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OBJECTIVE — To assess both standard and novel diabetes quality measures in a national
sample of U.S. academic medical centers.

RESEARCH DESIGN AND METHODS — This retrospective cohort study was con-
ducted from 10 January 2000 to 10 January 2002. It involved 30 U.S. academic medical centers,
which contributed data from 44 clinics (27 primary care clinics and 17 diabetes/endocrinology
clinics). For 1,765 eligible adult patients with type 1 or type 2 diabetes with at least two clinic
visits in the 24 months before 10 January 2002, including one visit in the 6 months before 10
January 2002, we assessed measurement and control of HbA1c, blood pressure, and cholesterol
and corresponding medical regimen changes at the most recent clinic visit.

RESULTS — In this ethnically and economically diverse cohort, annual testing rates were very
high (97.4% for HbA1c, 96.6% for blood pressure, and 87.6% for total cholesterol). Fewer
patients were at HbA1c goal (34.0% �7.0%) or blood pressure goal (33.0% �130/80 mmHg)
than lipid goals (65.1% total cholesterol �200 mg/dl, 46.1% with LDL cholesterol �100 mg/dl).
Only 10.0% of the cohort met recommended goals for all three risk factors. At the most recent
clinic visit, 40.4% of patients with HbA1c concentrations above goal underwent adjustment of
their corresponding regimens. Among untreated patients, few with elevated blood pressure
(10.1% with blood pressure �130/80 mmHg) or elevated LDL cholesterol (5.6% with LDL
�100 mg/dl) were started on corresponding therapy. Patients with type 2 diabetes were no less
likely to be intensified than patients with type 1 diabetes.

CONCLUSIONS — High rates of risk factor testing do not necessarily translate to effective
metabolic control. Low rates of medication adjustment among patients with levels above goal
suggest a specific and novel target for quality improvement measurement.
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R esults from clinical trials over the
past decade have led to national
guidelines that advocate aggressive

management of hyperglycemia, hyperten-

sion, and hyperlipidemia for patients with
diabetes (1–7). Other research has estab-
lished the evidence base for specific
screening and prophylactic recommenda-

tions, including retinal and foot examina-
tions and daily aspirin (8–10). Despite
this scientific progress, patients with dia-
betes continue to suffer from high rates of
cardiovascular and microvascular com-
plications and can expect a lifespan re-
duction of 10 –15 years (11,12). This
inability to effectively and widely trans-
late clinical evidence into usual practice
represents a major barrier to reducing the
burden of diabetes and its complications.

With the continued increase in the
worldwide epidemic of diabetes (13), the
quality of care for patients with diabetes
has come under increasing scrutiny. In
2001, the Diabetes Quality Improvement
Project (DQIP) was initiated to define a
comprehensive set of national measures
for population-level evaluation of the
quality of diabetes care (14). DQIP mea-
sures included rates of annual testing
(e.g., for HbA1c), screening (e.g., for foot
problems and retinal disease), and levels
of diabetes-related risk factor control
(such as HbA1c and cholesterol). Subse-
quent studies using both national and
local data have found significant short-
comings in most DQIP quality measures
(15–17). Indeed, recently published data
from the National Health and Nutrition
Examination Survey (NHANES) have
demonstrated little improvement in risk
factor control from the 1988 –1994 to
1999–2000 surveys, particularly with re-
gard to HbA1c and blood pressure (18).

Academic medical centers represent a
key health delivery system in the U.S.
whose mission includes training new
health professionals and advancing clini-
cal research while caring for a diverse
population of patients. We report here the
results of a clinical benchmarking project
to assess both established and novel qual-
ity measures of ambulatory diabetes care
among 30 U.S. academic medical centers.
The goals of this analysis are to describe
the current state of care provided by our
nation’s academic health centers and to
assess medication changes in this setting
among the subset of patients not meeting
evidence-based goals of care.

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

From the 1General Medicine Division, Massachusetts General Hospital and Harvard Medical School, Boston,
Massachusetts; and the 2Division of General Medicine and Clinical Epidemiology, University of North
Carolina School of Medicine, Chapel Hill, North Carolina.

Address correspondence and reprint requests to Richard W. Grant, MD, MPH, 50-9 Staniford St., Boston,
MA 02114. E-mail: rgrant@partners.org.

Received for publication 2 June 2004 and accepted in revised form 20 October 2004.
R.W.G. received support from the Massachusetts General Hospital Primary Care Operations Improve-

ment program. J.B.M. is supported by an American Diabetes Association Career Development Award.
*A list of UHC Diabetes Benchmarking Project Team members can be found in the APPENDIX.
Abbreviations: CAD, coronary artery disease; DQIP, Diabetes Quality Improvement Project; NHANES,

National Health and Nutrition Examination Survey.
A table elsewhere in this issue shows conventional and Système International (SI) units and conversion

factors for many substances.
© 2005 by the American Diabetes Association.
The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby

marked “advertisement” in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

E p i d e m i o l o g y / H e a l t h S e r v i c e s / P s y c h o s o c i a l R e s e a r c h
O R I G I N A L A R T I C L E

DIABETES CARE, VOLUME 28, NUMBER 2, FEBRUARY 2005 337



RESEARCH DESIGN AND
METHODS — A total of 30 U.S. aca-
demic medical centers located in 20 dif-
ferent states from every region of the
county contributed patients to this study.
Within each participating institution, in-
dividual clinics with a minimum of 500
annual diabetes patient visits were eligible
for inclusion. Clinics included both pri-
mary care practices (family practice, in-
ternal medicine, and general medicine)
and specialty practices (diabetes/
endocrinology). Overall, 44 separate clin-
ical practices were selected for further
data collection and analysis.

Patients were eligible for inclusion if
they were aged �18 years, had type 1 or
type 2 diabetes according to their medical
records, and had at least two visits to the
study clinic in the 24 months before 10
January 2002, with the most recent visit
occurring in the 6 months before 10 Jan-
uary 2002. For each clinic, patients were
systematically identified in reverse chro-
nologic order from the most recent visit
date, and the first 40 patients with an even
medical record number were selected for
analysis. Each practice contributed
unique patients with no overlap between
practices within a single academic medi-
cal center.

For each patient, data for the prior
year and for the most recent clinic visit
were collected using standardized chart
review forms. Data abstraction personnel
each received 1 h of individual training in
use of the form. A clinic visit was defined
as a visit with a physical assessment by
either a physician or nurse practitioner.
The following variables were assessed:
testing in the prior year and the last mea-
sured value for HbA1c and cholesterol be-
fore the most recent clinic visit (or during
the visit for point-of-care testing); re-
corded blood pressure measurement dur-
ing the most recent visit; documentation
of foot examination, retinal examination,
smoking cessation counseling, urine mi-
croalbumin screening, self-glucose moni-
toring, and antiplatelet therapy; and
medical regimen changes during the most
recent visit.

Medication changes at the most
recent visit
We recorded medical regimens for pa-
tients at the time of the most recent clinic
visit and assessed whether changes in
therapy were made during this visit
among the subset of patients with corre-

sponding risk factor elevation. We used
the most recent HbA1c and cholesterol re-
sults available to the attending physician
at the time of the visit and the blood pres-
sure values obtained during the visit.

Detailed dose information and dose
adjustments were collected for all glyce-
mia-related medicines (sulfonylureas,
metformin hydrochloride, thiazo-
lidinediones, �-glucoside inhibitors, and
insulin). However, because of the large
number of possible antihypertensive and
lipid-lowering agents, we did not collect
detailed dose data for these medicines.
Therefore, for hypertension and hyperlip-
idemia, we report the proportion of cur-
rently untreated patients above various
risk factor thresholds who were initiated
on corresponding therapy during the tar-
get clinical visit.

Statistical methods
Continuous variables were compared by
Student’s t tests if normally distributed or
Wilcoxon’s rank-sum test if nonnormal,
and proportions were compared using �2

tests. In an exploratory analysis, we iden-
tified univariate predictors of change in
therapy (for HbA1c �7.0%) or initiation
of therapy if untreated (for systolic blood
pressure �130/80 mmHg or LDL choles-
terol �100 mg/dl) using patient demo-
graphics (age, sex, insurance status, race,
and English language skills), specialty
versus general medicine practices, and
clinical factors (type 1 versus type 2 dia-
betes, treatment modalities, comorbid di-
agnoses, and risk factor levels). Variables
that were significantly associated with
change or initiation in therapy in univar-
iate analysis (P � 0.05) were then entered
into logistic models to determine adjusted
odds ratios for independent predictors of
medication change (SAS statistical soft-
ware, version 9.0; SAS Institute, Cary,
NC). Separate models were constructed
for each risk factor (HbA1c, blood pres-
sure, and LDL cholesterol).

RESULTS — A total of 30 academic
medical centers contributed 44 clinics
and 1,765 patients to this analysis. Pa-
tients received care from diabetes/
endocrinology (33.6% of patient cohort),
internal medicine (30.9%), and family
practice (19.8%) clinics (Table 1). The re-
maining 15.7% of patients were cared for
in other primary care or indigent care
clinics. Overall, patients were middle
aged and racially/ethnically diverse, and a

little more than half were women. Most
patients had type 2 diabetes, and both
coronary artery disease (CAD) and obe-
sity were highly prevalent. Patients at-
tending diabetes/endocrinology clinics
were significantly younger, more often
white, better insured, and less obese.
Prevalence of type 1 diabetes and use of
insulin was also greater in the diabetes/
endocrinology practices.

Measurement and control of
diabetes-related risk factors
Diabetes risk factor management was of
high quality in terms of risk factor testing
rates, but quality was lower in terms of
proportions of patients meeting goals for
risk factor levels (Table 2). Overall, only
11.8% of patients were simultaneously
below goal for HbA1c, blood pressure,
and total cholesterol. This proportion was
10.0% when the LDL cholesterol goal was
used instead of the total cholesterol goal.

Table 2 also shows rates of other rec-
ommended screening and care practices.
Approximately two-thirds of patients
were self-monitoring glucose or had un-
dergone urine albumin screening, but
fewer than half had a documented retinal
or foot examination in the prior year. Less
than half of patients with diagnosed CAD
had prescription of prophylactic aspirin
or other antiplatelet agents documented
in the medical record (477 of 1,430 pa-
tients, 33.4%).

Medical regimen changes among
patients with risk factors above goal
At the time of the target clinical visit,
92.6% of patients were taking medica-
tion for hyperglycemia, 73.4% were
taking medication for hypertension,
and 42.4% were taking medication for
hyperlipidemia.

Fewer than half of patients with ele-
vated HbA1c levels had changes in hypo-
glycemic therapy during their clinic visit
(Table 3). The farther the patient was
from goal, the more likely that therapy
was adjusted: The proportion of patients
with glycemic regimen adjustment in-
creased from 40.4% (HbA1c �7%) to
45.6% (HbA1c �8%) to 48.5% (HbA1c
�9.0%, P for trend � 0.002). Overall, the
mean HbA1c for above-goal patients
whose regimens were adjusted was 9.4 �
1.9 vs. 8.6 � 1.7% for patients without
medication changes (P � 0.001). Of 47
patients above HbA1c goal and not on
therapy at the time of the target visit
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(2.7% of cohort), therapy was initiated in
11 (23.4%) patients during the visit.

A total of 449 patients were not on
antihypertensive therapy at the time of
the most recent clinic visit. Of the 208
patients (46.3% of 449) with blood pres-
sures �130/80 mmHg, only 21 patients
(10.1%) were started on antihypertensive
therapy (Table 3). Patients started on
therapy had higher systolic (147.4 � 14.8
vs. 140.0 � 15.4 mmHg, P � 0.04) but
similar diastolic (82.0 � 10.3 vs. 79.0 �
10.8 mmHg, P � 0.2) blood pressure lev-
els compared with patients in whom
treatment was not initiated.

Most patients with LDL �100 mg/dl
were untreated (55.9%, 427 of 763 pa-
tients) and of these patients, only 24
(5.6%) were initiated on therapy during
the clinic visit (Table 3). As with hyper-
glycemia and hypertension, the likeli-
hood that a patient was initiated on
lipid-lowering therapy increased with in-
creasing LDL level (P for trend � 0.005)
but remained low in absolute terms.
Above-goal patients who were started on
therapy had a mean LDL level of 152.7 �
34.7 mg/dl, compared with 132.0 � 29.6

mg/dl for patients in whom therapy was
not initiated (P � 0.001).

We also analyzed therapy intensifica-
tion according to type of diabetes. A total
of 216 patients (12.2% of cohort) had
type 1 diabetes. These patients were
younger (42.8 vs. 58.5 years, P � 0.001),
more likely to be white (63 vs. 33%, P �
0.001), and less likely to be diagnosed
with hypertension (35 vs. 73%, P �
0.001). Overall levels of risk factor con-
trol were similar for type 1 versus type 2
diabetes (HbA1c 8.2 � 1.9 vs. 8.0 �
2.1%, respectively, P � 0.3; LDL 103.1 �
38.4 vs. 107.1 � 38.8 mg/dl, P � 0.2)
and among patients with hypertension
(blood pressure 134.4/71.7 � 20.1/11.7
vs. 138.4/76.1 � 19.9/12.1 mmHg, P �
0.07/0.004). For the primary outcome of
medication change among patients above
goal, we found that patients with type 1
diabetes were somewhat more likely to
have a regimen change if HbA1c �7.0%
(51.1 vs. 38.9% among patients with type
2 diabetes, P � 0.01) but not for HbA1c

�8.0 or �9.0%. There were no statisti-
cally significant differences in medication

initiation at any level of elevated blood
pressure or LDL (data not shown).

We constructed multivariate logistic
regression models to identify indepen-
dent predictors of change in therapy
among patients above goal at the target
visit. Factors associated with glycemic
therapy intensification included atten-
dance at a diabetes/endocrinology clinic
(adjusted odds ratio [aOR] 2.5, 95% CI
2.0 –3.2), current use of insulin (1.3,
1.01–1.7), decreasing age (1.09/decade,
1.01–1.2), and increasing HbA1c level
(1.3/unit, 1.2–1.3). For control of blood
pressure and cholesterol, only higher risk
factor levels at baseline significantly pre-
dicted initiation of corresponding therapy
at the target visit: the aOR for antihyper-
tensive medication initiation was 4.3
(95% CI 3.0–8.1) for every 10-mmHg in-
crease in systolic and 2.9 (1.8–6.5) for
every 10-mmHg increase in diastolic
blood pressure, whereas the aOR for ini-
tiating lipid-lowering agents was 10.2
(6.1–30.5) for every 10-mg/l increase in
LDL cholesterol. In this exploratory mul-
tivariate analysis, demographic factors
such as age, race/ethnicity, type of diabe-
tes, and overall cardiovascular risk (as
represented by diagnosed CAD and by
concurrent elevations of other risk factors
such as blood pressure in the analysis of
lipid therapy change and vice versa) were
not significantly associated with corre-
sponding changes in therapy at the target
visit.

CONCLUSIONS — A very high pro-
portion of patients cared for in this sam-
p le o f academic medica l cen te r
ambulatory clinics received annual
HbA1c, blood pressure, and cholesterol
measurement. However, the proportion
of patients meeting corresponding goals
of risk factor control was considerably
lower. Moreover, rates of medication ini-
tiation and dose adjustment for patients
with elevated risk factor levels seemed to
be low. Because appropriate medication
adjustment is a critical intermediate step
between measurement and effective con-
trol, our findings suggest that future ef-
forts to improve the quality of diabetes
care should focus on rates of, and barriers
to, medical regimen changes.

The proportion of academic medical
center patients reaching recommended
goals for all three diabetes-related risk fac-
tors, although low in absolute terms, was
higher than the national average (11.8 vs.

Table 1—Characteristics of 1,765 patients cared for in 44 clinics from 30 U.S. academic
medical centers

General medicine Diabetes/endocrinology P value

n 27 clinics/1,175 patients 17 clinics/590 patients
Age (years) 57.9 � 12.7 54.0 � 15.9 �0.001
Women 719 (61.2) 322 (54.6) 0.008
Race

Caucasian/white 350 (29.8) 302 (51.2) �0.001
African American 457 (38.9) 157 (26.6)
Hispanic 236 (20.1) 40 (6.8)
Other 132 (11.2) 91 (15.4)

English fluency 875 (74.5) 433 (73.4) 0.6
Primary insurer

Medicare 369 (31.4) 195 (33.1) �0.001
Managed care 258 (22.0) 114 (19.3)
Private 106 (9.0) 140 (23.7)
Self-pay 179 (15.2) 51 (8.6)
Medicaid 126 (10.7) 61 (10.3)
Other 137 (11.7) 24 (4.9)

Type 2 diabetes 1,072 (91.5) 436 (73.9) �0.001
Glycemic therapy

Diet/exercise only 114 (9.7) 16 (2.7) �0.001
Oral medications only 683 (56.1) 178 (30.2)
Any insulin use 378 (32.2) 396 (67.1)

CAD 967 (82.3) 463 (78.5) 0.06
Obesity 492 (41.9) 184 (31.2) �0.001

Data are means � SD or n (%). General clinics include internal medicine, family practice, and primary care
practices; specialty clinics include diabetes and endocrinology practices.
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7.3%) estimated by the NHANES 1999–
2000 (n � 441) (18). In addition, there
was a high prevalence of diabetes educa-
tion and other recommended practices,
particularly in diabetes/endocrinology
practices.

Despite these generally favorable lev-
els of commonly applied quality mea-
sures, significant proportions of patients
above their risk factor goal remained un-
treated, and there were low rates of med-
ication initiation and dose adjustment
during the target clinic visit in these
above-goal patients. Our finding of infre-
quent hypertensive therapy adjustment is
consistent with results from prior studies
of patients with diabetes cared for in Vet-
erans Association hospitals (19). These
data add to the literature demonstrating
that excellent performance on diabetes
care process measures does not necessar-
ily translate into adequate metabolic con-
trol (15,18), the key mechanism leading
to reduced risk of diabetes complications.

Although patient education and life-

style counseling are fundamental to effec-
tive diabetes management, titration of
medical therapy represents the major
strategy by which levels of glucose, blood
pressure, and lipids are lowered to im-
prove patient outcomes. Lack of medica-
tion adjustment in patients not meeting
therapeutic goals of therapy has been
termed “clinical inertia” and has been as-
sociated with poor risk factor control
(20–22).

The decision to initiate or increase
medical therapy can be complex, is poorly
understood, and requires collaboration
between physicians and patients. Patients
with complex chronic diseases such as di-
abetes can expect to see a physician for
perhaps 20 min approximately every 3
months (23). Prior research has impli-
cated time limitations and competing de-
mands (24,25), medication costs and
burden of comorbid illness (26,27), and
clinic organization as potential barriers to
evidence-based care (28,29). Current ef-
forts to overcome barriers to therapy in-
tensification have included “academic
detailing” of physicians and use of treat-
ment protocols by midlevel providers
(30) and informatics-based decision
support (31). In one innovative study,
physicians received content-rich E-mail
messages linked to the electronic medical
record that allowed them to view timely

Table 2—Diabetes-related risk factor control and other quality-of-care measures

General
medicine

Diabetes/
endocrinology P value

Risk factor control*
HbA1c

Measured in prior year 1,136 (96.7) 583 (98.8) 0.01
Patients at goal 34.0% 34.0% 0.7
Mean value (%) 8.1 � 2.1 7.9 � 1.8 0.01

Blood pressure
Measured in prior year 1,142 (97.2) 563 (95.4) 0.08
Patients at goal 30.4% 38.2% 0.01
Mean value (mmHg)

Systolic 136.0 � 19.9 132.1 � 20.5 0.01
Diastolic 75.7 � 11.7 73.3 � 11.1 �0.01

Total cholesterol
Measured in prior year 1,029 (87.6) 513 (86.9) 0.9
Patients at goal 64.2% 66.9% 0.2
Mean value (mg/dl) 189.7 � 47.5 187.1 � 62.4 0.2

LDL cholesterol
Measured in prior year 963 (82.0) 490 (83.0) 0.4
Patients at goal 45.8% 52.9% �0.01
Mean value (mg/dl) 108.9 � 38.8 102.1 � 38.0 �0.01

Other quality measures
Documented foot examination, prior year 415 (35.2) 375 (63.6) �0.01
Documented retinal examination, prior year 489 (41.6) 327 (55.4) �0.01
Urine albumin screening, prior year 464 (39.5) 384 (65.1) �0.01
Self-glucose monitoring 641 (54.6) 520 (88.1) �0.01
Smoking assessment, prior year 464 (39.5) 246 (41.7) 0.4
Antiplatelet therapy/patients with coronary

artery disease
311/967 (32.1) 166/463 (35.9) 0.2

Data are means � SD, n (%), or percentages. *All risk factor control P values adjusted for age. Goals are as
follows: HbA1c �7.0%, blood pressure �130/80 mmHg, total cholesterol �200 mg/dl, and LDL cholesterol
�100 mg/dl. Patients at goal � among patients with measured risk factors.

Table 3—Medical management changes at most recent visit

Patients with
medication

changes

Patients with
medication
initiation P value

Changes in therapy among patients
with elevated HbA1c

HbA1c threshold 0.002
�7.0% 40.4% (440/1,088)
�8.0% 45.6% (317/695)
�9.0% 48.5% (199/410)

Medication initiation among untreated
patients with elevated blood pressure

Blood pressure threshold 0.3
�130/80 mmHg 10.1% (21/208)
�140/90 mmHg 15.1% (14/93)
�150/100 mmHg 13.9% (5/36)

Medication initiation among untreated
patients with elevated LDL cholesterol

LDL cholesterol threshold 0.005
�100 mg/dl 5.6% (24/427)
�130 mg/dl 8.7% (16/185)
�160 mg/dl 15.4% (10/65)

Percentages of patients at each risk factor threshold are not mutually exclusive. P values are derived from the
Mantel-Haenszel test for trend.
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test result information and make corre-
sponding prescription changes with “one-
click” order writing (32). More research is
needed to better understand the clinical
process of medication initiation and ad-
justment for diabetes control and to iden-
tify effective strategies for overcoming
barriers to making these changes.

Several limitations of our study must
be considered. Our analysis of the actions
at a single visit does not account for the
series of changes that may occur over con-
secutive visits or for the acute problems
that can dominate a single visit to the ex-
clusion of other problems. However,
other studies suggest that inaction at one
visit is likely to reflect inaction over a se-
ries of visits, at least for hypertension
management (33). In addition, although
we did identify low rates of initiation
among untreated patients with elevated
blood pressure and cholesterol levels, we
did not collect sufficiently detailed medi-
cation adjustment data for the subset of
patients already on therapy. Further re-
search is needed to confirm the reason-
able assumption that rates of medication
change are also low in this patient subset.
Finally, our patient sampling method may
have preferentially selected patients more
engaged in regular care. To the extent that
this is true, our finding of low rates of
medication initiation and adjustment in
our study cohort is even more striking.
Although more clinical detail is required
to fully understand the management de-
cision for an individual patient at a single
clinic visit, our population-based assess-
ment of medication change patterns per
clinic visit represents an important and
innovative approach to measuring quality
of diabetes care.

Initial efforts to standardize and im-
prove the quality of diabetes care focused
on easily assessed parameters such as
screening rates and measured risk factor
levels (23). Despite high risk factor testing
rates, a minority of visits in our analyses
resulted in medication adjustment. This
marked discrepancy between very high
levels of risk factor testing and relatively
low levels of actual risk factor control
points to the need for novel measures of
clinical quality in diabetes and other
chronic disease care. A new paradigm for
quality measurement focused on facilitat-
ing the process of initiating and advanc-
ing effective medical therapies in chronic,
medication-intensive diseases like type 2
diabetes may be needed. Our findings

suggest that attention must now be turned
to the next critical step in the manage-
ment pathway leading to reduced risk fac-
tor levels: overcoming barriers to effective
medical regimen changes.

APPENDIX — UHC Diabetes Bench-
marking Project Team (Oak Brook, IL):
Brenda Karas, RN, MS, MBA; Steve Won-
der, MS; and Joanne Cuny, RN, BSN.
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