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BACKGROUND: Despite increased awareness of the value of treating inpatient hyperglycemia, little is known about glucose

control in U.S. hospitals.

METHODS: The Remote Automated Laboratory System-Plus (RALS®-Plus Medical Automation Systems, Charlottesville, VA)
was used to extract inpatient point-of-care bedside glucose (POC-BG) tests from 126 hospitals for the period January to
December 2007. Patient-day-weighted mean POC-BG and hypoglycemia/hyperglycemia rates were calculated for intensive
care unit (ICU) and non-ICU areas. The relationship of POC-BG levels with hospital characteristics was determined.
RESULTS: A total of 12,559,305 POC-BG measurements were analyzed: 2,935,167 from the ICU and 9,624,138 from the non-
ICU. Patient-day-weighted mean POC-BG was 165 mg/dL for ICU and 166 mg/dL for non-ICU. Hospital hyperglycemia
(>180 mg/dL) prevalence was 46.0% for ICU and 31.7% for non-ICU. Hospital hypoglycemia (<70 mg/dL) prevalence was

low at 10.1% for ICU and 3.5% for non-ICU. For ICU and non-ICU there was a significant relationship between number of
beds and patient-day-weighted mean POC-BG levels, with larger hospitals (>400 beds) having lower patient-day weighted
mean POC-BG per patient day than smaller hospitals (<200 beds, P < 0.001). Rural hospitals had higher POC-BG levels
compared to urban and academic hospitals (P < 0.05), and hospitals in the West had the lowest values.

CONCLUSIONS: POC-BG data captured through automated data management software can support hospital efforts to
monitor the status of inpatient glycemic control. From these data, hospital hyperglycemia is common, hypoglycemia

prevalence is low, and POC-BG levels vary by hospital characteristics. Increased hospital participation in data collection and

reporting may facilitate the creation of a national benchmarking process for the development of best practices and improved
inpatient hyperglycemia management. Journal of Hospital Medicine 2009;4:E7-E17. © 2009 Society of Hospital Medicine.
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The past decade has seen an increase in the number of hos-
pital discharges associated with a diabetes diagnosis."? Dia-
betes is the fourth leading comorbid condition associated
with any hospital discharge in the United States.* Nearly
one-third of diabetes patients require 2 or more hospitaliza-
tions in any given year,* and inpatient stays account for the
largest proportion of direct medical expenses incurred by
persons with the disease.”

The hospital component of diabetes care has been
receiving considerable attention. The advantage of effective
inpatient diabetes management—with particular attention
to improving glycemic control—is evident for a number of
clinical situations (eg, acute myocardial infarction, critically
ill patients).®® National and regional organizations,”'? and
professional societies®®'? have developed guidelines about
management of inpatient hyperglycemia.

Despite increased awareness of the value of treating
inpatient hyperglycemia, little is known about glucose

control in U.S. hospitals. As hospitals begin to develop pro-
grams to improve inpatient glucose management, some
method of standardized benchmarking should be put in
place. Using information systems solutions to obtain point-
of-care bedside glucose (POC-BG) data, we previously
reported on inpatient glucose control from a smaller num-
ber of U.S. hospitals.'*'* We now provide data on a larger,
more representative number of U.S. hospitals that gives
a broader national view of the current status of inpatient
glycemic control.

Patients and Methods

Data Collection

The hospitals in this study employed standard bedside glu-
cose meters (ACCU-CHEK® Inform, Roche Diagnostics,
Indianapolis, IN), downloaded to the Remote Automated
Laboratory System-Plus (RALS®-Plus; Medical Automation
Systems, Charlottesville, VA), a well-established POC test
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information management system.'>™'® Participating hospi-
tals do not provide patient specific data (eg, age, sex, race,
diagnosis codes), but individual patients can be selected
based on a unique anonymous identifier. Data also includes
date and time of the POC-BG test, download location (nurs-
ing unit), and the test result. Patient-level POC-BG data was
extracted by linking the POC-BG data to the unique patient
identifier. Adult inpatient data from January to December
2007 were collected. Out-of-range values of “LO” (<10 mg/
dL) and “HI” (>600 mg/dL) were discarded. The number of
HI/LO values totaled less than 0.4% of the measurements.
Repeat measures, largely performed to verify hypoglycemia
were found to be present for <3% of the measures and were
retained in this analyses.

Hospital Selection

Participating hospitals were included through self-selection
based on interest and a willingness to complete a business
agreement prior to a data collection deadline. All of the
more than 1300 hospitals with RALS-Plus capability were
invited to participate in the RALS-Annual Report,'® an
ongoing benchmarking project of inpatient glucose control
in U.S. hospitals; 126 hospitals agreed to participate. Hospi-
tals provided written permission to remotely access their
RALS-Plus glucose data and combine it with other partici-
pating hospitals into an aggregate database. Confidentiality
was guaranteed for the identity of participating hospitals
and their data.

Characteristics of participating hospitals, including num-
ber of beds, type (academic, urban community, rural com-
munity), and region, were obtained via completion of a
questionnaire. This information was verified by accessing
the hospital website or consulting the 2008 Hospital Blue
Book (Official National Edition; Billian Publishing, Inc.,
Atlanta, GA). For academic status, we used membership in
the Association of American Medical Colleges’ Council of
Teaching Hospitals, which is limited to organizations having
a documented affiliation agreement with a medical school.
Our definition of hospital types for the 126 study hospitals
was based on first selecting the academic hospitals as a sep-
arate subgroup. The remaining hospitals were then classi-
fied as urban community or rural community.

Statistical Analysis

Glucose data were normalized to patient-day, and expressed
according to the number of patient-days during which
measurements were obtained. Patient-day analyses were
conducted by first constructing a patient-day POC-BG
mean. An average POC-BG level was computed for each
patient-day by summing together the measurement occa-
sions for a given patient-day and dividing by the number of
measurements that occurred on that day. These patient-day
averages were then aggregated to the hospital level, and
averaged to compute the patient-day-weighted mean POC-
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TABLE 1. Characteristics of U.S. and Study Hospitals*

Study RALS-Plus us.
Hospitals Hospitals Hospitals
Total 126 1225 49361
Number of beds, n (%)
<200 48 (38.1) 510 (41.6) 3532 (71.6)
200-299 25 (19.8) 284 (23.2) 619 (12.5)
300-399 17 (13.5) 193 (15.8) 368 (7.5)
>400 36 (28.6) 238 (19.4) 417 (8.4)
Hospital type, n (%)
Academic 11 8.7) 74 (6.0) 413 (8.4)
Urban 69 (54.8) 835 (68.2) 2514 (50.9)
Rural 46 (36.5) 316 (25.8) 2009 (40.7)
Region, n (%)
Northeast 20 (15.9) 206 (16.8) 680 (13.8)
Midwest 37 (29.4) 520 (42.4) 1422 (28.8)
South 41 (32.5) 259 (21.1) 1919 (38.9)
West 28 (22.2) 239 (19.5) 915 (18.5)

*Based on AHA Hospital Statistics, published by Health Forum LLC, Chicago, IL, 2007. All U.S. commu-
nity hospitals, defined as nonfederal, short-term general and specialty hospitals whose facilities and
services are available to the public. The AHA Hospital Statistics categorizes hospitals into urban and
rural, but does not report academic status of hospitals. Study sample was found to be representative of
the larger sample of hospitals that use RALS-Plus with regard to bed number, hospital type, and region
(P =N§), but not representative of hospitals nationally in these categories (P < 0.05).

Abbreviations: AHA, American Hospital Association; NS, not significant.

BG level for each hospital, using the patient-day as the unit
of analysis.

Because of variations in the definition of maximal recom-
mended inpatient glucose levels,®® we calculated proportion
of patient-days with a patient-day-weighted mean POC-BG
value above the cut points of >180, >200, >250, >300,
>350, and >400 mg/dL.'*'” Published studies on hypogly-
cemia also use various biochemical definitions of low glu-
cose;'®2* therefore, we determined percentages of patient
days with at least 1 POC-BG value below the different cut
points (<70, <60, <50, and <40 mg/dL) as previously
described.'*'”

Finally, we evaluated the relationship between hospital
patient-day-weighted mean POC-BG values (normalized to
patient day as above) and specific hospital characteristics:
number of hospital beds, hospital type (academic, urban
community, rural community), and U.S. geographic region.
Hospital groups were compared for continuous variables
using Mann-Whitney tests and categorical variables (hospi-
tal characteristics) by chi-square tests. All analyses were
done using SPSS® 15.0 (SPSS, Chicago, IL). Statistics were
calculated for intensive care unit (ICU) and non-ICU loca-
tions separately.

Results

Characteristics of Participating Hospitals

Of the 126 participating hospitals (Table 1), 38.1% were
<200 beds, 19.8% were 200 to 299 beds, 13.5% were 300 to
399 beds, and 28.6% were >400 beds; 54.8% were urban
community hospitals, 36.5% were rural community, 8.7%
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FIGURE 1. Point-of-care blood glucose (POC-BG) values for
(A) ICU and (B) non-ICU settings. (A) Patient-day-weighted
mean POC-BG = 165 mg/dL, n = 126 hospitals. (B) Patient-
day-weighted mean POC-BG = 166 mg/dL, n = 126
hospitals.

were academic, 32.5% were located in the South, 29.4% in
the Midwest, 22.2% in the West, and 15.9% in the Northeast.
Using chi-square comparison our study sample was found
to be representative of the larger sample of hospitals that
use RALS-Plus with regards to bed number, hospital type,
and region (P = not significant [NS]), but not representative
of hospitals nationally in these categories (P < 0.05). The
most notable difference was seen in hospital size, where the
sample hospitals were disproportionately larger; a trait
shared by RALS hospitals more generally.

Overall Glycemic Control
A total of 12,559,305 POC-BG measurements (2,935,167
from the ICU and 9,624,138 from the non-ICU) from
1,010,705 patients with 3,973,460 patient days were analyzed
from 126 hospitals. The mean number of measurements
was 20 per ICU patient and 9.5 for non-ICU patients. The
average number of measurements taken per patient-day
was 5 for the ICU patient and 3 for the non-ICU patient.
Hospital hyperglycemia (>180 mg/dL) was 46.0% for ICU
and 31.7% for non-ICU. The patient-day-weighted mean
POC-BG for ICU measurements was 165 mg/dL (median =
164 mg/dL, SD +14.5) and 166 mg/dL (median = 167 mg/
dL, SD +8) for non-ICU. The distributions of patient-day-
weighted mean POC-BG values for ICU and non-ICU set-
tings are shown in Figure 1. The range of patient-day-
weighted mean values was much wider for the ICU (126-203
mg/dL) than in the non-ICU (139-186 mg/dL).
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FIGURE 2. Percentage of patient-days where patient-day-
weighted mean POC-BG value exceeded various cut points
for the 126 U.S. hospitals during the January to December
2007 data collection period: (A) ICU and (B) non-ICU.

Hyperglycemia Prevalence

Of ICU patients, 60.6% had at least 1 POC-BG value >180
mg/dL, as did 46.4% of non-ICU patients. The proportion of
patient-days with a patient-day-weighted mean POC-BG
>180 mg/dL was 26.3% in the ICU setting (Figure 2A) and
31.3% in the non-ICU (Figure 2B); the other cut points are
also shown in Figure 2. The prevalence of patient-days
where hyperglycemia was more severe (>300 mg/dL) was
low but nonetheless still detected in both the ICU and non-
ICU settings, although these differences appear to be less
pronounced than in the ICU.

Hypoglycemia Rates

There were 21.3% of patients who had at least 1 POC-BG
value <70 mg/dL. Hospital hypoglycemia was low in both
the ICU and non-ICU measurement data, although the
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FIGURE 3. Percentage of patient-days where at least 1
hypoglycemia event (<70 mg/dL) occurred in 126 U.S.
hospitals during the January to December 2007 data
collection period: (A) ICU and (B) non-ICU.

proportion of patient days with POC-BG <70 mg/dL was
higher in the ICU vs. the non-ICU setting (Figure 3A,B).
Hypoglycemia (<70 mg/dL) was detected in 10.1% of
patient-days (3.2% of all measures) in the ICU setting (Fig-
ure 3A) and 3.5% of patient-days (4.2% of all measures) in
the non-ICU (Figure 3B). Moderate (<60 mg/dL) and more
severe (<50 mg/dL and <40 mg/dL) hypoglycemia were
very uncommon in both the ICU and non-ICU.

Relationship of Glucose Control with Hospital
Characteristics

There was a significant relationship between the total num-
ber of hospital beds and patient-day-weighted mean POC-
BG values in the ICU (Figure 4A). In the ICU, hospitals with
<200 beds had significantly higher patient-day-weighted
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mean POC-BG levels than those with 200 to 299 beds (P <
0.05), 300 to 399 beds (P < 0.01), and >400 beds (P <
0.001). Rural hospitals (Figure 4B) also had higher patient-
day-weighted mean POC-BG values compared to urban
community and academic hospitals (both P < 0.001).
Finally, ICUs in hospitals in the West (Figure 4C, bottom
panel) had significantly lower values than those in the
Midwest and South (both P < 0.01).

Differences in patient-day-weighted mean POC-BG levels
based on hospital characteristics were also observed for the
non-ICU (Figure 5), although these differences appear to be
less pronounced than in the ICU. Hospitals with <200 beds
(Figure 5A) had significantly higher patient-day-weighted
mean POC-BG values compared to hospitals with 300 to 399
beds (P < 0.05) and >400 beds (P < 0.001). Rural hospitals
(Figure 5B) had significantly higher values than academic
(P < 0.05) and urban community (P < 0.001) hospitals, and
hospitals in the West (Figure 5C) had significantly lower val-
ues than those in the South and Northeast (both P < 0.05).

Discussion

Hospitalizations associated with diabetes pose a substantial
burden on the U.S. health system.'™ Recent consensus
advocates good glucose control in the hospital to optimize
outcomes for a number of clinical scenarios.®® Aside from a
few institution-specific studies,>>?’ the quality of diabetes
treatment in U.S. hospitals is mostly unknown, but assess-
ing the level of glycemic control will be a key metric that
hospitals will need to track as they implement improvement
programs targeting hospital hyperglycemia. Hospitals will
need a way not just to track overall glucose levels, but also
to monitor whether hypoglycemic events rise as they imple-
ment tight glycemic control initiatives. To our knowledge
this is the first report on glycemic control from a large num-
ber of U.S. hospitals with diverse characteristics and from
different geographic regions.

Debate continues as to what glucose targets for inpa-
tients should be attained.?®*® The overall patient-day-
weighted mean POC-BG was 170 mg/dL for the non-ICU,
and only a moderately lower 162 mg/dL in the ICU, despite
much lower thresholds for ICU measurements in current
suggested guidelines.®>*° For the average hospital, over one-
third of non-ICUs had patient-day-weighted mean POC-BG
levels that were >180 mg/dL and nearly one-quarter had
values >200 mg/dL. Similarly, nearly 40% of ICUs had
patient-day-weighted mean POC-BGs >180 mg/dL and over
30% were >200 mg/dL, indicating room for improvement in
hospital ICU glucose control, at least in the hospitals
sampled here. The range of patient-day-weighted mean
POC-BG levels for the ICU was broader than what was seen
in the non-ICU data, with the ICU data containing lower
weighted mean POC-BG values, and may indicate that hos-
pitals are concentrating their efforts on adopting stricter
glucose control measures in their ICUs.



Whether examining data from a single institution,'” from
a larger group of hospitals,'* or now from 126 hospitals, one
consistent finding has been the low prevalence of hypogly-
cemia—particularly severe hypoglycemia (glucose <50 mg/
dL or <40 mg/dL). Based on this larger sampling, however,
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hypoglycemia in the ICU, while stil uncommon with
respect to hyperglycemia, is more than double that of the
non-ICU. Fear of hypoglycemia is frequently mentioned as
a barrier to attaining lower inpatient glucose levels.!
Although hypoglycemia frequency in the hospital is low, and
even though recent data indicates that hypoglycemia is not
perceived by practitioners as the number 1 barrier to
successful inpatient diabetes management,**~* the possible
association of severe low glucose levels to inpatient mortal-
ity!'®19.21,22.24.35 makes hypoglycemia a key counterbalance
metric that hospitals will need to track as they implement
glycemic control programs. In the ICU, higher glycemic tar-
gets may be needed to allay practitioner fears, and insulin
administration protocols that have the best track record
for minimizing hypoglycemia should be identified and
promulgated.

Recent data showing increased risk of hospital hypogly-
cemia with attempts to better control hyperglycemia may
unjustifiably deter practitioners and hospitals from imple-
menting programs to better control inpatient glucose lev-
els.”**® Unlike the outpatient setting, where patients can
take measures to prevent hypoglycemia, hospitalized
patients surrender control of their diabetes management to
staff. Inpatient tight glycemic control initiatives cannot be
instituted unless they are coupled with efforts to understand
and correct system-based problems that increase the risk of
hypoglycemia. Recently published reports demonstrate that
hypoglycemic events can be kept very low during treatment
with an intensive insulin infusion protocol if expert rules
are built into the algorithm that address hypoglycemia.>"8
Thus, rather than abandon efforts at improving inpatient
hyperglycemia over concerns about hypoglycemia, hospitals
will need to develop methods to change their hypoglycemia
policies from ones that typically just guide treatment to
ones that incorporate preventive strategies.

Our data suggest a relationship between POC-BG levels
and hospital characteristics. Rural hospitals and hospitals
with the least number of beds had higher POC-BG levels
compared to urban, academic, or larger hospitals, especially
in the ICU setting. The reasons underlying these findings
cannot be determined from this analysis, but it is possible

FIGURE 4. Relationship of ICU patient-day-weighted mean
POC-BG levels to hospital characteristics. (A) Hospitals with
<200 beds had significantly higher patient-day-weighted
mean POC-BG values compared to hospitals with 200 to 299
beds (P < 0.05), 300 to 399 beds (P < 0.01), and >400 beds
(P < 0.001); hospitals with 200 to 299 beds also had greater
patient-day-weighted mean POC-BG levels than hospitals
with >400 beds (P < 0.05). (B) Rural community hospitals
had significantly higher values than urban community and
academic hospitals (both P < 0.001). (C) Hospitals in the
West had significantly lower values than hospitals in the
Midwest (P < 0.01) and South (P < 0.001).
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that smaller hospitals and those located in rural areas do
not have access to the diabetes experts (eg, endocrinologists
or diabetes educators) to assist them in developing tight
glycemic control programs. We also detected differences in
patient-day-weighted mean POC-BG data based on geo-
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graphic region. Whether considering ICU or non-ICU data,
hospitals located in the West had lower glucose values com-
pared to other regions. As with the other hospital character-
istics, the explanation underlying these observations cannot
be determined. It is possible that hospitals in the West are
earlier-adopters of tight glycemic control programs com-
pared to other U.S. geographic regions. Further study is
needed in a larger number of hospitals to confirm these
findings.

These findings should be considered in light of the
following limitations: unavailability to us of specific patient-
level information that would allow adjustment of data for
such as variables as comorbidity; the fact that recommenda-
tions about glycemic targets in the hospital vary by organiza-
tion,>%3® which may result in hospitals aiming for different
targets in different populations; and the controversy that
continues on the benefits of glycemic control in the ICU,
which may be dissuading facilities from implementing glu-
cose control programs.>**° All that can be concluded from
our analysis is that there is variation in the POC-BG data
based on hospital characteristics. We cannot state that one
type of hospital is performing glycemic control better than
another, particularly as some hospital types are underrepre-
sented in our sample, and we cannot control for patient-level
data. Moreover, this statistical variation seen between differ-
ent hospital types may not be of clinical importance in terms
of being associated with different outcomes, or may simply
be a result of different patterns of glucose monitoring in indi-
vidual hospitals. However, the observed variation should
prompt further investigation into the basis of differences (eg,
some hospital types or regions may be further ahead in inpa-
tient diabetes quality improvement initiatives than others).

There is no consensus about how best to summarize and
report glycemic control in the hospital (so called “glucomet-
rics”),*' and a variety of reporting measures have been
suggested.’>**™*> We show data using one method: with the
mean BG normalized to patient-day as the unit of analysis;
however, we found similar results when we used the patient
or the glucose reading as the unit of analysis. As organiza-
tions move to develop standards for summarizing inpatient
glucose data, consideration must be given to which measure
is best correlated with hospital outcomes. In addition, when
developing standards, it will be important to determine

FIGURE 5. Relationship of non-ICU patient-day-weighted
mean POC-BG levels to hospital characteristics. (A)
Hospitals with <200 beds had significantly higher patient-
day-weighted-mean POC-BG values compared to hospitals
with 300 to 399 beds (P < 0.05) and >400 beds (P < 0.001).
(B) Rural hospitals had significantly higher values than
academic (P < 0.05) and urban community (P < 0.001)
hospitals. (C) Hospitals in the West had significantly lower
values than hospitals in the South and Northeast (both P <
0.05).




what type of data hospitals will find most clinically useful to
track the impact of glucose control interventions. For
instance, hospitals may wish to see data on the frequencies
of glucose measurements that are above and below certain
desired thresholds, which is one of the approaches that we
have used in previous publications,'*'"?**¢ and which is
currently provided as feedback to hospitals participating in
RALS reporting.

The other issue to address in development of standards
in inpatient glycemic control reporting is what method of
glucose measurement should be used. Correlation between
whole-blood vs. POC-BG values can be imprecise in the in-
tensive care setting.*"*” We have previously utilized bedside
glucose measurements as our means of evaluating the status
of inpatient glucose control,'*'”?® and bedside glucose
measurements remain the mainstay of how practitioners
judge the status of inpatient hyperglycemia and make thera-
peutic decisions about management. The hospitals partici-
pating in the process reviewed here all use the same system
of bedside glucose monitoring and glucometer-laboratory
electronic interface. Until alternative clinical methods are
developed to frequently sample glucose levels in a conven-
ient and minimally invasive way at the bedside, current
POC-BG technology will continue to be the most utilized
means of assessing hospital glucose management in the
inpatient setting.

Electronic data warehouses such as RALS-Plus are con-
venient sources of information in which to store data on the
quality of inpatient diabetes care. Unlike chart abstraction
which requires extensive man-hours to extract data on a
few patients, use of electronic data allows examination of
large numbers of hospital cases. Queries of information sys-
tems could be automated, report cards potentially gener-
ated, and feedback given to providers and hospitals on the
status of inpatient glycemic control.

Nonetheless, there are limitations to using electronic
records as the sole method to assess inpatient diabetes care.
Analysis of electronic records does not allow assessment of
reasons underlying decision-making behavior of clinicians
(eg, why they did or did not change hyperglycemic therapy).
Moreover, our electronic data does not permit an assess-
ment of who had preexisting diabetes, who was admitted
with new onset diabetes, or who developed hyperglycemia
as a result of the hospital stay.

In addition to the above, while our sample was repre-
sentative of other RALs participating hospitals, it was not
entirely representative of all U.S. hospitals. Hospitals con-
tributing data to this report were chosen by self-selection
rather than by random methods. Expanding hospital par-
ticipation in this inpatient glucose assessment bench-
marking process will be needed to determine if findings
in this work can be generalized. Finally, our study was
conducted using the hospital, rather than the patient, as
the unit of analysis, as patient-level characteristics (age,
sex, race/ethnicity) were not provided by participating
hospitals.

Despite these limitations and issues noted above, to our
knowledge this report is the most extensive review of the
state of blood glucose control in hospitals across the United
States. While other commercial laboratory data management
systems may exist in hospitals, their data has not been
reported to date. Additionally, our analysis provides a first
glimpse of inpatient glycemic control of a large number
of U.S. hospitals of varying characteristics and different
national regions. Increased hospital participation in data
collection may allow the creation of a national benchmark-
ing process for the development of best practices and
improved inpatient hyperglycemia management.
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