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Abstract

Purpose: To study the impact of pre-morbid glycemic control on the association between acute hypoglycemia in
intensive care unit (ICU) patients and subsequent hospital mortality in critically ill patients.

Methods: We performed a multicenter, multinational, retrospective observational study of patients with available
HbATc levels within the 3-month period preceding ICU admission. We separated patients into three cohorts accord-
ing to pre-admission HbA1c levels (<6.5, 6.5-7.9, >8.0 %, respectively). Based on published data, we defined a glucose
concentration of 40-69 mg/dL (2.2-3.8 mmol/L) as moderate hypoglycemia and <40 mg/dL (<2.2 mmol/L) as severe
hypoglycemia. We applied logistic regression analysis to study the impact of pre-morbid glycemic control on the
relationship between acute hypoglycemia and mortality.

Results: A total of 3084 critically ill patients were enrolled in the study. Among these patients, with increasing

HbATc levels from <6.5, t0 6.5-7.9, and to >8.0 %, the incidence of both moderate (3.8, 11.1, and 16.4 %, respec-
tively; p < 0.001) and severe (0.9, 2.5, and 4.3 %, respectively; p < 0.001) hypoglycemia progressively and significantly
increased. The relationship between the occurrence of hypoglycemic episodes in the ICU and in-hospital mortality
was independently and significantly affected by pre-morbid glucose control, as assessed by adjusted odds ratio (OR)
and 95 % confidence interval (Cl) for hospital mortality: (1) moderate hypoglycemia: in patients with <6.5,6.5-7.9, and
>8.0 % of HbA1c level—OR 0.54, 95 % Cl 0.25-1.16; OR 0.82, 95 % CI 0.33-2.05; OR 3.42, 95 % Cl 1.29-9.06, respec-
tively; (2) severe hypoglycemia: OR 1.50, 95 % Cl 0.42-5.33; OR 1.59, 95 % Cl 0.36-7.10; OR 23.46, 95 % C| 5.13-107.28,
respectively (interaction with pre-morbid glucose control, p = 0.009). We found that the higher the glucose level
before admission to the ICU, the higher the mortality risk when patients experienced hypoglycemia.

Conclusions: In critically ill patients, chronic pre-morbid hyperglycemia increases the risk of hypoglycemia and
modifies the association between acute hypoglycemia and mortality.
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Take-home message: Critically ill patients with higher pre-admission
HbA1c levels were at significantly greater risk of hypoglycemia while in
ICU. More importantly, the higher the degree of chronic hyperglycemia
before ICU admission, the higher the hospital mortality among those
patients who experienced hypoglycemia while in ICU.
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Introduction

Recent guidelines for the management of blood glu-
cose levels in critically ill patients recommend the use
of a protocolized approach with a target level of blood
glucose of <150 mg/dL (<8.3 mmol/L) and the absolute
avoidance of levels above 180 mg/dL (10 mmol/L) [1].
This glycemic target is recommended irrespective of
pre-morbid glycemic control. However, stricter glycemic
control exposes patients to a greater risk of experiencing
hypoglycemia.

The incidence of moderate and severe hypoglycemia
has been shown to be independently associated with
increased mortality in critically ill patients [2—4]. This
association has been reported not to be influenced by
the presence of diabetes mellitus [3]. However, the gly-
cemic thresholds at which patients with chronic hyper-
glycemia experience an increase in adrenergic symptoms
and release of epinephrine, norepinephrine, cortisol, and
growth hormone are significantly higher than those in
patients with well-controlled glycemia [5, 6]. Thus, both
the incidence and impact of even a mild acute hypoglyce-
mic event should be greater in such patients, and if such
events did have greater effects on the patient, the influ-
ence of hypoglycemia on outcomes might be expected to
differ according to pre-morbid glycemic control.

Accordingly, to test the independent impact of pre-
morbid glycemic control on the interaction between
hypoglycemic episodes in intensive care unit (ICU)
patients and subsequent mortality, we conducted a mul-
ticenter, multinational retrospective observational study.
We hypothesized that the degree of pre-admission hyper-
glycemia would affect the interaction between acute
hypoglycemia in ICU patients and hospital mortality in
critically ill patients.

Methods

Study design

This was a multicenter, international retrospective obser-
vational study. The data collection and data analysis parts
of this study were part of a pre-existing quality assur-
ance activity which had been approved by local Institu-
tional Ethics Committees of the participating hospitals.
These committees waived the need for informed consent
for studies involving the use of the database. The Okay-
ama University Hospital Ethics Committee approved this
investigation.

Patients

The hospitals participating in this study were located in
Japan, USA, and Australia. Table 1 provides an overview
of the organizational structure of the ICUs and the gly-
cemic control practices of the different centers. All adult
ICU patients admitted to these ICUs during the study

period who had their glycated hemoglobin (HbAlc) level
measured during the 3 months before or at ICU admis-
sion were included in the study in order to assess a wide
range of pre-admission glycemic control [7]. We excluded
patients without HbAlc measurements at these time-
points, including those whose latest HbAlc level had
been measured >3 months prior to admission to the ICU.

Primary outcome
The primary endpoint for this analysis was all-cause hos-
pital mortality, defined as death before hospital discharge.

Data source

The blood glucose data collected during each patient’s
stay in the ICU and used for this study were retrieved
electronically from the relevant data storage unit. Age,
sex, requirement of mechanical ventilation, reason for
ICU admission (medical or surgical), presence of co-
morbidities, including diabetes mellitus, cirrhosis, car-
diac dysfunction, and sepsis, and Acute Physiology and
Chronic Health Evaluation (APACHE) II score [8] were
obtained from the clinical data repositories of each ICU,
using data which had been collected prospectively by
trained data collectors. Collection of mortality and unit-
based outcomes is ongoing for all institutions.

Definition of each cohort

We separated patients into three cohorts according to
pre-admission HbAlc levels. The first cohort included
patients whose HbAlc level was <6.5 % (normal pre-
morbid glycemia). The second cohort included patients
whose HbAlc level was between 6.5 and 7.9 % (mod-
erate pre-morbid hyperglycemia). The third cohort
included patients with poor pre-admission glycemic con-
trol whose HbAlc level was >8.0 % (severe pre-morbid
hyperglycemia).

The lower threshold of HbAlc level (6.5 %) was selected
based on a recent international recommendation for the
diagnosis of diabetes [9], and the higher threshold of
HbAlc (7.9 %) was selected according to median value of
conventional glucose control arm in the United Kingdom
Prospective Diabetes Study (UKPDS) study [10].

Statistical analysis

Data are presented as percentages and number (#) or as
the median and interquartile range (25 % quartile, 75 %
quartile). Comparisons among groups were conduct-
ing using the Chi-square test for equal proportions or
Kruskal-Wallis tests.

For the analysis, we obtained the lowest blood glu-
cose value during ICU stay (Glu,,;,,) in each patient. We
applied the hypoglycemic threshold used in the NICE-
SUGAR trial [11, 12] and defined a Glu,,;, of 40-69 mg/

min
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dL (2.2-3.8 mmol/L) as moderate hypoglycemia and that
of <40 mg/dL (<2.2 mmol/L) as severe hypoglycemia.
Odds ratios (ORs) are reported relative to patients with-
out hypoglycemia [Glu,;, > 69 mg/dL (>3.8 mmol/L]. To
determine if the relationship between glycemic control
and mortality differed according to the three cohorts,
logistic regression analysis was used, fitting main effects
for pre-morbid HbAlc, the incidence of hypoglyce-
mia, and an interaction between the two in relation to
mortality.

We performed multivariate logistic regression analy-
sis adjusting for a priori defined covariates: site, gender,
APACHE 1I score, whether surgical or medical admis-
sion, co-morbidities, including diabetes mellitus, liver
cirrhosis, and chronic cardiac failure, and the presence of
sepsis at ICU admission, the reason for admission, use of
mechanical ventilation, year of admission, and subgroup
of Glu,;,. The dependent variable was hospital mortality.
To determine whether the association between the inci-
dence of hypoglycemia and the risk of death was biased
by increased glycemic variability, we further developed
a multivariable logistic analysis model adjusted for
the coefficient of variability of glucose measurements
[100 x “standard deviation of glucose measurement”/
mean of glucose measurements” (%)] [13].

Results from the multivariable models are reported
using ORs with 95 % confidence intervals (ClIs). The anal-
ysis was performed using SAS version 9.4 (SAS Institute
Inc., Cary, NC). A two-sided p value of 0.05 was consid-
ered to be statistically significant.

Results

During the study period, there were 22,458 patients
admitted to the ICUs of the participating hospitals.
Among these, we identified 3084 critically ill patients
with HbAlc levels measured within 3 months of ICU
admission, of whom, 275 had died in hospital (8.9 %). The
3084 patients had 48,980 blood glucose measurements
during their time in ICU with blood glucose levels meas-
ured every 4.4 h on average. We excluded 19,374 patients
due to lack of data on HbAlc levels, among whom were
3814 patients with a pre-admission diagnosis of diabetes
mellitus (Supplementary table 1).

We compared the clinical characteristics of the three
cohorts according to their pre-admission HbAlc levels
(see Table 2). Median pre-admission HbAlc levels were
5.5 % in patients with normal pre-admission glycemia,
7.0 % in those with moderate pre-morbid hyperglycemia,
and 9.8 % in those with severe pre-morbid hyperglycemia.
Patients with pre-morbid hyperglycemia were more likely
to have a medical admission and sepsis at ICU admission,
less likely to have cirrhosis before ICU admission, and

significantly more severely ill than patients with normal
chronic glycemic control.

Among patients with normal pre-admission glycemia,
43.2 % were diagnosed with diabetes before ICU admis-
sion. Among those patients diagnosed with moderate or
severe pre-morbid hyperglycemia, 80.7 % were diagnosed
with diabetes prior to ICU admission, and the remain-
ing 19.3 % were newly diagnosed with diabetes at ICU
admission.

The time-weighted mean within-ICU glycemia was
significantly higher in patients with poor pre-mor-
bid glycemic control than in those with moderate and
severe pre-morbid hyperglycemia [median: 140 mg/
dL (7.7 mmol/L) vs. 162 mg/dL (9.0 mmol/L) and vs.
172 mg/dL (9.6 mmol/L), respectively; p < 0.001]. In
addition, the incidence of moderate and severe hypogly-
cemia was significantly higher in patients with pre-mor-
bid hyperglycemia (p < 0.001) (Table 2; Fig. 1).

Hypoglycemic patients had a mean of 1.66 episodes of
hypoglycemia (<70 mg/dL) during their ICU stay. Among
ICU non-survivors, the median time from last hypo-
glycemic episode to death was 18 h. Overall, 57.5 % of
patients had one episode of hypoglycemia, while 42.5 %
experienced two or more episodes. The incidence of two
or more episodes of hypoglycemia increased according to
the level of pre-morbid hyperglycemia (Table 1).

The in-hospital mortality among patients with hypo-
glycemia was 21.6 %, which was significantly higher than
the 7.7 % mortality seen among patients without hypo-
glycemia (p < 0.001). The mortality in patients with two
or more episodes of hypoglycemia was 28.4 %, which was
significantly higher than the 16.5 % mortality seen among
patients with one episode of hypoglycemia (p = 0.03).

Figure 2 shows the association of hypoglycemic episodes
in ICU patients and the risk of hospital death. Hospital
mortality was significantly higher according to the sever-
ity of hypoglycemia in each cohort of pre-morbid glycemia
(p < 0.001, respectively). Moreover, the unadjusted asso-
ciation of hypoglycemia with increased hospital mortality
grew progressively stronger with increasing pre-morbid
HbAlc levels (non-adjusted trend p = 0.096; Fig. 2).
Finally, after adjustment for key confounders on multi-
variate logistic regression analysis, pre-morbid hyperglyce-
mia had a significant impact on the relationship between
acute hypoglycemia and mortality (p = 0.009), such that
the greater the degree of pre-morbid hyperglycemia,
the greater the risk of death in patients experiencing any
hypoglycemic episode while in the ICU (Table 3; Fig. 2,
lower panel). There was a significant association between
the occurrence of hypoglycemia and an increased risk of
death, even after adjustment for the co-efficient of varia-
tion of glucose measurements (Supplementary Table 2).
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Table 1 Overview of study cohorts according to location of participating hospital

October 2009-March 2011

April 2008-June 2011

November 2008-June 2010

Dates of admission to the ICU

13 mixed ICUs (total 227 beds) of 8 community-  Single 21 bed medical-surgical ICU of a university-Two medical-surgical ICUs (total 22 beds) of a

Number and type of ICUs

affiliated teaching hospital university-affiliated teaching hospital

based hospitals

Intensivist managed

All“open” policy ICUs with mandate of critical careIntensivist managed

Organizational details of centers

consult
6-8.3

6-10

6-10

Glycemic targets (mmol/L)

ABG analyzer, 100 %

ABG analyzer, 100 %

Accu-Check® Inform system, 100 %

Type of blood glucose monitor

GAIA database (Nihon koden, Japan)

Hospital information system linked to arterial

ICUTracker database linked to the hospital data

Data acquisition

blood gas analyzers

systems

ICU Intensive care unit, ABG arterial blood gas

Discussion

Statement of main findings

We conducted a multicenter retrospective international
study to test the hypothesis that there may be an inter-
action between pre-morbid glycemic control and the
association between the occurrence of acute in-ICU hypo-
glycemia and subsequent hospital mortality. We found
that, in a cohort of several thousand patients from ICUs
in three different countries and continents, those with
higher pre-admission HbAlc levels were at significantly
greater risk of in-ICU hypoglycemia. More importantly,
we also found that pre-morbid glycemic control (assessed
by pre-admission HbA1lc levels) had a significant impact
on the association between acute in-ICU hypoglycemia
and subsequent mortality. As a consequence, the higher
the degree of chronic hyperglycemia before ICU admis-
sion, the higher the hospital mortality among those
patients who experienced hypoglycemia while in ICU.

Comparison to previous studies

To our knowledge, this study is the first to assess the
impact of pre-morbid glycemic control on the relation-
ship between in-ICU hypoglycemia and mortality in crit-
ically ill patients. A small retrospective study (n = 415)
using information obtained before the NICE-SUGAR
trial (2000-2004), had previously reported that the asso-
ciation between the time weighted average of glycemia
in ICU and mortality differed according to pre-admis-
sion HbA1lc levels in critically ill patients with DM [14].
Specifically, it showed that a lower mean time-weighted
glucose level during ICU stay was associated with higher
mortality in patients with diabetes and higher pre-admis-
sion HbAlc levels, a finding consistent with our obser-
vations. Another prospective observational study after
NICE-SUGAR trial also showed that maximum glucose
level during ICU stay were associated with increased
mortality in patients with adequate pre-morbid glycemic
control, but not in patients with pre-morbid hyperglyce-
mia in 1000 ICU patients [15].

The only other potentially relevant data come from the
ambulatory setting. The Action to Control Cardiovascu-
lar Risk in Diabetes (ACCORD) Study was a randomized
controlled trial of 10,251 patients with type 2 diabetes
which aimed to compare the effect of intensive reduc-
tion of HbA1lc level (targeting a level below 6.0 %) with
standard therapy (targeting a level from 7.0 to 7.9 %) [16].
In this trial, intensive reduction in blood glucose levels
significantly increased mortality among patients with
poor chronic glycemic control (adjusted hazard ratio
1.41; p = 0.02). Furthermore, the effect of reducing blood
glucose levels on the incidence of fatal or non-fatal car-
diovascular events was significantly affected by baseline
glycemic control (p = 0.009), such that the higher the
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Table 2 Comparison of the clinical characteristics of the three patient cohorts defined according to pre-admission HbA1c

levels

Pre-admission HbA1c (%)

Male

Age (years old)

APACHE Il score

Requirement of mechanical ventila-
tion

Postsurgical admission

Presence of cirrhosis before ICU
admission

Presence of chronic cardiac failure
before ICU admission

Presence of sepsis at ICU admission

Patients with a pre-admission
diagnosis of diabetes

Reason for ICU admission
Cardiovascular
Respiratory
Abdominal
Neurological
Trauma
Other

Numbers of glucose measurements
during ICU stay (per day)

Time-weighted mean glycemia
(mg/dL)

Lowest glucose level (mg/dL)

Moderate hypoglycemia
(40-69 mg/dL)

Severe hypoglycemia (<40 mg/
du)

The incidence of >2 episodes of
hypoglycemia among hypoglyce-
mic patients

Coefficient of variation (CV) of
glucose measurements

Length of ICU stay (days)
Length of hospital stay (days)°
Hospital death (%)

5.8)

1281 (63.2 %)

11-19)

551

(

67 (57-76)
4(

548 (27 %)

1356 (66.9 %)

61 (3 %)
44 (2.2 %)

146 (7.2 %)
875 (43.2 %)

440 (21.7 %)
440 (21.7 %)
861 (42.5 %)
155 (7.6 %)
6 (0.3 %)
125 (6.2 %)
5(3-7)

140 (123-157)

111 (96-126)
77 (3.8 %)

18 (0.9 %)

27/95 (284 %)

0.79 (0.51-1.20)

3(2-6%)
9(5-17)
166 (8.2 %)

7.0(6.7-74) 8(87-117) <0.001
401 (68.2 %) 288 (61 49%) 0.004
69 (60-76) 7 (47-67) <0.001
17 (12-23) (1 5-23) <0.001
152 (25.9 %) 92 (19.6 %) 0.004
276 (46.9 %) 76 (16.2 %) <0.001
18 3.1 %) 6(1.3%) 011
24 (4.1 %) 1328 %) 0038
69 (11.7 %) 81(17.3 %) <0.0001
526 (89.6 %) 327 (69.7 %) <0.0001
<0.001
161 (27.4%) 107 (22.8 %)
132 (224 %) 75 (16 %)
185 (315 %) (147%)
49 (83 %) 2(68%)
9(1.5%) 1(02%)
52 (88%) 185 (39.4 %)

5(3-7) 5(3-8) 0.046
162 (140-182) 172 (147-204) <0001
110 (84.9-137) 101 (77-1332) <0001

65 (11.1 %) 77 (164 9%) <0.001
15 (2.5 %) 21 (43%) <0001
33/80 (41.3 %) 56/98 (57.1 %) <0.001
124 (0.79-1.87) 195 (1.31-2.84) <0.0001
3(2-5) 2(2-4) <0001
9(5-19) 7 4-17) <0001
69 (11.7 %) 40 (85 %) 003

Data in table are presented as the median with the interquartile range (25 and 75 % quartiles; IQR) in parenthesis, or as the number (n), with the percentage in

parenthesis, as appropriate

HbA1c Glycated hemoglobin, APACHE Acute Physiology and Chronic Health Evaluation Il

2 p value for comparisons among three cohorts

b Data on length of stay were available for two hospitals (USA and Australia)

glucose level before trial enrollment, the greater the trend
toward morbidity with intensive HbAlc reduction [17].
Our additional findings are that patients with poor
chronic glycemic control are at a higher risk of hypogly-
cemia. Although the presence of diabetes is known to be
a significant risk factor for hypoglycemia in critically ill

patients [18, 19], to our knowledge, this is first study to
show a linear increase in the risk of acute hypoglycemia
among critically ill patients according to their pre-mor-
bid glycemic control. This finding is consisted with the
finding of ACCORD that patients with worse glycemic
control have a greater risk of hypoglycemia [17, 20].
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Fig. 1 Incidence of moderate and severe hypoglycemia in the
three patient cohorts defined according to pre-admission glycated
hemoglobin (HbATc) levels (HbATc <6.5 %, 6.5-7.9 %, and >8.0 %,
respectively). Black bar Incidence of severe hypoglycemia, defined as
<40 mg/dL (<2.2 mmol/L), gray bar incidence of moderate hypogly-
cemia, defined as 40-69 mg/dL (2.2-3.8 mmol/L). The incidence of
moderate and severe hypoglycemia was also significantly higher in
patients with pre-morbid hyperglycemia (p < 0.0001)

Implications of study findings

Our findings support the hypothesis that patients with
chronic pre-admission hyperglycemia differ from those
critically ill patients without pre-admission hypergly-
cemia and that they should be considered separately.
Patients with chronic hyperglycemia are at higher risk of
acute hypoglycemic episodes and, additionally, in such
patients, the relationship between acute hypoglycemia
and mortality is adversely affected by poor pre-morbid
glycemic control. Hypoglycemia may be harmful in
these patients by increasing the systemic inflammatory
response [21], inducing neuroglycopenia [22], impair-
ing sympathetic system responsiveness [23], and caus-
ing cerebral vasodilatation [24]. It is also possible that
the treatment of hypoglycemia with high-dose glucose
administration may be hazardous.

The notion that lowering glucose levels too rapidly in
patients with chronic hyperglycemia is harmful has bio-
logical plausibility. For example, in other conditions of
chronic physiological derangement, such as hypona-
tremia [25], hypernatremia [26], or chronic CO, retention
[27], rapid correction is also associated with increased
risk. In patients with poor chronic glycemic control,
such risk might be due to an increased systemic inflam-
matory response [21] or to relative neuroglycopenia [22]
induced by the rapid glycemic correction—or perhaps to
other as yet unidentified mechanisms. Additionally, it is
possible that our findings may be related to a difference
in the anti-inflammatory effect of insulin among patients
with different pre-morbid glucose control [28], as the

administration of insulin is a major risk factor for hypo-
glycemia [29]. To understand the complex relationship
between the use and dose of insulin, chronic pre-admis-
sion hyperglycemia, acute hypoglycemia, and mortality,
detailed data on all of these variables will be required in
future studies. Given that patients with chronic hypergly-
cemia represent 15-20 % of all ICU admissions, our find-
ings might be relevant to approximately 1 million ICU
patients each year in developed countries.

In our cohort, the incidence of hypoglycemia increased
significantly according to the presence of pre-morbid
hyperglycemia. The glucose counter-regulatory responses
may be different in patients with poorly controlled dia-
betes [30] who have a weakened hormonal response
to falling blood glucose levels and lower glucose level
thresholds needed to trigger autonomic responses to
hypoglycemia [31, 32]. Our study also provides a plausi-
ble explanation for the findings of previous observational
studies which reported that the association between
acute glycemia and mortality was different among the
patients with and without diabetes in their respective
studies [33—-36]. The authors of these studies suggest that
the observed differences may have been predominantly
affected by pre-admission hyperglycemia, rather than
by diabetic status per se. Moreover, they also provide a
possible biological explanation for the observed differen-
tial association between acute glycemia and outcome in
diabetic patients compared with non-diabetic patients.
Finally, they suggest the need for trials of tailor-made
acute glycemic targets versus standard care in patients
with chronic hyperglycemia.

Strengths and limitations of the study

Our study has several strengths. We assessed approxi-
mately 50,000 blood glucose measurements, and all val-
ues were available for analysis, lending robustness to our
observations. The study was conducted in hospitals from
three different countries and continents, lending greater
external validity to its findings. This is the first study to
compare the association between the incidence of hypo-
glycemia in ICU patients and mortality in critically ill
patients with different pre-morbid glucose control. As
the incidence of diabetes is known to be 20-30 % world-
wide [11], our findings are potentially relevant to many
patients over the globe.

Our study does, however, have several limitations. First,
it is retrospective in design and thus potentially subject
to systematic error and bias. However, the clinical and
electronic data were collected prospectively, are numeri-
cal in nature, and were measured independently; as such
the data were not amenable to unintended manipulation.

Second, although we collected information on the
presence of cirrhosis, chronic cardiac failure, and



Page 568 0f571

Category of Severity of Odds ratio of each'severit‘y of hypoglycemia_on hospital mortality Interaction of premorbid glycemia on

premorbid hypoglyce (ref(irence was patients without hypoglycemia) the association between severity of

glycemia mia (95% confidential interval) hypoglycemia and hospital mortality

HbA1c Moderate  1.98 (1.02, 3.83) —— Un-adjusted

<6.5%

(non-

adjusted) Severe 4.57 (1.61, 13) ——

HbAlc Moderate 1.9 (1, 3.97) —— Non-adjusted

6.5-7.9% P=0.096

(non- e

adjusted) Severe 5.51 (1.74, 17.5) ——

HbA1c Moderate 4.78 (2.22,10.3) ——

28.0%

(non-

adjusted) Severe 24.7 (8.8, 69.1) ——

Mod — Adjusted

HbA1c oderate 0.54 (0.25, 1.16)

<6.5%

(adjusted) Severe 1.50 (0.42, 5.33) —

HbA1c Moderate 0.82 (0.33, 2.05) ® Adjusted

6.5-7.9% P=0.009

(adjusted) Severe 1.59 (0.36, 7.10) ®

HbA TG Moderate  3.42 (1.19, 9.06) ——

28.0%

(adjusted) Severe 23.5 (5.13, 107.3) ®

0.1 10 100
Odds ratio

Fig. 2 Interaction of pre-morbid glycemic control with the association between acute hypoglycemia and hospital mortality. Filled circles/bars for
each category indicate the un-adjusted (upper) or adjusted (lower) odds ratio between patients with hypoglycemia and those without hypoglyce-
mia for hospital mortality according to pre-morbid glycemic control. The unadjusted association of hypoglycemia with increased hospital mortality
became progressively stronger with increasing pre-morbid HbA1c levels (non-adjusted trend p = 0.096). After adjustment for relevant confounders
on multivariate logistic regression analysis, pre-morbid hyperglycemia had a significant impact on the relationship between acute hypoglycemia
and mortality (p = 0.006)

diabetes mellitus before ICU admission, we did not
have any other information on relevant co-morbidities,
including type of diabetes mellitus and acute liver fail-
ure [37, 38], or data on the duration and treatment of
glycemia and the adequacy of glycemic control dur-
ing the non-ICU component of the hospital stay. Such
information might have influenced and altered our
findings. Therefore, further studies, especially prospec-
tive ones, where the above information is collected and
included in an assessment are important.

Third, we did not have information on nutritional sup-
port and insulin administration and lacked information
on how hypoglycemia was treated. This limits our abil-
ity to understand other possible interactions that might
explain the impact of HbAlc on the relationship between
chronic hyperglycemia, acute hypoglycemia in ICU, and
mortality.

Fourth, the method of blood glucose measurements
was not standardized among study sites. One site used
the Accu-Check® Inform system (Roche Diagnostics,
Risch-Rotkreuz, Switzerland), and the rest used arterial
blood gas analyzers. The Accu-Check® Inform appears
to have sufficient analytic accuracy for use in critically ill
patients [39], but our results might be skewed by this var-
iability in measurement technology. As the blood glucose
measurements were standardized within each site, we
included “site” as an independent variable to adjust for
its effect in our multivariate analysis. Nonetheless, future
studies should be conducted using standardized and
more reliable devices for blood glucose measurements.

Fifth, in our multivariable model, hospital sites were
independently associated with the risk of mortality. We
believe this effect was related to differences in case-
mix, policy of ICU admission, health insurance, and the
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Table 3 Multivariable logistic analysis for hospital mortality in the three patient cohorts defined according to pre-admis-

sion HbA1c levels

APACHE Il score

1.16 (1.12-1.19)

Postsurgical (vs. medical admission) 3.4 (1.98-5.85)

Absence of diagnosis of diabetes mel-0.74 (0.49-1.11)
litus before ICU admission

Presence of cirrhosis before ICU 293 (1.27-6.79)

admission

Presence of chronic cardiac failure 0.94 (0.35-2.48)

before ICU admission
Presence of sepsis at ICU admission 244 (1.42-4.18)
Reason for ICU admission
0.92 (0.53-1.59)
0.71(0.41-1.23)
1.23(0.59-2.53)
044 (0.2-0.94)

Cardiovascular (vs respiratory)
Abdominal (vs respiratory)
Neurological (vs respiratory)
Other (vs respiratory)

Hospital

Australia (vs USA)

Japan (vs USA)
Year

2009 (v.s 2011)

4,09 (1.94-8.63)
4.37(2.39-7.99)

143 (0.78-2.63)

116 (1.11-1.22) 1.2(1.13-1.29)
1.96 (0.75-5.12) 0.33(0.09-1.31)
NA NA

2.57(0.58-11.48)

0.16 (0.02-1.24)

2.19(1.02-4.7)

0.53(0.23-1.22)
0.28 (0.1-0.75)

0.87 (0.28-2.67)
041(0.14-1.17)

4.03 (1.46-11.17)
3.61 (1-13.06)

8.62 (1.99-37.36)
4.14(1.19-14.39)

18.34 (1.28-262.85)

0.33 (0.02-6.61)

3.79(1.32-10.91)

1.07 (0.28-4.14)
0.26 (0.06-1.14)
2.15(0.42-11.03)
0.6(0.18-2.01)

12 (2.64-54.48)
13.88 (1.82-106.01)

3.11(04-23.98)
2.34(04-13.57)

2010 (vs. 2011) 0.82 (0.5-1.34)
Hypoglycemia®
Moderate hypoglycemia 1.5(042-5.33)

(40-69 mg/dL)
Severe hypoglycemia (<40 mg/dL) 0.54 (0.25-1.16)

1.59(0.36-7.1) 2346 (5.13-107.28)

0.82 (0.33-2.05) 342 (1.29-9.06)

Data in table are presented as the adjusted odds ratio with the 95 % confidence interval in parenthesis

@ There is significant interaction of cohorts on the association between hypoglycemia and mortality (p = 0.009)

medical system in each hospital and country. We should
note that our findings, after adjustment for these factors,
might carry more generalizability compared with single-
center or single-nation studies.

Sixth, in our study, the glucose measurements in the
general wards were not available. Future study should
collect data on the presence of hypoglycemia outside the
ICU and assess its impact on outcomes.

Seventh, we included critically ill patients with HbAlc
levels measured within 3 months of ICU admission.
In this regard, our study patients did not represent all
patients with diabetes. Thus, our findings could not
be generalized to such patients. Future studies with a
prospective design should be conducted that measure
HbA1lc levels at ICU admission in all critically ill patients
[15, 40].

Eighth, in our analysis, the interaction of pre-morbid
hyperglycemia with the association between hypogly-
cemia and hospital mortality was predominantly seen
in patients with severe pre-morbid hyperglycemia
(pre-admission HbAlc > 8.0 %), but not in those with

moderate hyperglycemia (pre-admission HbAlc 6.5—
7.9 %). It is unclear whether such an interaction would
present only in severe pre-morbid hyperglycemia or
whether it exists in a dose-dependent manner. To under-
stand this issue, further studies with a larger number of
patients are necessary.

Finally, our study was an observational study and not
a controlled trial. Accordingly, any association observed
cannot be taken to indicate causality. Thus, the direct
contribution of hypoglycemia to mortality in our patients
remains unknown. Nonetheless, the coherence of the
association in acute and ambulatory patients, its biologi-
cal plausibility, its analogy with other medical conditions
where the rapid modification of a chronic physiological
abnormality also results in unfavorable outcomes, its
close temporality, its specificity to glycemic control, the
presence of an effect gradient, and its permanence after
correction for confounding all fulfill the classic criteria
which define a functional relationship between one vari-
able and another, as seminally described by Sir Bradford
Hill [41].



Page5700f571

Future studies

To confirm or refute our findings, similar studies should
be performed in other hospitals and healthcare set-
tings using a prospective design. Furthermore, our find-
ings suggest the need for a prospective clinical trial to
explore the safety and feasibility of aiming for tailor-
made acute glycemic control in patients with higher
HbAlc levels.

Conclusions

We have studied the impact of pre-admission glycemia
on the association between the occurrence of hypo-
glycemic episodes in patients admitted to the ICU and
subsequent hospital mortality. We found that this asso-
ciation was adversely modified by pre-morbid hyper-
glycemia, such that patients with poor glucose control
before ICU admission had a higher risk of hypogly-
cemic episodes in the ICU and a stronger association
between acute hypoglycemia and mortality. This study
might be used to generate the hypothesis that the opti-
mal acute glycemic target in patients with poor pre-
admission glycemic control may differ from that of
patients with good pre-admission glycemic control.
Given the number of patients potentially affected, con-
trolled studies are now necessary to further test this
hypothesis.
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