Transcript of Cyberseminar
HERC Health Economics Seminar
VA Expenditures of Bariatric Surgery Patients and Matched Controls
Presenter: Matt Maciejewski, Ph.D.
October 15, 2014

This is an unedited transcript of this session. As such, it may contain omissions or errors due to sound quality or misinterpretation. For clarification or verification of any points in the transcript, please refer to the audio version posted at www.hsrd.research.va.gov/cyberseminars/catalog-archive.cfm or contact herc@va.gov
Dr. Maciejewski:	I first want to acknowledge my colleagues. VA colleagues Valerie Smith, Maren Olsen, and others listed here have been instrumental in the conduct of this study. Valerie and Maren have done Yeoman’s work and all the analysis we have done, including the works that I am presenting today. Also, there is David Arterburn who is in all intents and purposes a co PI of this work. He was the PI of the original bariatric IAR that we had several years ago. I could not have done this work without him. He is building a lot of the evidence around bariatric surgery in VA with us and outside the VA in his own work. I have gotten tremendous feedback and importantly data from the VASQUIP group, which is the surgical quality improvement program and the VA surgical quality data use group that reviews all abstracts and manuscripts to ensure we are generating the highest quality work we can. Then lastly is funding from HSR&D for the IR that supported this work and my research career scientist award.
Here is an outline of where we are going today. We will start with the research question. We will do a brief review of bariatric procedures and brief evidence of outcomes. We will talk about methods that we employed for this particular study. Present the preliminary results so far, and then outline some of our next steps and future work. 
The research question that we are addressing in this particular analysis is to compare long-term trends in VA expenditures between two cohorts. The first are veterans who had bariatric surgery between 2000 and 2011. Then the second cohort is a matched control group of veterans who are severely obese, but did not have bariatric surgery between 2000 and 2011. We are going to examine expenditure differences between these two groups, then also look at moderate by diabetes status and timeframe of surgery. I mean early in this 11-year window or later. 
The evidence for bariatric surgery has basically shown that it is the most effective treatment for weight loss. It just results in dramatic weight reductions compared to behavioral or pharmaceutical interventions. Also as a result, it dramatically improves diabetes, hypertension, and other comorbidities. It has been associated with improved quality of life. At the same time, the mortality and risks of the procedure are low and getting lower with increased surgical experience and surgical volume. Surgical volume, as you can see in this figure, has really exploded in the past 20 years. It is even higher now since 2008. 
This figure represents the eight bariatric procedures that have been in existence basically since this procedure began. I refer you all to this recent EMJ article by my colleagues, David Arterburn and Anita Courcoulas that summarizes the evidence around bariatric surgery that just came out recently in the past month or two. It is a really wonderful comprehensive summary. 
The third procedure is the one I am highlighting, C. It is Roux-en-Y gastric bypass, which is really shown to be a procedure that has been around almost since the beginning of bariatric procedures at all. As others have come and gone, Roux-en-Y has remained a workhorse as it were, a bariatric surgery. It is a restrictive procedure, as you can see in the figure. It is a diversionary malabsorption procedure with this intestine that leads from a small portion of the stomach. This means essentially staples or some sealing off the larger part of the stomach and diverting food through this intestine. There is just less capacity in the stomach essentially. The surgery is moderately complex, though technically from what my surgical colleagues have told me. It has a higher rate of complications than the gastric band or sleeve, which I will mention in a minute. It has been shown to have the greatest BMI reduction and comorbidity improvements than any other procedure. It is probably one of the reasons why it remains a common procedure. It has transitioned from open procedures to laparoscopic more recently. There are some long-term consequences noted at the bottom associated with this procedure. It is not riskless by any means. 
The second most common procedure in recent years, although it is falling out of favor in the surgical community, is Figure E – the laparoscopic adjustable gastric band. There is essentially a collar that is placed around the stomach to restrict how much food can be contained in the stomach. There is saline that is maintained in a collar around that. Saline can be pumped into it to restrict it or loosen this band. That is what this port on the outside of the body is meant to do. It is a way of accessing the saline to increase or decrease the restriction of the band. It is a restrictor procedure entirely. It is relatively uncomplicated, which is why it was I think quite popular and really gained in dominance in numbers of procedures for quite a few years. It initially had shown to have fewer post-surgical complications than Roux-en-Y. Since it was relatively easy to do, it had shorter length of stay. However, reoperation rates were quite common because the band or the collar would slip as patients might consume more than what might have been recommended. 
Recently, it has been shown that they have poorer long-term outcomes than a Roux-en-Y and sleeve gastrectomy. But it still is done in some instances. As a result, it has more modest weight loss. It has more modest improvement in chronic conditions as noted here. There are some important complications noted at the bottom. 
The last procedure that I will talk about is vertical sleeve gastrectomy, or sleeve gastrectomy. It has become much more common and taken up in increasing numbers as the gastric band has declined. It essentially is done by taking out a section of the stomach that would otherwise be here, and making essentially a smaller permanent stomach. It is really restricting the amount of capacity the stomach can hold. It is also less complicated than Roux-en-Y because it does not have – let me go back to the figure – it does not have this intestinal connection to the stomach the way that the Roux-en-Y does. It is a technically simpler procedure from what my colleagues tell me. As a result, it is less OR time and modestly shorter hospitalization length of stay. There are lower rates of postoperative complications, but the weight loss is a bit more modest in Roux-en-Y. As a result, the disease resolution is a little more modest. 
However, this procedure has only really been done in large numbers in the United States for the past five or so eight years, we really do not yet have long-term outcomes even from randomized trials on this procedure in particular. There is still a lot of evidence yet to be developed around this particular procedure and how it compares to Roux-en-Y. 
Here is a brief summary of short-term outcomes at one year basically comparing these different procedures. It is a different take and summary from before. You can see the BMI reduction is greatest in Roux-en-Y. It is next great in the sleeve gastrectomy, which is the last column. Then the comorbidities follow along accordingly. Readmission, which is some indication of the complications, follows with the relative riskiness as I mentioned before. 
Turning to health expenditures now, what is the evidence about bariatric surgery and health expenditures? This table is an attempt to summarize the evidence from essentially claims-based studies. There are basically no trials outside that have really examined this whatsoever. I guess there is one paper that I am excluding here, which I should note. It is a neovius article in JAMA that reports the economics of the surgical outcomes of the Swedish outcome study. Those of you interested, I can send you that reference if you cannot find it. You can email me. This basically characterizes the evidence so far. One thing to note is that the follow-up across these studies is relatively limited. The one study that went out for six years only had 10% of its original sample at the sixth year. That is an important thing to know. Most of the evidence that we have is really limited to patients up to one or two years. It is maybe three years. All of these studies, with the exception of ours – the Maciejewski one, were following patients from commercial claims data. Since people change insurance over time, there is lots of drop out. This is why the Wiener study had only 10% of patients at six years. 
Another thing to note is that the predominant common population, in which bariatric surgery is done, generally particularly outside of the VA really, is essentially younger females. They are basically in their thirties and forties. Some are in their fifties. As you can see in this proportion, they are male. Generally, a minority are male. Our VA cohort is the one rare exception of that where 74% are male, which is consistent with typical VA populations. 
The procedures that have been examined in terms of expenditures have varied Roux-en-Y as you can see commonly is reported on. The evidence varies. It is quite mixed. Some studies find total costs are lower two, three, to five years out for patients undergoing bariatric surgery compared to matched controls. Others find another approach as a break-even cost at two years or four years depending on the procedure. A number of studies – that is also found in the Finkelstein paper. Then there were some other papers that actually found the costs were similar between surgical patients and non-surgical controls, including this Makary study from the Johns Hopkins group and our own work in the VA. Then there is this Jonathon Weiner, another Hopkins paper. Evidence is either showing that bariatric surgery is a good return on investment because health expenditures of surgical patients eventually dip below those of non-surgical controls. Or they are the same two to three years out after surgery. There are some important methodological differences between these studies, which I can go into if people want to talk about that at the end of the presentation.
One thing to note is the recent Finkelstein paper at the bottom here. It did try to do a more careful consideration of how to compare particular matched surgical patients and non-surgical controls. It came to their conclusion that the net cost and time to break even resulting from bariatric surgery is likely less favorable than has been reported in prior studies. In the prior studies, they mean Cremieux  and the Cremieux that have been very influential. 
Basically, it is not quite clear what the evidence is. There is some cost-effectiveness work that has been done, as you can see from this table. All of these studies have long-term outcomes under which they have to assume some stability or change in expenditures over time. There are no studies following patients out to 20 years except the Swedish obese subjects study. That does not really generalize to the US or current times because the dominant procedure that was done at that time is no longer done. These cost-effectiveness analyses are essentially mark-up models simulating long-term costs and mortality. They are finding fairly favorable outcomes across the board. Some of the assumptions underlying these models I think are maybe heroic. For completeness, those of you interested in understanding the literature, this is certainly available to you. I can talk about that more if people would be interested in it. 
Given the existing mixed literature and the fact that our prior work we were only able to follow patients out to three years, we were able to get this new study funded to look out an additional couple of years. The great thing about the VA is we will be following these veterans for quite some time until most of them become Medicare-eligible. Then they slowly leave the VA. The potential to examine ten or 20-year outcomes, whether it is survival or expenditures, is actually feasible. We just have to wait for the passage of time. 
Let me describe now the study design. As you can see, it is a retrospective cohort with contemporaneous non-equivalent controls. By non-equivalent, they are controls whose covariates are imbalanced. Basically, that table one looks imbalanced. That equivalence we can try to handle through matching, which I will get into. We ended up with literally 2500 veterans who had bariatric surgery between 2000 and 2011 using CPT code identification in the PTF files, and also cross-checked with the VASQUIP data which I will mention. We also had a large cohort of veterans who did not have surgery in 2000 to 2011, but had BMI data because of the great data we have in Vista. They were sufficiently high to make them eligible for surgery. If they had a BMI greater than or equal to 40 or greater than 35, and one or more chronic conditions that are considered making you eligible for surgery. Because we have such rich data, we identified out of CDW. We had almost 1.45 million veterans for whom we could have as a potential control group. This figure represents the graphical representation of our contemporaneous controls. In our prior work, the only circle we had for the control group was the one in 2000. This represents I think an important improvement upon our prior work. 
The source for the surgical patients or the cases is the VA surgical quality improvement program, which has been around since 1994. It really has become a model for basically all surgical societies for how to do audit and feedback reporting on quality assessment in their major procedures. It was started by a number of colleagues back then trying to monitor, compare, and improve surgical quality in the VA. This approach to obtaining data for medical records and doing standardized extraction of data on high value data fields has become pretty dominant in STS. There is a non-VA version of VASQUIP now too out of Harvard. 
In the VASQUIP program, trained surgical clinical nurses extract data on major surgical procedures using a standardized protocol. They obtain demographics, preoperative comorbidities, and lab values that may be useful for highly clinical kinds of evaluations. Then they have 30-day postoperative complications and mortality. Back in 1994 and the earlier nineties were hugely important because there were no long-term Vista-based data sets like those that we have today. Obviously, we have great data now to be able to append to these VASQUIP-based data. 
The inclusion criteria that we applied to our patients were if they had a BMI less than 35 or had a missing BMI at the time of surgery. These were for surgical patients or non-surgical controls. I should note that BMI at time of surgery was somehow surprisingly missing on some surgical patients. We also excluded surgical patients if they had baseline diagnoses for these different conditions that are considered to be clinical exclusions for surgery. It looks as though some of these patients went on and had it anyway, but we thought we would be conservative by excluding them. 
Then further, we excluded surgical patients if they had no valid bariatric procedure code. This was because we wanted to be able to characterize the type of surgical procedure they were getting since outcomes have been known to be different, as I have shown. Or if they had a pre-surgical stay longer than five days, or an inpatient record, or no inpatient stay at date of surgery. This is a little bit odd to us, but they arose so we thought to exclude them. The first one – the pre-surgical stay longer than five days – we thought veterans who were in the hospital five or more days before having their bariatric surgery was very unusual. Most veterans were admitted the day of the surgery or the day before the surgery. We thought there might be something going on with the patients that might be unusual and different. In thinking of this study, this observational study as a broken randomized trial, we did not think that in a trial of bariatric surgery somebody would go up to a patient and say hey, we know you have been in the hospital for five days. Would you be interested in being randomized to this bariatric surgery trial? For those sorts of reasons, we excluded them. Then there were another 12 surgical patients for whom we could not find a control that was sufficiently close match. We excluded them. 
To identify out of the 1.45 million non-surgical controls that we were going to actually match to the surgical patients, we use the method called sequential stratification developed by Doug Schaubel and colleagues. Intuitively, it is essentially a sequential series of N of one randomized trials. The randomized trials arise in time when we see from January 1, 2000 all the way up to 2011, a veteran having bariatric surgery. What we want to do is find all the veterans who have not had surgery at that same point in time who might be similar to that surgical patient in a number of characteristics. We want to try to essentially create risk sets. For each veteran from the earliest possible surgery to the latest possible surgery, find all the veterans that look like that surgical patient. For each surgical patient in the second bullet, we created a group of severely obese controls essentially or potential matches that had characteristics relevant to surgical eligibility but who did not have surgery. We exact matched on sex, diabetes, diagnosis, race, VISN, and then BMI category. We measured within six months prior to surgery date, and then age within five years of the surgical patient’s age. That got us a smaller risk set, but it did not get us down to a more manageable number. 
We did not want to have 50 or 20 non-surgical controls for each surgical patient. This is because simulation work by Peter Austin and others has shown that the efficiency gains of doing many to one matches kind of max out at about two or three. We decided to do a three to one match. To get down to a more manageable set, we then as outlined in the third bullet, did a Mahalanobis distance function to identify the closest matches with respect of the three continuous variable – age, BMI, and DCG risk adjustment. Each surgical patient had up to three matches. Also in this approach, it is a little different from propensity score methods, which is what we used in our prior work. Veterans who have not yet had surgery but eventually go on to have surgery can be a non-surgical control until such time that they have surgery. At that point, they are censored. That is the distinction between this approach and propensity score methods, if you are familiar with those. I am happy to answer some questions about that if anyone has them.
The health expenditure outcomes that we looked at were VA inpatient, outpatient, and total expenditures from HERC data. We looked three years prior to surgery for each surgical patient and their matched controls, and five years after surgery. We did inflation adjustment, so all costs were adjusted to 2012. Essentially, we matched surgical patients to non-surgical controls essentially around the day of surgery as I have described earlier. Index data is as such, as I know here. We chunked up, as it were, bucketed this eight-year window before and after surgery into six-month blocks. They were half-year intervals as we did in our prior work based around the date of surgery. There are pretty non-linear trends and expenditures in the months leading up to surgery and then in the months right after surgery. Having a unit larger than a half year might mask some of that important change. Having units smaller than that would require the use of two-part models. It would increase the proportion of zeros that were available in any interval. That would just complicate things. This seemed like a good balance of those two criteria. 
Why are we examining the pre-period? Why did we do it in our prior to 2012 paper? I thought it is kind of important for a couple of reasons. It potentially indicates the effectiveness of our sequential stratification matching. If we match really well, in theory at the day of surgery the characteristics of all the surgical patients and non-surgical control should look similar in the table one. This is at least in the criteria in which we matched. I mentioned that earlier. Possibly, in the pre-period far before surgery – three years before surgery – their expenditures should potentially be similar. Ideally, if we do a good job matching expenditures three years before surgery would be similar in the two cohorts. A lot of the prior expenditure studies that I reviewed before exclusively matched on pre-surgical costs. This makes a lot of sense in some instances, but I do not think it does in this instance. Why is that? It is because if receipt of bariatric surgery or being a candidate for bariatric surgery had no impact on your pre-surgical expenditures, then pre-surgical expenditures would be a perfectly reasonable variable in which to match. However, there is a lot of pre-surgical workup, testing, and psychological clearance that goes on that induces a bunch of utilization and expenditures that are only due to the future surgery. As a result, as you will see in a minute there is a pre-surgical spike ramping up in expenditures associated with the workup leading up to the surgery itself. 
The second reason to examine the pre-period expenditures is because it should maybe give us some sense of how much room for improvement there may be in expenditure reductions. How much can bariatric surgery reduce expenditures of surgical patients? If expenditures are really high many years before surgery and their trajectories, particularly for the non-surgical controls are really skyrocketing, then I might suggest that there is a lot of room for improvement. There are a lot of expenditures that could be reduced potentially. There has been a big question in the bariatric surgery field generally trying to understand why we see humongous mortality benefits. We see humongous weight reductions. We see significant comorbidity improvements. But these apparently do not translate into expenditure reductions depending on which studies you really believe. It is really a mystery why the survival and the weight change effect sizes do not translate. This may give us some way of trying to understand that. 
Thirdly, looking at pre-period expenditures may provide a context for baseline expenditures that are unusually high in the surgical cohort. As you will see, expenditures ramp up as I had mentioned. This is due to the care leading up to the surgery itself, the cost of the surgery, and then the follow-up care that is required to make sure patients are doing well and do not have complications. 
We use GEE methods to analyze these outcomes with log link and variants proportional to mean. It is allowing for discontinuity of trend at the time of surgery. Use robust standard errors. I want to note in the unadjusted results, we include the cost of surgical admission. But we do not. We exclude them from the regression analysis. The way we were doing these models, it was the discontinuity due to the humongous spike in the cost of surgery. It made it very hard to fit these models, so we excluded that. 
Here is the beginning of the results. Of our 2500 surgical patients, 10 percent had gastric band, which is falling out of favor now as I mentioned. So 74 percent had Roux-en-Y either laparoscopic or open. The open are really due to the earlier period of 2000 to 2006 or so. Sleeve gastrectomy is occurring at 15 percent, although that proportion is probably higher in the more recent years. The VBG is vertical banded gastroplasty, which is a long outmoded procedure that is no longer done. VPD is also a rarely done and very complicated procedure. 
Here is descriptive statistics of the 2500 surgical patients and the non-surgical controls. Each surgical patient had up to three, but not always three, matched controls. That is why it is not 7500. This table shows the balance among those variables that we explicitly included in our match. We assess the balance and the effectiveness of our matching by looking at standardized differences. Any value less than ten in absolute value suggests good balance. All these variables are pretty well balanced, as you can see, with DTG being the closest to suggesting imbalance. We do a good job on balancing essentially those things that we included in our match. 
This table now shows the variables, which we did not include in our match. The blue ones in standardized difference for the most part are those less than ten in absolute value. There were a number of these other comorbidities that were balanced, such as PCOS, asthma, PTSD, or substance abuse. That is likely due to the fact that we were balancing on the DCG score here, which implicitly includes some of those conditions. There were other conditions that were not well balanced, which makes some sense. They were not included in the match including hypertension, dyslipidemia, and arthritis. Those variables that are imbalanced, we need to adjust for in our main analyses. 
This figure represents unadjusted end patient expenditures, and includes the cost of the surgery itself. You can see in the red dotted line, surgical patients have basically fairly similar pre-surgical expenditures as the controls, which are the solid blue line. Then basically in the 12-month period before surgery, have significant ramp-up in expenditures with the surgical procedure representing the peak. Then those expenditures come down but do not go quite back down to their pre-surgical period the levels. This is because there is post-surgical follow-up and some patients have complications that require care, and such and such. From this unadjusted graph, it looks as though the inpatient expenditures three years before surgery and five years after quite similar to one another. This is consistent with our 2012 paper. 
The outpatient expenditures of the surgical patients are actually quite different three years before surgery. This was a bit of a surprise to us. Then it is consistent with the pre-surgical ramp-up peak at about $8000 or $8200 on the day or near the period just before surgery. Then it gradually comes back down and does not go back to their pre-surgical level at three years before surgery. They stay flattened out, but do not come down. They do not converge to that of the match controls, which is in the solid blue line. This result is different from our earlier work when we had historical controls. We also only had surgical patients between 2000 and 2006. 
Now putting them both together, we see in unadjusted total expenditures that again there is this humongous spike due to the surgery. Then expenditures settle back down and start to converge in the context of total expenditures to those of the matched controls. But they do not entirely get to the same level. More importantly, they do not cross and become lower than that of the matched controls. That is maybe the most important finding out of this slide. Other studies by Cremieux, Finkelstein, and others have found this red dotted line to dip below that of the blue line at 42, 48, or 30 months after surgery. That is a very important difference. 
This figure represents the adjusted total expenditure differences of those surgical patients in the red line, and the matched controls in the blue line. The green represents the actual dollar amount difference, predicted expenditures for surgical patients, and matched controls at basically yearly intervals. You can see three years before surgery surgical patients had total expenditures that were adjusted total expenditures. They were basically $500 higher than those of matched controls were. That widens, which does not surprise us in the pre-surgical period. It remained wider and started converging in the post-surgical period, but did not go back to $500 or even zero by 60 months after surgery. It remained actually widened compared to three years prior to surgery to 1280. That was a bit of a surprise to us, but that is interesting and important information. Why that is the case is where we are going next. 
Now not only did we want to do a pooled analysis, but also we wanted to understand whether expenditure trajectories were different between veterans who did and did not have diabetes. Randomized trials and some observational work have shown that the benefits of bariatric surgery in terms of survival and expenditures may be accruing primarily to veterans with patients with diabetes. This is because the significant weight reduction can cause the diabetes to go into remission. This shows the unadjusted differences there by stratifying on diabetes status. The left panel means veterans with diabetes at baseline based on diagnosed diabetes. The right panel is without diabetes at baseline. Those surprise expenditures of the controls and the matched patients with diabetes are higher at all time periods than patients without diabetes. Their expenditure trends among those with diabetes seem to actually be similar three years before surgery, and then converge almost five years after surgery – 60 months after surgery. This is sort of what we expected. I guess we are biased by our 2012 work. In the cohort without diabetes, thankfully the three-year expenditure seemed quite similar. But it did not converge 54 to 60 months after surgery. This may be the reason why this difference persists that it could be driven by the cohort without diabetes. 
Then we wanted to look at whether expenditure trends differ between veterans who had surgery early in the period and late in the period. We chose this stratification because of a couple things. Number one is MOVE! was instituted in the VA in 2006. That provided some kind of oversight and structured review of surgical programs. But you may have changed the quality of their care or the types of patients they considered in some structured way. Then in late 2005 – September of 2005, the Bariatric Surgery Workgroup introduced a handbook to try to give guidance to the field of the bariatric surgeons in the VA about patient selection and process for considering patients and such. We think those two things might be definitive in explaining differences in outcomes. In fact, patients are quite different in the earlier period and the late period in two ways. It is in the types of procedures that are done. There are less laparoscopic procedures in the earlier period and more laparoscopic procedures in the later period. Transition from Roux-en-Y and introduction to sleeve gastrectomy and banding are lower risk.
Secondly, the types of patients are somewhat different from the earlier and late period. Bottom line, it looks like in the early period expenditures were quite similar in the three years before surgery. They converge back together at 54 to 60 months after surgery. In the later period, they were not quite identical three years before surgery and did not converge back together at 54 to 60 months after surgery. Maybe that is also explaining this earlier pooled result. 
Preliminary conclusion from this work, which is I should not mostly unadjusted. The stratified analyses were unadjusted results I want to note. When compared to controls in the pooled samples, total VA expenditures are higher for surgical patients in the pre-period. They declined after surgery as we expected. But they remain significantly higher five years after surgery. This is different from our early result when we found that they were similar three years after surgery. There was no difference in total expenditures by diabetes status and early versus late surgery in these unadjusted analyses. That is why it is all preliminary conclusions. 
There are a number of limitations that I want to note. The first is that the results may not generalize beyond the time period because things are evolving. The types of procedures that are done since 2011 are certainly evolving in the VA and elsewhere. These results may not generalize outside of the VA because of the types of patients. We have predominantly older male patients in the VA that is quite different. It is kind of a flip from the cohorts that are typically seen in non-VA studies. The follow-up time may be too short. It may be that it would take ten or 15 years for expenditure differences to really become meaningful or really cross to become lower for the circle patients and matched controls. If the early benefits of bariatric surgery in terms of weight reduction and survival persist, it may just be that these lines. It may be that this red line does not cross below the blue line until 10 or 15 years out. We simply do not know that because we do not have the data at this point. 
Lastly, open Roux-en-Y was the dominant procedure for this cohort. We just do not have as much follow-up on the newer procedures including sleeve gastrectomy, which is the newest procedure of all and for which there is the least long-term evidence. It may be that the expenditure trajectories differ a lot by procedure and we just have not looked at that yet. 
Lastly, since this is observational it is possible that there is unobserved confounding. This is particularly since we saw in this earlier table that there were important differences on variables in which we did not match in the sequentially stratified samples or the matched samples. We will adjust and have adjusted for these covariates in red and these initial adjusted analyses. We need to do so. Those imbalances suggest that there may be other variables we do not measure that are also imbalanced. 
Next steps are we are going to be running correlated two-part models for a number of these things, which Valerie Smith has been working on developing. This will be an important breakthrough in the advance in two-part cost methods. A cross-sectional version of this method is available in press in an article in Statistics and Medicine that you can check out. I know she is working on the longitudinal version as we speak. Then after we finish these expenditure analyses and do all the adjusted analyses of everything, you have seen in unadjusted form, we are going to then do a long-term weight change analysis at five years and probably at seven years as well. Then we will do a diabetes remission analysis paralleling some of the initial work that has been done in non-VA cohorts to demonstrate or examine what proportion of veterans actually have their diabetes remit within one, three, or five years. How many of those that remit have their diabetes recur? That should be informative. Then we are actively planning an IIR on mental health outcomes of bariatric surgery now for a December submission. 
With that, I will take questions. Thank you very much for your time and attention. 
Moderator:	Thanks for that presentation, Matt. Feel free to type in your question into the Q&A panel. Then I will read them off as they come in. Matt, it looks like DCG was not enough to control for the pre-period of pre-surgery expenditures. I do not remember if you said this. Do you plan to go back and put in pre-period expenditures in terms of your matching equation in controls? 
Dr. Maciejewski:	Right, that is a great question Jean. It is one that we have actively debated for quite a long time on our team, including back to the earlier work. Let me go back to the slide showing all the literature. An important factor that I think drives the results of the Cremieux and the Makary, and the Finkelstein papers that show that if you look at the papers, the cost of surgical patients drops below the cost of non-surgical controls at two or three years. It is because they match on cost in the roughly six to 12 months before surgery. I think this is not valid and not appropriate given that you have this surgical ramp-up in expenditures. That is essentially saying among all the controls that we have here, you want to take the subset whose expenditures are not doing this modestly increasing, but rapidly accelerating. It is doubling essentially in almost a 12-month period. In non-surgical controls whose expenditures are doubling in a 12-month period are having cancer, getting hit by busses, or something. This is pending some acute event that is causing a very stark regression away from the mean. I think adjustment for expenditures in the short-term is fatally flawed. Three years before might not be so problematic, but I do not think we are going to do it to answer your question. I think we are going to stick with our approach. 
Moderator:	Just looking at this chart, can you talk a little bit about what sort of care would be happening in 12 years prior to be getting bariatric surgery? Can you tell whether that care is really considered workup, or maybe it is some sort of diabetes complication or some sort of spike in some other condition that might lead them to get bariatric surgery? 
Dr. Maciejewski:	I think it is a great question. So 12 months before surgery, which is this line right here, is probably a combination of things. It is probably patients who are having some health emergency in spike and expenditures that is making a physician say oh my gosh, I think maybe it is time for bariatric surgery. Your behavior and other self-management interventions just are not working. Maybe desperate times come for desperate measures. It is those acute expenditures that are driving and starting the pathway down the surgery. There are also some patients who may be identified, finished MOVE!, and are referred to bariatric surgery. They are then seeing a nutritionist, seeing a psychiatrist, and then seeing their primary care doc. That careful assessment of patients’ suitability for surgery is unearthing not only just seeing those patients in current cost. But then the close scrutiny is probably unearthing things like sleep apnea, which are then requiring management. Then it is probably just other things like they are getting flu shots, they are going to see their PCP, and their endocrinologist as they have been for years and years and years. It is probably three things mixed in. 
Moderator:	Then you would expect to see even bigger improvements in health outcomes and getting all these other things taken care of in addition to getting bariatric surgery. Is that what you are saying? 
Dr. Maciejewski:	Yes, I think that is right. A lot of these patients have multiple chronic conditions. So their diabetes may get better, but it may not completely resolve. The physician may not feel comfortable taking them off all their medications. Or their hypertension may not entirely resolve. It may improve, but they may still need to take medications. A physician after taking some of the patient’s medications, they may still want to follow up with the patients and monitor them to make sure that they are not putting them at undue risk by taking them off medication. The physician may not go from saying okay, I want to see you every three months to I will see you in a year out of good clinical judgment or care. The intuition is that if all the weight is improving and the chronic conditions are improving, then naturally the healthcare expenditures should drop off. Certainly, the drug expenditures do. It may be that the primary care and specialty care visits do not quite as much because the clinicians want to be sure that the patients are self-monitoring and self-managing effectively. They want to stay in touch with them because it is such a period of radical change. They do not want to have the wheels come off in between annual visits or something. 
Moderator:	That is right. Maybe you can speak also to what sort of time lag might be. If you have diabetes for a long time or hypertension for a long time, you may get bariatric surgery. It may take some time to see some improvements related to hypertension. It may be longer than the period that you were improving. 
Dr. Maciejewski:	That is actually surprising. One of the clinical mysteries still of bariatric surgery, which basic scientists are getting into, is that diabetes remission occurs almost instantaneously even before the maximum weight loss is achieved. It is thought that there are gut hormones that are somehow involved in regulating insulin and stuff that I do not understand. I tried reading it, but I do not understand it. Those are involved. The diabetes remission is actually surprisingly fast. Hypertension and dyslipidemia also are remarkably fast. Within days or weeks of the surgery, those things tend to improve. It is not actually a problem of the underlying clinical conditions need to gradually improve. They actually improve quite quickly. We do not have graphs of that to show you, but we will in six months. 
Moderator:	That is great. You can come back in six months. I want to encourage the audience to write in your questions. Just go over to your panel on the right side to the questions panel. Just type in your question and I can read off your question for Matt. There is one question about why did you not match for other comorbidities. You had shown that there were some differences in some of the chronic conditions, the interventions, and controls. Will you also add in some other chronic conditions in your matching region? 
Dr. Maciejewski:	Right, that is a good question. We had chosen DCG because we had used it in our prior propensity score matching approach. We thought that it would do a fairly good job of balancing the individual comorbid conditions. It got about half of them balanced, but not all of them. The reason why we are not is that we wanted to keep a three to one match. There are two reasons. One is the more covariates that we include; the harder it is going to be to have a three to one match. The other is that this approach – this sequential stratification approach – is basically a two-step approach. It is not like a propensity model where you just put a bunch of covariates in a logistic model and hit go, and generate the predicted propensities out of it. It is a two-step process in which first we do this exact matching on these characteristics. Then sort of within these categories of underlying continuous variables, it is age and BMI. Then once we do that, we pair down. There is no regression persay that is going on here. It is sort of a distance consideration. 
Then here it is a Mahalanobis distance function approach to get us down to the closest three matches. This is really quite different. The benefit of sequential stratification, while it has the downside intuitively compared to propensity scores. With propensity scores if we saw this table we could just throw all these covariates in red into our logistic progression. The problem with propensity scores is there is no really clean way. You sort of need everyone to have a fixed index state that is ideally in the same day, week, month, or year. There is an extension to year specific – calendar year specific propensity scores. Those do not really work well when you have this rolling enrollment of surgical patients over an 11-year period. We cannot run 11. We could, but we did not. The other thing about propensity score models is that really implicit within that is that each control appears once. But in sequential stratification, anytime we see a veteran with a BMI that makes them eligible for bariatric surgery because they basically remain morbidly obese for 11 years, they are eligible to be matched to a surgical patient each of those times. We sort of avoid throwing away information by having a single index time. There are some downsides in this approach, but it has been shown to be perfectly reasonable to adjust in your outcomes equation for variables like this in red that are not balanced upon matching. 
Moderator:	I am not sure if you already said this. In your regressions, will you be comparing the change in pre-post expenditures between your controls and the intervention group? 
Dr. Maciejewski:	We are going to do I think what we did in the last analysis. It is basically represented here. We are trying to characterize what are the expenditure differences at each annual yearly endpoint to try to characterize how expenditures are similar or different. We could do pre-post. That would maybe answer a little bit of a different question. This is a little different from a randomized trial where outcomes are similar at baseline, for baseline being the day of surgery. In this context, the expenditures are totally different because of the surgery itself. What we are hoping for is convergence. What I am thinking we will find is convergence. The change from baseline is a little bit tricky given this baseline humongous difference. 
Moderator:	Right, can you also look at lab test values at baseline and also in the follow-up period to see how they might be different between the two groups? 
Dr. Maciejewski:	Yes. In our diabetes remission analysis, we are going to do exactly that. We had plans to extend that further and look at other outcomes, but the funding for this ends December 31st. We still have a long list of things to do. We will for diabetes.
Moderator:	Okay, that is great. There is actually a question from someone from the audience. This person asked I am curious about the following. If there are improvements in comorbidities, why can the expenditures for the surgical group not come down? 
Dr. Maciejewski:	Right, yeah that is the paradox maybe of the effect sizes between survival, weight change, and expenditures. The effect sizes are just absolutely humongous in survival and weight change. You would expect that to translate into expenditure reductions. Medication costs certainly come down. We do not show that here, but that has been shown in our prior work and others. It appears as though the specialty costs, primary care costs, some of the mental health costs, and in fact, the inpatient costs do not really come down. I would have expected the inpatient cost to drop a lot if a lot of the admissions are due to underlying chronic conditions that get better after surgery. That does not appear to be happening at least in terms of inpatient expenditures. Why the outpatient expenditures are not dropping is somewhat of a mystery. We are talking to our clinical colleagues on the grant about this. 
The best explanation we can come up with is that – let me see. The first is that physicians want to pay close attention and provide good clinical care to these patients. Do not change the follow-ups from three months to a year. The other is complications arise for some surgical patients. So those induce some expenditure in one to three years out after surgery. Then a third hypothesis is that people regain a lot of their weight. A high proportion of veterans we think – we have not yet looked at this – we think regain weight. With that, their chronic conditions come back. They have to go back on their meds that they had discontinued for some time. Altogether, this is we think what is causing this stabilizing, but still higher level of expenditures. That is a great question and it is a mystery that lots of smart people in the VA and outside are trying to make sense of. 
Moderator:	Based on this work, it looks like it could potentially change some of the cost-effectiveness results that you had shown earlier. Do you have any thoughts about that? It may be less cost-effective than it has been shown to be. 
Dr. Maciejewski:	We are all amongst researchers here. The first thing I am going to say is we need more research. But if the ten-year results mirror the five-year results where outpatient expenditures stabilize but remain higher than non-surgical controls, that is certainly a different assumption than the assumption that goes into all these cost-effectiveness analyses. It would certainly suggest that bariatric surgery is not nearly as cost-effective as all these prior simulation mark-up based studies have shown. 
Moderator:	That is great. There is one last question. Then we will end the session. This person wants to know will you do a comparative analysis between laparoscopic, Roux-en-Y, and open surgery? 
Dr. Maciejewski:	Yeah, that is planned. It is in the hopper, yes. That is a great question. 
Moderator:	Great, thanks so much for your presentation today Matt. I hope these questions help you develop your project further. It sounds like you have much more to do. For the audience, there is a poll. Heidi, can you direct them to how to fill out the evaluation form? 
[bookmark: _GoBack]Moderator:	Yes, as I close up the meeting a feedback form will pop up on everyone’s screen. Just keep an eye on your browser and that will pop right up when we close the meeting. Matt and Jean, do either of you have any final remarks that you want to make? 
Moderator:	No, thanks everyone for joining us today. 
Dr. Maciejewski:	Yeah, I just want to thank everyone for their great questions and their time today. Thanks.
Moderator:	It was fantastic. Thanks so much for presenting, Matt. With that, we will close out today’s HSR&D cyber seminar. We hope to see everyone at a future session. 
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