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Mortality among US veterans after emergency visits to Veterans 
Affairs and other hospitals: retrospective cohort study
David C Chan,1,2 Kaveh Danesh,3,4 Sydney Costantini,1,2 David Card,3 Lowell Taylor,5  
David M Studdert1,6

Abstract
Objective
To measure and compare mortality outcomes between 
dually eligible veterans transported by ambulance to 
a Veterans Affairs hospital and those transported to a 
non-Veterans Affairs hospital.
Design
Retrospective cohort study using data from medical 
charts and administrative files.
Setting
Emergency visits by ambulance to 140 Veteran Affairs 
and 2622 non-Veteran Affairs hospitals across 46 US 
states and the District of Columbia in 2001-18.
Participants
National cohort of 583 248 veterans (aged ≥65 years) 
enrolled in both the Veterans Health Administration 
and Medicare programs, who resided within 20 miles 
of at least one Veterans Affairs hospital and at least 
one non-Veterans Affairs hospital, in areas where 
ambulances regularly transported patients to both 
types of hospitals.
Intervention
Emergency treatment at a Veterans Affairs hospital.
Main outcome measure
Deaths in the 30 day period after the ambulance ride. 
Linear probability models of mortality were used, with 
adjustment for patients’ demographic characteristics, 
residential zip codes, comorbid conditions, and other 
variables.
Results
Of 1 470 157 ambulance rides, 231 611 (15.8%) 
went to Veterans Affairs hospitals and 1 238 546 

(84.2%) went to non-Veterans Affairs hospitals. The 
adjusted mortality rate at 30 days was 20.1% lower 
among patients taken to Veterans Affairs hospitals 
than among patients taken to non-Veterans Affairs 
hospitals (9.32 deaths per 100 patients (95% 
confidence interval 9.15 to 9.50) v 11.67 (11.58 to 
11.76)). The mortality advantage associated with 
Veterans Affairs hospitals was particularly large for 
patients who were black (−25.8%), were Hispanic 
(−22.7%), and had received care at the same hospital 
in the previous year.
Conclusions
These findings indicate that within a month of being 
treated with emergency care at Veterans Affairs 
hospitals, dually eligible veterans had substantially 
lower risk of death than those treated at non-
Veterans Affairs hospitals. The nature of this mortality 
advantage warrants further investigation, as does its 
generalizability to other types of patients and care. 
Nonetheless, the finding is relevant to assessments of 
the merit of policies that encourage private healthcare 
alternatives for veterans.

Introduction
The United States has many healthcare systems, spread 
across the private and public sectors. The Veterans 
Health Administration, operated by the US Department 
of Veterans Affairs (VA), is the largest, comprising 171 
hospitals and 1112 clinics that provide care to more 
than nine million military veterans and their families.1 
Care is financed by the federal government, delivered 
by federal employees, and offered essentially free of 
charge to enrolled veterans. In these respects, the 
VA system resembles the public healthcare systems 
operating in many developed countries, including the 
NHS in the United Kingdom.

Since its establishment in 1930, there has been 
debate over the quality and accessibility of care 
provided in the VA system. Debate has intensified in 
recent years, fueled by concerns about the system’s 
monolithic nature and the lack of choice veterans have 
about where to obtain their care. Congress and the 
Obama and Trump administrations have responded 
with reforms that enable veterans to opt to obtain care 
in the private sector.2 3 The reforms are based, at least in 
part, on a premise that veterans can obtain better care 
outside the VA healthcare system. Available evidence 
calls this premise into question.

Studies comparing the performance of VA and non-
VA hospitals have generally found that VA hospitals 
compare favorably.4 5 For example, a recent systematic 
review of 69 studies concluded that the “VA often 
(but not always) performs better than or similarly to 
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What is already known on this topic
Available evidence suggests Veterans Affairs hospitals perform comparably to 
or better than non-Veterans Affairs hospitals on process related measures of 
quality, but studies comparing mortality rates have produced mixed findings
Most of these studies compare veterans receiving care in the Veterans Affairs 
system with non-veterans receiving care elsewhere—an approach that might 
produce biased results if these patient populations are fundamentally different 
in nature

What this study adds
With a study design aimed at reducing risks of biased comparisons, veterans 
transported by ambulance to VA hospitals were found to have better 30 day 
survival than veterans transported to non-VA hospitals
The survival advantage was greater for Hispanic and black patients, and for 
patients with a history of receiving care at the same hospital to which they were 
taken
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other systems of care with regard to the safety and 
effectiveness of care.”6 However, benchmarking across 
different health systems invites several methodological 
challenges. Most importantly, the usual design 
involves comparing veterans receiving care in the VA 
healthcare system with non-veterans receiving care in 
non-VA settings. Although many of these studies adjust 
for demographic and clinical characteristics of the two 
patient populations, veterans are a distinctive group, 
and available information sources (eg, claims data) 
likely do not allow researchers to control for important 
underlying differences in the health status of veterans 
and non-veterans. Resolving such differences is 
particularly important in cross system comparisons 
of mortality risk, an informative quality measure that 
relatively few studies have investigated.4 6

To address these longstanding concerns regarding 
comparability, we tracked mortality in a cohort of 
veterans aged 65 years or older who met two criteria: 
they were enrolled in both the Veterans Health 
Administration and the Medicare program, and their 
care was initiated by an ambulance ride to obtain 
emergency treatment. These veterans’ eligibility to 
receive care in both VA and non-VA hospitals, coupled 
with the emergency nature of their visit, reduced the 
potential for self-selection into one hospital type or the 
other. Our analyses also accounted for other factors—
for example, the zip code of the veteran’s residence, 
previous care patterns, and the ambulance’s life 
support capabilities—that might skew comparisons. 
Our primary objective was to obtain a more balanced 
comparison of 30 day mortality risk after emergency 
care in VA and non-VA hospitals.

Methods
Results are reported in accordance with the STROBE 
(strengthening the reporting of observational studies 
in epidemiology) guidelines (table S1).7

Data
We obtained information on veterans and their VA care 
from the Corporate Data Warehouse. The Corporate 
Data Warehouse is a system wide repository of 
administrative and clinical data for the VA. It includes 
electronic health records created during enrollee visits 
(to a VA clinic, hospital, or emergency department) as 
well as demographic information (eg, enrollees’ sex, 
age, race or ethnic origin, and residential address). 
For non-VA and ambulance care, we obtained data on 
Medicare claims associated with each veteran in the 
study sample. These data provided information on all 
clinical encounters—including ambulance rides and 
outpatient, inpatient, and emergency care—that were 
billed to Medicare.

Mortality data came from four sources: the Corporate 
Data Warehouse, Medicare claims, the Veterans 
Benefits Administration, and the Social Security 
Administration. The Veterans Benefits Administration 
and Social Security Administration capture deaths that 
occur outside healthcare settings. Research comparing 
deaths in the National Death Index to deaths identified 

through these four sources suggest that, collectively, 
they capture about 98% of all deaths.8 9

Study sample
The study sample consisted of patients (aged ≥65 
years) who were enrolled in the VA and Medicare 
programs and transported by ambulance to a hospital 
emergency department across 46 US states and the 
District of Columbia during the study period (1 January 
2001 to 20 November 2018). Most hospitals in our 
sample are observed in all years (fig S1). The patients 
must have been enrolled in both programs on the 
day of the ambulance ride and for at least 12 months 
before it. We restricted the sample to emergency 
ambulance rides with lights and sirens that originated 
from 911 dispatch calls. The rides were identified in 
Medicare Part B claims data using methods described 
elsewhere.10

To reduce risks of selection bias, we made several 
exclusions aimed at narrowing the study sample to 
patients who could plausibly have been transported to 
either a VA or non-VA hospital. We excluded ambulance 
rides to hospitals located more than 50 miles from 
the center of the patient’s zip code of residence, rides 
originating in zip codes that did not have at least one 
VA hospital and non-VA hospital within 20 miles of the 
zip code center, and rides originating in zip codes in 
which fewer than 5% of the rides went to a VA or non-
VA hospital during the study period. After applying 
these eligibility criteria, we constructed an analytic 
dataset at the level of ambulance rides. We allowed 
eligible patients to contribute more than one ride, but 
to avoid overlapping follow-up periods we excluded 
rides that occurred within 30 days of a prior ride.

Key measures
To determine which hospitals patients in the sample 
were transported to, we linked patients’ Medicare 
claims for ambulance rides with records of visits to 
the emergency department initiated within 24 hours 
of the ride at VA hospitals (Corporate Data Warehouse 
records) and non-VA hospitals (Medicare claims data). 
We assigned patients to the hospital to which they were 
taken; fewer than 1% of rides in our sample involved 
patients who were transferred to another hospital 
within a day.

To account for differences in health status between 
patients transported to VA hospitals and non-VA 
hospitals, our analyses adjusted for characteristics 
of patients and the ambulance ride. With respect 
to patients, we adjusted for zip code of residence; 
demographic characteristics (age in two year 
bands, race or ethnic origin, and sex); six binary 
variables indicating receipt of VA or non-VA primary 
care, emergency care, and inpatient care in the 
12 months before the ride; and previous medical 
diagnoses, specified as 31 indicators for Elixhauser 
comorbidities recorded in the 12 months before the 
ride.11 We created a measure of predicted mortality 
risk for the patient in each ambulance ride from a 
linear regression of 30 day mortality on the above 
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characteristics, controlling for whether the patient 
was transported to a VA hospital.

With respect to the ambulance ride, we adjusted 
for the origin of the ride (residence; residential, 
domiciliary, or custodial facility; skilled nursing 
facility; or scene of accident or acute event); time (day 
of the week, month-year interactions); life support 
capabilities, classified according to categories for basic 
and advanced life support specified in the Healthcare 
Common Procedure Coding System codes; and primary 
diagnosis made during the ride, coded according to 
ICD-9 (international classification of diseases, 9th 
revision). Table S3 describes these control variables in 
greater detail.

Statistical analysis
We used ordinary least squares regression analysis to 
estimate the association between type of hospital and 
mortality risk. Specifically, we fit linear probability 
models in which the outcome was mortality within 30 
days of the index ambulance ride, and the predictor of 
interest was a binary variable indicating whether the 
patient was transported to a VA or non-VA hospital. The 
models adjusted for the characteristics of patients and 
ambulance rides enumerated above and elaborated in 
table S3.

As mentioned above, our focus on dually eligible 
veterans taken by 911 initiated ambulance rides, 
and our restriction to rides that could have plausibly 
been taken to either VA or non-VA hospitals, limits 
the potential for self-selection. Doyle et al10 rely on a 
similar intuition in the ambulance setting, but more 
formally rely on an instrumental variable technique 
based on the quasi-random assignment of ambulances. 
Although this approach strengthens causal inferences, 
its application to our study substantially reduces the 
analytic sample, making it infeasible to estimate 
mortality effects within the various subgroups of 
interest.

To examine whether mortality differences varied 
by patient characteristics, we stratified the model 
by patients’ sex, age group (65-74, 75-84, and ≥85 
years), race or ethnic origin (non-Hispanic white, non-
Hispanic black, Hispanic, or other), predicted mortality 
risk (divided into three equal groups corresponding to 
low, medium, and high risk), Elixhauser comorbidities, 
and prior hospital use. The prior use subanalyses 
separated patients according to the type of care 
they had received in the previous year (outpatient, 
emergency, and inpatient) and whether that care was 
obtained in the same VA or non-VA facility to which 
they were transported.

Our analysis was restricted to observations with 
complete data on all variables. We conducted 
sensitivity analyses that controlled for different 
combinations of control variables, added controls for 
hospital characteristics, relaxed our study eligibility 
criteria, examined a logit specification of mortality, 
and extended our mortality time window to 1.5 years. 
Analyses were conducted in Stata/MP version 15.1, 
and figures were created in R version 4.0.2.

Patient and public involvement
Veterans from the VA Palo Alto Veterans Engagement 
Council provided feedback on our research question 
during the preparation of the proposal for the grant 
that supported this work. Since the inception of 
our project, we have liaised with VA operational 
leadership, including the Office of Community Care 
and the National Lead for Emergency Medicine.

Results
Sample characteristics
The study sample consisted of 583 248 patients who 
had 1 470 157 emergency ambulance rides (mean 
2.52 rides per patient); 231 611 (15.8%) of the rides 
went to a VA hospital and 1 238 546 (84.2%) went to 
a non-VA hospital (table S4). Details are provided in 
figure 1. Patients who went to VA hospitals had similar 
characteristics to those who went to non-VA hospitals, 
but with some noteworthy differences (table 1). For 
example, patients taken to VA hospitals were more 
likely to be black and have used VA care in the prior 
year; they were also more likely to have mental health 
and substance use disorders (table S5). The proportion 
of ambulance rides that occurred on weekends 
(27.0%) was close to two sevenths, consistent with 
the emergency nature of these rides. Predicted 30 day 
mortality was slightly higher on average for patients 
taken to VA hospitals. The distribution of predicted 30 
day mortality was similar between patients taken to VA 
and non-VA hospitals (fig S2).

Frequency and rates of mortality
In total, 9.3% of the patients taken to VA hospitals 
died within 30 days of their ride, compared with 
11.7% of the patients taken to non-VA hospitals. In 
adjusted analyses, the 30 day mortality rate was also 
lower among patients taken to VA hospital than among 
those taken to non-VA hospitals (9.32 (95% confidence 
interval 9.15 to 9.50) v 11.67 (11.58 to 11.76) deaths 
per 100 patients). This absolute difference of 2.35 
(95% confidence interval 2.16 to 2.54) deaths per 100 
patients corresponds to a 20.1% lower mortality rate 
among patients taken to VA hospitals (fig 2).

Mortality differences by patient subgroups
The difference in adjusted mortality risk was similar 
for men and women (fig 2). However, compared 
with the overall estimate, the mortality advantage 
was disproportionately large for Hispanic patients 
(22.7% lower; 8.53 deaths per 100 patients taken to 
VA hospitals v 11.04 deaths per 100 patients taken to 
non-VA hospitals), black patients (25.8% lower; 7.78 v 
10.49), patients aged 65-74 years (27.1% lower; 6.37 
v 8.74), and patients who arrived with relatively low 
mortality risk (31.6% lower; 3.91 v 5.72).

Figure 3 groups patients according to the types of 
care, if any, that they received at the same hospital 
in the previous year. In four of the five groups shown, 
patients taken to VA hospitals had lower mortality 
rates than patients taken to non-VA hospitals. The 
VA mortality advantage was especially large for 
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patients who had previously received outpatient and 
inpatient care at the same hospital, and for those who 
had previously received outpatient, emergency, and 
inpatient care there. Prior inpatient care at the index 
hospital was a common feature of the groups that 
showed the largest mortality advantage for patients 
treated at VA hospitals. The only group in which 
VA patients did not have lower mortality rates were 
patients who had not received treatment in the past 
year at the hospital to which they were taken. However, 
there were relatively few patients taken to VA hospitals 
in that group, and this adjusted mortality estimate had 
wide confidence intervals.

The lower mortality rate among patients taken to 
VA hospitals was consistent across patient groups 
defined by the presence of pre-existing comorbidities 
(fig 4) and across years in our sample (fig S3). For 29 
of 31 Elixhauser comorbidities, patients taken to VA 
hospitals had lower adjusted mortality rates than those 

taken to non-VA hospitals, and for 22 comorbidities 
the 95% confidence interval included the overall 
estimate for the study sample (that is, a reduction of 
2.35 percentage points among patients taken to VA 
hospitals v those taken to non-VA hospitals). The two 
notable outliers from this consistent pattern were 
patients with metastatic cancer and patients with 
lymphoma—the adjusted mortality rates for patients 
with these comorbidities did not differ appreciably 
according to the type of hospital they were taken to, 
and the confidence intervals for both differences 
included zero (indicating no difference).

Temporal nature of mortality difference
Over the 30 days after the ambulance rides, lower 
mortality rates were evident within a few days for 
patients taken to VA hospitals (table S9). This difference 
then increased, peaking midway through the period 
when mortality was 2.41 percentage points lower for 

Rides for all dual enrollees taken to emergency department
by ambulance between 1 January 2001 to 20 November 2018

Excluded rides
Followed by visits to both VA and non-VA emergency department on same calendar day
Patient age <65 or >99
Missing hospital referral region
Missing ambulance company
To New Orleans VA

48 261
1 470 712

31 158
359

55 207

1 586 925

Excluded rides
Patient’s home was over 50 miles away from emergency department they were taken to
Patient residential zip code was over 20 miles from closest VA
Patient residential zip code was over 20 miles from closest non-VA

737 563
5 684 993

1366

6 423 922

Excluded rides
Originating in zip codes where share of rides going to any VA was less than 5 percent
Originating in zip codes where share of rides going to any non-VA was less than 5 percent

2 261 147
70

2 261 217

Patients had at least one ambulance ride in past month

12 067 340

Aer exclusion set 1
10 480 415

Aer exclusion set 2
4 056 493

Aer exclusion set 3
1 795 276

Aer exclusion set 4
1 470 157

325 119

Fig 1 | Study flowchart. Boxes describe steps in the sample selection, including counts of rides that were dropped and 
counts of rides remaining at each step. Ambulance rides to the New Orleans Veterans Affairs hospital were dropped 
owing to data quality concerns surrounding the destruction of this hospital during Hurricane Katrina. Characteristics 
of ambulance rides in each sample are given in table S2. Note that the counts for individual criteria (eg, missing 
ambulance company and referral region) could capture the same ride. VA=Veteran Affairs
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patients taken to VA hospitals, before subsequently 
decreasing through day 30.

Sensitivity analyses
Our main results were robust to various sensitivity 
analyses. First, alternative model specifications that 
used different combinations of the control variables 
produced estimates of mortality rates among patients 
taken to VA hospitals that were 1.43 to 2.43 percentage 
points lower than those among patients taken to non-
VA hospitals (table 2). Second, to probe whether 
systematic differences in the structure of VA and non-
VA hospitals confounded the association of interest, 
we added covariates indicating characteristics of the 
destination hospitals (eg, trauma level, presence of 
cardiac catheterization, and teaching hospital status), 
but the mortality difference estimated in this model was 
virtually identical to that estimated in the main model 
(table S10). Third, we examined the extent to which the 
series of exclusions made to create a balanced study 
sample (fig 1) affected the mortality difference, and we 
considered alternative samples that were either more 

restrictive in the treatment of prior ambulance rides 
or less restrictive in the treatment of missing data. In 
all these samples, the mortality advantage of patients 
taken to VA hospital was statistically significant and 
qualitatively similar (tables S11 and S12). Fourth, we 
considered an alternative specification of mortality 
with a logit model, rather than the linear probability 
model used to compute our main estimates.. This 
specification produced qualitatively similar results 
(table S14).

Finally, extending the window of analysis beyond 
30 days showed that the gap between mortality rates 
for patients taken to VA hospitals and non-VA hospitals 
continued to narrow gradually, before closing 11 
months after the index ambulance ride. This trend 
continued for as long as we followed it; at the 15 
month mark, the mortality rate for patients taken to 
VA hospitals had become significantly higher than for 
those taken to non-VA hospitals (fig S4). These higher 
mortality hazards in the longer term among veterans 
presenting to VA hospitals appear to accord with the 
conclusion of previous studies that these veterans 

Table 1 | Characteristics of study sample, by type of destination hospital. Data in table are number (%) of participants 
unless stated otherwise

VA hospitals (n=140) Non-VA hospitals (n=2622)
No of participants taken to hospital 231 611 1 238 546
Male sex 223 572 (96.5) 1 052 521 (85.0)
Mean age (years) 78.9 80.3
Race or ethnic origin
  White 168 674 (72.8) 1 031 083 (83.2)
  Black 57 029 (24.6) 178 988 (14.5)
  Hispanic 2961 (1.3) 11 867 (1.0)
  Other 2947 (1.3) 16 608 (1.3)
Arrival on weekend 60 824 (26.26) 333 979 (26.97)
Presenting condition*
  Chronic obstructive pulmonary disease 10 817 (4.67) 37 429 (3.02)
  Pneumonia 10 384 (4.48) 51 804 (4.18)
  Urinary tract infection 10 011 (4.32) 37 742 (3.05)
  Chest pain 9567 (4.13) 42 704 (3.45)
  Syncope 7602 (3.28) 43 489 (3.51)
  Congestive heart failure 7445 (3.21) 45 858 (3.70)
  Other lower respiratory disease 7259 (3.13) 15 592 (1.26)
  Fluid and electrolyte disorder 7149 (3.09) 23 079 (1.86)
Elixhauser comorbidity*
  Hypertension (uncontrolled) 192 940 (83.30) 1 044 636 (84.34)
  Cardiac arrhythmia 101 822 (43.96) 636 493 (51.39)
  Chronic pulmonary disease 99 807 (43.09) 524 463 (42.35)
  Diabetes - uncontrolled 99 612 (43.01) 520 294 (42.01)
  Congestive heart failure 79 305 (34.24) 492 230 (39.74)
  Fluid and electrolyte disorder 78 918 (34.07) 451 194 (36.43)
  Depression 78 289 (33.80) 368 274 (29.73)
  Peripheral vascular disorder 74 230 (32.05) 504 143 (40.70)
Healthcare use in prior year
  Veterans Affairs primary care 199 117 (85.97) 427 920 (34.55)
  Veterans Affairs emergency care 172 515 (74.48) 169 400 (13.68)
  Veterans Affairs inpatient care 124 221 (53.63) 97 895 (7.90)
  Non-Veterans Affairs primary care 23 889 (10.31) 618 719 (49.96)
  Non-Veterans Affairs emergency care 59 968 (25.89) 763 706 (61.66)
  Non-Veterans Affairs inpatient care 41 180 (17.78) 616 001 (49.74)
Predicted 30 day mortality rate (%)† 11.8 11.2
*Reported counts for presenting conditions and Elixhauser comorbidities are restricted to the eight most common presenting conditions and Elixhauser 
comorbidities among patients transported to Veterans Affairs hospitals.
†Predicted 30 day mortality was estimated from linear regressions of 30 day mortality on the full set of patient characteristics (table S3), adjusting for 
whether the patient was taken to a Veterans Affairs hospital. The average predicted 30 day mortality was made equal to the overall 30 day mortality by 
adjusting the constant in the prediction model.
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tend to have lower underlying health than veterans 
who present elsewhere for care.12-17 This finding also 
suggests that our design did not achieve complete 
randomization of site of care, or fully control for 
health differences. However, the likely consequence 
of this residual imbalance in the comparison groups 
is that our results underestimate the true reduction in 
mortality due to VA care.

Discussion
In this study of older adult veterans transported by 
ambulance to hospitals for emergency treatment, 
our findings indicate that those taken to VA hospitals 
were more likely than those taken to non-VA hospitals 
to be alive 30 days after the initial ambulance ride. 
The mortality advantage was consistent across men 
and women, patient age groups, and different types 
of pre-existing conditions, but the advantage was 
particularly pronounced among black and Hispanic 
patients and patients who had previously received care 
at the same hospital to which they were transported. 
Of the 50 subgroups of patients examined, none had 
significantly lower mortality rates at non-VA hospitals 
than at VA hospitals.

Comparison with other studies
Many previous studies have compared quality and 
outcomes of care in VA and non-VA settings.4 Studies 
of processes of care have consistently shown superior 
VA performance, but results from studies analyzing 
mortality outcomes are mixed.6 For example, Nuti et al 
found a lower 30 day mortality among men aged 65 

years or older admitted to VA hospitals than among 
a comparable group admitted to non-VA hospitals,18 
but other studies have found higher mortality among 
patients in VA hospitals after pancreatectomy,19 kidney 
transplantation,20 coronary artery bypass graft,21 and 
general surgery.22

A recognized explanation for these mixed findings 
relates to differences in the health status of the 
comparison groups.6 Most of these studies compare 
veterans receiving VA care with non-veterans receiving 
non-VA care. But if veterans tend to have worse health, 
this approach could falsely credit non-VA hospitals 
with superior performance. To avoid this bias, a few 
studies have restricted their comparisons to veterans, 
taking advantage of the fact that some veterans 
obtain care outside the VA system. Homogenizing the 
comparison groups in this way reduces the risk of bias.

Strengths and limitations of this study
Our study sought to mitigate risks of biased comparison 
in two ways: by focusing exclusively on veterans 
who were statutorily eligible for both VA and non-VA 
care, and by tracking outcomes of episodes of care 
that were initiated by emergencies. Previous studies 
have not sought to balance comparator groups in 
this way. In addition, with 583 248 patients followed 
into treatment at 2762 hospitals in 46 US states, our 
study is among the largest comparisons of VA and 
non-VA care conducted to date. It also examines all 
cause mortality, an outcome that captures effects of 
multiple dimensions of care on a wide range of medical 
conditions.

All

Male

Female

White 

Black

Hispanic

Age 65-74

Age 75-84

Age ≥85

Low mortality risk

Medium mortality risk

High mortality risk

-5 -4 -2 -1-3 0

Adjusted difference in
mortality rate (95% CI)

Fig 2 | Differences in adjusted 30 day mortality rates (in percentage points) between patients transported to Veterans 
Affairs hospitals and those transported to non-Veterans Affairs hospitals by ambulance, overall and by subgroups. 
Horizontal lines represent 95% confidence intervals. The vertical line shows the mean adjusted difference (–2.35 
percentage points) in mortality rates for all patients in the study sample. Mortality rates were adjusted for patients’ 
residential zip code; level of life support available at destination hospital; type of location where ambulance ride 
originated; timing of ride (year, month, day of week); use of primary care, emergency care, and inpatient care in 
the prior year; sex, age, and race or ethnic origin; ICD-9 code (international classification of diseases, 9th revision; 
1 digit) for in-ambulance diagnosis; and Elixhauser comorbidities. Table S3 provides details of these variables. 
Predicted mortality divided into three equal groups correspond to low, medium, and high risk categories. Table S6 
provides details of the method, variables used to predict patient mortality, and regressions estimates in table form 
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Our study also had several limitations. First, 
although our design mitigates the risk of confounding, 
it does not necessarily eliminate it. Systematic 
differences could still have existed between the 
patients taken to VA and non-VA hospitals and be 
associated with mortality risk. However, our sensitivity 
analyses indicated that the main results were robust 
to the inclusion of different sets of patient controls 
and hospital characteristics (eg, trauma center level, 
presence of cardiac catheterization). However, we 
detected slightly higher predicted mortality among 
patients taken VA hospitals, and our longer run 
analyses of mortality differences also suggested that 
those patients were slightly more ill than those taken 
to non-VA hospitals. The most plausible effect of this 
persistent underlying difference in health status on our 
study estimates is to render them an underestimate of 
the true reduction in mortality associated with VA care.

Second, for the analysis examining effects of 
previous care, we compared groups that differed in the 
location of care before the emergency visit of interest, 
potentially introducing some confounding. Third, our 
results might not be generalizable to younger veterans 
or to episodes of care not initiated by emergency 
treatment. Finally, although our results hint at 

several explanations for how VA hospitals achieved 
lower mortality rates, the study was not designed to 
illuminate mechanisms, and we can only speculate on 
what they could be.

Potential mechanisms
The mortality advantage that we identified among 
patients treated at VA hospitals was consistent across 
medical conditions but much greater for patients 
with a history of care at the hospital to which they 
were taken. This pattern of findings is consistent 
with distinctive strengths of VA care that have been 
previously described—in particular, information 
technology and integration of care.23 The VA has 
long provided integrated healthcare, supported 
by an advanced health information technology 
system, whereas movement toward electronic health 
records at non-VA hospitals has been substantially 
delayed.24 Although the gap has narrowed, the VA 
system continues to lead many private healthcare 
delivery systems in health information technology 
capabilities.25 26 Other distinctive features of the VA 
system include organization around primary care, 
minimal cost sharing for veterans, and a salaried 
approach to physician payment that avoids incentives 
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Fig 3 | Adjusted 30 day mortality rate (in percentage points) among patients transported to Veterans Affairs and non-
Veterans Affairs hospitals by ambulance, by type of care received in the same hospital in the previous year. Bubbles 
indicate subgroups of patients receiving various types of care previously (outpatient, emergency, inpatient, or none). 
Figure shows five of a possible eight combinations of prior care that included more than 1000 ambulance rides to 
Veterans Affairs hospitals (fig S9 provides detailed estimates for all eight combination groups). Bubble areas are 
proportional to group size; shading shows the proportion of patients taken to Veterans Affairs hospitals (blue) and 
non-Veterans Affairs hospitals (red); bubble positions indicate adjusted mortality rate of groups (along x and y axes 
for patients transported to Veterans Affairs hospitals and to non-Veterans Affairs hospitals, respectively). Bubbles 
above and below the diagonal line indicate lower and higher mortality rates, respectively, among patients taken to 
Veterans Affairs hospitals than among non-Veterans Affairs hospitals (table S3 provides details of variables used 
to adjust mortality rates). To determine groups, an entity that shared the same Centers for Medicare and Medicaid 
Services certification number as a hospital that a patient visited in the prior year was defined as the same hospital. 
Table S7 provides details of the variables used for the regressions and regression estimates 
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to over-treat or under-treat that are common in private 
payment models. VA and non-VA hospitals might also 
differ in beds, staffing, and wait times in the emergency 
department; however, adjustment for differences in 
hospital characteristics did not substantively change 
our results (table S10).

Conclusions
Widely publicized concerns about quality and capacity 
of the VA system, the largest public healthcare delivery 
system in the US, have fueled public perceptions that 
the VA health system is falling short of providing good 
care to the many veterans who depend on it.27 28 Our 
findings join those from other studies in suggesting that, 
for the system overall, those perceptions do not match 
reality. This conclusion has important implications 
for health policy. Enabling or encouraging veterans 
to obtain care outside the VA system could lead to 
worse—not better—health outcomes, particularly for 
veterans with established care relationships at VA 
facilities. The extent to which VA hospitals outperform 
other types of hospitals, and in what specific facets 
of care, should continue to be studied. At the same 
time, increasing evidence of superior performance 
justifies a redoubling of efforts to understand how the 
VA system achieves this. As well as helping the VA to 
improve care processes and outcomes, those insights 
could produce valuable lessons for healthcare delivery 
systems globally.
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Fig 4 | Differences in adjusted 30 day mortality rates (in percentage points) for patients 
transported to Veterans Affairs versus those transported to non-Veterans Affairs 
hospitals by ambulance, according to Elixhauser comorbidities. Horizontal lines=95% 
confidence intervals. Vertical line shows the mean adjusted difference (–2.35 
percentage points) in mortality rates for all patients in the study sample. Table S8 
provides regression details and results 

Table 2 | Robustness of differences in adjusted 30 day mortality rates of patients taken to Veterans Affairs hospitals 
versus non-Veterans Affairs hospitals by ambulance, using alternative covariates in the regression model
Specification No Description Adjusted mortality difference (% (95% CI))
1 No control variables −2.39 (−2.55 to −2.23)
2 Specification 1 + patient zip code fixed effects −2.43 (−2.59 to −2.27)
3 Specification 2 + level of life support −1.62 (−1.78 to −1.46)
4 Specification 3 + type of ride origin −1.43 (−1.59 to −1.28)
5 Specification 4 + year-month and day of ride −1.46 (−1.61 to −1.31)
6 Specification 5 + prior use −1.95 (−2.14 to −1.76)
7 Specification 6 + patient demographics −2.02 (−2.21 to −1.83)
8 Specification 7 + in-ambulance diagnosis code −1.99 (−2.18 to −1.81)
9 Specification 8 + Elixhauser comorbidities −2.35 (−2.54 to −2.16)
Table shows how multivariable regression estimates of the association between patients being taken by ambulance to a Veterans Affairs hospital (versus 
a non-Veterans Affairs hospital) and 30 day mortality vary according to the set of control variables included in the regression model. Specification 1 
shows the estimate when no controls are included (that is, the raw difference in mortality rates between patients taken to Veterans Affairs hospitals 
and those taken to non-Veterans Affairs hospitals by ambulance). Subsequent specifications incrementally add covariates until reaching preferred 
specification 9. Models were fit on the study sample (n=1 470 157) and standard errors were clustered at the zip code level.
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