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1. Introduction

Productivity in health care delivery is the subject of renewed attention. Following the literature on
geographic variation in health care costs and quality (The Center for the Evaluative Clinical Sciences 1996,
Fisher, Wennberg et al. 2003a, Fisher, Wennberg et al. 2003b, Institute of Medicine 2013, Newhouse and
Garber 2013a, Newhouse and Garber 2013b), (Romley, Trish et al. 2019) shows that U.S. regions differ
markedly in the productivity of acute care for heart attacks. Based on an alternative measure of
productivity, (Chandra, Finkelstein et al. 2015) demonstrate that the variation in productivity across U.S.
hospitals (also in the treatment of heart attack) is substantial, but not exceptional in comparison to plant-
level variability in other industries."

Changes over time in the productivity of health care delivery are also of considerable interest. Health
care accounted for 17.7 percent of U.S. GDP in 2018, a share that is projected to rise to 19.4 percent by
2027. (Hartman, Martin et al. 2019, Sisko, Keehan et al. 2019) The trustees of the Medicare program
recently assessed that the trust fund supporting hospital insurance (Medicare Part A) will become
insolvent in 2026. (OASDI Board of Trustees 2019) In the face of these pressures, the National Academy
of Medicine (NAM) has taken the position that “the only sensible way to constrain costs is to increase the
value of the health care system, thus extracting more benefit from the dollars spent.” (Institute of
Medicine 2013, Newhouse and Garber 2013a, Newhouse and Garber 2013b)

The NAM’s position is motivated by a common concern that cost containment may come at the
expense of quality of care. One broad approach to improving value in the health care system focuses, put
somewhat crudely, on demand. For example, value-based insurance design favors high-value services
with lower out-of-pocket costs, while the Choosing Wisely Initiative discourages physicians and patients
from the use of costly services with limited clinical benefit.

An alternative approach to enhanced value emphasizes supply. Established by the Affordable Care
Act (ACA), the Center for Medicare and Medicaid Innovation (CMMI) has been experimenting with a wide
array of payment and delivery reforms. Initiatives for bundled payment and accountable care
organizations are well-known examples. In addition, the ACA modified the formula by which the Centers
for Medicare and Medicaid Services (CMS) update reimbursement rates to health care facilities each fiscal
year. Previously, payment rates for hospitals and other facility providers grew according to estimates of
inflation in the cost of producing care. Under the revised formula, the existing inflation adjustment is
offset by the rate of productivity growth in the American economy as a whole. This policy change
recognizes that the previous formula allocated more resources than would have been necessary to
maintain quality of care, if providers had been able to improve their productivity.

Yet this policy change effectively asks health care providers to improve their productivity at the same
rate as the rest of the U.S. economy. The Medicare Trustees have forecast that productivity in the health
care sector will grow over the long term by 0.4 percent per year, substantially more slowly than their
forecast for the economy as a whole, specifically, 1.1 percent per year. These forecasts are consistent with
the notion that health care (like certain other service industries) suffers from a “cost disease” stemming
from a limited flow of cost-reducing technological progress, coupled with a substantial reliance on labor.

1. (Chandra, Finkelstein et al. 2016) consider a wider range of conditions and procedures and show that market share is
positively associated with hospital quality.
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(Baumol and Bowen 1965, Newhouse 1992, Baumol, de Ferranti et al. 2012) Indeed, the Bureau of Labor
Statistics (BLS) has estimated that productivity among hospitals and nursing and residential care facilities
actually declined, by 0.9 percent per year, from 1987 through 2006.

BLS applies a theoretically grounded measurement framework in a consistent manner across
industries, measuring output based on deflated revenues. While one would expect the revenues of an
automobile manufacturer to embody the quality of its vehicles, it is plausible that the revenues earned by
providers in the U.S. health care system, aggregated across payers, have been less reflective of product
quality, both for differences across providers and over time. Until recently, a limited number of empirical
studies in health economics and policy has estimated productivity growth across providers, while
neglecting the issue of quality of care.

(Romley, Goldman et al. 2015) analyze productivity growth at U.S. hospitals in treating heart attack,
heart failure and pneumonia over 2002-2011. Ignoring the health outcomes experienced by patients,
productivity growth is estimated to be negative for all three conditions, and worst for heart failure at -0.9
percent per year. After accounting for quality of care (measured by patient survival and avoidance of
unplanned readmissions), productivity growth is found to be positive and substantial, exceeding a rate of
0.5 percent per year, for all three conditions.

(Gu, Sood et al. 2019) also find that quality adjustment transforms a negative assessment into a
positive one, in this case in the context of skilled nursing facilities. Recognizing that health care is
delivered by multiple providers and that coordination of care is a major concern in health care practice
and policy, (Romley, Dunn et al. 2019) analyze episodes of care for conditions and procedures involving a
hospitalization, but including all services covered by A and B spending, with the select conditions studied
accounting for more than 10 percent of Part A and B spending. They find that productivity improved for
most of the eight episode types studied and that productivity growth tended to manifest itself in the form
of better health outcomes.

This evidence is limited to acute care, and broader perspective is needed. Much of the spending in the
U.S. health care system is for chronic conditions such as cardiovascular disease and diabetes. Progression
of and complications from chronic disease sometimes eventuate in acute care, but high-acuity services are
only part of the overall picture of caring for these populations. Moreover, relatively high-tech and
invasive interventions are sometimes viewed as the success story of American health care (in terms of
effectiveness if not costs) compared to primary care and population health. Indeed, CMMI models that
focus on primary care (such as Comprehensive Primary Care Plus) are arguably motivated by, and
intended to moderate, this point of view.

It is therefore important to know whether apparent improvements in the productivity of higher-acuity
care translate to the health care system more broadly. To the best of our knowledge, this study is a first
attempt to address this issue.” To do so, we apply the analytic framework from prior studies to elderly fee-
for-service Medicare beneficiaries newly diagnosed with type 2 diabetes over the period 2004-2012.
(Romley, Goldman et al. 2015, Gu, Sood et al. 2019, Romley, Dunn et al. 2019, Romley, Trish et al. 2019)

2. To be clear, there is compelling evidence on the performance of the health care system in treating chronic disease, and
specifically diabetes (Eggleston, Shah et al. 2009, Eggleston, Shah et al. 2011, Eggleston, Chen et al. 2019). As discussed
below, this evidence addresses the question of social value. Our focus here is on the related but distinct matter of the systemic
productivity of health care providers.
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2. Approach

The starting point for the analysis is a set of CMS medical claims files for a random 20% sample of
Medicare beneficiaries for the period 2002-2014. (Research Data Assistance Center) We identify
beneficiaries with diabetes by applying a validated and widely used algorithm to diagnosis codes reported
in the claims. (Hebert, Geiss et al. 1999, Rector, Wickstrom et al. 2004, Centers for Medicare and
Medicaid Services 2020)® We limit the resulting sample to cases of type 2 diabetes.* We also limit our
sample to beneficiaries who were enrolled in fee-for-service (FFS) Medicare at the time of first diagnosis.
As Table 1 reports, we identify 2,855,063 cases among the 20% sample of beneficiaries over 2002-2014.

Following the literature, we define a case as newly diagnosed if there were no diabetes claims in the
prior six months. (Kim, Schneeweiss et al. 2015, Sohn, Talbert et al. 2015, Kreft, McGuinness et al. 2018)
We exclude beneficiaries who were not continuously enrolled in FFS for the six months prior to first
diagnosis, as well as beneficiaries who were not continuously enrolled in the twenty-four months after
diagnosis (or until time of death, if sooner). Based on these criteria, our sample of new cases was
1,558,394, as shown in Table 1. In sensitivity analysis, we consider alternative “look back” and “follow up”
windows (twelve and thirty-six months, respectively).

Because our claims data started in 2002, some of the apparently new cases identified in the early
years of the period 2002-2014 may have actually been previously diagnosed existing cases (rather than
new diagnoses) based on unobserved diabetes claims prior to 2002. The pattern of diagnoses over time is
consistent with this kind of misclassification, as can be seen with the monthly number of new cases in
Appendix Figure 1. The number of apparently new cases stabilized as of 2004, and so we limit our sample
to the 1,142,747 cases first diagnosed in 2004 or later (see Table 1). In a sensitivity analysis, we include
cases diagnosed in 2002 and 2003. Our base analysis considers cases diagnosed between 2004 and 2012,
with the latter allowing for sufficient follow up through the end of the claims data (2014).

Following prior research (The Center for the Evaluative Clinical Sciences 1996, Fisher, Wennberg et
al. 2003a, Fisher, Wennberg et al. 2003b, Institute of Medicine 2013, Newhouse and Garber 2013a,
Newhouse and Garber 2013b, Romley, Trish et al. 2019), we measure quality, cost and productivity at the
regional level. Specifically, we use the 306 hospital referral regions first defined by the Dartmouth Atlas
of Health Care.(The Center for the Evaluative Clinical Sciences 1996) In a sensitivity analysis, we consider
hospital service areas, also from the Atlas. Then, to quantify productivity in treating newly diagnosed
diabetes, we estimate the following relationship:

(1) In(Yy¢/Crt) = a + 8Bs + g(t) + €,

in which Y, is the total output of cases diagnosed in hospital referral region r during year t, C,. is the total
cost delivering care for these cases, and S, is severity factors for the newly diagnosed patients. The left-
hand side of this equation is the ratio of output to inputs, or more colloquially “bang for the buck.” This
metric is commonly used in economic assessments of health-system performance. (Berndt, Bir et al.
2002, Howard, Bach et al. 2015, Lakdawalla, Shafrin et al. 2015, Sheiner and Malinovskaya 2016, Hult,
Jaffe et al. 2018)

3. The algorithm requires at least one diabetes diagnosis in the Inpatient, Skilled Nursing or Home Health Files, or 2 claims in the
Hospital Outpatient or Carrier Files, within a two-year window.

4. Specifically, we exclude cases with a claim whose ICD-9 code ended with a 1 or a 3.
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On the right-hand side of the equation, our object of interest is the function g(t), a common-across-
regions but year-specific residual between measured determinants of production and measured output.
As is conventional, we will interpret this residual as productivity and changes in the residual over time as
productivity improvement (or decline). As is well recognized, the validity of this interpretation depends on
the validity of the measurement of production determinants and output, and also the functional form of
the production function in equation (1).

We measure output in each region-year based on newly diagnosed cases with “high-quality” outcomes
during the follow up window. Under this approach, the health care system does not receive full credit (in
terms of output) for a low-quality case, yet is still responsible for the cost of scare resources used to treat
the case. One metric is the number of high-quality cases. That is, in equation (1), Y,; = N,.Q,., in which
N, is the number of cases and @, is the proportion that are high-quality. This metric has a natural
interpretation, and has been applied in prior studies. (Romley, Goldman et al. 2015, Gu, Sood et al. 2019,
Romley, Dunn et al. 2019, Romley, Trish et al. 2019) However, this metric implies that the elasticity of
substitution in production between quantity and quality is -1.” This elasticity implies that for providers to
produce a 10-percent (relative) increase in quality they would need to reduce the number of treated cases
(i.e., N,.t) by 10 percent. However, evidence on the tradeoff between quantity and quality in health care is
remarkably scarce. (Grieco and McDevitt 2016) recently investigated the provision of kidney dialysis
services, and their findings imply an elasticity of quantity with respect to quality of -1.4, which implies
that quality is more costly to produce.® This estimate has been applied in prior research on productivity in
treating acute episodes (Romley, Dunn et al. 2019), and we use it here.” In sensitivity analysis we also
consider a value of -1.

In prior studies we have aggregated multiple dimensions of quality into a single discrete measure of a
treatment being successful or not. For example, in analyzing acute episodes of care we considered
survival, avoidance of readmission and return to community, to be counted as a successful treatment, and
episodes with a death, a readmission or not returning to the community as unsuccessful. A challenge to
aggregating these outcomes was that not enough was known about the marginal rate of technical
substitution (MRTS) in the production of these distinct health outcomes. Put more simply, we didn’t have
direct evidence on how health care providers could deliver better survival at the expense (or, potentially,
in combination with) avoidance of readmission or return to community. The solution to this problem was
to use information on consumer valuation of the outcomes to quantify the trade-off. In well-functioning
markets, trade-offs in the production of goods are driven by economic incentives to match how consumers
value goods in relative terms (i.e., the MRTS equals the marginal rate of substitution.) While health care
suffers from market failures, consumer valuation was used as an approximation.

Specifically, outcomes were valued using the quality-adjustment framework applied in the extensive
literature on quality-adjusted life years (QALYs). The QALY score ranges from zero to one, with the
former corresponding to death and the latter to perfect health. While evidence on the “quality decrement”
from institutionalization was limited, in the case of diabetes there is a well-developed base of evidence on

dInNyp 1

Qe

6. (Grieco and McDevitt 2016) report a semi-elasticity of quality with respect to quantity of -0.016 percent, where quality is
measured based on the rate of infection. To obtain the elasticity of quality with respect to quantity, we multiply this value with
the mean success rate of no infections of 87.5 percent calculated from the study to obtain an elasticity estimate of -1.4.

5. Fixing Y, and differentiating with respect to cases and quality, we find that

7. Inthis case, Y;, = N QL.
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quality of life, much of it linked to the United Kingdom Prospective Diabetes Study. (UK Prospective
Diabetes Study Group 1998) A person with diabetes but no complications from the disease experiences a
QALY score of 0.711.(Currie, Morgan et al. 2006) We follow the diabetes QALY literature in specifying
important complications and measuring their impacts on quality of life. For example, amputation
involves a decrement of 0.280. For each case, we identify complications using diagnoses reported in
claims and calculate a QALY score, then average across new cases in each region—year.8 Additional details
are provided in Appendix Table 1; this QALY-based approach was employed in one of the two studies
most closely related to this one. (Eggleston, Shah et al. 2009) This framework for incorporating quality is
a version of what has been called the “redefine the good” approach®, in contrast with the “cost of living”
approach. (Hall 2016, Sheiner and Malinovskaya 2016)

The latter was used to develop the heart attack inflation measure referenced previously. (Cutler,
McClellan et al. 1998) These two approaches are related but distinct. The cost of living approach
determines the compensating variation associated with improved outcomes from treatment. However,
(Sheiner and Malinovskaya 2016) note that the rate of productivity change is the relevant metric for
assessing whether providers could treat the same number of cases with same quality when their
reimbursement rates are reduced, as the Affordable Care Act mandates according to the rate of
productivity growth outside the heath-care sector. As with the BLS conceptualization of productivity
(Harper, Khandrika et al. 2010), our focus here is on producers / firms."” We therefore consider the
inputs needed by health care providers to deliver care, and the cost to producers of using scarce inputs to
treat patients with diabetes. In addition to consistency with BLS, the focus on producer’s cost is more
closely aligned to societal cost of treatment, as payment amounts from commercial insurers and public
insurers, such as Medicare and Medicaid, may deviate substantially from the actual cost of providing
treatment.

The value of additional quality from the firm’s perspective may be different from that of consumers.
For example, (Grieco and McDevitt 2016) measure the production function from dialysis treatments and
found that from a producer’s perspective, the opportunity cost of reducing one infection was
approximately $75,000. However, the societal benefit of reducing one infection in terms of the value of
life years saved was estimated to be $92,000. In this example the value of quality as perceived by
consumers, greatly exceeds that of producers. In this case, if a technology existed so that an additional
infection could be prevented for a cost of $76,000, consumer would perceive this as a large benefit, but
producers would not as $76,000 exceeds their current opportunity cost. Similar to this example, it is
possible for our productivity measures to fall, but for consumers to be better off if, for example, they value
quality improvements more than producers.

8. If, hypothetically, half of cases in a region-year involved amputation but no other complications, then @, = 0.711 —
50% x 0.28 = 0.571. In measuring quality, complications are treated additively.

9. When the elasticity of quantity with respect to quality is specified to -1.4, our version places extra weight on quality, based on
the evidence described above, in comparison to the standard version of the redefine-the-good approach. In addition, while the
approach typically defines success dichotomously, we allow success to be polychotomous according to the quality of life
associated with distinct patient outcomes (see above.)

10. (Dauda, Dunn et al. 2019) shows that a cost of living index indicates greater improvement than our approach here when the
value of the health improvement exceeds its incremental cost, consistent with other evidence from health care.(Cutler and
McClellan 2001) For more on the cost-of-living approach, see the relevant appendix.
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The returns to capital, labor and other factors are not of interest, and so we combine the resources
used in providing care (see, e.g., (Chandra and Staiger 2007, Doyle 2011, Skinner and Staiger 2015,
Chandra, Finkelstein et al. 2016)), aggregating all cases in each region-year. Thus we seek to measure
cost, that is, the opportunity cost to producers of allocating scarce resources to the treatment of diabetes
cases instead of alternative goods and services. To do so, we identify claims that occurred within the
follow up window for each new case, including inpatient (short-term acute-care hospitals but also long-
term care hospitals and inpatient rehabilitation facilities), outpatient facilities, professional (e.g., a claim
submitted by a doctor for an inpatient surgery or an office visit), skilled nursing facilities (SNFs), home
health, durable medical equipment, and hospice." Where a claim in any file did not fall entirely within the
follow up window, we allocate costs based on the proportion of days with overlap.

CMS claims do not directly report costs, but instead provide a measure of resource use. For example,
total charges are reported for hospital stays. To estimate costs, we use the financial reports that
institutional providers participating in Medicare are required to submit to CMS. (Centers for Medicare
and Medicaid Services 2019) Hospitals, for example, report not only their actual costs, but the ratio of
their charges to their costs (CCRs). So a hospital’s cost for a claim is measured by linking reported
charges on the claim to the hospital’s reported CCR based on Medicare provider number and then
multiplying the former by the latter, as is commonly done in the literature. (Cutler and Huckman 2003)
SNF cost reports include revenue-to-cost ratios, and so these ratios are multiplied by claim-reported
revenues to measure the cost of the claim."

CCRs are sometimes unavailable, and the base analysis excludes cases for which any CCR is missing
during the follow up window. As Table 1 shows, this criterion excludes about 20% of cases. In a
sensitivity analysis, we also include cases with 1 or more institutional claims that could not be matched to
cost data, and whose payments for claims with missing cost data as a share of total payments was less
than or equal to the median.”® We then inflate total measured costs of these cases according payments for
claims with missing costs as a share of total payments for all cases that initiated within the same calendar
year.

Professional claims report Relative Value Units (RVUs), a measure of the resources needed by a
provider to efficiently deliver a particular service."* (Medicare Payment and Advisory Committee 2018)
The reimbursement received by a professional is equal to the number of RVUs multiplied by a dollar-
denominated “conversion factor” (CF) specified annually in CMS’s Medicare Physician Fee Schedule Final
Rule, adjusted for geographic differences in the cost of care. (Medicare Payment and Advisory Committee
2018) One objective in setting the CF is to ensure that professional providers offer accessible care to
beneficiaries, yet federal policy makers have intervened in the CF-setting process to postpone reductions
in professional payments mandated by statute for the purpose of controlling cost growth.(Guterman
2014) We assume that the CF in 2004 equated total Medicare payments to professional providers (that is,

11. These types of claims correspond to the Inpatient, Outpatient, Carrier, Skilled Nursing Facility, Home Health Agency, Durable
Medical Equipment, and Hospice Files, respectively.

12. Charges are not in general equal to payments in health care, due, for example, to contractual discounts off list price for
commercial insurers as well as administrative pricing for Medicare and other public payers. (Reinhardt 2006)

13. We include payments from all sources.

14. RVUs are updated over time based in part on advice from an American Medical Association committee. (Chan and Dickstein
2018)
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revenues received by them) to the total costs to the professional providers of caring for this population in
that year. (Romley, Dunn et al. 2019)"

The measurement of treatment costs presents challenges. First, some of the care received by patients
is unrelated to diabetes. The base analysis includes all costs, whether directly related or not. In a
sensitivity analysis, we exclude claims for which diabetes is not the principal diagnosis.

A second challenge is that prescription drugs are commonly used in diabetes treatment. A challenge
for this analysis is that Medicare Part D was introduced in 2006, and so prescription drug utilization is
unavailable before then. In the base analysis, we exclude prescription drugs from treatment cost. In
additional analysis, we limit the sample to individuals continuously enrolled in a standalone Part D plan
throughout the follow up window, and include drug costs as measured by total reimbursement
(beneficiary as well as plan). Necessarily, the beginning year of this analysis was 2006.

We wish to measure changes over time in the real cost to providers of treating cases, which provides a
consistent measure of the quantity of inputs into treatment over time. Accordingly, we adjust our
nominal cost estimates for the inflation of inputs using input cost indexes from CMS. Specifically, as an
input into its reimbursement policy making, CMS constructs and reports “market basket indices” and the
Medicare Economic Index (MEI). The Inpatient Hospital market basket index, for example, measures
changes in the cost of providing inpatient hospital care. We use this index and those for other
institutional settings to deflate nominal costs into real 2014 dollars. The MEI is used for professional
payment, and measures inflation in the cost of providing professional services, less an adjustment for
productivity growth in the economy at large. (2012 Medicare Economic Index Technical Advisory Panel
2012) We inflation-adjust professional costs by reversing the productivity adjustments to the MEI,;
durable medical equipment costs are similarly deflated.

Turning to patient severity (S,;), we exploit diagnostic information in the data by measuring the
proportion of cases in each region-year with 26 comorbidities at the time of diabetes diagnosis, for
example, ischemic heart disease as well as stroke / transient ischemic attack (see Table 2 for a complete
list). These comorbidities are identified according to validated claims algorithms. (Centers for Medicare
and Medicaid Services 2020) In addition, we use average age at diagnosis, and the proportion of patients
who were female and of various races, as reported in the Beneficiary Summary Files. These files also
report the zip code in which each beneficiary resides, which we link to zip code-level data from the 2000
Census on a variety of community sociodemographic characteristics used as proxies for patient severity in
prior literature (Fisher, Wennberg et al. 2003a, Fisher, Wennberg et al. 2003b, Romley, Jena et al. 2011,
Romley, Goldman et al. 2015); examples include the poverty rate and the proportion of elderly individuals
residing in an institution. As Table 1 shows, about 8,000 of 909,400 cases were diagnosed in region-years
in which none of the patient zip codes matched to the Census data. To deal with possible seasonality in
severity, we include the proportion of cases diagnosed in each calendar month as covariates in equation
(1). Finally, it is worth noting that our focus on newly diagnosed cases helps to minimize unmeasured
severity.

Our regressions cluster standard errors at the level of the index hospital. For representativeness,
regressions weight region-year observations by their number of cases. In further sensitivity analysis, we
include fixed effects for the regions in which cases were diagnosed, based on the beneficiary’s zip code.
This specification aims to deal with the possibility that unmeasured heterogeneity between providers

15. Ideally, we would like to observe actual practice expenses of physicians, but these are not available. RVUs and the associated
CF are the best approximation available.
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(including productivity differences) was systematically related to patient severity, leading to bias in
estimates of the trajectory of productivity over time.

3. Findings

Before reviewing the regression results, we first describe the cases studied. We focus on diabetes cases
diagnosed in January, 2004 or later, in an effort to exclude cases which were identified in our 2002 or
2003 claims but which were first diagnosed prior to then (see Appendix Figure 1). Table 2 reports sample
statistics for the 901,472 cases newly diagnosed in our 20% sample of Medicare fee-for-service
beneficiaries throughout all 306 hospital referral regions in the U.S. (2,742 region-years). The average
date of diagnosis was the second half of 2007. The average cost of treatment during the two years after
diagnosis was $21,200 in 2014 dollars, with a standard deviation of $4,5oo.16 85.2% of the newly
diagnosed beneficiaries lived beyond the two-year window. Among survivors, the most common
complication of diabetes during the follow-up window was ischemic heart disease (2.7% of cases had a
relevant diagnosis), while the rarest was blindness (0.001%). Overall, quality of life averaged 0.597 on the
0-1 scale described in the preceding section (a score of 1 indicates perfect health, while diabetes patients
without complications have a score of 0.71).

We characterize case severity in terms of beneficiary demographics, existing comorbidities,
neighborhood characteristics, and month of diagnosis. The average age at diagnosis was 75.3 years, and
slightly more than half of cases (54.3%) involved females. More than four out of five cases (84.3%)
involved white beneficiaries. Hypertension was the most common comorbidity (72.0% of beneficiaries
with newly diagnosed diabetes had a history of hypertension), followed by hyperlipidemia (55.6%).
Endometrial cancer was the rarest comorbidity (0.2%), and lung cancer and hip fracture were the next
rarest (1.1%). The average beneficiary resided in a zip code with a poverty rate of 11.2% in the 2000
Census; the standard deviation of the neighborhood poverty rate was 4.2%. On average, 5.3% of elderly
residents within the diagnosed beneficiary zip codes were institutionalized, while 28.4% of non-
institutionalized residents had a physical disability. The share of diagnosed cases across months ranged
from 7.6% (December) to 9.1% (March).

A simple measure of productivity is the cost of a newly diagnosed case of diabetes, without regard to
outcomes or severity. Figure 1 shows this measure for cases diagnosed between 2004 and 2012. The cost
of treating a beneficiary in the two years after diagnosis was $21,600 in 2004, measured in 2014 dollars.
This cost increased from 2004 to 2005 and again from 2007 to 2008, but the overall pattern was one of
modest but steady decline, reaching a cost of $19,500 in 2012, that is, 9.9% less than 2004.

This simple measure of productivity ignores the quality of the health outcomes experienced by the
newly diagnosed patients. Figure 2 shows that quality of life averaged 0.587 (again on a 0-1 scale) among
cases diagnosed in 2004, and that quality of life improved modestly by 2012, reaching an average of
0.600. This improvement reflected better rates of survival, as well as lower rates of complications. The
middle panel of Figure 2 shows that survival beyond the two years after diagnosis was 85.3% among cases
diagnosed in 2012, up from 84.0% in 2004. The average number of diabetes-related complications
among survivors during the follow-up window was 0.054 per case in 2012, down from 0.091 in 2004.

16. Below we consider alternative windows for the follow up as well as a new diagnosis.
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In this context, a productivity measure that reflects patient outcomes is the cost per high-quality case,
in which the patient survived and did not experience a diabetes-related complication through the end of
the follow-up window."” Figure 1 shows that the cost of a high-quality case declined from $26,200 in
2004 to $23,100 in 2012, an 11.9% reduction. The overall pattern is similar for the cost of a case (without
regard to quality) due to the modest change in quality of life compared to the change in treatment costs.

These changes in the cost of cases may have reflected trends in the severity of new cases. Figure 3
shows that the age of a newly diagnosed beneficiary averaged 75.8 years in 2004, and that diagnosis age
tended to decline over the analysis period, reaching an average of 74.5 in 2012. The middle panel of
Figure 3 further shows that the average number of existing comorbidities at diagnosis tended to rise, from
3.64 among new cases in 2004 to 4.03 in 2012. Appendix Table 2 compares the 2012 and 2004 averages
for all sample variables, including our severity measures based on demographics, comorbidities,
neighborhood characteristics and month of diagnosis. Using all of our severity measures and the results
of our baseline regression, we can construct a patient severity index." Figure 3 shows that severity rose
from its baseline of 100 in 2004, was flat through 2006 before declining to 96.2 in 2007, then alternately
rose and declined through 2012, reaching a value of 104.1 then. One interpretation of this pattern is that
treatment productivity would have had to grow by 4.1% in order to provide patients diagnosed in 2012
with the same outcomes at the same cost experienced by patients diagnosed in 2004, due to the greater
severity of the former than the latter.

Turning to our regression analyses, the trajectory of estimated treatment productivity is shown in
Figure 4. Compared to the initial year of diagnosed cases (2004), productivity decreased by 5.5% in 2005,
then rose through 2007, reaching a level 12.9% above baseline. Productivity decreased again in 2008,
then rose at an accelerating rate through 2012.

For cases diagnosed in that final year, treatment productivity was 19.1% higher than in 2004. An
initial decline followed by ultimately positive growth emerged in prior studies of hospital treatment of
cardiac conditions as well as episodes of care for heart attack (Romley, Goldman et al. 2015, Romley,
Dunn et al. 2019)." Figure 5 shows how the 19.1% in productivity growth as of 2012 was allocated to
better quality, lower costs, and greater severity. 10.9% of the 19.1% in productivity improvement
manifested itself in the form of lower treatment costs. That is, lower costs accounted for three fifths of the
productivity improvement (59.9% = 10.9% / 19.1%). Greater severity consumed the next largest share of
the productivity growth, slightly more than one fifth (22.7% = 4.1% / 18.2%). Quality improvement
accounted for the smallest share of improvement, slightly less than one fifth of the total (17.4% = 3.2% /
18.2%).

The 19.1% improvement in productivity from 2004 through 2012 corresponds to an annualized
growth rate of 2.2%. This rate is substantial, and considerably exceeds the forecast rate for the U.S.
economy as a whole from the Medicare Trustees. (OASDI Board of Trustees 2012) This rate also exceeds
estimated productivity growth in health care for acute conditions. If the current analysis had ignored
improvement in the quality of patient outcomes, estimated growth would have been 1.9% per year instead

17. That is, a high-quality case corresponds to the quality of life experienced by a diabetes patient living without complications from
the disease.

18. The construction of the index is described in the note to Figure 3.

19. Prior research on hospital care for pneumonia did not show a downturn in the mid-2010s.
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of 2.2%, as shown in Figure 6. If case severity had been ignored, estimated growth would have been
slower still, at 1.6% per year.

For the elasticity of quantity of cases with respect to quality, the baseline value is -1.4, based on the
evidence discussed in the preceding section. Recall that this elasticity implies that for providers to
increase quality by 10% (relative) with a fixed level of inputs and patient severity, it would require a 14%
reduction in the number of cases treated.*” We also consider an elasticity value of -1.0, consistent with
prior studies. (Romley, Goldman et al. 2015, Gu, Sood et al. 2019, Romley, Dunn et al. 2019, Romley,
Trish et al. 2019) With this alternative elasticity, a 10% (relative) improvement in case quality would
require a 10% reduction in the number of cases treated. In the context of quality improvement, as seen in
Figure 2, quality is less costly to deliver, and so the productivity growth needed to sustain an
improvement, all else equal, is lesser, resulting in a slower rate of measured growth. With the elasticity
assumed to be -1.0, Figure 7 shows that estimated growth is indeed slower, albeit modestly, at 1.9% year.

As noted previously, some studies of incident diabetes have used a look back window of twelve
months, and our two-year follow up limits the generalizability of our baseline findings for this chronic
long-term disease. Figure 8 compares a twelve-month look back and a three-year follow up to the
baseline approach, over the period 2004-2011 for consistency across specifications. In the base analysis,
annualized growth was 1.81% over this period. With a twelve-month look back, estimated growth was
slightly higher, at 2.03% per year. With a three-year follow up, annualized growth was indistinguishable,
at 1.82% instead of 1.81%. Our findings are also insensitive to the inclusion of cases from 2002-2003,
including potentially prevalent cases (see Appendix Figure 2).

Figure 9 considers alternative specifications of treatment costs. The top panel limits costs to claims
with a diagnosis of diabetes, because many of these individuals have significant co-morbidity burdens. In
this specification, productivity growth over 2004-2012 is considerably faster, at 4.1% per year. The
middle panel addresses prescription drug costs, because the Part D benefit was introduced in 2006. Over
the period 2006-2012, annualized productivity growth under the baseline approach was 2.2% per year.
The population of beneficiaries who were continuously enrolled in Part D plans during follow up was
systematically different, and productivity growth for these beneficiaries, still excluding drug costs, was
larger, at 2.6% per year. When the cost of diabetes drugs for these beneficiaries is included, measured
growth was still higher, at 2.9% per year.

As noted previously, cost data is unavailable for some facility claims (20.4% of cases had at least 1
such claim). We assess the sensitivity of estimated productivity growth to the inclusion of cases with
some (but relatively limited) missingness, with their measured total costs inflated according to payments
on claims with missing costs in comparison total payments for such cases in each year (see notes to Figure
9 for additional detail). The bottom panel of the figure shows that the effect on estimated productivity
growth is negligible (2.1% versus 2.2% per year), something also seen in prior analysis of acute episodes of
care. (Romley, Dunn et al. 2019)

Figure 10 shows the result of additional sensitivity analyses. In the top panel, we include fixed effects
for hospital referral regions. Estimated productivity growth is not sensitive to this alternative (2.3%
versus 2.2% per year). Finally, we define areas by subunits of hospital referral regions, namely, hospital
service areas. Under this alternative, measured productivity growth was meaningfully faster, at 2.7%
versus 2.2% per year.

. al dlnN, . . .
20. In this case, 28 r— —1, compared to 28 — 1.4 in the baseline analysis.
01n Qe 01n Q¢
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4. Conclusion

In this study, we assessed the productivity of health care providers in treating elderly fee-for-service
Medicare beneficiaries newly diagnosed with type 2 diabetes between 2004 and 2012. In the base
analysis, the rate of productivity growth was substantial, at 2.2% per year. The growth rate remained
substantial under a variety of alternative specifications.

Notably, measured growth in diabetes treatment exceeds recent (and relatively favorable) estimates of
productivity growth in acute care. For example, (Romley, Dunn et al. 2019) analyzed eight episodes for
conditions or procedures that began with a hospitalization, and found growth rates slightly in excess of 1%
for two episodes (stroke and chronic obstructive pulmonary disease). In general, this evidence calls into
question the notion that health care suffers from a “cost disease,” and casts some doubt on forecasts that
health care productivity growth will lag that of the broader economy as a whole. (Baumol and Bowen
1965, Newhouse 1992, Baumol, de Ferranti et al. 2012)

To our knowledge, this is the first study that assesses productivity growth among health care
providers in treating a major chronic condition. Nevertheless, it is important to recognize that compelling
evidence exists with respect to the social value of evolving treatments for chronic diseases, and to place
the current findings in that broader context. (Cutler and McClellan 2001, Eggleston, Shah et al. 2009,
Eggleston, Shah et al. 2011, Grabowski, Lakdawalla et al. 2012) The two most closely related studies to
this one are (Eggleston, Shah et al. 2009) and (Eggleston, Shah et al. 2011). Both of these studies
analyzed people in a particular health plan offered by a particular employer.* A strength of these studies
is the availability of medical records together with the use of a high-quality disease model to quantify the
benefits of improved care. The studies considered the periods 1997-2005 and 1999-2009, and in both
cases found in the aggregate that the economic value of better care dominated the sizable increases in the
cost of treatment. Notably, both studies determined that the benefits of improved care were concentrated
among individuals with a longer history of diabetes.

The productivity improvement found in this study manifested itself partly in the form of better health
outcomes, but mainly as a substantial decline in treatment costs. Specifically, costs decreased in the base
analysis by 11.5% over 2004-2012, for an annualized rate of 1.3%. By contrast, recent studies of the
delivery of acute care have found flat-to-increasing costs, with productivity improvement manifested in
the form of improved outcomes for patients.

The validity of the current findings is an important issue but one that is not straightforward to
resolve. Another recent study based on the Medical Expenditure Panel Survey has found decreases (albeit
modest) in the cost of diabetes treatment. (Highfill and Bernstein 2019) In addition to (Eggleston, Shah
et al. 2009) and (Eggleston, Shah et al. 2011), others have found increasing costs. (Dunn, Whitmire et al.
2018, Squires, Duber et al. 2018, Wamble, Ciarametaro et al. 2019) In general, the estimates are not
directly comparable, due to differences in populations, timeframes, and disease stages.

(Squires, Duber et al. 2018) provides some insight into this issue by disaggregating costs, by driver
(e.g., prevalence), type of care (e.g., drugs), and patient age. Overall, health care spending on diabetes in
the U.S. increased by $64.7 billion from 1996 to 2013, measured in 2015 dollars. Of this total, $24.0
billion resulted from changes in care (service utilization plus spending per encounter). Pharmaceutical

21. (Eggleston, Chen et al. 2019) recently extended their social value analysis to large populations with diabetes in Asia and
Europe. In related studies, (Huang, Zhang et al. 2007) and (Bealieu, Cutler et al. 2006) assess the cost effectiveness of care
improvement in federal clinics and a health plan, respectively.
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spending accounted for $24.3 billion of this increase; spending on other types of care actually declined
slightly. Considering age, spending on the elderly accounted for $24.9 billion of the total increase of
$64.7 billion. For the elderly, the spending increase attributable to changes in care was $6.9 billion.

Another reason that our cost trend is not directly comparable is that we sought to measure the
producers’ cost of treatment, while other studies have focused on health care spending, including on
populations with commercial insurance. Outside of Medicare and Medicaid, trends in the prices paid to
providers potentially have a weaker relationship with trends in costs. As just one example, (Akosa Antwi,
Gaynor Martin et al. 2009) found that the commercial prices paid to California hospitals nearly doubled
between 1999 and 2006, but that costly new state regulations (seismic retrofitting and minimum nurse
staffing ratios) were not responsible. While this particular study did not link increased prices to growing
market concentration, there is a large body of evidence on concentration and prices in health care (Gaynor
and Town 2012b, Gaynor and Town 2012a), as well as an ongoing wave of consolidation in the U.S. health
care sector. Our focus here is on the cost of resources used in treatment, not the prices paid by purchasers
in reimbursing providers, and for this reason our cost trend can diverge from trends in diabetes spending
from other studies.

The focus in the current study on a representative sample of individuals with an important chronic
condition and coverage from a large national insurance program promises some generalizability of our
findings to other contexts. Even so, there is clearly a critical need and opportunity to deepen our
understanding of productivity in health care delivery. A worthwhile next step would be to explore how the
use of primary and other types of health care have evolved among patients with early as well as advanced
diabetes.
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TABLES AND FIGURES

Table 1: Sample Construction

Cases Hospztal' referral Description
regions
2.855.063 306 All type 2 diabetes cases in Medicare FFS, '2002-2014,
based on random 20% sample of beneficiaries
1,558,394 306 Ex@udlng‘cases ‘lacklng cont'lnuous' enr'C)]lment before
mcident diagnosis, or after diagnosis without death
1,142,747 306 Excluding potentially prevalent cases (2002-2003)
909,442 306 Excluding cases with any missing cost-to-charge ratios
901,472 306 Exc.ludlng cases with no Census sociodemographic data
available
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Table 2: Sample Statistics for Newly Diagnosed Diabetes Cases

Variable | Mean (SD)
Sample
Cases, n 901,472
Areas, n 306
Area-years, n 2,742
Year of diagnosis 2007.7 (2.6)
Outcomes within 2 years of diabetes diagnosis
Cost (000s of 2014 dollars) $21.2 ($4.5)

Survival 85.2% (3.2%)
Amputation among survivors 0.03% (0.10%)
Blindness 0.001% (0.015%)
End stage renal disease 0.6% (0.5%)

Heart attack

1.3% (0.7%)

Heart failure

2.0% (1.0%)

Hypoglycemia 0.02% (0.08%)
Ischemic heart disease 2.7% (1.5%)
Stroke 1.8% (0.9%)
Quality of life 0.597 (0.023)
Patient demographics

Age 75.3(1.1)
Female 54.3% (4.1%)
White 84.3% (11.6%)
African American 9.1% (8.3%)
Hispanic 1.8% (3.5%)
Other race 4.7% (7.4%)

Patient comorbidities prior to diabetes diagnosis

Acquired hypothyroidism

8.9% (2.4%)

Alzheimer's disease

5.6% (2.1%)

Alzheimer's related disorders or senile dementia

11.7% (3.2%)

Anemia 30.6% (10.7%)
Asthma 4.7% (1.4%)
Atrial fibrillation 10.4% (2.3%)

Benign prostatic hyperplasia

6.9% (2.4%)

Cancer, breast

2.9% (1.0%)

Cancer, colorectal

1.6% (0.7%)

Cancer, endometrial

0.2% (0.3%)

Cancer, lung

1.1% (0.6%)

Cancer, prostate

4.0% (1.2%)

Cataract

21.1% (4.0%)

Chronic kidney disease

12.9% (3.9%)

Chronic obstructive pulmonary disease

14.1% (3.3%)

Depression

10.3% (3.0%)

Glaucoma

10.6% (2.8%)

Heart attack

1.5% (0.7%)

Heart failure 20.9% (4.4%)
Hip fracture 1.1% (0.6%)
Hyperlipidemia 55.6% (8.6%)
Hypertension 72.0% (5.1%)
Ischemic heart disease 39.5% (7.6%)
Osteoporosis 6.7% (2.5%)

Rheumatoid arthritis / osteoarthritis

28.1% (5.3%)

Stroke / transient ischemic attack

5.8% (1.6%)
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Table 2, Continued: Sample Statistics for Newly Diagnosed Diabetes Cases

Variable | Mean (SD)
Patient zip code characteristics
Median household income ($000) $46.2 (310.3)
Social Security income ($000) $11.5 (30.8)

Poor 11.2% (4.2%)
Employed 94.4% (1.6%)
Less than high school education 19.0% (5.2%)
Urban 78.3% (17.3%)
Hispanic 10.2% (12.4%)
Single 42.0% (3.6%)

Elderly in an institution

5.3% (1.3%)

Non-institutionalized elderly with physical disability

28.4% (3.8%)

Mental disability

10.7% (2.3%)

Sensory disability among elderly

14.0% (1.9%)

Self-care disability

9.5% (1.9%)

Difficulty going-outside-the-home disability

20.3% (2.8%)

Month of diagnosis

January 8.5% (1.6%)
February 8.1% (1.6%)
March 9.1% (1.7%)
April 8.7% (1.6%)
May 8.6% (1.6%)
June 8.5% (1.6%)
July 8.1% (1.6%)
August 8.3% (1.6%)
September 8.1% (1.6%)
October 8.5% (1.6%)
November 7.9% (1.6%)
December 7.6% (1.5%)
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Figure 1: Cost of Diabetes Cases (000s of 2014 dollars), by Year of Diagnosis
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Notes: In this figure, a “high-quality” case means that the patient lived and avoided any complication from diabetes

during the twenty-four months after diagnosis. That is, a diagnosed patient maintains a quality of life equivalent to

that of diabetes without complications. See Figure 3 for more information.
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Figure 2: Case Quality, by Year of Diagnosis
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Figure 3: Select Patient Severity Measures, by Year of Diagnosis
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Note: I construct the patient severity index by exponentiating —Sp,Bs, obtaining B from the regression results
corresponding to Figure 4 and normalizing the index to a value of 100 in 2004.
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Figure 4: Cumulative Change in Productivity Since 2004
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Figure 5: Allocation of Productivity Growth
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Figure 6: Impacts of Adjustment for Outcome Quality and Patient Severity on Annualized
Productivity Growth Estimates
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Figure 7: Sensitivity of Annualized Productivity Growth Estimates to Elasticity of Case
Quality with Respect to Quantity
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Figure 8: Alternative Case Windows, 2004-2011
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Figure 9: Annualized Productivity Growth under Alternative Specifications of Costs
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Notes: *, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively. The middle panel is
limited to the period 2006-2012. “Limited” missingness refers to cases with a) 1 or more institutional claims that
could not be matched to cost data, and b) whose payments for claims with missing cost data as a share of total
payments for the case was at or below the median. Total measured costs for these cases were inflated according to
payments for claims with missing costs as a share of total payments for all cases diagnosed in the same calendar year.
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Figure 10: Annualized Productivity Growth under Additional Sensitivity Analyses

M

5.0%

4.0%

3.0%

2.0%

1.0%

0.0%

2.3%***
2.2%***

B Base analysis ™ Area fixed effects

Inclusion of Area Fixed Effects

Productivity Growth in Treating a Major Chronic Health Conditiony

HUTCHINS CENTER ON FISCAL & MONETARY POLICY AT BROOKINGS
USC-BROOKINGS SCHAEFFER INITIATIVE FOR HEALTHY POLICY




2

5.0%

4.0%

3.0%

2.0%

1.0%

0.0%

2.7%***

2.20%%**

¥ Base analysis ™ Area is Hospital Service Area

Alternative Specification of Geographic Area

Note: *, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively.

Productivity Growth in Treating a Major Chronic Health Conditiony

HUTCHINS CENTER ON FISCAL & MONETARY POLICY AT BROOKINGS
USC-BROOKINGS SCHAEFFER INITIATIVE FOR HEALTHY POLICY

33




APPENDIX ON COST-OF-LIVING APPROACH

The cost-of-living approach focuses on consumer well-being, and measures the change in costs (that is,
consumer prices) that would have left consumers equally well off after some other change, typically in the
health care context an improvement in a treatment outcome.

Following (Cutler, McClellan et al. 1998), the measure of the compensating variation from changing
treatment is:

oU/0H
oU/oX

(Ht - Ht—l ) - (Ct - Ct—l ):

where t indexes time, Z—Z is the marginal utility of health H, Z—Z is the marginal utility of the numeraire X,

and C is the cost of the treatment to the consumer.

The ratio of the marginal utilities values health improvements in dollar terms, and so the first term is
the value of a better health outcome. Where this benefit exceeds its cost (the second term), consumer
welfare has increased.

Turning to our production framework, suppose that health is determined according to the production
function H(K, L, A), where K is capital, L is labor, and A is multifactor productivity (MFP). Then the above
equation becomes:

oU/0H

m (H(KtrLtrAt) - H(Kt—lrLt—llAt—l)) —(Ce = Cey)
Clearly, an increase in MFP will, all else equal, improve consumer welfare. Nevertheless, the relationship
between consumer welfare and the productivity of the health care system is complex. For example, an
improvement in productivity could be consistent with a decline in welfare if health outcomes decline, but
the capital and labor resources needed to produce those health outcomes fall by a much greater amount.
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Appendix Figure 1: Number of Diabetes Diagnoses by Month
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Notes: These counts correspond to the second row of Table 1 (n=1,558,394).

Productivity Growth in Treating a Major Chronic Health Conditiony
HUTCHINS CENTER ON FISCAL & MONETARY POLICY AT BROOKINGS
USC-BROOKINGS SCHAEFFER INITIATIVE FOR HEALTHY POLICY

35



Appendix Figure 2: Including Potentially Prevalent Cases
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Appendix Table 1: Diabetes Complications

QALY
Complication decrement Source(s) ICD-9 code(s)
(McEwan, Evans et al. 2010,
Agency for Healthcare Quality | 250xx and (841xx** but
Amputation -0.280 and Research 2013) not 841.1%%)
(McEwan, Evans et al. 2010,
Blindness -0.074 Leal, Hayes et al. 2013) 369xx
Inpatient or Home
Health service provided
End-stage renal disease -0.263 (McEwan, Evans et al. 2010) by clinic or ho,s pltél_
based renal dialysis
facility in Outpatient
File
(McEwan, Evans et al. 2010,
Heart attack* -0.055 Leal, Hayes et al. 2013) 410XX
(McEwan, Evans et al. 2010,
Heart failure -0.108 Leal, Hayes et al. 2013) 428xx
(McEwan, Evans et al. 2010,
Ischemic heart disease -0.090 Leal, Hayes et al. 2013) 411-414
(Currie, Morgan et al. 2006,
Whitmer, Karter et al. 20009,
Hypoglycemia -0.244 Romley, Gong et al. 2015) 251.0X-251.2X
(McEwan, Evans et al. 2010,
Stroke -0.164 Leal, Hayes et al. 2013) 430-434 or 436xx
*Acute myocardial infarction. **Procedure (rather than diagnosis) codes.
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Appendix Table 2: Trends in Covariates

Variable 2004mean |  2012mean | 2012 /2004 ratio
Qutcomes within 2 years of diabetes diagnosis
Cost (000s of 2014 dollars) $21.6 $19.5 0.901
Mortality 16.0% 14.7% 0.916
Amputation among survivors 0.04% 0.03% 0.640
Blindness 0.001% 0.000% 0.000
End stage renal disease 0.64% 0.58% 0.897
Heart attack 1.5% 1.2% 0.758
Heart failure 2.5% 1.7% 0.654
Hypoglycemia 0.02% 0.01% 0.599
Ischemic heart disease 4.0% 1.3% 0.339
Stroke 2.1% 1.6% 0.754
Quality of life 0.587 0.600 1.023
Patient demographics
Age 75.8 74.5 0.982
Female 55.4% 53.2% 0.960
White 84.6% 82.8% 0.978
African American 9.7% 9.4% 0.972
Hispanic 1.9% 1.8% 0.962
Other race 3.8% 6.0% 1.573
Patient comorbidities prior to diabetes diagnosis
Acquired hypothyroidism 7.7% 10.6% 1.376
Alzheimer's disease 5.3% 5.5% 1.046
Alzheimer's related disorders or senile dementia 11.2% 11.8% 1.058
Anemia 28.4% 33.3% 1.176
Asthma 4.2% 5.2% 1.233
Atrial fibrillation 9.7% 10.8% 1.104
Benign prostatic hyperplasia 0.0% 5.2% n/a
Cancer, breast 2.8% 3.3% 1.199
Cancer, colorectal 1.7% 1.6% 0.945
Cancer, endometrial 0.2% 0.3% 1.311
Cancer, lung 1.0% 1.3% 1.243
Cancer, prostate 3.8% 4.1% 1.058
Cataract 22.6% 18.0% 0.798
Chronic kidney disease 9.0% 17.5% 1.941
Chronic obstructive pulmonary disease 14.0% 13.9% 0.991
Depression 8.8% 12.8% 1.461
Glaucoma 10.5% 10.1% 0.964
Heart attack 1.6% 1.6% 0.966
Heart failure 22.6% 19.1% 0.847
Hip fracture 1.0% 1.1% 1.037
Hyperlipidemia 46.8% 60.3% 1.290
Hypertension 68.5% 73.0% 1.066
Ischemic heart disease 40.3% 36.9% 0.914
Osteoporosis 5.6% 7.3% 1.316
Rheumatoid arthritis / osteoarthritis 25.9% 30.1% 1.162
Stroke / transient ischemic attack 6.1% 5.6% 0.914
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Appendix Table 2, Continued: Trends in Covariates

Variable | 2004 mean 2012 mean 2012 /2004 ratio

Patient zip code characteristics
Median household income ($000) $44.9 $47.4 1.055
Social Security income ($000) $11.4 $11.5 1.007
Poor 11.7% 10.9% 0.937
Employed 94.2% 94.5% 1.003
Less than high school education 19.6% 18.6% 0.950
Urban 78.3% 78.6% 1.004
Hispanic 10.3% 10.3% 1.005
Single 42.6% 41.7% 0.979
Elderly in an institution 5.3% 5.2% 0.971
Non-institutionalized elderly with physical disability 28.7% 28.3% 0.986
Mental disability 10.8% 10.7% 0.989
Sensory disability among elderly 14.1% 13.9% 0.986
Self-care disability 9.6% 9.5% 0.985
Difficulty going-outside-the-home disability 20.5% 20.2% 0.986

Month of diagnosis
January 8.7% 8.4% 0.968
February 8.4% 8.3% 0.986
March 9.5% 8.9% 0.935
April 8.9% 8.4% 0.946
May 8.3% 8.8% 1.052
June 8.4% 8.2% 0.977
July 7.9% 8.2% 1.044
August 8.0% 8.6% 1.066
September 8.0% 7.8% 0.974
October 8.2% 9.0% 1.096
November 7.9% 8.1% 1.026
December 7.8% 7.3% 0.946
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Appendix Table 3: Complete Results from Baseline Regression

Coefficient (Standard Error)

Constant | -0.163(2.473)
Diagnosis year
2005 -0.057*%* (0.008)
2006 0.044*** (0.012)
2007 0.121*** (0.016)
2008 0.053*** (0.017)
2009 0.055*** (0.019)
2010 0.075*** (0.020)
2011 0.125%** (0.026)
2012 0.175*** (0.028)
Patient demographics
Age, logged -0.727 (0.553)
Female 0.005 (0.105)
White 0.038 (0.111)
African American -0.119 (0.129)
Hispanic 0.269 (0.303)
Patient comorbidities prior to diabetes diagnosis
Acquired hypothyroidism -0.014 (0.173)
Alzheimer's disease -0.350 (0.281)
Alzheimer's related disorders or senile dementia -0.366* (0.215)
Anemia 0.047 (0.093)
Asthma -0.267 (0.250)
Atrial fibrillation -1.045%%* (0.168)
Benign prostatic hyperplasia -0.559** (0.233)
Cancer, breast -0.263 (0.305)
Cancer, colorectal -0.787** (0.397)
Cancer, endometrial -0.484 (0.851)

Cancer, lung

-0.795* (0.465)

Cancer, prostate

-0.147 (0.251)

Cataract

0.164 (0.116)

Chronic kidney disease

-0.907*** (0.150)

Chronic obstructive pulmonary disease

-0.868*** (0.153)

Depression -0.392** (0.159)
Glaucoma 0.106 (0.151)
Heart attack -0.422 (0.392)
Heart failure -0.412%%* (0.146)
Hip fracture -1.666%** (0.455)
Hyperlipidemia 0.503*** (0.080)
Hypertension -0.036 (0.107)
Ischemic heart disease -0.491*** (0.099)
Osteoporosis -0.200 (0.211)

Rheumatoid arthritis / osteoarthritis

-0.308*#* (0.108)

Stroke / transient ischemic attack

-1.321%%* (0.230)
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Appendix Table 3, Continued: Complete Results from Baseline Regression

Coefficient (Standard Error)

Patient zip code characteristics

Median household income ($000) -0.006*** (0.001)
Social Security income ($000) -0.020 (0.014)
Poor 0.503 (0.384)
Employed 0.878 (0.567)
Less than high school education -0.599*** (0.215)
Urban -0.171%%* (0.056)
Hispanic -0.276*** (0.097)
Single -0.616%** (0.228)
Elderly in an institution 1.162** (0.505)
Non-institutionalized elderly with physical disability -0.998** (0.489)

Mental disability

_1.518* (0.773)

Sensory disability among elderly

1.637** (0.732)

Self-care disability

-0.276 (1.088)

Difficulty going-outside-the-home disability

1.937%** (0.661)

Month of diagnosis

February -0.114 (0.209)
March -0.195 (0.215)
April -0.011 (0.210)
May 0.305 (0.226)
June -0.101 (0.216)
July 0.239 (0.222)
August 0.079 (0.210)
September 0.398* (0.225)
October 0.202 (0.220)
November 0.245 (0.244)
December 0.295 (0.214)
Other Statistics
Area-years, n 2,742
R squared 0.677

Note: *, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively.
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