fluctuation and 
social isolation as well as the use of insulin and being 
homebound.

Despite the limitations noted above, this exploratory 
study examined factors associated with social isolation 
and being homebound in older patients with diabetes. 

We identified glycaemic fluctuation and the use of insulin 
as factors associated with social isolation and being home-
bound, respectively. In addition, a decline in higher level 
functional capacity was identified as a common factor asso-
ciated with both social isolation and being homebound. 
Thus, in older patients with diabetes, it is important to 
be aware of the possibility of social isolation in those with 
large glycaemic fluctuations and to being homebound in 
those who use insulin, in addition to a decline in higher 
level functional capacity.
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