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Abstract

Recently, researchers have uncovered a correlation between loneliness and both the development and management
of diabetes. Nevertheless, previous studies employing an unvalidated loneliness questionnaire impair result accuracy.
Furthermore, this aspect has not been researched in the Japanese population. Therefore, this cross-sectional study
analyzed data from the Kanagawa prospective “ME-BYO” Cohort Study (ME-BYO cohort) to investigate the correlation
between loneliness, as measured by 20 items on the UCLA Loneliness Scale, and blood glucose levels. A total of 666
participants were included in the analysis, with a mean age of 54.1 years and a mean BMI of 23 kg/m?. Half of the par-
ticipants had obtained an education level beyond high school. The mean household income and physical activity
level were reported as 6.83 million Japanese yen and 12.3 METs-h/day, respectively. Model 1 of the linear regression
analysis determined that there was no significant association between the loneliness scale and HbATc (p=0.512).
After adjusting for age, gender, BMI (model 2), sitting time, physical activity level (model 3), housemates, household
income, and final education (model 4), and controlling for social support, quality of life, and depression (model 5),
the results showed no significant association, with a p-value of 0.823,0.791, 0.792, and 0.816, respectively. Thus,

the study found no link between loneliness and HbA1c in the high SES population. This finding contradicts previous
results and may be attributed to the impact of population characteristics, SES status, or genetic backgrounds.
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Introduction undiagnosed diabetes. It confirms that diabetes is one

According to the International Diabetes Federation, in
2021, about 537 million people have diabetes world-
wide; this number is projected to reach 643 million by
2030 and 783 million by 2045, while 45% of people with
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of the fastest-growing global health emergencies of the
twenty-first century [1]. The growth of diabetes also has
been observed in Japan. In 2009, it was reported that
13.5% of the Japanese population has either type 2 diabe-
tes mellitus (T2DM) or impaired glucose tolerance, and
6% of the total Japanese healthcare budget was accounted
for diabetes [2]. To prevent and manage T2DM, many
issues have been considered, such as nutrition and physi-
cal activity [3]. Recently, psychosocial aspects have been
emerging as one crucial matter directly affecting the
onset and management of diabetes [4].

Regarding the psychosocial aspect, loneliness is becom-
ing a common issue, as many as 80% of children and 40%
of adults over 65 years old reported being lonely [5, 6]. It
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was reported that lonely people had 26% greater odds of
early mortality than others. Loneliness is associated with
an increased risk of cardiovascular disease, metabolic
syndrome, functional disability, dementia, and mild cog-
nitive impairment [7, 8]. Loneliness is defined as a nega-
tive feeling that occurs when an individual perceives that
their social needs are not being met [9]. Although many
instruments have been developed to assess loneliness in
various contexts [10], such as the de Jong Gierveld Lone-
liness Scale [11] and the Campaign to End Loneliness
Measurement Tool, loneliness is most widely measured
using the University of California, Los Angeles Loneliness
Scale (UCLA) [12]. This scale offers many advantages,
including comprehensive measurement, high reliability
and validity, and wide application [12, 13].

The relationship between loneliness and blood glu-
cose has been gradually clarified. Loneliness has been
observed to be associated with the elevation of corti-
sol levels [14], as well as the increase of inflammatory
cytokines such as interleukin-6, interleukin-1, and mono-
cyte chemotactic protein-1 [15]. Cortisol plays an impor-
tant mechanical function related to glucose homeostasis,
such as promoting gluconeogenesis in the liver and regu-
lating glycogen metabolism. Thus, the increase in corti-
sol levels is associated with the elevation of plasma blood
glucose [16]. A study has shown that raised diurnal corti-
sol is predictive of future glucose disturbances [17]. Addi-
tionally, the elevation of interleukin-6, interleukin-1, and
monocyte chemotactic protein-1 in the body induced by
loneliness, is a known risk factor for insulin resistance
and the development of type 2 diabetes [18—20]. More-
over, loneliness has been demonstrated to significantly
predict T2DM [21, 22] and be associated with bad diabe-
tes management [23, 24].

Research on hospitalized diabetes patients showed that
loneliness was associated with higher blood pressure but
not correlated to other indicators of blood glucose con-
trol. This research was conducted in a group of patients
admitted to the hospital with an indication for hospitali-
zation. Thus, increased glucose levels were the reason for
admission in half of the participants; it may be assumed
that blood glucose control was unsatisfactory already at
hospital admission in this group of patients [24]. Other
research was longitudinally conducted in diabetes-free
participants, showing that the onset of diabetes was sig-
nificantly higher in the group with a higher loneliness
score [21, 22]. Another study with a relatively small sam-
ple size of 92 diabetes out-patients showed that loneli-
ness, assessed by Midlife in the United States—Refresher
(MIDUS-R)—an incomplete version of the University
of California, Los Angeles Loneliness Scale, was associ-
ated with HbAlc>7% [23]. However, the MIDUS-R scale
has not been validated. Therefore, the effect of loneliness
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on T2DM management, which HbAlc best represents,
has not been clarified. Otherwise, in the Asian popu-
lation, particularly Japanese, the direct relationship
between loneliness and HbA1lc has not been studied. It
was reported that loneliness was higher in United States
(22%) and United Kingdom (23%) than in Japan (9%)
[25]. Additionally, Japanese people have different life-
styles, diets, and socioeconomic backgrounds compared
to Western countries [26, 27]. Besides, glucose tolerance
is acknowledged as significantly varying across regions
and populations [1]. As a result, the relationship between
loneliness and blood glucose may differ across popula-
tions. Therefore, we would like to conduct this research to
elucidate the relationship between loneliness and blood
glucose represented by HbAlc in the Japanese popula-
tion. The result of this study can accumulate knowledge
of the association between loneliness and blood glucose
and blood glucose management, particularly in Japan.
It would also provide important clues for basic studies
to clarify this complex basic mechanism, which might
involve cortisol and inflammatory cytokines.

Material and methods

Study design

The cross-sectional study was conducted as part of the
Kanagawa Prospective “ME-BYO” Cohort Study (ME-
BYO cohort), which formed part of a larger collaborative
genomic cohort study, namely the Japan Multi-Institu-
tional Collaborative Cohort Study (J-MICC Study) [28].
The baseline recruitment for the ME-BYO cohort began
in 2016 and is still ongoing in 2023, encompassing par-
ticipants aged 18-95 residing or working in Kanagawa
Prefecture.

The structure of the baseline survey, described else-
where [28], included a self-administered questionnaire
and health examinations of the ME-BYO cohort. The
questionnaire gathered information on various aspects
of sociodemographic characteristics, health history, life-
style, nutrition intake, and psychology. Additionally,
physical check-ups and laboratory tests were also con-
ducted, including blood chemistry and complete blood
cell count data.

The ME-BYO cohort study recruited 3918 participants
as of March 2022. The loneliness data were obtained
from 1573 participants recruited from December 2020
to March 2021. This study sampled 666 participants
with sufficient data for loneliness, HbAlc, depression,
social support, age, sex, BMI, final education, house-
hold income, housemates, quality of life, sitting time, and
physical activity; the participant’s selection is presented
in Fig. 1.

Demographic data included age, sex, final education
level, household income, housemates, quality of life,
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3918 participants enrolled in the ME-BYO cohort study

!

1573 participants were recruited from
December 2020 to March 2021

!

772 participants completed one-year
follow-up questionnaire after baseline

Exclude participants with missing
data of age, sex, BMI, final education,
household income, social support,
housemates, depression, quality of
life, sitting time, and physical activity.
(n=69)

A

y

Exclude participants with
missing data of Loneliness
and HbA1c

(n=237)

Analyse the data involves 666 participants

Fig. 1 Participant’s selection process

sitting time, and physical activity. Final education lev-
els were divided into three groups: low as high school
or under high school, middle as vocational school or
junior college, and high as university or higher. House-
mates refer to the number of people living with the par-
ticipant. We assessed loneliness with the 20-item of the
University of California, Los Angeles (UCLA) Loneliness
Questionnaire [29] which has also been translated into
Japanese and validated in Japan [30] (response options
1=never to 4=always); total scores ranged from 20 to
80; higher scores indicated more severity and higher fre-
quency of loneliness. Psychological distress was evalu-
ated by the 6-item Kessler Psychological Distress Scale
(K6) score, a robust non-specific psychological distress
measurement tool [31, 32]. K6 score is calculated from
6 items using a 5-point Likert scale numbered 1-5, with
a total score ranging from 6 to 30; a higher score indi-
cates more severe distress. We used a Japanese version
of scale [31], translated and validated from the origi-
nal scale developed in English [32]. Social support was
evaluated by the ENRICHD Social Support Instrument,
a seven-item using a 5-point Likert scale numbered 1-5,
the self-report measure used in the ENRICHD trial [33].
Individual items are then summed for a total score, with

higher scores indicating greater social support. Based on
a previously reported method, the daily physical activity
was calculated as metabolic equivalents-hours per day
(METs-h/day) [34]. In other words, daily life activity and
leisure-time activity were measured based on the Inter-
national Physical Activity Questionnaire [35]. The inten-
sity of activity was divided into five categories: walking
(3.0 METs), heavy physical work or exercise (4.5 METs)
during daily life activities, and leisure-time activities
with intensity levels of 3.4, 7.0, and 10.0 METs. To calcu-
late intensity (METs-h/day), we multiplied the intensity
by the duration and frequency of each activity. Stand-
ing time (2.0 METs) was not included in our analysis as
we focused on assessing moderate-to-vigorous physical
activity (>3METs). The amount of time spent sitting (h/
day) was obtained from the questionnaire [36]. The out-
come is HbAlc obtained from blood samples collected in
the baseline survey, which is reported as a percentage of
total hemoglobin; higher HbAlc indicates worse blood
glucose management [37].

All research procedures were approved by the Insti-
tutional Review Board of Kanagawa Cancer Center
(28KEN-36). Written informed consent was obtained
from all participants for the ME-BYO cohort.
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Statistical analysis

All statistical analyses were performed with R (Version
4.1.0; R Core Team, Vienna, Austria) [38]. Descriptive,
Chi-square, and t-tests were used to describe and com-
pare differences between two groups of non-diabetes
participants with HbAlc<6.5%, and the group of dia-
betes participants with HbAlc>6.5% or diagnosed as
diabetes or using oral diabetes medicine. Correlation
analysis was conducted to examine the association
between variables. Multiple linear regression is used to
assess the association between loneliness and HbAlc
in 617 participants who have not been diagnosed with
diabetes. Step 1 assessed the association between lone-
liness and HbAlc as model 1. Step 2 entered age, gen-
der, and BMI as model 2. Step 3 entered sitting time,
and physical activity as model 3. Step 4 entered house-
mates, household income, and final education as model
4. Step 5 entered social support, quality of life, and
depression as model 5. The association between loneli-
ness and HbAlc is also assessed in subgroup analysis
for low and high income at cut-off point 400 x 10*JPY
[39], for final education as low educational level versus

Table 1 Participant characteristics
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middle and high educational level, and for physical
activity level at the cut-off point 6 METs-h/day.

Results

The mean (standard deviation [SD]) age and BMI of the
666 participants in this study are 54.1 (13.4) years and 23
(3.4) kg/m?, respectively. Of those, 335/666 (50%) had an
educational level higher than high school. Almost 90%
(586/666) of participants lived with at least one house-
mate. Participants reported moderate social support at
a mean (SD) of 26.5 (5.5), low depressive symptoms at a
mean (SD) of 4.2 (4.3), and moderate loneliness at a mean
(SD) of 51 (4.9). The mean HbAlc was 5.6 (SD 0.6, range
4.6-11.0); 7.8% (52/666) of participants were persons
with diabetes (Table 1).

HbAlc is positively correlated with age r(615)=0.27
(95% confidence interval [CI] (0.19, 0.34), p<0.01) and
BMI r(615)=0.26 (95% CI (0.18, 0.33), p<0.01). Depres-
sion is strongly correlated with loneliness r(615)=0.24
(95% CI (- 0.19, — 0.04), p<0.01) (Table 2).

In the linear regression analysis (Table 3), the loneli-
ness scale was not significantly associated with HbAlc
(p=0.512). The association between the loneliness scale

Characteristic Overall (N=666") Non-Diabetes (N=614") Diabetes (N=52") p-value?
Age 54.1 (134) 533(13.3) 64.1 (10.2) <0.001
BMI 23.0(34) 229(3.3) 25.0(3.8) <0.001
Gender 0.062
Female 326/666 (49%) 307/614 (50%) 19/52 (37%)
Male 340/666 (51%) 307/614 (50%) 33/52 (63%)
Final education 0.60
High education 335/666 (50%) 308/614 (50%) 27/52 (52%)
Mid education 151/666 (23%) 142/614 (23%) 9/52 (17%)
Low education 180/666 (27%) 164/614 (27%) 16/52 (31%)
Household income (10.000 JPY) 683.8 (407.0) 693.5(411.9) 569.5 (326.4) 0.026
Housemates 0.003
0 80/666 (12%) 72/614 (12%) 8/52 (15%)
1 266/666 (40%) 236/614 (38%) 30/52 (58%)
2 299/666 (45%) 288/614 (47%) 11/52 (21%)
3 20/666 (3.0%) 17/614 (2.8%) 3/52 (5.8%)
4 1/666 (0.2%) 1/614 (0.2%) 0/52 (0%)
Social support 265 (5.5) 266 (5.5) 256 (6.3) 033
Depression 42 (43) 42(43) 46 (4.1) 043
Loneliness 51.0 (4.9) 51.0 (5.0) 51.8(4.3) 0.29
Quality of life 09 (0.1) 0.9 (0.1) 09(0.1) 0.004
Physical activity (METs-h/day) 123(11.2) 124 (11.4) 114 (9.2) 0.75
Sitting time (hours) 4.2(2.8) 4.2(2.8) 4.1 (2.6) 0.89
HbA1c (%) 5.6(0.6) 5.5(04) 7.1(09) <0.001

" Mean (SD); n/N (%)

2 Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test
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and HbAlc was not evident in previously described
regression models 2—-5. The lowest p-value among the
four models was 0.791.

The subgroup analysis was performed and the
result is shown in the supplemental tables; the asso-
ciation between loneliness and HbAlc still has not
been found with all p-values>0.05. In the group with
income <400 x 10*JPY (Table S1), after adjusting by co-
variables in (model 2), (model 3), and (model 4), the asso-
ciation failed to be detected with all p-values >0.05. In the
group with income > 400 x 10%JPY, similarly to the cohort
of income <400 x 10%JPY, after adjusting for co-variables,
the association again failed to be detected with all p-val-
ues>0.05. Table S2 shows the result of subgroup analysis
when splitting the population into low and middle-edu-
cation group and high-education group. After adjusting
for co-variables in (model 2), (model 3), and (model 4),
the association between loneliness and HbAlc has failed
to detect, with all p-values>0.05. Table S3 shows the
linear regression analysis result on the group has physi-
cal activity level>6 METs-h/day and <6 METs-h/day,
respectively. After adjusting for co-variables in (model 2),
(model 3), (model 4), the association between loneliness
and HbAc still has not been detected, all p-values > 0.05.

Discussion

The association between loneliness and HbAlc has not
been found in this study. Although this is a cross-sec-
tional study in which a definite causal relationship has
to be investigated in further study, it suggests that loneli-
ness may not be associated with the risk of T2DM. Nota-
bly, loneliness was closely associated with social capital
and socioeconomic status (SES) [40-42]. Besides, SES
was reported to directly or indirectly affect the risk of
T2DM [43]. However, this study indicates that in high
SES people, loneliness may not be associated with the
risk of T2DM. This means the intervention or manage-
ment against being lonely would not prevent the onset of
T2DM.

Our finding is not consistent with previous reports on
Western populations, which suggests that the impact
of loneliness in the Asian population, specifically Japa-
nese in this study, may be different from that in West-
ern countries [21-24, 35]. Some reasons can explain
this inconsistency. Firstly, the participants’ HbAlc levels
were less diverse than in previous studies. This study’s
participants have a mean HbAlc of 5.6% with a nar-
row standard deviation of 0.6, and over 95% of partici-
pants have HbAlc<6.5 (Table 1). Also, the percentage
of loneliness is lower in the Japanese population than in
Western countries [25]. Thus, statistical power is pos-
sibly too small to detect the effect of loneliness. Future
longitudinal analysis of the ME-BYO cohort is warranted
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for further assessment. Secondly, the participants’ SES is
higher in this study than that of the normal Japanese pop-
ulation, which can be explained as follows. The house-
hold income in this study (683.8 +407.0x 10*JPY) is over
1.5 times higher than the average income of the Japanese
population [39, 44]. Additionally, the percentage of par-
ticipants who attain an educational level higher than high
school is 50% (Table 2), which is over three times higher
than this rate of the older Japanese population [39, 45].
Based on these characteristics, participants of our study
can be considered high SES in favorable health status. It
was proven that the high SES population has less risk of
diabetes compared to the low SES population [40, 41].
Therefore, in the high SES population, loneliness may
have less impact on diabetes. People with high SES usu-
ally have healthy diets and enough knowledge to main-
tain good health. In this study, the physical activity was
observed at a mean of 12.3 METs-h/day, equal to 86.1
METs-h/week, almost 3.7 times higher than the Japa-
nese reference value of 23 METs-h/week [46]. In addi-
tion, this study population has a mean BMI of 23 + 3.4 kg/
m?, lower than that of other studies (27.5 +4.6 kg/m?) in
the UK and (26.8 +4.9) in Ireland [21, 47]. Thus, loneli-
ness possibly does not affect the HbA1lc of Japanese peo-
ple in this study. Although the status of loneliness does
not significantly impact HbAlc even in the lower SES
group (Table S1, S2, S3), we still need to investigate this
impact on HbA1c studies, including the participants with
lower SES compared to the Japanese general population.
Lastly, unrecognized or uncollected factors might have
affected this inconsistency. Support from the commu-
nity and family is important to prevent T2DM. The way
of living or characteristics of communities is different
between Japan and Western countries, which may affect
the relationship between loneliness and T2DM [48, 49].
However, such studies investigating these differences
from this viewpoint are extremely limited. The difference
in genetic backgrounds also may affect the result. This
may be veiled in gene-environmental interactions, which
is still unknown [50]. Thus, future studies investigating
these points mentioned above would give us a proper
interpretation.

Limitations

This study has provided a novel finding about the rela-
tionship between T2DM and loneliness in the popu-
lation with high SES and healthy life. We utilized the
fully validated questionnaire, the entire UCLA Loneli-
ness scale, which solved the limitations of the previous
US study that used an unvalidated questionnaire [23].
However, some limitations remain to be discussed. The
finding of this study can be applied solely to the Japa-
nese population, as the association between loneliness
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and blood glucose may differ across populations. The
sample size (n=666) was relatively small, and there
was a low rate of diabetes participants, resulting in an
undiversified population caused by selection bias. To
address these limitations, future studies should focus
on diversifying and broadening the study population
to include individuals with low SES and varying health
conditions. According to the sample size calculation,
the required sample size varies based on the correla-
tion coefficient between loneliness and blood glucose.
Although sample size of our study is inadequate, it
provide a new finding as abovementioned. Addition-
ally, relying solely on participants’ self-reports to assess
loneliness status may introduce recall bias or socially
desirable responses, which could influence the accu-
racy of the findings. Alternative solutions, such as face-
to-face interviews, should be considered to mitigate
these issues. This study solely focuses on investigating
the direct relationship between loneliness and HbAlc,
without assessing the complex underlying mechanisms
involving cortisol and various inflammatory cytokines.
Addressing these mechanism would have required a
more extensive and invasive data-collection process
beyond the scope of our study. Although this study did
not include data on such biomarkers, the findings pro-
vide important clues for future research on the basic
mechanisms. Lastly, this cross-sectional study cannot
establish a cause-effect relationship between loneli-
ness and diabetes. A longitudinal study design should
be implemented in future research to explore causality.

Conclusion

In conclusion, the association between loneliness and
HbA1c has not been observed in the high SES population
of this study. Although our study did not find any evi-
dence of an association between HbA1c and loneliness, it
is essential to investigate the association in the lower SES
Japanese populations. Extending the longitudinal study
of the ME-BYO cohort is needed to conclude the mecha-
nism between blood glucose management and loneliness.
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