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Abstract

Background To quantify the associations between the under-five mortality rate (USMR) and measures of pediatric human
resources, including pediatricians per thousand children (PPTC) and the geographical distribution of pediatricians.
Methods We analyzed data from a national survey in 2015-2016 in 2636 counties, accounting for 31 mainland provinces
of China. We evaluated the associations between measures of pediatric human resources and the risk of a high USMR (> 18
deaths per 1000 live births) using logistic regression and restricted cubic spline regression models with adjustments for
potential confounders. PPTC and pediatricians per 10,000 km? were categorized into quartiles. The highest quartiles were
used as reference.

Results The median values of PPTC and pediatricians per 10,000 km? were 0.35 (0.20-0.70) and 150 (50-500), respec-
tively. Compared to the counties with the highest PPTC (>0.7), those with the lowest PPTC (< 0.2) had a 52% higher risk
of a high USMR, with an L-shaped relationship. An inverted J-shaped relationship was found that the risk of a high USMR
was 3.74 [95% confidence interval (CI) 2.55-5.48], 3.07 (95% CI 2.11-4.47), and 2.25 times (95% CI 1.52-3.31) higher in
counties with < 50, 50-149, and 150499 pediatricians per 10,000 km?, respectively, than in counties with > 500 physicians
per 10,000 km?. The joint association analyses show a stronger association with the risk of a high USMR in geographical
pediatrician density than PPTC.

Conclusion Both population and geographical pediatrician density should be considered when planning child health care
services, even in areas with high numbers of PPTC.
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ades, children’s health remains a major global challenge
[1-3]. The global under-five mortality rate (USMR) has
been halved since 1990, but remains high in many low- and
middle-income countries [1-3]. Economic factors, such as
gross domestic product (GDP) per capita, are related to the
USMR. However, the relationship between GDP and the
USMR is highly inconsistent, even in adjacent areas of the
same country [4].

The distribution of medical human resources, especially
the quantity of pediatricians, may contribute to discrepancies
in child mortality rate. It seems intuitive that increasing the
supply of pediatricians, which increases the availability of
health workers, would reduce poor health outcomes in chil-
dren, particularly among those that require the specialized
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expertise of pediatricians. However, the few studies that
have been conducted on this topic have produced incon-
sistent results regarding whether of the number of pediatri-
cians is associated with reductions in infant mortality rate
or USMR [5-8]. As we know, the quantity of pediatricians
is a basic factor of health systems; however, the number
of pediatricians alone is not sufficient for accessibility of
health service. They must be reasonably allocated and acces-
sible to the customer population to provide quality service
[9, 10]. Especially in cases of a severe pandemic disease
outbreak, such as the coronavirus disease 2019 infection of
this year, the reasonable and effective distribution of medi-
cal resources plays a critical role. However, there is limited
evidence on the relationship between distribution of human
resources and health outcomes.

The unequal distribution of pediatricians is a persistent
barrier to health care access in children worldwide. China
has a high degree of geographic variation in the availabil-
ity of local pediatricians [11], largely due to its vast size,
large population and diverse economic levels. In 2010, the
USMRs in eastern, central, and western China were 4.58,
5.62, and 9.81, respectively [12]. Our previous data showed
that the number of pediatricians per thousand children
(PPTC) was 1.0 in eastern China and 0.30 in western China
[13]; these data, together with the 2010 USMR data, are
consistent with an association between PPTC and USMR.
Similarly, recent data from the U.S. population from 2005
to 2015 found a negative association between physician sup-
ply and mortality [14]. However, high PPTC do not always
indicate a low mortality. For example, Hainan province with
a relatively high PPTC in China still has high USMR. This
might be caused by the inequalities in geographic access to
health care services. However, even more limited evidences
were focused on the relationship geographic distribution of
human resource and health outcomes.

Therefore, we used the dataset from a hospital-based
national survey to assess whether the risk of high USMRs
is associated with pediatric human resource measures,
including number of hospitals per thousand children and
geographical pediatrician density. We used the data from a
national survey of hospitals in China, a unique dataset on the
distribution of national pediatricians and hospitals, which
provides the unique opportunity to assess the relationship
between a variety of human resources and the USMR [13].

Methods
Study design and population
We extracted the data from a national cross-sectional hos-

pital survey conducted in 2015-2016 that covered 2636
counties from 31 provinces in mainland China. The current
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study was commissioned by the National Health and Family
Planning Commission and was conducted by two organi-
zations: The Society of Pediatrics of the Chinese Medical
Association and the Pediatric Society of Chinese Medical
Doctors Association. The study design has been described
in a previous article [13]. In brief, a total of 54,214 hos-
pitals identified from central government records were
invited to participate in the national survey; these included
all children’s hospitals, all maternal and child healthcare
hospitals, and all tertiary and secondary general hospitals
with pediatric departments. In total, 91.76% (response rate)
hospitals completed the survey. Because of the large num-
ber of primary care facilities, a complex, multistage, prob-
ability sampling design was used to select the primary care
hospitals. Based on the sample weights, 4623 of the total
45,648 primary care hospitals were included. In the current
study, we combined hospital-level data to obtain county-
level data for analysis.

Characteristics of the pediatricians and hospitals

As described in our previous article, data were provided by
senior hospital personnel between June 2015 and October
2016 using an online questionnaire. The pediatrician was
identified as those pediatricians and assistant pediatricians
with certification, no matter what their education back-
grounds. For every healthcare facility, data were collected on
the type and location of the institution, on the number of and
training received by pediatric care personnel, on the number
of pediatric beds, and on the pediatric care workload. The
pediatric care workloads were classified as high if the annual
number of outpatient visits per hospital was greater than
the median level of 76,993 visits/year and if the number of
emergency visits was greater than the median of 9800 vis-
its/year. Pediatrician characteristics, including age, highest
education level (postgraduate, undergraduate, junior college,
or polytechnic school), and professional title (none, resi-
dent, and attending or staff physician), also were reported.
The data reported were based on values and information
from 2014. The structured questionnaire was developed by
expert epidemiologists, pediatricians, hospital directors, and
government officials, and the questionnaire was pilot tested
at the authors institute to assess its validity and reliability.
Additionally, well-trained staff were responsible for study
implementation.

Measures of pediatric human resources

We calculated the number of PPTC per county according to
the child population from the 2014 population census [11].
The geographic density of pediatricians in each county was
calculated as the ratio of the total number of pediatricians
to the county’s area in units of 10,000 km?.
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Adjustment factors

Data on county size, including its area in km?, whether it is
urban or rural, its GDP per capita, its climate type, its alti-
tude, the number or proportion of the population engaged
in agricultural work, and the total population were extracted
from the statistical yearbook of each county by two research-
ers independently.

Mortality rates

The USMRs in 2012 were used and computed by the national
Annual Report System on Maternal and Child Health [15]. In
brief, the USMRs were calculated after correction for com-
pleteness of reported USMRSs and after addition of excess
mortality due to natural disasters, such as the 2008 Sichuan
earthquake, using a validated small area estimation method
combined with spatiotemporal regression and Gaussian pro-
cess regression to deal with stochastic fluctuation in death
numbers over time in counties. The primary outcome for this
analysis was high USMR, which was defined as 18 deaths per
1000 live births, the highest quartile [15].

Statistical analyses

In this study we excluded 18 counties for which we were
unable to obtain mortality information and 79 counties for
which were unable to obtain child population information. A
total of 2636 counties were included in the current analyses.

We described the characteristics of the hospitals and
pediatricians in each county, including the geographical den-
sity of pediatricians, the proportions of pediatricians with
professional titles (resident, attending physician, staff physi-
cian), the ages (<35 years, 3545 years, 45-60 years) and
education levels of the pediatricians (postgraduate degree,
undergraduate degrees, junior college or lower degrees),
number of tertiary and secondary hospitals per 10,000 km?,
proportions of each level of hospital (primary hospitals,
undergraduate degrees, junior college or lower degrees),
the number of specialized hospitals (children’s hospitals
and maternal and child health hospitals), and the number
of high-workload hospitals, for the entire cohort of counties
and counties stratified by PPTC quartiles.

We used logistic regression to evaluate the associations
of the risk of a high USMR at the county level with the num-
ber of PPTC, geographical pediatrician density, proportion
of pediatricians with a Master’s level or higher education,
measures of hospital density, and proportion of hospitals
with emergency services. The odds ratios (ORs) and their
95% confidential intervals (CIs) were calculated. In each
model, we adjusted for county size, GDP per capita, cli-
mate type, altitude, proportion of the population engaged
in agriculture, and the child population. All counties with

missing values for any variable were deleted from the regres-
sion analysis. Additionally, to avoid collinearity effects, dif-
ferent groups of predictive variables were entered into the
model separately. We fitted restricted cubic spline regression
models with adjustment for the above mentioned factors to
explore a possible nonlinear or linear relationship between
three measures of pediatric human resources (PPTC, geo-
graphical density of pediatricians and geographical density
of tertiary and secondary hospitals) and the risk of a high
USMR. Also, the histogram for PPTC, geographical density
of pediatricians and geographical density of tertiary and sec-
ondary hospitals were conducted.

We further constructed logistic regression models to eval-
uate the joint associations of PPTC with both geographical
density of pediatricians and geographic density of tertiary
and secondary hospitals on the risk of a high USMR after
stratification by PPTC quartiles and geographical density of
pediatricians or PPTC and geographical density of tertiary
and secondary hospitals.

Pairwise deletion was used for missing values in the anal-
yses. All statistical analyses were performed using SAS (ver-
sion 9.4; SAS Institute) software. A 2-tailed P value <0.05
was considered statistically significant.

Results

Distribution characteristics of the pediatricians
and hospitals

Across the entire 2014 dataset, the median number of PPTC
was 0.35 (P,s—P,s: 0.20-0.70) and 150 per 10,000 km?
(Py5—P55: 50-500) (Table 1). Counties with a high number
of PPTC also had a relatively high geographical density of
pediatricians. Among the regions with the highest PPTC,
there were more than 0.7 pediatricians per 1000 children,
and the geographical density of pediatricians was 1074
pediatricians per 10,000 km? (P,s-P;5: 310-3544), whereas
in the regions in which the number of PPTC was less than
0.2, there was a median of 57.9 pediatricians per 10,000
km? (Pys-P,s: 24.8-124.0). Regarding the overall number
of hospitals per 10,000 km2, on average there were 75.3
hospitals (P,5-P55: 15.7-250.0) with pediatric departments,
14.0 tertiary/secondary hospitals (P,5-P;5: 7.0-46.0), 11.3
primary hospitals (P,s—P5s: 4.9-32.2), and 2.73 specialized
children’s hospitals (P,;—P,5: 0-7.45) (these data were not
shown in the Tables).

To illustrate the differences in the geographical densi-
ties of pediatricians, we provide three very different exam-
ples: Zhejiang Province in East China (a high-GDP region),
Ningxia Hui Autonomous Region in West China (a low-GDP
region), and Jiangxi Province in Central of China (Supple-
mentary Table 1).

@ Springer



320 World Journal of Pediatrics (2021) 17:317-325

Table 1 Pediatrician and hospital characteristics and under-five mortality rates of counties in China stratified by the number of pediatricians per
thousand children

Pediatricians and hospitals No. of pediatricians per 1000 children P

Quartile 1 Quartile 2 (0.200—  Quartile 3 (0.350-  Quartile 4

(<0.200, 665 0.349, 623 counties) 0.699, 694 counties) (>0.700, 654
counties) counties)
Pediatricians
Pediatricians per 10,000 km?, median (Pys-P75)  57.9 (24.8-124.0) 130 (60-254) 207 (85-539) 1074 (310-3544)  <0.001"
Professional title, n (%)
Resident 3919 (41.9) 7106 (43.0) 13,155 (43.8) 30,026 (43.2) 0.004"
Attending physician 3463 (37.0) 6009 (36.3) 10,265 (34.2) 23,389 (33.7)
Staff physician 1972 (21.1) 3418 (20.7) 6590 (22.0) 16,067 (23.1)
Age (y), n (%)
<35 5105 (48.1) 9307 (47.3) 14,899 (47.2) 30,917 (43.6) <0.001"
3545 3498 (32.9) 6826 (34.7) 10,692 (33.9) 24,892 (35.1)
45-60 2015 (19.0) 3548 (18.0) 5957 (18.9) 15,085 (21.3)
Education level, n (%)
Postgraduate degree 306 (2.9) 817 (4.4) 2753 (8.5) 12,667 (17.1) <0.001"
Undergraduate degrees 6638 (63.6) 11,726 (63.6) 19,734 (60.6) 39,327 (53.0)
Junior college or lower degrees 3498 (33.5) 5909 (32.0) 10,048 (30.9) 22,247 (30.0)
Hospitals
Hospital level, n (%)
Primary hospitals 3869 (76.3) 5259 (75.8) 6722 (75.9) 6948 (73.2) <0.001"
Secondary hospitals 1123 (22.2) 1465 (21.1) 1609 (18.2) 1505 (15.9)
Tertiary hospitals 77 (1.5) 213 (3.1) 522 (5.9) 1035 (10.9)
Specialized hospitals, n (%) 422 (4.7) 527 (4.9) 603 (4.7) 634 (4.5) 0.570
High-workload hospitals?, n (%) 128 (21.0) 205 (35.0) 315 (52.7) 393 (66.5) <0.001"
High under-five mortality rate, n (%) 141 (20.6) 170 (24.9) 196 (28.7) 282 (41.2) <0.001"

“High-workload hospitals were defined as having a number of outpatients visit higher than the median (76,993 visits/year) and number of emer-
gency patient visits higher than the median (9800 visits/year). “P <0.05

Pediatricians and the USMR nonsignificant association was found among the counties
with PPTC higher than 0.2, yielding an L-shaped relation-

The median USMR was 13.0%0 (P,5—P75: 9.6%0—18.3%0).  ship. This L-shaped association between the number of

The distribution of county-level USMRs shows a clear
gradient of increased USMR in the central and western
regions compared to the eastern region and the inverse
pattern in the county-level geographical distribution of
pediatricians. The median USMR of eastern, central and
western region were 9.2, 12.5, and 19.3 deaths per 1000
live births; and the median PPTC were 0.43, 0.34, and
0.33, respectively. A low number of PPTC, a low pediatri-
cian geographic density, a low number of well-educated
(higher or equal to Master’s degree) pediatricians and a
low proportion of pediatricians with a professional title
(higher or equal to attending pediatrician) were signifi-
cantly associated with a high USMR, defined as > 18
deaths per 1000 live births, after controlling for potential
confounders (Table 2). Compared with the counties in
which the number of PPTC was higher than 0.7, counties
with the lowest PPTC (<0.2) had a 52% (OR 1.52, 95%
CI 1.09-2.13) increased risk of a high USMR, whereas a
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PPTC and the risk of a high USMR was confirmed by our
cubic spline model after adjusting for potential confound-
ers (Fig. 1a). An increase in the risk of a high USMR was
observed when there were less than 0.5 pediatricians per
1000 children.

Geographical density of pediatricians also showed a
significant association with USMR. Compared to counties
with the highest densities (> 500 pediatricians per 10,000
km?), counties with the lowest densities (<50 pediatri-
cians per 10,000 km?) had a nearly four times higher risk
(OR 3.74, 95% CI 2.55-5.48) of high USMRs (Table 2).
As density increased, the risk of high USMR decreased; the
OR was 3.07 (95% CI 2.11-4.47) in counties with a density
of 50-149 pediatricians per 10,000 km? and 2.25 (95% CI
1.52-3.31) in counties with a density of 150-499 pedia-
tricians per 10,000 km?. Our cubic spline model showed
a significant inverted J-shaped association between a high
USMR risk and the geographic density of pediatricians after
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Fig. 1 Adjusted ORs of high USMRs (>18%o¢) in China in 2014.
The solid curve represents the multivariate-adjusted ORs calculated
by restricted cubic splines. The reference value (red line: OR=1.0)
was set at 0.50 for PPTC (a), 100 for pediatricians per 10,000 km?
(b), and 20 for tertiary and secondary hospitals per 10,000 km? (c).

adjusting for potential confounders (P, inear trend = 0-001)
(Fig. 1b). A significantly elevated risk of a high USMR was
detected when the total number of pediatricians was less
than 100 per 10,000 km?.

Hospitals and the USMR

The distribution of pediatricians is necessarily dependent on
hospital distribution, especially the distribution of high-level
hospitals; therefore, we further evaluated the association of the
risk of a high USMR with the geographic density of second-
ary and tertiary hospitals. Consistent with the above results
for PPTC and geographical density of pediatricians, a low
geographic density of secondary and tertiary hospitals was
significantly associated with the risk of a high USMR. For
example, counties with less than seven secondary and tertiary
hospitals per 10,000 km? had a 2.52 times higher risk of a high
USMR than counties with 47 or more hospitals per 10,000
km? (95% CI 1.68-3.78). We also observed an L-shaped asso-
ciation between the risk of a high USMR and the geographic
density of secondary and tertiary hospitals in the cubic spline
models adjusted for GDP per capita, the proportion of the pop-
ulation involved in agriculture, and the total child population
(P pontinear trend < 0-001, Fig. 1c). An increased risk of USMR
was observed when the number of secondary and tertiary hos-
pitals was less than 20 hospitals per 10,000 km?.

Combined impact of PPTC and geographical
densities on high USMR risk

After stratification by quartiles of PPTC and geographical
density of pediatricians (pediatricians per 10,000 km?), a sig-
nificant combined effect of PPTC and geographical density

ORs for high USMRs were estimated using logistic regression mod-
els adjusted for gross domestic product per capita, surface area, child
population (except PPTC), type of climate, altitude, and proportion of
the population engaged in agriculture. OR odds ratio, PPTC pediatri-
cians per thousand children, USMR under-five mortality rate

of pediatricians on the risk of a high USMR was observed
(Pipteraction < 0.001). The 3-D bar chart shows that the risk of
high USMR increased as the number of PPTC increased and
the geographical density of pediatricians decreased; the OR
decreased from 6.481 (95% CI 2.80-15.00) for counties with
fewer than 50 pediatricians per 10,000 km* and PPTC >0.70
to 0.380 for counties with > 500 pediatricians per 10,000 km?
and < 0.20 PPTC (95% CI 0.04-3.88; reference: pediatricians
per 10,000 km? < 50 and PPTC>0.7) (Fig. 2a). We can see
that geographical density showed a stronger association with
risk of a high USMR. Additionally, a significant joint effect of
pediatrician population density and geographical hospital den-
sity on a high USMR (P <0.001) was also observed (Fig. 2b).

Discussion

In this analysis of data from a national survey of pediatric
human resources in China, we found an L-shaped associa-
tion of PPTC with a high USMR, but an inverted J-shaped
association between the geographical density of both pedia-
tricians and secondary and tertiary hospitals and the risk of
a high USMR. The results of the joint association analysis
showed that geographical density showed a stronger associa-
tion with the USMR than the number of PPTC.

Many health service-related factors, including patterns
of service, provider utilization, health policies, distribu-
tion of the health workforce, and organizational efficiency,
affect health outcomes among children [16-18]. However,
according to the characteristics of universal health cover-
age pertaining to health care human resources [9], among
all these factors, availability of and accessibility to pediat-
ric health care services may be the most important because
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Table 2 Associations between pediatrician/hospital characteristics
and risk of a high USMR

Variables No. of counties OR? 95% CI P for trend

No. of pediatricians per 1000 children

<0.200 665 1.52 1.09-2.13  0.020"
0.200-0.349 623 1.28 0.90-1.81
0.350-0.699 694 1.25 0.89-1.75
>0.700 654 Reference
No. of pediatricians per 10,000 km?
<50 601 3.74 2.55-5.48 <0.001"
50-149 664 3.07 2.11-4.47
150-499 683 2.25 1.52-3.31
>500 688 Reference
No. of pediatricians with a Master’s degree or higher
>1 1631 Reference -
None 1005 2.90 2.16-3.91
Professional title higher than or equal to attending pediatrician (%)
<35 631 2.87 1.92-4.29 <0.001"
35-54 724 2.16 1.46-3.19
55-64 453 1.61 1.09-2.38
>65 828 Reference
No. of tertiary and secondary hospitals per 10,000 km?
<7 671 2.52 1.68-3.78 <0.001"
7-14 643 2.54 1.71-3.75
15-46 659 2.12 1.42-3.15
>47 663 Reference
Percent of tertiary and secondary hospitals (%)
<8 659 1.42 1.07-1.90 0.170
849 564 0.82 0.59-1.15
50-99 488 0.98 0.69-1.39
100 925 Reference
Hospitals with emergency departments (%)
<10 764 1.20 0.88-1.64 0.190
10-39 570 1.49 1.06-2.09
40-64 545 1.56 1.12-2.18
>65 752 Reference

CI confidence interval, OR odds ratio, USMR under-five mortal-
ity rate, high USMR an under-five mortality rate> 18 per 1000 live
births. *The data presented are ORs adjusted for gross domestic prod-
uct per capita, surface area, child population (except pediatricians per
thousand children), type of climate, altitude, and proportion of the
population engaged in agriculture. “P <0.05

they affect the opportunity for timely treatment [19]. For
example, heavy pediatric workloads leading to a pediatri-
cian shortage and inadequate service may result in increased
child mortality due to inadequate and untimely treatment
[7, 20-22]. However, there is limited and inconsistent evi-
dence of the associations between factors associated with
pediatric human resources and health outcomes in children
[23-25]. The relative impact of these factors on USMR
remains unclear. In this study, using unique national survey

@ Springer

data, we found that an increased number of pediatricians
lowered the risk of a high USMR; however, this association
was significant only in the counties with the lowest numbers
of pediatricians. This finding suggests that simply increasing
the number of pediatricians to address high USMR is not
necessarily a sustainable solution. An untargeted increase
in the number of pediatricians might not benefit health out-
comes in children and may even result in a waste of medical
resources.

Access to health services is a direct determinant of health
outcomes [19]. Both the absolute number of pediatricians
and geographical distance to health care services are key
factors in health service accessibility. For residents in geo-
graphically remote areas with a low geographic density of
health services, timely access to health care for severe condi-
tions, especially emergency situations, is largely dependent
on distance and transport options [21, 26]. Dejardin et al.
found that the health outcomes of colorectal cancer patients
were mainly determined by distance from the nearest local
cancer treatment site [26]. Lagarde et al. proposed that geo-
graphic variability in the number of health workers contrib-
utes to severe health outcomes in rural populations [27].
Consistently, we found that increasing the number of pedia-
tricians per unit of geographical area reduced the USMR
regardless of the local pediatrician density per thousand chil-
dren. Even if the geographical density of pediatricians was
relatively high, for example, higher than 100 pediatricians
per 10,000 km?, an increase in pediatrician number in each
unit area was still associated with a reduction in the USMR.
For example, in Qinghai Province, the total number of PPTC
was high (0.48), but the geographical density was low, at
11.60 pediatricians per 10,000 km?, due to its low overall
population density; accordingly, its USMR was quite high.

Variability in the geographic distribution of pediatricians
has been a long-term problem worldwide. While govern-
ments have attempted to increase the total number of pedia-
tricians during the last few decades, the variability in health
access has increased [28, 29]. A potential explanation for
this discrepancy is that the geographic densities of pediatri-
cians have not improved. Therefore, policy makers should
consider geographic pediatrician density and adopt a tar-
geted location-based allocation strategy when recruiting new
pediatricians to minimize inequalities in health care access
and to balance the supply and demand [23]. The largest bar-
rier is that working in rural and remote areas is not appealing
to most pediatricians. In the short term, active deployment
or the temporary shifting of current human resources may
help address this challenge. For example, general physi-
cians in primary care facilities could be retrained in pediat-
rics. Because China is extremely diverse, a one-size-fits-all
approach is inappropriate. The management and distribution
of pediatric human resources should consider specific local
needs and conditions.
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for high USMRs were estimated using logistic regression models

Education level, one of the indexes of pediatric care
quality, has significantly improved in China during the past
30 years, and a large number of well-educated pediatricians
have been trained. In counties with a sufficient number of
pediatricians, a benefit of highly educated pediatricians on
child health outcomes has been reported [30, 31]. Currently,
one of the advantages of the Chinese medical educational
system is that one can become qualified as an independent
practitioner after a short period of training. The relatively
efficient and fast nature of medical training in China is thus
well suited for medical staff practicing in rural and less
developed areas, which have limited financial resources and
a high demand for pediatricians.

Our study has several limitations. First, although the
USMR is the most commonly used indicator of child health
status at the population level, other indicators may also be
helpful, such as morbidity (e.g., pneumonia rates, growth,
and development). Additionally, the USMRs calculated from
routine surveillance data may be underestimated owing to
under-reporting. Second, although we included many poten-
tial confounders, residual confounding may still exist. Third,
we excluded some counties, including some with low num-
bers of pediatricians and high USMRs, so the strength of
the association may have been underestimated. Fourth, there
is a small-time lap between USMR (2012) and survey of
pediatricians (2014). However, according to the data from
the National Bureau of Statistics [Statistical and Monitor-
ing Report of the Program for the Development of Chinese
Children (2011-2020)], the USMRs from 2012 to 2014 were
slightly increased from 13.2%o to 11.7%o [32]. The changes
in USMR are not large. Fifth, the measurements used in
this study, including population density and geographical
density, might only reflect an average of the accessibility of
the health service. These measures might be biased when
the health service and population show an aggregative dis-
tribution and centralizes several key urban areas. Finally, we

adjusted for gross domestic product per capita, surface area, child
population size, type of climate, altitude, and proportion of popula-
tion engaged in agriculture. OR odds ratio, USMR under-five mortal-
ity rate

did not consider migrant workers. No data were available
to estimate the migrant proportion of the population at the
county level. Because migrants generally move from rural
to urban areas or from less developed to more developed
regions, the workload in the western regions may have been
slightly overestimated. However, only a minority of migrants
are accompanied by children, as most are left behind to live
with relatives [33]; so the number of migrant children is rela-
tively small and is unlikely to have influenced the analysis.
In addition, due to population mobility, many people, even
from poor areas, access services at secondary and tertiary
hospitals in China. Therefore, access to medical facilities
may be even more important in countries with poor transport
infrastructure.

In conclusion, our findings suggest that both the number
and geographical density of pediatricians should be taken
into consideration when establishing health service priori-
ties. In particular, the geographical density of pediatricians
directly influences accessibility to medical care for children
and may lead to an increased USMR. Our findings warrant
confirmation in future, well-designed prospective studies,
especially to generalize the geographical density of pediatri-
cians to other countries.
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