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Diagnosing the Impact of AI on Radiology in China

Abstract
Artificial Intelligence will significantly impact the work environment of radiologists. I suggest that up to 50% of a radiologists work in 2021 will be performed by AI-models in 2025. 
However, it won’t increase beyond that 50% level, as radiologists remain key for human-centered aspects of their job. I project that few to no radiologists will be laid off in China due 
to the existing supply shortage of radiology services in 2021. The application of AI in radiology could contribute 1.7 billion USD to China’s GDP in 2025. It will further allow radiologists 
to start productive work up to four years earlier. AI in radiology will positively impact the health of patients and radiologists themselves.
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Introduction

Motivation
In the midst of every crisis, lies great opportunity. The coronavirus 

pandemic has brought much suffering by killing more than a million people 
in 2020 [1]. However, it has accelerated progress in medical imaging 
technology, such as the analysis of images of lungs [2-4]. Where exactly 
does this technology fit in? What are its impacts, Healthcare can be divided 
into three parts: Prevention, Diagnosis and Treatment. Diagnosis can be 
further divided into different methods. Most of these methods, such as MRI-
scans1 or CT scans2 produce image data Machines have not been shown 
to be able to express compassion. 

Why China?
China is chosen specifically as the subject of this work as I expect the 

country to be the first to adopt AI-driven radiology for four reasons:

• China has the second largest talent pool of AI Researchers [4].

• China has the largest population in the world and hence the most data. 
Just feeding more data into AI models

 has repeatedly shown vast gains in performance [3-5].

• As Figure 1 shows, China has less doctors per capita than other 
developed nations. Hence demand for

 AI-models to support doctors is much higher than in other countries 
with comparable developed technologies.

• Chinese are comparatively less concerned about AI risks. Research 
from Deloitte has shown that for many developed nations, such as the US 
or the UK, a higher percentage of people is concerned about the risks of 
AI than the percentage of people confident that the country will be able to 
address AI risks [6]. Chinese have the lowest concern about AI and are 
confident in being able to address risks among the countries studied [6]. 
Such concerns may put major brakes to AI development in other countries. 

In the following, I look into scenarios for how artificial intelligence may 
impact radiology in China. This work aims to highlight both benefits and 
limits of the technology. I put forward several highlighted recommendations 
for stakeholders, which are based on my research and understanding of the 
matter. They should, however, be scrutinized and I am looking forward to 
critique of my statements (Figure 1).

Materials and Methods 

Paradigm shift in medical imaging
To be able to assess, we first need to develop an understanding of 

how artificial intelligence is applied in medical imaging. Subsequently, I will 
propose scenarios for how it will impact the radiologist job environment, as 
well as the broader economy and labor markets of China. I will finish the 
chapter with a study of the potential health impact.

Technical implementation 
AI-Automation framework: The job of a Radiologist can be roughly 

split into four tasks: Evaluate patient history, perform diagnostic imaging, 
interpret results, communicate results [7]. In Figure 2, I classify those 
tasks into the AI-Automation framework proposed by Lee [3]. The x-axis 
measures how much creativity and strategy is involved in a job. While there 
has been progress on creative AI-models, such as GANs 3 [8], AI-models 
are best at automating repetitive tasks. The y-axis measures the need for 
compassion in a job. Especially hospital jobs such as nurse care may need 
a lot of compassion. Machines have not been shown to be able to express 
compassion. For each quadrant, Lee assigns an automation scenario, 
which is superimposed on the graph (Figure 2).

Figure 1. Doctors per capita of selected countries, OECD.
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In his own work, Kaifu Lee put the radiologist job into the third quadrant, 
hence low on creativity and low on compassion. According to the scenario 
marked in blue, he hence expects the job to be fully replaced by AI. I dig 
deeper and classify the four identified tasks that make up the radiologist job. 
The evaluation of a patients history as well as result interpretation are both 
tasks that exhibit few creativity and do not need a lot of compassion. They 
can be done alone and are rather analytic, repetitive tasks. Hence they lend 
themselves to automation. Performing the diagnostic imaging, however, 
often requires an exchange with the patient. For example, the radiologist 
may help the patient get into the correct posture before taking a CT-scan. An 
exchange needs compassion, which according to Lee will remain a human-
centered task. we hence put that task in the second quadrant. Similarly, 
patients may have questions about the results. This also makes a human-
to-human interaction necessary for the communication of results. Even if 
the communication of results happens in email, creativity may be needed 
to address open-asked questions or format the results in a way the patient 
can understand (such as for children or the elderly). It may even require 
strategy, when there are multiple treatment options and the radiologist 
needs to take the circumstances of the patient into account.

Communicating results hence falls between the second and first 
quadrant and is also difficult to automate. For further evaluation, I hence 
make the following two assumptions: First, we expect two of the four 
tasks, namely evaluating the patient history and interpreting the results, 
to be gradually automated. The other two tasks will be fulfilled by humans. 
Current developments in AI support this classification. As of 2020, state-
of-the-art AI models are able to outperform the average radiologist in 
detecting breast cancer on medical images [9]. This falls into the category 
of interpreting results. Evaluating patient history is a task that may require a 
combination of text and image data. Recent advancements have closed the 
gap on text+image understanding tasks between humans and AI [10]. Once 
a diagnosis for a patient is scheduled, AI models could be queried with 
the details and then analyze the available data of the patient for medical 
preconditions that need to be taken into account. Such extraction tasks 
are often subject of AI research [5]. The lack of such progress on the other 
two tasks shows the difficulty of automating them. Second, I assume that 
evaluating the patient history and interpreting the results currently make up 
roughly 50% of a radiologists job. Hence the average radiologist spends half 
of his work time on those two tasks. This hypothesis finds some support in 
literature [11], but is likely to vary a lot between facilities and hence difficult 
to determine.

Technology players: Taking the technological development into 
account, I propose the following AI-radiologist workflow: First, an AI-
model searches through a patient’s full history looking for issues that may 
occur with the planned image taking. Whenever the patient arrives at the 
clinic, a medical practitioner loads the AI’s search results an conducts the 
diagnostic imaging. The images are fed into the second AI-model, which 
looks at the images and combined with the history outputs a diagnosis. The 

practitioner finally communicates the results to the patient. There are two 
entry points for technology companies to provide an AI-model. However, 
the two models need to be able to communicate with each other, as the 
patient history may also be relevant for the result interpretation done by 
the second model. Also, the newly interpreted results should be added to 
the patient history for future evaluation of the first model. While they center 
around different tasks, Chinese companies have shown their ability to build 
AI models across different domains. AI platforms from Tencent, Baidu and 
iFlytek each provide models for more than 50 different tasks as of 2020. 
This is because different tasks can often be solved by a similar underlying 
algorithm. One such example is the Attention Algorithm, which is used 
both for text and image analysis [12]. Therefore, we expect a single entity 
to provide models for both tasks to hospitals, rather than two different AI 
companies specialising on each task. One emerging player is Tencent’s 
subsidiary Miying, founded in 2017. At the end of 2020, they reported their 
algorithms are able to classify 3000 diseases [13]. Their focus is in line with 
the two automatable tasks we have identified: First, they are building cloud 
storage services for patients images and other data. This cloud can then 
serve as a facility-independent provider of a patient’s history. I hypothesize 
that once they have accumulated significant amounts of patient data, they 
will provide extraction services leveraging AI search algorithms. Second, 
they are building AI-models able to detect diseases and hence interpret 
results of scans.

Labor impact
Supply-demand projection: In 2017, there were about 160,000 

radiologists in China [14]. This number has since grown to about 180,000 as 
of the end of 2020 at an average 4.1% yearly4 [15]. We approach the impact 
of AI on the radiologist job environment from a demand-supply viewpoint. 
In Section 2.1.1, I have estimated that AI will be able to take over 50% of a 
radiologists job. We can reformulate this as saying that AI will increase the 
total supply of radiologists by 50%. This is because once an AI can perform 
50% of a radiologists job, the radiologist can take on 50% more patients and 
hence radiologist supply increases. In Figure 3, I graph a possible scenario 
for the demand and supply development of the radiologist job in China. 
2020 and 2019 have been the first two years with notable AI-models that 
have outperformed the average radiologist [16]. AI-models can be rolled 
out very fast, since it is just software that can be executed in the cloud. In 
2020, providers of AI-models are in trial stages [17]. Once initial models are 
successfully rolled out in 2021 and 2022, the scalable nature of software will 
allow the adoption to accelerate. As Figure 3 shows, I therefore expect the 
50% maturity to be reached by 2025. By then AIs will be at the maximum 
threshold we have established of performing 50% of a radiologists job. This 
will effectively double the supply of radiologists.

In 2021, China still has a shortage of radiologists. Figure 1 shows that 
in 2019 China had less than half as many doctors per capita as Russia, 
and about 20% less than the United States. Based on that I calculated the 
shortage for radiologists in China putting the demand between that of the 
US and Russia. I projected this demand for radiologists to then increase 
at China’s population growth rate further [18], hence reaching close to 
300,000 in 2026. This is shown by the red line in Figure 3. Without AI, the 
current radiologist growth rate of 4.1% would close that demand-supply gap 

Figure 2. Radiologist tasks grouped into the AI-automation framework, research 
and Kaifu Lee.

Figure 3. Base-Scenario: projected demand/supply of radiologists in China, 
research.
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in 2030 taking nine years. With AI, however, as Figure 3 suggests, China 
may be able to close that gap within half that time.

Labor market reactions: We expect the labor market to react slower 
than the technological advancement. Initially, this may lead to a surplus of 
radiologists. However, we do not expect a massive job migration. Rather, 
fewer radiologists entering the market will naturally decrease supply. This 
is shown by the change in slope of the human radiologist supply in Figure 
3 starting in 2023. Due to the current supply shortage, radiologists in China 
may also be overworking with a report citing a radiologist working 360/365 
days per year [19]. As the supply curve approaches and surpasses the 
demand, radiologists.

May adjust their work-life balance leading to a reduction in supply. This 
will further prevent large-scale layoffs or job migrations. Radiologists who 
do switch careers will find their existing experience to be of much use in 
adjacent fields of medicine. There will also remain high demand for them in 
other less-developed countries, a I expect China to be the pioneer in this 
field.

For radiologists who remain in their job position, their day-to-day tasks 
will change greatly. They will spend more time with their patients. They will 
learn how to efficiently interact with the AI-models or even help building them 
themselves leveraging their knowledge. I recommend local governments 
to support retraining of radiologists, especially in public hospitals where 
market forces may be slower. I also recommend radiologists to educate 
themselves about how AI can help them or even how they can help AI, as 
they are a much needed resource to build such models. 

Demand growth smoothens disruption: Among other limitations, 
projecting demand by population growth in Figure 3 may be an 
understatement for two reasons:

1. The affordability of radiology services may increase due to income 
growth in China. Gross National Income

per capita has been growing at about 6% from 2015 to 2020. If this 
growth continues and there is no equal

growth in prices of radiology, those services will become more affordable 
and demand may increase [20].

2. Demand of radiology services may be much higher for older people. 
Hence it may correlate more to the

growth of the elderly population rather than the growth of the entire 
population. The United Nations forecasts

the share of the 65 or older to increase from 17.4% in 2020 to 24.8% in 
2030 China [18] (Figure 3).

Based on the latter of those points, Figure 4 shows a second scenario 
with an average 3.79% growth for radiology services. This is the average 
yearly growth rate of the population of 65 or older in China between 2020 
and 2030. The 3.79% are about ten times larger than the growth rate for the 
base scenario, which varies between 0.39% and 0.15%. The trend in both 
scenarios is the same. The higher demand scenario, however, smoothens 
out the graph. While the AI contribution curve still grows exponential 
between 2022 and 2024, the higher demand growth rate acts as a buffer 
for human radiologists. Their decrease in contribution is much slower than 
in Figure 3 and hence fewer of them will have to switch jobs. I infer the 
following intuitive principle: The higher the demand growth rate for a given 
job, the less disruption will AI cause. This is because AI will take on some 
of that additional growth rate, rather than disrupt existing human workers. 
It is important to note that this is very different from total demand. For total 
demand, the opposite is true: The higher the total demand for a given 
job, the more disruption will AI cause. As AI breaks into sectors with high 
demand and high employment, the scale of possible layoffs will be much 
higher and hence cause more disruption (Figure 4).

Economic impact
GDP contribution of AI in radiology: How could this development 

affect GDP? The base scenario projects about 170,000 human radiologists 
in 2025 5. The average yearly salary of a radiologist in China is estimated 
between 72,000U and 104,400U [21]. We will use 72,000U as a yearly 
income estimate. If we assume that a radiologists income roughly equals 
his GDP contribution, the total 170,000 radiologists will contribute about 
1.7 Billion USD in 2025 to China’s GDP. In 2020, the average GDP per 
capita in China was about 70% higher than the average income per capita, 
so this assumption is unlikely to hold in practice, but provides a base level 
estimate [20].

We have projected that in 2025 AI will provide the other half of the 
radiologist supply, i.e. there is another 170,000 of AI-driven radiologist 
supply. If we make a second assumption that the AI GDP-contribution will 
be equal to that of the human radiologists, AI-driven radiology services will 
contribute 1.7 Billion USD to China’s GDP in 2025. This is about 0.007% of 
China’s PPP GDP in 2020.

PwC estimates the total increase in China’s GDP due to AI to be 7.0 
trillion USD in 2030 [22]. Given the 1.7 Billion USD, AI-Radiology would 
make up around 0.027% of China’s AI-driven GDP increase. Given the 
vague assumptions made, this estimate may vary a lot, but it shows we 
have been focusing on a tiny part of the bigger revolution that AI is driving. 
Radiology is just one part of Medical Diagnosis. Medical Diagnosis is also 
just one part of the Healthcare sector, which is just one of the sectors to be 
affected by AI. PwC expects the 26% AI boost to China’s GDP to be higher 
than for the US, Europe or Asia-Pacific. This is in line with the assumption 
we have made in Section 1.2 that China will be the first place to implement 
AI-driven radiology.  

Dealing with AI monopolies: Where will the new value be created? 
Just like the Internet, Artificial Intelligence tends to have "Winner takes all" 
dynamics. Whichever company is able to produce the best model, is likely 
to get a majority of the customers. This is because the majority of the cost 
of an AI-model lies in paying for the compute resources to train the model. 
Once it is trained, the deployment afterwards is either free or requires low-
cost cloud services making it very easy to scale. Since the cost of training 
can reach millions of USD, such as for the GPT-3 model in 2020 [5], large 
companies are at an advantage. Specifically, Tencents subsidiary Miying 
has access to free cloud services and close to unlimited compute over 
Tencent Cloud. How stakeholders should deal with such AI monopolies is 
not straightforward to answer and I leave it for future research to discuss. 
I can, however, recommend governments and other entities to make or 
even force data to be publicly available. Apart from the compute, an AI-
models quality is largely influenced by its input data. The more high-quality 
data, the better. Making the data publicly available will naturally hinder AI 
monopolies, as well as foster research as more people can access and 
build models based on the data.

 AI impact on productive work: In 2013, Chinese radiologists followed 
an education program with an average duration of 5 years [7]. Those 5 
years have been projected to increase to 7-8 years due to the development 
of the Chinese Education system and the evolving complexity of medical 
images. In Section 2.1.1 we established that we are able to outsource the 

Figure 4. High-demand scenario: projected demand/supply of radiologists in 
China, research.
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complexity of image analysis to AI. Radiologists are left with performing the 
medical imaging and communicating the results to the patient.

This could significantly reduce the time radiologists need to spend in 
education before starting to work. Let us assume that the 50% spent on the 
two tasks that AI will take over, equals to 50% of their time in education. 
Learning to correctly interpret a CT-scan for more than 3000 diseases 
probably needs more learning than standard patient interactions required 
for the other tasks. However, radiologists will also need to learn new topics 
relating to the interaction with the AI-models. Hence if we stick with an 
average 50% reduction, future radiologists could be educated in half the 
time, 4 years. This would yield an extra 3-4 years of productive work per 
radiologist. Additional productive work time is also freed on the patient side. 
AI-models are likely to be much faster than radiologists in returning results. 
There is hence less anxious waiting time for patients.

 Embracing AI: The yearly 4.1% growth rate of human radiologists 
compares to a growth rate of medical imaging data of about 30% in China 
[15] due to sheer improvements in technology. This simple contrast shows 
the difficulty for radiologists to manually examine each image. Without 
automated image processing, radiologists either have to spend less time 
per image, which will degrade their analysis or they are forced to ignore 
some images, such as for CT-scans, which can produce more than 700 
images per scan. The outcome of both scenarios becomes either a health 
problem if it worsens radiologists diagnosis or an economic problem if it 
forces patients to spend time and money to revisit the hospital multiple 
times until their issue is found. I recommend radiologists to embrace AI 
helping them save lives rather than seeing it as a job threat.

Health impacts
 Access to radiology services: Artificial Intelligence can help increase 

equal access to radiology services across China. This is because they can 
be accessed through an internet connection at day and night, which may 
be required in emergencies. China’s internet penetration rate is increasing 
year-on-year with a recent increase of an absolute 3% to 64% in 2020 
[23]. However, two limits remain: Firstly, AI cannot solve unequal access 
to imaging machines, such as in provinces like Tibet, which has only 0.94 
MRI6 machines per one million people compared to Hainan with 18.66 [14]. 
Secondly, subsidies or special agreements with the providing companies 
may be necessary to make them available to low-budget hospitals and 
prevent AI companies from charging monopoly prices.

Diagnosis mistakes: Leveraging AI-models for diagnosis could also 
reduce diagnosis mistakes. In radiology, those are estimated to make up 
3%-5% of all diagnoses [24]. AI-models in medical imaging are benchmarked 
against humans and are already able to perform better on classifying 
certain diseases [9]. I go even further and suggest that not only can they 
help lower diagnosis mistakes, AI-models will help us find new mistakes 
that we currently classify as a correct diagnosis. While their knowledge may 
remain narrow in the beginning, future models could incorporate much more 
cross-disciplinary data and hence point to causes outside of a traditional 
radiologists knowledge. 

Work-life balance of radiologists: On the flipside, there may also be 
health advantages for current radiologists. The Chinese Medical Doctor 
Association reported in 2017 that radiologists suffer extreme work pressure. 
They cited a radiologist, who contemplated that he works during night and 
360/365 days a year [19]. This seems to be in line with the supply-demand 
gap identified in Figure 3. With the rise of the AI contribution identified in 
the chart, some of that pressure should be relieved. Further, machines can 
work at all times, which could allow radiologists to work less during night 
hours in the future.

Results and Discussion

Assumptions
Throughout this research they have made several assumptions, which 

should be scrutinized, as they may not hold in practice. We started out with 
the assumption that two of the radiologists four tasks are not automatable 
relying on Kaifu Lee’s AI-Automation framework in Figure 2. Kaifu Lee 
himself admits his framework is not perfect [3]. Who can guarantee that 
machines cannot display compassion? In fact, some humans may even 
prefer communicating with anAI than a human when itcomesto sensible content.

 This  is shown  by the more  than 2  million  people who have  downloaded 
 the  app  Replika, which  allowspeople  to  talk about  their  problems with  
an AI friend. Hence, some patientsmay prefer the communication of sensible 

   of  sensible  results  to   be  done   by  an AI, which could   raise   the  50%     
   threshold.However, the time horizon for this  may be a very different one 

a very different one. The scope of this research focuses on the next 5-10 
years. In the long-term none of the assumptions made about AI will hold true. 
This is because if we believe that technological progress will not stop, then 
it is inevitable that we will eventually be able to build AIs indistinguishable 
from humans. Whether we will decide to do so, is a different question. 

The estimates behind the growth rates of Figure 3 may vary significantly. 
We have already looked into variations of the projected demand, but the 
supply curve may also be different. Dermatologists were the first doctors, 
whose performance was surpassed by AI in 2018 [25]. However, two years 
later AI has still not penetrated the dermatologist job environment. This is 
likely due to legacy and reservations about the use of AI. Radiologists have 
started to be surpassed in 2019 and 2020. Given the prime conditions in 
China established in Section 1.2, I have estimated the use of AI in radiology 
to gain moment around 2023 in Figure 3. Unexpected technical problems, 
mistrust or government regulations may, however, delay or limit the use of 
AI.

Future work
In this work, we have looked at a very tiny field. The propose four 

directions that are interesting for future work: 

• In section 2.3.1, I estimate radiology to merely make up 0.027% of the 
total AI contribution to China’s

economy. Many other fields may be interesting to research. I suggest: 
AI in the voice-over industry, AI in

logistics or AI in dermatology.

• The have mostly focused on one company, Tencent Miying. This is 
because at this point, AI-Radiology companies

are still in stealth mode as they have few if any have daily customers 
and have not realized any profits yet

[17]. Once many hospitals have adopted AI-Radiology services, it may 
be interesting to look deeper into the

competition dynamics. Do companies compete on price or rather model 
quality? Is a monopoly forming?

• We have tried to quantify as many variables as possible, sometimes 
requiring vague estimates. However, we

have not included the health impact in our analysis of economic 
impacts. If AI in radiology can lead to faster

recovery and heal more people, this could increase the availability of 
productive workers and hence GDP.

Looking into how such health impacts may affect the economy is a topic 
worth researching.

• Will there be AI monopolies and if yes how should we deal with them? 
I have briefly touched upon this topic

in Section 2.3.2. Access to large amounts of computation and data are 
paramount in AI. This may constitute a

barrier of entry for smaller companies.

We started with a technical discussion of the radiology tasks AI can 
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reasonably replace. Based on that, the proposed two scenarios for the 
supply-demand development of radiology with different demand growth 
rates. In both scenarios, few workers will be displaced. I established that 
the higher the growth rate of demand, the lower the disruption caused by AI. 

Conclusion 

The economy will benefit from AI both due to its GDP contribution and 
freeing up of productive work time. However, dealing with AI monopolies 
may become an important task. Further, adopting AI in radiology may 
positively impact the health of current customers, potential customers with 
limited access and radiologists themselves. I have put forward several 
recommendations for stakeholders: Radiologists should embrace AI and 
educate themselves about how it can help them or they can help it. Local 
governments and other entities should support the retraining of radiologists 
especially in public hospitals. Further, they should force data to be as 
accessible as possible and not locked into few companies.
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