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Abstract

The risk factors specific to the elderly population for severe coronavirus disease 2019
(COVID-19) caused by the Omicron variant of concern (VOC) are not yet clear. We per-
formed an exploratory analysis using logistic regression to identify risk factors for severe
COVID-19 illness among 4,868 older adults with a positive severe acute respiratory corona-
virus 2 (SARS-CoV-2) test result who were admitted to a healthcare facility between 1
January 2022 and 16 May 2022. We then conducted one-to-one propensity score (PS) match-
ing for three factors – dementia, admission from a long-term care facility and poor physical
activity status – and used Fisher’s exact test to compare the proportion of severe COVID-19
cases in the matched data. We also estimated the average treatment effect on treated (ATT) in
each PS matching analysis. Of the 4,868 cases analysed, 1,380 were severe. Logistic regression
analysis showed that age, male sex, cardiovascular disease, cerebrovascular disease, chronic
lung disease, renal failure and/or dialysis, physician-diagnosed obesity, admission from a
long-term care facility and poor physical activity status were risk factors for severe disease.
Vaccination and dementia were identified as factors associated with non-severe illness. The
ATT for dementia, admission from a long-term care facility and poor physical activity status
was −0.04 (95% confidence interval −0.07 to −0.01), 0.09 (0.06 to 0.12) and 0.17
(0.14 to 0.19), respectively. Our results suggest that poor physical activity status and living
in a long-term care facility have a substantial association with the risk of severe COVID-19
caused by the Omicron VOC, while dementia may be associated with non-severe illness.

Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory coronavirus 2
(SARS-CoV-2), has become a global health threat [1–3]. Since the first case of COVID-19
was identified in Wuhan, China [4], there have been various changes in the approaches to clin-
ical management of COVID-19. The risk factors for severe disease now seem to have been
identified [5, 6] and the pharmaceutical treatments for COVID-19 cases are at least somewhat
established [7–9]. However, the SARS-CoV-2 B.1.1.529 variant of concern (VOC) that causes
COVID-19 has somewhat different clinical characteristics from the pre-existing variants. This
variant, which was first identified in South Africa on 24 November 2021 [10] and was subse-
quently named Omicron, has now spread worldwide. Fewer patients develop serious illness
with this variant and vaccines are less effective [11–13].

In Japan, the Omicron VOC has spread rapidly, as in many countries, although there have
been fewer severe cases than when the Delta variant was dominant [14]. Nevertheless, the
higher infectivity of the Omicron VOC compared with previous variants led to a huge number
of new confirmed cases and a corresponding increase in the number of severe cases. This has
burdened our health systems and society further [15].

Although previous studies have identified the risk factors associated with severe
illness caused by other variants [5, 16–18], the same factors may not be applicable to the dis-
ease caused by the Omicron VOC. Examining the risk factors associated with severe
COVID-19 caused by the Omicron VOC is therefore desirable especially since, throughout
the entire pandemic period, older Japanese adults have accounted for a large proportion of
the severe COVID-19 cases that required hospitalisation [19, 20]. Because Japan is fast
becoming an extremely aged society, an evaluation of the risk factors specific to the elderly
population would be extremely valuable. For instance, the US Centers for Disease Control
and Prevention (CDC) reported that living in a long-term care facility was an independent
risk factor for mortality [21]. Moreover, dementia or pre-existing Alzheimer’s disease was
reported to be associated with late mortality due to COVID-19 [22, 23]. According to
Steenkamp et al., a moderate or high level of physical activity had a preventive effect on severe
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COVID-19 [24]. However, the influence of these factors on the
severity of COVID-19 caused by the Omicron VOC is not clear.

The main objectives of this study were to identify the risk fac-
tors for severe COVID-19 caused by the Omicron VOC and to
assess the relevance of three factors specific to the elderly popula-
tion – dementia, living in a long-term care facility, and physical
activity status – for the severity of the disease.

Methods

Study population and data

Healthcare facilities that voluntarily participated in the
COVID-19 Registry Japan (COVIREGI-JP) [19, 25], which is

managed by the REBIND (Repository of Data and Biospecimen
of Infectious Disease) project, enroled the patients. Research col-
laborators in each facility manually entered the data into the regis-
try. The inclusion criteria for enrolment were (i) a positive
SARS-CoV-2 test result and (ii) admittance to a healthcare facility
between 1 January 2022 and 16 May 2022. The exclusion criteria
were positive test results for any of the N501Y, E484K, E484Q and
L452R mutants in SARS-CoV-2 genome tests. Also, although not
all the patients had the results of genome tests in our registry,
most cases in January 2022 in Japan were caused by the
Omicron VOC and some other studies regarded all the patients
from the beginning of 2022 as having a disease caused by the
Omicron VOC [26, 27]. Therefore, we also excluded patients

Table 1. Demographic characteristics of hospitalised patients for COVID-19 caused by the Omicron VOC

Supplementary oxygen during admission No Yes P value

Cases (n) 3,488 1,380

Age [median, IQR] (mean, range) 57.0 [31.0–78.0]
53.9 (0–103)

79.0 [68.0–87.0]
74.3 (0–107)

<0.001

Male sex (%) 1,693 (48.5) 802 (58.1) <0.001

Vaccinated at least twice (%) 2,267 (65.0) 843 (61.1) 0.011

Booster dose (%) 314 (9.0) 121 (8.8) 0.824

Current smoking (%) 442 (12.7) 117 (8.5) <0.001

Cardiovascular disease (%) 202 (5.8) 198 (14.3) <0.001

Cerebrovascular disease (%) 297 (8.5) 286 (20.7) <0.001

Chronic lung disease (%) 120 (3.4) 172 (12.5) <0.001

Asthma (%) 211 (6.0) 100 (7.2) 0.135

Liver disease (%) 73 (2.1) 51 (3.7) 0.002

Diabetes mellitus (%) 591 (16.9) 344 (24.9) <0.001

Obesity (%) 229 (6.6) 111 (8.0) 0.071

Renal failure/dialysis (%) 119 (3.4) 80 (5.8) <0.001

Solid tumour (%) 227 (6.5) 138 (10.0) <0.001

Blood cancer (%) 70 (2.0) 38 (2.8) 0.130

Collagen disease (%) 71 (2.0) 35 (2.5) 0.278

Dementia (%) 349 (10.0) 315 (22.8) <0.001

Living in LTCF (%) 311 (8.9) 357 (25.9) <0.001

Normal diet (%) 3,045 (87.3) 929 (67.3) <0.001

Independent walking (%) 2,813 (80.6) 723 (52.4) <0.001

Self-care ability (%) 2,802 (80.3) 710 (51.4) <0.001

Poor physical activity status (%) 800 (22.9) 728 (52.8) <0.001

Outcome NA

Discharged to home (%) 2,732 (78.3) 664 (48.1)

Isolated (%) 267 (7.7) 16 (1.2)

Discharged to LTCF (%) 348 (10.0) 310 (22.5)

Transfer (%) 130 (3.7) 183 (13.3)

Transfer to higher-level facility (%) 2 (0.1) 21 (1.5)

Death (%) 9 (0.3) 181 (13.1)

Other (%) 0 (0.0) 5 (0.4)

IQR, interquartile range; LTCF, long-term care facility; NA, not applicable.
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who showed any evidence suggesting a disease caused by strains
other than the Omicron VOC (i.e. N501Y, E484K, E484Q and
L452R during the study period).

Statistical analysis

As a descriptive analysis of the whole data, which included
patients younger than 65 years old, continuous variables are pre-
sented as median and interquartile range (IQR) and categorical
variables as number of cases and percentages. We then performed
an exploratory analysis using logistic regression to identify risk
factors for severe illness for elderly patients (age 65 or older). In
this study, we defined severe illness as a need for supplementary
oxygen during admission. The following variables were included
in the regression model: age, sex, vaccinated at least twice, current
smoking habit, cardiovascular disease, cerebrovascular disease,
chronic lung disease, asthma, liver disease, renal failure and/or
dialysis, diabetes mellitus, solid tumour, blood cancer, collagen
disease, physician-diagnosed obesity, dementia, admission from
a long-term care facility and physical activity. In this study, we
use the term ‘long-term care facility’ to refer to not only health-
care facilities but also nursing homes and other facilities that pro-
vide accommodation for elderly people, including those who are
healthy, because there is no equivalent English term to cover
this category of patients used in Japan. We defined physical activ-
ity as a dichotomous variable and patients were considered to
have good physical activity status if they could (i) eat a normal
diet, (ii) walk independently and (iii) take care of themselves;
otherwise, they were considered to have poor physical activity

status. Each of the three criteria was assessed by a treating phys-
ician at each facility, and then we judged the physical activity of
each patient based on these three factors.

Next, we conducted one-to-one propensity score (PS) match-
ing [28] using three categorisations: presence/absence of demen-
tia, admission from a long-term care facility/home or an acute
healthcare facility; and good/poor physical activity status. The
PS was calculated by logistic regression analysis with the same
variables included in the exploratory analysis. All matching pro-
cesses were based on nearest neighbour matching with a caliper
width of 0.05 and no replacement was allowed. The standardised
difference was used to measure the covariate balance, and an
absolute standardised difference above 0.1 was interpreted as a
meaningful imbalance. Fisher’s exact test was used to compare
the proportion of severe and fatal COVID-19 cases in matched
data. In addition, we estimated the average treatment effect on
treated (ATT) in each PS matching analysis.

Two-sided P values of < 0.05 were considered to show statis-
tical significance. All analyses were conducted with R version
4.1.3 [29].

Results

The characteristics of participants are shown in Table 1. We
included 4,868 patients in the analysis, 1,380 of whom had severe
COVID-19. The age distribution of the severe group was about 20
years older than that of the non-severe group (median 79.0 and
57.0 years old, mean 74.3 and 53.9 years old, respectively). Both
the severe and non-severe groups showed comparatively high vac-
cination coverage, with 61.1% and 65.0% vaccinated at least twice,
respectively. The severe group showed a higher proportion of past
medical history and comorbidity; for instance, 14.3% of the severe
group had cardiovascular disease, compared with only 5.8% of the
non-severe group. Poorer physical activity and higher case fatality
rate were other characteristics of the severe group.

Table 2 and Figure 1 show the results of the logistic regression
analysis. Age, male sex, cardiovascular disease, cerebrovascular
disease, chronic lung disease, physician-diagnosed obesity, admis-
sion from a long-term care facility and poor physical activity sta-
tus were identified as risk factors for severe illness (i.e. need for
supplementary oxygen during admission). Vaccination was iden-
tified as the only factor associated with non-severe illness.

Figures 2a–2c show the standardised mean difference before
and after the matching procedure for dementia, admission from
a long-term care facility and physical activity status, respectively.
For all categorisations, neither group showed significant differ-
ences in each item included in the model. The details of the
three datasets after matching are available in Tables S1–S3 in
the supplementary file.

Table 3 shows the estimated ATT of each cohort for the risk of
having severe disease. All three factors were significantly associated
with disease severity. Dementia showed a negative relevance to the
severity. Both admission from a long-term care facility and poor
physical activity status were associated with severe illness, with
the latter showing a larger ATT. Fisher’s exact test determined simi-
lar results for admission from a long-term care facility and poor
physical activity status (P = 0.014 and < 0.001, respectively),
whereas dementia showed no significant difference (P = 0.435).

Table 4 shows the estimated ATT of each cohort for the risk of
death. Similar to the estimated ATT for having severe disease, poor
physical activity was positively associated with mortality, and
dementia was negatively associated with it (P < 0.001 and = 0.004,

Table 2. Results of logistic regression analysis

Variable
Odds
ratio

95% Confidence
interval P value

Intercept −2.06 [−3.00 to −1.12] <0.001

Age 0.01 [0.00 to 0.03] 0.016

Male sex 0.62 [0.44 to 0.80] <0.001

Vaccinated at least twice −0.54 [−0.72 to −0.36] <0.001

Current smoking −0.19 [−0.53 to 0.15] 0.274

Cardiovascular disease 0.35 [0.11 to 0.60] 0.004

Cerebrovascular disease 0.25 [0.04 to 0.46] 0.022

Chronic lung disease 0.88 [0.60 to 1.17] <0.001

Asthma 0.51 [0.14 to 0.89] 0.007

Liver disease 0.24 [−0.24 to 0.71] 0.325

Diabetes mellitus −0.11 [−0.30 to 0.08] 0.251

Obesity 0.76 [0.33 to 1.18] <0.001

Renal failure/dialysis 0.35 [−0.04 to 0.74] 0.081

Solid tumour −0.07 [−0.34 to 0.20] 0.610

Blood cancer 0.30 [−0.19 to 0.79] 0.225

Collagen disease 0.40 [−0.14 to 0.95] 0.148

Dementia −0.17 [−0.39 to 0.05] 0.122

Living in LTCF 0.29 [0.06 to 0.52] 0.012

Poor physical activity
status

0.77 [0.55 to 0.98] <0.001

LTCF, long-term care facility.
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respectively). Living in a long-term care facility showed no signifi-
cant association with death. As for the results of Fisher’s exact test,
poor physical activity status showed significant difference in mor-
tality (P < 0.001), whereas dementia and admission from a long-
term care facility did not (P = 0.236 and 0.582, respectively).

Discussion

This study identified the risk factors for severe illness due to
COVID-19 caused by the Omicron VOC in older adults. There
has been little evidence relating to these factors in Japan until

now, and our results show that the risk factors for severe illnesses
due to the Omicron VOC are very similar to those of other var-
iants (e.g. Alpha and Delta variants). As suggested previously,
older age, male sex, cardiovascular disease, chronic lung disease
and obesity are among the factors associated with severe
COVID-19 [5, 9, 12, 17, 18]. In addition, these risk factors are
similar to those specific to the elderly population [6]. These
facts may suggest that the original pathology of SARS-CoV-2
infection is inflammation of the respiratory tract, regardless of
the strain or variant of the causative organism.

At least two vaccine doses is strongly associated with non-
severe illness for the Omicron VOC, as well as for other strains

Fig. 1. Results of multivariable logistic regression ana-
lysis. Black circles indicate median. Whiskers indicate
95% confidence intervals. LTCF, long-term care facility.
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[13, 30–32]. This result supports the need to promote vaccination
at the population level, even though there has been concern about
the efficacy of the currently available COVID-19 vaccines against
the Omicron VOC [13].

The results pertaining to dementia should be carefully inter-
preted. Although Fisher’s exact test did not show significant dif-
ferences in the risk of severe disease in the data after PS
matching, logistic regression analysis did not identify dementia
as one of the risk factors for severe illness. In addition, the ATT
for dementia showed a negative relevance to its severity. These
results are not in agreement with those of previous studies [22,
23, 33, 34], and dementia itself would not intuitively seem to
have a positive effect on the severity of COVID-19. However,
two reports from Japan stated that dementia was not a significant
risk factor for severe illness due to COVID-19 [6, 35]. One pos-
sible reason is that dementia is easily confounded by other factors

specific to the elderly population, such as poor physical activity,
and so the true effect of dementia is difficult to determine by sim-
ple logistic regression analysis. Good physical activity is likely an
important factor in preventing severe illnesses, and dementia itself
does not impair physical activity directly. Identifying the reason
for this discrepancy is a future challenge.

According to our results, both living in a long-term care facil-
ity and poor physical activity status were associated with severe
COVID-19, but the ATT for poor physical activity status was
the larger of the two. This may suggest that poor physical activity
status has a greater relevance to the severity of COVID-19 than
living in a long-term care facility; in other words, older adults
who live in such facilities may also have different risk. Those
who have a good physical activity status may have a lower risk
of severe illness even if they live in a long-term care facility.
This finding could be valuable when we consider how long-term

Fig. 2. Balance of demographic characteristics of older COVID-19 inpatients before and after PS matching in relation to (a) with dementia or without dementia, (b)
admission from a long-term care facility or from elsewhere and (c) poor or good physical activity status. LTCF, long-term care facility.

Table 3. Average treatment effect on the treated for each matched cohort on
supplementary oxygen requirement

Factor ATT
95% Confidence

interval P value

Dementia −0.04 [−0.07 to −0.01] 0.004

Living in LTCF 0.09 [0.06 to 0.12] <0.001

Poor physical activity
status

0.17 [0.14 to 0.19] <0.001

ATT, average treatment effect on the treated; LTCF, long-term care facility.

Table 4. Average treatment effect on the treated for each matched cohort on
death

Factor ATT
95% Confidence

interval P value

Dementia −0.03 [−0.04 to −0.01] 0.004

Living in LTCF 0.01 [0.00 to 0.03] 0.158

Poor physical activity
status

0.07 [0.06 to 0.08] <0.001

ATT, average treatment effect on the treated; LTCF, long-term care facility.
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care facilities manage COVID-19, particularly in super-aged soci-
eties like Japan. For instance, there is likely to be substantial diver-
sity in activities of daily living among the residents of long-term
care facilities, and physical activity status could be a potential
determinant for the triage of hospitalisation requests from such
facilities when healthcare resources are limited.

The similar results of ATT for mortality should also be noted.
The negative association seen between dementia and mortality,
and the positive association seen between poor physical activity
and mortality, suggest that physical activity is important to pre-
vent poor clinical outcomes. Furthermore, living in a long-term
care facility did not show any significant difference in mortality.
Given these results, the place of residence itself might be an indir-
ect factor for prognosis, whereas physical activity may be more
directly associated with it.

Several limitations of this study should be noted. First, this was
a retrospective cohort study and not a randomised controlled trial.
Although we adjusted for various factors using PS matching, not
all factors were included in the model. Next, we excluded a large
number of patients from the final analyses because if any two
groups (i.e. presence/absence of dementia, living in a long-term
care facility/elsewhere, good/poor physical activity status) had
substantially different demographic characteristics, then numer-
ous patients had to be removed to adjust the background of
both groups. Although this would strengthen the internal validity
of our results, the external validity and generalisability would be
sacrificed to some extent. Furthermore, because our registry
data did not include information directly assessing the activities
of daily living of each patient (e.g. Barthel Index), we had to
adopt a new indicator comprising several factors associated
with physical activity. These factors – normal diet, independent
walking, and ability to take care of oneself – were assessed by
each physician in each facility participating in our registry, and
subjectivity may have affected the result. Last, we defined severe
disease as having required any supplementary oxygen therapy.
Given that physicians sometimes use supplementary oxygen for
mild cases, we cannot rule out that some mild cases were
included in the severe group in this study, leading to potential
bias of the results. However, our analyses of mortality showed
similar results, so we believe it is reasonable to conclude that
poor physical activity would be associated with a poor clinical
outcome and dementia might be associated with a good clinical
outcome.

Conclusions

Our results suggest that physical activity and living in a long-term
care facility have a substantial association with severe illness
caused by COVID-19 owing to the Omicron-19 variant, whereas
dementia may be associated with non-severe illness. We should
take these factors into consideration in the management of
older adults with COVID-19.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0950268822001686
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