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Abstract
Background:
The ability to measure patient blood glucose levels at bedside in hospitalized patients and to transmit those 
values to a central database enables and facilitates glucose control and follow-up and is an integral component  
in the care of the hospitalized diabetic patient.

Objective:
The goal of this study was to evaluate the performance of an institutional glucometer employed in the framework 
of the Program for the Treatment of the Hospitalized Diabetic Patient (PTHDP) at E. Wolfson Medical Center, 
Holon, Israel.

Methods:
As part of the program to facilitate glucose control in hospitalized diabetic patients, an institutional glucometer  
was employed that permits uploading of data from stands located in each inpatient department and downloading  
of that data to a central hospital-wide database. Blood glucose values from hospitalized diabetic patients were 
collected from August 2007 to October 2008. The inpatient glucose control program was introduced gradually 
beginning January 2008.

Results:
During the follow-up period, more than 150,000 blood glucose measures were taken. Mean glucose was 
195.7 ± 99.12 mg/dl during the follow-up period. Blood glucose values declined from 206 ± 105 prior to PTHDP  
(August 2007–December 2007) to 186 ± 92 after its inception (January 2008–October 2008). The decline was 
associated significantly with time (r = 0.11, p < 0.0001). The prevalence of blood glucose values lower than  
60 mg/dl was 1.48% [95% confidence interval (CI) 0.36%] prior to vs 1.55% (95% CI 0.37%) following  
implementation of the PTHDP. Concomitantly, a significant increase in the proportion of blood glucose values 
between 80 and 200 mg/dl was observed, from 55.5% prior to program initiation vs 61.6% after program 
initiation (p < 0.0001).
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Background

Hyperglycemia is a frequently observed metabolic 
disorder prevalent in approximately one-third of all 
hospitalized patients.1,2 In approximately two-thirds of 
these cases, the patients had been diagnosed previously 
with diabetes. The remaining cases of hyperglycemia 
reflect either stress secondary to acute illness or an 
expression of heretofore undiagnosed diabetes.3 

Until recently, hyperglycemia during hospitalization was 
viewed as a phenomenon with relatively little clinical 
significance. More current studies have demonstrated 
the importance of regulating blood glucose levels in 
patients hospitalized in intensive care units.4–6 It has 
been estimated that one in four hospitalized patients has 
diagnosed diabetes and that one in five has undiagnosed 
diabetes.7

Despite the enormity and importance of the problem, 
diabetes care in the hospitalized patient is not always 
optimal. Improvement of diabetes control in the hospitalized 
patient requires the implementation of programs designed 
specifically to meet these objectives.8,9 Known obstacles 
to program implementation and success should be 
taken into consideration and addressed; for example, 
medical and nursing personnel frequently list concern 
surrounding increased hypoglycemic events as a reason  
for not striving for tighter glucose control.10

Prior to implementation of the institution-wide glucometer, 
results of blood glucose readings were recorded into the 
patient medical chart at bedside and into the medical 
record. This manual method of data recording makes 
efficient follow-up of blood glucose trends difficult, 
if not impossible, which decreases the likelihood of 

implementing effective treatment for hyperglycemia. 
Use of an institution-wide glucometer permits between-
department comparisons of treatment efficacy, permits 
within-department evaluations over time, and, with 
wider use, may permit comparisons of efficacy between 
institutions.

Advancements in information technology permit the  
real-time transfer of capillary blood glucose values 
measured at point of care (bedside) directly to a central, 
institutional database as well as to the patient’s electronic 
laboratory record. Additionally, the accompanying system 
permits centralized data storage and both retro- and 
prospective analyses blood glucose trends in the 
hospitalized patient.

Objectives
In January 2008, the Program for the Treatment of the 
Hospitalized Diabetic Patient (PTHDP) was initiated at  
E. Wolfson Medical Center in Holon, Israel. The first 
step in program implementation was introduction of the 
institution-wide glucometer for blood glucose monitoring. 
The present report was designed to examine trends in 
blood glucose levels measured with the institutional 
glucometer among diabetic patients hospitalized at 
this institution, as an estimate of the efficacy of this 
tool and as an evaluation of the initial efficacy of the 
PTHDP. Clinical and demographic data were extracted 
from the glucometer system itself. The present study 
is observational, not a clinical trial, and cannot control 
for all potential confounders. As such, the authors 
acknowledge that factors other than introduction of the 
program could explain some of the variability observed. 

Abstract cont.

Conclusions:
The present study was designed to observe changes in institution-wide glucose values following implementation  
of the PTHDP. Information was extracted from the glucometer system itself. Because the aforementioned study  
was not a clinical trial, we cannot rule out that factors other than introduction of the program could explain 
some of the variability observed. With these limitations in mind, it nevertheless appears that the PTHDP,  
of which the institutional glucometer is an integral, essential component, was associated with improved blood 
glucose values in the hospitalized diabetic patient.
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Methods

Setting, Data Collection, and Definitions
In August 2007, the Edith Wolfson Medical Center, a  
700-bed government hospital, which serves approximately 
500,000 residents of the Holon-Bat Yam-Yaffo-West Rishon 
Leziyon area south of Tel Aviv, launched the PTHDP 
by introducing use of the institutional blood glucose 
monitoring system (IGMS) first to the internal medicine 
departments and later to the various surgical departments 
so that it was gradually employed by all inpatient 
departments. The remaining components of the PTHDP 
were introduced in January 2008.

Included in the present report are data from all internal 
medicine and surgical departments and intensive care 
units. Data from pediatric, obstetrics, and emergency care 
departments were not included. Data reported are those 
from the 15th day of each month, starting from August 
2007 to October 2008. Included were the results of any  
blood glucose test measured using the time stamped 
from 12:01 through 23:59 on the 15th day of a given 
month. Hypoglycemia was defined as a blood glucose 
test <60 mg/dl, whereas hyperglycemia was defined as 
any blood glucose test >300 mg/dl. Target blood glucose 
values were defined as between 80 and 200 mg/dl. 

The Glucose Monitoring System
The IGMS consisted of a point-of-care, automated gluco-
meter and an interactive database. The automated glucometer 
(Accu-Chek Inform, Roche Diagnostics, Indianapolis, IN) 
was located in each inpatient department. The hand-held 
device is powered by a rechargeable lithium battery, 
and its base unit can be mounted on a wall or desktop. 
Measuring 3.6 × 9.6 × 19.4 cm, the device has a curved 
target area for blood application and blood is pulled 
to the test strip via capillary action; however, blood 
does not actually enter the meter, reducing the risk  
of contamination. Data may be entered using a touch screen 
and/or bar code scanner. As many as 4000 results may 
be stored in the memory with up to three, user-defined 
or free text comments per test. Test results are stored 
with a test identifier code (meter serial number), patient 
identification, identification of the clinician performing 
the test, and date and time stamp. Precision of the 
Accu-Chek in critically ill hospitalized patients has 
been reported.11 Data are transmitted and downloaded 
automatically to the central database of the hospital’s 
biochemistry laboratory. The information system (Roche 
Cobas IT 1000, Roche Diagnostics) permits authorized 
personnel to access, monitor, and analyze data, which can 

be downloaded in spreadsheet format for the assessment 
of temporal trends and the identification of out-of-range 
values. The information flow in this system is depicted 
in Figure 1.

Program for the Treatment of the Hospitalized 
Diabetic Patient 
Underlying the PTHDP is the view that hospitalization 
provides a window of opportunity to improve patient 
care and to provide patients with the necessary tools to 
continue/improve self-care following discharge from the 
hospital. To that end, the PTHDP was established as a 
hospital-wide care protocol based on the American Diabetes 
Association Standards of Medical Care in Diabetes 2007.12

Hyperglycemia is treated using a basal, long-acting insulin 
analog such as glargine or detemir, administered in 
the morning while bolus doses of such rapid-acting 
analogs as aspart, lispro, or glulisine are administered 
at mealtimes. Using this approach, basal insulin is 
administered initially at a dose of 0.3–0.5 units/kg, which 
is approximately half the calculated required dose. 
Additionally, approximately half the calculated rapid-acting 
insulin dose is administered prior to each of the three 
daily meals. Titration is tailored according to individual 
response. Patients who are not eating do not receive boluses 
of rapid-acting insulin.

In addition to insulin treatment protocols, the PTHDP 
relies on a multidisciplinary team composed of physicians, 
dedicated PTHDP nurses, dietitians, social workers, an 
epidemiologist, and psychologists. This team participates 
in patient care during hospitalization and arranges for 
outpatient continuing care following patient discharge. 

Figure 1. Information flow using the institutional blood glucose 
monitoring system and data management system (DMS).
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Additionally, team members provide expert consultations 
to inpatient departments with the goal of providing staff 
and patient education and instruction. Members also 
participate in the PTHDP forum, which directs and 
facilitates the program.

PTHDP dedicated nurses are representatives from each 
inpatient department and are responsible for diabetes 
care program implementation. These nurses undergo 
continuous training and participate in the PTHDP forum, 
where their input is integral to problem solving.

Also central to the PTHDP is measuring hemoglobin A1c 
during hospitalization due to its implications for continuing 
treatment recommendations during confinement and at 
discharge. Patient education prior to discharge includes all 
aspects of patient care and is aimed at facilitating patient 
empowerment in self-care.

Data Analysis
Data were transferred from the IGMS-generated database 
and analyzed on SPSS 10.0 (SPSS Inc., Chicago, IL). 
Normality of distribution was assessed using the 
Kolmogorov–Smirnov test. Glucose values were found to 
have a distribution deviating significantly from normal. 
Continuous variables are described as mean ± standard 
deviation. Nominal variables are described using frequency 
counts [n (%)]. Glucose values were compared across 
months of follow-up using the Kruskal–Wallis test 
followed post hoc by the Mann–Whitney U test to make 
pair wise comparisons. This analysis was repeated using 
one-way analysis of variance (ANOVA) followed post 
hoc with Bonferroni’s test and is thus reported because 
findings were consistent by method and the reported 
findings were more intuitive using ANOVA. Associations 
between nominal variables were assessed using the  
χ2 test. All tests are two-sided and considered significant 
at p < 0.05.

Results
Through the period from August 2007 to October 2008, 
more than 150,000 blood glucose tests were performed 
using the IGMS. Included in the present 14-month  
follow-up period are the 5951 IGMS-measured blood 
glucose tests taken on the 15th of each reporting month, 
with the exception of January 2008, during which month 
the system was being restructured, so values are not 
available. 

During the total follow-up period, mean blood glucose 
values were 195.7 ± 99.12 mg/dl. Figure 2 displays the 

distribution of blood glucose values measured on the  
15th of each month over time. As can be seen, a significant, 
inverse association between blood glucose and time was 
detected, indicating a reduction in mean blood glucose 
levels over time in hospitalized patients, concomitant with 
the introduction of the PTHDP. Indeed, mean glucose 
values prior to establishment of the program (August 
2007 through December 2007) were significantly higher 
than those after program initiation (January through 
October 2008): 206 ± 105 vs 186 ± 92 mg/dl, p < 0.0001.

Hypoglycemic events were defined as blood glucose 
values <60 mg/dl. The proportion of hypoglycemic events 
was 1.4% for the entire follow-up period, ranging from a 
high of 2.7% in October 2007 to a low of 0% reported 
in March 2008. Pre- and post-PTHDP implementation 
values are shown in Figure 3. The mean proportion of 
hypoglycemic events prior to initiation of the PTHDP 
was 1.48% [95% confidence interval (CI) 0.36%]. For the 
period following program initiation, the mean proportion 
of hypoglycemic events was 1.4% (95% CI 0.36%) if the  
0% report in March was included and 1.55% (95% CI 0.37%) 
if the value for March was excluded. A trend over time  
was not detected (p = 0.2).

Figure 2. Mean blood glucose for the 15th of each month over time.
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Figure 3. Proportion of glucose measures <60 mg/dl.
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Hyperglycemic events were defined as blood glucose 
values exceeding 300 mg/dl. During the follow-up period, 
13.4% of blood glucose levels were in the hyperglycemic 
range. The proportion of hyperglycemic readings is shown 
by month in Figure 4. Prior to program commencement, 
16.2% of values were >300 mg/dl, compared to 10.2% 
after initiation, p < 0.0001.

“In target” values were defined as those between 80 and 
200 mg/dl. The proportion of “in target” values increased 
from 55.4% prior to program launch to 61.6% after its 
implementation (p < 0.0001) (Figure 5).

Discussion

This report described the PTHDP, of which IGMS is an 
integral factor facilitating improved patient follow-up 
and treatment. Evidence for this improvement can be 
inferred from the change in inpatient glucose values after 
program implementation compared to before program 
implementation. This improvement can be visualized 
continuously over time. While a significant reduction in 
hyperglycemic (glucose >300 mg/dl) measures was 
detected following inauguration of the PTHDP, a 
concomitant increase in the proportion of hypoglycemic 
(glucose <60 mg/dl) measures was not observed. Further, 
a significant postprogram increase in the proportion 
of “in target” (glucose 80–200 mg/dl) measures was 
documented.

Hyperglycemia during hospitalization is not a benign 
condition and clinicians should strive to improve blood 
glucose control during this time, as urged by current 
guidelines.12 Systems streamlining the transfer of data 
from point of care to the patient medical record and to 

the central laboratory database facilitate efficient and 
accurate patient follow-up and lead to more informed 
and rapid treatment decisions.13 The system described in 
this report, which eliminates the need for transcribing 
data manually from the glucometer to a paper record 
and then transferring that record to a laboratory record, 
reduces the risk for error at each step. Data stored in a 
central laboratory database facilitate the clinical follow-up 
of a given patient. Furthermore, this system enables 
institution-wide, prospective follow-up permitting the 
identification of temporal trends. Between-department 
comparisons can also be made, which may identify 
departmental differences in the implementation of 
treatment guidelines.

Undoubtedly, other components of the PTHDP contributed 
meaningfully to the results observed herein. For example,  
the use of clear protocols has been shown to be associated 
with greater staff compliance with guidelines and 
improved patient outcomes.14,15 The use of multidisciplinary 
care teams has been demonstrated to improve both 
glycemic control and patient quality of life.16 Safe and 
effective glycemic control, featuring reduced glycemic 
variability, has been shown to be associated with reduced 
mortality in hospitalized patients.17 Insulin therapy  
using the basal-bolus paradigm has been associated with 
reduced glycemic variability18; furthermore, the present 
study did not identify an increase in the incidence 
of hypoglycemic events concomitant with basal-bolus 
therapy, consistent with other reports.19 

At present, the PTHDP, and the IGMS in particular, has 
limitations. For example, the follow-up currently does 
not consider patient diagnosis or concomitant illnesses 
that may influence blood glucose values. Medication lists 

Figure 4. Proportion of glucose measures >300 mg/dl.
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Figure 5. Proportion of “in target” glucose measures: 80–200 mg/dl.
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are also not presently recorded in the system. Perhaps 
these data fields can be added in the future, permitting 
more in-depth analysis of medical and clinical trends. 
Additionally, the system presently does not identify a 
given blood glucose sample as fasting or postprandial, 
which of course restricts the analyses to those using 
random samples or overall means, but not fasting values, 
which may reflect diabetes control more precisely.

While the benefit of inpatient glucose control seems 
intuitive, it is not without controversy. Hyperglycemia 
is associated with increased morbidity and mortality 
with and without diabetes20; however, intensive glucose  
control has been associated with increased mortality 
in intensive care unit patients,21 and in-hospital blood 
glucose levels have not been shown to reduce the length 
of hospital stay.22,23 Perhaps the main concern regarding 
glycemic control strategies is the increased risk of hypo-
glycemic events.10 Hypoglycemia is indeed associated 
with increased mortality risk, but it has been reported 
that this risk increase is limited to patients who develop 
hypoglycemia spontaneously and is not applicable to 
hypoglycemia following insulin therapy.24 In the present 
study, improved glucose control was achieved without a 
concomitant increase in hypoglycemic events. 

In summary, the program, relying on the IGMS, has  
been shown to be beneficial in terms of reducing blood 
glucose levels in the hospitalized diabetic patient without 
an accompanying increase in hypoglycemic events.
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