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Dr. Paul Barnett: This is Paul Barnett, I’m real pleased to introduce Evan Carey. I work with Evan on cardiology projects, he’s quite helpful to us with his area of expertise in the area of spatial analysis. Evan currently works as a statistician and an epidemiologist at the HSR&D Center that’s in Denver that’s jointly the Denver-Seattle COIN. He has a lot of expertise in the area of spatial analysis. He did a master’s project on spatial analysis for cardiac catheterization centers and is working on, finishing up his PhD on VA analysis of trends in pain care and outcomes and will soon be an assistant professor at St. Louis University. And so it’s my pleasure to introduce Evan.

Evan Carey: Thank you so much for that introduction, Paul. I sure appreciate it. And yeah, this is Evan Carey. So what I’m going to present on today is a series of cost models and methodology I used to fit these cost models when I was doing some operational work a few years ago. And we were looking at estimating the trends in chronic pain and the costs of a chronic pain population. 

So let’s start off with a little bit of an overview. If you’ve read any paper on chronic pain or opioids recently you’ve probably seen every one of these bullet points. So of course the obligatory chronic pain is important to study. So we think about it’s a very costly condition. We have an IoM, some estimates that were cited in the Institute of Medicine report a few years back that we may even exceed 500 billion per year spending on chronic pain. And of course it’s a highly prevalent condition. And of course there’s a lot of current news around the prescription opioid crisis and generally opioid abuse crisis that sort of thing. So that’s kind of our first slide there. 
But what I really wanted to focus today’s presentation on is thinking about the costs of pain care. When I first got started looking at interested in studying chronic pain and looking at costs I found that estimate that total costs were over 500 billion dollars. And you kind of get these shell shock estimates where you say some huge number that justifies how important this is. But when I think about the cost of medical care and the VA and what we really care about, you know, I think we need to a better job of understanding variation in pain care costs than some big shell shocking number. And so I wanted to look at, in general, were the costs increasing across time? So are we actually increasing how much money we’re spending on medical care of patients experiencing chronic pain and what is the distribution of those costs? What are they generally related to? And if I look at those, at the variation of all of these costs, what are some of the primary drivers of that variation? And furthermore this idea is that are increasing costs bad? Right? So we can think about costs may be going up in the last seven years or something like that but that may not be all bad. It probably depends on what the cost is. 
So this kind of brought me to this though process. You know, not all costs are created equal. Right? We can think about breaking the total cost of care for a given patient or how much money we spend on a group of Veterans, such as Veterans reporting chronic pain and we can segment that down to inpatient costs, or outpatient costs, or emergency department costs, primary care costs, mental health costs. And they’re not all bad. So we might think that spending more money in certain areas would be good and spending in more money in other areas that are maybe low value care would be bad. So that was kind of the backdrop for when we started working on this. And Paul was very kind to give me a nice introduction at the start of the meeting. Dr. Barnett, but I’m not really a health economist I would say. Certainly my expertise and my general interests are in modeling large observational datasets of healthcare data. Which also includes costs, that’s how I kind of came to this. 
Alright. So I started thinking about what’s the best way to really model cost? And when I think about this here’s our typical histogram of cost, right? So I’ve got this histogram here and we’ve typically got a skewed distribution where low costs are far more common than high costs. So we typically spend, more frequently we spend these lower amounts of money and then occasionally we have we have more and more expensive produces. And then furthermore, sometimes this is a zero inflation distribution where you have maybe a bunch of transactions with low zero costs. That’s not exactly the case here because generally if somebody shows up we spend some amount of money on them in our health care system. 
As we think about that, what’s the appropriate target of inference when I study cost? So really the Central Limit Theorem tells us there’s nothing wrong with doing a normal linear regression if I have  a large enough sample and I’m interested in estimating the mean. I don’t actually have to assume the data follows a normal distribution, it’s the mean that follows a normal distribution so that could be okay. But I’m going to show a couple different modeling approaches here that I ended up using but it’s not that standard linear regression approach. 
So we think about that, what’s our target of inference? What’s the thing I’m trying to estimate? And then also, what about these different types of costs. So, to me, total costs, unless you’re writing a check for the total cost is not nearly as interesting as the components of total cost. And as I think about modeling costs, invariably we’re going to ask some specific questions like how has cost changed over time? And as I do that I need to think about over what time period were these costs accumulated? And what sort of adjustments can we make for these costs and that sort of thing. 
All right, so given that we think about what’s the appropriate target of inference when we’re studying costs? We can think about modeling total cost, right? So I might say, well how much money did somebody cost on average? But that really reflects two underlying things. When I model total costs it affects both the probability of the utilization event occurring, right? So how often do you go to the emergency department? How often do you go to see your primary care physician? So the frequency or the underlying probability of showing up. And then if you do actually show up how much money did you spend? So those, both of those components drive total cost, right? And if we think about changes in total costs overtime total costs could go up because people are using more services, right? So if somebody is sicker and they go to the doctor more often, they show up to the emergency department more often total costs are going to go up. But you know total cost could also go up just because prices go up. Right? Or what we might think of as the severity. We’ll see that this class of models is called frequency-severity models. So if the price per utilization goes up total cost will also go up. And I’m actually quite interested in parsing that apart. For this analysis I tend to think of this prices is actually really more of a nuisance parameter although we’ll see that there are some interesting results with the prices as well. 
So that’s my total cost and the probability of use is really the first stage. How likely is a Veteran to be hospitalized over a given unit of time? Or how likely is a Veteran to utilize the emergency department over a given unit of time. So that’s my probability of use models and I’m going to keep using the word probability of utilization although you might also think of a frequency would be another phrase people use to describe that. And maybe a second thing I want to make inference on is once somebody has actually used the system, how much did they use? How many resources did they use? And, of course, in terms of cost that’s going to be how much money did we spend, did the system spend on that utilization? So how much was the emergency department visit cost? Or how much was that mental health care visit cost? And so of course total cost is a component of both of those.
So that brings me to that two part cost modeling framework that I decided to use when I was coming into this. So this all just kind of like an introduction to the methods you’re going to see later in the presentation. So we think about two part cost modelling our first stage might be to model the probability of incurring a cost. So you can imagine if we look at a group of Veterans who are at risk for a given period of time, maybe a month or a quarter, and we could say over that month or over that quarter what was their probability of actually incurring some cost? Now if these are active Veterans, of course, the total cost, there should always be at least some cost. We’re hopefully touching the Veteran’s at least once a year through the healthcare system somehow. But of course when we get into the stratified models, we think about well what’s the probability of incurring an emergency department utilization cost? Or the probability of incurring a mental health care cost and so forth. We’ll see that these go up a bit. So, what we actually did for the model that we’re going to see later is I aggregated all of these outpatient costs, I’m sorry, all the costs in general. And these are what used to be called DSS and is now MCA but it’s basically the supposed exact cost methodology. So it’s not the average cost, it’s the other costs. The DSS or MCA files. We aggregated these costs to monthly level patient costs. 
And then I did a couple of models. So for this first part model I fit a random effects logistic regression, so that’s a generalized linear model where the outcome, first, was did they estimate a monthly cost or not. So we’re estimating the underlying probability of incurring a monthly cost. Of course with a logistic regression we might summarize that as an odds-ratio or that logit function or so forth. But despite all that what we’re estimating is the probability of utilization per month. Utilization defined as observing some cost. All right so that’s our first stage model. 
Now a second stage model is if in that month a Veteran did indeed incur a cost, so they have a non-zero cost what is the intensity of that non-zero cost. So of all of the positive cost values, what is the mean cost? Right? So we’re going to be estimating the expected value and what I actually did here was a Gamma-Regression, typically has a log-link. So it’s a generalized linear model with some random effects and we have a Log-Gamma model. And so you could have done, I could have chosen to do just a regular, normal regression, and actually with the size of the data set we see I might think I might have gotten similar results. However, often in the econometrics literature people prefer to model positive costs using a gamma distribution so, out of deference to that, what we’re modeling here is the costs conditional that we actually had a cost amount greater than zero as a function of a linear combination of parameters. Using again, a generalized linear model. With the gamma distribution [inaudible 0:11:37] link. 
And the interpretation for this model is what is the expected mean cost for the non-zero month costs? That arrow should probably go over a little bit right, but depending on how far that skew out is you might actually see quite a high mean, well above the median. So that’s the intensity model.
So we think about how to model costs what I’m making inference on what I’m able to actually separate out prices from the probability of utilization by setting up these two models. Again these models are distinct. So that’s modelling costs, but what about cost itself? And we can think about total costs which is of interest but maybe was not of interest to me given the questions I wanted to ask because I think costs are quite different. So total costs is an important number it’s great for managing how much we spend as an organization but what I really like to think about is inpatient costs as well a set of outpatient costs that I might subset down to primary care costs, emergency department costs or mental health costs. So the population of interest here is Veteran’s reporting elevated pain scores. And so I’ve chosen ED, mental health and inpatient and we’ll see a couple others as well. So those are the costs that we’re going to split up. So what we’re going to end up doing is fitting a series of models but a probability of utilization model and then a severity of utilization. Right? How much money did we spend model for each one of these buckets. So that’s going to be what we’ll go through for most of the rest of the presentation.
All right, so, one of my primary interests in this work was to understand how costs are changing over time. And furthermore, break that down into the components of costs over time. Now, if we think about studying costs of a cohort over time like this, where we’re going to accumulate patients there’s really, probably at least two relevant time parameters that I need to consider. So my primary interest in this was looking at calendar time. Getting a sense of how costs and prices are changing over calendar time. Are we spending more money or less money per Veteran on average in 2011, 2012 and 2013 compared to 2010? Now, an issue with that is that we’re not accumulating patients at an equal rate. Right? So there are going to be patients who come into this cohort in 2010, that were prior to 2010, there were going to be patients that come into this cohort in 2011 and patients that come in right at the end in 2012. So why do I care about that? Well there’s this idea of patient disease time. So presuming our baseline date, out time zero is a baseline date where they’re first reporting some new diagnosis or new issue they’re engaging with the healthcare system with newly meeting criteria, if that’s my situation what I often find is that there’s often going to be a pattern to utilization related to this patient disease time. So when a Veteran first shows up reporting any new condition, whether it’s going to be a chronic or acute condition there’s going to be maybe a flurry of activity, a large utilization of resources that’s going to die off. So I think anytime we identify a cohort of Veterans based on some criteria that you could map back to like a new condition developing we’re going to see a bunch of costs that month and they’re going to die off over time. Right? They’re going to go down to some plateau. So I call that patient disease time here and I think that’s going to be important in these models as well. So, two time parameters. Calendar time which is just what month is it. And patient disease time which is how many months have gone by since entered the cohort with this baseline date. 
Alright. So I’m going to bring back to this overall goals of this work. At the time, this was actually a couple of years ago, we constructed a nationally representative cohort of Veterans reporting chronic pain. Since then I have changed my perspective on how might define Veterans reporting chronic pain. That’s actually the subject of my dissertation work. However, this represents the work we did a few years ago. And so, we sought to examine the demographic clinical traits of the cohort and then model variation and cost. So to understand how are these costs different across these various cost buckets and then furthermore are these costs increasing or decreasing across these different cost buckets? Now these are per Veteran models, right?  So we’re not estimating total money the VA spends. We are estimating the probability of an individual Veteran incurring a cost. Right? So even if costs were going down per Veteran because we have more and more Veterans every year total cost would still be going up just to keep that in mind. And we wanted to look at the trends in these constructs across both calendar time and patient disease time, we think site was going to be important so we were also examining site level heterogeneity in these cost using those random effects models with random intercepts being assigned by site. And then, we, it wasn’t a primary interest to look at the Veteran level traits but we did need to adjust these models for all of the patient mix. So I’ll summarize those results as well. Those are the overall goals.
I do want to, though, translate that to very specific aims from this. Just to focus down. So, so far I was kind of giving an overview of cost modelling and different thoughts around cost modeling but the specific aims for the rest of this work are these questions. Are inpatient costs increasing over time per Veteran? And when I break that apart by frequency and severity what is it that’s increasing? Because it’s entirely possible that Veterans are not using more inpatient resources per Veteran, it’s just that they cost more. And we have more Veterans so total cost may be going up across the system but the per Veteran costs are not changing as much. So that was really the first aim and I wanted to look at that across total cost, inpatient, outpatient, primary care, emergency department, and mental health. We’ll that, in a moment that this cohort actually defined to be Veterans with at least one primary care visit recently. So the primary care is not so interesting, it’s a bit skewed by the inclusion criteria so I won’t interpret those results too much. A secondary aim was what is the magnitude of site variation in costs among our Veterans reporting chronic pain and how is that different by category and then to contextualize that site variation, what are the Veteran traits that are associated with increased or decreased costs? But again, the first bullet point is really the primary goal of this work. 
All right, so, probably from the title you had guessed that we were interested in looking at these metrics amongst Veterans reporting chronic pain. So I’d probably change my verbiage these days to say Veterans reporting chronic pain and I would actually maybe add some more criteria here but again, this is work that was completed in the past. So at the time we were trying to go from the universe of all Veterans in primary care down to so Veterans who might be relevant to chronic pain care. So we identified a commonly used algorithm which is to say our Veterans reporting three pain scores, you know, the patient reported pain scores zero to ten are they reporting three scores greater than or equal to four in three distinct months in a twelve month period? And if they do then we would consider them to be reporting chronic pain and that first date, the first pain score would be their baseline date. We allowed this to happen between 2010 up until 2013. We required that the Veterans were in regular primary care, so they had at least one primary care visit, I believe, per year, something like that. And we only did this seven VISNs at the time. We did exclude Veterans reporting palliative care or whose recent records showed recent palliative care and we excluded Veterans with cancer other than skin. In some of our more recent work I’m not sure I would make that cancer exclusion any more but that is what we did in this work. That baseline date then is the first pain score date. Or, if the primary care date came a little bit later it would be the first primary care date. And the reason for that is really the context of, the larger context of this work was evaluating the effect of a couple of different training programs that were aimed at primary care providers so that’s why that baseline date was constructed that way. So that’s the cohort in the study. It’s actually not a huge cohort. 300,000, right, is not a tiny number but we’ve got, I think at that time about five million Veterans in regular primary car nationally so, not a huge number relative to the whole and it’s only in seven VISNs. 
Now the covariates of interest I’ll list here. These are all the Veteran level covariates that were measured from CDW variables constructed in the typical way with patterns of diagnostic codes, ICD-9 diagnostic codes at the time, requiring two outpatient or one inpatient code to occur, I think, in the two years prior to baseline. So that was the general idea of these clinical traits and demographics and then we also identified the patient station which is the STA3 variable which is what we’re going to examine the random effects by to kind of look at region heterogeneity. And then we have the two primary covariates of interest which is time. Right? So remember the primary goal is to say, are costs increasing over time after adjusting for all these things? And if they are, is it that prices are going up or is it that utilization is going up or perhaps both? 
Now there’s no reason to presume linear relationships on those variables both calendar time and patient disease time. So I fit a series of natural cubic splines for those and I was not using a generalized additive modeling framework so we weren’t able to penalize them although I suppose you could certainly penalize them as well to kind of get a little bit of a smoother relationship. So we have some splines and we have a large amount of people, so we should capture non-linear relationships across time. 
All right, I added this slide in just to make it clear what each of these models is. I kind of graphically went through it earlier but again, that probability of event models is going to be a generalized linear model logit link, binomial distribution, random intercept for parent station, natural cubic splines with four knots for both of those time variables. And then the severity models, that is how much money we spent per encounter if it was a positive cost, was again a generalized linear model with a log link and a gamma distribution with random intercept effects by parent station and then the natural cubic splines for both of our time variables. 
It actually fits a lot of models here so we fit two models of each one of the cost buckets. And then we can summarize perhaps the time components or the random effect components or the Veteran level trait components. But it’s all coming from the same set of models. 
All right so we start with the inpatient costs and this is the probability models. And just as a sanity check I’ve included the secondary, this is the patient disease time on the right. So this is time, months since baseline. So in general the baseline date they’re more likely to have an inpatient cost. And then it kind of goes down and hits this sort of plateau around three percent once we get out this far. Right? So this is like baseline date and this is a few months after baseline date for any given Veteran. And that’s the, kind of the marginal effect, right? So we’re adjusting for everything else. Now this is the thing of interest to me and this is the trends over calendar time after having all those other adjustments. And so what we’ll see, this actually the monthly probability of incurring an inpatient cost in this population. And in 2010, in June of 2010 that monthly probability was a little under 6% and in this time period, and again, allowing a cubic spline so a non-linear relationship would easily be expressed here, it goes up almost nearly to a little bit above 10% in a three year time period, four year time period. So I interpret that to say that in this population of Veterans the probability of utilizing inpatient care after adjusting for everything else on a monthly basis went from that all the way up to that. And there’s a little bit of a weird trend here at the end and I think what this has to do, at the time we didn’t have all of the end data pieces so if hospitalizations were going across fiscal years then they wouldn’t show up in this data so they’d be pushed, like, to the next year’s data. So we got what I think is just an artifact of the data, all of these little tails here. So I don’t believe that’s a true relationship that turn right there. And instead I would probably interpret only to about this point. So that’s the probability of inpatient cost has gone straight up. 
The intensity, so the prices, of these inpatient costs has also gone up. So this is the average monthly cost of the non-zero costs. So in addition to the per Veteran probability of having an inpatient cost going up over time we also have the prices going up. And going up quite substantially. So again, in about four years here, we’ve gone from maybe 20, I would say maybe 21,000 something like that up to almost 27,000 mean value per utilization. And then again as expected the intensity seems to decrease the father away you get in time although it’s not quite as severe of a decrease. 
So there’s some other things we can look at. We think of outpatient costs. I actually don’t find this very interesting. We required regular primary care in the cohort so of course they’re going to have some amount of outpatient activity. So the total outpatient costs, I don’t find this that interesting to look at. But if we break it down by care category then I think it gets quite interesting. So this is basically telling me that pretty much everybody had an outpatient cost every month or close to it. Some sort of visit or some sort of interaction. High cost probabilities per month but if we look at the intensity of those, again, prices are going up. So costs are going up in the outpatient case almost linearly. We are spending more money per Veteran than we than we were and it’s almost just a straight line up. 
Now more interesting for this population I think is to think about the cost probabilities across the different areas. So I define this emergency department based on clinic stop codes to include urgent care so it’s probably inflated a little bit. I think maybe we should remove the urgent care stop codes from this to just do true, only emergency department so maybe if it’s higher than you’re expecting. But regardless, the monthly cost probability is going straight up for these emergency department costs. So on average our Veterans, it seems in this cohort, are more likely to utilize emergency department clinic stop codes as I’ve defined them with almost a straight line increase. And again we’ve got spline models here’s if there was a bit of a wiggle it should be able to cover it but we see almost an increase straight up. Notice without the inpatient care the artifact of end of year hospitalizations being wrapped up into the next year are not there anymore. And then as expected the further away you get from your patient disease time, the less likely you are to report these costs. So this estimate is adjusted for all of those other things. So this would not be explained by shifting Veteran demographics that we’ve adjusted for in the model. The independent contribution of time here, calendar time. 
All right so if we keep going through this I think another interesting thing about the intensity of those emergency department costs, what are the prices. And those are going up a bit, so they go anywhere from 400 up to 600 on average. And that’s pretty low number so I think we are including a number of like small urgent care visits in that which is dragging that down a bit, but again, prices are going up as well. However, I think I stated originally I am less interested in prices and more interested in the trends in utilization over time from this work. 
All right, so that was emergency department. What about mental health? We fit this series of models for mental health and we look at the probability of observing mental health per Veteran per month and this is a little bit of a disappointing finding that actually over that four years the individual probability of incurring a mental health cost has gone from 10% down to about 7-8%. So we’re seeing a decrease in the per Veteran cost expenditure, right? So the probability of an individual Veteran incurring that mental health cost went down in the same time period. That’s maybe not a great finding for the VA as we think about that, but it is reassuring at least that these cost models  are not, everything’s not just going up in the same straight line in which case we might be worried about the modelling framework.
Now if we look at the costs of mental health, the costs are going as you might expect from the rest of these. So once you’ve had a mental health visit the amount of we spend on it goes up with inflation, right? Kind of with this somewhat linear increase in the costs we’re spending. So what I think we will find that as the intensities goes up the cost goes up every time but the probability of utilization has a bit of a different relationship depending on the underlying cost bucket we’re looking at.
Now primary care, I don’t think this in interpretable. We did require regular primary care touches, so of course we have high primary care visits. That’s not terribly interesting. However if you look at the costs of those primary care visits you can see that they also go up sort of with medical inflation rates. We’re spending more money across the four years. Costs, prices are going up conditional on observed utilization. 
Alright. So that’s really the primary results that I wanted to look at here and if I were to summarize those prices, or what we would think of as severity using frequency severity modelling, the prices or intensity of use were generally increasing over calendar time. So as from 2010 to 2013 the prices went up once we actually observed utilization. And in general, across patient time, both the probability of incurring costs as well as how much you incurred generally decreased. So you use less resources the further away you got from that baseline date. Which makes sense, I think we see flurries of utilizations initially and then as symptoms resolve or not Veterans become a little less engaged over time until they have another new condition for which they would seek medical care. 
Perhaps a bit more interesting is looking at these differences and the probabilities of the costs. So what we found is that things that were increasing was generally inpatient in emergency department care. Increasing probability from 2010 to 2013, late 2013. So at a per Veteran level Veterans were more likely to incur costs in those categories. Now things that were maybe a bit static or decreasing is we also looked at the general outpatient mental health stop codes. And those were unfortunately decreasing this time period. And so I would interpret that perhaps that was due to the access issues we were having as a system at that time and it may have been easier for Veterans to access inpatient care or emergency department care and less easy to access some of the mental health care for example. I suspect that could be driving some of those results. 
Now, again, I don’t want to misinterpret these results. This is not saying that total outpatient mental health spending went down. Because, recall, in this time frame we’ve actually had a large increase in the number of Veterans enrolled in primary care nationally. I’m doing some other work related to this and that number has gone actually from 2008 to 2016 we’ve gone from four and half million Veterans in regular primary care up to five and half million. So large increases in the population. It’s very possible we’re increasing outpatient mental health but perhaps the demand for services is increasing as well. Such that the individual Veteran probability might be decreasing. 
All right, so that’s the summary of the temporal trends piece of that. The second aim, kind of the sub aim, the other sub aim was to look at site heterogeneity. As well as Veteran level demographic and comorbidity traits and how much those predicted the probability of use. I didn’t include the substance abuse clinic is actually, this is a little bit of a strange variable so I didn’t include it in the prior graphs. But we did have mental, primary care, emergency department, inpatient and outpatient. So if we, again, split these models up into a probably model and a severity model we can see that there’s actually substantial site level heterogeneity in terms of whether or not Veterans are incurring costs across these different categories. 
Now I don’t think this modelling framework is perfect for assessing this but if you’re familiar with random effects or generalized linear models to include like a random intercept, essentially what this is is this the EBLUPs, the, I think it’s, the [unintelligible 0:33:27] Something Unbiased Linear Predictors. It’s basically the site level estimates for each one of these sites exhibiting some shrinkage. So essentially each one of these shows how wide the variation is attributed to site. And we can see that there’s actually substantial wide variability in the mental health. And if you’re curious about the scale these are on the untransformed scale. So those are the betas, the EBLUPs kind of come though on the betas. The EBLUPs kind of come through on the beta scale. But if you wanted to interpret that to an odds ratio there’s a little bit of a guide to what each one of those corresponding odds ratios would be from the betas. And we can essentially see that there is substantial variation by facility. And if you look at the magnitude of that variation what this is telling me is that, you know, some facilities, you could be at a plus 65% or minus 65% chance of incurring a cost-utilization. That would correspond to 0.5 and negative 0.5. So after for adjusting for all these things there is still substantial site level heterogeneity in the distribution of these cost spendings. 
All right, so the final couple of slides, oh we could look at the severity as well with site heterogeneity although again, in this analysis, generally considered the prices to be a bit of a nuisance perimeter, I was mostly interested in observing probability of observing costs. But you look at the costs they are quite variable across facility and some of that could be due to the DSS accounting methods as well. Although, I would note, that if you think about why don’t we use average costs or did you adjust for inflation or anything like that, that should all be restricted to the severity side of these models. The probability of utilization I would think would be unaffected by any sort of cost adjustments, right? So this is saying did you have a cost, yes or no, across certain types of care.
All right, so there are also some interesting multivariate results from this. And this was not a primary goal, right? So these are all of the variables I included as adjustments in the model so I think it’s interesting to summarize them although I wouldn’t consider any of these to be targeted points of inference. Like our goal here was not to look at males versus females and everything else is adjusting for that. That is not the way in which this work was conducted. But this is a summary, a forest plot summary of all of those coefficients. So these are the actual estimates for both our probability as well as our severity models. So, a negative estimate corresponds to a lower probability and a positive beta if you exponentiate it, of course would correspond to a higher probability, right? So these are the actual beta for each one of these and what we’ll see is that, what I think is quite interesting is that most of the significant differences are on the probability of utilization side. But not on the severity side. Which is about what I would expect, right? 
It may be that along racial lines some races are more likely to use care than others but once they’ve decided to use care, or once they are observed to start to incur a cost the severity of that cost is not driven by race anymore. That’s how I would interpret that versus that. The referent groups for each one of these variables is in parentheses, so of course  we have some missing race data when you construct cohorts like this and I included those and allowed the referent group to be missing. If you’re thinking about the difference between white and non-white or female and male that sort of thing, I actually think when we have missing race data often those are Veterans for which we have a small amount of data capture in general so probably that’s why there’s such a drastic difference there. However, as you can see the comorbidity count is really the strongest predictor of whether or not you have an inpatient utilization which is what you would think. Some other things of interest here might be some of these mental health comorbidities that are, you know, often important when we think about studying chronic pain. 
So that’s the inpatient results and I can cycle through all of these results, we got the outpatient results in general, again I think the outpatient is not quite as interesting until we break it down by category. So outpatient is total outpatient spending which to me is a bit of a fuzzy variable. So instead let’s look at things like the ED set. So quite interestingly, the female gender, right is more likely to use the ED but less likely to go into inpatient. And we’ll start to see a couple of things like that. Age is interestingly not very predictive of whether or not somebody’s using the emergency department. But a lot of these other comorbidities certainly are. So again, this is just a summary of the other components of the model. I felt like we should include that but this is not a targeted inference, right? This was not the original goal of this analysis was to look at these. This would be like our tables of data, the things that were adjusted for in the calendar time models. 
All right so we could keep going through that, look at the primary care, so there’s the primary care visits and once again we have some interesting traits across demographics but recall that due to the construction of this cohort, requiring active primary care monthly probability of primary care is a bit of strange construct. So I don’t over interpret any of these primary care estimates. 
But if we look at mental health I think we start to see some interesting trends and some comforting trends that certainly those with mental health conditions are highly more likely to receive mental health. Have a higher probability of a monthly non-zero cost being observed and then the amount of money spent is also higher. Right? So if somebody had multiple costs per month they would be aggregated to a single cost under this method that I’ve used. So again, some of these are more sanity checks. That the model is performing as expected. We get things in the direction that we would expect and it kind of gives me comfort that the data in the model is working out and those calendar terms are likely interpretable. 
All right, so that’s it for the results. Of course, there are some limitations to this and currently there’s no external cost data in these models so we did not include Medicare costs or any other costs like that or choice cost. Of course choice wasn’t a thing in 2010 but in general fee basis, external costs were not included. One of the reasons is, it actually gets quite hard to bucket the fee basis data. So if you have much experience looking at some of the external care data, one of the challenges I find is we know how much money we wrote. But what exactly did we buy? But what care did we exactly spend money on? And I don’t always have that level of granularity in the fee basis data and actually we’re finding similar challenges in the choice data these days we just don’t have that level of specificity that we do have internally. So it can become challenging to make apples to apples comparisons of care. Right? So I might be able to say total outpatient care, and fee basis, or choice but exactly which procedures cost how much money, we’re still trying, I’m personally still trying to understand how to do that I suppose. 
I did not include any Geographic Price Index adjustments however, I think by constructing a frequency severity model we should, that component, the issues associated with Geographic Price Index adjustments should be limited to the price, the severity side of the model. Right? The quantity of utilization. I wouldn’t think it would affect the probability of utilization. Something noticeably absent, I think, is total costs. And again, in this case I was mostly interested in the probability of observing the costs per month and I kind of split these apart so I could get rid of the variation in the actual amount of money spent and kind of study that probability of cost, non-zero cost occurring. However, if you wanted to get at total cost we’re going to have to have some confidence intervals, maybe bootstrap the joint models to get some confidence intervals. 
[inaudible 0:41:30] another thing is that site heterogeneity is a bit hard to interpret because certainly what I have observed in all the VA work I’ve done is some of the site level heterogeneity we observe is due to bookkeeping and not due to actual differences in care. Now, I think there is a lot of site level heterogeneity in care as well. But when we look at costs in particular and things like the DSS and the MCA costs I think we open ourselves up to seeing some site level heterogeneity where the same care was given it just shows up in different stop codes or different buckets according to those definitions by site. 
All right, so maybe some closing thoughts on this. Focusing on these, these temporal trends what I think is most important as we think about how we spend the money on care, I think there’s this general idea that costs are increasing but I don’t find that useful to just say costs are increasing. What I want to know is what type of care are we buying? And how much more are we spending on that care? So I find this chart, you know, a little bit distressing and it’s probably due to access issues on the average and I think it maybe is getting better, we can actually see that it kind of levelled off coming into 2013 there, polynomials start floating around a little. But when we do cost studies across these care conditions I think it is important to think about exactly where are we spending money and is it high value or low value care? So I think that’s the context with which to interpret these.
 As far as some future studies I’m highly interested in understanding if variation in how much money we spend on certain buckets is associated with subsequent costs. So if we have facilities that have expanded access to outpatient mental healthcare services in the in the chronic pain population. Do we see decreased inpatient spending at those facilities? And the answer is maybe we don’t. It’s entirely possible that by expanding our outpatient mental health outreach, which is good care, it’s good quality care, we may catch even more folks that need more help and we may actually see an increase as engagement increases. I know some past studies have observed that, the more engaged people are with the health care system, the more likely they are to use it. So if we increase access to mental health and physical therapy and primary care we may just simply increase emergency department spending and inpatient spending as well kind of as we continue to engage those folks at a higher level. 
So, Paul and Heidi that’s probably end of my prepared comments, it looks like we have quite a few questions. Paul, I’d be curious if you have any thoughts or comments or context or if you want to go straight to questions, whatever you all want to do.
Dr. Paul Barnett: Well I think let’s take the questions and maybe if we run out of questions I’ll have some too. But I don’t think we are. It looks like we’ve got a good number. We have a question that says: Assuming that high-impact chronic pain is more than physical, you know that it has bio, psycho, social, spiritual dysfunction, etc. how might we adapt our definition of chronic pain? How can we use administrative data to get at real pain from social, psychological sources? That’s a tough one.
Evan Carey: Yeah that’s a tough one. I don’t think I have a good answer but it’s something that I have spent a great deal of time thinking about. Actually the first theme of my dissertation is to do, is defining the incidents of chronic pain in a national cohort of Veterans in primary care. And so I’m pretty familiar with the literature surrounding definitions of chronic pain using administrative data and it seems to center around either patient reported pain scores and looking at trends in those, right? So you’ve got to have a certain threshold of a pain score and then it’s got to be reported across at least 90 days, right, to meet that clinical definition of pain lasting beyond 90 days or perhaps beyond the normal tissue healing period. A second component, though, is not everybody feels pain all the time. Right? So it’s entirely possible you could have terrible chronic pain but when you go into the doctor in that moment your pain is not high. Right? So I think the pain scores are insufficient to identify chronic pain, in all of my recent work I’ve expanded to include patterns of diagnostic codes. 
And there’s a couple of, I think, seminal papers in that one is which is by some folks named Tien, T-I-E-N, Tien, and they did a smaller study where they actually chart reviewed a whole bunch of folks, this is not Veterans, but a bunch of patients and looked for the presence of chronic pain by hand with chart review and sought to develop an algorithm based on only EHR elements to, you know, identify all those patients. And what they did is calculate sensitivity, specificity, and so forth and they ended up settling on an algorithm where they included pain scores, a certain subset of ICD-9 codes that were, what they called, high likely to represent chronic pain and then they had another subset that was like probably likely to represent chronic pain and they required more of those codes in their algorithm. It’s a nice paper, you should look up if you’re interested in that. 
And then they also included opioids. So this was a hard one, if somebody is on chronic opioid therapy or long term opioid therapy often defined to be greater than 90 days of exposure maybe out of a six month time period or maybe a 12 month time period the only reason to be on long term opioid therapy, the clinical indication really should be to be experiencing chronic pain, and so actually in some of my other work I’ve looked at, across national cohorts they’re all Veterans over the last six years engaged in primary care, what proportion of them report elevated pain scores? And what proportion of those Veterans are exposed to chronic opioid therapy? And then furthermore, how many of them meet ICD-9 based criteria. So if you look across the literature those are really the three ways in which people mostly do it. Now are those adequate? I’m not sure, I mean I’m sure people can fall through the cracks but I’m really not sure what else to add in and I’d love if somebody had thought of, oh you missed this fourth element of the EHR that’s quite easy obtain, I’d love to hear that. But I haven’t seen it yet.
Dr. Paul Barnett: Great, and so there’s another question asked: Is there any data related to Veteran use within the specialty pain clinics?
Evan Carey: Yeah, so we’ve tried to isolate that and it’s a bit of a challenge. There’s two clinic stop codes that we think specialty pain care seems to occur in. And we’ve done, when we did some other studies around this we got a couple of publications with somebody named Joe Frank, if you know Joe Frank he was a co-author on this work as well. And so if you look up some publications from Carey and Frank we’ve done some looks at probability of utilization of pain care. But there’s two different stop codes, I don’t remember what they are off the top of my head, but one is definitely related to pain care and the other one is physical medicine and rehabilitation. And we’ve done some chart reviewing and we find that some facilities visits occurring under that stop code of PM&R will be what you think of as specialty pain care but in other facilities it’s not. It can be other things. But I think we still struggle a little bit with defining specialty pain care at a transaction level, at a visit level. So it would have to be some combination of procedure codes or clinic stop codes. That’s what we’ve done so far is clinic stop codes mostly. 
Dr. Paul Barnett: So I had a question: There is these strong trends, you’re saying, over time. And maybe you could look at like the inpatient one as an example. 
Evan Carey: Yes.
Dr. Paul Barnett: So there’s a probability, so it’s the probability of incurring cost and there’s also a strong trend that the cost is conditional on using any services has increased right?
Evan Carey: Right. And that will be the next slide.
Dr. Paul Barnett: So the next slide, that one, so I’m wondering on this one, is this just inflation or did you adjust for inflation?
Evan Carey: No I did not adjust for inflation. So I would say this is partially inflation although I think in only a three, four year time frame, only a four year time frame if we tied to the Standard Inflation Matrix, inflation was like very close to zero, right, between 2010 and ‘14, ‘13. So it would depend on whether we used an inflation index adjusted for medical spending or whether we used a more general inflation index.
Dr. Paul Barnett: Well that’s a whole seminar in and of itself. But in general_
Evan Carey: I think_
Dr. Paul Barnett: Healthcare costs are increasing and it’s not just inflation, it’s more intensity use of services. So the prior one is actually the more interesting one. 
Evan Carey: I think so too.
Dr. Paul Barnett: And mental health is in exactly in the opposite direction. So the question would be, can this be an artifact of your data or are you really showing that essentially paying, patients are getting more care in these physical health care settings rather than the mental health. It’s like they moved from one to the other but just the question, does the end of the period have as many new pain patients are the beginning of the period? I mean, there, in other words people are equally, and it’s not just age, there’s not a single cohort that’s just aging out here.
Evan Carey: Right, right. So we’re adding in more Veterans throughout. In some of our more recent work we do strip out prevalent and incident Veterans and kind of have an incident cohort to try and get at that. We weren’t doing that when we did this work. But I do have that adjusted for a bit. Right? So we do have this adjustment in here which is time since baseline. So you might think if we’re accumulating a lot of patients later, right, they’re going to spend more, basically just in general we spend more money, you know, within a week of them reporting a new condition than we do a year later. Right? For pretty much any condition. There’s a flurry of tests and everything right? But that’s being adjusted for, so this trend is not in absence of, right, of this other thing. So this is a multivariate model that adjusts for all those. And there’s 330,000 Veterans in it. It is observational data, right? So this trend could be explained by other things, as always, unmeasured confounding, compositions of the cohort that were not really well thought out in the study design. Any of those things always could affect a study like this. But, I really do believe this trend. And I think this is kind of coming up into the height of our access issues. And what I suspect is driving it is not clinical, you know, physicians deciding whether somebody should go to the emergency department or get mental health. I think, as needs increased, as demand for services increases it’s far easier for Veterans to access the ED and subsequently short term inpatient spending. That can be easier to access probably than mental health depending on, you know, what that facility looked like. And so what I think we’re seeing is increasing demand, and I would interpret this as decreasing demand for mental health, I would probably this as decrease in supply in the face of increasing demand, right? 
Dr. Paul Barnett: It could be, 
Evan Carey: Because these are per Veteran cost probabilities. 
Dr. Paul Barnett: Somehow but the pain care is taking place in new locations, right? Or different? These patients are not here and they’re there, right? So they’re in a different, you could think of it as a shift. 
Evan Carey: Certainly, yeah. And it’s very speculative of me to go beyond identifying the shift but I do think that’s the correct interpretation is a shift of resource spending.
Dr. Paul Barnett: So the, the other question is: What’s the implication of just having limited this to seven VISNs?
Evan Carey: I think we would see very similar results nationally. And actually I plan on replicating this study nationally very shortly because we now have a national cohort that we’re doing a lot of work in as well. At the time, this was actually connected to some efforts to understand the cost distributions and cost savings of [unintelligible 0:53:44] programs and there were only a certain number of VISNs, as well as some VISNs that we included as controls and we just simply didn’t, we limited the scope of the data to the VISNs that matter and one or two controls for that program. But I do think we’ll see, you know, a very similar result nationally and I would expect that we’ll complete that work in the next 12 months.
Dr. Paul Barnett: So there’s another question asking about did you consider models where you relate to county or zip code? And I would just add to that, what about travel distance and how that influences these.
Evan Carey: That’s a great question. We did not adjust for any of those things or consider them in the model. I do think those would be interesting relationships to study. I’m not sure how they would explain these general calendar month trends though. I think we did adjust rurality if we go back to the very end of that list of, I think we have rural, small rural, urban, or large rural. 
Dr. Paul Barnett: So those are patient characteristics.
Evan Carey: These are actually traits of the facilities they were seen at. So we do have an adjustment in there for the facilities. I think that’s a great point thought and would be interesting to look at. I don’t think it would affect these curves. Or I would be very surprised if it did. 
Dr. Paul Barnett: We’d have to expect that some sort of, well, access is always interesting about what’s the alternate alternatives for the Veteran? 
Evan Carey: Right. And furthermore with the, do we have a substantial enough shift in the rurality of the Veterans that that could confound, you know, both the condition of interest, while exposure in the outcome here which I don’t think would be the case. I think it would only be related to one of them. 
Dr. Paul Barnett: So here’s a question: As increasing access may increase utilization costs, can you talk about how your approach might show if VA care for pain is improving?
Evan Carey: So I don’t think I fully, what was the first part of the question?
Dr. Paul Barnett: Well, here’s, I was trying to paraphrase it, so there’s increasing access may increase utilization costs. Can you talk about how your approach might show if VA care for pain is improving how the care is delivered? So for example_
Evan Carey: So like the quality of care. 
Dr. Paul Barnett: The outpatient multidisciplinary care is more effective in value added than inpatient or ER care can your work identify which facilities are potentially providing better care, more outpatient and less ER or inpatient care?
Evan Carey: Very interesting. So to that I would say, I would say stay tuned. That’s actually the third theme of my dissertation where looking at variation in care patterns in the national VA chronic pain population to include, and we like to say multidisciplinary care but we can’t really get at that from the EHR’s so what we’d really see is that they seem to have multi-modal care and we don’t know that it’s truly multidisciplinary, that it’s coordinated. But looking at variation in those care patterns by facility and seeing if that is apparently associated with improved patient outcomes is the subject of some current work we’re doing. The challenge, of course, is defining, a good quality outcome. Right? So what can we see from the EHR that we would expect to change and reflect high and low quality pain care. And I have some thoughts on that. We might have some emergency department utilization, self-harm attempts, longitudinal pain scores I find challenging as an outcome although some people have done some work there. So I think in general these sorts of model approaches can get at that absolutely but the challenge becomes how much do you believe the outcome variable you’ve constructed. How well does that represent quality in pain care? And I think that’s often the challenge in a lot of our health care models. 
Dr. Paul Barnett: So I’m curious as to follow up on that. You say longitudinal pain scores are challenges. Isn’t just lower better over time?
Evan Carey: I think yes, but one person’s two could be another person’s seven. And then capture of those pain scores is actually quite uneven. So when [inaudible 0:58:05] do we capture pain scores? We capture act and they often interact when they’re having issues. So the idea that irregularly measured pain scores across time, you know, that are often, there’s a bias to when we’ve captured them. How well that represents the true average pain score for a given person but there’s also some specialists. I go to some pain conferences and I’m not a physician, I’m a statistician, but you know, it’s been explained to me that for a lot of patients it’s not actually about reducing their pain but can sometimes be about increasing the rest of their life. So this chronic condition that’s not going away doesn’t dominate their everyday [inaudible 58:44] don’t know actually that the lower pain score would be the best pain score. I think if we have it measured the best metric would be things like impact on quality of life or return to work, return to productivity, but we just don’t have that nationally in the EHR that I’m aware of. 
Dr. Paul Barnett: Right, right. Well we’ve come to the top of the hour. I think we need to turn it back, well thank you very much for a very interesting talk. I think we need to turn it back to Heidi so she can make sure we get our evaluations.
Evan Carey: Well thank you all for joining, really appreciate it.
Heidi: Yes, and Evan, I also want to thank you very much for taking the time to prepare and present today. We really do appreciate all the time that you put into it. For the audience I’m going to close the meeting out in just a moment. As Paul said, we’re going to prompt you with a feedback form, please take a few moments to fill that out. We really do appreciate all of your feedback. Thank you everyone for joining us for today’s HSR&D’s Cyberseminar and we look forward to seeing you at a future session. Thank you.
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