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Many older patients with COVID-19 likely have co-morbid osteoporosis. We investigated the clinical
outcomes of COVID-19 patients with osteoporosis. This was a retrospective cohort study using
national claims data from Korea encoded in the common data model. Patients aged 250 years
diagnosed with COVID-19 infection between January 2020 and April 2022 were included and stratified
into two groups according to a history of osteoporosis. Clinical outcomes of COVID-19 infection

were analyzed using logistic regression analysis after large-scale propensity score stratification. Of
the 597,011 patients with COVID-19 included in the study, 105,172 had a history of osteoporosis.

In patients with a history of osteoporosis, the odds of mortality decreased (odds ratio [OR] 0.82,

P <0.002), whereas most clinical outcomes of COVID-19 did not exhibit differences compared to those
without such a history. Osteoporosis patients with a history of fractures showed increased odds of
pneumonia, hospitalization, major adverse cardiac events, venous thromboembolism, and mortality,
compared to patients without osteoporosis (ORs 1.34-1.58, P<0.001 to P=0.001). Our study suggests
that patients with severe osteoporosis who have experienced fractures have an elevated risk of severe
complications with COVID-19, while osteoporosis patients without fractures who have sought medical
attention have a lower risk of mortality.
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COVID-19, caused by the novel coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
emerged as a global pandemic in late 2019 and continues to pose a significant threat to public health!. While many
individuals experience mild respiratory symptoms, a subset of patients develop severe complications, including
acute respiratory distress syndrome (ARDS), multi-organ dysfunction, and death. Advanced age and the pres-
ence of comorbidities have been identified as risk factors for severe outcomes in COVID-19% Furthermore, some
early case reports and small clinical studies have suggested that COVID-19 has a greater impact on older adults
with underlying conditions compared to younger individuals without these conditions*=>. Numerous studies
have demonstrated that COVID-19-positive older adults with specific conditions, such as diabetes, cardiovas-
cular disease, and obesity, are at a higher risk of hospitalization and mortality than those without these chronic
conditions®. This data on the interplay between comorbidities and the risk of adverse events in patients with
COVID-19, particularly in older adults, has provided guidance to improve the care of this vulnerable population.

Osteoporosis, a prevalent chronic bone disease characterized by reduced bone density and an increased
susceptibility to fractures, affects a significant number of individuals worldwide'. The continued global aging
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of populations leads to an increase in the incidence of osteoporosis and associated fractures, contributing sig-
nificantly to medical, social, and economic burdens'!. Consequently, there is a high likelihood that many older
patients with COVID-19 have comorbid osteoporosis. However, recent studies examining the relationship
between osteoporosis and COVID-19 have primarily focused on the impact of the COVID-19 pandemic on
musculoskeletal health'?*4. A study has reported that infection with SARS-CoV-2, as well as treatment with
glucocorticoids, can accelerate bone loss in these patients'. Moreover, medical treatment for osteoporosis was
interrupted for many patients during the COVID-19 pandemic, potentially increasing the risk of fractures and
related mortality's. However, there has been a scarcity of research exploring the COVID-19-related outcomes
in patients with osteoporosis, who may require specialized care to prevent more severe outcomes from the
infection'’. To fill this research gap, we investigated the clinical outcomes of patients with COVID-19 and osteo-
porosis using national claims data from Korea.

Methods

Study design and data source

This is a retrospective observational cohort study based on the nationwide claims database provided by the Health
Insurance Review and Assessment Service (HIRA) of South Korea. HIRA is a national institution responsible
for providing comprehensive health insurance coverage to the entire South Korean population. The database
comprises a range of data elements, including demographic information, diagnostic reports, procedures, pre-
scription drugs, medical materials, and healthcare resource utilization. We specifically used the data source that
was mapped to the Observational Medical Outcomes Partnership (OMOP) Common Data Model (CDM) ver-
sion 5 by the Big Data Department of the HIRA for COVID-19 research (HIRA COVID-19 OMOP database).
This database comprised 9,822,577 patients who used National Health Insurance of South Korea (extracted by
stratifying 20% of all users by sex and age) between January 2018 and April 2022. The OMOP-CDM from the
distributed research network of the Observational Health Data Science and Informatics (OHDISI) community
serves as a standardized and unified data model. It enables integration of heterogenous data sources into a com-
mon format (concept IDs)'®". The Institutional Review Board and Ethics Committee of Inha University Hospital
approved the study protocol (IRB No. 2022-07-029), which was conducted in accordance with the principles
of the Declaration of Helsinki. The requirement for informed consent was waived by the IRB of Inha University
Hospital due to the de-identified nature of the data utilized from the HIRA COVID-19 OMOP database and
the retrospective study design.

Study cohorts

The study included patients with COVID-19 aged > 50 years between January 2020 and April 2022 and excluded
those who had a previous history of hypercalcemia, hyperparathyroidism, Paget’s disease, osteomalacia, or malig-
nancies. The target cohort was defined as patients who had a documented diagnostic code for osteoporosis or
fractures, or who had been prescribed osteoporosis medications such as selective estrogen receptor modulators
(SERM), bisphosphonates, denosumab, teriparatide, or romosozumab, as defined by the concept sets listed in
Supplemental Table 1 before their COVID-19 infection (the osteoporosis group). The comparator cohort included
those who had neither a diagnostic code for osteoporosis nor fractures, as defined by the concept sets in Sup-
plemental Table 1, and who had not been prescribed any osteoporosis medications from the same table before
their COVID-19 infection (the non-osteoporosis group). The index date was defined as the date of COVID-19
infection.

Study outcomes

The outcomes were the development of pneumonia, hospitalization, acute respiratory distress syndrome (ARDS),
major adverse cardiovascular events (MACE), venous thromboembolism (VTE), and mortality within 30- and
90 days after COVID-19 infection. The concept sets used for the definition of study outcomes are available in
Supplemental Table 2.

Statistical analysis

Analysis tools for the OMOP-CDM are built in the interactive analysis platform ATLAS (version 2.7.6) and the
OHDSI Methods Library R packages version 3.5.1 (R Foundation for Statistical Computing, Vienna, Austria).
ATLAS is a free, publicly available (https://github.com/OHDSI), web-based tool developed by the OHDSI com-
munity. It facilitates the design and execution of analyses on standardized, patient-level observational data in
the CDM format. ATLAS is deployed as a web application in conjunction with the OHDSI WebAPI, and it auto-
matically generates the R code needed to execute the study. Propensity score (PS) stratification was performed
to reduce potential confounding due to an imbalance in the baseline observed covariates between the target (the
osteoporosis group) and the comparator cohorts (the non-osteoporosis group). A large set of covariates was
used to estimate the large-scale PSs, including age groups, sex, year and month of cohort entry, and all recorded
medical histories within 1 year of index date. After PS stratification, logistic regression analysis was performed
to calculate the odds ratio (OR) and 95% confidence interval (CI) of the study outcomes. Subgroup analyses were
conducted based on sex and previous history of fractures. Specifically, we compared the study outcomes between
the osteoporosis and non-osteoporosis groups among both women and men using logistic regression analyses
after PS stratification. Additionally, we assessed the study outcomes between the ‘osteoporosis with fracture’
group (the fracture group) and the ‘non-osteoporosis’ group, as well as between the ‘osteoporosis without fracture’
group (the non-fracture group) and the ‘non-osteoporosis’ group, employing the same statistical methods. All
tests were two-tailed, and P <0.05 was considered statistically significant.
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Results

Cohort selection

During the period from January 2020 to April 2022, a total of 597,011 study-eligible patients with COVID-19
infection were identified. Among them, there were 105,172 patients in the osteoporosis group and 491,839 in
the non-osteoporosis group (Fig. 1).

Cohort characteristics

The baseline characteristics of the patients before and after large-scale PS stratification are presented in Table 1.
After PS stratification, we found no significant imbalance (absolute standardized mean difference > 1.0) in the
baseline variables including age groups, sex, and previous medical histories between the osteoporosis and non-
osteoporosis groups. Especially, there was no significant imbalance in the previous histories of respiratory and
cardiovascular diseases. The cohort balance before and after PS adjustment is also presented in Supplemental
Fig. 1 and preference score distributions for each database are plotted in Supplemental Fig. 2.

Clinical outcomes of COVID-19 infection in patients with a history of osteoporosis

After PS stratification, the odds of clinical outcomes including pneumonia, hospitalization, and ARDS within
30 days after COVID-19 infection were not significantly different between the osteoporosis and non-osteoporosis
groups (Fig. 2). Moreover, the odds of cardiovascular outcomes, including MACE and VTE within 30 days after
COVID-19 infection were not significantly different in the two groups. However, the odds of mortality within
30 days after COVID-19 infection was significantly lower in the osteoporosis group (OR 0.82, 95% CI 0.76-0.89,
P <0.001). The odds of clinical outcomes including pneumonia, hospitalization, ARDS, MACE, and VTE within
90 days after COVID-19 infection were not significantly different between the osteoporosis and non-osteoporosis
groups (Supplemental Fig. 3). However, the odds of mortality within 90 days after COVID-19 infection was
significantly lower in the osteoporosis group (OR 0.85, 95% CI 0.79-0.91, P<0.001).

Clinical outcomes of COVID-19 infection by sex

We conducted subgroups analyses according to sex for the comparison of clinical outcomes of COVID-19
infection between the osteoporosis and non-osteoporosis groups. Among women, COVID-19 patients with
osteoporosis showed no significant differences in the clinical outcomes within 30 days after COVID-19 infection
including pneumonia, ARDS, MACE, and VTE compared to those without osteoporosis (Fig. 3a). Although
the odds of hospitalization were higher in female patients with COVID-19 and osteoporosis compared to those
without osteoporosis (OR 1.04, 95% CI 1.01-1.07, P=0.019), their odds of mortality was lower (OR 0.84, 95%
CI0.76-0.92, P<0.001) within 30 days after COVID-19 infection. The odds of hospitalization were also higher
in female patients with COVID-19 and osteoporosis compared to those without osteoporosis (OR 1.04, 95% CI
1.01-1.07, P = 0.015), while the odds of mortality were lower within 90 days of COVID-19 infection (OR 0.84,
95% CI 0.78-0.92, P<0.001) (Supplemental Fig. 4a). Among men, the odds of clinical outcomes within 30 days
after COVID-19 infection including pneumonia (OR 1.11, 95% CI 1.09-1.21, P=0.026), hospitalization (OR 1.14,
95% CI 1.08-1.20, P<0.001), and MACE (OR 1.18, 95% CI 1.08-1.29, P<0.001) were higher in patients with

Patients with COVID-19 infection =50 years old between January 2020 and Arpil 2022

Exclusion:
Previous history of hypercalcemia, hyperparathyroidism,
Paget's disease, osteomalacia, malignancies

Previous history of osteoporosis, fractures, No history of osteoporosis, fractures,
or osteoporosis medications nor osteoporosis medications
before COVID-19 infection before COVID-19 infection
(Osteoporosis group, N =105,172) (Non-osteoporosis group, N =491,839)

Figure 1. Flow chart of cohort selection.
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Before PS stratification After PS stratification
Osteoporosis group (%) | Non-osteoporosis group (%) Osteoporosis group (%) | Non-osteoporosis group (%)

Characteristic N=105,172 N=491,839 SMD | N=105,172 N=491,839 SMD
Age group (years)

50-54 7.7 29.1 -0.57 | 25.0 25.5 -0.01
55-59 133 20.7 -0.20 | 19.5 19.6 0.00
60-64 16.8 194 -0.07 | 184 19.1 -0.02
65-69 17.6 12.6 0.14 | 12.5 13.4 -0.03
70-74 14.1 6.9 023 | 82 7.9 0.01
75-79 10.4 4.2 024 | 59 5.1 0.04
80-84 9.6 3.3 0.26 | 4.9 4.3 0.03
85-89 6.4 2.2 021 | 33 29 0.02
90-94 3.1 1.1 0.14 | 1.7 1.5 0.01
95-99 0.8 0.4 0.05 | 0.5 0.5 0.01
100-104 0.1 0.1 0.02 | 0.1 0.1 0.01
Gender: female 85.3 46.5 0.90 | 53.7 53.1 0.01
Medical history: General

Acute respiratory disease 57.1 50.4 0.13 | 51.7 51.3 0.01
Chronic liver disease 4.9 35 0.07 | 4.4 3.7 0.04
Chronic obstructive pulmonary disease | 2.1 1.3 0.06 | 1.6 14 0.01
Dementia 13.7 5.3 0.29 | 8.1 6.9 0.05
Depressive disorder 15.0 7.2 025 | 9.9 84 0.05
Diabetes mellitus 25.2 18.0 0.18 | 21.6 19.0 0.06
Gastroesophageal reflux disease 36.7 25.0 0.25 | 28.3 26.6 0.04
Gastrointestinal hemorrhage 2.6 1.8 0.06 | 2.1 1.9 0.01
Hyperlipidemia 55.5 385 0.35 | 44.6 41.0 0.07
Hypertensive disorder 50.0 38.1 0.24 | 43.2 39.9 0.07
Lesion of liver 23 22 0.00 | 2.6 2.2 0.03
Obesity 0.1 0.1 0.01 | 0.1 0.1 0.00
Osteoarthritis 24.8 11.9 0.34 | 14.5 13.5 0.03
Pneumonia 4.0 2.3 0.10 | 3.1 2.6 0.03
Psoriasis 0.7 0.8 0.00 | 0.8 0.8 0.01
Renal impairment 3.3 1.8 0.09 | 2.8 2.1 0.04
Rheumatoid arthritis 24 0.9 0.12 | 14 1.1 0.03
Schizophrenia 1.2 1.3 -001 | 1.7 1.3 0.03
Ulcerative colitis 0.2 0.1 0.01 | 0.3 0.1 0.03
Urinary tract infectious disease 5.6 35 0.10 | 4.7 3.8 0.04
Viral hepatitis C 0.4 0.2 0.03 | 0.3 0.3 0.01
Visual system disorder 48.0 35.4 0.26 | 38.5 37.1 0.03
Medical history: Cardiovascular disease

Atrial fibrillation 2.0 1.2 0.06 | 1.5 1.3 0.02
Cerebrovascular disease 8.0 4.0 0.17 | 5.3 4.6 0.03
Coronary arteriosclerosis 1.6 1.4 0.02 | 1.5 14 0.01
Heart disease 18.8 11.8 0.19 | 14.3 12.8 0.04
Heart failure 6.9 3.7 0.14 | 45 4.1 0.02
Ischemic heart disease 9.8 6.4 012 | 7.7 6.8 0.03
Peripheral vascular disease 17.1 9.3 0.23 | 11.5 10.4 0.04
Pulmonary embolism 0.5 0.2 0.04 | 0.4 0.3 0.02
Venous thrombosis 1.0 0.5 0.05 | 0.7 0.6 0.02

Table 1. Selected baseline characteristics of study participants before and after large-scale PS stratification. PS
propensity score, SMD standardized mean difference.

osteoporosis than in those without (Fig. 3b), while the odds of ARDS, VTE, and mortality were not significantly
different between the two groups. However, the odds of mortality (OR 1.20, 95% CI 1.06-1.35, P=0.003) within
90 days of COVID-19 infection were also significantly higher in male patients with osteoporosis than in those
without (Supplemental Fig. 4b).
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Osteoporosis

Non-osteoporosis

group group
(N =105,172) (N = 491,839)

event N event N ORs (95%Cl) P values
Pneumonia 3,046 10,798 It 1.10 (0.97-1.06) 0.568
Hospitalization 9,628 35,136 1.02 (0.99-1.05) 0.122
ARDS 106 372 ——i 0.93 (0.72-1.19)  0.568
MACE 2,761 6,853 Hod 1.03 (0.98-1.08)  0.250
VTE 406 1,215 He— 1.10 (0.97-1.25)  0.153
Mortality 1,015 2,693 o 0.82 (0.76-0.89) <0.001

05 1.0 15 20

Osteoporosis
group favor

Non-osteoporosis
group favor

Figure 2. Odds ratios for clinical outcomes within 30 days after COVID-19 infection in patients with a
previous history of osteoporosis after large-scale PS stratification. ARDS, acute respiratory distress syndrome,
MACE, major adverse cardiovascular events, VTE, venous thromboembolism, ORs, odds ratios, CI, confidence
interval. Logistic regression analysis was performed after large-scale PS stratification.

Clinical outcomes of COVID-19 infection based on previous fracture history

We divided patients in the osteoporosis group into those who had a previous history of fractures (the fracture
group; N=17,669, 16.8%) and those who did not (the non-fracture group; N =287,503, 83.2%) (Fig. 4). After
PS stratification, the odds of clinical outcomes including pneumonia (OR 1.34, 95% CI 1.24-1.44, P<0.001),
hospitalization (OR 1.54, 95% CI 1.48-1.60, P<0.001), MACE (OR 1.58, 95% CI 1.48-1.70, P<0.001), VTE
(OR 1.40, 95% CI 1.24-1.44, P=0.001), and mortality (OR 1.45, 95% CI 1.32-1.60, P<0.001) within 30 days
after COVID-19 infection were significantly higher in the fracture group than in the non-osteoporosis group
(Fig. 4a). However, in the non-fracture group, the odds of clinical outcomes including pneumonia, ARDS,
MACE, and VTE within 30 days after COVID-19 infection were not significantly different from those in the non-
osteoporosis group (Fig. 4b). The odds of hospitalization (OR 0.96, 95% CI 0.92-0.99, P=0.012) and mortality
(OR 0.72, 95% CI 0.65-0.80, P <0.001) within 30 days after COVID-19 infection were significantly lower in the
non-fracture than in the non-osteoporosis group. The odds of clinical outcomes including pneumonia (OR 1.33,
95% CI 1.23-1.43, P<0.001), hospitalization (OR 1.53, 95% CI 1.48-1.59, P<0.001), MACE (OR 1.55, 95% CI
1.45-1.65, P<0.001), VTE (OR 1.40, 95% CI 1.14-1.70, P=0.001), and mortality (OR 1.46, 95% CI 1.34-1.59,
P <0.001) within 90 days after COVID-19 infection were also significantly higher in the fracture group than in
the non-osteoporosis group (Supplemental Fig. 5a). However, in the non-fracture group, the odds of clinical
outcomes including pneumonia, ARDS, MACE, and VTE within 90 days after COVID-19 infection were not
significantly different from those in the non-osteoporosis group, while the odds of mortality (OR 0.76, 95% CI
0.69-0.83, P<0.001) within 90 days after COVID-19 infection were significantly lower in the non-fracture than
in the non-osteoporosis group (Supplemental Fig. 5b).

Discussion

In this study, we found that patients with COVID-19 who had a history of osteoporosis did not exhibit significant
differences in clinical outcomes, such as pneumonia, hospitalization, ARDS, MACE, and VTE, compared to those
without such a history, but they demonstrated improved mortality outcomes. Conversely, among patients with
osteoporosis, male sex and a history of fractures were risk factors for worse COVID-19 outcomes in terms of
pneumonia, hospitalization, MACE, VTE, and mortality, compared to patients without osteoporosis.

Although the acute phase of the COVID-19 pandemic appears to be subsiding, the virus has not been eradi-
cated and continues to circulate globally. This ongoing presence necessitates sustained vigilance regarding the
impact of the disease, particularly among the global aged population, who are more susceptible to various
infectious diseases. Despite the fact that osteoporosis is a very prevalent chronic disease in aged populations, the
clinical outcome of COVID-19 in patients with osteoporosis has not been broadly studied yet. Only one previous
Korean study reported that the risk of COVID-19 infection was associated with comorbid osteoporosis, whereas
the risk of severe COVID-19 infection was not'’. In this context, our study results are groundbreaking, offering
unique insights into the clinical outcomes of COVID-19 infections in patients with osteoporosis and guiding
the management of patients with COVID-19 who have poor bone health.

Our study provides evidence that poor bone health can worsen clinical outcomes in patients with COVID-19.
Specifically, patients with osteoporosis who have experienced fractures—a marker of a more severe form of the
condition—typically exhibited poorer clinical outcomes, including pneumonia, hospitalization, MACE, VTE, and
mortality within both 30 and 90 days of COVID-19 infection. Like our study, previous studies have evaluated the
role of vertebral fractures as predictors of COVID-19 outcomes***!. These studies found that vertebral fractures
at the time of COVID-19 infection were associated with respiratory deterioration and mortality. Conversely,
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Figure 3. Odds ratios for clinical outcomes within 30 days after COVID-19 infection in patients with a
previous history of osteoporosis according to sex after large-scale PS stratification. (a) Women (b) Men.
ARDS, acute respiratory distress syndrome, MACE, major adverse cardiovascular events, VTE, venous
thromboembolism, ORs, odds ratios, CI, confidence interval. Logistic regression analysis was performed after
large-scale PS stratification.

studies evaluating the association between low bone mineral density (BMD) at the time of COVID-19 infection
and disease severity showed inconsistent results??~?%. This suggests that fractures, as indicators of poor bone
health, rather than low BMD, are significant factors related to severe COVID-19 infection. The negative effects
of fractures on the clinical outcomes of patients with COVID-19 infection can be explained by the characteristics
of such patients, including old age, poor general health, and concurrent chronic diseases. However, it has been
reported that vertebral fractures themselves are associated with impaired respiratory function and pneumonia*?¢
and these have been proven to be linked to mortality, not solely explained by age and concurrent diseases®”?5.
Moreover, the risk of coronary artery disease and stroke is higher in patients with a history of osteoporotic frac-
tures than in non-osteoporotic patients, or even in those with osteoporosis without fractures**. A recent small
study reported that patients with hip fractures and concomitant COVID-19 infection had an increased risk of
MACE and VTE?*'. Similarly, the results of our study—after adjusting for various confounding factors, includ-
ing age and concurrent diseases—still indicated poorer outcomes, such as pneumonia, hospitalization, MACE,
VTE, and mortality in patients with COVID-19 who had osteoporotic fractures. This suggests a potential direct
impact of poor bone health on the clinical outcomes of COVID-19 infections, underscoring the need for more
careful management of COVID-19 patients with severe osteoporosis.

In our study, we observed that males diagnosed with osteoporosis encountered significantly poorer outcomes
following their COVID-19 infection when compared to their counterparts without osteoporosis. This pattern
contrasted with the outcomes observed within the female subgroup, suggesting a gender-specific differential
impact. It is noteworthy that males who eventually seek healthcare services for osteoporosis often present with
a more advanced and severe form of the condition, including instances of secondary osteoporosis, in contrast to
their female counterparts®. Such severe manifestations of osteoporosis in the male population may have a direct
correlation with the worse outcomes of COVID-19 in this group, further emphasizing the potential significant
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Figure 4. Odds ratios for clinical outcomes within 30 days after COVID-19 infection according to previous
history of fractures after large-scale PS stratification. (a) The fracture group (b) The non-fracture group.
ARDS, acute respiratory distress syndrome, MACE, major adverse cardiovascular events, VTE, venous
thromboembolism, ORs, odds ratios, CI, confidence interval. Logistic regression analysis was performed after
large-scale PS stratification.

impact of compromised bone health on the overall clinical outcomes of COVID-19 infection. This phenomenon
further underscores the critical issue of the significant underdiagnosis of osteoporosis among males despite its
considerable prevalence, thereby necessitating increased awareness and proactive screening measures, especially
in male patients with COVID-19.

However, our study’s findings require nuanced interpretation due to several factors. While COVID-19 out-
comes did not significantly differ between the osteoporosis and non-osteoporosis groups within 30 and 90 days
of infection, the osteoporosis group exhibited lower mortality rates, contrary to expectations. Despite this finding
appearing contradictory, it may be related to the characteristics of national claims data, indicating that individuals
with osteoporosis diagnosis codes may be healthier due to their more frequent use of health services!”. However,
there is also a possibility that some factors related to osteoporosis themselves could confer a protective effect
against mortality in COVID-19 outcomes. While many approaches have been developed to discover new drugs
and targets for inhibiting or treating SARS-CoV-2 infection®, efforts have also been made to repurpose existing
drugs as therapeutic agents to cure or mitigate the impact of COVID-19. In this context, it has been observed
that medications for osteoporosis, such as bisphosphonates and SERMs, might improve COVID-19 outcomes.
While two studies particularly focusing on the effects in previous bisphosphonate users showed contradictory
results, with one demonstrating that previous bisphosphonate use was associated with the severity of COVID-19
infection and the other that it was not, in the study that found a significant association, previous use of bisphos-
phonates was linked to reduced odds of COVID-19 diagnosis and related hospitalizations**?’. Raloxifene has been
found to modulate the replication of SARS-CoV-2 and act as an immunomodulator, decreasing proinflammatory
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cytokines, and it has also shown evidence of effect on the primary virologic endpoint in the treatment of patients
with early mild- to moderate COVID-19 by shortening the time of viral shedding®-.

Similarly, there is substantial evidence that vitamin D, commonly used as a supplement in patients with osteo-
porosis and osteopenia, has a beneficial effect on COVID-19 outcomes*'. Vitamin D metabolites can modulate
immunopathological inflammation and induce the expression of genes encoding antimicrobial peptides***;
some of these have been shown to bind to the SARS-CoV-2 spike protein and inhibit its binding to the cellular
angiotensin-converting enzyme 2 receptor***. Accordingly, consistent evidence supports the association between
low 25-hydroxy vitamin D levels and poor COVID-19 outcomes*. Data from interventional studies even suggest
that vitamin D administration could positively affect outcomes for patients with COVID-19, although these find-
ings need to be corroborated by robust randomized controlled trials*”*%. Since patients in the osteoporosis group
may have been treated more frequently with medications such as bisphosphonates or SERMs and supplemented
with vitamin D, either prescribed or as self-administered supplements, the better mortality of COVID-19 in the
osteoporosis group in our study may be attributable to the effect of these drugs and vitamin D on COVID-19.

This study has several strengths. First, this study evaluated very large numbers of patients with COVID-19
(about half a million using national claims data), which allowed us to draw reliable conclusions about clinical
outcomes of COVID-19 according to the comorbid osteoporosis status. Second, we used robust methods to
account for the confounding factors, including large-scale PS stratification using several covariates. Third, we
conducted various subgroup analyses to demonstrate the severity of osteoporosis on the outcome of COVID-19.
Fourth, since we conducted this analysis using CDM based on ATLAS tools, this allows independent researchers
to replicate our findings rapidly if we provided the codes for this study based on distributed network analyses.
However, this study also has limitations. First, since we used national claims data which did not include BMD
data, we categorized patients with osteoporosis or fractures based on the diagnostic codes, which may have
introduced potential misclassification bias. Second, albeit this categorization may reflect the health service uti-
lization of patients with osteoporosis, we could not statistically adjust these effects between those categorized as
having osteoporosis or not. Third, we could not be provided the cause of mortality because of the characteristics
of data from HIRA; thus we could not evaluate whether the mortality of patients with COVID-19 in our study
was COVID-19 related or not. Lastly, although lower mortality in the osteoporosis group may be attributed to
the positive impact of osteoporosis medications on COVID-19, we observed no significant differences in clinical
outcomes among the subgroup using these medications (data not shown), as they constituted a small portion
(about 7%) of the osteoporosis group. Additionally, we did not assess the effect of vitamin D on COVID-19
since vitamin D supplementation was largely self-administered and not detectable through national claims data.

In conclusion, our study suggests that patients with severe osteoporosis who have experienced fractures
have an elevated risk of severe complications with COVID-19. However, patients with osteoporosis who have
not experienced fractures and have sought medical attention have demonstrated a lower risk of mortality. This
study is among the first to comprehensively investigate the clinical outcomes of COVID-19 infection in patients
with osteoporosis, offering significant clinical implications. It suggests that effective management of osteoporosis
could lead to improved clinical outcomes in the context of COVID-19, despite the potential for deteriorating
bone health itself to exacerbate the severity of COVID-19 complications. Moreover, our findings indicate a need
for more meticulous management of COVID-19 patients with a history of severe osteoporosis to mitigate the
risk of adverse outcomes.

Data availability

The data that support the findings of this study are available from the Health Insurance Review and Assessment
Service (HIRA) of South Korea but restrictions apply to the availability of these data, which were used under
license for the current study from HIRA of South Korea, and so are not publicly available. Data may be available
from the authors (Seong Hee Ahn or Dong Han Yu) upon reasonable request and with permission of HIRA of
South Korea.
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