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A B S T R A C T

Objectives: It is likely that the number of older adults who eat alone has increased during the COVID-19 pan-
demic. Older adults who eat alone tend to experience weight fluctuations. Weight loss and underweight in
older adults cause health problems. The study objective was to longitudinally investigate the association
between changes in eating alone or with others and body weight status in older adults.
Methods: This longitudinal cohort study was conducted in March and October 2020 in Minokamo City, Gifu
Prefecture, Japan. Questionnaire data for 1071 community-dwelling older adults were analyzed. Multinomial
logistic regression analysis was performed using changes in eating alone or with others as the independent
variable and body weight status as the dependent variable. The analysis was adjusted for age, sex, living
arrangements, educational level, diseases receiving medical treatment, cognitive status, depression, and
instrumental activities of daily living. Missing data were imputed using multiple imputation.
Results: The average age of participants was 81.1 y (SD, 4.9 y). Individuals who reported eating alone in both
surveys were more likely to report weight loss than those who reported eating with others in both surveys
(adjusted model: odds ratio, 2.25; 95% confidence interval, 1.06�4.78; P = 0.04).
Conclusions: These findings suggest that measures to prevent weight loss in older adults who eat alone are
particularly important during the COVID-19 pandemic.

© 2022 Elsevier Inc. All rights reserved.
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Introduction

The COVID-19 pandemic has prompted substantial lifestyle
changes. Under Japan’s national and prefectural policy to prevent
the spread of COVID-19, the population has received multiple
requests to refrain from outings, leisure, and travel activities.
Although these requests have not included lockdowns as strict as
those implemented in other countries, many people have
experienced reductions in social interaction, including eating with
others [1].

There is considerable global interest in the tendency of older
adults in aging societies to eat alone [2]. In Japan, both the number
of older adults and the number of older adults who eat alone are
increasing, which is problematic [3]. Eating alone can lead to health
problems in older adults, particularly in older adults who live with
others but eat alone and in those with depression [4]. This is partly
because such older adults have a low food intake and poorly bal-
anced meals [5]. The resulting insufficient nutrition and weight loss
cause various health problems, such as a higher mortality [4�7].
Weight loss (even if subjective) is associated with increasing frailty
and higher mortality [8,9]. Underweight resulting from weight loss
is also associated with increased mortality [6]. Moreover, weight
loss, rather than muscle mass loss, may reduce quality of life [10]
and thus is an important health-related factor in older adults.

Strategies to promote the health of older adults who eat alone
should therefore address weight loss. Weight fluctuation can be

http://crossmark.crossref.org/dialog/?doi=10.1016/j.nut.2022.111697&domain=pdf
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measured and checked on a routine basis. Therefore, clarifying the
relationship between eating alone or eating together and weight fluc-
tuation can demonstrate the importance of weight management to
older adults who eat alone and can generate valuable data for health
promotion strategies in this population. Monitoring eating behavior
is important during the COVID-19 pandemic, which has led to a
reduction in social interaction [1].

Most studies of older adults who eat alone are cross-sectional
studies, and there are few longitudinal studies on weight fluctua-
tion in older adults [11]. Moreover, it remains unclear how changes
in eating alone or together, such as the shift from eating with
others to eating alone, affect weight fluctuation. Furthermore, the
effect of eating alone on weight fluctuation in older adults during
the COVID-19 pandemic is unknown. The effect of eating alone on
weight loss is a concern because of the current pandemic-related
restrictions on social interactions, including eating with others.

Therefore, the purpose of this study was to longitudinally inves-
tigate the association of changes in eating alone or together with
body weight status in older adults. We hypothesized that older
adults who transitioned from eating with others to eating alone or
who continued to eat alone would have poorer body weight status
than those who ate with others.
Methods

Study design and setting

This was a longitudinal cohort study. Data were collected using two mail sur-
veys. Self-administered questionnaires were mailed to respondents, who were
asked to return them after completion. No survey reminders were sent. Only
respondents who returned the survey were included in the study.

The baseline survey comprised the “survey of needs in spheres of daily life” for
care prevention formulated by the Japanese Ministry of Health, Labour and Wel-
fare [12] in March 2020, before the declaration of a state of emergency in response
to the first COVID-19 wave. After the baseline survey, a nationwide request was
declared to restrict various activities from April 16, 2020, to May 25, 2020, to pre-
vent the spread of COVID-19, and prefecture-level requests were declared to
restrict various activities from July 31 to August 31, 2020, in the survey areas. A
follow-up survey was conducted on October 2020 after the requests to restrict var-
ious activities were lifted. In addition to the factors assessed in the baseline survey,
the follow-up survey investigated life changes prompted by COVID-19.

This survey was conducted in Minokamo City, Gifu Prefecture, Japan. Minokamo
is located in the central and southern part of Gifu prefecture and is a wealthy city
with a thriving industry. As of April 1, 2021, the population of the city was 57 171,
the population density was 1 270.18 persons per square kilometer of habitable area,
and the population included 13 226 individuals (23.13%) aged 65 y or older.
Fig. 1. Study fl
Participants

The participants of the baseline survey were 2000 randomly selected, commu-
nity-dwelling older adults (aged �65 y) not certified as having long-term care
needs. Of these, 1350 respondents (response rate: 67.5%) participated in the fol-
low-up survey. In the follow-up survey, 1106 older adults responded (response
rate: 81.9%). Of these, respondents with missing information about age were
excluded. In addition, respondents who needed assistance with eating or had
missing information about eating ability in the baseline and follow-up surveys
were excluded. Finally, data from 1071 individuals were analyzed (Fig. 1).

Measures

Eating alone
Eating alone was assessed using the question, “Do you have the opportunity to

eat with someone?” This question is used in the survey of needs in spheres of daily
life as an indicator of eating alone. The question had five response options: every
day, several times a week, several times a month, several times a year, or none. Previ-
ous studies have defined “eating together” as eating with someone at least once a
day [13]. Therefore, we categorized, every day as “eating with others” and catego-
rized all other responses as “eating alone.” In the two surveys, changes in eating
alone or together were categorized as “eating alone” (eating alone at both survey
points), “shift to eating with others” (eating alone at the baseline survey to eating
with others at the follow-up survey), “shift to eating alone” (eating with others at
the baseline survey to eating alone at the follow-up survey), and “eating with
others” (eating with others at both survey points).

Body weight status
Body weight status was assessed using the body mass index (BMI) and weight

loss in the past 6 mo. The BMI was calculated from self-reported height and weight
in both baseline and follow-up surveys. A BMI <20.0 kg/m2 was defined as under-
weight [6]. We focused on underweight as defined by BMI, not BMI itself, because
underweight has greater negative effects on the health status of older adults than
does obesity [6]. Underweight was categorized in terms of underweight at both
survey points, shift from underweight to non-underweight, shift from non-under-
weight to underweight, and non-underweight at both survey points.

Weight loss in the past 6 mo was assessed using the question, “Has your
weight declined by 2�3 kg or more in the last 6 mo?” Possible responses were yes
or no. This question is frequently used as an assessment of weight fluctuation and
is associated with reduced frequency of balanced-meal consumption and food
intake [14,15]. The presence or absence of weight loss in the two surveys was cate-
gorized in terms of four groups: presence of weight loss at both survey points, shift
from presence to absence of weight loss, shift from absence to presence of weight
loss, and absence of weight loss at both survey points.

Covariates
Data on demographic characteristics, cognitive status, depression, and instru-

mental activities of daily living (IADLs) were obtained from the baseline survey,
and these variables were used as covariates. Demographic data comprised age,
sex, living arrangements (living alone or living with others), and educational level
(6�9 y, 10�12 y, or �13 y of education). Cognitive status was assessed as self-
ow chart.



Table 1
Demographic characteristics of participants (n = 1071)

Mean or No. SD or % Missing, No. (%)

Age, mean (SD), y 81.1 4.9 0 (0.0)
Male sex, No. (%) 495 46.2 0 (0.0)
Living alone. No. (%) 140 13.1 56 (5.2)
Educational level, No. (%)
6�9 y 449 41.9 15 (1.4)
10�12 y 439 41.0
�13 y 168 15.7

Eating alone, No. (%)
Baseline 448 41.8 76 (7.1)
Follow-up 522 48.7 14 (1.3)

Body mass index, mean (SD)
Baseline 22.2 3.5 40 (3.7)
Follow-up 22.0 2.9 37 (3.5)

2�3 kg weight loss in past 6 mo,
No. (%)
Baseline 93 8.7 92 (8.6)
Follow-up 159 14.8 40 (3.7)

Self-awareness of forgetfulness,
No. (%)

463 43.2 24 (2.2)

Depression, No. (%)* 393 36.7 84 (7.8)
No instrumental activities of
daily living disability, No. (%)y

119 11.1 40 (3.7)

*The presence of depression was defined as affirmative answers to either of the fol-
lowing questions: “During the past month, have you often been bothered by feeling
down, depressed, or hopeless?” and “During the past month, have you often been
bothered by little interest or pleasure in doing things?”
yThe presence of an instrumental activities of daily living disability was defined as a
score <5 on a subscale of the Tokyo Metropolitan Institute of Gerontology Index of
Competence
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awareness of forgetfulness (possible responses were yes or no). Depression was
defined as affirmative answers to either of the following questions [16]: “During
the past month, have you often been bothered by feeling down, depressed, or
hopeless?” and “During the past month, have you often been bothered by little
interest or pleasure in doing things?” Instrumental ADLs were assessed using a
subscale of the Tokyo Metropolitan Institute of Gerontology Index of Competence
[17]. This subscale consists of the following five questions: “Can you use public
transportation (bus or train) by yourself?”, “Are you able to shop for daily necessi-
ties?”, “Are you able to prepare meals by yourself?”, “Are you able to pay bills?”,
and “Can you handle your own banking?” Negative responses to any one of these
questions was defined as IADL disability [18].

Data analysis

First, the data for each measure were examined using descriptive statistics.
Baseline and follow-up survey data on eating alone or with others were compared
using the x2 test. Then, multinomial logistic regression analysis was used to analyze
the effects of and changes in eating alone or with others on body weight status.
Changes in eating alone or with others composed the independent variable, and
body weight status was the dependent variable. Two models were generated: a
crude model and an adjusted model. The latter model was adjusted for age, sex, liv-
ing arrangements, educational level, cognitive status, depression, and IADLs. In the
analysis, the reference was eating with others. In addition, to confirm the robustness
of the results of the analysis of self-perceived weight loss, we conducted a similar
analysis of differences in self-reported weight between the two surveys.

In the multinomial logistic regression analysis, multiple imputation using
chained equations was performed for missing data; following previous recom-
mendations, 20 imputed data sets were created [19]. Before performing multiple
imputation, Little’s missing completely at random test was used. The results con-
firmed that the missing data were not missing completely at random (P < 0.01).

In addition, complete cases and individuals with missing data were compared
using the t test and x2 test. Multinomial logistic regression analysis was performed
using complete case data as a sensitivity analysis.

SPSS Statistics, version 24.0 for Microsoft Windows (IBM Japan, Tokyo, Japan),
was used for all analyses. The level of significance was set at 0.05.

Ethical considerations

This study conformed to the principles of the Declaration of Helsinki and was
approved by the research ethics committee of Seijoh University (approval number:
2020 C0013). Participants received the study questionnaire together with an
explanation of the study purpose and were informed that they could withdraw
from the study at any time. Completion of the questionnaire was considered to
constitute informed consent.

Results

The demographic characteristics are shown in Table 1. The
average age of the participants analyzed was 81.1 y (SD, 4.9 y). Of
the 1071 participants analyzed, 495 (46.2%) were men. Regarding
eating alone or with others, 448 individuals (41.8%) reported eat-
ing alone at the baseline survey, and 522 (48.7%) reported eating
alone at the follow-up survey (48.7%) (P < 0.01; data not shown).

Regarding changes in eating alone or with others, 339 partici-
pants reported eating alone at both survey points, 104 individuals
changed from eating alone to eating with others, 143 changed
from eating with others to eating alone, and 399 reported eating
with others at both survey points. Table 2 shows demographic
characteristics by eating alone/together.

The results of the multinomial logistic regression analysis are
shown in Tables 3 and 4. Participants who ate alone were more
likely to report weight loss than were those who ate with others
(crude model: odds ratio (OR), 2.36; 95% confidence interval (CI),
1.18�4.73; P = 0.01; adjusted model: OR, 2.25, 95% CI, 1.06�4.78;
P = 0.04). However, the prevalence of underweight (as defined by
BMI) was not associated with eating alone or together. Analysis of
differences in self-reported weight showed that eating alone
tended to be associated with weight loss, but the effect was not
significant (Supplementary Table 1).

A comparison of complete cases and individuals who had miss-
ing data showed many significant differences. Individuals with
missing data tended to be women and to be older compared with
complete cases. The sensitivity analysis showed a slight difference
between the results of the multiple-imputation data sets and the
complete cases (Supplementary Tables 2�4).

Discussion

This study investigated the effects of changes in eating alone or
together on body weight. The proportion of older adults in the
study sample who ate alone increased during the COVID-19 pan-
demic. Eating alone was associated only with perception of weight
loss in both the baseline and follow-up surveys, and eating
together at baseline and eating alone at follow-up did not lead to
weight loss. Therefore, our hypothesis was partly rejected.

Older adults who eat alone are more likely to lose weight because
they have fewer opportunities to eat a well-balanced meal and
because they have a low food intake [5]. Although the results of this
study do not completely support previous findings that self-per-
ceived weight loss is associated with poor meal quality [14,15], the
present findings are important. In addition, there was no association
between eating changes and weight loss in the group that changed
from eatingwith others to eating alone. It is likely thatmany individ-
uals in this group followed the government request to avoid eating
with people with whom they did not normally spend time [20]. The
interval between the baseline and follow-up surveys in this study
was only 7 mo. Depending on the timing of individuals’ shift from
eating with others to eating alone in response to the government
request, it is possible that individuals completed the follow-up sur-
vey shortly after starting to eat alone, which may have weakened
the effect of eating alone. One study showed that 5.8% of commu-
nity-dwelling older adults in Japan experienced losing more than
10% of their body weight during a period of 3 y [21]. Therefore, it is
likely that few older adults experience weight loss over a short
period. Additionally, because the effects of eating alone are stronger
in older adults who live with others but eat alone or are depressed,
it is possible that such individuals are more prone to weight



Table 3
Effects of changes in eating alone or together on body mass index changes: Multinomial logistic regression analysis (n = 1071)

OR (95% CI) for body mass index changes

Underweight*! underweight Underweight! non-underweight Non-underweight! underweight Non-underweight! non-underweight

Crude model Adjusted model Crude model Adjusted model Crude model Adjusted model Crude model Adjusted model

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Eating alone! eating alone 1.12 0.77�1.61 1.06 0.68�1.65 1.46 0.66�3.25 0.86 0.31�2.36 1.83 0.82�4.09 1.61 0.65�4.02 1.00 (Reference) 1.00 (Reference)
(reference) Eating with
others! eating with others
Eating alone! eating with
others

1.00 0.56�1.76 1.05 0.59�1.88 1.22 0.39�3.80 1.27 0.40�4.00 2.39 0.90�6.34 2.38 0.89�6.35 1.00 (Reference) 1.00 (Reference)

(reference) Eating with
others! eating with others
Eating with others! eating
alone

1.02 0.60�1.73 1.04 0.61�1.78 1.85 0.75�4.58 1.85 0.73�4.65 2.01 0.74�5.45 1.87 0.68�5.13 1.00 (Reference) 1.00 (Reference)

(reference) Eating with
others! eating with others

CI, confidence interval; OR, odds ratio
None of the associations in the table were significant; the adjusted model adjusted for age, sex, living arrangements, educational level, cognitive status, depression, and instrumental activities of daily living
*Underweight was defined as a body mass index <20.0 kg/m2

Table 2
Demographic characteristics by eating alone or together

Eating alone! eating alone
(n = 339)

Eating alone! eating with others
(n = 104)

Eating with others! eating alone
(n = 143)

Eating with others! eating with others
(n = 399)

Missing, No. (%) Missing, No. (%) Missing, No. (%) Missing, No. (%)

Age, mean (SD), y 81.9 (5.2) 0 (0.0) 80.8 (4.9) 0 (0.0) 81.1 (5.2) 0 (0.0) 80.4 (4.5) 0 (0.0)
Male sex, No. (%) 139 (41.0) 0 (0.0) 55 (52.9) 0 (0.0) 73 (51.0) 0 (0.0) 188 (47.1) 0 (0.0)
Living alone, No. (%) 116 (34.2) 15 (4.4) 2 (2.0) 4 (3.8) 3 (2.1) 9 (6.3) 4 (1.0) 20 (0.5)
Educational level, No. (%)
6�9 y 173 (51.0) 6 (1.8) 41 (39.4) 2 (1.9) 59 (41.3) 0 (0.0) 147 (36.8) 5 (1.3)
10�12 y 118 (34.8) 43 (41.3) 57 (39.9) 181 (45.4)
�13 y 42 (12.4) 18 (17.3) 27 (18.9) 66 (16.5)

Body mass index, mean (SD), kg/m2

Baseline 22.2 (3.7) 9 (2.7) 21.7 (2.6) 3 (2.9) 22.2 (3.1) 4 (2.8) 22.3 (3.7) 11 (2.8)
Follow-up 22.0 (2.8) 16 (4.7) 21.8 (2.6) 5 (4.8) 22.0 (2.7) 4 (2.8) 22.2 (3.0) 6 (1.5)

Presence of underweight, No. (%) *
Baseline 78 (23.0) 9 (2.7) 20 (19.2) 3 (2.9) 41 (28.7) 4 (2.8) 94 (23.6) 11 (2.8)
Follow-up 75 (22.1) 16 (4.7) 22 (21.2) 5 (4.8) 42 (29.4) 4 (2.8) 97 (24.3) 6 (1.5)

Presence of weight loss, No. (%)y

Baseline 41 (12.1) 14 (4.1) 13 (12.5) 0 (0.0) 12 (8.4) 1 (0.7) 25 (6.3) 11 (2.8)
Follow-up 68 (20.1) 17 (5.0) 10 (9.6) 5 (4.8) 18 (12.6) 5 (3.5) 47 (11.8) 10 (2.5)

Presence of self-awareness of forgetfulness, No. (%) 166 (49.0) 3 (0.9) 47 (45.2) 1 (1.0) 62 (43.4) 1 (0.7) 155 (38.8) 3 (0.8)
Presence of depression, No. (%)z 137 (40.4) 24 (7.1) 31 (29.8) 8 (7.7) 51 (35.7) 8 (5.6) 140 (35.1) 30 (7.5)
Presence of instrumental activities of daily living disability, No. (%)x 31 (9.1) 16 (4.7) 14 (13.5) 2 (1.9) 19 (13.3) 9 (6.3) 45 (11.3) 5 (1.3)

*Underweight was defined as a body mass index <20.0 kg/m2

yThe presence of weight loss was defined as 2�3 kg of weight loss in the past 6 months
zThe presence of depression was defined as affirmative answers to either of the following questions: “During the past month, have you often been bothered by feeling down, depressed, or hopeless?” and “During the past month, have
you often been bothered by little interest or pleasure in doing things?”
xThe presence of instrumental activities of daily living disability was defined as a score <5 on a subscale of the Tokyo Metropolitan Institute of Gerontology Index of Competence
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fluctuations [4]. For example, in households where the timing of
meals is changed to prevent infection between cohabitants, individ-
uals may start eating alone. In such cases, the effects of eating alone
on older adults may be strong.

We found no association between underweight and eating
alone or together. This is probably because even if weight loss
occurred, the investigation period of 7 mo was not long enough for
individuals to become underweight. However, because the percep-
tion of weight loss occurred in many older adults who ate alone, it
is likely that a longer-term survey would identify a higher number
of underweight adults.

The comparison of complete cases and individuals with missing
data demonstrated significant differences in many variables, sug-
gesting that the complete case analysis may have generated bias.
Therefore, we used multiple imputation to prevent such bias.

Study limitations and strengths

There were several study limitations. First, because participants
responded to both baseline and follow-up surveys, it is possible
that the sample contained only older adults with high health
awareness who were interested in this type of survey. However,
we tried to prevent selection bias as much as possible by randomly
selecting participants. Owing to the use of a self-administered
questionnaire, caution is needed in interpreting the results. Com-
munity-dwelling older adults aged �65 y were included, but the
small sample size prevented us from conducting an age-stratified
analysis. Although we statistically adjusted for the effect of age,
the heterogeneity of this effect could not be addressed. Further-
more, the survey was conducted in one region of Japan, and the
geographic and cultural background of that region may have
affected the results. Because the survey was conducted in March
and October, the results may have been affected by other factors,
such as season. The results may also have been affected by bias in
living arrangements, because many individuals in the eating alone
group lived alone. However, bias caused by the number of individ-
uals living alone may have been limited because the living-
arrangements variable was used as a covariate in the analysis.
Although previous dietary researchers have highlighted the impor-
tance of investigating with whom people are eating [22], it was not
possible in this study to determine with whom respondents were
eating. We plan to investigate the effect of different eating partners
on weight fluctuations in the future. Additionally, the number of
times individuals actually eat with others, rather than the opportu-
nity to eat with others, should be investigated to determine its
effect on weight fluctuations.
Conclusion

This study showed that only the individuals who continued to
eat alone had self-perceived weight loss. However, because weight
loss (even if subjective) has a negative effect on the health of older
adults, interventions for weight loss in older adults who eat alone
are required. Such interventions are particularly important during
the current COVID-19 pandemic because the number of older
adults who eat alone may be increasing. Longer-term investiga-
tions on the effect of eating alone during the COVID-19 pandemic
are needed.
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