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OBJECTIVE

To evaluate patient-level glycemic control and facility variation of a proposed
out-of-range (OOR) measure (overtreatment [OT] [HbA1c <7% (53 mmol/mol)] or
undertreatment [UT] [>9% (75 mmol/mol)]) compared with the standard measure
(SM) (HbA1c <8% [64 mmol/mol]) in high-risk older adults.

RESEARCH DESIGN AND METHODS

Veterans Health Administration patients‡65 years of age in 2012whowere taking
antihyperglycemic agents in 2013 were identified. Patient-level rates and facility-
level rates/rankings were calculated by age and comorbid illness burden.

RESULTS

We identified 303,097 patients who were taking antiglycemic agents other than
metformin only. The study population comprised 193,689 patients with at least
one significant medical, neurological, or mental health condition; 98.2% were
taking a sulfonylurea and/or insulin; 55.2% were aged 65–75 years; and 44.8%
were aged >75 years. The 47.4% of patients 65–75 years met the OOR measure
(33.4% OT, 14% UT), and 65.7% met the SM. For patients aged >75 years, rates
were 48.1% for OOR (39.2% OT; 8.9% UT) and 73.2% for SM. Facility-level rates for
OOR for patients aged 65–75 years ranged from 33.7 to 60.4% (median 47.4%),
with a strong inverse correlation (r =20.41) between SM and OOR performance
rankings. Among the best-performing 20% facilities on the SM, 14 of 28 ranked in
the worst-performing 20% on the OORmeasure; 12 of 27 of the worst-performing
20% facilities on the SM ranked in the best-performing 20% on the OOR measure.

CONCLUSIONS

Facility rankings that are based on an SM (potential benefits) and OOR measure
(potential risks) differ substantially. An OOR for high-risk populations can focus
quality improvement on individual patient evaluation to reduce the risk for short-
term harms.

According to the most recent National Diabetes Statistics Report, 11.2 million
people$65 years of age have diabetes (1). Individualized target values for glycemic
control for older adults with diabetes, based on comorbid conditions and other factors,
are recommended by the American Diabetes Association (ADA) and the American
Geriatrics Society (2), the ADA/European Association for the Study of Diabetes (3),
and the Department of Veterans Affairs (VA)/Department of Defense (4). Two ongoing
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national diabetes medication safety
programsdthe American Board of Inter-
nal Medicine Foundation/American Geri-
atrics Society Choosing Wisely campaign
(5) and the Department of Health and
Human Services National Action Plan
for Prevention of Adverse Drug
Events–Diabetes Agents (DHHS-NAP)
federal interagency partnership (6)d
emphasize the importance of setting
and reevaluating individualized glyce-
mic goals on the basis of a process of
shared decision making that incorpo-
rates health literacy and patient pre-
ferences. The DHHS-NAP focuses on
prevention of hypoglycemia (6), which
has been increasingly recognized as a
public health concern (7). Indeed, hypo-
glycemia now exceeds hyperglycemia
as a cause of hospitalization among
Medicare beneficiaries (8) and is a com-
mon cause for emergency department
visits among patients who take insulin
(9).
The current National Quality Forum

(NQF)–endorsed glycemic control per-
formance measures applicable to pa-
tients 65–75 years of age include
HbA1c ,8% (64 mmol/mol) and .9%
(75 mmol/mol) (10). Shortcomings of
one-size-fits-all dichotomous measures
include not rewarding physicians for
achieving marked improvement in gly-
cemic control that has not achieved the
target level (11) and an inability to simul-
taneously address the balance of benefits
and harms for individual patients.
We have proposed a potential over-

treatment (OT) measure (HbA1c ,7%
[53 mmol/mol]) for older adults with
serious comorbid conditions who take
antihyperglycemic agents that carry a
higher risk of hypoglycemia (insulin
and sulfonylureas) (12). However, an
increased focus on OT could similarly
result in a decreased emphasis on
undertreatment (UT) (HbA1c .9%
[75 mmol/mol]) (13). Therefore, we
propose an out-of-range (OOR) ac-
countability measure that combines
potential OT and UT for patients
aged $65 years with diabetes and sig-
nificant comorbid conditions taking
antihyperglycemic agents other than
metformin alone. The principal study
objective was to compare the OORmea-
sure with the NQF-endorsed measure
(HbA1c ,8% [64 mmol/mol]) and to
evaluate facility variation and rankings
among Veterans Health Administration

(VHA) facilities. In addition to evaluat-
ing patients aged 65–75 years who are
included in the current NQF measure,
we evaluated patients aged .75 years.
Finally, we evaluated a companion
in-range (IR) (HbA1c 7.5–8.5% [58–
69 mmol/mol]) quality improvement
measure.

RESEARCH DESIGN AND METHODS

Study Population
We identified patients with diabe-
tes aged $65 years as of 1 October
2012 who used VHA care in fiscal years
(FYs) 2012 and 2013 (1 October 2011
to 30 September 2013). Diabetes was
defined based on two or more ICD-9
Clinical Modification (CM) codes for
diabetes (250.xx) associated with clini-
cal face-to-face outpatient care on sepa-
rate calendar days or receipt of any
antihyperglycemic medication prescrip-
tion (insulin, sulfonylurea, biguanide,
a-glucosidase inhibitor, dipeptidyl pep-
tidase 4 inhibitor, incretin mimetics,
meglitinide, or thiazolidinedione). We
then retained those with an HbA1c test
performed in VHA laboratories in FY
2013 who received antihyperglycemic
agents other than metformin only, con-
sistent with its recommendation as
first-line therapy and favorable safety
profile (2–5). Patients were included
only if they had active prescriptions for

antihyperglycemic medications within
60 days of their last HbA1c value in FY
2013 to increase the likelihood that
they were receiving active therapy. Fi-
nally, patients with at least one specified
comorbidity were included.

Data Sources
We used VHA inpatient and outpatient
encounter files and laboratory andmed-
ications data.

Outcome Measures
Patient-level rates and facility-level rank-
ings on OOR (HbA1c ,8% [64 mmol/mol])
measures and IR control were deter-
mined in specified subpopulations of
increasing comorbid illness burden.
Our conceptual framework (Fig. 1)
maps the proposed OOR accountabil-
ity measure to existing and proposed
performance measures, whereas the
IR quality improvement component is
consistent with guideline recommen-
dations to individualized target goals.

For the OOR measure, we used the
NQF-endorsed measures that apply to
the 65–75-year-old population (10). We
chose the HbA1c ,8% (64 mmol/mol)
threshold as the comparator because
that is the glycemic performance in-
cluded in the NQF Optimal Diabetes
Care composite measure (NQF 0729),
which requires that all component indi-
cators be achieved to receive credit for

Figure 1—Conceptual framework for the development of OOR and IR glycemic measures for
adults aged $65 years. The framework incorporates existing national performance measures
with federal agency and professional society recommendations.
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passing (10). We chose the current
HbA1c .9% (75 mmol/mol) poor control
measure (NQF 0059) as UT.
Our justification for defining OT as

HbA1c ,7% (53 mmol/mol) for older
adults with clinically significant condi-
tions who take antihyperglycemic med-
ications, especially those that are
hypoglycemia prone, is twofold. First, the
NQF measure assessing the percentage
of patients aged ,65 years who achieve
this level of control excludes those with
specific comorbid conditions, including
cardiovascular disease, advanced diabe-
tes complications, and cognitive impair-
ment (NQF 0731) (10). Parenthetically,
medication use is not part of the NQF
measure. Second, the DHHS-NAP re-
commends this threshold as a balancing
measure for patients on antihypergly-
cemic agents with an increased risk of
hypoglycemia (6).
We defined an IR glycemic control qual-

ity improvement component as an HbA1c
between 7.5 and 8.5% (58–69mmol/mol).
This range is consistent with conclusions
from multiple guidelines that intensive
antihyperglycemic therapy, especially the
use of insulin, to achieve A1C values,7%
(58 mmol/mol) is not warranted in older
adults with substantial comorbid illness
burden (2–5,14,15). An upper threshold
of up to 8.5% (69 mmol/mol) for indi-
viduals with limited life expectancy and
complex comorbid conditions as well
prior episodes of or high risk for severe
hypoglycemic events is consistent with
current guideline recommendations
from the 2016 ADA Standards of Care
(14) and the 2015 ADA/European Asso-
ciation for the Study of Diabetes posi-
tion statement (15).
A range can accommodate the in-

ability of administrative data to assess
disease severity, including activities of
daily living. Additionally, it is not pos-
sible to assess social determinants that
increase the risk for hypoglycemia, in-
cluding patient preferences for medi-
cations and lifestyle, food insecurity,
and intercurrent illnesses. Further-
more, the true value of an HbA1c test
result is within a range in which the
magnitude of the upper and lower
bounds depends on the performance
quality of the individual laboratory (16).
Indeed, sequential HbA1c values that
are ,0.5% units (5.5 mmol/mol) of each
other may not be statistically significant
(17). We further note that the proposed IR

also encompasses the upper and lower lim-
its of an A1C value of 8% (64 mmol/mol).

We determined comorbidity cate-
gories for the denominator of the OOR
measure based on specified baseline
(FY 2012) diagnoses of chronic kidney
disease (serum creatinine .1.7 mg/dL)
and significant comorbid conditions us-
ing previously published ICD-9-CM tax-
onomies (18). Significant medical health
conditions included four major cate-
gories: 1) conditions associated with
diminished life expectancy (end-stage
hepatic disease and cancer, excluding
basal and squamous skin cancers),
2) advanced complications of diabetes
(advanced/proliferative retinopathy,
end-stage renal disease, lower-extremity
amputation), 3) neurological conditions
that could increase the risk for or impair
response to symptomatic hypoglycemia
(gastroparesis, Parkinson disease, apha-
sia, dysphasia, hemiplegia, apraxia,
epilepsy, transient ischemic attack,
cognitive impairment, and dementia),
and 4) cardiovascular diseases (conges-
tive heart failure, myocardial infarction,
and ischemic vascular disease). We had
previously reported that among patients
,65 years of age, the 5-year unadjusted
mortality rate within these stratifications
was 45.0% for patients characterized as
having decreased life expectancy, 35.7%
for those with advanced complications,
and 24.2% for those with neurological con-
ditions (19). We also included two mental
health conditions, major depression and
alcohol and/or substance abuse, that could
affect the risk for and/or response to hypo-
glycemia. To standardize the facility popu-
lation for evaluation of facility-level
variation, we assigned patients to the
VHA facility where their last HbA1c test
in FY 2013 was performed.

Statistical Analysis
We conducted statistical analyses by
age-group for the study population.
We calculated the rates of all studied
glycemic control measures for various
nested subpopulations based on comor-
bid conditions. To evaluate facility vari-
ation in glycemic control, we reported
variation in descriptive statistics for fa-
cility-level rates for all measures. We
also evaluated variation according to
the coefficient of variation (CV), which
measures relative variation to themean.

We ranked facility-level rates accord-
ing to the OOR and,8% (64 mmol/mol)

measures. We selected three groups
from 139 facilities based on the OOR
ranking results: the best-performing
10%, the median-performing 10%, and
the worst-performing 10%. Lower rates
of OOR correspond to better perfor-
mance, and higher rates indicate worse
performance. In addition to graphic
visualization of facility variation and rela-
tionships among theHbA1cmeasures,we
obtained Spearman rank correlation co-
efficients (r) between HbA1c measures.
Finally, we assessed the movements of
facilities in ranking deciles on the basis
the OOR and ,8% (64 mmol/mol) mea-
sures. The study was approved by the VA
New Jersey Health Care System institu-
tional review board.

RESULTS

We identified 1,036,912 patients with
diabetes who were alive as of 1 October
2012 and used the VHA for clinical out-
patient care during FYs 2012 and 2013.
There were 677,045 (65.3%) who were
aged $65 years, of whom 574,492
(84.6%) had an HbA1c test performed
in VHA laboratories in FY 2013. We ex-
cluded 190,920 who had no prescrip-
tions for diabetes medications (33.2%)
within 60 days of the last HbA1c test in
FY 2013 as well as an additional 80,475
(14%) who were taking metformin only
during that time; we retained the re-
maining 303,097 (52.85%) patients.
Overall, 98.2% were prescribed insulin
and/or sulfonylureas; use of insulin
alone and sulfonylureas alone was ob-
served in 30.1% and 17.5%, respectively.

The characteristics of these 303,097
patients are shown in Supplementary
Table 1. There were 58.3% aged 65–75
years, and 41.7% were .75 years. The
population was 98.7% male with high
degrees of comorbidity. At least one co-
morbid condition, including elevated se-
rum creatinine, was present in 60.4% of
patients 65–75 years, and 68.7% of
those were .75 years. These condi-
tions included diminished life expec-
tancy (11.5 and 15%), advanced diabetes
complications (9.1 and 11.0%), cognitive
impairment/dementia (5.4% and 11.5%),
and cardiovascular disease (39.0 and
46.6%). There were 61.1 and 53.8%
who received insulin in their respective
age-groups.

We excluded 110,608 patients with-
out a specified comorbid illness. The
final study population comprised 106,866

520 Patient Safety Glycemic Measure for Seniors Diabetes Care Volume 40, April 2017

http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc16-0953/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc16-0953/-/DC1


patients aged 65–75 years and 86,823
aged .75 years who had at least one
specified comorbid condition (Table 1,
group H). The numbers of patients in
the nested high-risk subpopulations
and the incremental increase resulting
from adding an additional category of
diseases are presented for groups A–H.
For example, the incremental change
of adding cognitive impairment to those
with elevated serum creatinine (group
B) was 14.3% of the study population
for those aged $75 years and 7.9% for
those aged 65–75 years, whereas the
addition of major depression and sub-
stance use (groups F and G) had higher
incremental change in younger (11.0%)
than in older (1.8%) individuals. Even
though cardiovascular disease was the
last comorbid condition added, it had
the greatest incremental change in the
study population (group H) (37.2% in
those 65–75 years and 35.1% for
those .75 years).
The percentage of patients in the

study population (group H) with HbA1c
thresholds of,6.5% (47.5mmol/mol) (data
not shown), ,7% (53 mmol/mol), ,8%
(64 mmol/mol), and.9% (75 mmol/mol)
were 17.5, 33.4, 65.7, and 14.0%, res-
pectively, for those aged 65–75 years
and 20.9, 39.2, 73.2, and 8.9% for

those aged .75 years. There were
47.4% of patients 65–75 years with
an HbA1c ,7% (53 mmol/mol) or .9%
(75 mmol/mol) and 28.2% with an
HbA1c in the range of 7.5–8.5 (58–
69 mmol/mol). For patients .75 years,
the respective percentages were 48.1%
and 27.1%.

Table 2 shows the distributions of
facility-level rates for various HbA1c

measures based on patients with at
least one of the studied comorbidities
(Table 1, group H) Consistent with the
overall findings from the patient-level
analysis (Table 1), there were higher
OT rates (mean 39.3 vs. 33.6% for
HbA1c ,7% [53 mmol/mol]) and lower
UT rates (8.9 vs. 13.9% for HbA1c .9%
[75 mmol/mol]) for patients aged $75
years than their younger counterparts.

Overall, marked facility-level varia-
tion was observed. For example, for pa-
tients 65–75 years of age, facility-level
OOR rates varied from 33.7 to 60.4%.
HbA1c ,7% (53 mmol/mol) rates var-
ied from 23.4 to 49.9%, IR rates varied
from 18.4 to 36.5%, and HbA1c .9%
(75 mmol/mol) rates varied from 7.6
to 21.6%. The maximum rate was nearly
threefold of the minimum rate for
HbA1c .9% (75 mmol/mol) and close
to twofold for other measures. Use

of a lower (more stringent) threshold
of HbA1c (,6.5% [47.5 mmol/mol])
had only a modest effect. Facility OOR
rates varied from 19.7 to 42.4% for pa-
tients 65–75 years and from 11.2 to
40.7% for patients $75 years. The var-
iation to the mean was greatest for
HbA1c .9% (75 mmol/mol) (CV 18.6
in the 65–75-year and 46.4 in the
$75-year age-groups). Facility varia-
tion was generally greater for patients
65–75 years (except for HbA1c .9%
[75 mmol/mol]).

We assessed the relationships among
facility-level performance rankings based
on various HbA1c measures. Figure 2
shows that within each performance
group (based on facility-level OOR
measure) and across the selected
groups, IR rates decreased along with
increased OOR rates, indicating an in-
verse relationship (r = 20.83 [P ,
0.01] for both age-groups based on
all facilities). Facility-level rates for OT
(HbA1c ,7% [53 mmol/mol]) increased
with increased OOR rates, indicating
a positive relationship of the rates but
a negative relationship between per-
formance rankings (r = 20.82 for
the 65–75-year and 20.91 for the
.75-year age-groups; P, 0.01). However,
no obvious pattern for the relationship

Table 1—Rates of various HbA1c measures in nested high-risk groups of the study population* based on comorbidities

Rates of HbA1c measures for each denominator

Group Incremental change Denominator OT¶ NQF# UT** OOR†† IR‡‡

Aged 65–75 years
A Creatinine $1.7 mg/dL 16,395 (15.3) 36.5 67 13.2 49.7 27.3
B A + cognitive impairment or dementia 8,441 (7.9) 24,836 (23.2) 36.3 66.7 13.7 50 26.9
C B + advanced diabetes complications† 11,983 (11.2) 36,819 (34.5) 33.6 64.8 14.6 48.2 28
D C + diminished life expectancy‡ 15,802 (14.8) 52,621 (49.2) 34.7 66.1 13.8 48.5 27.5
E D + other neurological conditions§ 2,710 (2.5) 55,331 (51.8) 34.8 66.2 13.8 48.6 27.5
F E + major depression 7,303 (6.8) 62,634 (58.6) 34.6 66.1 14.0 48.5 27.5
G F + alcohol/drug abuse 4,503 (4.2) 67,137 (62.8) 34.8 66.1 14.1 48.9 27.3
H G + cardiovascular diseases| (study population*) 39,729 (37.2) 106,866 (100) 33.4 65.7 14.0 47.4 28.2

Aged .75 years
A Creatinine $1.7 mg/dL 18,830 (21.7) 41.4 73.6 8.5 49.9 26.5
B A + cognitive impairment or dementia 12,433 (14.3) 31,263 (36.0) 40.5 72.6 9.4 49.9 26.3
C B + advanced diabetes complications† 9,526 (11.0) 40,789 (47.0) 39.7 72.3 9.6 49.3 26.6
D C + diminished life expectancy‡ 12,439 (14.3) 53,228 (61.3) 40.2 73.1 9.3 49.5 26.3
E D + other neurological conditions§ 1,524 (1.8) 54,752 (63.1) 40.2 73.1 9.2 49.4 26.4
F E + major depression 1,077 (1.2) 55,829 (64.3) 40.1 73.1 9.3 49.4 26.4
G F + alcohol/drug abuse 539 (0.6) 56,368 (64.9) 40.2 73.1 9.3 49.5 26.4
H G + cardiovascular diseases| (study population*) 30,455 (35.1) 86,823 (100) 39.2 73.2 8.9 48.1 27.1

Data are n (%) or %. To convert serum creatinine to micromoles per liter, multiply by 88.4. *The study population comprised patients with diabetes
and an HbA1c value available in FY 2013whowere taking any antiglycemic agent other thanmetformin alone within 60 days before their last HbA1c in
FY 2013 and who had at least one of the studied comorbidities. †Advanced diabetic complications include end-stage renal disease, amputation, and
advanced retinopathy. ‡Diminished life expectancy includes end-stage hepatic disease and cancer (excluding basal and squamous skin cancers).
§Other neurological conditions include gastroparesis, Parkinson disease, aphasia, dysphasia, hemiplegia, apraxia, epilepsy, and transient ischemic
attack. |Cardiovascular diseases include myocardial infarction, chronic heart failure, and ischemic vascular disease. ¶OT, ,7% (53 mmol/mol).
#NQF,,8% (64 mmol/mol). **UT,.9% (75 mmol/mol). ††OOR,,7% (53 mmol/mol) or.9% (75 mmol/mol). ‡‡IR, 7.5–8.5% (58–69 mmol/mol).
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was found between UT and OOR (r =
0.03 [P = 0.70] and 0.08 [P = 0.33],
respectively).
We found that the facility-level rank-

ings betweenHbA1c,8% (64mmol/mol)
and OOR measures were moderately
correlated (r = 20.41 and 20.54; P ,
0.01 for both) for the two age-groups.
We further assessed the movements of
facilities in ranking deciles on the basis
of these two measures and observed
that 14 of the 28 facilities ranked in
the best-performing 20% based on
HbA1c,8% (64mmol/mol) were ranked
in the worst-performing 20% based on
their OOR rates (data not shown). On
the other hand, 12 of the 27 facilities
ranked in the worst-performing 20%
based on HbA1c ,8% (64 mmol/mol)
were ranked in the best-performing

20% based on their ORR rates (data
not shown).

CONCLUSIONS

The findings support two conclusions
with differing implications regarding
glycemic control for patients 65–75
years of age, all of whom had at least
one significant comorbid condition and
almost all of whom received agents that
are hypoglycemia prone (i.e., insulin,
sulfonylureas). On the basis of the NQF-
endorsed HbA1c ,8% (64 mmol/mol)
measure (10), nearly two-thirds (65.7%)
of all patients were receiving quality
care. Alternatively, on the basis of the
OOR measure, about one-half (47.4%)
were significantly UT or OT according
to current guideline recommenda-
tions. The magnitude is comparable for

patients .75 years of age, who are not
included in NQF-endorsed glycemic
measures. Only 28.4% of patients aged
65–75 years and 27.1% of those .75
years had HbA1c results between 7.5
and 8.5% (58–69 mmol/mol), which we
defined as IR. In a sensitivity analysis, we
noted higher rates of an even-lower
HbA1c threshold ,6.5% (47.5 mmol/mol)
than poor A1C (.9% [75 mmol/mol])
control.

These results highlight that the deter-
mination of quality rankings depends on
the perspective taken and technical
specifications of measures. Our per-
spective is that a major clinical focus of
glycemic management for an older pop-
ulation, especially those with significant
disease burden, should address the risk
for and/or presence of symptoms and

Figure 2—Facility-level rates of HbA1c measures for selected performance groups based on facility rankings from the OOR measure. The study
population included patients with diabetes and an HbA1c value available in FY 2013 who were taking any antihyperglycemic agent other than
metformin alonewithin 60 days before their last HbA1c in FY 2013 andwho had at least one of the studied comorbidities. Facilitieswere ranked based
on the OOR measure (HbA1c ,7% [53 mmol/mol]; HbA1c .9% [75 mmol/mol]). Lower rates correspond to better performance. Three groups were
presented: the best-performing 10%, median-performing 10%, and worst-performing 10%.

Table 2—Distribution of facility-level rates of various HbA1c measures among the study population by age-group

65–75 Years .75 Years

HbA1c measure Median Min. Max. Mean SD CV Median Min. Max. Mean SD CV

,7% (53 mmol/mol) 33.0 23.4 49.9 33.6 5.0 14.8 38.6 24.1 59.3 39.3 2.5 6.3

,8% (64 mmol/mol) 66.0 54.5 77.3 65.8 4.3 6.6 73.2 60.0 83.2 73.2 1.4 1.9

.9% (75 mmol/mol) 13.8 7.6 21.6 13.9 2.6 18.6 8.7 4.2 17.4 8.9 4.2 46.4

7.5–8.5% (58–69 mmol/mol) 28.0 18.4 36.5 28.2 3.0 10.7 27.0 18.2 38.5 27.0 2.1 7.8

,7% (53 mmol/mol) or .9% (75 mmol/mol) 47.4 33.7 60.4 47.4 4.2 8.8 47.9 35.3 64.3 48.2 1.8 3.8

Data are percentage A1C unless otherwise indicated. The study population comprised patients with diabetes with an HbA1c value available in FY
2013 whowere taking any antiglycemic agent other than metformin alone within 60 days before their last HbA1c in FY 2013 and who had at least one
of the studied comorbidities. Max., maximum; Min., minimum.
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adverse events related to either glyce-
mic control or medications. Therefore,
we propose designating the OOR mea-
sure as an accountability patient safety
measure to address a population health
need not currently addressed by en-
dorsed measures. Our proposal also is
consistent with the need to increase cli-
nician and patient awareness that an
A1C test result is within a range (16,17).
The emphasis on prevention of short-

term medication harms is consistent
with the NQF-endorsed patient safety
measure, which has no upper age limit
and is used by the Centers for Medicare
& Medicaid Services to monitor the an-
ticoagulant effect of Coumadin using
the international normalized ratio (20).
Maintaining the international normal-
ized ratio within a range is the goal for
maximizing benefit (i.e., protect patients
from blood clots) while minimizing risk
(i.e., risk of hemorrhage attributable to
excessive anticoagulation).
However, it is important from both an

individual patient and a population
health perspective to balance avoidance
of harms with decreasing long-term risk
of microvascular complications. There-
fore, the availability of an IR quality im-
provement measure would enable most
high-risk patients to be managed safely
over time within a range appropriate for
and agreed to by the individual patient
in the context of shared decisionmaking
(2–6).
This approach is consistent with the

major randomized controlled trials of in-
tensive treatment of patients with a
longer duration of diabetes (21–23).
These trials demonstrated that the ab-
solute risk reduction (benefits) of HbA1c
lowering on microvascular complica-
tions aremodest over 5–10-year periods
and were most significant for the onset
and progression of renal disease. Al-
though major guidelines differ about
how comorbid severity is defined, all rec-
ommend that glycemic targets reflect
illness burden, life expectancy, and in-
dividual risk for hypoglycemic events.
The prevalence of significant comor-

bid illness in older adults with diabetes
in the VA is similar in magnitude, given
methodological differences in illness se-
verity ascertainment, to the comorbid ill-
ness burden in the U.S. A recent study
that used the National Health and Nutri-
tion Examination Survey (NHANES),
which is representative of the nation’s

noninstitutionalized civilians, reported
that of older adults (.65 years; mean
74 years) with diabetes, 50.7% were rel-
atively healthy, 28.1% had complex/
intermediate health, and 21.2% had
very complex/poor health (24). Very
complex health status was defined as
having two or more impairments in ac-
tivities of daily living or receiving dialy-
sis. A study limitation was that the
prevalence of poor health was under-
estimated because conditions such as
end-stage (stage III–IV) congestive heart
failure, oxygen-dependent lung disease,
and metastatic cancer could not be as-
certained. Complex health status was
defined as three or more chronic condi-
tions, including congestive heart failure,
lung disease, significant-stage chronic
kidney disease, coronary heart disease,
stroke, urinary incontinence, major
depression, active cancer, and substance
abuse.

Additionally, substudies from the Ac-
tion to Control Cardiovascular Risk in Di-
abetes (ACCORD) trial demonstrated
that hypoglycemic risk is not limited to
severe illnesses or even to patients
with very low A1C levels. Even modest
elevations of serum creatinine levels
(.1.3 mg/dL) and mildly impaired
cognitive impairment were associated
with an increased risk of severe hypo-
glycemia in both the control and the
treatment arms (25,26). Such factors
may contribute to episodes of severe
hypoglycemia in patients with higher
HbA1c values in clinical practice (27).

Lower socioeconomic status (28) and
decreased health literacy (29) were as-
sociated with an increased risk of hypo-
glycemia, even in members of a large
regional health maintenance organiza-
tion. The risk for hypoglycemia-related
hospital admissions was 27% higher in
the last week of the month relative to
the first week in low-income patients
compared with high-income patients in
California (29). One proposed explana-
tion for this finding was food insufficiency
(30). The NQF is studying the use of so-
cioeconomic factor risk adjustment for
plan comparisons (31). However, clini-
cians must make treatment decisions
that take into account factors not easily
ascertained, including the capacity for di-
abetes self-management, social support,
and finances.

Given the complexity of glycemicman-
agement in a high-risk adult population,

it is perhaps not surprising that practic-
ing physicians’ incorporation of guide-
lines into practice varies considerably.
In a recent scenario-based survey eval-
uating endocrinologists’ perspectives
on individualized glycemic target goals
based on clinical factors, wide variation
existed, with many choosing HbA1c tar-
gets both lower and greater than 8%
(64 mmol/mol), even in patients with
significant comorbid conditions (32). In
addition, individual patient prefer-
ences differ. For example, patients
have ranked gastrointestinal effects as
more important than hypoglycemia
(33). Some older adults express a pref-
erence to forego insulin therapy even if
this decision would shorten their life
expectancy (34).

We recognize that management of di-
abetes continues to evolve and that we
can expect the development of new and
more effective medications. These med-
ications include those with lower risks of
hypoglycemia (e.g., dipeptidyl pepti-
dase 4 inhibitors, glucagon-like peptide
1 receptor agonists, and sodium–glucose
cotransporter 2 inhibitors) and/or those
that may have additional benefits above
and beyond their antihyperglycemic
effects. A recent Food and Drug Admin-
istration safety review relaxed the re-
strictions on metformin usage in chronic
kidney disease (35). Therefore, consis-
tent with evolving recommendations
for antihyperglycemic medications
(14,15,36), future measures of glycemic
control should exclude patients who
are not receiving hypoglycemia-prone
drugs. Reflecting prescribing practices
in 2012–2013, .98% of our study pop-
ulation received sulfonylurea agents
and/or insulin.

However, there will always be exist-
ing and new safety concerns. Balancing
the benefits and risks of polypharmacy
in older adults with diabetes, therefore,
is important (37). In addition to hypogly-
cemia, other adverse outcomes could
include nausea, dehydration, urinary
tract infection, and worsening renal
function that could result in potentially
preventable emergency department
visits or hospitalizations in vulnerable
populations.

This study has significant strengths,
including linked demographic, labora-
tory, pharmacy, and administrative
data, which have enabled us to identify
patients taking any combination of
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antihyperglycemic medications as well
as to identify whether the prescription
was current. We also could identify se-
rum creatinine values in the population.
We note as limitations an inability to
assess the severity of comorbid condi-
tions. Although the use of ICD-10-CM
taxonomies is expected to permit better
discrimination of more severe stages of
common conditions, including cardiac,
pulmonary, and liver disease, than is
possible with ICD-9-CM coding, signifi-
cant differences exist in comparability
(38). Consequently, our taxonomy, tech-
nical specifications, and findings will
need further validation. We also note a
lack of prospective outcome data to
know whether OOR measures identify
patients who subsequently experience
significant adverse events.
In conclusion, our proposed OOR

measure attempts to align the concepts
of quality (individualizing targets on the
basis of the principle of absolute risk re-
duction), safety (potential reduction in
medication harms), and value to health
care systems and payers (potential de-
creased costs of both OT and UT) and to
patients (improved quality of life, satis-
faction). Our approach is consistent with
the recent Centers for Medicare &Med-
icaid Services proposed rule for address-
ing medication safety for beneficiaries
taking hypoglycemic agents in support
of the Merit-based Incentive Payment
System and Alternative Payment Mod-
els (39). The proposed measure would
focus on patients prescribed antidia-
betic agents (e.g., insulin, sulfonylureas)
and require physicians to document an
individualized glycemic treatment goal
that takes into account patient-specific
factors, including age, comorbidities,
and risk for hypoglycemia at least annu-
ally. This approach also emphasizes, in
an increasingly data driven, technologi-
cal medical age, that the needs, prefer-
ences, and safety of the patient must
always be individualized and should al-
ways be paramount (40).
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