
VOL. 19, NO. 11 n THE AMERICAN JOURNAL OF MANAGED CARE n	 e367

n MANAGERIAL n

© Managed Care &
Healthcare Communications, LLC

A crucial piece of the Affordable Care Act legislation is the im-
plementation of accountable care organizations (ACOs) that 
financially reward a group of providers for providing high-

quality healthcare at low cost.1,2 ACOs may provide the greatest ben-
efits to patients diagnosed with chronic disease due to their focus on 
providing high-quality, well-coordinated, and patient-centered care.1,2 

Patients diagnosed with diabetes are likely to be targeted for disease 
management by ACO managers because of the high prevalence and 
significant monetary costs of managing diabetes complications. Ap-
proximately 17.5 million individuals in the United States have dia-
betes, and the total cost related to diabetes in 2007 was $174 billion.3 

The success of ACOs relies on robust quality measurement.1,2 Policy 
makers have emphasized the need to complement process quality mea-
sures (eg, the percentage of patients with diabetes who receive glycated 
hemoglobin [A1C] tests) with patient-centered measures that demon-
strate improved patient outcomes.2,4,5 Timely access to healthcare has a 
strong potential to meet this criterion.

Previous research suggests that access measures that do not rely on 
patient self-report reliably predict health outcomes. Studies using ca-
pacity wait time measures (eg, time to first next available appointment 
[FNA]) and comparing populations exposed to open access schedul-
ing with controls have found patients who face shorter waits have 
higher primary care utilization, lower A1C levels, and a decreased risk 
of experiencing poor health outcomes such as mortality or preventable 
hospitalizations.6-10 Notably, in the context of ACOs, Prentice and col-
leagues6,7 found the effects of longer FNA waits were largest with the 
most vulnerable veterans—those who were older, had more comorbidi-
ties, or had higher A1C levels during baseline.

Adherence may be one factor that contributes to the observed re-
lationship between wait times and outcomes. Several studies indicate 
that patients diagnosed with diabetes who are more adherent to their 
treatment plan experience better health outcomes and have lower 
healthcare cost.3,11,12 Cramer and colleagues13 found a “white coat” ef-
fect, with adherence to medication increasing right before and right 
after physician visits. Consequently, longer waits between visits may 
decrease a patient’s ability to get the most effective treatment and lead 

to lower overall medication ad-
herence. Patients with diabetes 
often underestimate the impor-
tance of consistent treatment 
adherence,3,14 and longer waits 
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Results: New patient capacity and create date 
measures significantly predicted outcomes, but 
desired date measures did not. The returning 
patient retrospective create date and desired date 
wait time measures significantly predicted higher 
and uncontrolled A1C, but capacity and prospec-
tive create date measures did not. 

Conclusions: Different administrative wait times 
predict A1C for new and returning patients. To 
properly measure quality, ACOs should use wait 
time measures that demonstrate relationships 
with outcomes for subpopulations of patients. 
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between appointments will decrease opportunities for patient 
education. 

Although the importance of timely access to healthcare 
is widely recognized, the best method of measuring timely 
access has yet to be determined. The Centers for Medicare 
& Medicaid Services are currently using patient surveys to 
evaluate ACOs’ ability to deliver healthcare as soon as it is 
desired.15 An alternative approach relies on administrative 
data from patient scheduling systems. For example, capacity 
measures (eg, the number of days until the first or third next 
available appointments) are commonly used when imple-
menting Advanced Clinic Access.16,17 The Veterans Health 
Administration (VHA) found that capacity measures may 
not reflect the access limitations actually experienced, espe-
cially for returning patients who are typically trying to sched-
ule follow-up appointments.18 Consequently, a variety of wait 
time measures have been developed. This study is the first to 
compare the abilities of these alternative measures of wait 
times to predict glycemic control among patients diagnosed 
with diabetes. Results could be used in Medicare and the pri-
vate sector to improve upon the current quality metrics used 
by ACOs. 

METHODS
Study Population

This study used administrative data from a wide variety of 
VHA and Medicare data sets. Please refer to Appendix A for 
an overview of all the data used. Using the VHA Pharmacy 
Benefits Management file, we chose all individuals who were 
prescribed a glucose-lowering medication in 2005 or 2006. 
These years were used as the baseline year for risk adjustment. 
Outcomes were measured starting in the year following baseline 
(2006 or 2007). American Diabetes Association guidelines at 
the time of the study called for A1C levels to be tested bian-
nually for individuals exhibiting glycemic control and quarterly 
for individuals not in control.19-21 We split the outcome period 
into ten 6-month observation periods starting with January to 
June 2006 and ending with July to December 2010. 

To help ensure that we had complete 
claims data for baseline risk adjustment, we 
required the sample to be enrolled in Medi-
care fee-for-service plans. We excluded in-
dividuals who were enrolled in a Medicare 
health maintenance organization; veterans 
with higher priority levels (7 or 8), who 
might have had private insurance claims we 
could not access. Other exclusions included 
individuals who died during the outcome 
period, because A1C levels could have 

changed right before death; veterans in a Department of Veter-
ans Affairs (VA) nursing home during the baseline period, who 
might not have relied on VA outpatient care; individuals with 
missing A1C levels during the baseline period; and individuals 
with missing race data. The final sample size was 195,842 people.

Types of Wait Time Measures
We obtained 5 distinct wait time measures from VHA 

scheduling system records from 2006 through 2010: (1) ca-
pacity (FNA); (2) retrospective create date (CD); (3) ret-
rospective desired date (DD); (4) prospective CD; and (5) 
prospective DD. Table 1 describes how each of these mea-
sures was calculated, and Prentice and colleagues18 provide a 
detailed overview of the measures. 

Briefly, the FNA uses the day an appointment is created 
as the starting point and measures the time between that day 
and the day the first available open appointment slot occurs. 
Individual patients may not actually want the FNA appoint-
ment because they are looking for a follow-up appointment in 
the future. This is likely to be common for returning patients 
who typically wish to schedule a follow-up. New patients are 
more likely to want to be seen as soon as possible.22 

To overcome this limitation, the VHA developed time 
stamp measures that measured how long individual patients 
waited. Time stamp measures can use a CD or a DD as the 
date to start measuring waits (Table 1). The CD is the date 
that an appointment is created (ie, made) in the appointment 
system. The principal limitation of CD is that it measures 
the pattern of booking appointments. For example, suppose a 
patient comes in for a checkup and the patient and provider 
agree to schedule a follow-up appointment in 6 months. If 
the clinic creates the follow-up appointment on the day of 
the initial appointment (“on today”), the resulting measured 
wait time will be 6 months. Alternatively, the clinic might 
contact the veteran 5 months from “today” (1 month before 
the intended 6-month follow-up appointment) and create 
the intended 6-month follow-up appointment at that time, 
resulting in a measured wait time of 1 month. This limita-
tion is surmounted through the DD time stamp measure that 

Take-Away Points 

Medicare payment reforms require measures that can reliably predict outcomes. This 
study compares the ability of alternative wait time measures to predict glycated hemo-
globin (A1C) levels among diabetes patients. 

n	 New patient capacity and date when appointment was created in the scheduling 
system (create date) measures significantly predicted outcomes, but desired date 
measures did not. 

n	 Returning patient retrospective create date and desired date wait time measures 
significantly predicted A1C, but capacity and prospective create date measures did 
not. 

n	 Accountable care organizations should use access measures that demonstrate re-
lationships with outcomes for patient subpopulations. 
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ing point is the day an appointment is completed, resulting 
in a retrospective time stamp measure (completed appoint-
ment—CD or DD). A second ending point is a bimonthly 
snapshot of all pending appointments in the VHA, resulting 
in a prospective measure (pending appointment date—CD 
or DD). 

designates the ideal time “a patient or provider wants the 
patient to be seen.”23-25 In this example, the DD is the date 
of the 6-month follow-up appointment that the patient and 
provider agreed upon. 

In addition to different start dates for CD or DD, time 
stamp measures can have different ending points. One end-

n Table 1. Summary of Wait Time Measures

Measure Algorithm Example Calculation

First next available or capacity First next available appointment—appointment 
request date

Patient X requests first available appointment 
on 1/1/2010 and this is 1/15/2010 
 
1/15/2010–1/1/2010 = 15 days

Retrospective CD Completed appointment date—appointment CD Patient X requests an appointment on 
1/1/2010, cannot take the offered 1/15/2010 
appointment, so the scheduler schedules, 
and patient completes, an appointment on 
1/21/2010 
 
1/21/2010–1/1/2010 = 21 days 
 
Patient Y requests an appointment on 1/1/2010 
and accepts a 1/10/2010 appointment date; pa-
tient Y does not show up for the 1/10/2010 ap-
pointment; this appointment is never included 
in retrospective wait time calculations

Prospective CD Scheduled appointment date—appointment CD Patient X has a scheduled appointment for 
1/21/2010 that was created on 1/1/2010 
 
1/21/2010–1/1/2010 = 21 days 
 
Patient Y has a scheduled appointment for 
1/10/2010 that was created on 1/1/2010 
 
1/10/2010-1/1/2010 = 10 days

Retrospective DD Completed appointment date—DD Patient X wanted an appointment on 1/15/2010 
and was scheduled for and completed an  
appointment on 1/21/2010 
 
1/21/2010–1/15/2010 = 6 days 
 
Patient Y wanted an appointment on 1/20/2010 
and was offered and agreed to an appointment 
on 1/27/2010; patient Y canceled the 1/27/2010 
appointment and never rescheduled; this  
appointment is never included in retrospective 
wait time calculations

 

Prospective DDa Scheduled appointment date—DD Patient X has a scheduled appointment for 
1/21/2010 and this patient desired this appoint-
ment on 1/15/2010 
 
1/21/2010–1/15/2010 = 6 days 
 
Patient Y wanted an appointment on 1/20/2010 
and was offered and agreed to an appointment 
on 1/27/2010 
 
1/27/2010–1/20/2010 = 7 days

CD indicates create date; DD, desired date. 
aA snapshot of all pending appointments in the system is taken on the first and fifteenth of each month to calculate prospective wait time measures.
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Facility-Level Wait Time Measures Compared With 
Individual Wait Times 

When computing any of these measures for use in out-
comes models, it is tempting to calculate a wait time measure 
based on services an individual actually used. This approach 
is problematic because unobserved individual health status af-
fects individual wait times as well as individual outcomes due 
to medical triage. Medical providers identify patients who are 
in poorer health when they call to request an appointment 
and refer these patients to clinics with shorter waits. Thus, 
individual health status is affecting individual wait times and 
potentially obscuring the effect of wait times on health status 
(for an example, see Prentice and Pizer9,10). Although statis-
tical controls for observable differences in health status will 
reduce the severity of this problem, we are not able to measure 
health status precisely enough to eliminate it.6,7,9,10,26 

To avoid this problem and isolate the effect of wait times 
on health, we computed facility-level averages for each wait 
time measure based on a fixed pattern of clinic utilization.6,7,9,10 
Averages were calculated separately for new and returning 
patients. Missing wait times were imputed with zero when 
appropriate.6,7,9,10,26 

Individual-Level Explanatory Variables for  
Risk Adjustment

The modeling and analytic strategy followed previous re-
search that established the link between wait times and glyce-
mic control.6 Individual-level explanatory variables included 
age, sex, and race from the Medicare Denominator File, dis-
tance to VHA care, and VHA priority status (1, 2, 3, 4, and 
6 compared with 5). VHA policy generally provides preferen-
tial access to veterans in low-numbered priority groups due to 
service-connected disabilities, so wait times may affect these 
priority groups differently. Veterans in priority group 5 are 
low-income veterans with no service-connected disability, so 
they were distinguished from the other priority groups in our 
analyses.27 Longer driving distances to the source of care have 
been found to be associated with poorer glycemic control,28 
and veterans with higher priority access likely experience 
shorter wait times. 

Models were risk adjusted to control for observable dif-
ferences in prior individual health status. We extracted di-
agnosis codes from all inpatient and outpatient encounters 
financed by VHA and Medicare during the baseline period 
(see Appendix A for data sources) and used the International 
Classification of Diseases, Ninth Revision, Clinical Modification 
diagnosis codes listed by Elixhauser and colleagues29 to define 
28 comorbidity indicator variables, which included a wide 
variety of physical and mental conditions. The diabetes se-
verity index developed by Young and colleagues30 was used 

to control for diabetes severity. This index included measures 
of complications from retinopathy, nephropathy, neuropathy, 
cerebrovascular disease, cardiovascular disease, peripheral 
vascular disease, and metabolic disease. To control for base-
line A1C, we categorized the average A1C levels during the 
baseline year as lower than 7%, higher than 7% but lower 
than 8%, and 8% or higher.  

Facility, Yearly, and Half-Year Fixed Effects 
Models included dummy variables (fixed effects) for each fa-

cility to remove between-facility variation in wait times and out-
comes.6 In effect, we compared the A1C level of an individual in 
1 observation period with the A1C level of the same individual 
in other observation periods. This design eliminated concerns 
about permanent case-mix differences between facilities. Facil-
ity fixed effects also controlled for all aspects of facility quality 
that remain constant over time (eg, managerial inefficiencies). 

 We also included a dummy variable for January through 
June observations compared with July through December 
observations to control for any systematic variation in A1C 
between half-years, as well as yearly dummies to control for 
any overall increase or decrease in A1C levels over time. This 
statistical design, featuring a predetermined cohort of patients 
as well as time and facility fixed effects, means that any esti-
mated relationship between waiting time and A1C level was 
identified exclusively by within-facility variations over time 
that were independent of national trends. 

Outcome and Analyses
Data were analyzed using Stata version 10.0 (StataCorp, 

College Station, Texas). We modeled the average 6-month 
A1C level and uncontrolled A1C (6-month A1C average 
>9%) during each observation period. The average wait time 
for the previous 6 months predicted A1C level in the current 
6-month period. Separate models were run for each of the 5 new 
and returning patient wait time measures. We standardized wait 
times to allow direct comparisons across measures. Standard 
errors were clustered on individuals to account for the lack of 
independence between observations from the same individual. 

Patients in the hospital or nursing home during the wait 
time measurement period should not be affected by outpatient 
wait times, so we censored observation periods if the veteran 
was institutionalized for all 6 months of an observation period. 

Despite using 6-month observation periods to maximize the 
availability of A1C level data, 32% of the values during the out-
come period were missing. Missing values may have been due to 
a veteran not having his/her A1C tested in a VHA facility or a 
veteran being hospitalized during the 6-month observation pe-
riod. Following Prentice and colleagues,6 we treated these obser-
vations as censored using a 2-stage Heckman selection model.31 
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The first stage of the Heckman model 
used a probit to explain whether or 
not an A1C level was observed. The 
second stage used linear regression to 
predict the average A1C value or a 
logistic regression to predict uncon-
trolled A1C. The 2 stages were jointly 
estimated so the missing observations 
were accounted for in the second stage. 
This simultaneous-equations approach 
explicitly modeled the correlation be-
tween unobservable factors in the first 
and second stages. The necessity of the 
Heckman model was confirmed with 
a significant Wald statistic that tested 
whether this correlation was zero and 
indicated that common unobservable 
factors affected both censoring and the 
outcome (Appendix B). 

RESULTS
Similar to other samples of el-

derly VHA users, our sample was 
predominantly male and had a 
high burden of physical and mental 
health conditions. During the base-
line period, about one fifth of the 
sample had an average A1C level 
greater than or equal to 8, a quarter 
of the sample had an obesity diag-
nosis code, 87% had a hypertension 
diagnosis, and 15% had a depression 
diagnosis (Table 2). 

There was significant variation 
in measured wait times using the dif-
ferent methods of measurement for 
new and returning patients (Table 
3). Wait time measures that relied on 
the CD for appointments had means 
of 20 to 34 days for new patients and 
41 to 97 days for returning patients. 
The DD measures were shorter, with 
means of 7 to 18 days for new pa-
tients and 4 to 23 days for returning 
patients. The mean wait time for the 
FNA appointment capacity measure 
was similar to the retrospective CD 
measure for new patients and 8.1 days 
for returning patients. 

n Table 2. Descriptive Demographic and Comorbidity Statistics (n = 195,842)a

 
Characteristics

Percent or  
Mean (SD)

Age 70.9 (9.8)

Male 97.7%

White 80.0%

Black 16.5%

Other 3.5%

Baseline health status

  Diabetes Severity Index (range, 1-13) 1.9 (1.9)

  Baseline A1C <7% 49.4%

  Baseline A1C >7% and <8% 28.9%

  Baseline A1C >8% 21.7%

Congestive heart failure 11.9%

Cardiac arrhythmias 18.4%

Valvular disease 7.7%

Pulmonary circulation disorder 1.1%

Peripheral vascular disease 15.4%

Hypertension 86.7%

Paralysis 1.5%

Other neurologic disorder 4.6%

Chronic pulmonary disease 21.9%

Hypothyroidism 8.5%

Renal failure 7.5%

Liver disease 2.5%

Peptic ulcer disease including bleeding 2.1%

AIDS 0.3%

Lymphoma 0.6%

Metastatic cancer 0.4%

Solid tumor without metastasis 14.7%

Rheumatoid arthritis /collagen vascular diseases 2.5%

Coagulopathy 3.1%

Obese 24.4%

Weight loss 1.9%

Fluid and electrolyte disorders 8.4%

Blood loss anemia 0.9%

Deficiency anemias 13.8%

Alcohol abuse 3.8%

Drug abuse 2.1%

Psychoses 13.1%

Depression 15.2%

VHA access 

  Priority status 1-4 or 6 (vs 5) 46.5%

  Distance in miles to VHA medical center or outpatient clinic 
  where prescription was filled

79.8

A1C indicates glycated hemoglobin; SD, standard deviation; VHA, Veterans Health Administration.
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The Heckman model is a 2-equation model that benefits 
from a variable that distinguishes the first equation from the 
second equation, and we used the number of VHA primary care 
visits during baseline for this purpose. More frequent visits dur-
ing baseline significantly increased the likelihood of observing 
an A1C value in all the models (data not shown). As an ex-
ample, Appendix B provides complete results for the first-stage 
equation of the model that predicted the linear A1C 6-month 
average using the retrospective CD wait time measure. The co-
efficient on VHA primary care visits was 0.032 (P <.001). 

Wait time had small but statistically significant effects on 
A1C (Table 4). There was a significant (P <.001) and positive 
relationship between the FNA, retrospective and prospective 
CD measures for new patients, and average A1C levels, with the 
FNA measure having the strongest relationship (β = 0.009 vs β 
= 0.007, β = .006; Table 4). Among the new patient measures, 
retrospective CD was the strongest predictor of uncontrolled 
A1C (marginal effect = 0.0010; P = .001), but longer FNAs also 
significantly increased the likelihood of having uncontrolled 
A1C (marginal effect = 0.0007; P = .05). Neither of the new pa-
tient DD wait time measures significantly predicted A1C levels. 

When considering returning patient wait measures, the 
prospective CD measure was the strongest predictor of A1C 
for both outcomes (β = 0.009 for linear A1C, P = .002; mar-
ginal effect = 0.019 for uncontrolled A1C, P = .001; Table 
4). There was also a positive significant relationship between 
the DD wait time measures and the A1C outcomes and the 
uncontrolled A1C outcomes (P <.05 for linear A1C and P 
<.10 for uncontrolled A1C). The returning FNA wait time 
measure had a significant (P = .036) and negative relationship 
with linear A1C but no significant relationship with uncon-

trolled A1C. Neither outcome was significantly predicted by 
the returning patient retrospective CD measure. 

The effect sizes were small and not clinically significant. 
For example, the largest observed effect was for the returning 
patient prospective CD when predicting uncontrolled A1C. 
An increase of 1 standard deviaton in this measure would in-
crease the likelihood of a typical patient having uncontrolled 
A1C by 0.19 percentage points (Table 4).  

DISCUSSION
Findings in this study suggest that longer wait times mea-

sured in a variety of different ways had small but statistically 
significant effects on A1C levels and the likelihood of having 
uncontrolled A1C. Specifically, the new patient capacity wait 
time measure (FNA) and the retrospective and prospective 
new patient wait time measures using CD exhibited expected 
relationships with A1C. Among the returning patient mea-
sures, the retrospective CD measure and the retrospective and 
prospective DD measures did so as well. These results are con-
sistent with the previous research finding that the new patient 
FNA measure significantly predicts A1C.6 

The ongoing implementation of ACOs requires quality 
measures that are linked to patient health outcomes.4 The 
relationship between process quality measures and improved 
health outcomes is often modest.5,6 Although not clinically 
significant, the administrative wait time measures reliably 
predict both A1C and patient satisfaction. This is significant 
because patients are more interested in improved health out-
comes than the process of care.5 Another advantage of the 
wait time measures is their low cost. Access to care in ACOs 

n Table 3. Descriptive Statistics of Wait Time Measures (n = 1260)a

Patient Status Mean 25% 50% 75%

New patients

  First next available 20.6 15.0 18.7 24.1

  Retrospective CD 20.4 14.9 18.2 22.3

  Prospective CDb 34.0 23.9 28.4 36.5

  Retrospective DD 6.9 3.6 6.0 9.1

  Prospective DDb 18.5 13.9 17.3 20.8

Returning patients

  First next available 8.1 4.5 7.5 10.8

  Retrospective CD 41.5 21.0 32.3 56.6

  Prospective CDb 97.0 43.4 72.2 147.1

  Retrospective DD 4.4 2.5 3.7 5.3

  Prospective DDb 22.7 14.8 18.4 26.5

CD indicates create date; DD, desired date. 
aVeterans Health Administration facility-level 6-month observations. 
bPending appointment wait time data were not consistently collected in 2005, so data are missing for the January 2006 observation period that 
would rely on 2005 wait time data for these measures (n = 1134).
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is currently being evaluated by using the expensive and time-
consuming process of surveying patients about their ability to 
get healthcare as soon as they wanted.15,18 Wait times based 
on administrative scheduling data are a less costly alternative. 

The most appropriate wait time measures differ for new and 
returning patients. The ability of the capacity and CD versions 
of the new patient wait time measures to predict A1C when 
the DD measures did not supports previous research finding 
these same associations when predicting patient satisfaction.18 
New patients typically want to be seen as soon as possible, of-
ten due to a change in health status that is causing concern.22 
Consequently, it is not surprising that capacity or time stamp 
wait time measures that use the date that an appointment re-
quest was made as the start date (see Table 1) for measuring 
wait times are successful predictors for a variety of different 
outcomes. When considering ACO reimbursement, an advan-
tage of these measures is that they can be easily calculated from 
most scheduling systems. The date that an individual requests 
an appointment is commonly cited as the start date to measure 
access outside of the VHA. For example, the Advanced Access 
literature uses this date when calculating the number of days 
until the third next available appointment.16,17 

Developing consistent administrative wait time measures 
for returning patients is more complicated because these pa-
tients may not wish to obtain the next available appointment 
for follow-up care.18 Surveys of patients have found that sched-
uling future appointments at convenient times or maintain-
ing continuity of provider may outweigh concerns about long 

waits for appointments for follow-up care.22,32,33 Recognizing 
these complexities, VHA policy makers shifted to using a DD 
approach in 2010 where schedulers ask patients what day they 
desire their appointment.25 Our results generally support the 
focus on DD for returning patients, with both the prospective 
and retrospective DD measures significantly predicting A1C. 
A disadvantage of implementing DD measures outside of the 
VHA is that schedulers in the private sector are not routinely 
collecting DDs when patients request appointments. 

The main limitation of this study is that we did not have 
random variation in wait times, so we had to construct facil-
ity averages to minimize potentially confounding effects of in-
dividual health on individual waits. Consequently, we cannot 
completely rule out alternative explanations for our findings, 
including reverse causation and omitted variable bias. For ex-
ample, an unobserved flu epidemic at a VHA facility could in-
crease wait times facilitywide and cause higher A1C levels that 
are not attributable to longer wait times. Our analyses included 
facility-level fixed effects, yearly dummies, and a seasonal effect 
to minimize this possibility as much as possible. On the other 
hand, there is now a significant literature using these methods 
that consistently finds that longer wait times using capacity 
measures lead to poorer health outcomes.6,8-10,26 The growing evi-
dence base utilizing different populations, time periods, and out-
comes strengthens the likelihood that the relationship is causal.

The ongoing implementation of the Affordable Care Act 
and the growth of ACOs re-emphasizes the need for patient-
centered measures that can lead to improved outcomes. Ad-

n Table 4. Second-Stage Equation Predicting A1C Outcomes 

Wait Time Measurea

Six-Month Average A1C Six-Month A1C Average >9%

Patient Status β SE P β Marginal Effect P

New patients

  First next availableb 0.009 0.0017 <.001 0.005 0.0007 .050

  Retrospective CDb 0.007 0.0013 <.001 0.008 0.0010 .001

  Prospective CDc 0.006 0.0014 <.001 0.003 0.0004 .198

  Retrospective DDb –0.002 0.0017 .352 0.002 0.0003 .385

  Prospective DDc –0.000 0.0013 .803 0.002 0.0003 .278

Returning patients

  First next availableb –0.003 0.0015 .036 –0.004 –0.0005 .110

  Retrospective CDb 0.004 0.0026 .882 –0.002 –0.0002 .702

  Prospective CDc 0.009 0.0028 .002 0.014 0.0019 .001

  Retrospective DDb 0.007 0.0019 .001 0.005 0.0007 .068

  Prospective DDc 0.004 0.0017 .030 0.005 0.0007 .088

A1C indicates glycated hemoglobin; CD, create date; DD, desired date; SE, standard error. 
aAll wait times were standardized to facilitate comparisons between measures.  
bTotal of 195,842 people; 1,932,400 person biannual observations.  
cTotal of 195,830 people; 1,745,617 person biannual observations. Data are missing for the January 2006 observation period that would rely on 
2005 wait time data for the prospective measures.
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ministrative wait time measures developed as performance 
measures in the VHA meet this criterion, given that these 
measures have consistently predicted several patient outcomes, 
including A1C levels.18 Consequently, the VHA further refined 
wait time measurements in 2012 by using the CD retrospective 
measure for new patients and the prospective DD measure for 
returning patients.34,35 The knowledge the VHA has cultivated 
in developing the DD measures and the data structures required 
to support them could be transferred to the private sector. 
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n Appendix A. List of Data Sources Used in Study and Their Purpose

Data Source Purpose

VHA Pharmacy Benefits Management Define study population (VHA prescription) 
VHA facility that filled prescription for facility fixed effects and  
VHA distance

VHA Outpatient Event VHA priority status 
Elixhauser Comorbidity Index 
Young Severity Index

VHA Inpatient Encounter VHA priority status 
Elixhauser Comorbidity Index 
Young Severity Index

VHA Inpatient Main VHA priority status 
Elixhauser Comorbidity Index 
Young Severity Index 
Censoring if hospitalized during an entire 6-month outcome period

VHA Vital Status Define study population (mortality exclusion)

VHA Extended Care Define study population (nursing home exclusion) 
Censoring if hospitalized during entire outcome period

VHA Decision Support System Laboratory Define study population (missing baseline A1C exclusion) 
Baseline A1C 
A1C outcomes

VHA Scheduling System Wait time measures

VHA Site Tracking System VHA distance

Medicare Denominator Study Population (Medicare HMO exclusion)  
Demographics and zip code of residence to calculate VHA distance

Medicare Physician Carrier Elixhauser Comorbidity Index 
Young Severity Index

Medicare MedPAR Elixhauser Comorbidity Index 
Young Severity Index 
Censoring if hospitalized during an entire 6-month outcome period

A1C indicates glycated hemoglobin; HMO, health maintenance organization; VHA, Veterans Health Administration.
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n Appendix B. First-Stage Equation Predicting Presence of A1C Value Using Retrospective Create Date for New 
Patients (N = 195,842 Persons; 1,932,400 Person Biannual Observations)a

β SE P 

Number of VHA primary care visits in baseline 0.032 0.0006 <.001

Retrospective create date wait time for new patients –0.014 0.0012 <.001

Distance to VHA medical center or outpatient clinic –0.000 0.0000 <.001

January through June observation (reference = July-December) 0.081 0.0019 <.001

Age –0.006 0.0002 <.001

Male 0.024 0.0106 .024

White (reference = black) –0.014 0.0043 .001

Other –0.032 0.0088 <.001

Priority status 1-4 or 6 (reference = 5) 0.116 0.0031 <.001

Average baseline A1C >7% and <8% (reference <7%) 0.095 0.0035 <.001

Average baseline A1C >8% 0.103 0.0040 <.001

Diabetes Severity Index 0.003 0.0011 .003

Congestive heart failure –0.038 0.0053 <.001

Cardiac arrhythmias –0.037 0.0043 <.001

Valvular disease –0.060 0.0060 <.001

Pulmonary circulation disorder –0.032 0.0155 .041

Peripheral vascular disease –0.029 0.0047 <.001

Hypertension 0.012 0.0044 .005

Paralysis –0.028 0.0124 .023

Other neurologic disorder –0.079 0.0072 <.001

Chronic pulmonary disease –0.012 0.0037 .001

Hypothyroidism –0.009 0.0054 .100

Renal failure –0.018 0.0065 .006

Liver disease –0.038 0.0098 <.001

Peptic ulcer disease including bleeding –0.008 0.0104 .462

AIDS 0.158 0.0277 <.001

Lymphoma –0.041 0.0184 .025

Metastatic cancer –0.063 0.0240 .008

Solid tumor without metastasis 0.002 0.0042 .687

Rheumatoid arthritis /collagen vascular diseases –0.051 0.0094 <.001

Coagulopathy –0.004 0.0090 .619

Obese 0.045 0.0036 <.001

Weight loss –0.076 0.0112 <.001

Fluid and electrolyte disorders –0.047 0.0059 <.001

Blood loss anemia –0.043 0.0169 .011

Deficiency anemias –0.025 0.0047 <.001

Alcohol abuse –0.025 0.0083 .002

Drug abuse –0.127 0.0111 <.001

Psychoses –0.005 0.0048 .330

Depression –0.019 0.0043 <.001

A1C indicates glycated hemoglobin; SE, standard error; VHA, Veterans Health Administration. 
aModels also include VHA medical center fixed effects and year effects.
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n Appendix C. Second-Stage Equation Predicting A1C Level Using Retrospective CD Wait Time for 
New Patients (N = 195,842 Persons; 1,932,400 Person Biannual Observations)a

β SE P 

Retrospective CD wait time for new patients 0.007 0.0013 <.001

Distance to VHA medical center or outpatient clinic 0.000 0.0000 <.001

January through June observation (reference = July-December) 0.069 0.0016 <.001

Age –0.014 0.0002 <.001

Male 0.007 0.0167 .677

White (reference = black) –0.075 0.0068 <.001

Other 0.010 0.0139 .473

Priority status 1-4 or 6 (reference = 5) –0.028 0.0044 <.001

Average baseline A1C >7% and <8% (reference <7%) 0.767 0.0044 <.001

Average baseline A1C >8% 1.592 0.0066 <.001

Diabetes Severity Index 0.031 0.0002 .003

Congestive heart failure 0.018 0.0074 .014

Cardiac arrhythmias –0.014 0.0058 .017

Valvular disease –0.041 0.0078 <.001

Pulmonary circulation disorder –0.011 0.0211 .601

Peripheral vascular disease –0.023 0.0063 <.001

Hypertension –0.010 0.0066 .125

Paralysis –0.156 0.0189 <.001

Other neurologic disorder –0.071 0.0108 <.001

Chronic pulmonary disease –0.034 0.0052 <.001

Hypothyroidism –0.002 0.0074 .776

Renal failure –0.103 0.0089 <.001

Liver disease –0.113 0.0158 <.001

Peptic ulcer disease including bleeding 0.023 0.0143 .105

AIDS –0.243 0.0479 <.000

Lymphoma –0.061 0.0256 .017

Metastatic cancer –0.039 0.0332 .237

Solid tumor without metastasis –0.041 0.0055 <.001

Rheumatoid arthritis /collagen vascular diseases –0.077 0.0130 <.001

Coagulopathy –0.037 0.0121 .002

Obese –0.020 0.0052 <.001

Weight loss –0.025 0.0167 .132

Fluid and electrolyte disorders 0.005 0.0084 .544

Blood loss anemia 0.029 0.0229 .199

Deficiency anemias –0.038 0.0063 <.001

Alcohol abuse –0.065 0.0136 <.001

Drug abuse 0.047 0.0201 .020

Psychoses –0.041 0.0076 <.001

Depression 0.029 0.0066 <.001

Wald test of independent equations  χ2 = 19.62 <.001

A1C indicates glycated hemoglobin; CD, create date; SE, standard error; VHA, Veterans’ Health Administration. 
aModels also include VHA medical center fixed effects and year effects.


