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BACKGROUND: To combat the high cost and increasing burden 
of quality reporting, the Medicare Payment Advisory (MedPAC) has 
recommended using claims data wherever possible to measure clinical 
quality. In this article, we use a cohort of Medicare beneficiaries with 
heart failure with reduced ejection fraction and existing quality metrics 
to explore the impact of changes in quality metric methodology on 
measured quality performance, the association with patient outcomes, 
and hospital rankings.

METHODS AND RESULTS: We used 100% Medicare Parts A and B 
and a random 40% sample of Part D from 2008 to 2015 to create (1) 
a cohort of 295 494 fee-for-service beneficiaries with ≥1 hospitalization 
for heart failure with reduced ejection fraction and (2) a cohort of 1079 
hospitals with ≥11 heart failure with reduced ejection fraction admissions 
in 2014 and 2015. We used Part D data to calculate β-blocker use after 
discharge and β-blocker use over time. We then varied the quality metric 
methodologies to explore the impact on measured performance. We 
then used multivariable time-to-event analyses to explore the impact of 
metric methodology on the association between quality performance 
and patient outcomes and Kendall’s Tau to describe impact of quality 
metric methodology on hospital rankings. We found that quality metric 
methodology had a significant impact on measured quality performance. 
The association between quality performance and readmissions was 
sensitive to changes in methodology but the association with 1-year 
mortality was not. Changes in quality metric methodology also had a 
substantial impact on hospital quality rankings.

CONCLUSIONS: This article highlights how small changes in quality 
metric methodology can have a significant impact on measured 
quality performance, the association between quality performance 
and utilization-based outcomes, and hospital rankings. These findings 
highlight the need for standardized quality metric methodologies, better 
case-mix adjustment and cast further doubt on the use of utilization-
based outcomes as quality metrics in chronic diseases.
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With the aim of improving the quality of medi-
cal care, payers are increasingly relying on 
measured quality performance to determine 

provider and hospital reimbursement. Unfortunately, 
the burden of measuring and reporting quality perfor-
mance to various payers and regulators has become a 
multibillion dollar challenge.1 In the hopes of minimiz-
ing the reporting burden, while simultaneously preserv-
ing the benefits of quality-based incentives, the Medi-
care Payment Advisory has advocated for claims-based 
quality assessment whenever possible.2

Claims-based quality assessment, which is the use of 
billing or claims data to calculate performance on prede-
termined metrics of quality, has many advantages. It is 
fast; it allows the assessment of quality performance for 
millions of providers, using data from millions of patients 
relatively quickly. It may also be less burdensome on pro-
viders and hospitals, less prone to error, and cheaper to 
calculate than methods that rely on data from nonstan-
dardized electronic medical records or physician reports.

There are, of course, drawbacks. Granular, clinical, 
and patient-specific data are not available, and this may 
limit adjustment for disease severity or social determi-
nants of health. While this may be less important across 
large populations,3 a limited ability to adjust for case-
mix may disproportionately affect critical-access provid-
ers and hospitals that care for socioeconomically and 
medically disadvantaged patients such as tertiary refer-
ral centers. Additionally, claims-based quality assess-
ment is limited to data about things that are billed. This 
means that certain things, such as a providers’ trust-
worthiness or interpersonal skills, cannot be assessed.4 
Finally, it is important to recognize that claims-based 

quality assessment is, fundamentally, the use of billing 
data for something that it was not designed for. While 
claims-based quality assessment may be advantageous 
from a cost and efficiency standpoint, it does present 
limitations and challenges that merit careful consider-
ation to avoid potential unintended consequences.5,6

This article explores how differences in quality met-
ric methodology, which is the set of specifications used 
to calculate quality metric performance in claims data 
(eg, numerator and denominator definitions and exclu-
sions), can affect measured quality performance in the 
sample of patients with heart failure with reduced ejec-
tion fraction (HFrEF), one of the most common and 
costly chronic diseases among Medicare beneficiaries.7 
Specifically, we explore the impact of the postdischarge 
exposure window on short-term β-blocker use after 
discharge rates and the impact of different adherence 
methodologies on longer-term β-blocker use over time 
metrics.8–10 We then examine how changes in quality 
metric methodology affect the association between 
quality performance and patient outcomes. Finally, we 
also describe how changes in quality metric methodol-
ogy influence hospital rankings and the interpretation 
of changes in hospital quality over time. A better under-
standing of these challenges should inform the inter-
pretation of claims-based quality assessment and help 
mitigate potential unintended consequences.

METHODS
Study Population
We used a 100% national sample of patients enrolled in both 
Medicare Parts A and B and a random 40% sample of Part 
D enrollment to create a cohort of fee-for-service beneficiaries 
with at least one hospitalization (index admission) for HFrEF 
between 2008 and 2015. Only the patient’s first hospitaliza-
tion for HFrEF during the study period was included. HFrEF was 
defined using International Classification of Diseases (ICD) 9 
and 10 codes and methodology from previously validated stud-
ies (Data Supplement).11,12 We required 1 year of fee-for-service 
coverage before the index HFrEF admission to determine heart 
failure type, preexisting comorbidities, and exclusions. We also 
required 1 year of fee-for-service coverage after discharge from 
the index admission to determine outcomes and 3 months of 
Part D drug coverage before the index admission and 1 year of 
Part D drug coverage after discharge. We limited the sample to 
patients discharged alive and excluded those who underwent 
cardiac transplant, placement of a durable mechanical circu-
latory support device during admission, and those admitted 
from or discharged to hospice or with home inotropes were 
excluded. Patients with a previously placed, durable mechanical 
circulatory support device or a prior cardiac transplant or who 
spent >100 days in hospital or rehab in the year after index 
hospitalization were also excluded.

To explore the impact of different quality metric methodol-
ogies on hospital rankings and the change in annual hospital 
quality ratings, we also constructed a cohort of 1079 hospi-
tals with ≥11 HFrEF admissions (with all patients meeting the 

WHAT IS KNOWN
•	 Payers are increasingly relying on quality-based 

reimbursement to determine payment for hospi-
tals and providers.

•	 Claims-based quality measurement has many 
advantages but may be sensitive to minor changes 
in quality metric methodology (ie, small changes 
in the specifications used to calculate the metric 
in claims data).

WHAT THE STUDY ADDS
•	 Quality metric methodology has a significant 

impact on measured quality performance.
•	 The association between quality performance 

and readmissions is sensitive to changes in quality 
metric methodology, but the association between 
quality performance and 1-year mortality is not.

•	 Changes in quality metric methodology have a 
substantial impact on hospital quality rankings 
and the interpretation of annual changes in hos-
pital quality.
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criteria above) in both 2014 and 2015. We then created a 
subgroup of hospitals in the top decile of subsequent inpa-
tient/postacute care days (ie, patients who received care at 
these hospitals had more inpatient and postacute care days 
over the following year than the other 90% of hospitals) to 
assess whether they were more or less susceptible to changes 
in quality metric methodology.

Quality Metric Methodologies
Using existing, claims-based quality metric methodologies 
from the Center for Medicare and Medicaid Services and the 
National Quality Forum, we examined the rates of β-blocker 
use immediately after hospitalization (β-blocker use after dis-
charge) for acutely decompensated heart failure and then lon-
gitudinally over the following year (β-blocker use over time).13

β-Blocker Use After Discharge and 
Varying Exposure Windows
We considered 3 different exposure windows to determine 
β-blocker use rates after discharge. The most commonly used 
postdischarge exposure window is a 30-day exposure window.14 
Therefore, we explored a 50% shorter (15 day) and a 50% lon-
ger (45 day) exposure window. During each exposure window, 
an individual was considered to have received the drug if there 
was a fill in the Part D. Since discharge to a postacute setting 
may delay drug fills, we stratified results based on whether 
patients were discharged home or to a postacute setting.

β-Blocker Use Over Time and Varying 
Adherence Methodologies
We also considered 2 different methodologies to calculate 
medication adherence over time. Proportion of days covered 
(PDC) is one of the most commonly used methodologies.15 
Mathematically, PDC is the number of days in the period 
covered by medication divided by the number of days in 
the period. Because this methodology does not necessarily 
account for days in hospital/post-acute care (during which 
drug exposure is unknown), we also considered an adjusted 
PDC, subtracting the days in hospital/postacute care from 
the denominator of the calculation. Based on prior work, we 
considered adherent to be ≥80 PDC16,17 and stratified results 
based on number of days in hospital/post-acute care: <30%, 
30% to 60%, and >60% of days.

Patient Outcomes
For the short-term, β-blocker use after discharge analysis, we 
examined the impact of exposure window duration on the 
association between quality performance and 90-day read-
mission or death. For the longer-term, β-blocker use over time 
analysis, we examined the impact of the adherence method-
ology on the association between quality performance and 
1-year readmission or death.

Hospital Rankings and Annual Quality 
Change
To examine the association between changes in quality met-
ric methodology and the quality rankings of hospitals, we 

calculated β-blocker use after discharge for all patients dis-
charged from hospitals in 2014 and 2015 using both the 
15-day and 30-day exposure window methodologies. We 
then calculated Kendall Tau correlation coefficient to summa-
rize the relationship between the relative rankings of hospitals 
using each of the 2 quality metric methodologies. The Kendall 
Tau gives us the ordinal association between the 2 metrics at 
the hospital level. That is, whether the relative rankings of 
hospitals change between the 2 metrics. Next, we quantified 
the change in quality from 2014 to 2015, using both quality 
metric methodologies. Then, we determined if there was a 
change in the directionality of the quality change between 
the 2 approaches (ie, from 2014 to 2015 do both method-
ologies suggest an increase or decrease in quality or is the 
conclusion discordant different between the 2 methodolo-
gies). We did the same for the β-blocker use over time metric 
using both the standard PDC method and the adjusted PDC 
method. Finally, we separated out the hospitals with most 
subsequent inpatient and/or postacute care patient days (top 
10%) to determine if their quality rankings were more or less 
susceptible to changes in quality metric methodology.

Statistical Methods
To begin, we determined the baseline rate of demographic, 
socioeconomic, and clinical variables using varying exposure 
windows and adherence definitions. To control for selec-
tion bias and confounding in the association between qual-
ity performance and readmissions/death, we adjusted for 
covariates reflecting: demographic characteristics, socioeco-
nomic status, geography, medical comorbidities, presence 
of a previously placed implantable cardiac defibrillator, prior 
β-blocker exposure, number of hospitalizations in the year 
prior and number of days in hospital/post-acute care in year 
prior, for all models (full details in the Data Supplement). For 
the β-blocker use after discharge analysis, the exposure of 
interest was the receipt of a β-blocker prescription in the 15, 
30, or 45-day window after discharge. Multivariable logis-
tic regression was used to examine the impact of different 
exposure windows on measured drug use post-discharge (ie, 
quality performance) and patient outcomes. Similarly, for the 
β-blocker use over time analysis, we considered an exposure 
of ≥80 PDC versus <80 PDC, calculated using 2 different PDC 
methodologies as the exposure of interest. Cox proportional 
hazard models were used to compare the impact of different 
definitions of adherence on adherence rates (ie, quality per-
formance) and patient outcomes. In the hospital-level analy-
sis, we first calculated the Kendall Tau correlation coefficient 
to summarize the relationship between the relative rankings 
of hospitals using each quality metric methodology. We also 
determined if there was a change in the directionality of the 
quality change from 2014 to 2015 between the 2 method-
ologies. P values of <0.05 were considered significant. All 
analyses were performed using SAS version 9.4 (Cary, North 
Carolina). This study was approved by the Institutional Review 
Board at Dartmouth College. This article is compliant with 
the STROBE (Strengthening the Reporting of Observational 
Studies in Epidemiology) reporting guideline for observational 
studies. Because of the sensitive nature of the data collected 
for this study, requests to access the dataset from qualified 
researchers trained in human subject confidentiality protocols 
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may be sent to the Research Data Assistance Center (ResDAC) 
available online at https://www.resdac.org.

RESULTS
The baseline characteristics of patients who filled 
β-blockers within 30 days of hospital discharge (most 
common exposure window) and those who did not 
are displayed Table 1. Overall, 49% percent of patients 
filled a β-blocker within 30 days of discharge. The mean 

age across both groups was 80 years. Older adults (age 
85+) were less likely to have a β-blocker fill within 30 
days after discharge. Just over 30% of those in both 
groups were dually eligible for Medicaid benefits. Sixty 
two percent of those with a β-blocker fill within 30 days 
had a β-blocker fill before admission, compared with 
43% of those without a postdischarge β-blocker fill. 
Higher comorbidity counts were noted among those 
who filled a β-blocker within 30 days of discharge. In 
addition, the baseline characteristics of patients with 

Table 1.  Baseline Characteristics of Patients Admitted With HFrEF Between 2008 and 2015

β-Blocker Use After Discharge Quality Metric β-Blocker Use Over Time Quality Metric

Filled β-Blocker Within 
30 d of Discharge

No Fill of β-Blocker 
Within 30 d of Discharge

≥80% of Days Covered* 
by β-Blocker

<80% of Days Covered* 
by β-Blocker

N (%) 144 133 (48.8) 151 361 (51.2) 107 011 (36.2) 188 483 (63.8)

Demographic characteristics

  Mean age 79.3 81.1 79.4 80.7

  Age category, n (%)

  ���  66–74 45 819 (31.8) 37 568 (24.8) 33 339 (31.2) 50 048 (26.6)

  ���  75–84 57 014 (39.6) 57 539 (38.0) 42 492 (39.7) 72 061 (38.2)

  ���  85+ 41 300 (28.7) 56 254 (37.2) 31 180 (29.1) 66 374 (35.2)

  Sex

  ���  Male 68 035 (47.2) 69 046 (45.6) 149 886 (46.6) 87 195 (46.3)

  ���  Female 76 098 (54.4) 82 315 (54.4) 57 125 (46.3) 101 288 (53.7)

  Race/ethnicity, n (%)

  ���  Other 4258 (3.0) 3781 (2.5) 3081 (2.9) 4958 (2.6)

  ���  White 117 370 (81.4) 128 073 (84.6) 89 351 (83.5) 156 092 (82.8)

  ���  Black 14 371 (10.0) 12 626 (8.3) 9105 (8.5) 17 892 (9.5)

  ���  Hispanic 8134 (5.6) 6881 (4.5) 5474 (5.7) 9541 (5.1)

Socioeconomic characteristics†

 ��� Dual eligibility, n (%) 50 053 (32.7) 51 362 (33.9) 35 928 (33.6) 65 487 (34.7)

 ��� Percentage bachelor’s degree 26.7 27.2 27.2 26.8

 ��� Percentage below federal poverty line 16.0 15.5 15.5 15.9

Geography, n (%)

 ��� Midwest 38 126 (26.5) 39 325 (26.0) 29 619 (27.7) 47 832 (25.4)

 ��� Northeast 30 164 (20.9) 32 495 (21.5) 23 856 (22.3) 38 803 (20.6)

 ��� South 56 936 (39.5) 59 830 (39.5) 39 968 (37.4) 76 798 (0.8)

 ��� West 18 907 (13.1) 19 711 (13.0) 135 68 (12.7) 25 050 (13.3)

B-Blocker use prior to index admissoon

 � β-Blocker fill within 90 d of index 
admission (before), n (%)

65 060 (62.1) 89 563(43.0) 70 545 (65.9) 84 078 (44.6)

Number of hospital admissions in the year before index admission, n (%)

 ��� 0 admissions 67 842 (44.8) 73 278 (50.9) 55 788 (52.1) 85 332 (45.3)

 ��� 1–2 admissions 61 201 (40.4) 53 359 (37.0) 39 280 (36.7) 75 280 (39.9)

 ��� ≥3 admissions 22 318 (14.7) 17 496 (12.1) 11 943 (11.2) 27 871 (14.8)

Mean number of Elixhauser morbidities, n (%)

 ��� ≤3 comorbidities 66 679 (44.1) 73 727 (51.2) 55 202 (52.4) 85 204 (46.0)

 ��� ≥4 comorbidities 84 682 (56.0) 70 406 (48.9) 51 809 (45.6) 103 279 (54.0)

HFrEF indicates heart failure with reduced ejection fraction.
*Calculated using standard proportion of days covered methodology.
†Percentage with bachelor’s degree and % below federal poverty line are computed at the zip code tabulation area level.
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and without good adherence (defined as ≥80 PDC, 
using the standard proportion of days covered method-
ology) to β-blockers during the year following admis-
sion are also displayed in Table 1. Sixty-four percent of 
patients had <80 PDC. The mean age was 80 across 
both groups and again, older adults (age 85+) were less 
likely have good adherence. Again, just over 30% were 
dually eligible for Medicaid. Sixty-six percent of those 
with good adherence had a β-blocker fill before their 
index admission while only 45% of those with <80 
PDC did. Higher comorbidity counts were noted among 
those with <80 PDC.

The variation in postdischarge drug fill rates, calcu-
lated using different exposure windows, and separated 
by discharge destination (home versus post-acute care) is 
displayed in Figure 1. The rate of fills among those dis-
charged home is higher than among those discharged to 
postacute care, but the rate of increase among those dis-
charged to postacute care is faster, especially early on. By 
15 days after discharge, 45% of those discharged home 
had filled a β-blocker compared with only 17% of those 
discharged to a postacute facility. However, between 
postdischarge days 15 and 30 days, the fill rate among 
those discharged home increased by 26% (to 57%) 
while the fill rate among those discharged to postacute 
care increased by 77% (to 30%). By 90 days, 71% of 
those discharged home had filled a β-blocker compared 
with 52% of those discharged to postacute care.

The association between quality performance (on 
the β-blocker after discharge metric) and patient out-

comes (death and readmissions) and how these rela-
tionships vary depending on how β-blocker use after 
discharge is calculated is shown in Table 2. Regardless 
of exposure window duration and discharge destina-
tion, more β-blocker fills were consistently associated 
with a lower odds of death. In contrast, the association 
between postdischarge β-blocker fills and all-cause 
readmission was weaker. Filling within 15 days was 
associated with an increase in all-cause readmissions 
among those discharged home (OR, 1.029 [95% CI, 
1.008–1.051]; P<0.007) while a first, postdischarge fill 
between days 30 and 45 was associated with higher 
odds of all-cause readmission among those discharged 
to postacute care (OR, 1.088 [95% CI, 1.044–1.131]; 
P<0.001 for 30 days and OR, 1.195 [95% CI, 1.143–
1.249]; P<0.001 for 45 days). Postdischarge β-blocker 
fills within 30 and 45 days were not significantly asso-
ciated with all-cause readmission rates among those 
discharged home.

The variation in drug adherence over time, calculated 
using both the standard and alternative PDC method-
ologies, and separated by number of subsequent days 
inpatient or in postacute care, is displayed in Figure 2. 
Using the standard PDC methodology, adherence rates 
(defined as ≥80 PDC) necessarily decreased (from 39% 
to 13%) as the number of days inpatient or in post-
acute care increased. Using an adjusted PDC method-
ology, adherence rates remained stable, around 45%, 
regardless of the number of days spent inpatient or in 
postacute care.

Figure 1. Variation in quality performance rates by exposure window duration and discharge destination.
This figure shows measured performance on β-blocker use after discharge quality metrics and how this varies over time and how that varies with differ-
ent exposure window durations. While those discharged to postacute care have lower overall drug fill rates, the rate of increase over time (days out from 
discharge) is higher.
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The association between quality metric performance 
(on β-blocker use after discharge metric) and patient 
outcomes (death and readmissions) and how these 
relationships vary depending on how β-blocker use 
over time is calculated is shown in Table 3. We found a 
consistently lower risk of death among those adherent 
to β-blockers, regardless of the quality metric method-
ology used and/or number of days in hospital/postacute 
care. The association with all-cause readmissions was 
weaker, but good adherence appeared to be associat-
ed with a lower risk of readmission. Notably, however, 
among patients with >60 days in hospital/postacute 
care, this association barely achieved significance with 
the standard PDC methodology (hazard ratio, 0.955 
[95% CI, 0.912–1.000]; P=0.045) and did not reach 
significance using the adjusted PDC methodology (haz-
ard ratio, 0.9 [95% CI, 0.954–1.017]; P=0.365).

The comparison of hospital rankings using 2 dif-
ferent β-blocker use after discharge exposure win-
dows, 15- and 30-days, yielded a Kendall Tau of 0.63 
(P<0.001). Among hospitals whose patients had the 
most subsequent inpatient and postacute care days 
(top decile of hospitals), the Kendall Tau was 0.61 
(P<0.001). This suggests only a modest relationship 
between the rank order determined using the 2 dif-
ferent methodologies and a weakening of the rela-

tionship among hospitals whose patients require more 
inpatient or in postacute care days. The Kendall Tau 
comparing hospital rankings on the β-blocker use over 
time metric using the 2 PDC methodologies was 0.67 
(P<0.001) and for hospitals in the top decile for subse-
quent inpatient and postacute care days, the Kendall 
Tau was 0.66 (P<0.001) again suggesting only a mod-
est relationship and a slight weakening of the rela-
tionship among hospitals whose patients require high 
levels of subsequent inpatient or postacute care.

Between 2014 and 2015, we found that 20% of 
hospitals had discordant quality change, that is, mea-
sured quality improved using one quality metric meth-
odology but declined using the other (Table IA in the 
Data Supplement). A comparison of the within-hospital 
change in quality between 2014 and 2015 using a 15- 
and 30-day exposure window is displayed in Figure 3A. 
The discordant hospitals are evident in the upper left 
and lower right-hand quadrants. For hospitals that fall 
into these 2 quadrants, the year to year change in their 
quality metric performance changed direction between 
the 2 quality metric methodologies. For the upper left 
quadrant, these hospitals improved in quality from 2014 
to 2015 when the 30-day exposure window was used 
and declined in quality when the 15-day exposure win-
dow was used. The reverse is true for the hospitals in 
the lower right quadrant. Similarly, between 2014 and 
2015, 18% of hospitals had discordant quality changes 
on the β-blocker use over time metric when different 
PDC methodologies were used (Table IB in the Data Sup-
plement) A comparison of the change in quality between 
2014 and 2015 using the standard PDC method and the 
adjusted PDC method is displayed in Figure 3B. Hospitals 
in the upper left quadrant improved between 2014 and 
2015 when the alternative PDC method was used and 
declined in quality when the standard PDC was used. 
The reverse is again true for the lower right quadrant.

DISCUSSION
This article highlights how seemingly small changes 
in claims-based quality metric methodology can have 
a significant impact on quality performance, the asso-
ciation between quality performance and patient out-
comes, and hospital quality rankings. Specifically, we 
examine how different methodologies for calculating 
quality performance, namely different exposure win-
dow durations for β-blocker use after discharge met-
rics and adherence methodologies for β-blocker use 
over time metrics impact the interpretation of quality 
for patients with HFrEF. We found that performance on 
both quality measures was sensitive to metric method-
ology and that the relationship between quality perfor-
mance and readmissions was also sensitive to metric 
methodology, whereas the association with mortality 
was not. Finally, hospital quality rankings were sensitive 

Table 2.  Association Between Quality Performance and 90-Day 
Patient Outcomes, by Exposure Window Duration and Discharge 
Destination (Short-Term Quality)

 
Low  

95% CI
High 

95% CI P-Value

 Odds ratio  
for death

   

15-d exposure window 0.864 0.888 <0.001

 ��� Discharged home 0.936 0.905 0.968 <0.001

 � Discharged to postacute care 0.751 0.716 0.788 <0.001

30-d exposure window 0.808 0.785 0.831 <0.001

 ��� Discharged home 0.868 0.836 0.902 <0.001

 � Discharged to postacute care 0.742 0.71 0.776 <0.001

45-d exposure window 0.859 0.831 0.888 <0.001

 ��� Discharged home 0.909 0.864 0.946 <0.001

 � Discharged to postacute care 0.819 0.780 0.860 <0.001

 Odds ratio for 
readmission

15-d exposure window 1.019 1.000 1.038 0.052

 ��� Discharged home 1.029 1.008 1.051 0.007

 � Discharged to postacute care 0.991 0.951 1.034 0.685

30-d exposure window 1.038 1.016 1.059 <0.001

 ��� Discharged home 1.019 0.995 1.044 0.128

  Discharged to postacute care 1.088 1.044 1.131 <0.001

45-d exposure window 1.064 1.038 1.091 <0.001

 ��� Discharged home 1.011 0.982 1.041 0.467

 � Discharged to postacute care 1.195 1.143 1.249 <0.001
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to quality metric methodology and changing the meth-
odology resulted in a substantial reordering of hospi-
tal quality ranks and a change in the interpretation of 
annual quality change for 18% to 20% of hospitals. 
These findings raise several important points: (1) the 
need for standard, universal methodologies for qual-
ity assessment and hospital ranking/reimbursement; 
(2) the importance of accounting for biases introduced 
with each quality metric methodology and the need for 
better risk adjustment; (3) the consistency of associa-
tion between better quality performance (regardless of 
methodology) and lower mortality, in contrast to the 
unstable association between better quality and utiliza-
tion-based outcomes, that is, readmissions.

Our first key finding is that for claims-based quality 
assessment to be equitable, particularly for the purposes 
of reimbursement, standard, universal methods for cal-
culating quality performance are necessary. To date, this 
has been challenging. In fact, one of the reasons quality 
reporting has been so burdensome is that, at present, 
different payers use different metrics and methodolo-
gies.1,18 There have been efforts to simplify and stan-
dardize quality reporting across payers.19,20 For exam-
ple, the Core Quality Measures Collaborative, which 
included Center for Medicare and Medicaid Services 
and about 70% of private payers, agreed on a standard 
set of quality measures in 2015. Unfortunately, due to 
inadequate data systems and lack of electronic records, 
the initiative lost momentum. However, bypassing the 

need for provider reporting and/or electronic records, 
standardized claims-based quality assessment, across 
public and private payers, has the potential to succeed 
where prior initiatives have failed.

The second key finding is the importance of account-
ing for biases introduced by the methodology used to 
calculate quality performance and the need for better 
risk adjustment to avoid disadvantaging providers and 
hospitals that care for socioeconomically disadvan-
taged or medically complex patients who require large 
amounts of subsequent inpatient and/or postacute 
care. Because claims-based quality assessment relies 
on pharmacy claims, which in turn require an exposure 
window, immortal time bias may be introduced. Immor-
tal time is the period of follow-up during which, by 
design, death cannot occur and so this bias will always 
favor a treatment that is measured over a time-interval 
(eg, drug exposure)21 unless treatment group members 
can be sensibly matched at the end of the treatment 
group qualifying period. In this study, we highlight the 
trade-off in claims-data between the duration of the 
exposure window and the magnitude of the immortal 
time bias. Short exposure windows miss fills, lowering 
the observed quality performance, but capturing more 
outcomes, minimizing the immortal time bias—and 
vice versa. Therefore, one might conclude that shorter 
exposure windows are better; however, among patients 
discharged to postacute care, where pharmacy claims 
are silent, drug fills are delayed and so quality perfor-

Figure 2. Variation in quality performance by adherence methodology and days spent in hospital/postacute care.
This figure shows measured performance on β-blocker use over time quality metrics, and how this varies based on the method used to calculate drug adherence 
over time. Adherence calculated using the standard proportion of days covered (PDC) method is orange. Adherence calculated using the adjusted PDC method 
is blue. Both methods determine the number of days the patient is covered by drug. The standard method does not consider days in hospital/postacute care. The 
adjusted method subtracts these days out of the number of days in the period (denominator).
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mance declines. Thus, while shorter exposure windows 
may minimize immortal time bias, they may also unfairly 
penalize providers and hospitals whose patients require 
postacute care.

This finding is confirmed at the hospital level. When 
we compare how often a hospital goes from improv-
ing in quality to declining in quality based solely on a 
change in how quality performance is calculated, we 
find that this occurs 18% to 20% of the time. More-
over, for hospitals in the top decile of subsequent inpa-
tient and/or postacute care days (arguably those with 
the most socioeconomically disadvantaged or medi-
cally complex patients), this discordance occurs 28% to 
30% of the time. This underscores the need for better 
risk adjustment algorithms to avoid unfairly penalizing 
critical access and/or tertiary referral centers who care 
for many of these more vulnerable patient populations. 
While standardization of quality metric methodologies 
across payers is a necessary first step, novel approach-
es such as including functional limitations or patient-
reported outcomes in the assessment of quality may 
help level the playing field between institutions with 
different patient populations.22–24

Finally, regardless of the quality metric methodol-
ogy used, we find a clear association between better 
quality performance and decreased mortality but not 
utilization-outcomes such as readmissions. There is a 
growing body of literature calling into question the 
use of utilization-based outcomes, in the assessment 

of quality, particularly for chronic diseases.25,26 These 
results confirm and extend those findings, demonstrat-
ing with real-world data, how the association between 
quality performance and readmissions is sensitive to 
even small changes in quality metric methodology, 
whereas the association with mortality is not. More-
over, we find that this issue is particularly problematic 
in the assessment of early readmissions, and it is exac-
erbated among patients discharged to postacute care 
or among those who require many subsequent days 
inpatient or in postacute care during the following 
year. Thus, readmissions may be an even less reliable 
measure of quality among providers and hospitals that 
care for these patients.

Limitations
This study is limited by the nature of claims data and 
the absence of granular, clinical data. This limits our 
ability to further adjust for confounding in our models, 
though we make every effort to do so with as many 
measured variables as possible. However, it is possible 
that there are additional factors that affect adherence 
and clinicians’ decision to not prescribe guideline-
directed medical therapy that cannot be completely 
controlled for. As a result, this article can only com-
ment on associations and makes no attempt to draw 
causal conclusions. Second, this study explores the limi-
tations of claims-based quality assessment using Medi-

Table 3.  Association Between Quality Performance and 1-Year Patient Outcomes, by Adherence Calculation 
Methodology and Days in Hospital/Postacute Care (Long-Term Quality)

 Low CI High CI P Value

 Hazard ratio for 
death

   

PDC 0.616 0.607 0.626 <0.001

 � <30 d in postacute care/hospital 0.611 0.601 0.621 <0.001

 � 30–60 d in postacute care/hospital 0.676 0.646 0.707 <0.001

 � >60 d in postacute care/hospital 0.665 0.611 0.724 <0.001

Adjusted PDC 0.583 0.575 0.591 <0.001

 � <30 d in postacute care/hospital 0.545 0.536 0.554 <0.001

  30–60 d in postacute care/hospital 0.741 0.715 0.769 <0.001

 � >60 d in postacute care/hospital 0.856 0.812 0.902 <0.001

 Hazard ratio for 
readmission

PDC 0.778 0.771 0.786 <0.001

  <30 d in postacute care/hospital 0.857 0.847 0.866 <0.001

 � 30–60 d in postacute care/hospital 0.925 0.901 0.95 <0.001

 � >60 d in postacute care/hospital 0.955 0.912 1.000 0.045

Adjusted PDC 0.874 0.865 0.882 <0.001

 � <30 d in postacute care/hospital 0.862 0.853 0.872 <0.001

 � 30–60 d in postacute care/hospital 0.949 0.927 0.971 <0.001

 � >60 d in postacute care/hospital 0.985 0.954 1.017 0.365

PDC indicates proportion of days covered by drug (β-blocker).
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care data from older adults. While there is no reason 
the results should not apply to younger populations 
as well, care should be used in extrapolation. Third, 

it should be noted that hospital ranking (as opposed 
to a threshold) may be a poor measure of quality, par-
ticularly when the distribution of performance is tight. 

Figure 3. Change in annual hospital quality from 2014 to 2015 using different quality metric methodologies.
A, Comparison of the change from 2014 to 2015 in hospital performance on the β-blocker use after discharge quality metric calculated with a 15-d exposure window com-
pared with the change from 2014 to 2015 in hospital performance on the β-blocker use after discharge quality metric calculated with a 30-d exposure window. B, Compari-
son of the change from 2014 to 2015 in hospital performance on the β-blocker use over time quality metric calculated with the standard proportion of days covered (PDC) 
method compared with the change from 2014 to 2015 in hospital performance on the β-blocker use over time quality metric calculated using the alternative PDC method.
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Finally, the data used in this study is real-world Medi-
care claims. However, this study is illustrative. As such, 
the tables/figures are only meant to highlight chal-
lenges of different quality assessment methodologies, 
rather than measure current quality performance.

Conclusions
This article highlights how small changes in claims-
based quality metric methodology can have a signifi-
cant impact on measured quality performance, the 
association between quality performance, and patient 
outcomes and hospital rankings. While claims-based 
quality assessment has many advantages, failure to 
adequately understand its limitations risks unintended 
consequences, particularly among providers and hos-
pitals who care for large numbers of socioeconomi-
cally disadvantaged and/or medically complex patients. 
These findings highlight the need for standardized qual-
ity metric methodologies, better methods for case-mix 
adjustment and raise further questions about the use 
of utilization-based outcomes, that is, readmissions, as 
a metric of quality in chronic diseases.
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