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ABSTRACT
Healthcare and the treatment of illnesses are one of the most fundamental aspects of modern human life, and drugs are the easiest way to approach to healthcare. Consuming drugs lead to diverse effects however. For instance, drugs reduce our pain, cure diseases, and maintain our healthy life. Unfortunately, due to the high price of drugs, not everyone can enjoy the same benefits. We propose using the generic medicine names, which are used to identify drugs that contain similar chemical ingredients and therefore perform similar purposes, to alleviate such concerns. That is, people will have the opportunity to select drugs that are suitable to their preferences. It is important to note that drugs with the same generic name do serve similar purposes, but may result in different side-effects at the same time. Drugs affect the human body in many different ways that are not all necessarily good. The side effects of drugs posed a major problem, and its negative effects sometimes take form in serious ways. This paper will present a way to address the issue of side effects by recommending alternative drugs that have the same effect, but with less detrimental effects. In the healthcare group, which is the platform of social networks, users share their comments and experiences about drugs, from which we can extract numerical ratings of various drugs. By integrating the generic names of drugs and data from social networks, we can get more data to draw meaningful conclusions. The process involves identifying a group of drugs under the same generic name, and comparing the user review-based ratings to determine which drug has less side effects. This paper will present a way to collect, process, and make use of data from social networks, as well as provide one solution to the issue of drug side effects.
Categories and Subject Descriptors
J.3 [LIFE AND MEDICAL SCIENCES]
General Terms
Algorithms, Biological data
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Data mining, Drug recommendation, adverse drug reaction, Social Data 
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1. INTRODUCTION

Healthcare and the treatment of illnesses are one of the most fundamental aspects of modern human life, and drugs are the easiest way to approach to healthcare. Consuming drugs lead to diverse effects however. For instance, drugs reduce our pain, cure diseases, and maintain our healthy life. Unfortunately, due to the high price of drugs, not everyone can enjoy the same benefits. We propose using the generic medicine names, which are used to identify drugs that contain similar chemical ingredients and therefore perform similar purposes, to alleviate such concerns. That is, people will have the opportunity to select drugs that are suitable to their preferences. For any given drug, it is possible to identify the drug’s chemical name, generic name, and the brand name. Chemical names contain information about the chemical composition of a drug; generic names are used to group together drugs with similar purposes; and brand names are chosen by the companies that make the drugs. Take Tylenol, for instance. Tylenol is a brand name, and the drug also has the generic name acetaminophen. Drugs do not necessarily have a unique brand name, however. Drugs sold by different companies might have different brand names, but it is possible they are based on the same drug with the same generic name. If two or more drugs have the same generic name, the first one is called the original medicine, and the remainders are called generic medicine. Most physicians regard generic medicines to have the same effectiveness as original medicines [17,25]. However, even though generic medicine contains similar active ingredients, its chemical architecture or reaction to the consumer are not same. In fact, some studies demonstrate such differences between various medicines under the same generic name. [12] Therefore, the generic medicine brings different impact in terms of effectiveness and side-effects even they hold the same active ingredients.

By integrating the drug characteristics and data from social networks, we can get more data to draw meaningful conclusions. The rapid growth of social networks has brought fundamental changes in modern society. We realize that the problem now is not of the lack of information, but rather the excess of it. A natural consequence is the issue of dealing with such abundant data, one example being social networks data. Various studies have produced valuable results from analyzing social networks data which contributed to human life. One significant subject of studies is analyzing drug data from social networks. As humans, consuming drugs can bring various effects, such as curing our diseases, reducing our pain, and maintaining our healthy life. However, drugs also bring side effects, which can be of significant harm to the human body as well. As a result, side-effects of drugs should be a topic of significant importance. As shown in Figure 1, the number of publications about side-effect of drugs has increased over the past 7 years, illustrating the increased effort to analyze and address the problem of side effects. 
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Figure 1. The number of articles over 7 years.

Users of social networks voluntarily share their experience about healthcare. A drug is the part of healthcare, and user-reviews contain people’s opinions or experiences after taking drugs. Some examples of healthcare groups include Meditations.com [27], DailyStrength.org [20], drugs.com [10], webmd.com [29], drugratingz.com [9], askpatients.com [7]. Furthermore, there are lots of literature that deals with the healthcare from social networks. The paper by Sampathkumar et al. [14] used comments from healthcare forums that mention adverse side-effect using Hidden Markov Models (HMM). Another earlier study was done by, Min Yang et al. [18] who combined text mining and supervised learning methods to extracted messages and divided comments into positive examples and negative examples. Others extracted the adverse effects of drugs and divided them into two groups, which labels are expected and unexpected. Most publications aimed to propose a method with high accuracy of detected and classified side-effect from user-reviews. [4]

In this paper, we suggested a way to minimize the side-effects of drugs by utilizing their characteristics. The severity of side-effects were researched by social networks associated with healthcare, and we applied generic medicine names to discover better drugs that perform similar actions and yet have less side-effects. As a result, this paper will recommend alternative drugs which has better grade on the side-effect aspect. 
The paper is organized as follows. In section 2, we present the datasets collected from two healthcare groups and show the methodology for identifying alternative drugs and examining the results. In section 3, we evaluate the performance of the suggested method. The last section is concluded with contributions of our method in brief and proposal for future work directions.
2. RESEARCH DESIGN
In this part, we present our methodology for identifying alternative drugs and examining the results our method proceeds as follow, 1) Collect data, 2) Identify alternative drugs, 3) Recommend alternative drugs and 4) Investigate extracted data. An overview of our method is illustrated in Figure 1. In step 1, we used data from drugRatingz.com to determine which drugs have a low rating for side-effects and therefore require alternative drugs. In step 2, we described the process used to identify alternative drugs. In step 3, we describe the process used to pick an [image: image3.png]DrugRating)
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Figure 2. The overview of proposed method.
appropriate alternative drug based on the data we got from step 2. In our last step, we proceed to examine our methods.

2.1 Datasets
Although there are many types of drugs designed for different purposes, this paper will focus on drugs for depression and anxiety disorders in particular. Data from drugratingz.com suggests that the depression and anxiety disorder drugs are one of the most widely used drugs. The depression and anxiety disorder drugs had the most customer reviews as well, from which we draw our analysis. 
We use 5 different datasets: 1) the list of drugs with rating on side-effects, 2) the list of generic names that identify each drugs, 3) data of drugs which have equal generic name, 4) rating score for the drugs. 5) the number of citation about symptoms of side- effect. Our first dataset was extracted from 709 user reviews on drugratingz.com. The last dataset is from treato.com. The other three datasets are from drugs.com. 

Table 1. The details of datasets 
	
	# of posts
	# of drugs
	Time-spans
	Sites

	Total drugs
	5,959
	1,815
	2006-11~

2014-12
	Drugratingz.com

	Depression
	709
	140
	2006-11~

2014-12
	Drugratingz.com

	Drug-Gname
	-
	60
	-
	Drugs.com

	GnameBname
	-
	123
	-
	Drugs.com

	side-effect
	1,016,418
	4
	
	Treto.com


Detail of first dataset, drugratingz.com lists information on 1815 drugs, classified into 38 categories including but not limited to: cancer, addiction treatment, birth control, and pain relief. There are a total of 140 drugs in the depression and anxiety disorder category. This accounts for 7.71% of the entire population of drugs listed on Drugratingz.com, which is the third highest number among all categories. The core of this research is based on user ratings of drugs. Therefore, we ruled out drugs that had no reviews. In addition, we determined that drugs with a side-effect rating of more than 2.95 did not require alternative drugs, and thus ruled them out as well.
The other three datasets come from drugs.com, which is an online pharmaceutical dictionary that offers drug information for users and healthcare professionals. From Drugs.com, we obtained the generic names of drugs and their brands names as well. 

To demonstrate the results, we used the dataset from Treato.com, which is a data-analysis company known for providing health-associated insights to patients, healthcare professionals, pharmaceutical companies, and hospitals. Treato extracts the detail symptoms of side-effects from user comments and shows the count of citations. For instance, two user reviews of Paxil are shown in Figure 2. As shown in Figure 2, the detail symptoms of side-effect ‘withdrawal’ are cited 3 times in user comments. From the whole comments of user, ‘withdrawal’ was cited 51,337 times.   Thus, we utilized the information of Treato as the measure of side-effects.
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compared with lexapro and cymbalta, the withdrawal effects are much
more troubling and severe. In particular;, paxil withdrawal has a dimension
of reality/dream confusion and distortion. The nature and content of the
dreams can be especially disturbing. The uncertainty about the sleep/wake
divide makes the experience all the more harrowing for someone with
depression. In summary, it was the most psychologically troubling ordeal..
-Andrew, June 10, 2014





Figure 3. The example of user-comments (treato.com)
2.2 Step 1: Collect User-reviews Data 
In step1, we collected the list of drugs and their ratings from review written by users concerned with depression and anxiety disorders. The drugs-related data was collected form drugratingz.com. There were four categories for rating drugs: effectiveness, no-side-effects, convenience, and values. The scores range from 1 to 5, where 1 indicates the worst and 5 the best. Since the goal of this research is to reduce the side-effects of drugs, we focus on the side-effects category. Thus, we stripped our data of unnecessary information, keeping only the names and side-effect ratings of drugs. Afterwards, we calculated the average side-effect score for each drug, and sorted them in ascending order.
2.3 Step 2: Identify Alternative Drugs

In step 2, we discuss our methodology for identifying alternative drugs. It is important to note that all drugs have a generic name. A generic name is the name of pharmaceutical drugs which is equal to a brand name in effects, dosage, intended use, quality, strength and route of administration. Drugs do not necessarily have a unique brand name, however. Drugs sold by different companies might have different brand names, but it is possible they are based on the same drug with the same generic name. This makes it possible to find alternatives to a drug—if the generic names of drug A and drug B are the same, we can use drug A to replace drug B, and vice versa. Recall that we have already obtained data on the names and the average side-effect ratings of drugs from step 1. Based on the average ratings, we can easily filter out the drugs that have high ratings (determined by a specific threshold) as a safe drug. To identify the generic name of each drug, we used the information from Drugs.com, which presents not only the generic name of each drug, but also a list of drugs that have the same generic name. Our two-step process involves (1) identifying the generic name of a drug, and (2) obtaining the list of drugs with the same generic name. As a result, we obtained.
2.4 Step 3: Recommend Alternative Drugs

From step 2, we obtained data that allows us to identify drugs using their generic names. In this section, we examine alternative drugs using the data on generic names. Similar with Step 2, we utilized information from to get brand names of drugs under a given generic name. For instance, the generic name of Effexor is venlafaxine, and we can find that there are two brand names that has the generic name venlafaxine: Effexor, and Effexor XR. Therefore, we determine that Effexor XR is a valid candidate of an alternative drug for Effexor. Some drugs have many brand names under the same generic name. For instance, Wellbutrin, whose generic name is bupropion, has 10 brand names. Through step 3, we were able to acquire a list of candidates of alternative drugs based on the generic name matching process.
2.5 Step 4: Investigate Extracted Data

In step 4, we investigate whether the results found from step 3 are valid. The data we use to investigate the results come from drugs.com, which provides an overall rating of each drug. It should be noted that the ratings from drugs.com, as opposed to those from drugratingz.com, do not provide evaluations on multiple dimensions. That is, they do not have ratings specifically for side-effects of a drug. Nevertheless, we proceed to use data from drugs.com, since ratings for some drugs were not available on drugratingz.com. The investigation was executed in the following process: (1) obtain the ratings scores of the original and alternative drugs; (2) compare each rating. We have confirmed that the alternative drugs were safer than the original drugs.
3. RESULTS

In this part, we present the result of proposed method. Since the goal of this research is to reduce the side-effects of drugs, we test whether our method is successful at reducing side effects. Ultimately, the output of our method will be a list of alternative drugs for each drug. Our analysis shows that 43.33% of drugs have alternative drugs, while the rest do not have any alternative drug. That is, 26.66% of drugs have a one-to-one correspondence between the brand name and the generic name. From drugs which have alternative drugs, 20% of them are from drugratingz.com. The paper will proceed as follows: we describe datasets in 4.1, analyze alternative drugs from drugratingz.com in 4.2 and analyze the rest of the alternative drugs in 4.3.
3.1 Extracted Data Analysis

Through the aforementioned process, we acquire a list of recommendations for alternative drugs. The recommendation list is divided into two types, where one consists of drugs that exist in drugratingz.com and the other not. In 3.2.1, we examine first type of recommendation, and in 3.2.2, we examine second type.
3.1.1 Drugratingz.com

To identify alternative drugs, we examined the generic name of each drugs. The data from Drugratingz.com with respect to generic names was very limited, which inevitably led to some restrictions for searching alternative drugs. This problem was addressed by using data from drugs.com, which provides comprehensive information on drugs and their generic names. Utilizing the data from drugs.com, we were able to retrieve more meaningful data. As mentioned earlier, we ruled out drugs with a side-effect rating of greater than 2.95, because 2.95 presented the average value of side-effect rating and a high rating implies there is no need for alternative drugs. 13% of drugs is replaceable from the drug which exists in drugratingz.com. Comparing the side-effect ratings of the original and recommended alternative drug, we observe that the rating for the alternative drug is higher. For instance, mirtazapine is the drug that has the lowest side-effects score of 1. We obtained information about the generic name of Mirtazapine from drugs.com, and based on the generic name we were able to identify Remeron as an alternative drug that had the same generic name as mirtazapine. The side-effects score of Remeron was 2.23, which was much higher than Mirtazapine. Details of our analysis results are presented below. [Table 2] Table 2 shows the side effects scores of the original and alternative drugs side-by-side. The table demonstrates that the alternative drugs can effectively reduce side effects.
Table 2. Result of detected alternative drug (drugratingz.com)
	Drugs
	Side-effects score
	Alternative drugs
	Side-effects score

	Mirtazapine
	1
	Remeron
	2.23

	Paxil
	1.97
	Pexeva
	4.5

	Alprazolam
	2
	Xanax
	3.4

	Effexor
	2.17
	Effexor Xr
	2.77

	Wellbutrin
	2.225
	Bupropion HCl Tablet
	3

	Amitriptyline
	2.33
	Elavil
	3.25


3.1.2 Drugs.com
From 4.2.1, we notice that if the alternative drug exists in the database of drugratingz.com, we can utilize the side-effect score to compare the resulting side effect scores. However, not all drugs are listed on drugratingz.com. For such exceptional cases, we decided to analyze the ratings of alternative drugs from drugs.com. We collected the ratings of the original and alternative drugs from drugs.com. For instance, the side-effect score of Buspar is 1, which is lower than our set threshold of 2.95. Based on the generic name identification process, we found that Vanspar is a valid alternative drug to Buspar. To examine the effectiveness of this alternative, we collected and compared the ratings of Buspar and Vanspar from drugs.com. Since the rating for Vanspar was higher than Buspar, we have successfully found a better alternative drug. Details of our results are presented below [Table 3]. The table contains reactings of drugs whose information were not available from drugratingz.com. We observe that the results are significant in the sense that it succeeds in finding an alternative with a higher rating.     
Table 3. Result of detected alternative drug (drugs.com)
	Drugs
	Side-effects score
	Rating
	Alternative drugs
	rating

	Buspar
	1
	6.5
	Vanspar
	6.7

	Topamax
	1.83
	6.7
	Topiragen
	9

	Bupropion Hcl Tablet
	2
	7.6
	Zyban
	9.1

	Dexedrine
	2
	8.7
	Dextrostat
	9.2

	Abilify
	2.11
	6.6
	Abilify Maintena
	7.3

	Dexadrine
	2.66
	8.7
	Dextrostat
	9.2

	Prozac
	2.95
	7.7
	Sarafem
	8.8


3.2 Evaluation

To verify the accuracy of extracted data, we use the additional information from traeto.com. Treato provides details of side-effect scores which are obtained from user comments, counting the number of symptoms. In the case of Paxil, the 5 highest count of symptoms were Withdrawal Symptoms, Weight Gain, Dizziness, Nausea and Weight loss. The evaluation score is calculated by the new measurement:
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The numerator of evaluation_score is the count of relevant symptoms and the denominator presents the total number of comments of one drug. Therefore,  evaluation_score shows the degree of side-effect from user-reviews

In the case of Paxil, Pexeva is recommended as alternative drug. From drugratingz.com, the side-effect score of Pexeva is much higher than side-effect score of Paxil. To verify the accuracy of alternative drug, we the evaluation_score of Paxil and Pexeva. The evaluation_score of Paxil and Pexeva are 0.3450, 0.2906 respectively.  As a result, we demonstrated Pexeva an effective alternative drug of Paxil. From Table 4, suicide, mortal symptom of side-effect, is the sixth rank of side effect in Paxil. 

Table 4. Ranking symptoms of side-effect (Paxil) 
	Rank
	Symptoms 
	Count
	score

	1
	Withdrawal Symptoms
	51,351
	0.1599

	2
	Weight Gain
	21,226
	0.0661

	3
	Dizziness
	8,576
	0.0267

	4
	Nausea
	7,994
	0.0248

	5
	Wight Loss
	6,719
	0.0209

	6
	Sexual dysfunction
	5,300
	0.0165

	7
	Numbness
	4,395
	0.0136

	8
	Suicide
	4,114
	0.0128

	9
	Head zaps
	2,888
	0.0089

	10
	Suicide Thoughts
	2,870
	0.0081

	1-20
	Sum score of 1-20 rank
	
	0.4240


Table 5. Ranking symptoms of side-effect (Pexeva)
	Rank
	Symptoms
	Count
	Score

	1
	Withdrawal Symptoms
	97
	0.1016

	2
	Weight Gain
	55
	0.0576

	3
	Nausea
	30
	0.0314

	4
	Addiction
	15
	0.0157

	5
	Sexual dysfunction
	15
	0.0157

	6
	Head zaps
	12
	0.0125

	7
	Dizziness
	11
	0.0115

	8
	Drowsiness
	11
	0.0115

	9
	Numbness
	11
	0.0115

	10
	Attempted Suicide
	9
	0.0094

	1-20
	Sum score of 1-20 rank
	
	0.3480


In the case of Alprazolam, Xanax is recommended as alternative drugs. It is demonstrated in drugratingz.com as well that the side-effect score of Xanax is much higher than Alprazolam. Comparing the evaluation_score, Xanax and Alprazolam are 0.1133, 0.0620 respectively. Furthermore, we extracted ratings data of drugs.com; Xanax and Alprazolam were both 9.0. Even though the total rating of Alprazolam and Xanax were equal, the particular rating of side-effect can be different.   

Table 6. Ranking symptoms of side-effect (Alprazolam)
	Rank
	Symptoms
	Count
	score

	1
	Euphoria
	1,615
	0.0333

	2
	Irritability
	829
	0.0171

	3
	Weakness
	647
	0.0133

	4
	Blisters
	396
	0.0081

	5
	Psychosis
	257
	0.0053

	6
	Hallucinations
	249
	0.0051

	7
	Weight Gain
	228
	0.0047

	8
	Migraines
	174
	0.0035

	9
	Weight Loss
	162
	0.0033

	10
	Nightmares
	121
	0.0025

	1-20
	Sum score of 1-20 rank
	
	0.1133


Table 7. Ranking symptoms of side-effect (Xanax)
	Rank
	Symptoms
	Count
	score

	1
	Weight Gain
	8,704
	0.0134

	2
	Weakness
	7,621
	0.0117

	3
	Euphoria
	6,587
	0.0101

	4
	Weight Loss
	3,549
	0.0054

	5
	Hallucinations
	2,713
	0.0042

	6
	Attempted Suicide
	2,272
	0.0035

	7
	Dry Mouth
	1,131
	0.0017

	8
	Impotence
	1,025
	0.0015

	9
	Blisters
	961
	0.0014

	10
	Chronic Fatigue
	823
	0.0012

	1-20
	Sum score of 1-20 rank
	
	0.062


In general, the ratings of drugs measure the overall effect of the drug. Therefore, it is difficult to obtain isolated information about a drug’s side effect. The proposed method successfully provides data on a specific dimension of a drug, which is represented by the variable evaluation_score.

4. CONCLUSION

We have designed our method to recommend alternative drugs in order to minimize side effects. We obtained our data by extracting useful information from user-reviews. Our method is applicable to drugs in other categories as well. Although the scope of this paper is limited to drugs concerned with depression and anxiety disorders, a similar approach could be taken for identifying alternative drugs in any category, as long as there are a sufficient number of user reviews. 
We have demonstrated one way to minimize the side-effects of drugs on depression and anxiety disorders. We combined the information from two sources: drugratingz.com with information on drugs and their side-effect scores, and drugs.com with information on the drugs' generic and brand names. The identification of alternative drugs would not have been possible if any of the information above were missing. In general, the ratings of drugs only measure the overall effect, and information on specific dimensions are usually not available. Therefore it is difficult to obtain information that provides ratings that specifically measures the side-effects. The proposed method successfully provides data on a specific dimension of a drug, which is represented by the variable evaluation_score. For instance, Pexeva is presented as a recommended alternative drug for Paxil, and we verified that the evaluation_score value of Pexeva came out higher than the value of Paxil. Furthermore, results showed Xanax as an alternative drug for Alprazolam, even though the overall rating score for both drugs were equal. Even with an equal overall score, our method made it possible to make distinctions between the two drugs by comparing the side-effect values, which turned out to be different for the two drugs.  
In future work, we will schedule to extend our method for all fields of drugs and design how to set the thresholds of side-effects score. Furthermore, we will design how to reflect all categories of rating score to drugs.com. 
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