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Physician characteristics associated with
antiviral prescriptions for older adults
with COVID-19 in Japan: an observational

study

Atsushi Miyawaki

Yusuke Tsugawa @ *©

ABSTRACT

Objectives Although guidelines recommend antiviral
therapy for outpatients with COVID-19 who are at high risk
of progressing to severe conditions, such as older adults,
many patients do not receive appropriate treatment. Little
is known, however, about the physician factors associated
with the prescription of guideline-recommended antiviral
therapy for patients with COVID-19.

Design A cross-sectional study.

Setting Data including outpatient visits in primary care
clinics in Japan from April to August 2023.

Participants We analysed 30953 outpatients aged >65
years treated with COVID-19 (mean (SD) age, 75.0 (7.6) years;
17652 women (57.0%)) in 1394 primary care clinics.
Outcome measures The primary outcome was the
prescription of guideline-recommended antivirals (ie,
nirmatrelvir—ritonavir or molnupiravir), adjusted for patient
characteristics, months of visits and regions.

Results Antiviral prescriptions were concentrated

among a small proportion of physicians; for example,

the top 10% of physicians that had the largest number

of nirmatrelvir—ritonavir prescriptions accounted for
92.4% of all nirmatrelvir—ritonavir prescriptions. After
adjusting for potential confounders, physicians with higher
patient volumes were more likely to prescribe guideline-
recommended antivirals to their patients (adjusted OR
(aOR) for high vs low volume, 1.76; 95% Cl 1.31 to

2.38; adjusted p<0.001). We found no evidence that the
likelihood of guideline-recommended antiviral prescription
differed based on physicians’ gender (aOR for women

vs men, 1.24; 95% Cl 0.88 to 1.74; adjusted p=0.48) or
age (aO0R for 45-59 vs <45 years, 1.16; 95% Cl 0.87 to
1.54; adjusted p=0.48; aOR for >60vs <45 years, 0.88;
95% Cl 0.66 to 1.16; adjusted p=0.48). These patterns
were similar when examining nirmatrelvir—ritonavir and
molnupiravir separately.

Conclusions Our findings suggest that provider-level
factors, such as the clinical experience of treating the
patients with COVID-19, play an important role in the
appropriate prescription of antiviral medications for
COVID-19 in the primary care setting.

INTRODUCTION
Ensuring access to effective COVID-19 medi-
cations in primary care is essential to reduce

,123 Kei Kitajima,* Akihiro Iwata,* Daichi Sato,*

STRENGTHS AND LIMITATIONS OF THIS STUDY

= To examine physician characteristics associated
with antiviral prescriptions for older adults with
COVID-19, we analysed nationwide primary care
clinic database in Japan.

= We could not fully account for unmeasured con-
founders that might be related to both the patients’
choice of physicians and the likelihood of antivi-
ral therapy use, such as the severity of COVID-19
symptoms.

= Our findings might not be generalisable to oth-
er contexts, including hospital inpatient care and
emergency department care and other countries.

hospitalisations due to COVID-19 and the
burden on the healthcare system from its
surge. Nirmatrelvir/ritonavir (Paxlovid) and
molnupiravir (Lagevrio) are oral antiviral
agents effective at preventing hospitalisa-
tion and death in patients with COVID-19
who are at high risk of progressing to severe
conditions when initiated within 5days of
symptom onset.' > Nirmatrelvir/ritonavir has
been shown in multiple studies to be effec-
tive in preventing hospitalisation even after
the emergence of the Omicron variant and
the widespread use of COVID-19 vaccina-
tion.”® Although guidelines recommend
these oral antiviral agents for outpatients with
COVID-19 who are at high risk of progressing
to severe conditions, such as older adults,1 2
studies have shown that substantial number of
patients do not receive such treatment.”” ®? 1

Research has shown that variation in the
receipt of antiviral therapy for COVID-19
according to patient characteristics, including
older age, socioeconomic status, race, greater
COVID-19 symptom severity and mobility
difficulties.” " However, although individual
physicians play an important role in deter-
mining the healthcare services patients
receive, to our knowledge, no study to date
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has investigated physician characteristics associated with
the prescription of antiviral therapy for patients with
COVID-19. Given that the COVID-19 is one of the most
common infections seen in primary care, understanding
how prescribing antiviral therapy for recommended
groups, such as older adults, differs between types of
physicians is imperative to ensure that patients have
appropriate access to antiviral therapy.

To address thisimportantknowledge gap, using anation-
wide primary care clinic database in Japan, we aimed to
examine the physician-level variation in prescribing anti-
virals for older adults with COVID-19 and physician char-
acteristics associated with antiviral prescriptions.

METHODS

Data

This cross-sectional study analysed the Japan Medical Data
Survey (JAMDAS), a nationwide database of primary care
clinics providing outpatient healthcare in Japan. The
JAMDAS database is collected and compiled by M3, Inc
(Tokyo, Japan)'' and includes all outpatient visits to the
analytic clinics and patient-level information on patients’
diagnoses, prescriptions, medical practices provided, vital
data and laboratory data. It also includes the character-
istics of clinics and physicians working in the clinic (eg,
regions where clinics are located and owner physicians’
gender and age). All the physicians in our database were
primary care physicians providing basic diagnosis and
treatment of common illnesses and medical condition
in their clinics. This database has been used in prior
research, and details are described there.!?

Patient population

We analysed outpatients aged =65 years diagnosed with
COVID-19 (defined using the International Classification
of Diseases, Tenth Edition (ICD-10) code U07.1) in clinics
continuously observed in the JAMDAS database from 1
April to 31 August 2023. We chose outpatients aged =65
years because this age group accounted for a majority of
all COVID-19 deaths.” We analysed visits for which the
COVID-19 diagnosis date corresponded with the date of
the visit (ie, we excluded revisits after the initial visit).'* We
excluded patients with any steroid prescription or oxygen
saturation <94% (1.5% of the total visits) to restrict to
patients with mild-to-moderate COVID-19 who did not
require supplemental oxygen. We also excluded patients
who received intravenous antiviral treatment (<0.1%). To
improve the generalisability of our findings, all analyses
were weighted using the inverse of the inclusion proba-
bility of clinics being included in the JAMDAS database,
an approach used in our prior study.'”

Physician characteristics

Physician characteristics examined were physicians’
gender, age (<45, 45-59 or 260 years) and patient volume
(defined as the terciles of the clinic’s average number of
older patients with COVID-19 per month). In identifying

physician characteristics, we attributed each clinic to its
owner physician because most Japanese clinics are solo-
practices.”* ¥ Although it should be noted that in the
Japanese primary care system, some primary care physi-
cians are also qualified as specialists, most of such physi-
cians provide primary care for a wide range of conditions,
including COVID-19, regardless of their specialty. There-
fore, coupled with the lack of reliable information on
specialist qualifications in our data, we did not include
physician specialty in our analysis.

Outcomes
The primary outcome was the prescription of oral antiviral
therapy recommended in the guidelines in Japan and the
USA (ie, nirmatrelvir-ritonavir or molnupiravir).1 2 The
prescription of guideline-recommended oral antiviral
therapy is one of the most important process indicators
in the care of COVID-19 because it has been proven to
improve important clinical outcomes, such as patient
hospitalisation and mortality."® Secondary outcomes
were prescriptions of each antiviral agent. We also exam-
ined prescription of ensitrelvir, an antiviral agent devel-
oped in Japan that is not currently recommended in the
US guidelines due to limited efficacy information.'
Nirmatrelvir-ritonavir, molnupiravir and ensitrelvir
received emergency use approval from the Ministry of
Health, Labour and Welfare in February 2022, December
2021 and November 2022, respectively and were subse-
quently became covered under the public health insur-
ance systems in March 2023, September 2022 and March
2023, respectively. This indicates that, during the study
period (April to August 2023), all available oral antivi-
rals were covered by public health insurance systems
and government subsidies, with no out-of-pocket cost for
patients; furthermore, all physicians were authorised to
prescribe the three oral viral agents studied, and all phar-
macies were authorised to dispense them. Unlike the Test
to Treat programme in the USA, only physicians could
prescribe antivirals in Japan, not pharmacists.

Adjustment variables

We adjusted for patient characteristics, months of visits and
regions where clinics were located (Hokkaido, Tohoku,
Kanto, Chubu, Kinki, Chugoku, Shikoku or Kyusyu/
Okinawa). Patient characteristics included gender, age
(65—74, 75-84 or 285 years), number of comorbidities (0,
1, or 22),1 and use of drugs contraindicated with nirma-
trelvir-ritonavir.'* Comorbidities included 11 underlying
conditions according to codiagnoses,”” including cancer
(ICD-10 code C00-C43 and C45-C97), chronic kidney
disease (N18 and N19), chronic liver disease (B18, 185,
1864, 1982, K70-K76 and Z944), chronic lung disease
(J40-J47, 126, 1270, 1272, J84), cerebrovascular disease
(I60-169), diabetes (E10-E14), dementia (FOO-F03, FO51
and G30), heart conditions (I120-125 and I150), mental
health conditions (F20-F33 and F43), obesity (body mass
index >30 (calculated from body height and body weight
recorded in electronic health record)) and the use of
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immunosuppressive drugs (defined using the first-level
Anatomical Therapeutic Chemical classification code
L). Drugs contraindicated with nirmatrelvir-ritonavir
coadministration were identified according to a list devel-
oped by the Japan Pharmaceutical and Medical Devices
Agency.'

Statistical analysis

First, we described patient characteristics and the treat-
ment they received. Second, to examine clinic-level varia-
tion in antiviral prescribing, we aggregated the numbers
of prescriptions of guideline-recommended oral antiviral
therapy (nirmatrelvir-ritonavir and molnupiravir sepa-
rately) for each clinic and examined their cumulative
distributions.

Third, we examined associations of physician charac-
teristics with antiviral prescribing patterns using logistic
regression models that adjusted for patient characteristics
(described in the Adjustment variables section), months
and regions. We used generalised equation estimation to
account for within-clinic correlation adjusting p values
for multigle comparisons using the Benjamini-Hochberg
method;1 we used Stata, V.17 (StataCorp LLC).

Patient and public involvement

Data were derived from administrative records; no
patients were involved in setting the research question or
the outcome measures, nor were they involved in devel-
oping plans or implementation of the study. No patients
were asked to advise on interpretation or writing up of
results.

RESULTS

We analysed 30953 outpatients (mean (SD) age, 75.0
(7.6) years; 17652 women (57.0%)) aged 65 years or older
treated with COVID-19in 1394 primary care clinics. Among
them, 11055 (35.8%) received guideline-recommended
antiviral prescriptions (table 1). Molnupiravir was more
commonly prescribed than nirmatrelvir-ritonavir (9735
(31.5%) vs 1320 (4.3%)). Ensitrelvir was prescribed for
2016 (6.5%) patients. Patients who did not receive any
oral antiviral agents accounted for more than half of the
patients. The number of patients using drugs contraindi-
cated with nirmatrelvir-ritonavir was small, 854 (2.8%).
The proportion in each treatment category is shown in
online supplemental table 1.

The distribution of volume of older patients with
COVID-19 per physician was skewed to the right (online
supplemental figure 1). The average number of older
patients with COVID-19 per month of low, medium and
high patient volume physicians was <1.8 (physician-level
mean 0.8), 1.8 to 4.8 (physician-level mean 3.1) and
4.9-50.8 (physician-level mean 9.0), respectively.

We identified substantial physician-level variation in
prescribingantivirals (figure 1). The 10% of physicians that
had the largest number of nirmatrelvir-ritonavir prescrip-
tions accounted for 92.4% of all nirmatrelvir-ritonavir

prescriptions, and the 10% of physicians who had the
largest number of molnupiravir prescriptions accounted
for 52.8% of all molnupiravir prescriptions.

In logistic regression analyses (table 2), we found no
evidence that the likelihood of guideline-recommended
antiviral prescription differed based on physicians’
gender (adjusted OR (aOR) for women vs men, 1.24; 95%
CI 0.88 to 1.74; adjusted p=0.48) or age (aOR for 45-59 vs
<45 years, 1.16; 95% CI 0.87 to 1.54; adjusted p=0.48; aOR
for 260vs <45 years, 0.88; 95% CI 0.66 to 1.16; adjusted
p=0.48). However, physicians with higher patient volumes
were more likely to prescribe guideline-recommended
antivirals to their patients (aOR for high vs low volume,
1.76; 95% CI 1.31 to 2.38; adjusted p<0.001).

These patterns of the associations between physician
characteristic and guideline-recommended antiviral
prescriptions were similar when examining nirmatrelvir—
ritonavir and molnupiravir separately (table 2), though
the association between patient volume and nirmatrelvir—
ritonavir prescribing did not reach statistical significance
due to the low prescription rate of the nirmatrelvir—
ritonavir. For ensitrelvir, we found no evidence that the
prescription rates for older patients with COVID-19
differed based on physicians’ gender (aOR for female
vs male, 0.90; 95% CI 0.50 to 1.61; adjusted p=0.72),
age (aOR for 260vs <45 years, 1.24; 95% CI 0.72 to 2.13;
adjusted p=0.55; and aOR for 45-59 vs <45 years, 1.35;
95% CI 0.79 to 2.29; adjusted p=0.55) or patient volume
(aOR for high vs low volume, 0.81; 95% CI 0.51 to 1.28;
adjusted p=0.55; and aOR for medium versus low volume,
0.64; 95% CI 0.40 to 1.04; adjusted p=0.36).

DISCUSSION

Using a nationwide database of primary care clinics in
Japan, we found that physicians with higher volumes of
older patients with COVID-19 were more likely to prescribe
guideline-recommended antivirals to their patients,
suggesting that provider-level factors may play a role in
the appropriate prescription of antiviral medications for
COVID-19 in primary care settings. On the contrary, the
likelihood of antiviral prescriptions for COVID-19 did not
differ based on physicians’ age or gender. Taken together,
our findings indicate the importance of continued
efforts, such as disseminating the information on the
up-to-date clinical guidelines'® and providing the educa-
tion programme, peer support or enhanced specialty—
primary care interactions for primary care physicians with
limited experience of treating patients with COVID-19,"
to improve access to antiviral therapy in populations at
high risk of progressing to severe COVID-19.

We found that physicians’ volume of patients with
COVID-19 was associated with a higher rate of prescrip-
tion of guideline-recommended antivirals. One explana-
tion for this association is that accumulation of clinical
experience in COVID-19 care associated with treating a
larger number of patients with COVID-19 may improve
physicians’ antiviral prescribing patterns.” For example,
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Table 1 Characteristics and treatment received by older adults diagnosed with COVID-19 in Japanese primary care settings
between April and August 2023

By medication type, n (%)

All, n (%) Nirmatrelvir-ritonavir Molnupiravir Ensitrelvir No treatment

Number of visits 30953 1320 9735 2016 17883
Patient characteristics
Gender

Male 13301 (43.0) 513 (38.9) 4224 (43.4) 940 (46.6) 7625 (42.6)

Female 17652 (57.0) 807 (61.1) 5511 (56.6) 1076 (53.4) 10258 (57.4)
Age, year

65-74 16913 (54.6) 684 (51.8) 4441 (45.6) 1251 (62.1) 10537 (58.9)

75-84 6043 (19.5) 222 (16.8) 1977 (20.3) 383 (19.0) 3461 (19.4)

> 85 7997 (25.8) 415 (31.4) 3316 (34.1) 381 (18.9) 3884 (21.7)
Number of comorbidities *

0 20121 (65.0) 826 (62.6) 6134 (63.0) 1450 (71.9) 11712 (65.5)

1 5622 (18.2) 238 (18.0) 1714 (17.6) 330 (16.4) 3340 (18.7)

>2 5210 (16.8) 256 (19.4) 1887 (19.4) 236 (11.7) 2830 (15.8)
Use of drugs contraindicated with nirmatrelvir-ritonavir

No 30099 (97.2) 1303 (98.7) 9389 (96.4) 1991 (98.8) 17416 (97.4)

Yes 854 (2.8) 17 (1.3) 346 (3.6) 24 (1.2) 467 (2.6)
Month of 2023

April 1338 (4.3) 10 (0.8) 275 (2.8) 31(1.5) 1021 (5.7)

May 2456 (7.9) 54 (4.1) 699 (7.2) 82 (4.1) 1620 (9.1)

June 4215 (13.6) 124 (9.4) 1347 (13.8) 283 (14.0) 2461 (13.8)

July 8737 (28.2) 349 (26.4) 2750 (28.2) 689 (34.2) 4950 (27.7)

August 14208 (45.9) 783 (59.3) 4665 (47.9) 931 (46.2) 7830 (43.8)
Physician characteristics
Gender

Male 28926 (93.5) 1200 (90.9) 9073 (93.2) 1925 (95.5) 16728 (93.5)

Female 2027 (6.5) 120 (9.1) 662 (6.8) 90 (4.5) 1155 (6.5)
Age, years

<45 2357 (7.6) 132 (10.0) 714 (7.3) 136 (6.7) 1374 (7.7)

45-59 9193 (29.7) 420 (31.8) 3608 (37.1) 530 (26.3) 4635 (25.9)

> 60 19408 (62.7) 768 (58.2) 5413 (55.6) 1349 (66.9) 11873 (66.4)
Patient volume 1

Low 1602 (5.2) 49 (3.7) 401 (4.1) 117 (5.8) 1034 (5.8)

Medium 7738 (25.0) 272 (20.6) 2016 (20.7) 395 (19.6) 5055 (28.3)

High 21613 (69.8) 998 (75.6) 7318 (75.2) 1508 (74.6) 11794 (66.0)

Data are from outpatients aged>65 years with COVID-19 who visited 1394 primary care physicians’ clinics as reported in the Japan Medical
Data Survey database. To improve the generalisability of our findings, analyses were weighted using the inverse of the inclusion probability
of each clinic to be included in the JAMDAS database; therefore, number of patients in each category may not add up to the total number of
patients. The proportion in each treatment category is shown in online supplemental table 1.

*Comorbidities consisted of 11 underlying conditions, including cancer, chronic kidney disease, chronic liver disease, chronic lung disease,
cerebrovascular disease, diabetes, dementia, heart conditions, mental health conditions, obesity and the use of immunosuppressive drugs.
TDefined based on past prescriptions at the clinic where the patient was seen.

FDefined as the terciles of the clinic’s average number of COVID-19 visits per month.

physicians providing care to more outpatients with
COVID-19 may be more compliant with the latest guide-
lines and more accustomed to clinical process when

prescribing antivirals (explaining to patients, assessing
concomitant medications, arranging for pharmacies
that can dispense them).”' If this was the case, future
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https://dx.doi.org/10.1136/bmjopen-2023-083342

A Nirmatrelvir-ritonavir
100 —

80

607 Top 10% of clinics

accounted for 92.4% —
of all prescriptions

40+

20+

Cumulative % of prescriptions

— 7.6

|
0 20 40 60 80 90 100
Cumulative % of clinics
Figure 1

B Molnupiravir
100 —

80 Top 10% of clinics
accounted for 52.8% —
of all prescriptions

60

40+

20+

Cumulative % of prescriptions

0 20 40 60 80 90 100
Cumulative % of clinics
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Data are from outpatients aged>65 years with COVID-19 who visited 1394 primary care clinics as reported in the Japan Medical
Data Survey database. We aggregated the number of prescriptions of nirmatrelvir—ritonavir (A) and molnupiravir (B) separately

for each clinic and examined their cumulative distributions.

policies can encourage physicians with limited experi-
ence with treating patient with COVID-19 to see more
patients through the promotion of telemedicine and the
introduction of infection control measures for patients
with COVID-19. A large number of Japanese primary
care physicians were reportedly reluctant to provide
care for COVID-19 due to the difficulties in physically
separating patients with COVID-19 from other patients
in their clinics,22 combined with the limited expansion
of telemedicine services.*> When compared with physi-
cians with low volumes of older patients with COVID-19,
guideline-recommended antiviral prescribing rates were
higher for high-volume physicians but did not differ for
medium-volume physicians. In our study, the distribution
of volume of older patients with COVID-19 per physician
was right-skewed: physician-level averages of the count
of these patients were 0.8, 3.1 and 9.0 per month for
low, medium and high-volume physicians, respectively.
Therefore, it was possible that the patient numbers in
low and medium-volume clinics were too small to provide
adequate clinical experience. Another possibility could
be that the older patients with COVID-19 opted for clinics
that frequently prescribed antivirals for COVID-19. If this
is the case, patients might cluster in clinics with high
rates of guideline-recommended antiviral prescribing,
resulting in high volumes.

To our knowledge, this is the first study that investigated
physician characteristics associated with the outpatient
prescription of oral antiviral therapy for the COVID-
19. In primary care settings, the associations between
the number of patients with a particular condition and
process measures of quality care at physician level have
been investigated in conditions other than COVID-19,

including diabetes,” * chronic obstructive pulmonary

disease®® and upper respiratory tract infections,” with
mixed results. In these studies, the number of patients
is supposed to affect care quality in primary care in two
conflicting ways.”> While a physician responsible for a
large number of patients with a specific condition may
develop expertise in the condition, leading to more effi-
cient and higher quality care, a high number of outpa-
tients may place greater constraints on consultation time
and physicians may have difficulty in providing quality
care, particularly for patients with multiple complex
and competing chronic conditions. In our study, unlike
the conditions examined in previous studies, COVID-19
is relatively new conditions for primary care physicians,
and, therefore, the impact of expertise acquisition on
practice quality due to the increased number of patients
with COVID-19 may have been more prominent, leading
to a positive association between patient volume and
quality of care.

In contrast, we found that the prescription rates of anti-
virals did not differ by physicians’ gender or age. Prior
studies have reported variations in practice patterns
according to physician age, and it has been suggested
that one possible contributing factor to this variation
is the difference in medical training by physicians’ age
cohort.®™ However, COVID-19 is an emerging infec-
tious disease for which there had been no treatment, and
it is unlikely that physicians’ knowledge of its treatment
would differ by physician age.

There are several possible reasons for suboptimal
antiviral prescribing, especially nirmatrelvir-ritonavir.
First, physicians may have concerns about drug inter-
actions with nirmatrelvir-ritonavir,'"® and this may be
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exacerbated by the limited pharmacist involvement
in COVID-19 primary care in Japan. In our study, the
proportion of patients using drugs contraindicated with
nirmatrelvir-ritonavir was small (as shown in table 1),
suggesting that the time and psychological barriers for
healthcare providers in investigating the possibility of
drug interactions, rather than the actual use of drugs with
drug interactions, may be the primary factor hindering
nirmatrelvir-ritonavir prescription. Second, physicians
may also have concerns about ‘rebound’ with nirma-
trelvir-ritonavir and molnupiravir, in which symptoms
reappeared after the patient had responded to 5days
of treatment.”’™® Third, molnupiravir was the only oral
antiviral drug that could be prescribed in Japan between
December 2021 and February 2022. That prescribing
pattern might have persisted beyond February 2022,
when nirmatrelvir-ritonavir was launched, which might
lead to physicians’ tendency to prescribe molnupiravir
over nirmatrelvir-ritonavir.

Our study has limitations. First, as with any observa-
tional study, we could not fully account for unmeasured
confounders. Patients may choose to see a physician
with more experience treating COVID-19 when their
COVID-19 symptoms are more severe or when they have
risk factors for severe illness (eg, smoking and no vacci-
nation), which were not fully measurable due to the lack
of data on such information. Second, we were unable to
examine how physician characteristics were associated
with health outcomes, such as patient hospitalisation and
mortality rates, because the primary care database we
used did not include such information. Further research
investigating the physician characteristics associated
with the outcomes of patients with COVID-19 would be
warranted. Third, although our analyses were weighted
using the inverse of the inclusion probability of clinics in
the JAMDAS database to improve the generalisability of
our findings, our findings could have potentially limited
generalisability to clinics notincluded in JAMDAS. Finally,
our findings might not be generalisable to other contexts,
including hospital inpatient care and emergency depart-
ment care and other countries.

CONCLUSION

We found that a substantial number of older outpa-
tients in Japan did not receive antiviral prescriptions for
COVID-19 in primary care, and antiviral prescriptions
were concentrated among a small proportion of physi-
cians. While the prescription rates of antivirals did not
differ by physicians’ gender or age, physicians’ volume
of patients with COVID-19 was associated with a higher
rate of prescription of guideline-recommended antivirals,
suggesting that provider-level factors play an important
role in the appropriate prescription of antiviral medica-
tions for COVID-19 in primary care settings. Our findings
may help policymakers develop interventions to improve
access to antiviral therapy in populations at high risk of
progressing to severe COVID-19.

Author affiliations

"Department of Health Services Research, Graduate School of Medicine, The
University of Tokyo, Bunkyo-ku, Tokyo, Japan

2Department of Clinical Epidemiology and Health Economics, School of Public
Health, The University of Tokyo, Bunkyo-ku, Tokyo, Japan

®Department of Public Health, Graduate School of Medicine, The University of Tokyo,
Bunkyo-Ku, Tokyo, Japan

M3 Inc, Minato-ku, Tokyo, Japan

SDivision of General Internal Medicine and Health Services Research, David Geffen
School of Medicine at UCLA, Los Angeles, California, USA

®Department of Health Policy and Management, UCLA Fielding School of Public
Health, Los Angeles, California, USA

Twitter Atsushi Miyawaki @AMiyawaki38 and Yusuke Tsugawa @ytsugawal

Contributors AM is the guarantor of this work and, as such, had full access to all
the data in the study and takes responsibility for the integrity of the data and the
accuracy of the data analysis. Study concept and design: AM and YT. Acquisition,
analysis or interpretation of data: all authors. Drafting of the manuscript: AM. Critical
revision of the manuscript for important intellectual content: YT, KK, Al and DS.
Statistical analysis: AM, KK and YT. Administrative, technical or material support: KK,
Al and DS. Supervision: YT.

Funding This study was funded by M3, Inc. The sponsor collected the data, and
its employees (KK, Al and DS) were involved in data preparation. The content is the
sole responsibility of the authors and does not necessarily represent the official
views of the funders.

Competing interests AM reported receiving consulting fees from M3, Inc., which
provides the JAMDAS database used in this article, during the conduct of the study.
KK, Al and DS reported receiving personal fees from M3, Inc. as employees during
the conduct of the study; and personal fees from M3, Inc. as employees outside the
submitted work. YT reported receiving grants from the National Institutes of Health
(NIH)/National Institute on Aging (RO1AG068633 & R01AG082991), NIH/National
Institute on Minority Health and Health Disparities (R01MD013913) and Gregory
Annenberg Weingarten GRoW @Annenberg outside the submitted work; and serving
on the board of directors for M3, Inc.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval The study was approved by the Nihonbashi-Sakura Clinic Ethics
Committee (approval date: 28 March 2023). The requirement for written informed
consent was waived because all data were blinded.

Provenance and peer review Not commissioned; externally peer-reviewed.

Data availability statement Data may be obtained from a third party and are not
publicly available. Due to a contract between the authors and M3, Inc., the data
set used in this study cannot be shared, but the original database (JAMDAS) is
available from M3, Inc. upon reasonable request.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely
those of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability
and responsibility arising from any reliance placed on the content. Where the
content includes any translated material, BMJ does not warrant the accuracy and
reliability of the translations (including but not limited to local regulations, clinical
guidelines, terminology, drug names and drug dosages), and is not responsible
for any error and/or omissions arising from translation and adaptation or
otherwise.

Open access This is an open access article distributed in accordance with

the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided the
original work is properly cited, appropriate credit is given, any changes made
indicated, and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/.

ORCID iDs
Atsushi Miyawaki http://orcid.org/0000-0001-6126-1464
Yusuke Tsugawa http://orcid.org/0000-0002-1937-4833

Miyawaki A, et al. BMJ Open 2024;14:083342. doi:10.1136/bmjopen-2023-083342


https://twitter.com/AMiyawaki38
https://twitter.com/ytsugawa1
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-6126-1464
http://orcid.org/0000-0002-1937-4833

REF
1

ERENCES

COVID-19 Treatment Guidelines Panel. Coronavirus disease 2019
(COVID-19) treatment guidelines. National Institutes of Health.
Available: https://www.covid19treatmentguidelines.nih.gov/
[Accessed 13 Feb 2024].

Editorial Board of COVID-19 Clinical Practice Guideline. Clinical
practice guidelines for COVID-19, version 10.0. 2023. Available:
https://www.mhlw.go.jp/content/001136687.pdf [Accessed 13 Feb
2024].

Dryden-Peterson S, Kim A, Kim AY, et al. Nirmatrelvir plus ritonavir
for early COVID-19 in a large U.S. Ann Intern Med 2023;176:77-84.
Bajema KL, Berry K, Streja E, et al. Effectiveness of COVID-19
treatment with nirmatrelvir-ritonavir or molnupiravir among U.S.
Veterans: target trial emulation studies with one-month and six-
month outcomes. Ann Intern Med 2023;176:807-16.

Van Heer C, Majumdar SS, Parta |, et al. Effectiveness of community-
based oral antiviral treatments against severe COVID-19 outcomes
in people 70 years and over in Victoria, Australia, 2022: an
observational study. Lancet Reg Health West Pac 2023;41:100917.
Lin D-Y, Abi Fadel F, Huang S, et al. Nirmatrelvir or molnupiravir use
and severe outcomes from Omicron infections. JAMA Netw Open
2023;6:€2335077.

Wong CKH, Au ICH, Lau KTK, et al. Real-world effectiveness

of molnupiravir and nirmatrelvir plus ritonavir against mortality,
hospitalisation, and in-hospital outcomes among community-
dwelling, ambulatory patients with confirmed SARS-Cov-2 infection
during the Omicron wave in Hong Kong: an observational study.
Lancet 2022;400:1213-22.

Ganatra S, Dani SS, Ahmad J, et al. Oral nirmatrelvir and ritonavir in
nonhospitalized vaccinated patients with Coronavirus disease 2019.
Clin Infect Dis 2023;76:563-72.

Benchimol-Elkaim B, Dryden-Peterson S, Miller DR, et al. Oral
antiviral therapy utilization among adults with recent COVID-19 in the
United States. J Gen Intern Med 2023;38:1717-21.

Gold JAW, Kelleher J, Magid J, et al. Dispensing of oral antiviral
drugs for treatment of COVID-19 by zip code-level social
vulnerability — United States. MMWR Morb Mortal Wkly Rep
2021;71:825-9.

About M3 Inc. M3 Inc. Available: https://corporate.m3.com/en/
corporate/ [Accessed 13 Feb 2024].

Miyawaki A, Kitajima K, lwata A, et al. Antibiotic prescription for
outpatients with COVID-19 in primary care settings in Japan. JAMA
Netw Open 2023;6:€2325212.

Matsumoto M, Takeuchi K, Yokobayashi K, et al. Geographic
maldistribution of physicians in Japan: increasing the number of
generalists is one solution. J of Gen and Family Med 2015;16:260-4.
Hoertel N, Boulware DR, Sanchez-Rico M, et al. Prevalence of
contraindications to nirmatrelvir-ritonavir among hospitalized patients
with COVID-19 at risk for progression to severe disease. JAMA Netw
Open 2022;5:€2242140.

Taniguchi Y, Kuno T, Komiyama J, et al. Comparison of patient
characteristics and in-hospital mortality between patients with
COVID-19 in 2020 and those with influenza in 2017-2020: a
multicenter, retrospective cohort study in Japan. Lancet Reg Health
West Pac 2022;20:100365.

Japan Pharmaceutical and Medical Devices Agency. Drug
information, paxlovid. Available: https://www.covid19oralrx-hcp.jp/

21

22

23

24

25

27

28

29

31

32

33

files/%E6%B7%BB%E4%BB%98%E6%96%87 %E6%9B%B8_
672212_62501B5X1020_1_01.pdf [Accessed 13 Feb 2024].
Benjamini Y, Hochberg Y. Controlling the false discovery rate: a
practical and powerful approach to multiple testing. J R Stat Soc
Series B Stat Methodol 1995;57:289-300.

Mangurian C. Getting treated for COVID-19 shouldn’t be this difficult.
JAMA 2023;329:123-4.

Coulter AN, Campbell MA, liges DT, et al. Pharmacist-led education
for increasing physician comfort prescribing oral COVID-19 antivirals.
Am J Med 2023;136:125-6.

Halm EA, Lee C, Chassin MR. Is volume related to outcome in health
care: a systematic review and methodologic critique of the literature.
In: Database of abstracts of reviews of effects (DARE): quality-
assessed reviews. Centre for Reviews and Dissemination (UK),
2002. Available: https://www.ncbi.nlm.nih.gov/books/NBK69189/
[accessed 13 Feb 2024].

Surmelioglu N, Yalgin N, Kuscu F, et al. Physicians’ knowledge of
potential COVID-19 drug—drug interactions: an online survey in
Turkey. Postgrad Med 2021;133:237-41.

Yomon C, Azuma R. COVID reclassification poses challenge for
hospital management. The Japan News; 2023. Available: https://
japannews.yomiuri.co.jp/society/coronavirus/20230311-96808/
[Accessed 13 Feb 2024].

Miyawaki A, Tabuchi T, Ong MK, et al. Age and social disparities in
the use of telemedicine during the COVID-19 pandemic in Japan:
cross-sectional study. J Med Internet Res 2021;23:e27982.

Turchin A, Shubina M, Pendergrass ML. Relationship of physician
volume with process measures and outcomes in diabetes. Diabetes
Care 2007;30:1442-7.

Cheung A, Stukel TA, Alter DA, et al. Primary care physician volume
and quality of diabetes care: a population-based cohort study. Ann
Intern Med 2017;166:240-7.

Perez X, Wisnivesky JP, Lurslurchachai L, et al. Barriers to adherence
to COPD guidelines among primary care providers. Respir Med
2012;106:374-81.

Gidengil CA, Linder JA, Hunter G, et al. The volume-quality
relationship in antibiotic prescribing: when more isn’t better. Inquiry
2015;52:0046958015571130.

Choudhry NK, Fletcher RH, Soumerai SB. Systematic review: the
relationship between clinical experience and quality of health care.
Ann Intern Med 2005;142:260-73.

Tsugawa Y, Newhouse JP, Zaslavsky AM, et al. Physician age and
outcomes in elderly patients in hospital in the US: observational
study. BMJ 2017;357:j1797.

Miyawaki A, Jena AB, Burke LG, et al. Association between
emergency physician’s age and mortality of medicare patients aged
65 to 89 years after emergency department visit. Ann Emerg Med
2023;82:301-12.

Anderson AS, Caubel P, Rusnak JM, et al. Nirmatrelvir-ritonavir and
viral load rebound in COVID-19. N Engl J Med 2022;387:1047-9.
Charness ME, Gupta K, Stack G, et al. Rebound of SARS-Cov-2
infection after nirmatrelvir-ritonavir treatment. N Engl J Med
2022;387:1045-7.

Wong GL-H, Yip TC-F, Lai MS-M, et al. Incidence of viral rebound
after treatment with nirmatrelvir-ritonavir and molnupiravir. JAMA
Netw Open 2022;5:2245086.

Miyawaki A, et al. BMJ Open 2024;14:083342. doi:10.1136/bmjopen-2023-083342


https://www.covid19treatmentguidelines.nih.gov/
https://www.mhlw.go.jp/content/001136687.pdf
http://dx.doi.org/10.7326/M22-2141
http://dx.doi.org/10.7326/M22-3565
http://dx.doi.org/10.1016/j.lanwpc.2023.100917
http://dx.doi.org/10.1001/jamanetworkopen.2023.35077
http://dx.doi.org/10.1016/S0140-6736(22)01586-0
http://dx.doi.org/10.1093/cid/ciac673
http://dx.doi.org/10.1007/s11606-023-08106-6
http://dx.doi.org/10.15585/mmwr.mm7125e1
https://corporate.m3.com/en/corporate/
https://corporate.m3.com/en/corporate/
http://dx.doi.org/10.1001/jamanetworkopen.2023.25212
http://dx.doi.org/10.1001/jamanetworkopen.2023.25212
http://dx.doi.org/10.14442/jgfm.16.4_260
http://dx.doi.org/10.1001/jamanetworkopen.2022.42140
http://dx.doi.org/10.1001/jamanetworkopen.2022.42140
http://dx.doi.org/10.1016/j.lanwpc.2021.100365
http://dx.doi.org/10.1016/j.lanwpc.2021.100365
https://www.covid19oralrx-hcp.jp/files/%E6%B7%BB%E4%BB%98%E6%96%87%E6%9B%B8_672212_62501B5X1020_1_01.pdf
https://www.covid19oralrx-hcp.jp/files/%E6%B7%BB%E4%BB%98%E6%96%87%E6%9B%B8_672212_62501B5X1020_1_01.pdf
https://www.covid19oralrx-hcp.jp/files/%E6%B7%BB%E4%BB%98%E6%96%87%E6%9B%B8_672212_62501B5X1020_1_01.pdf
http://dx.doi.org/10.1111/j.2517-6161.1995.tb02031.x
http://dx.doi.org/10.1111/j.2517-6161.1995.tb02031.x
http://dx.doi.org/10.1001/jama.2022.23155
http://dx.doi.org/10.1016/j.amjmed.2022.09.010
https://www.ncbi.nlm.nih.gov/books/NBK69189/
http://dx.doi.org/10.1080/00325481.2020.1807809
https://japannews.yomiuri.co.jp/society/coronavirus/20230311-96808/
https://japannews.yomiuri.co.jp/society/coronavirus/20230311-96808/
http://dx.doi.org/10.2196/27982
http://dx.doi.org/10.2337/dc07-0029
http://dx.doi.org/10.2337/dc07-0029
http://dx.doi.org/10.7326/M16-1056
http://dx.doi.org/10.7326/M16-1056
http://dx.doi.org/10.1016/j.rmed.2011.09.010
http://dx.doi.org/10.1177/0046958015571130
http://dx.doi.org/10.7326/0003-4819-142-4-200502150-00008
http://dx.doi.org/10.1136/bmj.j1797
http://dx.doi.org/10.1016/j.annemergmed.2023.02.010
http://dx.doi.org/10.1056/NEJMc2205944
http://dx.doi.org/10.1056/NEJMc2206449
http://dx.doi.org/10.1001/jamanetworkopen.2022.45086
http://dx.doi.org/10.1001/jamanetworkopen.2022.45086

	Physician characteristics associated with antiviral prescriptions for older adults with COVID-­19 in Japan: an observational ﻿
﻿study
	ABSTRACT
	Introduction﻿﻿
	Methods
	Data
	Patient population
	Physician characteristics
	Outcomes
	Adjustment variables
	Statistical analysis
	Patient and public involvement

	Results
	Discussion
	Conclusion
	References




