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DHA Vision 

“Medically Ready Force…Ready Medical Force” 2 



Learning Objectives 

∎ Describe how population health supports an accountable care 
organization (ACO) 

∎ Describe current efforts to provide predictive analytics in the MHS 
Population Health Portal (MHSPHP) 

∎ Discuss how metadata will transform the responsiveness and flexibility for 
point of care registries, and clinical decision support tools 

∎ Discuss how big data analytics can support a Learning Health System 
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Agenda 

∎ Accountable Care Organizations (ACO) & Population Health Informatics 
∎ Predictive Analytics Using Adjusted Clinical Groups (Johns Hopkins) 
∎ Custom Registries Through User-Derived Metadata Tags 
∎ Point of Care Metadata and Clinical Rules  
∎ Moving from ACO to Learning Health System (LHS) Using Data Discovery 
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∎ Accountable Care Organizations (ACOs) are groups of doctors, hospitals, and other health care providers, who come together to give 
coordinated high quality care to their patients. 

∎ The goal of coordinated care is to ensure that patients, especially the chronically ill, get the right care at the right time, while avoiding 
unnecessary duplication of services and preventing medical errors. This necessitates a population health view of the information which is 
managed by a population health IT platform. 

 

Why is Population Health Important? 
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Why is Population Health IT? 
 

“Simply put, EHR, HIE, and Meaningful Use only get you 
so far, much more is needed to aggregate data across 
the entire continuum of care and make it useful for 
population health management and engaging 
customers and patients.” 
 

    Clinical Integration: Population Health and Accountable Care, 3rd Edition, 2015 
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In the movie Mr. Magorium’s Wonder Emporium, a 243 year old shopkeeper manages a magical toy 
store that brings toys to life. It’s the kind of store that contains almost everything anyone could 
imagine. The Information Emporium would be a similar place where people from all disciplines in 
medical management (case managers, PCMH nurses, disease managers, pharmacists, physicians, 
etc.) could go to get the information they need to provide effective and efficient care to their 
patients. This is what the MHSPHP is striving for.  

Mr. Magorium’s Information Emporium 
“Something for Everyone!” 
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∎ One of the ways we provide information for different populations with different needs is 
through custom registries and clinical decision support (CDS). The registries listed here show 
how different providers use information to accomplish their unique roles. Some of these 
registries have low latency data (meaning they are updated frequently each day) and have 
near real time alerts, and some are updated daily, monthly or quarterly – depending on the 
data needs of the user. 

∎ For example, the appts registry is updated every 5-10 minutes and contains a list of all 
patients with ambulatory appts in each MTF. It provides alerts for preventive care and 
disease based care needs; The High Risk Admissions registry is updated each day and 
contains a list of patients who are in the hospital or within 30 days of discharge from a 
hospitalization that are high risk for readmission; The GTT Registry is updated several times a 
day and contains a list of patients who are currently in the hospital and who have a possible 
safety event; and finally the QI Registry is simply  a list of patients that are found in the 
quality and safety measures that are run quarterly for each MTF. 

Registries & CDS 
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∎ The High Risk Admission Registry is a nice example of the kind of complex work that can go into a registry. This particular 
registry combines three factors – real time data, aggregated data, and statistical information – which serve to identify high 
risk individuals at the point of care in order to prevent, in this case, readmissions. 

∎ There are three main steps that we endeavored to take to create a data-driven dashboard: 1) exploratory analysis, 2) 
predictive analysis and 3) prescriptive analysis. Exploratory analysis was accomplished using logistic regression analysis and 
demonstrated 10 statistically significant variables (some of which are represented here). We then took these factors and 
performed a predictive analysis and found that four factors represented 40% of the readmission but only 16% of the 
admitted population. Finally, we hope that the enterprise will get to the point one day that we do comparative effectiveness 
studies (which falls under the prescriptive analysis) to determine what the most effective and efficient means of addressing 
organizational goals would be such as in lowering readmissions.  

∎ Today, we built our reports and registry around helping the teams ensure primary care f/u for the highest risk patients occurs 
because they are 4.5 times more likely to be readmitted than the average risk patients. 

High Risk Admission Example 
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High Risk Admissions 
∎ This slide shows the High Risk Admissions Registry with the indicator that tells the PCMH nurse everyday the status of their primary care 

follow-up for patients under their care. We applied business rules that allow the data system to look back 30 days and determine if more than 
one hospitalization has occurred and if so – alert the team that they have had a readmission. Additionally, everyday the system looks 30 days 
out (in the direct care data) and determines if the patient has a primary care appt scheduled and if it has come and gone – was it kept. If the 
patient did not keep the appt the indicator changes from yellow to red – but if they did – it changes from yellow to green.    

∎ This is the kind of registry where a PCMH nurse could create a specialized query to monitor the provider’s and patients they support. They 
could look at this daily and determine if the patients who failed to keep their appt needs some extra assistance by reaching out to them. 
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Global Triggers (Safety) Example 

∎ This registry is an example of how we can address potential safety events near real 
time utilizing inpatient transactional data. This registry could be used by safety 
managers to identify possible safety events for patients in their hospital on a daily 
basis. 

∎ There are about 10 different Institute of Healthcare Improvement Global Triggers 
included in the registry. We could develop more if the safety community decides to 
own this registry and help develop the requirements for their providers. 

∎ After investigation, if the case was identified as a true safety event, they could 
enter it into the Patient Safety Reporting database and give immediate feedback to 
the team involved in the patient’s care – as well as further analyze how the system 
could be changed to improve processes and outcomes. 
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∎ Barbara Starfield started the Johns Hopkins work for comorbidity based analysis and management in the 1970s. Since then, 
they have continued to develop the Adjusted Clinical Groups which have been used and validated across the Globe. 

∎ This could be a whole talk until itself, but to give a big picture of what ACG is – and what we get from it – I want to focus on 
the inputs, logic models and outputs. 

∎ The inputs are simple – demographic information, encounters and medications. These items are run through the proprietary 
logic models developed and maintained by Johns Hopkins which then generate over a 100 different variables. As  you can 
see, there are pragmatic markers like chronic condition markers, counts of care events like specialty encounters, 
hospitalizations and ER visits. There are also predictive markers like probability of hospitalization in the next 12 months and 
whether the patient is going to have high total or high pharmacy cost in the coming year. 

Predictive Analytics using ACG 
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Predictive Analytics Using ACG 
∎ ACG variables can be used in a lot of ways – for patient care, population management (as you will see 

shortly) and in this case to do a special study of interest that we can then operationalize into point of care 
information. 

∎ We performed a simple study looking at 5 factors – four of which were ACG variables – to see if we could 
predict future cases of depression. We split the chronic condition marker and the pharmacy cost marker 
(this is the amount spent on meds the previous year for each patient) into quintiles. 

∎ As you can see by the graphic on the right side of the slide – the model fit was pretty good – the ROC curve 
was 0.82 which indicates a very high reliability study. The actual results were that each variable was 
significant with the RUB, top quintile of Chronic Conditions and top quintile of pharmacy cost having the 
greatest association which was statistically significant. 
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Operationalizing Study Results 
∎ We defined a high risk population as those with the frailty flag, a pharmacy cost of 1000 or more, 3+ 

chronic conditions and a Resource Utilization Band of 3+. We compared the high risk group to everyone 
else to see how well these factors predicted the diagnosis of depression. Note: we made sure the 
population had not been diagnosed with depression in the previous year of the study. As you can see, 
there was an increased proportion of the high risk population that were diagnosed with depression 
compared to the control group. In the three year time frame, nineteen percent of the high risk population 
compared to nine percent of the controls.  

∎ The nice thing about using ACG and building out the MHSPHP as we have – is that you can turn this kind of 
discovery into an operational, customized registry. On the right, is a screen shot that shows how you can 
set up the query to pull the 2,466 individuals in SATX that meet the criteria mentioned. If you were to take 
out those who have a chronic condition marker of depression (in this case called the EDC – expanded  
diagnosis cluster) then you would only have 1,869 patients. With this list, you could ensure that when one 
of these patients showed up in your clinic that your providers perform a depression screening during their 
visit. 
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Health Services Registry (HSR) 
∎ This registry is one of our key registries. It contains real magic in that it can be customized into many, many registries by 

using these two data elements. The EDC codes – which you may recognize as an ACG variable serves as a grouper of 
diagnostic codes that describe the clinical condition the patient experienced in the past year. We added a modifier to this 
code (a 1 or a 2) to indicate if the code is a new or established issue. 

∎ You can see that these codes paint a clear picture of many of the issues the patient had in their life over the past year … and 
likely still has at the present. 

∎ Additionally, you can see the medc codes listed are really more of a systems perspective so that you could filter the patients 
to see who all has neurological conditions or cardiovascular or any other main organ system, discipline of medicine, or 
historical event such as the adverse event from a procedure. 
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A Registry of Registries (HSR)  
∎ This slide shows a screenshot of the query builder in the MHSPHP that allows you to generate unique 

registries using the EDC codes and filtering for the clinical concepts of interest. In the first case, if you 
pulled those patients who had a PSY09 code – which is the code for depression – you could get 4,997 in 
SATX. Additionally, if you created a query for TOX03 – you would get 621 for the same region. Then you 
could use that list to investigate, communicate and follow up or even perform some intervention to reduce 
bad outcomes. By using the query builder in MHSPHP, the Health Services Registry becomes a registry of 
registries. 
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Tagging – Customized Cohorts 
∎ One of the key items that is important to ACOs is to communicate, collaborate and coordinate. To do this, sometimes you need a sample of 

individuals rather than your whole registry to actively manage. Metadata tagging helps you accomplish both of these goals. One of the unique 
situations I would find myself having to manage as a primary care physician is tracking patients who had pulmonary nodules noted on a CT 
scan of the lungs. Practice guidelines dictate that you perform a repeat CT scan every 6-12 months for 2 years to ensure they don’t grow, 
which would indicate early lung cancer. They way we did that is we would simply use things like excel sheets, and access databases to keep 
track of them, but with this tagging capability, you could simply tag them with PulmNodule and add a note of when you performed the last CT 
scan. Then, you could pull up your list monthly to see who needed a CT scan that month. Tagging could be used to delineate that you are 
following a particular patient as their Case Manager or Endocrinologist … and this will assign you to that patient. This will help us in the future 
as we develop the ability to create chat sessions between all providers assigned to each patient. 

∎ As you can see from the screenshots here, we are taking usability serious in trying to determine ideal ways to roll out the tagging capability. 
We definitely want adding a tag to be easy – whether you are tagging one individual or many. Additionally, we want to be sure that you have 
the ability to create public and private tags in case you are managing a sensitive condition or maybe a unique population that needs a little 
more concealment. 
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Tagging 
∎ This slide shows the behavior we are all used to where if you are using a tag that is already created – you don’t have to type the whole 

thing in – but can simply use an existing tag. Also, if you are creating a unique tag – you can do that as well.  
∎ There are some very practical things we can do with these tags in addition to using them for communication, collaboration and 

coordination. You can also use them for prescriptive studies as mentioned before. If we keep these tags by saving a daily snapshot of 
the tags, then we can do comparative analysis for case management, nursing care, and other medical management interventions as 
well. This will allow you to show the impact of your efforts on outcomes and cost. 
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Rules Engines & EBM 
∎ When you look at ACOs that make great strides in quality and safety, you will generally find some form of 

near real time rules engines that support evidence based medicine clinical decision support. Rules engines 
allow you to create precision dashboards by applying guidelines in the form of clinical rules that utilize the 
patients specific data. 

∎ In this case, the patient is on metformin and has an estimated GFR < 60 but more than 55. The 
recommendation might be to consider discontinuing the metformin due to a risk of lactic acidosis. Since 
the eGFR can change rapidly, you need a capability that can pull the real time data in and present the 
change in status as near real time as possible. We have been working these rules for quite some time for 
diabetes and expect some evidence of this work to roll out in the coming year. 

∎ The nice thing about this is that you can build on the rule sets so that complicated patients can get a 
simplified dynamic dashboard that is relevant for their situation at that point of time. 
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The Team Behind the Emporium  
∎ To create an Information Emporium such as the MSHPHP, it takes a village. The Information Delivery 

Division and its capabilities are perfectly reflected in a product such as MSHPHP. Without the data 
activities – acquisition, quality, management, and web services – there would not be an ability to create 
registries, or performance measures, or alerts and recommendations. The Data Services Branch is the 
foundation of this work. The next group is the Enterprise Intelligence group who are able to do develop 
and sustain the enterprise measures, develop exploratory and predictive models, and generate business 
intelligence (BI) reports, and clinical decision alerts. The presentation layer is supported by the Web 
Strategies and Collaboration Branch which is the key to having a credentialed and secure system that 
manages roles and responsibilities of its users. It also allows for innovations like the query tool and tagging 
we discussed earlier. Finally, the Registries Branch allows lifecycle management of registries that allow a 
continuous support of all the clients involved in patient care.  
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Learning Healthcare Systems 

… as defined by the Institute of Medicine (IOM), are characterized by a 
number of core attributes. Particularly important is a consistent 
emphasis on a collaborative approach that shares data and insights 
across boundaries to drive better, more efficient medical practice and 
patient care. Key to this vision is the creation of system linked by a 
common EHR and shared databases. This interconnected system in turn 
can be supported by new methods of clinical research and data analysis 
and would rely on modern information technology and informatics to 
manage and communicate data that would help guide the decisions 
made by health systems, care providers, and patients and their families. 
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Data Discovery with Big Data 
∎ As mentioned in the LHS definition, a LHS should consider new methods of clinical research and data analysis and should 

rely on modern information technology. Fortunately, the MHS a modern information platform in the Health Services Data 
Warehouse, known as the HSDW. This EDW uses a Map-Reduce platform that processes data queries in parallel at the same 
time. Think of it as running a query on 200 computers at the same time – doing this reduces the amount of time it takes to 
get an answer and increases the amount of computing power you have for very large datasets. Another advantage that a 
platform like Teradata/Aster brings to the table is that it can do analysis on a variety of data types to include unstructured 
data --- such as is needed in text analysis of clinical notes, and even images and social media. The part of the platform I want 
to focus on is the data discovery platform. This is the place you can search for the issues you aren’t even aware that you 
have. This is a key features to successful learning. 
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Data Discovery with Big Data 
∎ This is a visualization known as a sigma graph. It was generated by HSDW when we were trying to understand what medications are common 

in the patients who are in the top quintile of pharmacy cost (another ACG variable). You can see there are no surprises here – statins, devices, 
relaxants, histamines, and proton pump inhibitors at the top of the page – but what this shows is also the relationships that the medications 
have to each other. For example, note how strong the relationship between opiate agonists and nsaids is as denoted by the dark red line. Also 
note that nsaids is strongly correlated with proton pump inhibitors (at the top of the page) and evidently to statins as well. I imagine if we look 
at the demographics of this group – they will be older and have many chronic conditions. 
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Data Discovery with Big Data 
∎ In this visualization, known as a chord diagram, we see the most common EDC codes found in this population. You will see 

that some EDCs have broader bands and are connected to other EDCs. The thicker the band, the stronger the connection. As 
you can see with the list on the right – there are several items we would expect – such as preventive care, HTN, HLP and 
diabetes. That would explain what we saw on the sigma chart with the statins, and blood pressure meds. However, you have 
to wonder if opiate agonists were used for the surgical aftercare patients or those with nonspecific musculoskeletal signs 
and symptoms or LBP. This is the ultimate goal of data discovery – turning up questions that might reveal issues important to 
the system. With this example, we might then launch into an analysis of these groups to see if there is more to the picture. 
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Data Discovery with Big Data 
∎ This final example of data  discovery is one where we evaluated all individuals that went to the ER and were not hospitalized 

to see what meds and EDC codes they had. We captured chord  diagrams for people who had been to the ER 1-5 times, 6-
10, 11-15, 16-20 and 21 or more times. We evaluated the diagrams and noted that those who went to the ER 6 or more 
times had the same EDC codes and meds, but in a different order. Those in the 1-5 ER visits groups had different diagnoses 
and meds than the others. When we converted the information into a Venn diagram – you will note two patterns emerge if 
you focus on the items that are different between the two groups.  

∎ The 1-5 group seems to have primary care type diagnoses and medications. This suggests that maybe they were not able to 
see their PCM for these renewals or they could be Tricare Standard patients that are given ‘space A’ access to the clinics, and 
as a result of not getting on had to go to the ER instead. Regardless what the true scenario is, this generates a possible 
hypothesis for us to work on in further analysis. The second observation might be that those in the 6 or more category 
represent the worried well or possibly those with mental health problems. The abdominal pain, anxiety, headache and use 
of antiemetics and anxiolytics suggest that this group is different than those with less than 6 ER visits. The next step would 
be to dig in and determine what differences there may be.  

∎ It is important to state that data discovery is intended to focus on association. Association does not imply causation – but it 
does generate hypotheses that can serve as fodder for future analysis. 
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How Do You Create a Flexible System  
Needed to be an ACO? 

∎ So, we have discussed a lot of elements that are necessary to meet the demands of the multidisciplinary group found in most ACOs, and 
we talked about what is needed to be a Learning Health System as well. The key is to promote communication, collaboration, and 
coordination using data management and population health IT so that patients get great care and the providers get what they need to 
provide great care. I submit to you for thought that there are four key areas needed to meet the demands – analytics (exploratory, 
predictive and prescriptive), customizable registries, clinical rules, and a big data platform that allows for data discovery. If these are 
done well, then you will have all the ingredients needed to create Mr. Magorium’s Information Emporium. 
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Evaluations 

 
 
 

Please complete your evaluations 
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Contact Information 

 
 

David Carnahan, MD, MSCE, Lt Col 
Enterprise Intelligence Branch Chief 

david.carnahan@us.af.mil 
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