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Objectives: We examined the relationship between consolidation of delivery and
the workload of obstetricians working at perinatal centers.

Methods: We conducted a descriptive analysis using perinatal care areas classified
into three types (metropolitan, provincial, and rural). We calculated the
Herfindahl-Hirschman Index (HHI) as an index of consolidation and the
proportion of the deliveries at clinics as an indicator of the low-risk deliveries
and the deliveries per center obstetrician as an indicator of obstetricians’
workload. We used >150 deliveries yearly as an excess indicator. The correlation
between the HHI and obstetricians’ workload and the proportion of deliveries at
clinics was examined using the Pearson correlation coefficient.

Results: The proportion of areas with >150 deliveries yearly was higher in the
consolidated areas. In provincial areas, obstetricians’ workload was positively
correlated with the HHI and was negatively correlated with the proportion of
deliveries at clinics.

Conclusions: The obstetricians’ workload may be increasing where more
consolidation occurs. In provincial areas, the center obstetrician's workload
could be reduced not only by consolidation but also by sharing the role of
handling low-risk deliveries with clinics and hospitals with obstetric units other
than perinatal centers.
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Introduction

The shortage of obstetricians is an important and growing global problem (1-4). Many
developed countries have consolidated deliveries to perinatal centers to make obstetric care
more efficient and to address the shortage of obstetricians (3-8). A 2009 World Health
Organization (WHO) report on emergency obstetric care indicated that a comprehensive
perinatal center is needed for every 500,000 people (9).

The impact of delivery consolidation on maternal and neonatal health has been
previously reported. A population-based study reported that the neonatal mortality rate
decreased as the size of maternal units in the delivery facility increased (10). In addition,
the proportion of cesarean sections was lower in areas with delivery consolidation than
that in those without consolidation (11). Meanwhile, whether all deliveries should be
consolidated in perinatal centers regardless of risk remains controversial. Regarding high-
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risk deliveries, preterm infants had lower mortality and
comorbidities when delivered in perinatal centers or institutions
with larger delivery units (12, 13). However, regarding low-risk
deliveries, medical interventions were more frequent for pregnant
women in large hospitals than in small hospitals (14).

Furthermore, no previous studies have shown whether
consolidation of deliveries reduces the burden on obstetricians.
Only the Ministry of Health Labor and Welfare (MHLW) in
Japan report indicates that the burden on obstetricians could be
reduced when deliveries and obstetricians were consolidated in
perinatal centers (15). However, the number of obstetricians
differs between metropolitan and rural areas (16). In areas with
few obstetricians, consolidation may increase the burden on
center obstetricians. It is necessary to consider whether
consolidation should be done by region type.

To the best of our knowledge, no studies have examined the
current status of consolidation of the perinatal care system by
region type and the impact of consolidation on the workload of
obstetricians. Therefore, by using Japan’s national survey data, we
conducted a descriptive analysis of consolidation of delivery in
perinatal centers by region type and examined the relationship

between consolidation and the number of deliveries per obstetrician.

Methods
Design and data source

This was a cross-sectional ecological study using data from the
Hospital Bed Function Report (17) and the Medical Facility Survey
in 2017 in Japan (18). The Hospital Bed Function Report is a
survey that medical facilities with beds are obliged to report
yearly, compiled into a database by the MHLW. It includes >140
items related to the medical functions possessed by each medical
institution, specific facilities, medical staffing, and the medical
care content. The Medical Facility Survey is a survey that all
medical facilities must report every year. This study aimed to
identify trends in the number of medical facilities, beds, and
medical specialties in each region, containing the numbers of
physicians in each department. Both reports contain the name of
the individual hospital.

Medical institutions with at least one delivery per year were
selected for this study. Institutions were classified into three
types: perinatal centers (19), general hospitals, and clinics with
<20 beds. In Japan, >99% of deliveries occur at medical
institutions (20), and deliveries at midwifery units, homes, or
other sites were not included.

Categorization of regions

We examined the regional characteristics of the perinatal care
area (21). Perinatal care areas are established at the prefectural
level to improve regional perinatal care based on geographical
characteristics, the number of births, and the number and size of
medical facilities.

Frontiers in Global Women's Health

10.3389/fgwh.2023.1030443

To describe the characteristics of perinatal care areas, we
categorized the areas into three types: metropolitan, provincial,
and rural. We defined the area types using the following
criteria according to the previous study (22): (1) metropolitan
areas (population density >1,000 people/km® and population
>1,000,000); (2) provincial area (population density of 200-
1,000 people/km® and population >300,000); and (3) rural
areas (population density <200 people/km* and population
<300,000).

Indicator of obstetricians’ workload

The indicator of the workload of center obstetricians in this
study was defined as the number of deliveries per center
obstetrician ~ (abbreviated  as number/center
Henceforth,

work in a perinatal care center are referred to as “center

delivery
obstetrician). obstetricians/gynecologists who
obstetricians”. We calculated this indicator by dividing the
number of deliveries at perinatal centers in a perinatal care
area by the number of center obstetricians in that area.
Furthermore, we used >150 deliveries annually as an excess
indicator. According to the previous study, this indicator is
considered a proxy for the burden of center obstetricians,
which demonstrated to compare the burden of obstetricians in
different medical regions (23). The Japanese Society of
Obstetrics and Gynecology reported that the number of
deliveries one obstetrician working at a hospital could handle
without difficulty is limited to 150
percentage of medical regions that exceed that standard was

cases yearly. The

also calculated.

Indicators for consolidation of delivery
by regional

We used (1) the Herfindahl-Hirschman Index (HHI) and (2)
the proportion of deliveries at clinics as indicators for regional
consolidation of delivery.

(1) The term “HHI” is a commonly used indicator of market
concentration (24). The HHI has also been used as an
indicator of consolidation in medicine. In a previous
study, the HHI was used as a measure of interhospital
competition to investigate the relationship between

interhospital competition and hospital charges or costs in

neurosurgery (25). The HHI for a given market equals the
sum of squared shares for each hospital in the market.

For example, for a market consisting of four

hospitals with shares of 40%, 30%, 20%, and 10%, the

HHI is 0.3 (0.16+0.09+0.04 +0.01 =0.3). HHI ranges

continuously from 0 (significant competition) to 1

(monopoly). Markets with an HHI between 0.15 and

0.25 are

markets with an HHI >0.25 are considered highly

consolidated (26).

considered moderately consolidated, while
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We calculated the HHI in this study as follows:

HHI — Z number of deliveries at each medical institution) >
B number of deliveries in perinatal care area

(2) There is a debate as to whether low-risk deliveries should also
be consolidated. Therefore, low-risk deliveries consolidated in
centers should be explored. Furthermore, clinics have fewer
medical equipment than hospitals. are
primarily places that the
proportion of deliveries at clinics as an indicator of low-risk

Since clinics

handle low-risk deliveries,

deliveries was used. This proportion was calculated by
dividing the number of deliveries at clinics in the perinatal
care area by the total number of deliveries in that area.

Statistical analyses

First, we analyzed the number of birthing facilities, deliveries, and
obstetricians in each perinatal care area by region. Then, we used
Pearson’s correlation coefficient (r) to examine the workload of center
obstetricians as a result of consolidated delivery: the correlation
between HHI and the delivery number/center obstetrician was

TABLE 1 Characteristics of each perinatal care area after categorization.

10.3389/fgwh.2023.1030443

calculated. We also examined the correlation between the HHI and
the delivery number/center obstetrician when deconsolidated: the
correlation between the percentage of clinic deliveries and the delivery
number/center obstetrician was calculated. A P-value <0.05 indicated
a significant difference. All analyses were performed using EZR
version 1.53 (The R Foundation for Statistical Computing, Vienna,
Austria), an R graphical user interface (27).

Results

The overall number of perinatal care areas was 284 in Japan.
Table 1 shows the categorized perinatal care areas. There were 43
metropolitan areas (15.1%), 144 provincial areas (50.7%), and 97
rural areas (34.2%). The number of perinatal medical regions with
designated perinatal care centers was 40 (93.0%) in metropolitan
areas, 116 (80.6%) in provincial areas, and 44 (45.4%) in rural areas.

Table 2 shows the characteristics of each perinatal care area
with perinatal centers (excluding medical regions without a
perinatal center). The mean number (standard deviation, SD)
of center obstetricians was 98.7 (57.7) in metropolitan areas,
33.0 (22.2) in provincial areas, and 6.9 (3.2) in rural areas.
The delivery number/center obstetrician was 7.3 (6.7) in
metropolitan areas, 9.1 (5.8) in provincial areas, and 13.1

Characteristics Metropolitan area Provincial area Rural area
Perinatal care areas, n 43 144 97
Total population (IQR) 1,225,772 (841,003-1,551,816) 347,895 (227,300-531,132) 86,884 (57,255-130,585)
Total delivery facilities, mean (SD) 19.3 (10.8) 7.6 (4.7) 1.9 (1.3)
Perinatal centers, mean (SD) 3.4 (2.5) 1.5 (1.1) 0.5 (0.7)
General hospitals, mean (SD) 6.1 (3.9) 1.9 (1.6) 0.7 (0.7)
Clinics with beds, mean (SD) 9.8 (4.2) 4.2 (3.1) 0.7 (0.9)
Deliveries per month, mean (SD) 768.5 (488.9) 247.3 (169.1) 440 (35.1)
Number of obstetricians, mean (SD) 94.9 (58.1) 28.6 (22.0) 5.0 (3.3)
HHI, median (IQR) 0.085 (0.064-0.130) 0.196 (0.147-0.300) 0.572 (0.500-1.000)
Proportion of deliveries in clinics with beds, % (SD) 42.0 (18.6) 49.3 (24.7) 28.8 (33.3)
Perinatal care areas with a center, n (%) 40 (93.0) 116 (80.6) 44 (45.4)
Areas with no delivery facilities, n (%) 0 (0.0) 0 (0.0) 8 (8.2)

Values represent averages for perinatal care areas (total population value represents the median).

SD, standard deviation; IQR, interquartile range.

TABLE 2 Characteristics of the average of each perinatal care area in the designated perinatal centers (excluding medical regions without a perinatal

center).

Characteristics

Metropolitan area Provincial area Rural area

(N = 40)

(N=116) (N =44)

Total obstetricians, mean (SD) 98.7 (57.7) 33.0 (22.2) 6.9 (3.2)
Center obstetricians, mean (SD) 36.5 (28.1) 12.6 (11.6) 32 (1.7)
Deliveries per obstetrician (all facilities), mean (SD) 8.5 (2.3) 9.4 (2.9) 9.3 (3.8)
Deliveries per center obstetrician, mean (SD) 7.3 (6.7) 9.1 (5.8) 13.1 (8.2)
HHI, median (IQR) 0.083 (0.064-0.123) | 0.178 (0.132-0.256) | 0.518 (0.394-1.000)
Proportion of deliveries in clinics with beds, % (SD) 41.3 (18.9) 44.6 (21.9) 24.5 (28.3)
Perinatal care areas where the number of deliveries per center obstetrician exceeds 150 per year, n (%) 5 (12.5) 30 (25.9) 18 (40.9)

Values represent averages for perinatal care areas. HHI value represents the median.
HHI, Herfindahl-Hirschman Index; SD, standard deviation; IQR, interquartile range.
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Correlation between HHI and the number of deliveries per obstetrician working in the perinatal center. Cl, confidence interval. Note: The analysis

excludes perinatal care areas without perinatal centers

(8.2) in rural areas. The median HHI was 0.083 [interquartile
range (IQR), 0.064-0.123] for metropolitan areas, 0.178
(0.132-0.256) for provincial areas, and 0.518 (0.394-1.000)
for rural areas. The proportion of perinatal care areas where
the delivery number/center obstetrician exceeds 150 yearly is
12.5% in metropolitan areas, 25.9% in provincial areas, and
40.9% in rural areas.

Figure 1 shows the correlation between HHI and the delivery
The  delivery
obstetrician was positively correlated with the HHI in provincial

number/center  obstetrician. number/center
areas (r=0.327, P<0.001). However, the correlations were not
significant in metropolitan (r=0.088, P=0.590) or rural areas
(r=-0.053, P=0.733).

Figure 2 shows the correlation between the proportion of
deliveries at the clinic and the
The

negatively correlated with the proportion of deliveries at clinics

delivery number/center

obstetrician. delivery number/center obstetrician was
in provincial areas (r=-0.319, P<0.001). The correlations were
not significant in metropolitan (r=-0.086, P=0.599) or rural

(r=-0.076, P=0.622) areas.

Frontiers in Global Women's Health

Discussion

This study is the first to evaluate the consolidation of perinatal
care by regional type. We then found that the proportion of areas
with >150 delivery numbers/center obstetricians yearly was higher
in the consolidated areas. Consolidation was little occurring in the
metropolitan areas but was occurring in the other areas.

The metropolitan areas had more delivery facilities and few
consolidations. The present study showed that the mean delivery
number/center obstetrician in metropolitan areas was relatively
lower than that in provincial or rural areas because a large
number of obstetricians work there. Previous studies have also
shown that consolidation in metropolitan areas is unnecessary
(28). The present results are consistent with these findings.
Moreover, a regional analysis report revealed no difference in
obstetric outcomes between small and large hospitals, and
authors concluded that safety alone is not a reason to proceed
with consolidation (6). Therefore, we believe that consolidation
may not be necessary in urban areas where there are many
obstetricians and medical resources.
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Correlation between the proportion of deliveries in clinics with beds and the number of deliveries per obstetrician working in the perinatal center. Cl,
confidence interval. Note: The analysis excludes perinatal care areas without perinatal centers.

In the provincial areas, our study found a weak positive
correlation between the consolidation of delivery and the delivery
number/center obstetrician. This may indicate that delivery
consolidation is increasing the burden on center obstetricians.
This is because the number of obstetricians is lower than in
metropolitan areas. However, we found a weak negative
correlation between the proportion of deliveries at clinics and the
delivery number/center obstetrician. This may indicate that
clinics are responsible for low-risk deliveries, which may reduce
the burden on center obstetricians. Previous studies have
reported that the incidence of perinatal comorbidities in low-risk
pregnant women did not differ depending on delivery facility
types if referral systems were well established (6, 7, 29-31). Such
a division of delivery roles (increasing the percentage of
deliveries at clinics) may be effective in areas where obstetricians
are in short supply.

There were fewer delivery facilities in rural areas, and most
medical areas had an HHI of 1. Consolidation was inevitable
because there were few obstetricians. Therefore, this could not be
adequately assessed in this study. Further, prior studies have
reported that unplanned birth outside an institution is associated
with long travel time to delivery facilities and higher perinatal

Frontiers in Global Women's Health

mortality rates. (32). A previous study from France also reported
that the closure of delivery facilities has negatively affected
pregnant women in rural areas due to increased travel time (33).
Thus, the problem in the rural areas is areas is the lack of
appropriate access to delivery facilities rather than consolidation.
Our study showed that 25.9% of provincial and 40.9% of rural
areas had >150 deliveries per center obstetrician among perinatal
care areas with the perinatal center. We found that obstetrician
workload varied by region. One way to improve the working
environment for obstetricians is to plan the allocation of
obstetricians from metropolitan areas, where there are many
obstetricians, to rural areas. Globally, the shortage of physicians
is serious in rural areas, and it is difficult to attract physicians to
rural areas. Nevertheless, to address this issue, some countries are
working on training programs in rural medicine for medical
students and young doctors (34-38). Different studies have
reported that the programs which provide a rural-oriented
medical curricullum and clinical training in rural areas are
effective in training physicians who wish to practice in rural
areas after graduation. Considering these reforms, it is expected
that the number of physicians working in rural areas will
increase. Another way is to limit patients delivering in perinatal
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centers to medium- to high-risk pregnant women. For example,
midwifery facilities in the Netherlands provide primary perinatal
care for low-risk pregnant women, and pregnant women at
middle to high risk categories are referred to a delivery facility
with an obstetrician (7). It may be better to share deliveries at
existing facilities rather than consolidate to reduce the workload
in provincial or rural areas where obstetricians are in short
supply. However, previous literatures supporting consolidation
pointed out that higher neonatal mortality rate in municipalities
with a large proportion of deliveries performed in small
units might be attributed to the inadequacy of identifying
high risk deliveries (8, 39). As a premise for the division of roles,
significant efforts must be invested to identify possible risk
factors before delivery.

The present study has several limitations. First, the delivery
number/center obstetrician was used as a measure of the burden
on the center obstetrician. However, the measure did not reflect
the working environment of obstetricians, such as working
hours, the number of night shifts, or subjective evaluations.
Therefore, this is not a complete indication of the burden on
obstetricians working at the center. Further research should be
conducted by collecting individual-level workload data to
investigate workload among center obstetricians. Second, the data
used in this study did not distinguish between the types of
delivery, such as vaginal delivery, anesthesia-controlled delivery,
and scheduled or emergency cesarean section. Therefore, the
number of the delivery is also not a complete indication of the
burden on the center obstetrician. Third, some perinatal centers
have midwifery units (40). Thus, our data could not distinguish
between midwifery-led deliveries and deliveries wherein
obstetricians intervened. Therefore, the delivery number/center
obstetrician in the center may be overestimated in some areas.

In conclusion, we found that consolidation varied by region.
The burden on obstetricians may be increasing in places where
consolidation is taking place. We considered that in the
provincial areas, the center obstetrician’s workload could be
reduced not only by consolidation but also by sharing the role of
handling low-risk deliveries with clinics and hospitals with
obstetric units other than perinatal centers. Further studies may
be needed to assess obstetrician workloads in more detail.
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