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The association between glucose
variability and mortality

S. Eslami**, R. van Hooijdonk3, F. van Braam Houckgeest*, ].P. van der Sluijss, P.E. Spronk®7,
M.) Schultz37#, A. Abu-Hanna' for the Tight Glucose Control Group Investigators

Department of '"Medical Informatics, 3Intensive Care, Laboratory of Experimental Intensive Care and
Anesthesiology, Academic Medical Center, University of Amsterdam, Amsterdam, the Netherlands,
2Pharmaceutical Research Center, Mashhad University of Medical Science, Mashhad, Iran, 4Department
of Intensive Care, Tergooi Hospital, Hilversum, the Netherlands, sDepartment of Intensive Care
Medicine, Medical Center Haaglanden, The Hague, the Netherlands, *Department of Intensive
Care, Gelre Hospitals, location Lukas, Apeldoorn, the Netherlands, "7HERMES Critical Care Group,
Amsterdam, the Netherlands, *corresponding author: s.eslami@amc.uva.nl; EslamiS@mums.ac.ir

Increased blood glucose variability has been associated
with higher mortality in critically ill patients, and was
therefore proposed as a quality measure of glucose control
in the intensive care unit (ICU).”> However, most studies
related to glucose variability have not adjusted for potential
confounders of this association, such as the presence of
blood glucose control, the frequency with which glucose is
measured, and the severity of illness.°

We hypothesised an independent association between
the blood glucose level and hospital mortality, even when
adjusting for such potential confounders. This study
comprises a secondary analysis of an earlier completed
implementation project of a glucose control guideline’ The
glucose variability was measured for patients from three
mixed medical-surgical ICUs during two periods: one year
before and one year after the implementation of the new
glucose control guideline. This new guideline aimed at a
blood glucose target range of 8o - 110 mg/dl, instead of the
glucose level < 150 mg/dl in the before period, and required
more frequent glucose measurements.”

Patient data were extracted from the National Intensive
Care Evaluation (NICE) registry. Readmitted patients,
those spending less than 24 hours on the ICU, and patients
with less than three glucose measurements were excluded
from the present analysis.

For blood glucose variability, we used three common
measures: the standard deviation of the glucose levels,
the mean absolute glucose, and the mean amplitude
of glycaemic excursions (MAGE).! We selected three
widely used measures of the quality of blood glucose
control: mean blood glucose level, the frequency of glucose
measurements, and the incidence of severe hypoglycaemia
(defined as a glucose < 40 mg/dl).

We used univariate and multivariate logistic regression
analysis to estimate and test the association between
measures of glucose variability and hospital mortality. The
multivariate logistic regression analysis for each measure
of glucose variability included the variables that were
suggested as confounders as they meet the criteria for
confounding: severity of illness (expressed as APACHE
II score); the overall blood glucose level (expressed as the
mean blood glucose of the entire stay of the patient in the
ICU); blood glucose measurement frequency (expressed as
the mean interval between measurements); having at least
one severe hypoglycaemia event (< 40 mg/dl blood glucose
level); and the specific ICU.

A total of 2175 patients met the inclusion criteria: 1132
admitted before and 1043 after implementation of a
new guideline for glucose control. Standard deviation
and mean absolute glucose, but not MAGE, increased
significantly after implementation of the new guideline.
Results of the univariate/multivariate analysis are shown in
table 1. All measures of glucose variability were associated
with hospital mortality in the univariate analysis. After
adjustment has been made for all covariates including
admission type, the period (before/after implementation),
APACHE score, measurement interval, mean BGL, severe
hypoglycaemia, hospital, and interaction between hospital
and mean BGL, the multivariate analysis showed that none
of the glucose variability measures were independently
associated with hospital mortality. The result did not
change when we stratified patients into medical and
surgical patients (data not shown).

Our findings stand in contrast to previous studies, which
reported on an independent association of measures
of glucose variability with mortality.”> One possible
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Table 1. Univariate and multivariate logistic regression analysis for hospital mortality

Variable Univariate

0Odds ratio (95 % CI)
SD 1.00 (1.00 - 1.0I)
MAG 1.04 (1.03 - 1.05)
MAGE 1.00 (1.00 - 1.0I)

Multivariate*
p-value 0Odds ratio (95 % CI) p-value
<0.001 1.00 (0.99 - 1.01) 0.53
<0.001 1.00 (0.98 - 1.03) 0.81
0.008 1.00(0.97 - 1.00) 0.89

*Adjustment has been made for admission type, before/after implementation, APACHE score, measurement interval, mean blood glucose, severe
hypoglycaemia, hospitals and interaction between hospitals and mean blood glucose. There was no considerable collinearity between indicators of blood
glucose variability and other independent variables. SD = standard deviation, MAG = mean absolute glucose, MAGE = mean amplitude of glycaemic

excursions.

explanation for the discrepancies is that the other studies
did not adjust for all identified confounders. We had
the unique opportunity to do that by investigating the
behaviour of measures of glucose variability and their
association with hospital mortality in a multicentre study
before and after the implementation of a new blood glucose
control guideline.

Our findings show that comparison among study results
on measures of glucose variability is difficult and requires
accounting for various confounders including the presence
of a blood glucose control regime, severity of illness, overall
glucose level and measurement frequency.
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