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Abstract
Background: As gatekeepers of residents’health, general practitioners (GPs) con-
stitute the main force of primary healthcare services in China. Xinjiang faces
prominent issues such as shortages of primary-level human resources and irra-
tional talent structures that need to be urgently addressed. Objective: Based on
understanding the current allocation status of GPs in Xinjiang, to evaluate the
equity of allocation and forecast the demand and shortage numbers of GPs in
Xinjiang Uygur Autonomous Region from 2025 to 2030, providing a reference
basis for rational allocation and training of GPs across the region. Methods:
Agglomeration degree, Lorenz curve, and Gini coefficient were applied to ana-
lyze the equity of GP allocation, combined with the average growth model and
health demand forecasting method to predict the demand and shortage num-
bers of GPs. Results: The average annual growth rate of GPs in Xinjiang was
16.58%. It is forecasted that approximately 9,411–9,452 GPs will be needed
by 2025, with a shortage of 3,938–3,979. The agglomeration degree of GP re-
sources allocated by population was all greater than 0, while that allocated by
geographical area was all less than 1, and both showed a declining trend year by
year. The Gini coefficients of training quota numbers allocated by population
were all less than 0.3 for various regions and overall. The overall Gini coefficient
and that of northern Xinjiang allocated by geographical area were 0.415 and
0.457 respectively, while other regions’Gini coefficients were all less than 0.3.
Conclusion: The allocation and training of GPs in Xinjiang have made certain
progress with a relatively fast growth rate, and the quantity has reached the
overall target. However, a large shortage remains. The equity of GP resources
allocated by population is better than that by geographical area, with northern
Xinjiang being the main source of inequity in training quota allocation by geo-
graphical area. Therefore, in further GP allocation and training efforts, on the
basis of referencing the predicted demand and shortage numbers, the GP work-
force should continue to be expanded, taking key regions as the entry point to
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continuously improve the equity of allocation by geographical area, while ensur-
ing the quantity of GPs and taking into account the accessibility of healthcare
services.
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Abstract

Background: General practitioners (GPs), as the gatekeepers of residents’
health, constitute the main force in China’s primary healthcare system. Xin-
jiang faces urgent challenges including severe shortages and structural imbal-
ances in grassroots health human resources. Objective: This study evaluates
the equity of GP allocation in Xinjiang and forecasts demand and shortfall num-
bers for 2025–2030, providing evidence-based recommendations for rational GP
allocation and training. Methods: We analyzed allocation equity using health
resource agglomeration degree (HRAD), Lorenz curves, and Gini coefficients,
combined with an average growth model and health demand forecasting method
to project GP demand and gaps. Results: The average annual growth rate of
GPs in Xinjiang was 16.58%. Forecasts indicate that approximately 9,411–9,452
GPs will be needed by 2025, with a projected shortfall of 3,938–3,979. HRAD
values were greater than 0 for population-based allocation but less than 1 for
geographic area-based allocation, with both metrics declining annually. Gini
coefficients for training quota allocation by population were below 0.3 across all
regions, while those for geographic allocation exceeded 0.4 for both the entire
region (0.415) and northern Xinjiang (0.457). Conclusion: GP allocation and
training in Xinjiang have progressed significantly with rapid growth, achieving
overall quantity targets, yet substantial gaps remain. Population-based alloca-
tion demonstrates better equity than geographic-based allocation, with northern
Xinjiang representing the primary source of inequity in geographic allocation of
training quotas. Future efforts should expand the GP workforce based on pro-
jected demand and gaps, prioritize key regions to improve geographic allocation
equity, and balance workforce quantity with healthcare accessibility.
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Introduction

The 14th Five-Year Plan for Health Standardization emphasizes strengthening
standardized construction of primary healthcare institutions to improve service
standardization and enhance integrated prevention-treatment and health man-
agement capabilities. As gatekeepers of residents’health, GPs serve as primary
providers and implementers of grassroots medical services, representing criti-
cal health human resources whose allocation directly affects equitable access to
essential healthcare. The Xinjiang Uygur Autonomous Region Health Develop-
ment 14th Five-Year Plan identifies persistent challenges in grassroots talent
shortages and structural imbalances. While existing research has examined GP
allocation nationally and in select provinces, Xinjiang lacks such comprehen-
sive analysis. This study evaluates current GP allocation status, assesses equity
using agglomeration degree, Gini coefficient, and Lorenz curves, and forecasts
demand and shortfall numbers for 2025–2030 to inform rational GP allocation
and training policies in Xinjiang.

Methods

Data Sources Population and geographic area data were obtained from the
China Statistical Yearbook (2021). GP statistics, including total numbers, those
registered in general practice, and certified training completers, were sourced
from the China Health Statistics Yearbook (2013–2020) and Xinjiang Health
Commission training quota allocation documents. The dataset encompassed:
(1) Xinjiang GP totals, general practice registrations, certified training com-
pleters, and GPs per 10,000 population from 2012–2019; (2) GP training quota
allocations across Xinjiang prefectures from 2010–2019; and (3) Xinjiang popu-
lation numbers and geographic areas.

Analytical Methods Data were processed and analyzed using Excel software.
We employed logarithmic, sequential, time series, and semi-logarithmic charts to
describe GP status and temporal trends. Equity analysis utilized agglomeration
degree, Lorenz curves, and Gini coefficients.

Agglomeration Degree: We applied HRAD to evaluate population- and
geography-based allocation equity for total GPs, registered general practice
physicians, and certified training completers. HRAD represents the ratio of
health resources in a region to the proportion of national geographic area (1%),
where HRAD=1 indicates absolute equity, >1 suggests favorable equity, and
<1 indicates poor equity. Population agglomeration degree (PAD) represents
the ratio of regional population to 1% of national geographic area; HRAD mi-
nus PAD reveals population-based allocation equity, where values >0 indicate
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resource surplus and <0 indicate shortage.

Lorenz Curve and Gini Coefficient: We plotted Lorenz curves and calcu-
lated Gini coefficients to quantitatively analyze training quota allocation equity
by population and geographic area. Lorenz curves plot cumulative population
(or geographic area) percentages against cumulative GP resource percentages,
with the diagonal representing perfect equity. Greater curvature indicates higher
inequality. Gini coefficients were calculated from these curves, where <0.2 in-
dicates absolute equity, 0.2–0.3 relative equity, 0.3–0.4 reasonable equity, 0.4 a
warning threshold, 0.4–0.5 inequity, and $�$0.6 severe inequity.

Average Growth Model and Health Demand Method: The average
growth model [P=P0(1+k)𝑛] estimated Xinjiang’s population, where P0 is base-
year population, k is projected average growth rate (12.97%), and n is forecast
period. The health demand method directly estimated required GP numbers
based on population, two-week consultation rate, primary care utilization inten-
tion, and visit volume.

Results

Basic Status of GPs in Xinjiang From 2012–2019, Xinjiang’s GP work-
force increased by 184.3% (annual growth rate: 16.58%). Registered general
practice physicians grew by 254% (20.6% annually), while certified training
completers increased by 152.5% (14.8% annually). Registered GPs showed the
fastest growth, rising from 31.8% of the total GP workforce in 2012 to 37.27% in
2019 (annual average: 34.66%). GPs per 10,000 population increased annually
with an average growth rate of 14.6% . Semi-logarithmic plots confirmed these
trends [Figure 1: see original paper].

Equity Analysis of GP Allocation GP Resource Allocation Equity:
HRAD values for geographic allocation were consistently <1 and declined annu-
ally from 2012–2019. Population-based HRAD values were >0 for all categories,
except registered GPs in 2019 which fell below 0, indicating inequity .

Training Quota Allocation Equity: In 2020, Gini coefficients for training
quota allocation were 0.231 (population-based) and 0.415 (geographic-based),
demonstrating superior population-based equity. Southern and eastern Xin-
jiang showed good geographic equity (Gini <0.3), while northern Xinjiang’s
geographic Gini coefficient exceeded 0.4, indicating inequity . Lorenz curves
[FIGURE:2, FIGURE:3] showed greater curvature for geographic allocation,
confirming these findings.

GP Allocation Forecasts Using the average growth model with 2021 base-
line data, we projected Xinjiang’s population for 2025–2030 and estimated
required GP numbers and shortfalls [TABLE:4, TABLE:5].

chinarxiv.org/items/chinaxiv-202503.00208 Machine Translation

https://chinarxiv.org/items/chinaxiv-202503.00208


Discussion

GP Workforce Growth and Persistent Shortfalls Our findings reveal
that Xinjiang’s GP workforce expanded by 3,548 personnel from 2012–2019, with
a remarkable 16.58% annual growth rate—substantially higher than provinces
like Shandong, indicating robust development. By 2019, Xinjiang achieved 2.17
GPs per 10,000 population, exceeding western China averages and meeting the
2020 target of 2 GPs per 10,000 population. Growth was most rapid during
2012–2014, coinciding with policy implementation following the 2009 healthcare
reform and 2010 national GP development plan, which established short-term
training targets and dual pathways (1–2 year conversion training and standard-
ized residency training). By 2014, Xinjiang reached 1.45 GPs per 10,000 popu-
lation, meeting initial targets and transitioning to stable development.

Despite this progress, our forecasts indicate a 3,938–3,979 GP shortfall by 2025,
requiring at least 1,124 additional registered GPs and 2,814 certified training
completers. Achieving these targets would yield 3.414–3.428 GPs per 10,000 pop-
ulation by 2025, approaching the 2030 goal of 3–5 GPs per 10,000 population
while improving geographic allocation rationality and meeting service demand.
To address these gaps, policymakers should establish evidence-based targets,
diversify training methods, and strengthen workforce planning. Sustainable
development requires balanced attention to undergraduate medical education,
continuing education for 骨干 (backbone) and high-level GPs, and ongoing con-
version training to create a multi-tiered workforce. Supply-demand coordination
must consider both geographic and population factors while guiding rational
service utilization. Differentiated regional policies and increased investment in
financial support and infrastructure will enhance professional attractiveness and
retention.

Superior Population-Based Allocation Equity Population-based alloca-
tion equity consistently outperformed geographic-based allocation, with HRAD
values >0 for most indicators, while geographic HRAD values remained <1 and
declined annually. This aligns with studies on other health workforce categories
in Xinjiang and other provinces. The declining population-based HRAD sug-
gests GP growth lagged behind population-driven demand growth, with relative
growth advantages less pronounced compared to western China overall. Regis-
tered GP numbers require particular attention through incentive mechanisms
and policy guidance to enhance registration willingness.

Geographic allocation inequity poses significant challenges for healthcare acces-
sibility, especially critical in Xinjiang’s vast territory. While national policies
have emphasized per-capita GP targets, geographic metrics have been over-
looked. Our geographic-based forecasts for 2025–2030 provide reference values
for improving allocation equity. Some studies suggest “1–2 qualified GPs per
township”as a geographic allocation standard. The Lorenz curve analysis con-
firms that geographic allocation inequity primarily stems from northern Xinjiang
(Gini=0.457), where large prefectures like Ili and Bortala receive disproportion-
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ately few quotas relative to their geographic size. Conversely, Urumqi’s smaller
area but higher quota allocation reflects its status as the capital with more med-
ical institutions and better-developed primary care systems. Southern Xinjiang
demonstrates good equity in both population- and geographic-based allocation,
attributable to policy prioritization by the Health Commission.

Optimization of Training Quota Allocation Training quota allocation
requires optimization, as geographic allocation shows greater Lorenz curve cur-
vature (Gini>0.4) compared to population allocation. Regional analysis reveals
that all areas except northern Xinjiang achieve Gini coefficients <0.3 for both
metrics. Northern Xinjiang’s geographic allocation Gini of 0.457 represents
the primary inequity source, warranting targeted attention. Since training quo-
tas exceed actual certified completers, selection processes should include com-
petency screening to ensure training quality and resource efficiency, thereby
accelerating workforce development.

Conclusion

After a decade of GP development, Xinjiang has achieved substantial progress
toward training targets, yet significant shortfalls persist. Future efforts must be
demand-driven, expanding the GP workforce while prioritizing geographic allo-
cation equity to enhance primary care accessibility. Data limitations prevented
subregional analysis of registered GP equity, representing an area for future
research. Enhanced forecasting models will further improve GP workforce plan-
ning precision and development quality.
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