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Abstract

Objective:
The aim was to determine if frequently repeated glucose measurements mandated by an inpatient protocol led  
to falsely elevated reported rates of both hypo- and hyperglycemia.

Methods:
In our academic medical center, a mandatory standardized subcutaneous insulin order form and protocol 
was implemented in May 2006. We analyzed point-of-care blood glucose (BG) measurements collected on all  
medical/surgical wards during the month of August in both 2005 and 2006 by all BGs measured, by patient 
admission, and by monitored patient-day. We then repeated all analyses using an algorithm that excluded BG  
values if another BG was measured less than 5 minutes later or 5–60 minutes earlier.

Results:
In 2005 versus 2006, there were 7034 versus 8016 glucoses measured in 397 versus 389 patients over 1704 versus 
1710 patient days, respectively. Analyses based on patient-day balanced differences in BG measurement 
frequency and patient length of stay. In both years, failure to exclude repeat values overestimated both the 
proportion of patient days with hypoglycemia (3.5% versus 1.8% in 2005, p = .003; 2.6% versus 1.3% in 2006, 
p = .007) and severe hyperglycemia (9.3% versus 7.4% in 2005, p = .09; 7.7% versus 5.9% in 2006, p = .08). 
Mean, median, and proportion of patient-day means within our target range (80–150 mg/dl) were not 
significantly different.

Conclusions:
Glucometric reports should exclude repeated BG measurements from a single clinical episode of hypo- or 
hyperglycemia in order to accurately reflect inpatient glycemic control.
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Introduction

Hypoglycemia is usually the limiting factor in 
implementation of tight inpatient glucose control and 
represents the most clinically significant potential 
adverse effect of aggressive antihyperglycemic therapy.1 
As hospital glycemic control is now an important quality-
of-care measure, standardized methods for quantifying  
the proportion of blood glucose (BG) within target 
ranges and the incidence of hypo- and hyperglycemia 
(glucometrics) are needed.2,3 Even though episodes of 
hypoglycemia and severe hyperglycemia usually prompt 
repeat BG measurements, previous reports of glucometrics 
include these BG measurements in analyses.4–10 Thus, the
multiple frequent glucose measurements generally required  
for a single episode of hypoglycemia (to verify the low 
glucose and monitor until the hypoglycemia has resolved) 
may lead to a falsely increased reported rate of hypo-
glycemia. In addition, frequent and confirmatory repeat 
measurements for a single hyperglycemic episode may 
lead to a falsely increased reported rate of hyperglycemia.

Algorithms for excluding repeat measurements must 
be developed and validated if hospital rates of hypo-
glycemia are to be compared. Our inpatient diabetes 
quality improvement committee designed an algorithm 
for excluding glucose measurements that excluded BG 
measurements if another value was recorded either less 
than 5 min later or 5–60 min prior. We analyzed point-
of-care BG measurements on all medical/surgical wards  
during one month and repeated these analyses excluding 
repeat values.

Research Design and Methods
In May 2006, a mandatory subcutaneous insulin order 
form and protocol was implemented at our academic 
medical center, including a standard hypoglycemia 
protocol (Figure  1). All point-of-care glucose measurements 

were analyzed on adult medical and surgical wards  
(non-intensive care unit) in August of 2006. De-identified 
glucose data were supplied from the clinical laboratory, 
and initial analysis of the data was performed using 
Microsoft Access programmed for the glucometrics 
algorithm as described here. Glucometric analyses are 
reported by two units of analysis: (1) without grouping  
and (2) grouped by monitored patient-day (which has 
been proposed to be a more accurate assessment of 
inpatient glycemic control).2 When analyzed “without 
grouping,” the mean glucose is calculated as the mean 
of all glucoses for all of the included hospital patients. 
When analyzed as “grouped by monitored patient-day,” 
the mean glucose is calculated from the mean of mean 
glucoses for each patient-day. Patients with less than 5 
evaluable glucose measurements and days that patients 
received continuous insulin infusions (identified as 
greater than or equal to 10 glucose measurements per 
day) were excluded.

Our inpatient diabetes improvement committee (comprised 
of diabetologists, a hospitalist, a diabetes clinical nurse 
specialist, a nursing supervisor, pharmacists, and a 
quality improvement analyst) developed an algorithm 
for exclusion of repeat values: if another glucose 
measurement was performed less than 5 minutes later 
or 5–60 minutes earlier. This algorithm would exclude 
glucose values (1) when the initial glucose result is 
spurious (e.g., due to inadequate filling of test strip 
window with blood) and the immediately repeated value  
is accurate and should be included and (2) when the 
initial glucose result represents true hypoglycemia, but 
multiple tests are performed as part of hypoglycemia 
protocol (Figure 2). Initial statistical analysis was 
performed using Mann–Whitney tests and random 
effects logistic regression. These were complex analyses  
and are discussed in detail in Appendix 1.

Figure 1. Hypoglycemia protocol preprinted on the mandatory standardized subcutaneous insulin order form at the University of California 
San Francisco.
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Results
Before repeat values were excluded, there were 6900 
glucose measurements from 313 patients over 1570 patient 
days. Failure to exclude repeat values overestimated both 
hypoglycemia, defined as glucose less than 60 mg/dl 
(0.7% versus 0.3%, p ≤ .0001) and severe hyperglycemia, 
defined as glucose greater than 350 mg/dl (3.0% versus 2.3%, 
p ≤ .0001) (Table 1). Mean glucose ± standard deviation 
(175.1 ± 68.2 mg/dl versus 173.6 ± 68.2 mg/dl) and the 
proportion of glucose measurements outside our target 
range of 80–150 mg/dl (57.8% versus 57.2%, p < .0001) 
were lower after excluding repeat values, indicating 
that more high than low values were excluded with our 

algorithm. There was no significant difference in the 
median glucose, which is less sensitive to the inclusion 
of extremely high or low glucose measurements.

The exclusion of repeat values also led to lower 
reported rates of hypoglycemia (2.1% versus 1.2%) and  
hyperglycemia (6.7% versus 5.7%) when analyzed grouped 
by patient-day. Both mean (172.4 ± 55.9 mg/dl versus 
171.7 ± 53.8 mg/dl, p = .0002) and median (159.7 mg/dl 
versus 160.4 mg/dl, p = .02) glucose values were also 
significantly different.

We then examined whether excluding repeat measurements 
made less than 5 minutes prior (spurious values) or 

Figure 2. Algorithm developed by the Inpatient Diabetes Care Committee to exclude frequently repeated glucose values.

Table 1.
Failure to Exclude Frequently Repeat Glucose Values Overestimated Both Hypoglycemia and Hyperglycemiaa

Repeat values
No grouping Grouped by patient-day

Includes Excludes p value Includes Excludes p value

Mean glucose (standard deviation) 175.1 (73.5) 173.6 (68.2) <.0001 172.4 (55.9) 171.7 (53.8) .0002

Median glucose 158 158 .08 159.7 160.4 .02

% hypoglycemia (<60) 0.7 0.3 <.0001 2.1 1.2 – b

% hyperglycemia (>350) 3.0 2.3 <.0001 6.7 5.7 – b

% outside range (<80 or >150) 57.8 57.2 <.0001 84.3 84.0 – b

a All glucose values are expressed in mg/dl.
b P values could not be calculated for comparisons involving measures based on at least one episode per day, since excluding repeat 

values could not increase these proportions.
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those 5–60 minutes afterward (confirmation of adequate 
treatment) had a greater effect on reported rates of hypo- 
and hyperglycemia (Figure 3). The proportion of glucose 
measurements with hypoglycemia decreased from 0.7% 
to 0.4% after excluding repeat values less than 5 minutes 
prior and to 0.3% after further exclusion of repeat  
values 5–60 minutes afterward. Percent hyperglycemia 
decreased from 3.0% to 2.3% excluding spurious values 
and did not change further after excluding subsequent 
values recorded within 60 minutes.

When analyzed grouped by patient-day, exclusion of 
repeat values within 5 minutes also had a greater effect  
than exclusion of repeat values 5–60 minutes later. 
Proportion of patient days with hypo- and hyperglycemia 
was reduced from 2.1% to 1.3% to 1.2% and from 6.7%  
to 5.7% to 5.7%, respectively, with the iterative exclusions  
of repeat measurements.

Discussion
Standardized protocols for glycemic management provide 
guidance to nursing and physician staff regarding the 
thresholds for treatment and prevent delays in treatment 
by providing anticipatory orders.11 Hypoglycemia protocols, 
in particular, may avoid overtreatment of hypoglycemia,  
which can result in hyperglycemia. Many hypoglycemia 

protocols, including the one used at our institution, 
mandate repeat measurements of BG until euglycemia is 
achieved. Reports of glucometrics that do not exclude 
repeat measurements may therefore “double-count” or 

“triple count” a single clinical episode. Indeed, hospitals  
that comply with such hypoglycemia protocols might 
appear to have higher rates of hypoglycemia.

In our academic medical center, excluding repeat 
values performed less than 5 minutes before a glucose 
measurement had a major impact on reported rates 
of hypo- and hyperglycemia. These values represent 
spurious values (e.g., if blood did not fill up the entire 
test strip window) and are disproportionately lower than  
other reported values, although they do not represent 
clinically significant events. Excluding repeat values 
performed 5–60 minutes after a glucose measurement, 
however, had minimal impact on reported rates of 
hypoglycemia, likely reflecting adequate treatment of 
hypoglycemia per protocol. When we performed analyses  
of glucometrics both including and excluding these repeat 
measurements, we found that inclusion significantly 
overestimated the incidence of hypo- and hyperglycemia.

Using the methods described in this study (glucose data 
entered into a database every month, grouped by patient-
day and using the algorithm in Figure 2), our inpatient 

Figure 3. Rates of hyperglycemia and hypoglycemia analyzed without grouping and grouped by patient-day. Exclusion of repeat values within 
5 min had a greater effect than exclusion of repeat values 5–60 min later. The asterisks represent p < .001 versus all values. P values could not 
be calculated for comparisons involving measures based on at least one episode per day (by patient-day), since excluding repeat values could not 
increase these proportions.
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diabetes committee has continued to monitor glucose 
levels at our institution. As a result of the mandatory 
standardized insulin forms, education efforts, and glucose 
management feedback, the mean glucose levels on our 
medical–surgical units is now consistently 150–154 mg/dl 
with the rate of hypoglycemia <0.8%.

As the patient safety movement gains momentum12 
with concrete financial consequences,13 there is a growing 
need for standardized methods of documentation of 
inpatient glycemic control. The Joint Commission’s Surgical 
Care Improvement Project includes the voluntary reporting 
of postoperative 6:00 AM glucoses in cardiac surgery 
patients,14 and the trend toward inclusion of glycemic 
control in quality-of-care measures is likely to increase. 
Several randomized trials of intensive glycemic control 
in hospitalized patients have been terminated early due 
to increased rates of severe hypoglycemia, highlighting 
the urgent need to track incidences of hypoglycemia 
reliably.15,16 Not only should standard glucometrics be 
used for comparisons among hospitals, but these reports 
should exclude repeat glucose measurements from a 
single clinical episode of either hypo- or hyperglycemia  
in order to accurately reflect inpatient glycemic control.
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Appendix 1. Statistical Analysis

Crude summaries are not adjusted to account for clustering of multiple measurements or days within patients.  
The p values, however, do account for this clustering. P values for comparison of included versus excluded 
by-measurement data were calculated by mixed linear models with random person effects for means and by  
Mann–Whitney tests stratified by person for medians. Comparison of dichotomous outcomes was performed by 
random effects logistic regression, with exclusion as the predictor and a random person effect included in the model. 
For comparing by-patient-day continuous values, we first calculated the difference between each day’s mean using 
all measurements versus the mean, excluding either the spurious values or excluding both spurious and repeat 
values. For comparing means, we then modeled these differences in terms of an intercept term and a random 
person effect (to account for clustering of multiple days within person) and used the p value of the intercept term. 
The p values for medians were calculated by converting each day’s difference into a signed rank, similar to a Wilcoxon 
signed-rank test, and then fit a similar mixed-effects model. For the dichotomous by-patient-day outcomes, exclusion 
of some measurements cannot lack a net effect on the rate of the events. This is because events were defined as 
occurring if any one or more measurements were in the undesirable range, so exclusion of some measurements can  
only make events less likely. P values therefore cannot be calculated, because the null hypothesis of no net effect of 
excluding measurements is already known to be false.


