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ABSTRACT 

The use of the various complementary and alternative medicine (CAM) 

modalities for the management of chronic illnesses is widespread, and still on the rise. 

Unfortunately, tools to support consumers in seeking information on the efficacy of 

these treatments are sparse and incomplete. The goals of this work were to understand 

CAM information needs in acquiring CAM information, assess currently available 

information resources, and investigate informatics methods to provide a foundation for 

the development of CAM information resources. 

This dissertation consists of four studies. The first was a quantitative study that 

aimed to assess the feasibility of delivering CAM-drug interaction information through 

a web-based application. This study resulted in an 85% participation rate and 33% of 

those patients reported the use of CAMs that had potential interactions with their 

conventional treatments.  

The next study aimed to assess online CAM information resources that provide 

information on drug-herb interactions to consumers. None of the sites scored high on 

the combination of completeness and accuracy and all sites were beyond the 

recommended reading level per the US Department of Health and Human Services.  

The third study investigated information-seeking behaviors for CAM 

information using an existing cohort of cancer survivors. The study showed that 

patients in the cohort continued to use CAM well into survivorship. Patients felt very 
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much on their own in dealing with issues outside of direct treatment, which often 

resulted in a search for options and CAM use.  

Finally, a study was conducted to investigate two methods to semi-

automatically extract CAM treatment relations from the biomedical literature. The 

methods rely on a database (SemMedDB) of semantic relations extracted from 

PubMed abstracts. This study demonstrated that SemMedDB can be used to reduce 

manual efforts, but review of the extracted sentences is still necessary due to a low 

mean precision of 23.7% and 26.4%.  

In summary, this dissertation provided greater insight into consumer 

information needs for CAM. Our findings provide an opportunity to leverage existing 

resources to improve the information-seeking experience for consumers through high-

quality online tools, potentially moving them beyond the reliance on anecdotal 

evidence in the decision-making process for CAM.  
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INTRODUCTION 
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1.1 Objectives and Research Questions 

Existing studies focused on consumer behaviors in complementary and alternative 

medicine (CAM) usage demonstrate that CAM use in the management of chronic illness 

is high and continues to rise [1-3]. Some online resources exist for CAM, but patients 

continue to rely primarily on anecdotal evidence when making decisions on CAM use [4, 

5]. These behaviors, combined with a low rate of CAM disclosure to physicians [6, 7], 

pose many risks to the patients, including under-treatment when conventional treatment is 

delayed, herb-disease interactions, and drug-herb interactions [8]. Patients spend billions 

out-of-pocket each year on CAM [9] with little or no evidence of safety or efficacy. In 

order to move patients past the reliance on anecdotal evidence, to help them use CAMs 

that have some evidence of efficacy, and to help them avoid spending thousands on 

treatments that are ineffective, we need a greater understanding of patient motives, 

information-seeking behaviors, and what they view as “evidence” in making a decision to 

include a CAM in their treatment plan.  

In the present dissertation, we aimed to investigate consumers’ CAM information 

needs and information-seeking behaviors, consumers’ attitudes towards reporting CAM 

use to their physicians via tablet devices, the quality of existing CAM online resources, 

and informatics approaches to help build the foundation of CAM information retrieval 

tools. In order to achieve these goals, we investigated four study aims as follows: 

Aim 1: This study assessed the feasibility of gathering CAM data directly from 

the patient via an application presented on a tablet device. Specifically, we assessed the 

feasibility of gathering CAM use information at a cardiology clinic by older adult 

patients prior to their appointments. Our specific research questions were: 
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1) Are patients willing to self-report their CAM using tablet devices while waiting

for their appointments with a physician?

2) How does the patient-reported CAM usage agree with usage documented in their

electronic health records?

3) Are patient demographics such as age and education level a factor in their

willingness to self-report CAM use via the tablet device?

4) What percentage of the study participants are at risk for drug-herb interactions

due to the specific CAMs they are taking with known interactions to common

cardiac medications?

Aim 2: In the second study, we assessed the completeness, accuracy, and overall

quality of existing online resources for drug-herb interactions. We evaluated sites 

appearing in the first two pages of search results across several popular Web browsers to 

answer the following research questions: 

1) How complete is the information for ten drug-herb pairs? Do the sites provide

interaction information for these pairs with known interactions?

2) How accurate is the information presented? Do the sites provide interaction

severity and does it agree with the severity found in our reference standard?

3) What is the quality of the information presented? Does the presentation follow

existing guidelines on the presentation of information for consumers? Does the

reading level of the information conform to the recommendations provided by the

US Department of Health and Human Services?

Aim 3: We investigated the CAM information-seeking behaviors of a cohort of

cancer survivors. Through this cohort, we sought to understand: 
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1) What are the preferred resources for CAM information for this cohort?

2) How have the preferred sources of information changed between the original

2004 study and the 2015 study? What role has the increase in online resources

played in this change in preference?

3) What constitutes “evidence” in the mind of the consumer and helps them make a

decision to include a CAM therapy?

Aim 4: We evaluated the performance of an algorithm to automatically extract

treatment-related predications from the biomedical literature. Our specific study question 

was: 

1) How does the algorithm perform in terms of precision and recall in comparison

with a baseline method?

1.2 Rationale for Analysis 

Patients most often still rely on anecdotal evidence in making CAM decisions [5, 

10]. Therefore, it is important for both safety and value for consumers to properly 

identify and evaluate information on CAM. Even when the initial introduction to CAM is 

anecdotal, many patients still look for further evidence through patient testimonials and 

online resources [11]. Some patients would prefer to obtain CAM information from their 

physicians, but physicians are often not equipped to provide the necessary information 

[12]. For these reasons, patients must go to outside resources to find information and 

many of the resources are unreliable.  

These issues highlight the need for online CAM information resources that satisfy 

all the information needs of consumers, including information such as scientific evidence 
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and social “evidence” through patient testimonials. There are gaps in the existing 

literature regarding consumers’ CAM information needs, information-seeking behaviors, 

and information resources that can help consumers meet their information needs. One of 

the goals of this research was to identify and fill those gaps in order to guide the design of 

potential solutions.  

For patients who are unable or unwilling to search for information on their own, 

the clinic is one possible setting for gathering CAM information with the aid of clinic 

staff. Older patients represent a large percentage of the consumers dealing with chronic 

disease such as diabetes, multiple sclerosis, heart disease, and Alzheimer’s disease. 

Eighty percent of adults over the age of 65 have cellular phones, but only 42% use a 

smartphone [13]. The goal of the study in Aim 1 was to investigate whether older patient 

groups are willing and capable of self-reporting CAM use during a clinic visit using a 

tablet device. A willingness of these patients to share CAM use information in a clinic 

setting creates opportunities to improve CAM documentation in patient records and to 

discuss potential implications with the patient’s provider, such as interactions with the 

patient’s conventional treatment.  

For consumers who do turn to online resources to find out about CAM options or 

for further evidence, prior studies have found that many of the CAM healthcare sites are 

of poor quality [14-16]. If consumers rely on Web searches for additional information on 

CAM, the quality of the information presented is important and the implications of 

incomplete data, particularly where drug-herb interactions are concerned, can be serious. 

If no interactions are listed for the drug-herb combination entered, this could imply that 

no interaction exists. The consumer may not be aware that many of the interactions could 
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simply be missing from the site. Aim 2 uses one area of concern to consumers, drug-herb 

interactions, as a test case to assess the completeness, quality, and accuracy of consumer 

health information available online for CAM. 

One possible explanation for continued reliance on anecdotal evidence, in spite of 

the increasing availability of online resources, is that existing sites that provide 

information on the safety and efficacy of CAM fail to meet consumers’ information 

needs. Important questions that are not answer in the literature include: 1) What 

specifically are they looking for, and what is lacking in current resources to meet their 

needs? 2) Are these consumers simply going with initial anecdotal evidence, or are they 

searching for additional evidence but simply do not know how to find it? Aim 3 

investigates the information-seeking behaviors of a cohort of long-term cancer survivors. 

The goal of this study was to better understand how to meet their information needs and 

to understand their preferences in the design of Web-based resources to fill the gaps in 

existing resources. 

Lastly, as a first step toward the design of consumer portals for CAM, Aim 4 

investigates a pipeline method for extracting CAM treatment-related predications from 

the biomedical literature leveraging the Semantic Medline Database (SemMedDB). The 

resulting pipeline can be used to help build CAM treatment ontologies, which are 

essential building blocks for the development of CAM information resources and 

information retrieval tools [17].   

In the absence of reliable CAM information resources, as well as physicians 

knowledge gaps about the efficacy of and potential interactions between CAM and 

allopathic treatments [18], it is often very difficult and frustrating for patients to find the 
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information they need to make an informed decision [19]. Tools for CAM information-

seeking are needed that provide scientific evidence, information on interactions, and 

social “evidence” through patient testimonials. Studies have demonstrated that even for 

those that would like to see scientific evidence, patient testimonials are often important 

and many consumers will use a CAM in the absence of scientific evidence when there is 

sufficient social “evidence”. One study showed that patients will continue to use a CAM 

even when scientific evidence showed it to be ineffective [11]. The ideal solution would 

provide a combination of evidence sources to satisfy the information needs of a larger 

consumer base. 

 

1.3 Significant Contributions 

This research takes an in-depth look at consumer preferences in sharing and 

receiving CAM information, taking into consideration demographic preferences 

including age, gender, and education level. First, Aim 1 showed that older adults were 

willing to and capable of self-reporting CAM use through tablet devices during clinic 

appointments, and that a large percentage of those patients are at risk for drug-herb 

interactions. The Aim 2 study found that a set of information resources about drug-herb 

interactions are not adequate to meet consumers’ CAM information needs and could lead 

to continued risk due to missing or inaccurate information.  

With the understanding from the prior studies that consumers lack a 

comprehensive, scientifically-based information resource for CAM information, Aim 3 

provided a deeper, more detailed understanding of what consumers desire in Web-based 

tools to meet their CAM information needs. Finally, Aim 4 laid the groundwork for 
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consumer CAM information resources through a pipeline system that automatically 

extracts CAM treatment-related predications from the biomedical literature.  The system 

performed well against a reference standard and can be used in developing the first 

treatment-related ontology for CAM information-retrieval systems. This method could be 

extended to support disease-herb interactions and drug-herb interactions to support both 

consumer information needs as well as clinical decision support tools within EHR 

systems, such as alerting on potential CAM interactions. The information needs and 

preferences, as well as a treatment-related ontology about CAM, be would valuable to 

several audiences, including informatics researchers, developers of information-sharing 

portals, and medical librarians who support CAM users in finding and evaluating CAM 

information. 
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2.1 Complementary and Alternative Medicine (CAM) 

Complementary and Alternative Medicine (CAM) generally refers to medical 

interventions that are not commonly used in conventional medicine or taught in US 

medical schools [1]. It can include many modalities, including prayer, yoga, chiropractic, 

meditation, and biologically-based therapies such as herbal and dietary supplements. 

There is a strong interest in biologically-based CAM, as studies have shown that this is 

the most common form of CAM use reported by patients with chronic illness and also 

presents the greatest risk to the patient due to potential drug-herb interactions [2-5].  

 
2.1.1 CAM Use 

CAM use in the management of chronic disease is well documented and on the 

rise. The use in cardiology was shown to be as high as 65% through a systematic review 

of the literature [6]. Use in oncology has also been shown to be high with one study 

reporting a 49% usage [7], with even greater usage patterns for studies involving women 

with breast cancer [8]. Usage can be higher in radiation oncology, with one study 

showing overall use to be 59%, but as high as 91% for breast cancer patients receiving 

radiation therapy [9]. Multiple studies have found that women have a tendency to use 

CAM more often than men and make most of the healthcare decisions for the family [10, 

11].  

A study conducted by the National Center for Complementary and Integrative 

Health  (NCCIH, formerly the National Center for Complementary and Alternative 

Medicine) found that consumers spent $33.9 billion on CAM out of pocket in 2007 [12]. 

The willingness to spend that much on interventions that are not covered by insurance 
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implies that consumers may have a strong interest in these alternative treatments. 

Therefore, there is a need for tools to help consumers make appropriate decisions for 

CAM use allowing them to understand the potential risks and benefits of the products 

they are considering.  

 
2.1.2 Drug-Herb Interactions 

With increased CAM use in the management of chronic disease comes the 

concern of drug-herb interactions where biologically-based CAMs are used and not 

reported to the care provider. Many of these drugs and biologically-based CAMs are 

metabolized through the liver. The drug metabolizing enzymes in the liver are known as 

cytochrome P450 microsomal enzymes. Often biologically-based CAMs can act as 

inducers or inhibitors of these enzymes, ultimately resulting in drug-herb interactions 

with the CAM interaction resulting in sub-therapeutic or supra-therapeutic doses of the 

allopathic treatments [13-17]. One manuscript discusses multiple case studies where the 

conventional treatment was not as effective as expected. After further investigation, it 

was discovered that the patient was taking CAMs without reporting their use, which were 

disrupting how conventional drugs were metabolized [18].  

These interactions can often lead to ineffective treatments or adverse effects 

whose underlying cause the prescribing physician may not recognize. An example of the 

risk to patients is the combination of Warfarin and St. John’s Wort. St. John’s Wort has 

been shown to decrease prothrombin time, resulting in sub-therapeutic anticoagulation 

and increased risk of thromboembolism [19].  

 



  
 

 
 
 
 

14

2.1.3 Patient Motivations for CAM Use 

Patients state many reasons for CAM use, including treatments providing a more 

“gentle” effect [20], to “sustain one’s own strength” [21], fewer side effects [22], and that 

they are not simply a “symptomatic cure” [23] . There is also an association between 

CAM use and a belief that certain lifestyle and psychological behaviors contributed to the 

development of the disease [24]. Although patients have expressed frustration with the 

lack of insurance reimbursement for their preferred method of treatment, they are still 

willing to pay out of pocket if necessary [23]. Patients seek information on CAM as a 

means of understanding their options, for a sense of hope and control, and for alternative 

options when the prognosis is poor or they experience a recurrence [2].   

There has also been an association between a higher internal health locus of 

control (HLOC, which measures the perception of controlling one’s own outcomes) and 

positive treatments outcomes. An internal HLOC has also been associated with increased 

CAM use [25]. This association between internal HLOC and positive outcomes have 

been shown in other studies demonstrating the potential for improved outcomes through 

patient empowerment [26]. Other factors in the decision to use CAM include active 

coping strategies that are often necessary with diseases posing an immediate threat to the 

patient, such as cancer and its treatments [27, 28].  

Patients often use CAM because they feel it offers them more freedom in making 

treatment decisions than conventional medicine. Physicians should be aware that CAM 

usage can also be associated with negative attitudes toward conventional medicine [29] 

and open communication and physician support may mitigate this problem.  
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2.1.4 CAM Disclosure 

Patients do not always report CAM usage to their physician. This failure to 

disclose puts the patient at risk, particularly for drug-herb interactions [30, 31]. It is 

estimated that as many as 72% of CAM users do not discuss CAM use with their 

physicians [1]. Reasons for nondisclosure include fear of a negative response [32], their 

physician did not ask [3], and their physician did not need to know [31]. One study 

suggested that a focus on patient-centered communication may encourage patients to talk 

about their CAM use [33]. Since patients often do not feel discussing CAM use with their 

physicians is important [1, 31, 32], physicians should initiate discussions with patients 

and emphasize the importance of this communication. A recent study of CAM use during 

pregnancy indicated that with heightened awareness of potential interactions between 

CAMs, drugs, and conditions, reporting of CAM use may be increasing [34].  

 

2.1.5 Benefits of Use 

Studies on the use of CAM in the treatment of cancer have shown favorable 

results, particularly improved survival, better pain control, and reduced anxiety, nausea, 

and vomiting [35]. Another study of inpatients in an oncology unit at Beth Israel found an 

enhancement to cancer care as well as cost reduction in patients participating in an 

integrative medicine (see section 2.5) study. This study included interventions such as 

yoga, holistic nursing, and attention to a healing environment. The study resulted in 

decreased hospitalizations and infections [36]. A Cochrane review on the effects of music 

therapy in patients with cancer showed a beneficial effect on anxiety, heart rate, blood 

pressure, and quality of life [37]. These combined studies suggest that the optimal 
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approach to caring for patients with life-threatening illnesses would take a patient- 

centered approach utilizing a combination of conventional and CAM therapies to address 

all patient needs, including quality of life.  

 
2.1.6 Challenges in CAM Information Seeking 

     Studies have shown that 48% of cancer patients use at least one CAM and the 

search for CAM information starts with the initial diagnosis but continues along the 

treatment and survivorship trajectory [4, 5]. When patients seek CAM options, they may 

experience significant challenges in finding and evaluating the information they need [4, 

11, 23, 38, 39]. They become frustrated and overwhelmed by conflicting messages 

pertaining to the efficacy of CAM and are frequently unaware of interactions and 

complications. Along with these challenges, the comprehension level of the information 

they encounter is often beyond that of the average consumer [40].  

Patients often prefer to receive information on CAM from their physician, but 

providers are not necessarily equipped to provide CAM information [41] and patients are 

often uncomfortable discussing CAM use with physicians [3]. As a result, patients often 

seek CAM information from other channels that may not be reliable [41]. With minimal 

guidance on CAM use from their physician, patients run the risk of adverse reactions and 

misinformation on the efficacy of the CAM [41].  

 
2.1.7 Existing CAM Resources 

Many sites exist for information on the safety and efficacy of CAM in the 

treatment and prevention of disease. These sites include: 

1. The National Center for Complementary and Integrative Health 
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(https://nccih.nih.gov/) . NCCIH contains CAM efficacy information, but 

does not support consumer input. 

2. The Natural Medicines Comprehensive Database (NMCD) 

(http://naturaldatabase.therapeuticresearch.com/home.aspx?cs=&s=ND. 

NMCD is intended for pharmacists and physicians and charges an annual 

licensing fee for access to safety and efficacy studies. 

3. PatientsLikeMe (PLM, https://www.patientslikeme.com/member_home). 

PLM supports patient input, but does not link CAMs to the literature. 

4. Life Extension (LE, lifeextension.com). Life Extension sells supplements 

and provides efficacy information on those supplements with linkage to 

the literature free of charge, but access to online information and phone 

consultations on supplements that have been shown to be effective for 

specific diseases requires purchasing an annual license.  

All the above sites except PatientsLikeMe provide CAM information that is 

backed by the scientific literature, but they do not support patient forums and 

testimonials. Studies have shown that some patients are skeptical of evidence provided 

solely through scientific studies. PatientsLikeMe does support forums for CAM use, but 

there is not linkage to the literature for scientific evidence of efficacy and safety.  

 
2.1.8 Women as Healthcare Decision Makers 

Multiple studies have demonstrated that women make up to 80% of the healthcare 

decisions for the family [42] and that women are also known to make greater use of 

healthcare portals [43, 44], with women making approximately 78% of eVisits and 63% 



  
 

 
 
 
 

18

of access to patient portals. One study also showed that women tend to use CAM more 

often than men (1 in 5 vs. 1 in 8) [4, 45]. For these reasons, special attention should be 

paid to the information needs of women both as more frequent users of online resources 

and CAM and as the primary decision-makers for their families.  

 

2.2 The Use of the Internet for Health-related Information 

Studies have indicated that consumers are increasingly turning to the Internet for 

healthcare information, with up to 80% of Internet users looking for health-related 

information, making it the third most popular topic in Web searches.  Information of 

interest includes specific disease information (66%), treatments (56%), doctors and 

medical facilities (44%/36%), health insurance (33%), and environmental health hazards 

(22%) [46]. Patients often search across several sites looking for information they deem 

trustworthy, and although not always available, they would feel more confident if the site 

were endorsed by a recognized professional body [47].  

The rise in the use of the Internet for healthcare purposes raises many questions as 

to the quality of information available to the consumer. A study for consumer information 

on Inflammatory Bowel Disease showed that 57% of the 76 Web Sites available were 

rated fair to poor in quality of content [48].  

 

2.3 Social Networking 

The emergence of Web 2.0 and social networking has had important implications 

for the dissemination of medical information. Patients look for information and become 

involved in discussions about medications, disease, diet, and lifestyle topics. They look 

for information on side effects, efficacy, symptoms, and survival statistics [49]. In one 
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study on social networking and antibiotic use, the most common categories for 

information were general use, advice and information, and side effects [49].  

Social networking sites not only help patients find useful information, but also 

provide opportunities for research organizations to uncover potential issues with side 

effects, compliance, use, and misuse of prescription medications [50]. Platforms such as 

Facebook and PatientsLikeMe provide patients with the opportunity to actively engage in 

their health as well as connect with other patients who have already been through the 

management of a medical condition such as cancer from diagnosis to survivorship and 

who have a wealth of information to share [51]. A study of disease-specific information 

sharing on Facebook showed that the majority (66%) of the posts sampled were about 

users sharing their personal experiences in the management of their disease [52]. One 

problem noted in a study on social networking sites was advertising content and 

commentary from the pharmaceutical industry, raising questions of misinformation, 

commercial influence, and even conflict of interest [53]. 

 

2.4 Integrative Medicine 

Cancer patients are increasingly looking for integrative therapies to optimize well-

being and improve quality of life during and after treatment. These therapies have been 

shown to be effective and resulted in cost savings with patients using fewer medications 

and experiencing reduced infections and hospitalizations [36]. Those therapies found to 

be effective and easily accessible include music, aromatherapy, exercise, and mindfulness 

practices.  

The emergence and continued growth of integrative medicine is largely due to 
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public demand, particularly for life-threatening diseases such as cancer [54]. Another 

study on the use of IM in inpatient oncology showed significant decreases in anxiety, 

fatigue, and depression in the intervention group. This study showed that with the 

decreases in these scores, patients used fewer medications, resulting in substantial cost 

savings [55].  

In making a shift from patient CAM use to IM, there is a need for open dialogue 

and shared decision making (SDM) between patients and their providers, with providers 

considering all patient needs, including personal lifestyle preferences and a focus on 

quality of life [56]. Beyond the patient-provider relationship, patients also view IM 

programs as a place to connect with other patients, share information on treatments and 

outcomes, and to simply receive emotional support from others experiencing similar 

health challenges [57]. 

 

2.5 Theoretical Frameworks for Understanding Consumer Behaviors 

Multiple consumer health models are common in research pertaining to consumer 

behaviors and preferences. The Uses and Gratification Theory (UGT) examines why a 

specific media satisfies the needs of information seekers. This theory assumes that the 

information seeker is goal-oriented and purposive. These individuals have expectations 

for a specific media use and target a media to fulfill their goals [58, 59]. The Health 

Belief Model (HBM) looks at how perceptions of health, such as perceived threat and 

perceived benefit, can be used to explain health behaviors and choices [60, 61]. As an 

example of the HBM construct of perceived threat, the threat of specific events in the 

cancer trajectory, such as diagnosis, progression, recurrence, and treatment side-effects, 
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are possible triggering events for a CAM information-seeking process. Chapter 5 

provides a more in-depth discussion of these theories and their application within this 

research. 
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Abstract 

Objective: To determine the feasibility of gathering Complementary and Alternative Medicine (CAM) data directly 

from the patient via a computerized patient interview. 

Design: A quantitative descriptive study was utilized to determine whether patients would be willing to self-report 

their CAM usage and whether the self-reported data complements clinicians  perceptions and medical records.  

Measurements: 40 patients were recruited to test the computerized patient interview application. Clinicians and 

staff (n=15) were also surveyed to determine their perceived CAM usage. In addition, a retrospective chart review 

(n=100) was done to estimate the documented CAM usage rate.  

Results: In this study, we had a 85% participation rate, suggesting patients are willing to share their CAM use 

through the computer application.  The self reported usage rate was 85%, as compared to the chart documented 

usage rate of 9.5% and the average clinician/staff estimated usage rate of 43%. 

 

Introduction 

The use of CAM amongst patients in the US is well documented. CAM has grown to an estimated 50 billion dollar 
industry with an estimated 30-50% of patients utilizing some form of CAM in their healthcare 1-10. In spite of this 
trend, there appears to be a hesitance on the part of the patients to share this information with their healthcare 
provider 11, 12. Many patients have adopted an attitude of “if they don’t ask, I won’t offer” toward the communication 
on this topic with their primary care providers 12. On the other hand, there is a significant risk of herbal supplements 
interacting with prescriptions medications and causing harm to the patient 2-4, 13, 14. Given the potential for drug-herb 
interactions, it becomes increasingly important to document dietary supplement use along with prescription 
medications. The ability to search for potential interactions and to alert the patient and clinicians is dependent on the 

continuous maintenance of both lists. 
 
To improve patient safety and better monitor CAM usage, we sought to study the feasibility and potential benefit of 
gathering this data from the patient utilizing a computerized patient interview system. Our research questions are 1) 
Are patients willing to disclose their CAM usage using the computer application?  2) Can the patient self-reported 
data complement the information gathered by clinicians and recorded in medical records? 3) Can this data be 
gathered with a level of quality that enables clinical decision support and therefore makes the effort worthwhile? 

 

Materials and Methods 

We developed a simple computer interview application to collect CAM usage data directly from patients. After a 
brief usability study and user interface (UI) improvements, we conducted a feasibility study of the application in an 

outpatient cardiology clinic. To measure the potential benefit of the self-reported data collected by the application, 
we surveyed clinician’s perceived CAM usage as well as reviewed a random sample of charts from the same clinic. 
The rates of CAM usage from the three sources (patients, clinicians, and chart review) were compared. 

Setting 

The study was completed in the Cardiovascular Clinic at the University of Utah. 

1217
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reconciliation as well as CAM data gathering are planned.  In both the chart reviews and patient entered CAM data, 

it’s difficult to determine what is truly CAM and what is physician recommended. Finally, the validity portion of the 
study is still underway, so it still remains to be seen how accurate patient entered CAM data is. 

Early indications are that it is feasible to ask patients to enter and review their CAM data in their record and it is 
assumed that this can be extended to include medication reconciliation. It remains to be seen how valid this data is. 
This will be measured through a return visit where the patient is asked to bring all of their prescription medications 

as well as their dietary supplements. The data entered during this return visit will be input by the RA, not by the 
patient. 

Various interview workflows were considered and tested. These included approaching patients in the waiting area, 
as soon as they were roomed, before their time with their mid-level and physician, and after their office visit/before 

they left the clinic. 

The concerns with approaching the patient in the waiting area included either jeopardizing their privacy by 
interviewing them publicly, or causing concern with or interrupting clinic workflow by pulling them out of the 
waiting area and into a more private setting. This would cause delays and  frustrations to the front office staff by 
requiring that they come to the interview room to retrieve the patient, especially during high traffic periods. 

Another workflow considered was to either have the MA or mid-level recruit for us as they either roomed or 
examined the patient. What we discovered was that as supportive and well-intentioned as the staff were, they rarely 
remembered to do this as it is not part of their normal workflow or daily responsibilities. In light of this, the 
recruitment rate was approximately 3 patients per week. 

As far as approaching the patient at the end of their appointment, although not tested, there is little doubt that the 
recruitment rate would also be low with this method. By the time they waited in the reception area, in the 
examination room, and were visited by multiple clinicians and support staff such as MAs, mid-levels, physicians, 
and phlebotomists, they are unlikely to be willing to extend their visit to talk to students and participate in a study. 

Careful attention was paid to ensure that the clinic workflow was not affected at any level. Each step in the clinic 
workflow was carefully studied to determine the optimal time to insert the patient interview with no interruption. 

This careful analysis and choice of timing is credited to both maximum staff support of the study and extremely high 
participation rates. 90% of the time, the RA had completed the interview and left the room before the physician 
entered. When this was not the case, the interview was completed as soon as the physician stepped out of the room. 

The pre-study phase proved to be very helpful in identifying usability issues in the UI and once those were 
addressed, the feasibility study was much more successful. Only minor UI issues were uncovered, with the 

exception of unintended behaviors from the iPad such as entering cut/paste mode and magnification mode. Both of 
these behaviors were most often encountered on the free-form data entry screen while the user was trying to click 
into and begin data entry. They then became frustrated and did not know how to get out of that mode, or even what 
mode they were in. Because of these unintended behaviors, we will be most likely not be utilizing the iPad in the 
next phase of the study. We will instead look into one of the many kiosk options available today. 

Future work in the this area will include the review of the medication list for the sake of medication reconciliation, a 

validity study to ensure not only that the patient would be willing to enter or review this data, but also that they can 
do so with a reasonable level of accuracy. Finally, a clinical decision support system will be built to detect the 
known interactions between prescription drugs and dietary supplements as well as the scientific evidence of and 
severity of the interaction. That severity will be used to determine whether an alert  will be generated. However, a 
physician note can be generated in the patients record to alert both the patient and the clinician to the potential 
interaction at any severity. 

The validity portion of the study will involve either an in-person interview or over the phone where the patient has 
the supplement bottles in front them. They will be asked to read each label including manufacturer and full product 
name. This commercial product information can then be used to retrieve the component breakdown from the 
NMCD. This supplement list is stored in a different database table from the original list and compared against what 

the patient entered from memory in the clinic. A check box could also be included here to indicate whether this is 
physician recommended .  A text field could also be included to gather information from the patient as to why they 

take and feel each supplement is helpful to them. This data could be compared against NMCD and literature data on 
efficacy. 
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These preliminary findings show the prevalence of CAM usage to be significantly higher than indicated in the 
literature. One reason for this could be the location of the study. Utah is major producer of CAM products such as 
dietary supplements, essential oils, etc. Consequently, Utahns might use these products at a higher rate than in other 
parts of the country. The prevalence could also be higher due to the clinic from which the data was gathered. CAM 
usage tends to be higher amongst the chronically ill such as those interviewed in the cardiovascular clinic. 

Conclusion 

It is feasible to involve the patient in the maintenance of their CAM data in their medical record. The timing of the 

request is important to ensure that they agree to review their records and to ensure that they do not abandon the 
process before they have made all the necessary updates, thereby decreasing validity. Patients expect delays upon 
check in to the clinic and after being roomed, so these provide excellent opportunities for such requests. 

A simplified UI and touch screen also proved to be critical to the usability of such a tool across all patient 
demographics. Some options still need to be weighed and evaluated such as a kiosk option in the waiting room as 
well as the use of the iPad due to some fairly consistent problems experienced by the patients.  

The paper increases awareness of the importance of including this information as part of a patient's medication 
record. Information on CAM in the patient's record (chart) is important to contribute to overall information that 
considers patient safety. 
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6.1 Abstract 

6.1.1 Objective 

There is a significant consumer demand for complementary and alternative 

medicine (CAM) information for the treatment and prevention of chronic diseases. A 

controlled vocabulary for CAM could help meet those needs by facilitating information 

retrieval from the published literature. The purpose of this study is to design and evaluate 

two methods to semi-automatically extract CAM treatment-related semantic predications 

from the biomedical literature. 

 
6.1.2 Methods 

Predications were retrieved from SemMedDB, a database of semantic 

predications extracted from article abstracts available in Medline. The first method 

retrieved predications from any Medline citation (“all Medline”), while the second 

method (“sound studies”) only retrieved predications from scientifically sound clinical 

studies. Filtering criteria were applied to identify the predications focusing on the 

treatment and prevention of medical disorders using various CAM modalities. The 

disorders were extracted for each CAM and ranked by occurrence. A reference 

vocabulary was developed to evaluate the performance of each method according to 

precision and recall of the top 100 ranked concepts as well as average precision and 

recall.  

 
6.1.3 Results 

The difference between all Medline and sound studies in terms of median 

precision for the top 100 concepts ranked by occurrence was significant (21.0% vs. 
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27.0%,  p<.001). The sound studies method had significantly higher precision (7.0% vs. 

11.5%, p<.001) and the all Medline had significantly higher recall (37.1% vs. 25.6%, 

p<.001).  

 

6.1.4 Conclusion 

The sound studies method may be useful for extracting treatment-related 

predications from the biomedical literature for the highest ranked concepts. Additional 

work is needed to improve the algorithm as well as identify and report shortcomings for 

future enhancements of the tools used to populate SemMedDB. 

 

6.2 Introduction 

Complementary and alternative medicine (CAM) use is ubiquitous, with an 

estimated 30-50% of patients utilizing some form of CAM in their healthcare [1]. Visits 

to CAM providers exceed those to primary care physicians, with out-of-pocket expenses 

exceeding $30 billion [2]. In spite of this high use, there are no reliable, easily accessible 

resources for consumers to obtain and evaluate CAM for specific medical conditions. 

Consumers most often seek CAM information on treatment options, side effects, and 

interactions with conventional treatments [3]. The preferred source for this information is 

either their physician [4] or the Internet [5]. In the absence of resources to meet their 

information needs, consumers are exposed to many risks in CAM use [6-8] and friends 

and family remain a primary source for CAM information [3, 4, 9]. 

 Health consumers could benefit from reliable, complete, and accurate online 

resources on CAM that are linked to supporting evidence from the scientific literature. A 

controlled vocabulary is a necessary building block for any information retrieval system 
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in the biomedical domain. Although standard vocabularies (e.g., SNOMED CT) contain 

concepts for the various CAM modalities, a more specific vocabulary is necessary with 

relationships between medical disorders and CAM modalities, such as “massage” and 

“pain”, “coenzyme Q10” and “heart disease”, and “guided imagery” and “anxiety”. To 

date, no such targeted vocabularies exist in the CAM domain. Building these 

vocabularies manually is very labor-intensive and therefore cost-prohibitive. In a 

previous study, we proposed methods for generating disease-specific treatment 

vocabularies by extracting disease-treatment predications from the biomedical literature 

[10]. In the present study, we adapt those approaches to assist in the development of 

CAM treatment vocabularies by extracting predications between CAMs and diseases, 

symptoms, or behaviors for which a CAM has been studied. 

 

6.3 Background 

6.3.1 CAM Information Needs 

 Resources for information on CAM are sparse and unreliable. The quality of the 

information can be poor and consumers find much of the information difficult to 

comprehend [11]. Consumers are often presented with information that is incomplete and 

inaccurate, potentially leading them to incorrect conclusions on safety and efficacy [12]. 

In many cases, consumers would prefer to receive CAM information from their 

physician, but they find that physicians know little about CAM or are not supportive of 

its use [3]. Consumers often turn to the Internet for a variety of healthcare-related 

information including signs, symptoms, and treatment options. This approach to 

information seeking often leads to conflict and anxiety [13]. 
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 In oncology, these information needs were most pronounced immediately before 

and after treatments as these periods of the treatment trajectory raise the greatest concerns 

about treatment side effects. Patients are also warned about CAM use during treatment by 

their physicians [14]. Patients’ motivations in seeking CAM information vary and run the 

gamut from recovering from treatments to curing their disease [15]. As the use of the 

Internet for healthcare information-seeking continues to increase and with tremendous 

variability in health literacy, great care must be taken to ensure that tools designed to lead 

consumers to information on CAM return the most pertinent results possible [16]. Results 

must be focused, reduce complexity, and minimize noise to avoid confusion for 

consumers.   

 Although CAM information is not as comprehensive as in allopathic medicine, 

there is significant and continually increasing information available. The challenge is 

finding the information when it is needed and in a timely manner. This presents a 

significant challenge for healthcare practitioners, and an even greater challenge for 

consumers who are not even aware of the resources available, let alone how to form the 

optimal search. 

 
6.3.2 Controlled Vocabularies as the Foundation for Biomedical Applications 

 Controlled vocabularies have existed for centuries and allow for the 

standardization of terms and the formalization of the relationships between those terms 

[17, 18]. Many such vocabularies already exist and provide standard terms and unique 

identifiers for those terms in the CAM space, for example, Systematized Nomenclature of 

Medicine – Clinical Terms (SNOMED CT) and Consumer Health Vocabulary (CHV). 
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The domain-specific subset of CAM terms extracted from existing vocabularies can be 

structured in such a way as to optimize information retrieval in consumer facing 

applications and aid in interoperability and reuse of the resulting vocabulary. 

Building a controlled vocabulary is a challenging and labor-intensive effort. A 

prior study in building a reference standard from the biomedical literature resulted in 100 

man-hours from medical experts for annotation alone for only three diseases. This did not 

include other necessary tasks such as identifying and preparing the appropriate 

documents, preparing the annotation guidelines, training annotators, and mapping the 

concepts to the Unified Medical Language System (UMLS) [10, 19].  

A controlled vocabulary could be useful in the development of information 

retrieval tools for CAM, particularly for consumers for whom linkage to the scientific 

literature is important [20]. This vocabulary must enable information retrieval algorithms 

to retrieve CAMs that treat a certain condition and vice-versa, for example “what CAM 

treats chronic fatigue?” or  “what conditions are treated by acupuncture?”  

6.3.3 Semantic Medline Database 

The literature available in the biomedical domain is vast and finding relationships 

that can be used to form disease-treatment vocabularies can be daunting. One solution to 

this problem is to use the Semantic Medline Database (SemMedDB), a repository of 

semantic predications that may serve as the basis for vocabularies in any clinical domain 

[21].  SemMedDB contains predications regularly extracted from PubMed citations using 

SemRep, a natural language processing tool that extracts semantic predications using 

underspecified syntactic analysis and structured domain knowledge from the UMLS [22, 
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23]. The predications are stored as subject-predicate-object triplets with links to the 

sentences from which they were derived in the biomedical citations. The subject and 

object elements correspond to UMLS concepts, while the predicate is the semantic 

relation between two concepts and correspond to UMLS Semantic Network relations. For 

example, “coenzyme q10 TREATS heart failure ”  is a semantic predication where the 

subject is “coenzyme q10”, the predicate is “TREATS”, and the object is “heart failure.” 

This predication was extracted from the sentence “nearly two thirds of a series of 40 

patients in severe heart failure (classes iii and iv) treated with coq10, 100 mg daily, in an 

open, controlled design showed subjective and objective improvement.”  

SemRep is able to extract 30 predicate types relating primarily to clinical 

medicine [24].  In SemMedDB, the subject and object concepts are categorized according 

to one or more UMLS semantic types (e.g., sign or symptom, disease or syndrome, 

therapeutic or preventive procedure), which can be used to filter predications based on an 

area of interest.  

6.3.4 PubMed Clinical Query Filters 

Another resource available for identifying relevant treatment-related studies is 

PubMed’s Clinical Query filters, which can be used to retrieve scientifically sound 

clinical studies [25]. Filters are available with focus on specific topics (e.g., treatment, 

diagnosis, etiology) and can be tuned for precision (narrow filter) or recall (broad filter). 

Studies on the sensitivity and specificity of each option reported the broad treatment 

filter as having a recall of 99% and precision of 10%, whereas the narrow treatment filter 

resulted in a recall of 93% and a precision of 54% [26]. PMCQ attempts to narrow search 
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results to stronger clinical studies. 

6.3.5 Reference Standard Resources 

Two resources exist that provide evidence-based, expert-curated information on 

the safety and efficacy of CAMs for the treatment of disease: the Natural Medicines 

Comprehensive Database (NMCD) and Life Extension (LE). NMCD is recognized as the 

gold standard for evidence-based information on CAM effectiveness, safety, and 

interactions with conventional treatments. LE contains over 120 evidence-based protocols 

to combat disease associated with aging. 

6.4 Methods 

This study method consisted of the following steps: 1) development of a reference 

standard; 2) development of two predication retrieval methods; and 3) performance of an 

experiment to compare the performance of the two methods against the reference 

standard. The method was adapted from the approach proposed by Wang et al. for the 

construction of disease-specific vocabularies for allopathic treatments [10]. We chose 20 

biologically-based CAMs to constrain the study scope and 3 mind-body therapies to test 

the generalization of the methods across CAM modalities. 

6.4.1 Reference Standard Development 

6.4.1.1 Manual extraction of CAM treatment statements from authoritative sources 

Utilizing the methods described by Wang et al. [19], we built a reference standard 

for development and evaluation of our methods using two existing evidence-based, 

expert-curated sources for CAM. Unlike the allopathic domain, evidence-based resources 
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for CAM are limited. Treatment-related statements were extracted from NMCD and LE 

for the CAMs being investigated in this study. Disorder concepts were extracted from the 

text during the annotation process. 

The treatment-related information was independently annotated by two co-

authors, LS and MJ, using a predetermined set of annotation guidelines. Multiple practice 

sessions were conducted utilizing a sample set of documents. The documents were 

annotated using eHOST [27], an open source annotation tool. eHOST provides support 

for calculating inter-annotator agreement (IAA). The degree of IAA was calculated 

according to the F-measure, using the annotations from one annotator as the gold 

standard and the other as the subject [28]. The two annotators worked independently on 

the same set of documents until the IAA reached almost perfect agreement ( >.8), at 

which point the remaining annotations were completed by one annotator [LS]. Any 

discrepancies in the annotation process were resolved through consensus. The resulting 

annotations were extracted from the eHOST files and mapped to UMLS concepts in order 

to enable comparison with CAM treatment-related predications pulled from SemMedDB. 

6.4.1.2 Idenitifcation of Relevant Semantic Types for Annotated Medical Disorders 

In order to map the annotated disorders to the UMLS, we conducted a manual 

analysis to determine the appropriate semantic types for the medical disorders. We started 

with all semantic groups, per prior studies [10, 29]. Semantic groups categorize the 

semantic types, but all semantic types within a group are not always appropriate. The 

procedures semantic group is a good example, where only the semantic type therapeutic 

or preventive procedure is needed for mind-body therapies such as meditation. Examples 
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of other semantic types include disease or syndrome, sign or symptom, pathologic 

function, and finding. Because these semantic types would also be used to constrain the 

results of the SemMedDB queries, we used SemMedDB to analyze the semantic types of 

the object terms (medical disorders) returned in treatment-related predications for the 

CAMs in this study.  

Several methods were used to determine the semantic type list for the medical 

disorders. First, the semantic groups were examined to exclude those that were unlikely 

to appear in the object term for treatment-related predications. These included genes and 

molecular sequences, phenomena, occupations, concepts and ideas, devices, objects, 

geographic areas, and organizations. Next, a random selection of disorders annotated 

from the reference standard were used to search the UMLS for the semantic types of 

those terms. SemMedDB was then used to complete the analysis by searching with the 

appropriate CUIs for the subject term for each CAM and the treatment-related predicates 

list with no semantic type constraints on the object terms. The semantic types of the 

object terms were noted and compared to the current version of the semantic type list to 

decrease the likelihood that relevant semantic types were excluded. 

The final set of relevant semantic types used in the subsequent steps of the 

approach are listed in Table 6.1. The semantic types followed one of two potential 

semantic schemas; <CAM treatment> 

TREATS|NEG_TREATS|AFFECTS|NEG_AFFECTS|PREVENTS|NEG_PREVENTS|A

DMINISTERED_TO|NEG_ADMINISTERED_TO 

<Disorder|Physiology|Anatomy|Living being> or <CAM treatment> 

COMPARED_WITH|HIGHER_THAN|LOWER_THAN <Chemicals & 
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Drugs|Procedures>. 

 
6.4.1.3 Mapping of Medical Disorders to UMLS Concepts 

 To maximize accuracy, a multipass approach was taken in mapping the disorder 

concepts from the reference standard to UMLS concepts (Figure 6.1). Initially, an ‘exact’ 

match was attempted using the UMLS Terminology Services (UTS). If UMLS concepts 

were returned, the semantic types of those concepts were examined to determine if they 

matched any of the predetermined semantic types for disorders. Concepts that did not 

belong to a relevant semantic type were discarded (“weeding”). An example of a concept 

that was discarded is depression scale, with a semantic type of intellectual product. If an 

exact match with a relevant semantic type was found, we proceeded to the next disorder. 

The goal was to avoid including concepts that were clearly not represented in the 

reference standard to optimize algorithm precision. For example, for the annotated 

sentence “coenzyme q10 has been found to be effective in the treatment of breast 

cancer”, an exact match was found for the concept breast cancer, with relevant semantic 

type neoplastic process. If a ‘word’ match was conducted, 650 additional concepts with a 

relevant semantic type would be returned, but representing disorders outside the scope of 

the annotated sentence. Examples include bilateral breast cancer and carcinoma breast 

stage IV, which are specific stages of breast cancer that were not specified in the 

reference standard. 

 If no concepts remained after weeding, we proceeded to a second call to UTS 

using a ‘word’ match. Once again, only the concepts with relevant semantic types were 

selected. After the second pass, if no concepts were identified for the disorder, we 
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proceeded to manual mapping. The most common reasons for terms not mapping include 

precoordination of diseases and body location (e.g., “osteoarthritis of the hip or knee”) 

and patient population groups (e.g., “postmenopausal women”). The final output of the 

multipass process was a list of disorder terms. Each term was associated with one or more 

UMLS concepts along with the concepts’ CUIs. Those terms not mapped to UMLS 

concepts were compiled and could be sent to pertinent vocabularies, such as SNOMED-

CT and Consumer Health Vocabulary, as suggested inclusions. All UMLS queries used 

version 2016Ab and the UTS REST API for Perl. 

 
6.4.2 Predication Retrieval 

 The process to retrieve CAM treatment-related predicates from SemMedDB 

consisted of the following steps (Figure 6.2): 1) identification of pertinent UMLS 

concepts for CAM terms; 2) retrieval of scientifically sound clinical studies using 

PubMed’s Clinical Query filters (PMCQ, only for the sound studies method); 3) retrieval 

of relevant treatment predications from SemMedDB; and 4) ranking of medical disorders 

by occurrence. 

 
6.4.3 Identification of  UMLS Concepts for CAM Terms 

 For the CAM terms in the reference standard, the Chemical and Drugs semantic 

group was used as a starting point [10, 30] for the biologically-based CAMs, as well as 

one semantic type from the Therapeutic or Preventive Procedures semantic group to 

cover mind-body therapies such as acupuncture. The final list of relevant CAM semantic 

types, along with an example of CAMs within each semantic type, can be found in Table 

6.2. These semantic types were then used to map the CAM terms to UMLS concepts 
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using SNOMED CT as a comprehensive vocabulary and Consumer Health Vocabulary as 

a vocabulary to capture layman’s terms. We used the UTS ‘word’ match to retrieve 

potentially relevant CAM concepts and then excluded concepts that did not belong to a 

relevant semantic type. An example of a nonrelevant concept for acupuncture is 

Acupuncture unit, home-use, with a semantic type of medical device. The output of the 

above process was a list of CAMs associated with one or more matching UMLS 

concepts.  

6.4.4 Retrieval of Scientifically Sound Clinical Studies Using 
PubMed’s Clinical Query Filters 

One variation of our approach (sound studies) consisted of constraining 

predication retrieval to those that were extracted from scientifically sound clinical studies 

in Medline. To accomplish this, we searched PubMed for scientifically sound clinical 

studies on treatment using PubMed’s clinical query filters (treatment narrow and 

systematic review filters) [26]. We further limited our search strategy to studies in 

humans and published in English. The PubMed IDs of the retrieved citations were then 

used to further constrain the predication query described in Step 3.2.3. 

6.4.5 Retrieval of Relevant Treatment Predications from SemMedDB 

For each CAM of interest, we queried SemMedDB matching the CAM CUIs to 

the predication subject. We also constrained the query to a set of relevant treatment-

related predicates, to the set of disorder semantic types described in Step 3.1, and to 

“novel” predication objects. The novelty flag in SemMedDB identifies uninformative 

arguments through the hierarchical structure of the Metathesaurus [29]. For the sound 
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studies method, we further constrained the query to predications extracted from 

scientifically sound studies as described in Section 3.2.2. The output contained the 

retrieved predications as well as the source sentences from which predications were 

extracted using SemRep. The version of SemMedDB used for these queries included 

citations published through June 30, 2017. The SemMedDB SQL query can be seen in 

Figure 6.3. 

6.4.6 Ranking of Medical Disorders by Occurrence 

CAMs that have been mentioned more often in the context of a specific disease 

across multiple studies may be more likely to be relevant treatments for a given disease. 

Therefore, we used the simple frequency of citations with a given CAM-disease relation 

to rank disease concepts for a given CAM. Wang et al. compared this method with four 

other approaches (i.e., interest, occurrence, degree centrality, and weighted degree 

centrality), but found no significant difference among the four methods [31]. Therefore, 

we opted to use the simplest approach. 

6.4.7 Design of the Experiment to Compare the Two Extraction Methods 

Our goal was to test the null hypotheses that a) there is no difference in precision 

of the top 100 ranked concepts between the two methods and b) there is no difference in 

overall precision and recall between the all Medline and sound studies methods.  

The primary outcome measure was precision at k (k=100) for all 23 CAMs. 

Secondary outcomes were overall precision, recall, and precision at varying levels of k. 

Precision at k represented the ratio of extracted disorder concepts that were included in 

the reference standard (true-positives) divided by k. Precision was calculated as the 
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number of true-positives divided by the total number of extracted concepts (true-positives 

+ false-positives). Recall was calculated as the total number true-positives divided by the

total number of concepts in the reference standard (true-positives + false-negatives). To 

determine if higher precision could be obtained if we only looked at the concepts with the 

highest occurrence, we also evaluated precision at varying levels of k. In that case, it 

could be argued that at a minimum, the algorithm could extract predications with the 

greater strength of association. 

6.4.8 Statistical Analysis 

In order to test the difference in overall precision and recall of the two methods, 

we calculated the median precision for both methods, as well as median precision at k for 

both methods. The Wilcoxon Signed Rank Test was then used to determine if there was a 

statistically significant difference in precision and recall between the two methods. 

6.5 Results 

6.5.1 Algorithm Results 

Table 6.3 represents a sample output of the all Medline process with higher levels 

of occurrence for each CAM. Figure 6.4 provides a view of the top 100 treatment 

relations (all Medline) pertaining to the use of acupuncture for many medical disorders.  

6.5.2 Performance of the Two Methods 

Table 6.4 shows the overall precision and recall as well as the precision of the top 

100 ranked concepts for each CAM for the all Medline and sound studies methods. We 

found that sound studies significantly outperformed the all Medline approach both in 
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terms of precision at 100 (27.0% vs. 21.0%, p<.001) and overall precision (11.5% vs. 

7.0%, p<.005). However, all Medline outperformed the sound studies in terms of overall 

recall (37.1% vs. 25.6%, p<.001).  

6.5.3 Precision at Varying Levels of k 

Figure 6.5 shows the precision at k levels of 1, 5, 10, 25, 50, and 75 for both 

methods. We found no significant difference in median precision between the methods 

all Medline and sound studies for k levels of 1 and 5 (69.6 vs. 65.2, p=.665 and 48.3 vs. 

54.3, p=.138). Sound studies resulted in a significantly higher precision than all Medline 

for k values of 10, 25, and 50 (50.0 vs. 42.2, p<.001, 40.3 vs. 33.4, p<.001, and 33.0 vs. 

30.1, p<.001). We found no significant difference in median precision at k=75 (26.3 vs. 

29.5, p=.118). 

6.5.4 Error Analysis 

We selected four CAMs with low precision or recall from the all Medline results 

in order to identify points of failure and opportunities to fine tune the algorithm. The 

CAMs chosen for analysis and the specific failures analyzed included: 

• meditation, 99 false-negatives

• ashwagandha, 56 false-negatives

• choline, 89 false-positives from top 100 ranked concepts

• glutathione, 93 false-positives from top 100 ranked concepts

There were two primary reasons for false-negatives for meditation and

ashwagandha. First, in 99/101 (98%) of false negatives for meditation, the concept 
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“meditation” was not assigned to a relevant semantic type in the UMLS, such as 

therapeutic or preventive procedure, resulting in a failure by SemRep to generate 

treatment-related predications. The concept “meditation” has a nonrelevant semantic type 

of mental process and SemRep prevents the generation of predications in the form 

<Mental process> TREATS <disorder>. Although other concepts exist with the 

appropriate semantic type (e.g., “meditation therapy” and “transcendental meditation”), 

the term “meditation” was used in the reference standard. As a result, treatment-related 

predications were not generated for many disorders, such as posttraumatic stress disorder, 

high blood pressure, and trauma. Second, SemRep also has specific indicator rules that 

are used to generate treatment-related predications. There are no indicator rules to map 

such terms as “reduced” or “increased” to a TREATS or AFFECTS predicate. This was a 

common error for ashwagandha, representing 10 out of 56 (17.6%) of the false-negatives 

errors.  

We discovered two reasons for false-positives. First, in both CAMs analyzed, 

SemRep incorrectly extracted a TREATS predication in sentences that expressed a 

different kind of relation, such as the reduction of a choline or glutathione levels in the 

blood. This error represented 52 out of 89 (58.4%) of our false-positives for choline and 

60 out of 93 (64.5%) for glutathione. For example, a study (PMID 21940617) discovered 

reduced choline levels in patients with amyotrophic lateral sclerosis (ALS), but choline 

was not used to treat these patients.  The predication choline TREATS ALS was 

incorrectly extracted from “choline levels were reduced in ALS patients, but not in 

presymptomatic patients.” For glutathione, most of the incorrect predications were 

extracted from studies that analyzed how various substances reduced glutatione levels. 
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Another study (PMID 3835567) assessed the toxic effect of divinyl and discovered “A 

significant statistic decrease of glutathione in blood”, from which SemRep incorrectly 

extracted the predication “Glutathione TREATS Toxic Effect.” 

Second, 27 out of 182 errors (14.3%) were due to potential gaps in the reference 

standard. Some examples of predications and supporting sentences include: PMID 

6348967, Choline Magnesium Trisalicyclate TREATS rheumatoid arthritis “There was a 

statistically significant improvement in the indices of inflammation” and PMID 2511054, 

Choline TREATS fibrosis, “choline may be an essential nutrient in malnourished 

cirrhotic patients and its deficiency may be associated with adverse hepatic effects." A 

similar type of error was identified in the study by Wang et al., where 40% of the false-

positives were caused by gaps in the reference standard [10]. 

6.6 Discussion 

This work investigated a methodology for assisting the development of a 

controlled treatment-related vocabulary for CAM. Such a vocabulary would contain not 

only CAM treatment relations, but also PubMed links to the source studies that 

investigated the use of the CAM to treat a particular condition. This kind of information 

could be provided to consumers to help them better assess the potential utility of a CAM 

in the prevention or treatment of a disease of interest. The proposed approach can help fill 

an important gap in the coverage of biomedical terminologies in the domain of CAMs.  

We analyzed the precision of both methods at k values of 1, 5, 10, 25, 50, and 

100. At k=100, the highest precision achieved was 54%, using the sound studies method.

The all MedLine method achieved a maximum precision of 51% at k=100. Although the 
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sound studies method outperformed the all Medline method in precision, the all Medline 

method had a significantly higher recall. The two predication extraction methods resulted 

in a median recall of 37.1% for all Medline and 25.6% for sound studies. Therefore, there 

was a trade-off between precision and recall between the two methods. Although sound 

studies outperformed all Medline in median precision at k=100, it did not consistently do 

so for all CAMs. The all Medline method had a precision at 100 that was greater than or 

equal to that of the sound studies method for 10/23 (44%) of the CAMs. We conclude 

that these methods may be useful in identifying studies for specific CAM/disease 

combinations for the purpose of building a CAM treatment-related ontology. Although 

for some CAMs the precision and recall was quite low, programmatically identifying 

studies and extracting supporting sentences is still more efficient than searching PubMed 

manually and reading entire abstracts for all studies, which is essentially performing the 

functions of SemRep manually. However, certain considerations must be factored in 

before using these methods. First, it must be decided whether precision or recall is more 

important for the task. Secondly, in deciding which method to use, it would be necessary 

to determine if the exclusion of animal studies would be appropriate and desired. Unlike 

allopathic treatments, many CAM studies do not progress past animal studies due to a 

lack of funding, and some argue that CAM research should not be funded at all [32]. 

Consequently, these studies may be the only level of evidence available in the CAM 

domain. Finally, given the low precision, manual inspection of the sentences would be 

imperative before including the CAM/disease pair into an ontology.  

We were not able to reach the precision found in a prior study [10], even at  lesser 

values of k. Wang et al. found that these methods performed better in diseases that were 
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studied more frequently and had more biomedical publications. We may experience 

better performance for other CAMs that have been studied extensively, although further 

studies would be required to test this hypothesis. There were clearly factors other than 

how often a CAM was studied, as even CAMs that are quite common and well studied, 

such as Ginkgo Biloba and Glucosamine (146 and 227 disorder concepts retrieved, 

respectively), had very low recall and precision at 100. For the CAMs evaluated in this 

study, other factors such as incorrect predication generation by SemRep, missing 

semantic types for CAM concepts in the UMLS, and gaps in the reference standard 

seemed to play a large role in reduced precision and recall. 

Given the limitations of the tools identified in the error analysis, an important next 

step to this study would be to conduct a more complete error analysis of all CAMs to 

determine the cause of errors with the highest occurrence. These error reports could be 

used to identify gaps in the UMLS as well as failures in SemRep resulting in 

inappropriate semantic predications. It may be possible to address these failures, making 

these methods more reliable for the generation of a CAM treatment-related vocabulary in 

the future, as well as vocabularies for other domains. 

This study does have multiple notable limitations. First, the error analysis exposed 

potential gaps in the reference standard, exposing imperfections in its use for evaluating 

these methods. Second, only 23 CAMs were evaluated, and we found extreme variability 

in both precision and recall across those CAMs. Third, the relations extracted from 

SemMedDB do not imply efficacy of the CAM as a treatment for a disorder, since 

SemRep extracts treatment relations not only from study conclusion sentences, but also 

from statements regarding the study aims and methods. 



78

6.7 Conclusion 

This study investigated approaches to extract CAM treatment-related knowledge 

from the biomedical literature. For the 23 CAMs evaluated, the median precision at 100 

was 23.7% and 26.4% for the all Medline and sound studies methods, respectively, and 

median recall was 33.5 and 25.0%.  The all Medline method resulted in a significantly 

higher recall, while sound studies had higher precision. Therefore, the approach selection 

needs to be driven by the requirements of specific vocabulary development efforts. 

Despite low precision and recall, our approach could be used to help fill a critical gap in 

biomedical terminologies, assisting manual vocabulary development processes by 

identifying potential CAM-treatment relations along with supporting evidence. Future 

efforts should focus on improving the underlying tools and resources (e.g., SemRep, 

UMLS semantic types) that are used to extract CAM treatment relations. 
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Table 6.1 – Semantic types for medical disorders and patient groups treated or affected 
by a CAM 
Semantic Type Semantic Group Example concept  

Congenital Abnormality Disorders Congenital megacolon 

Acquired Abnormality Disorders Muscle damage 

Finding Disorders Cardiac output 

Injury or poisoning Disorders Soft tissue injuries 

Pathologic function Disorders Bladder dysfunction, cardiac 
arrhythmia 

Disease or syndrome Disorders Asthma 

Mental or behavioral dysfunction Disorders Drug dependence 

Cell or Molecular Dysfunction Disorders Nerve degeneration 

Sign or symptom Disorders Shoulder pain 

Neoplastic process Disorders Malignant neoplasm of breast 

Organism attribute Physiology Heart rate 

Physiologic function Physiology Excretory function, brain 
activity 

Organism function Physiology Blood flow 

Organ or tissue function Physiology Gastric function 

Cell function Physiology Cell death 

Molecular function Physiology Lipid peroxidation 

Clinical attribute Physiology Bladder emptying 

Organic chemical Chemicals & drugs Activated charcoal, Metformin 

Biologically Active Substance Chemicals & drugs Chromium, Selenium 

Pharmacologic function Chemicals & drugs Topical form corticosteroids 

Hormone Chemicals & drugs Epinephrine 

Amino Acid, Peptide, or Protein Chemicals & drugs Immunoglobulin 

Immunologic Factor Chemicals & drugs Platelet activating factor 

Antibiotic Chemicals & drugs Penicillin g 

Element, Ion, or Isotope Chemicals & drugs Lithium, oxygen 

Body system Anatomy Peripheral nervous system 

Body Part, Organ, or Organ Component Anatomy Neural pathways 

Cell component Anatomy Muscle fibers 

Tissue Anatomy Smooth muscle (tissue) 

Therapeutic or Preventive Procedure Procedures Operative surgical procedures 

Patient or Disabled Group Living beings  Hospice patient 
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           Figure 6.1 - Multipass mapping of disease terms to UMLS concepts. 
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Figure 6.2 - Predication retrieval process. Items in red are specific to the “sound 
studies” approach. 
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Table 6.2 - Examples of semantic types for CAM terms in the reference standard 
Semantic Type Semantic Group Example of a concept within the 

type 

Therapeutic or Preventive Procedure Procedures Acupuncture 

Organic Chemical Chemicals & Drugs Coenzyme Q10 

Amino Acid, Peptide, or Protein Chemicals & Drugs Glutathione 

Pharmacologic Substance Chemicals & Drugs Ashwagandha 

Biologically Active Substance Chemicals & Drugs Zinc 

Hazardous or Poisonous Substance Chemicals & Drugs Selenium 

Element, Ion, or Isotope Chemicals & Drugs Zinc 

Inorganic Chemical Chemicals & Drugs Magnesium sulfate 

Clinical Drug Chemicals & Drugs Zinc lozenge 

Lipid Chemicals & Drugs Capsaicin 

 

 
 

Figure 6.3 - SQL query used to retrieve CAM treatment predications from SemMedDB. 
The term in red was included only in the “sound studies” method. 
  

SELECT DISTINCT predication.pmid, subject_cui, subject_semtype, subject_name, 
predicate, object_name, object_semtype, object_cui, sentence  
FROM predication p, sentence s 
WHERE subject_cui IN (<cuis from the control file for current CAM of interest>) AND 
PMID IN (PMIDs of scientifically sound studies) AND 

object_semtype IN (disorders semantic group, Table 6.1) AND  

predicate IN 
('TREATS','NEG_TREATS','PREVENTS','NEG_PREVENTS’,'AFFECTS','NEG_AFFECT
S','COMPARED_WITH',’ADMINISTERED_TO','NEG_ADMINISTERED_TO','HIGHER_
THAN','LOWER_THAN') AND  
p.sentence_id = s_sentence_id AND 
object_novelty = 1 
PREDICATION_AGGREGATE.sentence_id = SENTENCE.sentence_id ORDER BY 
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Table 6.3 - Sample treatment-disorder relations retrieved from SemMedDB along with 
the number of citations (occurrence) in which those relations were found. 

CUI CAM Unique 

Disorders* 

Semantic 

Type 

Sample 

Disorders 

Occurrence 

(citations) 

C0394664 Acupuncture  
Procedure 

1882 topp Pain 580 

    Migraine 
disorders 

131 

C0613707 Ashwagandha 19 phsu Endurance 2 

    Parkinson’s 
disease 

1 

C0006931 Capsaicin 376 lipd Pain 71 

    Coughing 40 

C0024875 Massage 630 topp Pain 137 

    Stress 20 

C0008405 Choline 1180 phsu Alzheimer’s 
disease 

188 

    Malignant 
neoplasm  
of prostate 

32 

C0008574 Coenzyme Q10 340 phsu Heart failure 26 

    Parkinson’s 
disease 

17 

C0008574 Chromium 162 bacs Insulin resistance 27 

    Diabetes, non-
insulin dependent 

21 

C0009968 Copper 736 bacs Hepatolenticular 
degeneration 

84 

    Alzheimer’s 
disease 

49 

C0556110 Folic acid 
supplementation 

 phsu Neural tube defects 544 

C0016410 Folic acid 617 phsu Hyper-
homocysteinemia 

99 

C0885057 Garlic 
preparation 

120 orch Risk factor, 
cardiovascular 

7 

C0772125 Ginkgo biloba 
extract 

146 orch Dementia 18 

C0017720 Glucosamine 
sulfate 

 phsu Osteoarthritis, knee 47 

C0017817 Glutathione 612 aapp Toxic effect 94 
C0017837 Glutathione s-

transferase 
 aapp Injury 58 

C0024480 Magnesium 
sulfate 

 phsu Eclampsia 168 
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Table 6.3, continued 
C0024467 Magnesium 852 bacs Cardiac arrhythmia 43 

C0814263 Meditation 
therapy 

2 topp Anxiety disorders 1 

    ADHD 1 

C0025219 Melatonin 983 horm Sleep 175 

    Neoplasm 38 

C0033979 Psyllium 54 phsu Hypercholesterolemia 10 

    Irritable bowel syndrome 7 

C0034392 Quercetin 560 phsu Oxidative stress 94 

    Irritable bowel syndrome 7 

C0302583 Iron 1295 phsu Kidney failure, chronic 109 

    Restless legs syndrome 50 

C0242606 Resveratrol 612 comd Oxidative stress 133 

    Inflammation 80 

C0036581 Selenium 470 hops Malignant neoplasm of prostate 88 

   bacs Apoptosis 32 

C0042866 Vitamin D 1615 phsu Osteoporosis 336 

    Malignant neoplasm of prostate 123 

C0043481 Zinc 1206 phsu Diarrhea 123 

    Wound healing 32 

* Include disorders from all concepts associated with a CAM (e.g., magnesium, 
magnesium sulfate) 

 

 

Figure 6.4 – Weighted graph of top 100 treatment relations of acupuncture 
 from the all Medline method 
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Table 6.4 - Precision at top 100, precision, and recall of the all Medline and sound studies 
approaches for each CAM in the reference standard. 

CAM Precision at top 100 Overall Precision Overall Recall 

All 
Medline 

Sound 
Studies 

All 
Medline 

Sound 
Studies 

All 
Medline 

Sound 
Studies 

Acupuncture 50.0 53.0 7.6 11.3 54.8 49.4 

Ashwagandha 10.5 16.7 7.1 16.7 3.5 1.2 

Capsaicin 14.0 19.0 3.4 11.2 64.3 61.9 

Choline 11.0 9.0 1.4 3.9 52.7 36.4 

Chromium 15.0 20.0 6.7 18.9 21.6 17.2 

CoenzymeQ10 36.0 42.0 17.0 27.7 21.1 16.5 

Copper 4.0 4.0 1.0 3.7 39.4 27.3 

Folic Acid 31.0 31.0 7.0 11.2 48.0 41.6 

Garlic 15.0 28.6 13.5 28.6 16.7 9.0 

Ginkgo Biloba 21.0 30.1 14.6 30.1 18.8 13.4 

Glucosamine 7.0 6.0 2.1 4.8 17.7 13.4 

Glutathione 5.0 4.0 1.2 2.2 44.4 16.7 

Iron 8.0 8.0 0.9 2.1 39.1 30.4 

Magnesium 33.0 39.0 7.6 14.0 38.3 32.9 

Massage 29.0 27.0 6.7 11.0 32.4 29.0 

Meditation 50.0 50.0 50.0 50.0 1.0 1.0 

Melatonin 45.0 52.0 8.6 20.1 37.6 27.0 

Psyllium 5.6 9.3 5.3 9.3 33.3 33.3 

Quercetin 13.0 14.0 4.6 9.6 36.6 17.9 

Resveratrol 27.0 27.0 7.1 12.8 40.8 20.4 

Selenium 22.0 21.0 8.9 17.4 29.8 17.6 

Vitamin D 51.0 54.0 6.4 11.5 41.9 35.1 

Zinc 42.0 42.0 8.6 17.5 37.1 25.6 

Mean 23.7 26.4 8.6 15.0 33.5 25.0 

Median 21.0 27.0 7.0 11.5 37.1 25.6 

Range 4.0 - 51.0 4.0 - 
54.0 

9.0 - 50.0 2.1 - 
50.0 

1.0 - 64.3 1.0 - 61.9 

p-value <.001 <.001 <.001 
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Figure 6.5 - Median precision at varying levels of k 
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7.1 Summary of Important Findings 

 One of the goals of informatics is to deliver to clinicians and consumers the most 

essential information with minimal effort and in a timely manner. Previous studies and 

our study conducted in Aim 3 showed that consumers still rely primarily on anecdotal 

evidence in making decisions on CAM use [1, 2]. Overall, this dissertation fills several 

gaps in the understanding of CAM information needs and information-seeking behavior 

among consumers and provides a technical approach that can help with the foundation of 

CAM online resources for consumers.  Three studies were conducted to better understand 

what information is desired by CAM users, what delivery method is preferred, and what 

problems exist with some Web-based resources currently available to consumers. It is 

important to understand consumer information-seeking behaviors and preferences in 

order to design solutions that provide high-quality information for CAM and help 

consumers move beyond the reliance on anecdotal evidence. Finally, various methods are 

explored for extracting treatment-related knowledge for CAM from the biomedical 

literature. Treatment-related knowledge extracted in Aim 4 can be used to construct 

ontologies that can provide the foundation for Web-based resources to help consumers 

find and evaluate information on the safety and efficacy of CAM treatments. 

The goal of the first study was to determine if it is feasible for patients, 

particularly elderly patients, to self-report CAM use on table devices prior to clinic 

appointments. This is an important question before considering Web-based applications 

that gather and utilize CAM use data. The study showed that 85% of those patients 

approached were able to enter information about their CAM use into an iPad application 

[3]. The CAMs being used suggested that as many as 33% of the patients participating 
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were at risk for drug-herb interactions, as the biologically-based CAMs in use were on 

the list of those with potential interactions with common cardiac medications. It was also 

discovered that the patient-reported CAM usage rate of 85% far exceeded the 9% rate 

documented in patient charts. This has important implications for patient safety and 

presents opportunities for expansion of existing patient portals, which can be used to 

gather CAM use information and notify patients and their providers about the presence of 

potential interactions between a patient’s CAM and allopathic therapy. This study also 

exposed opportunities within the clinic workflow for requesting information on patient-

reported CAM use for addition to their medical record. Patient self-reported CAM use 

could potentially lead to increased CAM reporting, better patient documentation, and an 

opportunity to expand electronic health record systems to include the detection of drug-

herb interactions. 

In the second study, we evaluated online resources that provide drug-herb 

interaction information to consumers. We found that the coverage of the available 

resources was incomplete, potentially suggesting to the consumer that no interactions 

exist between the entered CAM/drug pair. The information was also not presented in a 

consumer-friendly manner; i.e. the reading level was determined to be many years 

beyond that recommended for consumer-facing information portals per the guidelines 

provided by the US Department of Health and Human Services [4]. Finally, the study 

showed a very low 50% accuracy rate, in many cases indicating to the consumer that the 

severity of the interaction was less than that reported in the literature. This may cause 

safety issues, such as the consumer misinterpreting a CAM-drug interaction as mild 

severity, when the severity reported in the literature is actually moderate or severe. 
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The third study used a mixed-methods approach to investigate the information-

seeking behaviors of cancer survivors. Two theories, the Health Belief Model (HBM) and 

the Uses and Gratifications Theory (UGT) were used in the design of the survey tool and 

the script for phone interviews using the critical incident technique (CIT). The HBM is a 

psychological model used to explain and predict health behaviors, whereas the UGT is an 

approach to understand why specific media satisfy the needs of the user. Utilizing an 

existing cohort of cancer survivors, this study showed a high rate of CAM use throughout 

the cancer trajectory, including into long-term survivorship. This study and others have 

shown that patients would prefer to get CAM information from their physician, but 

physicians are most often not equipped to provide that type of information [5].  As a 

result, patients often need to search for CAM information from other sources. Although 

the initial introduction to CAM is still often anecdotal [6, 7], consumers often looked 

online for additional evidence. In searching for CAM information, patients indicated a 

desire for both linkage to the scientific literature as well as input on efficacy from other 

patients. Scientific evidence alone is often met with skepticism by consumers [8]. 

Regardless of what the literature states, consumers want to know how other patients feel 

about the use of a CAM in the management of their disorder. A primary motivator for 

CAM information-seeking and use expressed by the participants was to fill a void in 

cancer treatment where the psychological and emotional challenges are concerned, as 

well as recovering from the treatments. Patients indicated satisfaction in the direct 

treatment of their cancer, but felt very much on their own in finding options for handling 

health issues beyond the treatment prescribed by their healthcare providers. 

In the fourth study, we investigated two methods to assist in the development of 
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CAM vocabularies, which are a necessary foundation for the development of information 

retrieval systems. These vocabularies could form the basis for the development of CAM 

resources containing information on topics such as efficacy, safety, and prevention. 

Manual extraction of CAM treatment-related knowledge from two scientifically-based, 

expert-curated CAM resources, Natural Medicines Comprehensive Database (NMCD) 

and Life Extension (LE), were used to construct a reference standard for twenty 

biologically-based CAMs and three mind-body therapies. Two methods were then 

developed to semi-automatically extract treatment-related knowledge from the 

biomedical literature using predications from SemMedDB. The extracted concepts were 

compared against the reference standard for precision and recall. Although performance 

was not adequate to avoid extensive manual analysis of the retrieved results, the results 

can still be used reduce manual efforts as well as to provide further insight into the 

failures and gaps in SemRep and the UMLS for improved performance of these methods 

in the future.  

 

7.2 Significance to Biomedical Informatics 

Biomedical Informatics is defined as “the interdisciplinary field that studies and 

pursues the effective uses of biomedical data, information, and knowledge for scientific 

inquiry, problem solving and decision making, motivated by efforts to improve human 

health.” These goals affect many application areas, including bioinformatics, clinical 

informatics, public health informatics, and consumer health informatics [9]. These 

applications must have the ability to provide the information to the right people at the 

right time. Tremendous effort has been applied to studying and satisfying these needs 
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across all the above disciplines, but tools for providing CAM information to consumers 

are lacking, in spite of the continually increasing use of CAM for the management of 

chronic disease [8]. 

The goal of this dissertation was to extend the literature in the area of Consumer 

Health Informatics by assessing patient information needs and preferred avenues for 

receiving that information. This research provides a fairly clear picture of what those 

information needs are and direction for meeting those needs, such as patient-specified 

preferences toward Web-based information-retrieval systems, linkage to the scientific 

literature, and disease-specific forums. By utilizing Informatics techniques to enhance the 

information-seeking process for the consumer, future research may enable tools that 

empower consumers through the combination of patient testimonials and linkage to the 

scientific literature.  

Ontologies are valuable and necessary tools in the field of Biomedical 

Informatics. The methods investigated in this dissertation could be used to support the 

development of CAM information retrieval and clinical decision support systems for 

consumers, physicians, and medical librarians. The methods described in this dissertation 

were investigated to assist in building vocabularies for CAM-disorder relations, but could 

be extended to handle other areas of concern to consumers, such as drug-herb 

interactions. Tools for the management of CAM data and detection of CAM interactions 

also have important implications in clinical decision support systems. 
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7.3 Limitations 

This research has several limitations in addition to those described in the 

discussion sections of each study. First, we only investigated CAM information needs for 

consumers. It is unknown how these compare to the CAM information needs of 

healthcare providers and researchers. Understanding the CAM information needs of 

professionals could help inform the design of information retrieval systems that meet the 

needs of those audiences. Second, one study showed that patients would prefer to receive 

information on alternative therapies from their practitioners [5]. Integrative medicine is 

an approach to bring evidence-based alternative therapies into the treatment plan in a 

safe, coordinated way. However, this dissertation focused primarily on the consumer and 

did not investigate information needs and approaches to assist with information seeking 

in the context of integrative medicine settings.   

 

7.4 Challenges in this Research 

The greatest challenge in this research was the reliance on patient-provided data 

for aims 1 and 3. As is most often the case, we had to rely on patient recall in the 

cardiology clinic while requesting that patients self-report the CAMs they were taking. In 

only one of the fifty patients participating did the patient bring their bag of medications 

and CAMs. Fortunately, this was not a significant problem as the patients were only 

taking a few supplements, so recall was not as big a problem as with those taking many. 

In the study of cancer survivors, we were also relying on recall in requesting that the 

patients talk about their cancer trajectory and events leading to a CAM information-

seeking process. This presented a much greater challenge when we focused on a single 
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CAM, how they were introduced to it, and where they went for further information on 

efficacy, side effects, and interactions with their conventional treatments. 

 

7.5 Future Direction for Research 

Through this body of work, we demonstrated the need and desire for more readily 

available information for consumers interested in complementary and alternative 

medicine. Ideally, this information would be structured in a Web-based consumer portal. 

Such a portal could provide the ability to search for options by health condition or goal, 

to search by CAM/health condition combinations, and to generally search for conditions 

for which a particular CAM has been found to be effective. Finally, for the available 

retrieved information on any area of interest (efficacy, interactions, etc.), a consumer 

portal should provide the ability to link to pertinent studies in support of the claims 

suggested by the relationships (i.e., treats, prevents). 

The methods for extracting predications for use in a baseline vocabulary covered 

only treatment-related studies of CAMs. This is a good start for CAM information-

retrieval systems, although another important extension to this would be the addition of 

data for drug-CAM interactions as well as CAM-condition interactions. A CAM 

interactions knowledge base would be a necessary next step for our first study (aim 1). 

This would provide the data necessary to detect and alert on potential drug-herb 

interactions as CAM and medication data are entered into the patient record. Similarly, 

such a knowledge base would provide more complete and current interaction data for 

other online information resources that were lacking in completeness and accuracy per 

our second study (aim 2). 
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The final study that compared methods for extracting knowledge for the 

construction of ontologies exposed gaps in the UMLS vocabularies. Continued work in 

this area utilizing the methods studied would also provide the opportunity to contribute to 

those vocabularies, thereby increasing their usefulness in similar applications. 

The next step toward generating a treatment-related ontology for CAM would be to 

validate the predications returned from SemMedDB, removing those that were not 

supported by the source sentences stored in SemMedDB. From the remaining 

predications, a process must be designed to move the validated predications into the 

CAM ontology. 

This study focused on consumer needs. A CAM ontology is a useful tool in any 

area of medicine requiring structured data, including physician support, community and 

medical libraries, inclusion in other treatment-related ontologies, and for research by 

various industries, including the pharmaceutical industry. Further studies would be 

necessary to determine the information needs for CAM in these other areas. 

Finally, the findings in these studies have important implications for integrative 

medicine (IM). The National Center for Complementary and Integrative Health (NCCIH, 

formerly the National Center for Complementary and Alternative Medicine) defines IM 

as the integration of both CAM and mainstream therapies for which some evidence of 

efficacy exists [10]. Information retrieval resources can help realize the vision of IM 

helping both patient and providers identify evidence to guide the integration of 

nonconventional therapies as alternatives or adjuncts to a patient’s treatment plan. Brooks 

et al. propose a conceptual framework for shared decision making in IM that considers 

patient values including their particular beliefs and preferences [11]. Information retrieval 
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systems could provide the patient with the information necessary to come to 

appointments prepared for shared decision making (SDM), with the patient and provider 

acting as partners in creating a treatment plan that is consistent with the patient’s values 

and needs; mind, body, and spirit.  
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