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Abstract: Knowledge extraction from rich text in online health communities can supplement and
improve the existing knowledge base, supporting evidence-based medicine and clinical decision mak-
ing. The extracted time series health management data of users can help users with similar conditions
when managing their health. By annotating four relationships, this study constructed a deep learning
model, BERT-BiGRU-ATT, to extract disease-medication relationships. A Chinese-pretrained BERT
model was used to generate word embeddings for the question-and-answer data from online health
communities in China. In addition, the bidirectional gated recurrent unit, combined with an attention
mechanism, was employed to capture sequence context features and then to classify text related to
diseases and drugs using a softmax classifier and to obtain the time series data provided by users. By
using various word embedding training experiments and comparisons with classical models, the
superiority of our model in relation to extraction was verified. Based on the knowledge extraction, the
evolution of a user’s disease progression was analyzed according to the time series data provided by
users to further analyze the evolution of the user’s disease progression. BERT word embedding, GRU,
and attention mechanisms in our research play major roles in knowledge extraction. The knowledge
extraction results obtained are expected to supplement and improve the existing knowledge base,
assist doctors” diagnosis, and help users with dynamic lifecycle health management, such as user
disease treatment management. In future studies, a co-reference resolution can be introduced to
further improve the effect of extracting the relationships among diseases, drugs, and drug effects.

Keywords: online post; online health communities; knowledge recovery; relationship extraction;
deep learning; disease medication; health management

1. Introduction

The incidence of chronic diseases is rapidly increasing worldwide [1]. Chronic diseases
represented by hypertension, stroke, diabetes, and coronary heart disease seriously endan-
ger human health and become important diseases threatening people’s health. According
to the World Health Organization, users with diabetes, hypertension, and cardiovascular
problems rely on functional medications every day [1]. Therefore, patients and doctors
must be aware of the effects of commonly used drugs [2]. Disease management is a crucial
aspect of health management [3]. Determining drug effects is the primary concern of
drug management [4]. The phrase “diseases, drugs, and drug effects (DDEs)” refers to an
obvious improvement effect or other effects observed when drugs are used to treat diseases
in different individuals [5]. Moreover, DDEs can reflect the effects experienced by different
individuals after taking medicine. Consequently, a patient can consult the physician regard-
ing continuing, stopping, replacing, or intervening the treatment scheme depending on the
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drug’s effects. In general, drug effects corresponding to various diseases are obtained via
clinical diagnoses; however, these effects vary for different people, and those identified in
limited clinical cases are far from sufficient. Online health communities (OHCs) provide a
convenient and fast communication channel, and after taking medication, users can review
symptoms and drug effects in OHCs [6]. For example, users can understand the drug
effects experienced by others over time; this enables a better understanding of the drug
effects for various diseases with respect to users with similar conditions [2,7,8] and avoid
adverse effects [9-11]. Although this user-generated content (UGC) in OHCs is timely and
effective, a large amount of UGC remains unused for disease management.

Scholars mostly studied the extraction of the relationship among diseases, symptoms,
and tests [12], and the relationship between diseases, drugs, and efficacy garnered the
attention of many scholars [13-15]. Extracting the relationship among DDEs from the UGC
of OHCs can generate a large amount of information regarding disease medication, which
can be used to establish, supplement, and improve the existing knowledge base of DDEs
and can assist clinical decision making [15]. Knowledge extraction results are also a key step
in establishing a medical knowledge map [16]. At the same time, the drug effects shared
by these large user groups provide support for evidence-based medicine [17]. However,
research with respect to extracting the relationship among DDEs from unstructured texts in
OHCs and then establishing a knowledge base of disease medication effects based on the
UGC in OHGCs is scarce.

Studies on information extraction in the field of biomedical and health informatics are
mostly based on biomedical literature summaries [18], hospital discharge summaries [19],
and electronic medical records [20]. The words and sentences in these corpora are relatively
structured. However, extracting relationships from OHCs that contain colloquial and poorly
structured questions and answers (Q&As) is difficult. Therefore, this study aims to extract
the relationship among DDEs from doctor-patient Q&A data in OHCs, and it focuses on
the relationship extraction of DDEs as an information extraction problem. Considering the
popularity of bidirectional word embedding encodings and conversion technology and in
order to better obtain the semantic context, our research utilizes BERT word embedding
technology, deep learning technology, and the attention mechanism (ATT), thereby better
representing semantic relations. We construct a BERT-BiGRU-ATT network model based on
ATT, which is devoted to the problem of extracting relationships among DDEs from OHCs.
In addition, time-series data based on a user’s disease medication are obtained via relation
extraction to show the disease treatment process, which provides a strong guarantee for
dynamic health management based on the life cycle.

This paper is committed to making the following three contributions to the literature:
first, our study extends the research on DDEs knowledge extraction to OHCs and expands
the data sources of disease—drug research; second, our research expands the research
direction of knowledge extraction from OHCs; third, based on the results of the research,
we provide a better understanding of DDE’s knowledge extraction.

The article is organized as follows. We describe how our work relates to existing
literature streams in Section 2 and provide the research Methodology in Section 3. The ex-
perimental setup is presented in Section 4. Experimental Results are provided in Section 5.
We then present Discussion and Conclusions, the implications of our findings and a discus-
sion of the limitations in Section 6.

2. Related Works
2.1. Research on Knowledge Extraction from OHCs

There are several users in OHCs, and user-generated content is now rich enough for
knowledge extraction. For example, the MedDRA was used to extract the knowledge of
drugs and drug effects from the Spanish drug effect database [15]. There is also a rule-based
approach for extracting knowledge on dietary recommendations from open data [21]. In
addition, disease- and drug-related knowledge extraction in the online health community
plays a significant role in the field of relationship extraction. For example, adverse drug
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events (ADEs) were extracted from the user-generated content of OHCs [8-10], and new
indications for drugs outside the drug label were found from online communities [2,7].

2.2. Research on Medical Text Knowledge Extraction

Initially, scholars mostly used pattern matching and machine learning methods to
extract knowledge related to diseases and drugs from medical texts. The former adopted
syntactic structure analyses, and relation extraction is carried out by expert-defined rules.
These methods generally have a low recall rate. Igbal et al. extracted the relationship
between drugs and side effects from electronic medical records based on rules [20]. In the
12B2/VA challenge task, the relationship between medical concepts in patients’ clinical
records was extracted; specifically, the following three types of medical relationships were
extracted using machine learning [22]. In addition, support vector machine and kernel
function methods are widely used for relationship extractions in the biomedical field. This
study uses the abundant features of support vector machines to extract knowledge between
chemical substances and diseases from research articles in PubMed [23]. Furthermore,
it employs multiple algorithms from machine learning to extract knowledge between
cures, preventions, and side effects from clinical records [24] and to extract relationships
related to patients’ medical problems (disease, examination, and treatment) from discharge
summaries [19]. Machine learning has been widely used in the knowledge extraction of
adverse drug events (ADEs) [9-11], new indications for on-label drug use [2], drug—drug
interactions [14], and the relationship between chemical substances and disease [23]. Most
of the relational extraction corpora of the above studies come from relatively structured texts
(for instance, electronic medical records). However, there are few studies that have extracted
the relationship of DDEs from a large number of colloquial and unstructured texts.

2.3. Research on Medical Knowledge Extraction Based on Deep Learning

Artificial intelligence has been extensively used in the industry and in medical prac-
tice. The methods of machine learning require specific domain knowledge and artificial
features in relation extraction tasks, which require considerable manpower. Deep learning
experienced a period of development and influenced many fields and industries [25]. It is
a new type of artificial intelligence technology. In various information extraction tasks, it
uses multi-layer cross-connected nodes to establish a multi-relation classification model
for input data, which can automatically and intelligently extract features, thus saving a
tremendous amount of manual work. Deep learning has been widely used when pro-
cessing health information. The research used the GRU model to extract knowledge on
bacteria-related information from the academic literature of biomedicine [26]. Luo et al.
achieved good results in evaluating the relationship among multiple medical problems
on the i2b2/VA relationship classification challenge dataset [27]. Yadav et al. used an
efficient multi-task deep learning framework to classify the relationship between drug-
drug interactions, protein—protein interactions, and medical concepts [28]. Deep learning
is also widely used in medical practice, such as nodule detection [29], medical labeling,
and scanning [30]. Moreover, it is widely used in the knowledge extraction of adverse
drug events (ADEs) [13], drug—drug interactions [31], and the therapeutic effect of drugs
on diseases [32-34]. Health informatics and natural language processing have become
important fields with respect to deep learning technology application [35]. Word correlation
training is used to convert words into word vector representation, and BERT word vector
and word translation representation are important technologies for assisting deep learning.

However, the current research on extracting medical knowledge primarily focuses on
relatively structured small sample data, such as medical literature summaries. However,
these corpora are relatively small in scale, and relatively limited knowledge was obtained
by relation extraction. In addition, the application of these research methods on a large
sample corpus of colloquial and unstructured texts is not ideal. There is little research on
how to apply the technology of deep learning to large oral and unstructured sample data
to extract the relationships among DDEs, but billions of users in OHCs have generated
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exceptional amounts of data. By using these large amounts of data, we can obtain valuable
knowledge that can help improve the existing knowledge base, thereby enabling auxiliary
clinical decision support. Because deep learning is an important development in the field
of text knowledge extraction, it is a crucial method for achieving the DDE relationships
extraction, which is an objective of this study.

3. Methodology

The proposed knowledge extraction model of BERT-BiGRU-ATT is shown in Figure 1.
The methods of BERT-BiGRU-ATT are described as follows: Input sentences are converted to
BERT word embeddings through a bidirectional GRU layer and by a weighted distribution of
attention mechanisms. Then, the relationship between two entities is classified by a softmax
function. Finally, the model gains a relationship type related to the maximum probability.

. Output Layer
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|
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BiGRU with Attention
// f \\ Level
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Figure 1. BERT-BiGRU-ATT.

3.1. Bert Word Embeddings

The early classical word embedding algorithm, word2vec, was proposed by
Mikolov et al. [36] and is used for feedforward neural network training to predict the next
word and then the preceding word of a given word. Recent research introduced a new
algorithm for calculating word embeddings: BERT, which is a milestone in unsupervised
training language models based on transformers [37-39]. The transformer is represented by
the bidirectional encoder and decoder and uses a sequence-to-sequence model built using an
attention mechanism. It can focus on different positions of the input sequence to calculate the
representation ability of the sequence. BERT can overcome the limitation that word2vec has of
only one static representation for a token and with no context. In addition, BERT overcomes
the limitation of the single attention mechanism, wherein only the left or right context is
combined. Because of the good effects of BERT in both theory and practice, this study used
BERT to extract the relationship of DDEs to help provide better drug-related contexts.

3.2. BIGRU

Gated recurrent units (GRUs) [40] simplify the model of LSTM. Specifically, they merge
the forgetting and inputting gates of LSTM into an update gate. GRU architecture can
handle relationship classification tasks more efficiently. The update gate, z;, determines the
extent to which the information from the previous state is forgotten and what information
from the new content is to be added. The reset gate, i, controls how the extent of the
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previous hidden state and the current input is ignored. The t-th update gate, reset gate, and
cell state are calculated as follows:

Zy = O—(WZ'[htflr Xt])/ (1)
re = 0(WeThi—1, x¢]), 2)
hy = tanh(W-[ri_1 X hi_1, X¢]), (3)
hi=(1—2z) X hy_1 42 x hy (4)

where hy is the new memory content, which is obtained from h;_1, ht is the new cell state,
and x is the current input.

3.3. Attention Mechanism

The influence of different input sequences on the output is different in semantic
information. Specific words have an important influence on the output, whereas certain
words are irrelevant. The attention mechanism was used to identify words that have
a significant impact on the output, assigning it a higher weight such that its semantic
information can be fully obtained [41].

Attention mechanism H = [hy,hy, ... hr] represents the matrix of the output vectors
produced by the BiGRU layer, and T represents the sentence’s length. The eigenvector, 1, of the
sentence was obtained using the summation of the output vectors multiplied by the weight:

M = tanh(H), ®)
o = softmax(w ™), (6)
Y= H«T, )

where M denotes the state after the activation function, & denotes the obtained attention
weight, and y denotes the output vector after weight summation processes. H € RI“XT,
d® is the word embedding, w is the parameter vector after training, and the dimensions of
w, o, and y are d, T, and d, respectively.

Finally, the sentence representation after the attention mechanism is obtained as follows.

h* = tanh(y), (8)

3.4. Softmax Output Layer

The relationship’s extraction is considered a classification task. The sentence feature
vector following the attention mechanism was classified by the softmax function classifier
to output the probability of the predicated relationship type of the entity pairs.

P(y|S) = softmax (W(S) he* + b(S)), )

y = argmax?(y|8), (10)

To evaluate the experimental results, the prediction and annotated values were defined
as 1 and the inconsistency was defined as 0. Furthermore, F (F-score), R (recall), and P
(precision) were used to evaluate the results. For the overall performance of the model,
the micro-average was used for evaluation, where TP denotes true positives, FP denotes
false positives, and FN denotes false negatives. To evaluate the overall performance of the
model, the microaverage was used.

L TP(c)

miero P = () 1y FP(o)’

(11)
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Y TP(c)
Y TP(c) + L. EN(c)’

micro R = (12)

. 2 x micro P * micro R
micro F — score = - : p (13)
micro P + micro R

4. Experimental Setup
4.1. Data Description

The dataset in the knowledge extraction task is from the Ask and Answer website
(www.120ask.com, abbreviated as 120ask, accessed on 1 June 2020), which is China’s
most popular Q&A OHC. On this site, tens of thousands of real name-certified doctors
with different clinical titles and working at different hospital levels, from different regions,
provided free Q&A consulting services online. It contains a wealth of information, including
the following aspects: Q&A data (problem and reply, reply subproblem/child, etc.) based
on the interactions of doctors with the users, the personal information of the users (age,
gender, and location) and the doctors (title, professional portrait, and hospital information),
and user adoption labels. Therefore, this website is highly suitable for data extraction.

We used an automatic python crawler to download Q&A data from 120ask.com to
test the research model of our knowledge extraction task. Data cleaning involved deleting
users communicating in languages other than Chinese, empty questions or replies, and
invalid disease information. In addition to the posts that were blocked because the issue
contains sensitive words and violates community rules, we used the disease library and
drug library to delete users who have never consulted about the disease and drug-related
issues according to their user IDs. After data cleaning, 180 million Q&A data provided
by 60 million users were preprocessed [42]. Considering cardiovascular disease as an
example, following word segmentation and the execution of entity recognition tasks for
the physician—patient Q&A corpus, four relationships were annotated for model training,
testing, and predictions. We recruited two medical students to perform the data annotation
task. The Cohen’s Kappa value with respect to the internal agreement measure reached 0.88.
As shown in Figure 2, the four relationships are as follows: (1) drug-suit-disease (DsDIS);
(2) drug-not-suit-disease (DnsDIS); (3) drug-produce-effect (DpEFF); and (4) others (i.e.,
no relationship between entities). For these entities, disease refers to an unhealthy state
or doctor’s diagnosis result, and the drug effect refers to any observed changes in bodily
functions after the drug is taken, thereby determining the therapeutic and pharmacological

effects of the drug.
felodipine sustained-release tablets
hjgértenswn nifedipine Sustained-release Tablgt,s,,, good effects
/ \ . / \ y \\ no significant effect
suit { \ produce Drugs |

/,
Disea D ™ “
- Diseases s effects |

\ not suit /
\\7/ unknown \7/ \\\J,,//

Figure 2. Diagram of the extracted relationships.

Cardiovascular diseases were considered examples of the training and testing pro-
cesses from the 120ask Q&A data in OHC from 2015 to 2020. There were 532,486 cardiovas-
cular disease Q&A records generated by 49,586 users in the 120ask Q&A dataset. The data
from users who asked questions more than five times were extracted. Consequently, a total
of 1927 users and 15,572 Q&A data were annotated in terms of 9732 relationships. All data
were cleaned and preprocessed; according to the ratio of 3:1, we divided the training set
and test set. Thereafter, the training data were input into the model for training, and the
model’s parameters were obtained. Finally, the results on the test set were obtained. The
annotation data are presented in Table 1.


www.120ask.com
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Table 1. Annotation relationship statistics in corpus.

Dataset DsDIS DnsDIS DpEFF Others Total
120ask 4246 1532 2461 1493 9732

4.2. Parameters Setup

The experiment used the open-source library Keras [43] based on TensorFlow [44]
and the program language of Python3 to obtain knowledge extraction results. Word
embeddings were obtained using the BERT model. Furthermore, the BRT word embedding
used a classical Chinese pretraining model: BERT-wwm. In addition, for the flexible short
text of the OHCs, the corpus training set of the Q&A OHCs was used for further pretraining.
Finally, the proposed BERT-BiGRU-ATT sequence model attempted to obtain a classification
probability by using model training and parameter tuning. These parameters were adjusted
in the appropriate range, and the parameters that yielded the best results were as follows:
word embedding at 150, batch size at 32, epoch at 20, hidden layer node number at 256,
and dropout at 0.5 [45].

5. Experimental Results
5.1. Main Results

Using the BERT-BiGRU-ATT model, the knowledge extraction results are presented
in Table 2. The overall F-score of DsDIS reached 88.40%. The F-score of DnsDIS reached
85.67%, and the F-score of DpEFF was 85.15% in the dataset. Because of the difference
in the number of annotated relationship samples and the classified degree of difficulty of
different relationships, the knowledge extraction results are significantly different.

Table 2. The performance of BERT-BiGRU-ATT on the test set.

Category Precision Recall F-Score
DsDIS 89.04% 87.76% 88.40%
DnsDIS 86.85% 84.51% 85.67%
DpEFF 84.64% 85.67% 85.15%
Others 80.30% 78.37% 79.32%

Total 88.46% 86.09% 87.26%

To verify the validity and feasibility of the model, two groups of experiments were em-
ployed to verify the effectiveness of the DDE extraction model BERT-BiGRU-ATT proposed
in this study. The first group of experiments compared the effects of the BERT pretraining
model with other word embedding representations, such as word2vec, fastText [46], and
GPT [47], on the Q&A OHC'’s short text; the results are presented in Table 3. Another group
of experiments compared the extraction effect of the BERT-BiGRU-ATT model in the DDE
relationship with other excellent models of the LSTM, GRU, and BERT-GRU models; the
results are presented in Table 4. All experiments used ten-fold cross-validation, training,
and testing on the corpus.

Table 3. Comparison of the effects of different word embedding models.

Category Precision Recall F-Score
Word2Vec-BiGRU-ATT (Baseline) 77.95% 78.53% 78.24%
fastText-BiGRU-ATT 79.45% 77.63% 78.53%
GPT-BiGRU-ATT 82.27% 80.76% 81.51%

BERT-BiGRU-ATT 88.46% 86.09% 87.26%
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Table 4. Comparison of relationship classification results on test sets.

Category Precision Recall F-Score
LSTM (Baseline) 72.15% 70.59% 71.36%
GRU 82.42% 81.06% 81.73%
BERT-BiGRU 84.95% 82.32% 83.61%
BERT-BiGRU-ATT 88.46% 86.09% 87.26%

The final results confirmed the superiority of BERT compared to other three-word
embeddings in relationship extractions. Furthermore, in terms of the model’s effect, com-
pared with those of the other three models, the BERT-BiGRU-ATT model exhibited better
precision, recall, and F-score, reaching 88.46, 86.09, and 87.26%, respectively.

The results of the first experiment indicate that different word embedding extrac-
tion methods have different degrees of influence on the effect of the model. The FastText
method is better than word2vec because it considers the subwords when training word
embeddings, thereby introducing character-level n-grams to better address long words and
low-frequency words. Furthermore, GPT is a generative pretraining model. Its feature ex-
tractor is composed of a multilayer transformer decoder. Compared to the fastText method,
it can capture semantic information and recognize polysemy; therefore, the model using
GPT as word embeddings is better than that using fastText in all aspects, with the F-score
increased by 3%. However, although both BERT and GPT adopt transformers, BERT uses a
bidirectional encoder. Thus, compared with the GPT model for capturing unidirectional
information, BERT can use all context information and offers better advantages in word
information extraction.

From the second experimental result, the precision rate, recall rate, and F-score of
the three models, other than LSTM in the DDE’s relationship extraction task, were greater
than 81%, implying that the application of the GRU method, which simplifies the LSTM
model, is more feasible and effective. Compared with GRU, the F1 value of the BERT-
GRU model was approximately 2% higher. This is because BERT can capture all context
information and possesses a greater expressive ability to better complete information
extraction tasks. Furthermore, compared with that of BERT-BiGRU, the F-score of BERT-
BiGRU-ATT increased nearly by 4%. It is evident that increasing the attention mechanism
can assign a higher weight to important information, which plays an important role in text
feature extraction to further effectively complete the DDE'’s relationship extraction task.

5.2. BERT-BiGRU-ATT Model Application

A few examples in the remaining data were randomly selected (after model training
and testing) from 1927 users who asked questions more than five times in the 120ask dataset.
The model was used to predict the relationship between entity pairs of Chinese Q&A data
in OHC. The obtained results are presented in Table 5.

The relational classification model of BERT-BiGRU-ATT achieved better predictive
effects with respect to relationship classification. Therefore, it can be used to extract DDE-
related knowledge from OHCs.

Considering “myocardial infarction” as an example, the final relation extraction results
among the DDEs are shown in Figure 3. “Myocardial infarction” is associated with multiple
drugs and drug effects. “Myocardial infarction,” drugs, and drug effects are represented by
red, orange, and blue, respectively. The straight line represents the relationship between
entities. Furthermore, considering “coronary heart disease” as an example, the relationship
among DDEs is shown in Figure 4.

Life cycle health management refers to the user health management system for disease
control and prevention. Health management involves formulating a personalized health
management plan based on the individual’s health status, which can control and prevent
diseases. Thus, this study identified the effective management of diseases, reduced medical
expenses and medical accidents, and ultimately identified effective health care.
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Table 5. Prediction results on the Q&A data relationship extraction task.

The Top Three Predication

Head Entity Tail Entity Q&A Sentences True Relation Relation (Probability)

Hello, arteriosclerosis refers to many factors. Usually, you
should pay attention to not smoking and not drinking
alcohol, consuming nonhigh-fat, nonhigh-sugar, and
nonhigh-salt foods, drinking plenty of water, and
exercising properly. Suggestions: You can take some
captopril, nifedipine sustained-release tablets or other
drugs as appropriate and check your blood
pressure regularly.

1. DsDIS (0.924124)
DsDIS 2. DpEFF (0.473218)
3. DnsDIS (0.145164)

arteriosclerosis nifedipine
sustained-release tablets

Favism is caused by mutations that affect the regulation
of erythrocyte glucose-6-phosphate dehydrogenase; it is a
hereditary hemolytic disease and is more common in men.

Suggestions: It is necessary to pay attention to whether 1. DnsDIS (0.913346)
antimalarials favism there is hemolysis; if there is, you need active treatment to DnsDIS 2. Others (0.336215)
prevent anemia and acute renal failure. Usually, you 3. DpEFF (0.074103)
should avoid eating broad beans and their products,
avoid taking drugs of oxidative properties (including
antimalarials, sulfonamides, etc.), and actively prevent
and treat it. The disease can still be controlled.
It became apparent that I have had hypertension for more
than two months, and my blood pressure was still 100,160 1. DpEFF (0.903671)
captopril blood pressure was still after taking captopril for one month. After that, I had DpEFF 2. Others (0.384623)
100,160 taken hyzaar for a month, and my blood pressure 3. DsDIS (0.104216)
dropped to 90,133. However, hyzaar is too expensive. Can
I change to other less expensive drugs?
Shensong Yanexin 1. Others (0.854143)
Ca gsule & mvocardial ischemia Can a 62-year-old man take a type of Shensong Yangxin Others 2. DsDIS (0.568127)
P 4 Capsule for treating myocardial ischemia? 3. DnsDIS (0.134755)

Note: Each English relation instance is translated by a Chinese relation instance.
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Figure 4. Drugs and drug effects related to coronary heart disease.

For the Q&A data in OHC, the DDEs of 1927 cardiovascular disease users were
extracted according to the user ID, and the results were used to analyze the disease’s
progression evolution from the first to the last question in three years. In addition, the
results can be used to assist patient life cycle health management. Considering “Members
29231652” as an example, the user is a 27-year-old female and asked 14 questions during
the three-year period. Based on the Q&A data and the relationship extraction results, the

progression evolution of her hypertension medication was obtained, and the results are
presented in Table 6.

Table 6. Medication management information of a user’s DDEs and time evolution.

Time Patient’s Question (Female, 27 Years Old, Hypertension) Physician’s Reply
25 January 2018 “Nifedipine sustained-release tablets” have the effect of “Nifedipine sustained-release tablets” have the effect of
y “accelerating heart rhythm.” “accelerating heart rhythm.”
“Hypertension” applies to “enalapril maleate tablet,” and the
25 January 2018 How should I take enalapril maleate tablet? specific dosage needs to be determined according to the
individual’s constitution and condition.
Drug effects of hypertension: higher low pressure, normal “Hypertension” applies to “calcium antagonists” and “nifedipine
26 January 2018 : B ”
pressure high pressure. sustained-release tablets.
2 February 2018 Hypertensive drug effect: stable blood pressure. Hypertension” applies t,(,) amloc}} pine,” “irbesartan,
and “betaloc.
8 February 2018 The effect of antlhyperten51veisdlli’1g1§f: the amount of menstruation suggest you evaluate further.
“Nifedipine sustained-release tablets” has the drug effect of “Hypertension” suits “nifedipine sustained-release tablets,”
8 February 2018 “increasing heart rate and uncomfortable heart;” “enalapril “benazepril tablets” and “betaloc” have the effect of “slow
maleate tablet” has the effect of “not effective.” heart rate”
" . " s “Hypertension” can be treated with “enalapril maleate tablets”
9 February 2018 Enalapril ma}eate tablet has the effect of being “not very and “hydrochlorothiazide tablets;” “hydrochlorothiazide tablets”
effective.” Can I use hydrochlorothiazide tablets? P <
have a “hypokalemia” drug effect.

13 February 2018 T'have hypertension, can I take enalapril maleate tablets, felodipine Hypertension” can be treated with “enalapril maleate tablets,

sustained-release tablets and betaloc simultaneously?

“felodipine sustained-release tablets,” and “betaloc.”

Note: Each relationship instance is the translating from the Chinese characters.
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6. Discussion and Conclusions

This paper proposed a BERT-GRU-ATT network architecture for the extraction of the
relationship among DDEs from online health communities in China. The experimental
results confirmed the effectiveness of the proposed model. BERT word embedding in the
proposed model uses bidirectional encoding conversion in order to make better use of
all important contextual information and grammatical and semantic feature information
related to the biomedical field, and it has better advantages over Word2Vec, fastText, and
GPT in word information extraction. Compared with LSTM, GRU, and BERT-BiGRU-ATT,
the model of BERT-BiGRU-ATT showed better effects with respect to knowledge extraction,
and it was superior in completing the knowledge extraction task of DDEs. This is due to
the fact that BERT can capture all context information and has stronger expression abilities,
and the execution of bidirectional GRU is also more efficient. In addition, the attention
mechanism can assign higher weights to important information, which plays an important
role in text feature extraction. Because the existing disease—drug relationship extraction
is mostly based on electronic health records or abstracts from the medical literature, the
greatest advantage of our research method is that information from unstructured, large-
scale doctor—patient Q&A OHCs can be extracted. Furthermore, the knowledge extraction
results can form a knowledge graph; according to the knowledge extraction results, the
health management process of the dynamic life cycle of the medication process of a user’s
disease is formed based on the user’s ID.

6.1. Theoretical Contributions

The theoretical contributions of our research are as follows: (1) Our research expands
the research field on knowledge extraction. Currently, the research related to disease—
drug knowledge extraction focuses on electronic medical records and medical literature
summaries. Our study extends the research on disease—drug knowledge extraction to
OHCs and expands the data sources of disease-drug research. (2) Our research expands the
research direction of knowledge extraction from OHCs, enriches the knowledge sources of
disease-drug management, and supplements and improves the existing knowledge system.
(3) The disease—drug knowledge extraction method developed in our research serves as a
reference for knowledge extraction in other fields.

6.2. Practical Implications

The practical implications of our research are as follows: (1) The results of knowledge
extraction obtained in our research enrich the knowledge sources of disease medication and
supplement and improve the existing knowledge base, which can assist doctors in clinical
diagnosis and help patients in health management. (2) The extracted dynamic life-cycle
disease evolution knowledge provides help for patients in conducting effective daily health
management. Therefore, this study’s results have an important practical significance.

6.3. Limitations and Future Work

Although our research expands the research direction of knowledge extraction for
disease medication management, there is still room for improvement, such as using coref-
erence resolution, which can also be employed for DDE relationship extraction in future
research to maximize the extraction of disease-related relationships in OHCs.

Author Contributions: Conceptualization, Y.Z. and X.L.; methodology, Y.Y. and T.W.; software,
Y.Y. and Y.Z,; validation, Y.Y. and Y.Z.; formal analysis, Y.Z.; data curation, Y.Y.; writing—original
draft preparation, Y.Z. and X.L.; writing—review and editing, X.L.; visualization, Y.Z. and TW,;
supervision, Y.Z. and X.L.; project administration, Y.Z.; funding acquisition, Y.Z. All authors have
read and agreed to the published version of the manuscript.



Int. |. Environ. Res. Public Health 2022, 19, 16590 12 of 13

Funding: This research was funded by the Research Startup Foundation of Henan Finance University,
project number: 2021BS013; supported by the Science and Technology Department of Henan Province,
project number: 222400410566, and supported by Youth Foundation of Social Science and Humanity,
China Ministry of Education, project number: 21YJC630096.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board for Clinical Research (No. 18-51).

Informed Consent Statement: Informed consent was obtained from all participants involved in the study.

Data Availability Statement: The data presented in this study are available upon request from
the corresponding author. The data are not publicly available due to the inclusion of sensitive
personal information.

Acknowledgments: We wish to thank the participants of this study and the support staff who made
this study possible.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Bardhan, I; Chen, H.; Karahanna, E. Connecting systems, data, and people: A multidisciplinary research roadmap for chronic
disease management. MIS Q. 2020, 44, 185-200.

2. Rastegar-Mojarad, M.; Liu, H.; Nambisan, P. Using social media data to identify potential candidates for drug repurposing: A
feasibility study. JMIR Res. Protoc. 2016, 5, e5621.

3. Zhang, T.; Wang, K.; Li, N.; Hurr, C.; Luo, ]. The Relationship between Different Amounts of Physical Exercise, Internal Inhibition,
and Drug Craving in Individuals with Substance-Use Disorders. Int. J. Environ. Res. Public Health 2021, 18, 12436. [CrossRef]
[PubMed]

4.  Lin, C.C; Hwang, S.J. Patient-centered self-management in patients with chronic kidney disease: Challenges and implications.
Int. ]. Environ. Res. Public Health 2020, 17, 9443.

5. Mehta, D.; Jackson, R.; Paul, G.; Shi, J.; Sabbagh, M. Why do trials for Alzheimer’s disease drugs keep failing? A discontinued
drug perspective for 2010-2015. Expert Opin. Investig. Drugs 2017, 26, 735-739. [CrossRef]

6. Wang, L.; Alexander, C.A. Big data analytics in medical engineering and healthcare: Methods, advances and challenges. |. Med.
Eng. Technol. 2020, 44, 267-283. [CrossRef] [PubMed]

7. Zhao, M.N. Off-Label Drug Use Detection Based on Heterogeneous Network Mining. In Proceedings of the IEEE International
Conference on Healthcare Informatics (ICHI), Park City, UT, USA, 23-26 August 2017; p. 331. [CrossRef]

8.  Nguyen, K.A.; Mimouni, Y.; Jaberi, E.; Paret, N.; Boussaha, I.; Vial, T.; Jacqz-Aigrain, E.; Alberti, C.; Guittard, L.; Remontet, L.;
et al. Relationship between adverse drug reactions and unlicensed /off-label drug use in hospitalized children (EREMI): A study
protocol. Therapies 2021, 76, 675-685.

9.  Antipov, E.A,; Pokryshevskaya, E.B. The Effects of Adverse Drug Reactions on Patients” Satisfaction: Evidence From Publicly
Available Data on Tamiflu (Oseltamivir). Int. J. Med. Inf. 2019, 125, 30-36. [CrossRef]

10. Swathi, D.N. Predicting Drug Side-Effects From Open Source Health Forums Using Supervised Classifier Approach. In Proceed-
ings of the 5th International Conference on Communication and Electronics Systems (ICCES), Coimbatore, India, 10-12 June 2020;
pp- 796-800. [CrossRef]

11. Kang, K; Tian, S.; Yu, L. Drug Adverse Reaction Discovery Based on Attention Mechanism and Fusion of Emotional Information.
Autom. Control. Comput. Sci. 2020, 54, 391-402. [CrossRef]

12.  Zhang, Y.L.; Li, X.M.; Zhang, Z. Disease-Pertinent Knowledge Extraction in Online Health Communities Using GRU Based on a
Double Attention Mechanism. IEEE Access 2020, 8, 95947-95955. [CrossRef]

13. Fan, B,; Fan, W,; Smith, C.; Garner, H. Adverse Drug Event Detection and Extraction from Open Data: A Deep Learning Approach.
Inf. Process. Manag. 2020, 57, 102131. [CrossRef]

14.  Zheng, W,; Lin, H.E; Zhao, Z.H.; Xu, B.; Zhang, Y.; Yang, Z.; Wang, ]J. A Graph Kernel Based on Context Vectors for Extracting
Drug-Drug Interactions. J. Biomed. Inf. 2016, 61, 34-43. [CrossRef] [PubMed]

15. Martinez, P.; Martinez, J.L.; Segura-Bedmar, I.; Moreno-Schneider, J.; Luna, A.; Revert, R. Turning User Generated Health-Related
Content Into Actionable Knowledge Through Text Analytics Services. Comput. Ind. 2016, 78, 43-56. [CrossRef]

16. Yu, T; Li, JH,; Yu, Q. Tian, Y,; Shun, X.; Xu, L.; Zhu, L.; Gao, H. Knowledge Graph for TCM Health Preservation: Design,
Construction, and Applications. Artif. Intell. Med. 2017, 77, 48-52. [CrossRef] [PubMed]

17.  Anastopoulos, LN.; Herczeg, C.K.; Davis, K.N.; Dixit, A.C. Multi-drug Featurization and Deep Learning Improve Patient-Specific
Predictions of Adverse Events. Int. |. Environ. Res. Public Health 2021, 18, 2600. [CrossRef] [PubMed]

18. Wang, Y.; Wang, L.; Rastegar-Mojarad, M.; Moon, S.; Shen, F,; Afzal, N,; Liu, S.; Zeng, Y.; Mehrabi, S.; Sohn, S.; et al. Clinical
information extraction applications: A literature review. J. Biomed. Inform. 2018, 77, 34—49.

19. Ly, X; Guan, Y.; Yang, J.; Wu, J. Clinical relation extraction with deep learning. Int. J. Hybrid Inf. Technol. 2016, 9, 237-248.

[CrossRef]


http://doi.org/10.3390/ijerph182312436
http://www.ncbi.nlm.nih.gov/pubmed/34886162
http://doi.org/10.1080/13543784.2017.1323868
http://doi.org/10.1080/03091902.2020.1769758
http://www.ncbi.nlm.nih.gov/pubmed/32498594
http://doi.org/10.1109/ICHI.2017.33
http://doi.org/10.1016/j.ijmedinf.2019.02.005
http://doi.org/10.1109/ICCES48766.2020.9138065
http://doi.org/10.3103/S0146411620050053
http://doi.org/10.1109/ACCESS.2020.2995739
http://doi.org/10.1016/j.ipm.2019.102131
http://doi.org/10.1016/j.jbi.2016.03.014
http://www.ncbi.nlm.nih.gov/pubmed/27012903
http://doi.org/10.1016/j.compind.2015.10.006
http://doi.org/10.1016/j.artmed.2017.04.001
http://www.ncbi.nlm.nih.gov/pubmed/28545611
http://doi.org/10.3390/ijerph18052600
http://www.ncbi.nlm.nih.gov/pubmed/33807714
http://doi.org/10.14257/ijhit.2016.9.7.22

Int. |. Environ. Res. Public Health 2022, 19, 16590 13 of 13

20. Igbal, E.; Mallah, R.; Rhodes, D.; Wu, H.; Romero, A.; Chang, N.; Dzahini, O.; Pandey, C.; Broadbent, M.; Stewart, R.; et al. ADEPt,
a Semantically Enriched Pipeline for Extracting Adverse Drug Events From Free-Text Electronic Health Records. PLoS ONE 2017,
12, e0187121. [CrossRef]

21. Eftimov, T.; Korousi¢ Seljak, B.; Korosec, P. A Rule-Based Named-Entity Recognition Method for Knowledge Extraction of
Evidence-Based Dietary Recommendations. PLoS ONE 2017, 12, e0179488. [CrossRef] [PubMed]

22.  Kholghi, M.; Sitbon, L.; Zuccon, G.; Nguyen, A. Active learning: A step towards automating medical concept extraction. J. Am.
Med. Inform. Assoc. 2016, 23, 289-296. [CrossRef]

23. Peng, Y.F; Wei, C.H.; Lu, Z.Y. Improving Chemical Disease Relation Extraction With Rich Features and Weakly Labeled Data.
J. Cheminform 2016, 8, 53. [CrossRef] [PubMed]

24. Mahendran, D.; McInnes, B.T. Extracting adverse drug events from clinical notes. AMIA Summits Transl. Sci. Proc. 2021, 2021,
420-429. [PubMed]

25. LeCun, Y.; Bengio, Y.; Hinton, G. Deep Learning. Nature 2015, 521, 436—444. [CrossRef] [PubMed]

26. Li, L.S.; Wan, ]J.; Zheng, ].Q.; Wang, J. Biomedical Event Extraction Based on GRU Integrating Attention Mechanism. BMC
Bioinform. 2018, 19, 285. [CrossRef] [PubMed]

27. Luo, Y.; Cheng, Y.; Uzuner, O.; Szolovits, P; Starren, J. Segment convolutional neural networks (Seg-CNNs) for classifying
relations in clinical notes. J. Am. Med. Inform. Assoc. 2018, 25, 93-98.

28. Yadav, S.; Ramesh, S.; Saha, S.; Ekbal, A. Relation extraction from biomedical and clinical text: Unified multitask learning
framework. IEEE/ACM Trans. Comput. Biol. Bioinform. 2020, 19, 1105-1116.

29. Gruetzemacher, R.; Gupta, A.; Paradice, D. 3D Deep Learning for Detecting Pulmonary Nodules in CT Scans. |. Am. Med. Inform.
Assoc. 2018, 25, 1301-1310. [CrossRef]

30. Xiao, C.; Choi, E.; Sun, J. Opportunities and Challenges in Developing Deep Learning Models Using Electronic Health Records
Data: A Systematic Review. J. Am. Med. Inform. Assoc. 2018, 25, 1419-1428. [CrossRef]

31. Jimenez, C.; Molina, M.; Montenegro, C. Deep Learning—Based Models for Drug-Drug Interactions Extraction in the Current
Biomedical Literature. In Proceedings of the International Conference on Information Systems and Software Technologies
(ICI2ST), Quito, Ecuador, 13-15 November 2019; pp. 174-181. [CrossRef]

32. Dua, M,; Makhija, D.; Manasa, P.Y.L.; Mishra, P. A CNN-RNN-LSTM Based Amalgamation for Alzheimer’s Disease Detection. J.
Med. Biol. Eng. 2020, 40, 688-706. [CrossRef]

33. Zeng, X.; Song, X.; Ma, T.; Pan, X.; Zhou, Y.; Hou, Y,; Zhang, Z.; Li, K,; Karypis, G.; Cheng, F. Repurpose Open Data to Discover
Therapeutics for COVID-19 Using Deep Learning. . Proteorme Res. 2020, 19, 4624—4636. [CrossRef]

34. Watts, J.; Khojandi, A.; Vasudevan, R.; Ramdhani, R. Optimizing Individualized Treatment Planning for Parkinson’s Disease
Using Deep Reinforcement Learning. In Proceedings of the 2020 42nd Annual International Conference of the IEEE Engineering
in Medicine & Biology Society (EMBC), Montreal, QC, Canada, 20-24 July 2020; pp. 5406-5409. [CrossRef]

35. Yuan, S.; Yu, B. HClaimE: A Tool for Identifying Health Claims in Health News Headlines. Inform. Process. Manag. 2019, 56,
1220-1233. [CrossRef]

36. Mikolov, T.; Chen, K.; Corrado, G.; Dean, J. Efficient estimation of word representations in vector space. arXiv 2013,
arXiv:1301.3781.

37.  Devlin, ].; Chang, M.W,; Lee, K.; Toutanova, K. Bert: Pre-training of deep bidirectional transformers for language understanding.
arXiv 2018, arXiv:1810.04805.

38. Yang, N.; Pun, S.H.; Vai, M.L; Yang, Y.; Miao, Q. A Unified Knowledge Extraction Method Based on BERT and Handshaking
Tagging Scheme. Appl. Sci. 2022, 12, 6543.

39. Arnaud, E.; Elbattah, M.; Gignon, M.; Dequen, G. Learning Embeddings from Free-text Triage Notes using Pretrained Transformer
Models. In Proceedings of the 15th International Joint Conference on Biomedical Engineering Systems and Technologies;
SCITEPRESS: Setubal, Portugal, 2022; Volume 5, pp. 835-841.

40. Liu, Y,; Song, Z,; Xu, X,; Rafique, W.; Zhang, X.; Shen, J.; Khosravi, M.R.; Qi, L. Bidirectional GRU networks-based next POI
category prediction for healthcare. Int. |. Intell. Syst. 2022, 37, 4020-4040.

41. Niu, Z;; Zhong, G.; Yu, H. A review on the attention mechanism of deep learning. Neurocomputing 2021, 452, 48-62. [CrossRef]

42. Cauteruccio, F.; Corradini, E.; Terracina, G.; Ursino, D.; Virgili, L. Extraction and analysis of text patterns from NSFW adult
content in Reddit. Data Knowl. Eng. 2022, 138, 101979. [CrossRef]

43. Chollet, F. Keras: The Python Deep Learning Library. Astrophysics Source Code Library ascl-1806. 2018. Available online:
https:/ /ui.adsabs.harvard.edu/abs/2018ascl.soft06022C (accessed on 5 December 2021).

44. Abadi, M.; Agarwal, A.; Barham, P.; Brevdo, E.; Chen, Z; Citro, C.; Corrado, G.S.; Davis, A.; Dean, J.; Devin, M.; et al. Tensorflow:
Large-scale machine learning on heterogeneous distributed systems. arXiv 2016, arXiv:1603.04467.

45. Srivastava, N.; Hinton, G.; Krizhevsky, A.; Sutskever, I.; Salakhutdinov, R. Dropout: A simple way to prevent neural networks
from overfitting. J. Mach. Learn. Res. 2014, 15, 1929-1958.

46. Joulin, A; Grave, E.; Bojanowski, P.; Mikolov, T. Bag of tricks for efficient text classification. arXiv 2016, arXiv:1607.01759.

47. Radford, A.; Narasimhan, K.; Salimans, T.; Sutskever, I. Improving Language Understanding by Generative Pre-Training. Avail-
able online: https:/ /s3-us-west-2.amazonaws.com/openaiassets/researchcovers/languageunsupervised /languageunderstandingpaper.
pdf (accessed on 5 December 2021).


http://doi.org/10.1371/journal.pone.0187121
http://doi.org/10.1371/journal.pone.0179488
http://www.ncbi.nlm.nih.gov/pubmed/28644863
http://doi.org/10.1093/jamia/ocv069
http://doi.org/10.1186/s13321-016-0165-z
http://www.ncbi.nlm.nih.gov/pubmed/28316651
http://www.ncbi.nlm.nih.gov/pubmed/34457157
http://doi.org/10.1038/nature14539
http://www.ncbi.nlm.nih.gov/pubmed/26017442
http://doi.org/10.1186/s12859-018-2275-2
http://www.ncbi.nlm.nih.gov/pubmed/30367569
http://doi.org/10.1093/jamia/ocy098
http://doi.org/10.1093/jamia/ocy068
http://doi.org/10.1109/ICI2ST.2019.00032
http://doi.org/10.1007/s40846-020-00556-1
http://doi.org/10.1021/acs.jproteome.0c00316
http://doi.org/10.1109/EMBC44109.2020.9175311
http://doi.org/10.1016/j.ipm.2019.03.001
http://doi.org/10.1016/j.neucom.2021.03.091
http://doi.org/10.1016/j.datak.2022.101979
https://ui.adsabs.harvard.edu/abs/2018ascl.soft06022C
https://s3-us-west-2.amazonaws.com/openaiassets/researchcovers/languageunsupervised/languageunderstandingpaper.pdf
https://s3-us-west-2.amazonaws.com/openaiassets/researchcovers/languageunsupervised/languageunderstandingpaper.pdf

	Introduction 
	Related Works 
	Research on Knowledge Extraction from OHCs 
	Research on Medical Text Knowledge Extraction 
	Research on Medical Knowledge Extraction Based on Deep Learning 

	Methodology 
	Bert Word Embeddings 
	BIGRU 
	Attention Mechanism 
	Softmax Output Layer 

	Experimental Setup 
	Data Description 
	Parameters Setup 

	Experimental Results 
	Main Results 
	BERT-BiGRU-ATT Model Application 

	Discussion and Conclusions 
	Theoretical Contributions 
	Practical Implications 
	Limitations and Future Work 

	References

