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Background: The effects of psychiatrist staffing are unclear. The aim of this study was to
assess the association of high psychiatrist staffing with prolonged hospitalization, follow-up
visits, and readmission in acute psychiatric units.

Methods: A retrospective cohort study was conducted using the National Database of Health
Insurance Claim Information and Specified Medical Checkups. Patients newly admitted to acute
psychiatric units between October 2014 and September 2015 were followed up until September
2016. The primary exposure was a patient-to-psychiatrist ratio of 16:1 (high-staffing units) vs
48:1 (low-staffing units). Outcomes were prolonged hospitalization of >90 days, number of
follow-up psychiatric visits within 90 days after discharge, and psychiatric readmission within
90 days after discharge. Incidence rate ratios (IRRs) and their 95% confidence intervals (Cls)
were estimated by using generalized estimating equations, adjusting for potential covariates.
Results: Among the 24,678 newly admitted patients at 190 hospitals, 13,138 patients (53.2%)
were admitted to high-staffing units in 92 hospitals. After adjustment, high-staffing units were
associated with a lower risk of prolonged hospitalization (incidence rate, 16.9 vs 21.3%; IRR,
0.79[95% CI, 0.70, 0.89]), higher number of follow-up visits (incidence rate of =7 visits, 16.9
vs 13.4%; IRR, 1.06 [95% CI, 1.01, 1.12]), and lower risk of readmission (incidence rate, 13.0
vs 14.4%; IRR, 0.90 [95% CI, 0.82, 0.99]).

Conclusion: High-staffing units are associated with a reduced risk of prolonged hospitalization
and readmission and an increased number of follow-up visits. Further research is needed to
improve the generalizability of these findings and establish the optimal level of staffing.
Keywords: readmission rate, length of stay, quality of care, physician ratio, workforce, psy-
chiatrist staffing

Background

A high patient-to-provider ratio is a major impediment to the provision of high quality
of care and patient safety.!> To date, several studies have investigated the effect of
patient-to-nurse ratio on mortality in acute care settings.** A better understanding of
the association between patient-to-nurse ratio and outcomes is important for clinical
practice, unit organization, and health policy.* Such evidence provides insights for
determining the optimal level of patient-to-provider ratio. However, little attention
has been paid to the effects of patient-to-physician ratio.’
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To the best of our knowledge, there are only two studies
on this issue in the field of psychiatric inpatient care.®’
A cross-sectional study of 673 patients in 25 hospitals across
11 countries found that lower patient-to-psychiatrist ratio
(high staffing) was associated with higher treatment satis-
faction (percentage of patients with low satisfaction: 18% in
high-staffing hospitals and 40% in low-staffing hospitals).®
Additionally, a cohort study of 35,884 patients in 53 hos-
pitals in South Korea revealed that lower inpatient volume
per psychiatrist (high staffing) — the total length of stay for
mental disorders divided by the number of psychiatrists in a
hospital — was associated with a lower 30-day readmission
rate (odds for readmission in high-staffing vs low-staffing
hospitals: 0.38).” To confirm these findings, further studies
should investigate the effect of psychiatrist staffing on out-
comes in psychiatric inpatient care.

In Japan’s acute psychiatric care units, the patient-to-
psychiatrist ratio is standardized into two types by the health
insurance system. The units with high staffing are required
to allocate at least one psychiatrist per 16 patients, while the
units with low staffing are only required to allocate at least
one psychiatrist per 48 patients.® In this study, we aimed
to assess the association of high psychiatrist staffing with
prolonged hospitalization, follow-up visits, and readmission
in acute psychiatric units.

Methods

Design

A retrospective cohort study was conducted using the
National Database of Health Insurance Claim Information
and Specified Medical Checkups (NDB). A detailed descrip-
tion on the NDB has been provided elsewhere.’ Briefly, the
Ministry of Health, Labour and Welfare in Japan has recorded
almost all claims since April 2009."° The NDB includes infor-
mation on the hospital, patient, and procedural characteristics
such as hospital codes, patient identification number, sex,
age group, medical practice codes, administration date of
medical practice, and diagnostic codes. The NDB has been
used in several studies.!'™1*

Setting

In Japan, there are three per diem payment plans for acute
psychiatric inpatient care: 1) psychiatric emergency units,
2) psychiatric emergency and physical complication units,
and 3) psychiatric acute care units. Psychiatric emergency
units provide emergency and acute psychiatric care mainly in
nongeneral hospitals and have one of the highest certification

criteria for staffing including that at least one full-time
physician per 16 patients, at least one nurse per 10 patients
per day, and at least two full-time psychiatric social workers
should be allocated to the unit. Psychiatric emergency and
physical complication units provide emergency and acute
psychiatric care for individuals with physical complica-
tions in general hospitals that provide tertiary emergency
medical service. Psychiatric acute care units provide acute
psychiatric care mainly in nongeneral hospitals and have
lower certification criteria for staffing than psychiatric
emergency units.

In this study, we focused on “psychiatric acute care unit I,
because the patient-to-psychiatrist ratio is standardized into
two types in the units reimbursed by this plan. These units
include 15,000 beds in >300 hospitals, accounting for 5%
of all types of psychiatric beds.”” The major certification
criteria for these units include that 1) the hospital should
participate in the emergency psychiatric medical system
coordinated by local governments; 2) at least one full-time
certified psychiatrist should be allocated to the unit; 3) at
least one nurse per 13 patients per day should be allocated to
the unit; 4) at least one isolation room should be equipped in
the unit; and 5) at least 40% of patients admitted to the unit
should be discharged to the community within 3 months after
admission.'® Here, discharge to the community is defined as
patients discharged to home or institutions and not readmitted
to psychiatric units at least 3 months after discharge. The
hospital fee for the unit is 19,840 yen per patient per day
during 1-30 days after admission."”

Although the standard psychiatrist staffing was defined
by the health insurance system as at least one psychiatrist per
48 patients in nongeneral hospitals,® units with high staffing
(ie, at least one psychiatrist per 16 patients) can be reimbursed
with an additional fee of 5,000 yen per patient per day in
acute psychiatric units.!” The certification criteria for the
additional reimbursement include that 1) at least one full-time
psychiatrist per 16 patients should be allocated to the unit and
2) 60% of patients admitted to the unit should be discharged
to the community within 3 months after admission.

Patient selection

We identified nongeneral hospitals with acute psychiatric
units reimbursed through the payment plan psychiatric acute
care unit I between October 2014 and September 2015. We
excluded general hospitals that had =100 beds within the fol-
lowing five specialties: internal medicine, surgery, obstetrics
and gynecology, otolaryngology, and ophthalmology. This
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is because they are required to keep a patient-to-psychiatrist
ratio of 16:1 irrespective of the additional reimbursement.?
To avoid contamination, we focused only on hospitals with
or without claims of additional reimbursement for all patients
admitted to acute psychiatric units throughout the study
period. Namely, we excluded hospitals certified as having
additional reimbursement in the middle of the study period.
We identified all new admissions to acute psychiatric units
between October 2014 and September 2015. A single episode
of psychiatric admission was defined as the period from the
date of admission to an acute psychiatric unit from a com-
munity setting (ie, home or institution) or general ward to the
date of hospital discharge to community settings. To increase
traceability, we used the new algorithm for patient identifica-
tion (ID0).'® Initial admissions to an acute psychiatric unit
during the study period were included in the present study.
Planned admissions for electroconvulsive therapy with a
hospital stay of =3 days were excluded. To focus on patients
at risk of readmission, patients discharged to a general ward
or deceased were excluded. To ensure a follow-up period of
at least 180 days after discharge, patients who continued to
be hospitalized after April 1,2016, were excluded. To control
the history of psychiatric admissions as much as possible,
patients who were admitted to any psychiatric unit within
180 days before the index admission were excluded and
patients who had at least one claim in the database prior to
the 180-day period from the index admission were included.
All patients were followed up until September 30, 2016.

Outcomes

The outcomes of interest in this study were as follows: 1) pro-
longed hospitalization >90 days, 2) number of follow-up
psychiatric visits within 90 days after discharge, and 3) psy-
chiatric readmission within 90 days after discharge. Planned
readmissions for electroconvulsive therapy were excluded
from the definition of psychiatric readmission.

Exposure

The exposure of interest was a patient-to-psychiatrist ratio
of 16:1 (high-staffing units) vs 48:1 (low-staffing units).
We obtained this information from claims for additional
reimbursement.

Covariates

As potential covariates, we extracted information on hospital
characteristics (hospital code and number of new psychiatric
admissions), patient demographic characteristics (sex and age),

preindex admission characteristics (Charlson index, history
of psychiatric visits, and history of intensive care unit [[CU]
admissions), and index admission characteristics (type of
admission and principal diagnosis). These covariates were
selected on the basis of evidence from previous studies and
clinical experience.'*?> The number of new psychiatric admis-
sions during the study period was calculated for each hospital
based on all types of psychiatric units rather than just acute
psychiatric units. Subsequently, hospitals were categorized
into four classes based on the number of new psychiatric
admissions (the first quartile [lowest volume] to the fourth
quartile [highest volume]). The Sundararajan version of the
Charlson comorbidity index score (0, 1, 2, and =3) was calcu-
lated using claims within 90 days prior to index admissions.?
History of psychiatric visits and ICU admissions within
90 days prior to the index admission was also identified. Type
of admission was categorized into voluntary and involuntary
admissions. A principal diagnosis (schizophrenia, bipolar
affective disorders, unipolar depressive disorders, dementia,
or others) was selected based on the algorithm defined by the
Ministry of Health, Labour and Welfare.?*

Statistical analyses

First, we assessed the covariate balance between high- and
low-staffing units using a standardized difference, in which
an absolute value of >10% indicates an important imbal-
ance in the prevalence of a covariate between the groups.?
Second, we used generalized estimating equations with a
Poisson distribution and a log-link function to account for the
correlated data structure (patients clustered within hospitals)
and compared the incidence rates of each outcome between
high- and low-staffing units.?® All potential covariates were
simultaneously entered into the models. Incidence rate ratios
(IRRs) and their 95% confidence intervals (Cls) were derived
from the models. Additionally, we conducted a sensitivity
analysis to assess the potential effect of the NDB traceability
issue. The NDB cannot identify whether patients continued to
be enrolled in the database; therefore, we focused on patients
who had at least one claim after 90 days from the discharge
date in the sensitivity analysis. We conducted a subgroup
analysis to examine whether the association between patient-
to-psychiatrist ratio and outcomes varied across the levels
of all covariates. We assessed the statistical significance of
interaction terms with a significance level of 0.05. Statistical
analyses were performed using R Version 3.4.1 (R Founda-
tion for Statistical Computing, Vienna, Austria) with the
geepack package.”’
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Ethics approval and informed consent

Our study protocol was approved by the Institutional Review
Board at the Institute of Health Economics and Policy
(no H28-002). Consent to participate was not applicable
because our study was based on data from an anonymous
database.

Results

Study population

There were 345 hospitals that reimbursed claims through the
payment plan psychiatric acute care unit I between October
2014 and September 2015. For main analyses, a total of
24,678 patients at 190 hospitals met the eligibility criteria
(Figure 1), of whom 13,138 (53.2%) patients were admitted
to high-staffing units at 92 hospitals. A comparison of sample
characteristics between high- and low-staffing units showed

major imbalances in hospital volume (Table 1). For sensi-
tivity analysis, a total of 23,198 patients met the additional
eligibility criterion (Figure 1).

Main analyses

Compared to the low-staffing units, high-staffing units were
associated with a lower risk of prolonged hospitalization
(incidence rate, 16.9 vs 21.3%; IRR, 0.79 [95% CI, 0.70,
0.89]), a higher number of psychiatric follow-up visits after
discharge (incidence rate =7 visits, 16.9 vs 13.4%; IRR,
1.06 [95% CI, 1.01, 1.12]), and a lower risk of psychiatric
readmissions within 90 days (incidence rate, 13.0 vs 14.4%;
IRR, 0.90 [95% CI, 0.82, 0.99]) (Tables 2 and S1). A sen-
sitivity analysis focusing on patients with at least one claim
after 90 days from the discharge date did not change these
associations.

345 hospitals with claims for
“psychiatric acute care unit I”
between October 2014 and September 2015

v

330 nongeneral hospitals

-

v

17,419 admissions in 92 hospitals
with additional reimbursement

15,432 admissions in 98 hospitals
without additional reimbursement

.

.

17,047 admissions without ID errors

15,146 admissions without ID errors

.

.

15,896 initial admissions

14,136 initial admissions

.

!

15,895 nonplanned admissions

14,135 nonplanned admissions

'

'

15,775 discharged to community

13,964 discharged to community

!

!

15,223 discharged before April 1, 2016

13,191 discharged before April 1, 2016

.

'

14,460 admissions with claims
180 days before admission

12,582 admissions with claims
180 days before admission

.

.

13,138 admissions without psychiatric
hospitalization within the previous 180 days

11,540 admissions without psychiatric
hospitalization within the previous 180 days

.

.

12,407 admissions with claims after
90 days from discharge

10,791 admissions with claims after
90 days from discharge

Figure | Flow diagram.
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Table | Sample characteristics

Characteristics

High-staffing units

Low-staffing units

Standardized

(N=13,138) (N=11,540) difference (%)
n % n %
Quartile of number of new psychiatric admissions (range)
First quartile (103-217) 1,874 14.3 4,197 36.4 -52.5
Second quartile (218-307) 2,480 18.9 3,689 320 -30.4
Third quartile (308—417) 4,355 33.1 1,893 16.4 394
Fourth quartile (418-1,082) 4,429 337 1,761 15.3 43.8
Age (years)
0-19 297 23 329 2.9 -3.8
20-39 3,425 26.1 2,528 21.9 9.8
40-64 5411 41.2 4,320 374 7.8
65-74 1,862 14.2 1,739 15.1 -2.5
=75 2,143 16.3 2,624 22.7 —-16.2
Sex, women 7,345 55.9 6,459 56.0 -0.2
Charlson index
0 7,320 55.7 5,934 51.4 8.6
| 2,864 21.8 2,579 223 —-1.2
2 1,373 10.5 1,334 1.6 -3.5
=3 1,581 12.0 1,693 14.7 -7.9
History of psychiatric visit within 90 days 10,312 78.5 8,722 75.6 6.9
History of admission to ICU within 90 days 297 23 214 1.9 2.8
Voluntary admission 7,993 60.8 7,289 63.2 -4.9
Principal diagnosis (ICD-10 codes)
Schizophrenia (F2) 4,570 348 4,108 35.6 -1.7
Bipolar affective disorders (F30-F31) 1,415 10.8 1,068 9.3 5.0
Unipolar depressive disorders (F32-F33, F341) 2,743 20.9 2,045 17.7 8.1
Dementia (FO0-F03, G30-G31) 974 74 1,364 1.8 -15.0
Other 3,436 26.2 2,955 25.6 1.4
Note: Patient-to-psychiatrist ratio of 16:1 (high-staffing units) vs 48:1 (low-staffing units).
Abbreviations: ICD, International Classification of Diseases; ICU, intensive care unit.
Table 2 Association of psychiatrist staffing and outcomes
Outcome Psychiatrist staffing
High Low
Prolonged hospitalization
Incident case, n 2,313 2,692
Adjusted incidence rate, % (95% CI) 16.9 (14.7, 19.3) 21.3(18.5,24.6)
Incidence rate ratio (95% ClI)
Crude 0.75 (0.68, 0.84)* Reference
Adjusted® 0.79 (0.70, 0.89)* Reference
Follow-up visit within 90 days
Number of visits (%)
0 17.5 22.2
1-2 15.0 16.4
34 30.0 304
5-6 20.6 17.5
=7 16.9 134
Incidence rate ratio (95% Cl)
Crude 1.13 (1.05, 1.22)* Reference
Adjusted® 1.06 (1.01, 1.12)* Reference
Readmission within 90 days
Incident case, n 1,606 1,631
Adjusted incidence rate, % (95% CI)* 13.0 (11.4, 14.9) 14.4 (12.6, 16.5)
Incidence rate ratio (95% Cl)
Crude 0.86 (0.79, 0.94)* Reference
Adjusted® 0.90 (0.82, 0.99)* Reference

Notes: *P<<0.05. *Adjusted for hospital, number of new psychiatric admissions, sex, age, Charlson index, history of psychiatric visits, history of intensive care unit admissions,
type of admission, and principal diagnosis. Patient-to-psychiatrist ratio of 16:1 (high-staffing units) vs 48:1 (low-staffing units).

Abbreviation: Cl, confidence interval.
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Subgroup High/low (%) IRR (95% Cl) P for interaction Favors high staffing Favors low staffing
Age (years) 0.750
0-19 11.1/17.6 0.68 (0.41, 1.12) -
20-39 13.5/18.1 0.78 (0.64, 0.95)* -
40-64 17.3/121.7 0.81(0.70, 0.94)* —_—
65-74 20.7/27.8 0.74 (0.64, 0.86)* —_—
275 23.1/28.7 0.80 (0.69, 0.94)* —_—
Sex 0.533
Men 18.5/24.2 0.81 (0.70, 0.93)* —_—
Women 16.9/22.7 0.78 (0.69, 0.88)* s
Psychiatric visit 0.903
Without 19.5/25.5 0.81 (0.71, 0.92)* —_—
With 17.1/22.6 0.78 (0.69, 0.89)* —_—
Admission to ICU 0.023
Without 17.5/23.4 0.79 (0.70, 0.88)* —_— .
With 20.2/17.3 1.14 (0.75, 1.76) =
Charlson index 0.773
0 17.3/21.9 0.82 (0.71, 0.94)* —_——
1 16.7/23.5 0.74 (0.64, 0.86)* —_—
2 19.4/26.7 0.73 (0.61, 0.88)* B
>3 19.3/25.5 0.81 (0.00, Inf) .
Diagnosis 0.643
Schizophrenia 19.5/27 1 0.73 (0.64, 0.83)* —
Bipolar affective disorders 15.3/18.7 0.80 (0.64, 1.00)* -
Unipolar depressive disorders  15.6/18.5 0.83 (0.65, 1.07) -
Dementia 25.5/32.1 0.77 (0.61, 0.96)*
Other 15.4/19.1 0.87 (0.71, 1.08)
Type of admission 0.556
Voluntary 14.5/19.0 0.83 (0.70, 0.98)* - .
Involuntary 22.4/30.7 0.76 (0.68, 0.85)* ——
Volume 0.693
First quartile (smallest) 19.6/25.1 0.78 (0.66, 0.93)* —_—
Second quartile 17.4/123.7 0.73 (0.58, 0.92)*
Third quartile 18.0/20.8 0.89 (0.71, 1.11)
Fourth quartile (largest) 16.5/21.0 0.77 (0.56, 1.06) =
[ T 1
0.5 1 1.2

IRR (95% CI)

Figure 2 Subgroup analysis of the effect of psychiatrist staffing on prolonged hospital stay.
Notes: Patient-to-psychiatrist ratio of 16:1 (high-staffing units) vs 48:1 (low-staffing units). *P<<0.05.
Abbreviations: Cl, confidence interval; ICU, intensive care unit; IRR, incidence rate ratio.

Subgroup analyses

Subgroup analyses suggested that the association between
psychiatrist staffing and prolonged hospital stay differed by
the history of admission to ICU (P for interaction =0.023)
(Figure 2). The associations between psychiatrist staffing
and psychiatric follow-up visits were consistent across the
subgroups (Figure 3). The association between psychiatrist
staffing and psychiatric readmission differed by age (P for
interaction =0.001), history of psychiatric visits (P for interac-
tion =0.019), and hospital volume (P for interaction =0.038)
(Figure 4).

Discussion

To the best of our knowledge, this is the second largest study
to assess the association of high psychiatrist staffing with
outcomes in acute psychiatric units. The findings of this study
support the effectiveness of high-staffing units in decreasing
prolonged hospitalization, increasing follow-up psychiatric
visits, and reducing psychiatric readmissions. Our findings

are consistent with that of a previous study that found lower
readmission rates among high-staffing hospitals compared
to low-staffing hospitals.” Our results extend previous work
by showing the effectiveness of psychiatrist staffing to not
only reduce readmission and prolonged hospitalization rates
but also increase follow-up psychiatric visits.

A potential mechanism for these effects is that psy-
chiatrists in high-staffing units are more likely to devote
more time to their patients, which may lead to perform
more comprehensive psychiatric assessments, select more
effective treatments, and increase patient’s satisfaction
during admissions.® Patients’ positive views on psychiatric
treatments during admissions might contribute to increased
follow-up psychiatric visits. In turn, continuous outpa-
tient treatment would contribute a reduction in the risk of
readmission.?®

The associations between psychiatrist staffing and out-
comes were generally consistent across several subgroups.
We observed that admission to the ICU was a potential
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Subgroup High/low (M) IRR (95% CI) P for interaction Favors low staffing Favors high staffing
Age (years) 0.267

0-19 6.0/5.6 1.15(1.01, 1.30)* -
20-39 3.2/13.2 1.07 (1.00, 1.15) —_—
40-64 2.9/2.9 1.08 (1.02, 1.14)* I —
65-74 2.5/2.6 1.02 (0.94, 1.10) B ——

275 2.2/2.2 1.01(0.93, 1.10) B —

Sex 0.127

Men 3.1/3.1 1.07 (1.01, 1.15)* B e
Women 3.2/31 1.05 (1.00, 1.11) —
Psychiatric visit 0.102

Without 2.7/2.6 1.08 (0.99, 1.18) —_——
With 3.2/31 1.06 (1.00, 1.12)* —
Admission to ICU 0.328

Without 3.2/31 1.06 (1.01, 1.12)* —
With 3.2/12.9 1.08 (0.95, 1.22) =
Charlson index 0.355

0 3.2/3.2 1.08 (1.02, 1.15)* —_—
1 3.1/31 1.05(0.98, 1.12) .

2 3.1/12.8 1.01(0.93, 1.10) —_—

23 2.6/2.5 1.01(0.92, 1.10) —_——
Diagnosis 0.387

Schizophrenia 2.9/3.0 1.07 (1.00, 1.14) —_——
Bipolar affective disorders 3.2/2.9 1.05 (0.98, 1.12) —_—
Unipolar depressive disorders 3.1/3.1 1.04 (0.98, 1.10) —_—
Dementia 1.9/2.0 0.90 (0.78, 1.03)

Other 3.5/3.3 1.11 (1.01, 1.21)* —_—
Type of admission 0.154

Voluntary 3.2/13.2 1.08 (1.02, 1.15)* —_——
Involuntary 3.1/3.0 1.03 (0.97, 1.09) —_—
Volume 0.815

First quartile (smallest) 3.1/3.0 1.08 (0.98, 1.19) =
Second quartile 3.4/3.2 1.10 (0.97, 1.24) =

Third quartile 3.1/3.0 1.04 (0.94, 1.14) _—.
Fourth quartile (largest) 3.2/3.1 1.04 (0.95, 1.14) B —

0.8 1 13
IRR (95% CI)

Figure 3 Subgroup analysis of the effect of psychiatrist staffing on psychiatric follow-up visits.
Notes: Patient-to-psychiatrist ratio of 16:1 (high-staffing units) vs 48:1 (low-staffing units). *P<<0.05.
Abbreviations: Cl, confidence interval; ICU, intensive care unit; IRR, incidence rate ratio.

effect modifier between psychiatrist staffing and prolonged
hospitalization. In addition, the possible effect modifiers
between psychiatrist staffing and readmission included age,
history of psychiatric visits, and hospital volume. Given the
number of comparisons in the subgroup analyses, these find-
ings may be due to chance. Further studies are needed to con-
firm these explanatory findings regarding effect modifiers.

Our findings have important implications for policymak-
ers, as high psychiatrist staffing has a substantial impact on
the risk of prolonged hospitalization and readmissions. This
suggests that a financial incentive for high staffing might be
a potential solution to not only increase the quality of care
but also reduce the length of psychiatric hospitalization in
the population. However, it remains unclear whether the
associations between high staffing and outcomes vary by
unit type (eg, nonacute care unit), graduation of patient-to-
psychiatrist ratio, and type of health professional (eg, nurse
and psychiatric social worker). Therefore, more studies are
needed to improve the generalizability of our findings and
establish the optimal level of staffing.

Our study has several limitations. First, we could not
identify the exact patient-to-psychiatrist ratio for each
hospital. Namely, a low-staffing unit has the possibility
of allocating more psychiatrists than the standard 48:1.
Second, we could not measure the important potential
covariates such as history of psychiatric hospitalizations
and history of suicide attempts,?! although we focused on
patients without psychiatric admissions at least 180 days
before index admissions. Third, our follow-up period was
limited to a short-term interval (ie, 90 days after discharge).
Long-term follow-up studies are needed to compare the
cost-effectiveness of high psychiatrist staffing. Fourth, our
findings were not free from selection bias. Namely, high-
staffing units could select patients who are more likely to
be discharged to the community within a short-term period
in order to comply with the requirements for the additional
reimbursement, although this would be rare in acute care
settings. To confirm our findings, future research should
assess clinical characteristics and compare them between
high- and low-staffing units.
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Subgroup High/low (%) IRR (95% CI) P for interaction Favors high staffing Favors low staffing

Age (years) 0.001

0-19 16.5/14.0 1.20 (0.79, 1.82) -

20-39 10.6/12.3 0.89 (0.75, 1.06) =

40-64 11.3/14.6 0.80 (0.70, 0.91)* —_—

65-74 16.1/14.1 1.19 (0.98, 1.45) -

275 13.3/15.1 0.88 (0.75, 1.03) —_—

Sex 0.206

Men 12.4/15.0 0.87 (0.78, 0.97)* —_—

Women 12.1/13.4 0.94 (0.83, 1.05) —_—

Psychiatric visit 0.019

Without 10.8/14.2 0.74 (0.64, 0.86)* —_—

With 12.6/14.1 0.95 (0.86, 1.06) —_—

Admission to ICU 0.439

Without 12.2/14.1 0.91 (0.82, 1.00)* —_—

With 11.4/15.9 0.74 (0.49, 1.13) -

Charlson index 0.300

0 11.2/13.5 0.86 (0.76, 0.97)* —_—

1 12.5/14.5 0.92 (0.78, 1.08) -

2 12.9/14.0 0.94 (0.78, 1.14) -

23 15.9/15.9 0.99 (0.83, 1.19) =

Diagnosis 0.617

Schizophrenia 12.9/15.3 0.88 (0.77, 1.00)* —_—

Bipolar affective disorders 11.8/15.0 0.78 (0.63, 0.97)* -

Unipolar depressive disorders 10.3/11.3 0.96 (0.80, 1.16) -

Dementia 14.7/16.1 0.92 (0.73, 1.17) -

Other 12.4/13.3 0.94 (0.79, 1.11) =

Type of admission 0.651

Voluntary 11.4/13.4 0.90 (0.80, 1.02) —_—

Involuntary 13.4/15.3 0.90 (0.80, 1.02) —_—

Volume 0.038

First quartile (smallest) 11.5/14.5 0.80 (0.65, 0.97)* -

Second quartile 12.5/15.8 0.80 (0.69, 0.93)* —_—

Third quartile 13.2/12.1 1.12(0.92, 1.36) -

Fourth quartile (largest) 11.4/11.9 0.93 (0.75, 1.16) | d | |
0.6 1 1.3

Figure 4 Subgroup analysis of the effect of psychiatrist staffing on readmission.

IRR (95% Cl)

Notes: Patient-to-psychiatrist ratio of 16:1 (high-staffing units) vs 48:1 (low-staffing units). *P<0.05.
Abbreviations: Cl, confidence interval; ICU, intensive care unit; IRR, incidence rate ratio.

Conclusion

High-staffing units are associated with a reduced risk of
prolonged hospitalization, an increased number of follow-up
visits, and a reduced risk of readmission. These findings
suggest that a financial incentive for high staffing might
be a potential solution to reduce the length of psychiatric
hospitalization in the population. Further research is needed
to improve the generalizability of our findings and establish
the optimal level of staffing.

Data availability

The Ministry of Health, Labour and Welfare has made con-
siderable restrictions on data accessibility. This restriction
made us unable to share our dataset.
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Table S| Full estimates from multivariable models for psychiatrist staffing and outcomes

Variable

Incidence rate ratio (95% CI)*

Prolonged hospitalization

Follow-up visits Psychiatric readmissions

High-staffing units (reference = low-staffing units)
Age (years) (reference =0-19)

0.79 (0.70, 0.89)*

1.06 (101, 1.12* 090 (0.82, 0.99)*

20-39 1.09 (0.77, 1.53) 0.64 (0.60, 0.68)* 0.74 (0.60, 0.92)*
40-64 1.39 (0.96, 2.01) 0.55 (0.52, 0.59)* 0.83 (0.67, 1.04)
65-74 1.76 (1.21, 2.54)* 0.45 (0.42, 0.48)* 0.97 (0.77, 1.22)
=75 1.79 (1.23, 2.60)* 0.34 (0.32, 0.37)* 0.86 (0.67, 1.10)
Sex, women (reference = men) 0.90 (0.86, 0.95)* L1 (1.09, 1.13)* 0.94 (0.88, 1.00)*
Charlson index (reference =0)
| 0.94 (0.87, 1.00) 0.99 (0.96, 1.01) 1.08 (0.99, 1.19)
2 0.96 (0.88, 1.04) 0.97 (0.93, 1.00) 1.05 (0.94, 1.18)
=3 0.87 (0.79, 0.95)* 0.88 (0.85, 0.92)* 1.24 (1.11, 1.38)*
History of psychiatric visit within 90 days 1.02 (0.96, 1.07) 1.58 (1.52, 1.64)* 1.16 (1.07, 1.25)*

History of admission to ICU within 90 days
Principal diagnosis (reference = dementia)
Schizophrenia
Bipolar affective disorders
Unipolar depressive disorders
Other
Involuntary admission (reference = voluntary admission)
Quartile of number of new psychiatric admissions (reference =First quartile)
Second quartile
Third quartile
Fourth quartile (largest)

1.04 (0.86, 1.26)

1.05 (0.93, I.
0.78 (0.68, 0.90)*
0.82 (0.72, 0.94)*
0.84 (0.73, 0.96)*
1.45 (1.34, 1.56)*

0.93 (0.80, 1.06)
0.92 (0.80, 1.06)
0.90 (0.76, 1.07)

1.01 (0.94, 1.07) 1,03 (0.82, 1.29)

19) .48 (1.36, 1.61)* 1.04 (0.90, 1.21)
1.72 (1.58, 1.88)*  0.96 (0.80, 1.15)
1.68 (1.55, 1.83)%  0.79 (0.67, 0.93)*
139 (127, 1.52)*  0.94 (0.81, 1.09)
0.97 (0.95, 1.00) 1.10 (1.03, 1.18)*
1.04 (0.96, 1.13) 1.09 (0.97, 1.21)
1.01 (0.95, 1.08) 1.02 (0.90, 1.16)
1.06 (0.99, 1.13) 0.91 (0.80, 1.04)

Notes: *P<<0.05. *Adjusted for hospital, number of new psychiatric admissions, sex, age, Charlson index, history of psychiatric visits, history of ICU admissions, type of

admission, and principal diagnosis.
Abbreviations: Cl, confidence interval; ICU, intensive care unit.
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