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Abstract: Alzheimer’s disease (AD), a chronic progressive neurodegenerative disorder without effective
recovery treatment, is a major public health issue for the society with population ageing. The early treatment
and care strategies may have a significant effect in delaying the progress of AD. Some evidence-based
medicine research has found that a treatment strategy containing the combination of modern medicine and
traditional Chinese medicine (TCM) may have advantages in AD to some extent. However, the current
medical evidence may hardly evaluate the effect of TCM for AD with high confidence due to the low quality
of related random control trials. Hence, to found a pipeline to evaluate the effect of TCM on AD more
objectively, it is of interest to discuss how to use machine learning approaches to evaluate the effect of TCM
for AD based on real-world data. For evaluating the effect of TCM for AD, this article gives a suggestion
about a model that may be suitable to evaluate the effect of TCM for AD for different patients. And, this
article will be divided into two parts. The first part will give a brief introduction to AD, TCM and machine
learning. The second part will give the general suggestion about how to build the data set and evaluate the
data. However, since AD is a complex disease, this review can only give a general suggestion for researches in

this area and further consensus in details under censor between researchers is still needed.
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Introduction TCM herbs can improve the AD patients’ symptoms and

Alzheimer’s disease (AD), of which the main group of TCM healthcare practlce'may be helpful to reduce the
medical burden for AD patients (2,3). However, due to the
lack of high-quality trials of TCM treatments for AD, it
may be difficult to evaluate the effect of the TCM for AD.

But, because of the huge amounts of AD patients taking

symptoms is the decline in cognitive functions, is a rapidly
increasing global public health challenge (1). However,
unfortunately, there is still no effective treatment to
recover this disease now, so that the main treatments for

AD focus on the prevention of the progress in AD and
the improvements of the cognitive functions. Meanwhile,
traditional Chinese medicine (TCM), which is a group of
traditional medical treatments based the ancient Chinese
philosophy and is popular in China, may benefit the
development of AD treatments: some compounds from
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TCM treatments in China, the ‘real-world evidence’,
that refers to medical information from multiple sources
including medical records, data from mobile applications
and so on, maybe helpful to evaluate the effect and drug
safety of TCM for AD (4). And, compared to the traditional

statistical methods, the machine learning approaches,
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commonly focusing on classification and prediction, maybe
a more suitable way to analyse the complex and massive
dataset of the real world (5). Hence, it is of interest to
discuss how to use machine learning approaches to evaluate
the effect of TCM for AD. This literature review will just
give a general suggestion for this topic, which may be a
reference for further researches on this topic. In this review,
recent literature will be preferred to include. As a complex
topic, in further research, amounts of researchers need to
cooperate in the data collection and the development of
the process of data analysis in detail to reach the consensus
of the suitable research that can determine the effect of
TCM for AD. And, this literature review will be divided
into two parts. The first part will give a brief introduction
to AD, TCM and machine learning. The second part will
give the general suggestion about how to build the data set
and evaluate the data. We present the following article in
accordance with the Narrative Review reporting checklist

(available at https://dx.doi.org/10.21037/lcm-20-43).

Background
AD

AD is a chronic progressive neurodegenerative disorder (6).
And, there are various conjectures and theories about the
cause of AD, such as acceleration of ageing, mutations of
amyloid precursor protein (APP) and presenilin (PSEN)
genes, and so on (7). AD could be classified into typical
AD, atypical AD, mixed AD and preclinical states of AD
according to IWG-2 Diagnostic Criteria for AD (8).
Among the classifications of AD, typical AD may be the
most common AD in the AD population (9), of which
the specific clinical phenotype of typical AD is early and
significant episodic memory impairment (8). According to
the recommendations of USA National Institute on Aging-
Alzheimer’s Association workgroups, the progress of AD
could be divided into the stages of preclinical AD, mild
cognitive impairment (MCI) and AD dementia, and the
cognitive functions gradually of patients decrease with AD
progress (10).

The incidence of AD is relatively high in the ageing
population, and approximately 69.9% of all dementia is
due to AD (11). Especially in developed countries with
population ageing, AD can give a considerable public health
burden. For instance, in 2013, the age-standardised rate of
dementia was 7.1% in the ageing population (>65) in the
UK and cost about £26.3 billion to the UK society, with an
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average cost of £32,250 per person (12). And as a prediction
based on 2002-2013 data, the number of dementia patients
in England and Wales may increase by 57% from 2016 to
2040 (13). Hence, whatever current and future, AD may be
a major public health issue for the society with population
ageing.

Although there is no cure treatment for AD, drug
therapies are recommended in the treatment for AD.
For instance, the cholinesterase inhibitors like donepezil
could be used in all stages of AD for improving cognition
and behaviour functions (14). And, memantine, a kind of
N-methyl-D-aspartate (NMDA) receptor, is recommended
to be used for patients with moderate-to-severe AD for
improving related functions (15). In addition, the diet may
also be associated with biomarkers of AD. For instance,
the Mediterranean diet and ‘AD protective’ diets (higher
intake of fresh fruit and vegetables, whole grains fish, low-
fat dairies and so on) could decrease AD biomarker levels
in PET images, cerebrospinal fluid and plasma. Meanwhile,
since AD is an irreversible neurodegenerative disorder (16),
early treatment and care strategies may have a significant
effect in delaying the progress of AD.

In summary, as a common chronic progressive
neurodegenerative disorder, early treatment and care
strategies are critical in the treatments for AD. Hence, the
progress of the early stage of AD can be used to evaluate the
effect of an intervention.

TCM

TCM, one of the oldest traditional medical systems,
includes herbal medicine, acupuncture, massage, food
therapy and so on (17). In this system, human health is
thought to depend on the normal ‘circulation of Qi (a
kind of energy in TCM theory) and blood’ in the human
body (17). Currently, this traditional medical system is still
accepted by a considerable amount of Chinese and TCM
are commonly used in the healthcare system in China.
And, among the current TCM treatments, the effect
and advantage of TCM herbal medicine may be one of
the common controversies. This treatment analyzes the
patients’ disorders or diseases based on ‘Wu Xing’ (or ‘Five
Elements’), ‘Yin Yang’ or other TCM theories, which can
describe their situation into different ‘imbalance’ nature
situations. Then, the TCM doctors will give patients the
decoction of the combination of the corresponding herbs
which can improve the ‘imbalance’. Normally, patients even
with the same diseases can describe as different ‘imbalance’
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nature situations. Hence, the decoction of the combination
and amounts of herbs may also be different for each patient
in practice, so that it may be difficult to design the trial with
strict inclusion criteria to evaluate the effect of TCM herbs
due to this different herb treatment for each patient.

Some researchers try to use evidence-based medicine
methods to summarize and gain a stable finding for TCM
herbs in different diseases. In evidence-based medicine,
systematic review and meta-analysis can be used to gain a
stable evaluation of treatment through collecting different
trials data in little different settings (18). Though some
theories of TCM may be hardly integrated into modern
medicine, some evidence-based medicine researchers have
found that a treatment strategy containing the combination
of modern medicine and TCM may have advantages in
the effect of treatments for some diseases to some extent.
For instance, a systematic review and meta-analysis of
randomized controlled trials (RCTs) illustrated that the
combination of acupuncture treatment and conventional
treatment may reduce chronic pelvic pain in women with a
significantly higher total effectiveness rate (19). However,
the lack of high quality often leads to that the researchers
may only have very little confidence in their findings. In
the area of AD, the situation may be similar. A systematic
review and meta-analysis illustrated that ‘acupuncture
plus Chinese herbal medicine’ may be more effective at
improving the Mini-Mental State Examination (MMSE)
score than the modern medical treatment, however, the low
quality of those RCT5s used in this evidence-based medicine
research also gives rise to low confidence in this finding (20).
As a result, the low-quality clinical trial for TCM may give
a rise to low-quality evidence-based medicine for TCM.

Hence, the current medical evidence in RCTs-evidence-
based medicine may hardly evaluate the accurate effect
of TCM for AD with high confidence. Meanwhile, the
real-world data of TCM clinical practice, that is the main
application setting of TCM, can play an important role
in the evaluation of the effect of TCM for AD and other
diseases (21), where machine learning techniques may be
able to give a favour.

Machine learning

Now, precision medicine, an advancing field of medical
research was being applied in the optimization of diagnosis
and treatment strategies for individuals based on the
genomics and biomarkers of patients and diseases (22). For
instance, advanced pancreatic cancer patients with different
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genomic/transcriptomic may have different responses to
chemotherapy, which could be the theoretical basis for
the further tailored treatment approaches (23). In terms
of AD, current precision medical researchers concentrate
on the determination of the risk profile of AD, underlying
molecular mechanisms (22). For example, the variants
of APOE and other common genetic could be used to
estimate the risk for AD through a genetic risk score (24).
However, the majority of clinical trials about AD ignored
the potential clinical and molecular heterogeneity of the
disease (22). Meanwhile, the mechanism of AD is not
clearly determined, which means that the optimization of
treatment strategies only by genetic factors may not be
very accurate. And, besides genetic factors, environmental
factors such as exposure to aluminium and other factors may
also have effects on the risk of AD (7). Therefore, further
developments are needed on the optimization of treatment
strategies for AD based on diverse characteristics instead of
relying solely on genetic data.

Machine learning technology includes a set of methods
which allow computers to learn meaningful patterns directly
from data without human intervention (25). Nowadays,
machine learning is widely applied in the recognition of
medical images. For instance, cancer pathological images
can be automatically identified as malignant or benign using
machine learning techniques (26). For AD, the machine
learning approach has been applied in different fields. For
example, the artificial neural network (ANN) can help to
extracts the hippocampus region from images and detecting
AD-based MRI scans (27), and the Support Vector
Machines (SVM) method can indicate the whole-genome
spectrum of AD based on known gene-gene interaction
data (28) and so on. And, in the area of MRI images science,
a general process of appeal machine learning is as fellow:
(I) pre-processing the MRI scans and extracting features
of interesting areas such as texture, shape from the pre-
processing MRI scans; (II) feeding the feature vector of
the training set to the trained model for classification;
(III) verifying the effect of the trained model in the test
set. Meanwhile, deep learning (e.g., convolutional neural
network), a popular method in computer vision, can detect
the features automatically for classification. Currently,
in the field of machine learning for AD diagnosis, there
are over 100 prominent papers that used ANN and
SVM method mainly and built models with accurate
performance (29), which illustrate machine learning may
currently be a stable technique for AD diagnosis to some
extent. Hence, when optimizing the treatment strategies
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of AD, the image evidence can be an important index to
prove if the disease progress has been controlled and the
high effect diagnosis model established by machine learning
may help to classify the disease progress more accurately
to generate the more precise image evidence to assist
evaluation. And, the AD Neuroimaging Initiative (ADNI)
may be the most common-used database for AD diagnosis
machine learning research (30). Hence, it may be a
meaningful way for the optimization of treatment strategies
for AD by referring to the data of ADNI and a diagnosis
tool based the machine learning on this data.

Recently, it was shown that hippocampal radiomic
features could be used as predictors of progression
from MCI to AD dementia (31). Hence, the change of
hippocampal radiomic features may be an index to optimize
treatment strategies for patients with AD or preclinical
stages of AD. However, to the best of our knowledge,
the machine learning method has not been applied in
optimizing treatment strategies for patients with AD or
preclinical stages of AD based on a model including the
effect of changes of hippocampal radiomic features.

In summary, the current machine learning research
in AD may just focus on the diagnosis of AD and the
development of evaluating the effect of TCM for AD can
also benefit the research in evaluating other treatments
for AD.

Potential suggestion

As we have mentioned above, TCM may give different
treatments for each patient and machine learning techniques
may be the potential to optimize the TCM treatments for
each patient. This article also considers that evaluate the
effect of TCM for AD for each patient may be the initial
step to describe the effect of TCM. Hence, we consider
training the model to estimate or predict the time length
from MIC to AD for each patient taking modern medical
treatment only or the combination of TCM treatments
and modern medical treatment if the patient took the other
treatment strategy.

Data

The ADNI is a longitudinal multi-centre study to improve
the early detection and tracking of AD, support advances
in AD treatments and share data to all scientists in the
world (adni.loni.usc.edu/about/). The database of ADNI
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contains that clinical, genetic and images of normal, MCI
and AD subjects. This database includes 2,551 subjects
and the subjects of this database are recruited across North
America from 2004. Researchers can establish the dataset
used to evaluate the effect of TCM for AD by referring to
the data structure of this database. Hence, the researchers
can have a general structure like Figure 1. Besides, the
diagnosis, medical treatment record and image, other
records of interest can also be collected. And, both patients
only taking modern medical treatment and patients taking
the combination of TCM treatments and modern medical
treatment will be included. So, by comparing the real-time
length and the estimated time length, it may be possible
to assess the benefit or the loss of TCM for AD for each

variable.

Predictor variables

The main predictor will be the treatment records and
medical images. Additionally, another record of interest like
social-economic factors can also be considered. By including
multi-dimensional factors in training, the model can predict
or estimate the time length from MIC to AD accurately for
each subject.

Outcome measure

The main outcomes will be the time length from MIC to
AD, which can suggest that to what extent the progress
of AD can be controlled by medical treatment or the
combination of TCM treatments and modern medical
treatment. Though the time length from normal to
MIC can also be considered to evaluate that to what
extent the AD can be prevented by medical treatment
or the combination of TCM treatments and modern
medical treatment, the patients maybe not likely to take
modern medical or TCM treatments for preventing AD
intentionally before the diagnosis of MIC. Hence, in this
article, we just suggest the time length from MIC to AD as
the main outcomes.

Machine learning methods

This article suggests the use of the deep learning method for
modelling since it does not require the selection of features of
medical images before training. After finished data collection
and before modelling, the skull stripping of images, intensity
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Figure 1 Data structure.

normalization and other data pre-processing or data
augmentation techniques will be conducted. At the end of
data pre-processing, the data will be split randomly into a
training set, a validation set and a test set.

After modelling, we can use the model to estimate or
predict the time length from MIC to AD for each patient
when the patient takes different treatment strategies.
Then, the predicted length will be compared to the real
value to evaluate the benefit or the loss of TCM for AD
for each subject. And, after evaluating the benefit or the
loss of TCM for AD in our dataset, this model can also be
used to help determine if the doctor should give a patient
the combination of TCM treatments and modern medical
treatment in the future clinical practice.

Limitation

Similar to many other machine learning models, one of the
main limitations of this model is that this model can only
give the predicted value rather than a clear explanation
and causality inference. But, for deeply understanding the
mechanism of AD and developing the recovery treatment, a
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clear explanation in biomedical terms is needed. A possible
solution for this issue is that we can include the omics data
for each subject in the modelling. Through differentiating
the omics data for each subject, possible biomedical findings
may appear, however, that will lead to additional costs.

Conclusions

The current medical evidence in clinical trials and evidence-
based medicine may hardly evaluate the effect of TCM for
AD with high confidence. Hence, this review suggests a
model evaluating the effect of TCM for AD. However, due
to the complexity of AD, this review can only give a general
suggestion. Before data collection, further consensus in
details under censor between researchers is still needed.
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