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Cardiac stress testing in patients with
diabetes mellitus (DM) is a topic of much
debate (1,2). The clinical heterogeneity
and varied interpretation of atypical symp-
toms in this population may lead to sig-
nificant variation in cardiac stress testing
with downstream implications in health
care expenditure. We evaluated facility-
level variation in cardiac stress test use
among patients with DM across the Vet-
erans Affairs (VA) health care system.
We identified patients with DM aged

$18 years with a primary care clinic visit
during VA fiscal year 2014 at one of the
130 VA facilities and associated clinics.
Patient demographics and medical his-
tory were identified using clinical data
sources and ICD-9-CM codes. We calcu-
lated diagnostic cost group relative risk
score (DCG-RRS), a validated surrogate
for overall illness burden. Facility-level
cardiac stress test use was defined as the
number of stress tests performed per
facility per 100 patients with DM in
the preceding 365 days. Stress testing
modalities evaluated included exercise

treadmill test, stress echocardiography,
and SPECT/PET MPI (myocardial perfu-
sion imaging [single photon emission
computed tomography or positron emis-
sion tomography]). Facilities with ,10
studies/year were excluded. Median risk
ratio (MRR), a well-established measure
of facility-level variation (3), was derived
by constructing multivariable hierarchi-
cal modified regression models adjusted
for patient clustering and modeled
patient characteristics as filter effects
within each facility and individual facil-
ities as a random effect (4). Unadjusted
and adjusted MRRs (adjustment for pa-
tient, provider, and facility-level varia-
bles) were calculated for overall stress
testing and individual stress modalities.
MRR represents the likelihood of two
random facilities differing in stress test
use for two similar patients. For example,
MRR of 1 corresponds to no facility-level
variation, whereas MRR of 1.5 would
suggest 50% variation in stress test
use for two facilitieswith similar patients.
We conducted sensitivity analyses to

evaluate variation among patients with
DM with and without ischemic heart
disease (IHD). Lastly, geographic varia-
tion in stress testusewasdepicted (Fig. 1)
using Federal Information Processing
Standards (FIPS) codes. The Michael E.
DeBakey VA Medical Center granted in-
stitutional review board approval.

Our study included 1,448,906 patients
withDM,whowerepredominantlywhite
(65.1%) andmale (96.3%)with high prev-
alence of hypertension (83.1%) and IHD
(33.1%). ThemeanDCG-RRSwas1.69.Un-
adjusted facility-level rates of stress test-
ing ranged from 2.40 to 19.32 studies per
100 patients with a mean6 SD of 9.776
3.39 studies per 100 patients. Unad-
justed MRR for overall stress test use was
1.52 (95%CI1.44–1.60),whichdecreasedto
1.38 (95% CI 1.32–1.43) after adjustment
for patient-level variables (age, sex, race,
hypertension, IHD, DCG-RRS, and use of
insulin) and 1.37 (95% CI 1.32–1.43) after
further adjustment for provider and facility-
level variables (percutaneous coronary
intervention accessibility and number of
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cardiology visits in preceding 12 months).
This indicates a 37% variation in the prob-
ability of two similar patients with DM at
two random facilities receiving a stress
test. Similar magnitude of variation was
observed across various stress modalities:
exercise treadmill test (MRRadjusted 1.50,
95% CI 1.42–1.57), stress echocardiogram
(MRRadjusted 2.67, 95% CI 2.24–3.10), and
SPECT/PET MPI (MRRadjusted 1.44, 95% CI
1.38–1.51). Sensitivity analyses among
patients with DM with or without IHD
revealed an adjusted variation in overall
stress test use of 39% in both subgroups.
Fig. 1 shows interstate and intrastate
facility-level variation in overall stress
test use.
Our results suggest that despite ad-

justment for a multitude of covariates,
significant residual variation in overall
stress test use exists among veterans
with DM with or without IHD. Several
factors may explain these findings. Clin-
ical heterogeneity among patients with
DM and atypical or absent presenting
symptoms creates a level of uncertainty
that may lead to substantial variation in
stress testing. Variation may also be at-
tributed to misuse or overuse of stress
testing due to insufficient knowledge

about appropriate use criteria (5), simul-
taneous practice, or recent training in
a non-VA health care system (where
factors of financial incentives or “defensive
medicine” may be at play). Underuse of
stress testingby facilitieswith lowuse rates,
secondary to constraints in facility-based
resources or higher reliability on cardiac
computedtomographicangiography,may
also result in significant variation. A
marked nationwide geographic variation
may also be attributed to inefficient allo-
cation of health care resources resulting
ina supply-demandmismatch.Our results
from a large health care system serve as
benchmark data for variation in stress
testing. Future studies are warranted to
assess system-wide appropriateness of
stress testing, assess patient-level symp-
tom data, and conduct qualitative analyses
to understand individual provider-level
drivers behind such variation.

In conclusion, we demonstrated a 37%
residual facility-level variation in stress
test use. This level of unexplained var-
iation across a nationwide health care
system presents an opportunity for con-
glomeration of our methodology along
with identification of provider-level
variables, patient outcomes data, and

appropriateness of stress testing in order
to improve quality of stress testing.
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Figure 1—Variation in cardiac stress test use rates among patients with diabetes by county across all VA health care facilities. Rates represent the
number of stress tests performed per 100 patients with diabetes per county per year.
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