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BACKGROUND: Cross-sectional data on inpatient glucose
control in a large sample of US hospitals are now available,
but little is known about changes in glycemic control over
time in these institutions.

OBJECTIVE: To evaluate trends in glycemic control in US
hospitals over 2 years.

DESIGN: Retrospective analysis.

METHODS: Point-of-care blood glucose (POC-BG) test
results at 126 hospitals during January to December 2007
and January to December 2009 were extracted using the
Remote Automated Laboratory System-Plus (Medical
Automation Systems, Charlottesville, VA), and patient-day-
weighted mean glucose levels were compared.

SETTING/PATIENTS: Hospitalized patients.

RESULTS: A total of 12,541,929 POC-BG measurements
from 1,010,705 patients were analyzed for 2007, and
10,659,418 POC-BG measurements from 656,206 patients

were analyzed for 2009. Patient-day-weighted mean POC-
BG in 2009 decreased by 5 mg/dL in the non-intensive care
unit (non-ICU) data compared with that in 2007 (154 mg/dL
vs 159 mg/dL, respectively; P < 0.001). However, POC-BG
values were clinically unchanged in intensive care unit (ICU)
data from 2009 vs 2007 (167 mg/dL vs 166 mg/dL; P <
0.001). From 2007 to 2009, the proportion of patient-day-
weighted mean POC-BGs that were >180 mg/dL declined
from 28% to 25% in non-ICU patients (P < 0.001), but not
in ICU. Decreases in patient-day-weighted mean POC-BG
values in non-ICU patients were significant regardless of
hospital size, type, and geographic region (all P < 0.001),
but similar decreases were not found in ICU data.

CONCLUSIONS: In this first analysis of glucose changes in
US hospitals, improvements over 2 years occurred in non-
ICU patients. Ongoing analysis will determine whether this
trend continues. Journal of Hospital Medicine 2013;8:121-
125. © 2012 Society of Hospital Medicine

The prevalence of diabetes mellitus continues to
increase, now affecting almost 26 million people in
the United States alone.' Hospitalizations associated
with diabetes also continue to rise,” and nearly 50%
of the $174 billion annual costs related to diabetes
care in the United States are for inpatient hospital
stays.” In recent years, inpatient glucose control has
received considerable attention, and consensus state-
ments for glucose targets have been published.*~

A number of developments support the rationale for
tracking and reporting inpatient glucose control. For
instance, there are clinical scenarios where treatment
of hyperglycemia has been shown to lead to better
patient outcomes.®™ Second, several organizations
have recognized the value of better inpatient glucose
management and have developed educational resour-
ces to assist practitioners and their institutions toward
achieving that goal.'™'* Finally, pay-for-performance
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requirements are emerging that are relevant to inpa-
tient diabetes management.'>'®

Reports on the status of inpatient glucose control in
large samples of US hospitals are now becoming avail-
able, and their findings suggest differences on the basis
of hospital size, hospital type, and geographic loca-
tion.'”'® However, these reports represent cross-sec-
tional studies, and little is known about trends in hos-
pital glucose control over time. To determine whether
changes were occurring, we obtained inpatient point-
of-care blood glucose (POC-BG) data from 126 hospi-
tals for January to December 2009 and compared
these with glycemic control data collected from the
same hospitals for January to December 2007, sepa-
rately analyzing measurements from the intensive care
unit (ICU) and the non-intensive care unit (non-ICU).

METHODS

Data Collection

The methods we used for data collection have been
described previously.'®2° Hospitals in the study used
standard bedside glucose meters downloaded to the
Remote Automated Laboratory System-Plus (RALS-
Plus) (Medical Automation Systems, Charlottesville,
VA). We originally evaluated data for adult inpatients
for the period from January to December 2007'%; for
this study, we extracted POC-BG from the same hos-
pitals for the period from January to December 2009.
Data excluded measurements obtained in emergency
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TABLE 1. Characteristics of the 126 Study Hospitals
in 2007 Compared to Those in 2009
2007, No. (%) [N = 126]

Characteristic 2009, No. (%) [N = 126]

Hospital size, no. of beds

<200 48(38.9) 45(35.7)
200-299 25(19.9) 28(22.2)
300-399 17(135) 17(135)
>400 36 (28.6) 36(28.6)
Hospital type

Academic 187 187

Urban 69 (54.9) 79(62.7)
Rural 46 (36.5) 36(28.6)

departments. Patient-specific data (age, sex, race, and
diagnoses) were not provided by hospitals, but indi-
vidual patients could be distinguished by a unique
identifier and also by location (ICU vs non-ICU).

Hospital Selection

The characteristics of the 126 hospitals have been
published previously.'” However, hospital characteris-
tics for 2009 were reevaluated for this analysis using
the same methods already described for 2007' to
determine whether any changes had occurred. Briefly,
hospital characteristics during 2009 were determined
via a combination of accessing the hospital Web site,
consulting the Hospital Blue Book (Billian’s Health-
DATA,; Billian Publishing Inc., Atlanta, Georgia), and
determining membership in the Council of Teaching
Hospitals and Health Systems of the Association of
American Medical Colleges. The characteristics of the
hospitals were size (number of beds), type (academic,
urban community, or rural), and geographic region
(Northeast, Midwest, South, or West). Per the Hospi-
tal Blue Book, a rural hospital is a hospital that oper-
ates outside of a metropolitan statistical area, typically
with fewer than 100 beds, whereas an urban hospital
is located within a metropolitan statistical area, typi-
cally with more than 100 beds. Institutions provided
written permission to remotely access their glucose
data and combine it with other hospitals into a single
database for analysis. Patient data were deidentified,
and consent to retrospective analysis and reporting
was waived. The analysis was considered exempt by
the Mayo Clinic Institutional Review Board. Partici-
pating hospitals were guaranteed confidentiality
regarding their data.

Statistical Analysis

ICU and non-ICU glucose datasets were differentiated
on the basis of the download location designated by the
RALS-Plus database. As previously described, patient-
day-weighted mean POC-BG values were calculated as
means of daily POC-BG averaged per patient across all
days during the hospital stay.'®'? We determined the
overall patient-day-weighted mean values, and also the

proportion of patient-day-weighted mean values greater
than 180, 200, 250, 300, 350, and 400 mg/dL.'*"* We

also examined the data to determine if there were any
changes in the proportion of patient hospital days when
there was at least 1 value <70 mg/dL or <40 mg/dL.
Differences in patient-day-weighted mean POC-BG
values between the years 2007 and 2009 were
assessed in a mixed-effects model with the term of
year as the fixed effect and hospital characteristics as
the random effect. The glucose trends between years
2007 and 2009 were examined to identify any differ-
entiation by hospital characteristics by conducting
mixed-effects models using the terms of year, hospital
characteristics (hospital size by bed capacity, hospital
type, or geographic region), and interaction between
year as the fixed effects and hospital characteristics as
the random effect. These analyses were performed
separately for ICU patients and non-ICU patients. Val-
ues were compared between data obtained in 2009
and that obtained previously in 2007 using the Pear-
son y? test. The means within the same category of

hospital characteristics were compared for the years
2007 and 2009.

RESULTS

Characteristics of Participating Hospitals

Fewer than half of the 126 hospitals had changes in
characteristics from 2007 to 2009 (size and type
[Table 1]). There were 71 hospitals whose characteris-
tics did not change compared to when the previous
analysis was performed. The rest (n = 55) had
changes in their characteristics that resulted in a net
redistribution in the number of beds in the <200 and
200 to 299 categories, and a change in the rural/urban
categories. These changes slightly altered the distribu-
tions by hospital size and hospital type compared to
those in the previous analysis (Table 1). The regional
distribution of the 126 hospitals was 41 (32.5%) in
the South, 37 (29.4%) in the Midwest, 28 (22.2%) in
the West, and 20 (15.9%) in the Northeast.'”

Changes in Glycemic Control
For 2007, we analyzed a total of 12,541,929 POC-BG
measurements for 1,010,705 patients, and for 2009,
we analyzed a total of 10,659,418 measurements for
656,206 patients. For ICU patients, a mean of 4.6
POC-BG measurements per day was obtained in 2009
compared to a mean of 4.7 POC-BG measurements
per day in 2007. For non-ICU patients, the POC-BG
mean was 3.1 per day in 2009 vs 2.9 per day in 2007.
For non-ICU data, the patient-day-weighted mean
POC-BG values decreased in 2009 by 5 mg/dL com-
pared with the 2007 values (154 mg/dL vs 159 mg/
dL, respectively; P < 0.001), and were clinically
unchanged in the ICU data (167 mg/dL vs 166 mg/dL,
respectively; P < 0.001). For non-ICU data, the pro-
portion of patient-day-weighted mean POC-BG values
in any hyperglycemia category decreased in 2009
compared with those in 2007 among all patients (all
P < 0.001) (Figure 1). For the ICU data, there was no
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FIG. 1. Percentage of patient-day-weighted mean point-of-care blood
glucose values (non-intensive care unit data) in different hyperglycemia
categories for 2007 and 2009. Significant decreases (P < 0.001) were
detected for all categories in 2009 vs 2007.

significant difference (all P > 0.20; not shown) from
2007 to 2009.

In the ICU data, 2.9% of patient days on average
had at least 1 POC-BG value <70 mg/dL in both
2007 and 2009 (P = 0.67). There were fewer patient
days with values <40 mg/dL in 2009 (1.1%) com-
pared to 2007 (1.4%) in the ICU (P < 0.001). In the
non-ICU data, the mean percentage of patient days
with a value <70 mg/dL was higher in 2009 (5.1%)
than in 2007 (4.7%) (P < 0.001); however, there
were actually fewer patient days in 2009 on average
with a value <40 mg/dL (0.84% vs 1.1% for 2009 vs
2007; P < 0.001).

Changes in Glycemic Control by Hospital
Characteristics

Next, changes in glucose levels between the 2 analytic
periods were evaluated according to hospital charac-
teristics. Significant interactions were found between
the year and each of the hospital characteristics both
for the ICU group (Table 2) and for the non-ICU

TABLE 2. Association of Patient-Day-Weighted
Mean POC-BG Levels (ICU Data) to Hospital
Characteristics in 2007 and 2009*

Characteristic Year 2007, mg/dL Year 2009, mg/dL P Valuet
Overall 166 (1) 167 (1) <0.001
Hospital size, no. of beds
<200 175(2) 174(2) 019
200-299 1642) 165(2) 0.009
300-399 166 (3) 164 (3) <0.002
>400 157 (2) 160 (2) <0.001
Hospital type
Academic 150 3) 156 (4) <0.001
Rural 172(2) 172(2) 0.94
Urban 166 (1) 166 (1) 0.61
Region
Northeast 165(3) 167 (3) 0.003
Midwest 169 2) 168 (2) 0.007
South 168 (2) 167 (2) <0.001
West 160 (2) 165(2) <0.001

NOTE: Abbreviations: ICU, intensive care unit; POC-BG, point-of-care blood glucose. *Data are mean
(standard error). tComparison between years within subgroup.
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TABLE 3. Association of Patient-Day-Weighted
Mean POC-BG Levels (Non-ICU Data) to Hospital
Characteristics in 2007 and 2009~

Characteristic Year 2007, mg/dL Year 2009, mg/dL P Valuet
Overall 159 (1) 154 (1) <0.001
Hospital size, no. of beds
<200 162 (2) 158(2) <0.001
200-299 156 (2) 152 (2) <0.001
300-399 158 (3) 151(3) <0.001
>400 156 (2) 151(2) <0.001
Hospital type
Academic 162 (3) 159(3) <0.001
Rural 161(2) 156 (2) <0.001
Urban 157 (1) 152 (1) <0.001
Region
Northeast 162 (3) 158 (3) <0.001
Midwest 1572) 149(2) <0.001
South 160 (2) 157(2) <0.001
West 156 (2) 151(2) <0.001

NOTE: Abbreviations: non-ICU, non-intensive care unit; POC-BG, point-of-care blood glucose. *Data are
mean (standard error). tComparison between years within subgroup.

group (Table 3) (all P < 0.001 for interaction terms).
In the ICU data, changes were generally small but sig-
nificant on the basis of hospital size, hospital type,
and geographic region, and these changes were not
necessarily in the same direction, because there were
increases in patient-day-weighted mean glucose values
in some categories, whereas there were decreases in
others. For instance, hospitals with <200 inpatient
beds experienced no significant change in ICU glyce-
mic control, whereas those with 200 to 299 beds or
>400 beds had an increase in patient-day-weighted
mean values, and ones with 300 to 399 beds had a
decrease. In regard to hospital type, only ICUs in aca-
demic medical institutions had a significant change
over time in patient-day-weighted mean glucose levels,
and these changes were toward higher values. ICUs in
institutions in the Northeast and West had signifi-
cantly higher glucose levels between the 2 periods,
whereas those in the Midwest and South demon-
strated lower glucose levels. In contrast to the differ-
ent trends in ICU data by hospital characteristics,
non-ICU glucose control improved for hospitals of all
sizes and types, and in all regions, over time.

DISCUSSION

Optimal management of hospital hyperglycemia is
now advocated by a number of professional societies
and organizations.'®® One of the next major tasks in
the area of inpatient diabetes management will be
how to identify and evaluate changes in glycemic con-
trol among US hospitals over time. Respondents to a
recent survey of hospitals indicated that most institu-
tions are now attempting to initiate quality improve-
ment programs for the management of inpatients with
diabetes.”' These initiatives may translate into objec-
tive changes that could be monitored on a national
level. However, few data exist on trends in glucose
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control in US hospitals. In our analysis, POC-BG data
from 126 hospitals collected in 2009 were compared
to data obtained from the same hospitals in 2007.
Our findings, and the methods of data collection and
analysis described previously,'®'” demonstrate how
such data can be used as a national benchmarking
process for inpatient glucose control.

At all levels of hyperglycemia, significant decreases
in patient-day-weighted mean values were found in
non-ICU data but not in ICU data. During the time
these data were collected, recommendations about
glucose targets in the critically ill were in a state of
flux.*>2” Thus, the lack of hyperglycemia improve-
ment in the ICU data between 2007 and 2009 may
reflect the reluctance of providers to aggressively man-
age hyperglycemia because of recent reports linking
increased mortality to tight glucose control.?>*%-3°
The differences in patient-day-weighted mean glucose
values detected in the non-ICU data between the 2
analytic periods were statistically significant, but were
otherwise small and may not have clinical implica-
tions as far as an association with improved patient
outcomes. Ongoing longitudinal analysis is required
to establish whether these improvements in non-ICU
glucose control will persist over time.

Changes in glycemic control between the 2 periods
were also noted when data were stratified according
to hospital characteristics. Differences in glucose con-
trol in ICU data were not consistently better or worse,
but varied by category of hospital characteristics (hos-
pital size, hospital type, and geographic region). Other
than academic hospitals and hospitals in the West,
changes in the ICU data were small and likely do not
have clinical importance. Analysis of non-ICU data,
however, showed consistent improvement within all 3
categories. Some hospital characteristics did change
between the 2 study periods: there were fewer hospi-
tals with <200 beds, more hospitals with 200 to 299
beds, a decrease in hospitals identified as rural, and
an increase in hospitals designated as urban. Our pre-
vious analyses have indicated that hospital characteris-
tics should be considered when examining national
inpatient glucose data.'®'? In this analysis there was a
statistically significant interaction between the year for
which data were analyzed and each category of hospi-
tal characteristics. It is unclear how these evolving
characteristics could have impacted inpatient glucose
control. A change in hospital characteristics may in
fact represent a change in resources to manage inpa-
tient hyperglycemia. Future studies with nationally
aggregated inpatient glucose data that assess longitu-
dinal changes in glucose data may also have to
account for variations in hospital characteristics over
time in addition to the characteristics of the hospitals
themselves.

Differences in hypoglycemia frequency, as calculated
as the proportion of patient hospital days, were also
detected. In the ICU data, the percentage of days with at

least 1 value <70 mg/dL was similar between 2007 and
2009, but the proportion of days with at least 1 value
<40 mg/dL was less in 2009, suggesting that institu-
tions as a whole in this analysis may have been more
focused on reducing the frequency of severe hypoglyce-
mia. However, in the non-ICU, there were more days in
2009 with a value <70 mg/dL, but fewer with a value
<40 mg/dL. In noncritically ill patients, institutions
likely continue to attempt to find the best balance
between optimizing glycemic control while minimizing
the risk of hypoglycemia. It should be pointed out, how-
ever, that overall, the frequency of hypoglycemia, par-
ticularly severe hypoglycemia, was quite low in this
analysis, as it has been in our previous reports.'®'” An
examination of hypoglycemia frequency by hospital
characteristic to evaluate differences in this metric
would be of interest in a future analysis.

The limitations of these data have been previously
outlined,"®'” and they include the lack of patient-level
data such as demographics and the lack of information
on diagnoses that allow adjustment of comparisons by
the severity of illness. Moreover, without detailed
treatment-specific information (such as type of insulin
protocol), one cannot establish the basis for longitudi-
nal differences in glucose control. Volunteer-dependent
hospital involvement that creates selection bias may
skew data toward those who are aware that they are
witnessing a successful reduction in hyperglycemia.
Finally, POC-BG may not be the optimal method for
assessing glycemic control. The limitations of current
methods of evaluating inpatient glycemic control were
recently reviewed.’! Nonetheless, POC-BG measure-
ments remain the richest source of data on hospital
hyperglycemia because of their widespread use and
large sample size. A data warehouse of nearly 600 hos-
pitals now exists,'® which will permit future longitudi-
nal analyses of glucose control in even larger samples.

Despite such limitations, our findings do represent
the first analysis of trends in glucose control in a large
cross-section of US hospitals. Over 2 years, non-ICU
hyperglycemia improved among hospitals of all sizes
and types and in all regions, whereas similar improve-
ment did not occur in ICU hyperglycemia. Continued
analysis will determine whether these trends continue.
For those hospitals that are achieving better glucose
control in non-ICU patients, more information is
needed on how they are accomplishing this so that
protocols can be standardized and disseminated.
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