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Abstract

Background: Stress hyperglycemia can persist during an intensive care unit (ICU) stay and result in prolonged
requirement for insulin (PRI). The impact of PRI on ICU patient outcomes is not known. We evaluated the relationship
between PRI and Day 90 mortality in ICU patients without previous diabetic treatments.

Methods: This is a post hoc analysis of the CONTROLING trial, involving 12 French ICUs. Patients in the personalized
glucose control arm with an ICU length of stay > 5 days and who had never previously received diabetic treatments
(oral drugs or insulin) were included. Personalized blood glucose targets were estimated on their preadmission usual
glycemia as estimated by their glycated A1c hemoglobin (HbA1C). PRI was defined by insulin requirement. The
relationship between PRI on Day 5 and 90-day mortality was assessed by Cox survival models with inverse probability
of treatment weighting (IPTW). Glycemic control was defined as at least one blood glucose value below the blood
glucose target value on Day 5.

Results: A total of 476 patients were included, of whom 62.4% were male, with a median age of 66 (54-76) years.
Median values for SAPS Il and HbA1C were 50 (37.5-64) and 5.7 (5.4-6.1)%, respectively. PRI was observed in 364/476
(72.5%) patients on Day 5. 90-day mortality was 23.1% in the whole cohort, 25.3% in the PRI group and 16.1% in the
non-PRI group (p <0.01). IPTW analysis showed that PRI on Day 5 was not associated with Day 90 mortality (.
wHR=1.22; C1 95% 0.84-1.75; p=10.29), whereas PRI without glycemic control was associated with an increased risk of
death at Day 90 (jpryHR=3.34; C1 95% 1.26-8.83; p<0.01).
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Conclusion: In ICU patients without previous diabetic treatments, only PRI without glycemic control on Day 5 was
associated with an increased risk of death. Additional studies are required to determine the factors contributing to

these results.
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Background

Acute stress hyperglycemia results from an increase in
hepatic gluconeogenesis and liver glucose output even
when endogenous insulin levels are high (central insu-
lin resistance) and a lower uptake of glucose by insu-
lin-dependent glucose transporters (peripheral insulin
resistance) [1]. It has been described to occur during the
first hours after intensive care unit (ICU) admission and
then to disappear over the first 12-48 h [2].

The hyperinsulinemic—euglycemic clamp is the stand-
ard procedure to define insulin resistance. It is useful for
a better understanding of the pathophysiology of stress
hyperglycemia at the early onset of the insult [3-6].
However, it cannot be easily performed in current prac-
tice and is more generally considered to be a laboratory
research method. In non-diabetic patients, an alteration
in glycemic homeostasis can be identified by a require-
ment for insulin to maintain the blood glucose level at
its usual value. The usual blood glucose level, which is
the blood glucose level prior to critical illness and ICU
admission, is usually defined by diabetologists on the
basis of the glycated hemoglobin Alc (HbA1C) level:
UBGL=28.7 x AIC—46.7 (in mg/dl, with A1C in %)
[7]. In the ICU, persistence in altered glycemic homeo-
stasis several days after ICU admission can result in pro-
longed requirement for insulin (PRI). Although acute
stress hyperglycemia is considered as an adaptive survival
response [8], several studies have reported that insulin
resistance is associated with severity of illness and poor
outcome [3, 4, 9-13]. However, this poor outcome could
be confounded with the occurrence of hypoglycemia due
to the administration of exogenous insulin, which also
increases the risk of death [14, 15]. All these studies were
heterogeneous in terms of blood glucose target and pop-
ulation. None of them used the usual blood glucose tar-
get to drive exogenous insulin administration. The timing
of administration of exogenous insulin has almost never
been studied and reports on the effect of PRI on ICU
patient outcome are scant [16]. In addition, depending
on the timing of PRI occurrence, PRI could result from
the severity of the initial insult leading to ICU admission
or from subsequent ICU-acquired complications, such as
a nosocomial infection, or from treatments such as ster-
oids or parenteral nutrition.

CONTROLING (CONTROLe INdividualisé de la Gly-
cémie) is a French multicentric randomized control trial

(RCT) comparing maintenance of blood glucose level
within a personalized blood glucose target range based
on usual blood glucose level with maintenance of blood
glucose level at 180 mg/dl or less [17-19] using the CPG
(“Controle Personnalisé de la Glycémie,” or “personalized
glycemic control”) algorithm (https://cpg.chu-lyon.fr) in
all patients (Additional file 1).

The purpose of this post hoc analysis of the CON-
TROLING trial was to assess the impact on 90-day mor-
tality of PRI on Day 5 after ICU admission in critically ill
patients without previous diabetic treatments.

Methods

Study population

We performed a post hoc analysis of the CONTROL-
ING RCT [19]. Briefly, in CONTROLING, patients were
recruited from May 2015 to July 2016 from 12 ICUs tak-
ing part in the study. As part of routine care, all adult
patients (>18 years) admitted to the participating ICUs
in whom spontaneous oral intake was not possible but
who could receive enteral and/or parenteral nutrition and
who were not expected to be discharged from the ICU
within 2 days underwent blood sample measurement
of their HbA1C level on ICU admission. In the inter-
vention group, the blood glucose level was controlled
to remain below the A1C derived usual blood glucose
level +-15 mg/dL based on instructions from the CPG
algorithm. In the CONTROLING trial, exclusion criteria
were pregnancy, legal guardianship, previous enrollment
in the study, admission to ICU for severe hypoglycemia,
therapeutic limitation, patients with a medical history of
diabetes who had received the transfusion of more than
three red blood cell units over the 3 months prior to ICU
admission and refusal to participate in the study.

In our study, we included all patients from the inter-
vention group who had not previously received diabetic
treatments (oral drugs or insulin) prior to ICU admission
and who had an ICU length of stay of at least 5 days.

Intervention

In the personalized glucose control group of the CON-
TROLING study, the HbA1C level at ICU admission
was used to define the usual blood glucose level (UBGL)
and the blood glucose target of each patient, where
UBGL=28.7 x HbA1C —46.7 (in mg/dl, with HbA1C in
%) [7]. The upper blood glucose target was calculated as



UBGL+ 15 mg/dl. For safety reasons, the upper limits
of the blood glucose target were arbitrarily set at a mini-
mum of 111 mg/dl (corresponding to an HbA1C level of
4.96%) and a maximum of 217 mg/dl (corresponding to
an HbA1C level of 8.67%) (Additional file 1). Usual blood
glucose level and blood glucose target values according to
HbA1C levels are provided in Additional file 1: Table S1.

During the CONTROLING study, glycemia was con-
trolled by the CPG web application, an electronic insulin
infusion protocol (IIP), instructing the nurse to modulate
glycemia, i.e., to schedule blood glucose assay, change
the rate of insulin infusion and intravenously infuse dex-
trose for hypoglycemia. Regular insulin (50 IU in 50 mL
of 0.9% sodium chloride) is continuously administered
intravenously using an infusion pump.

Other treatments

Except for blood glucose level management, patient
care was left to the discretion of the attending physician
(Additional file 1).

Data collection

Data regarding the demographic and clinical character-
istics of the patients were collected at baseline, including
diabetes status based on medical history, the Charlson
score, reason for ICU admission, the McCabe score and
Simplified Acute Physiology Score II (SAPS II). Between
randomization and ICU discharge, data concerning all
blood glucose measurements, insulin administration,
type and volume of all enteral and parenteral nutrition,
body weight (measured daily), use of vasopressor sup-
port, non-prophylactic antimicrobial treatment, invasive
mechanical ventilation (IMV) and renal replacement
therapy (RRT) were collected. ICU length of stay (LOS)
was recorded.

For 90-day mortality, participants or surrogates were
contacted directly. All data were collected from the CPG
web database, either during routine care or by the inves-
tigator for the purpose of the study.

Definitions

PRI was defined as the need for exogenous insulin to
maintain the blood glucose level under the upper limit
of the personalized blood glucose target range based on
usual blood glucose level on the fifth calendar day after
ICU admission.

Glycemic control was defined simply as at least one
glucose value under the blood glucose target value on the
day of the assessment.

Three subgroups of patients were created according to
insulin intake and achievement of glycemic control on
Day 5: (1) no PRI, (2) PRI and glycemic control, and (3)
PRI and no glycemic control.

Insulin intake was determined by the cumulative insu-
lin doses administered to the patient per 24 h slots fol-
lowing ICU admission and expressed in units/day and in
units/kg/day.

Calorie intake was determined by summing the calories
received by the patient per 24 h, based on actual volume
delivered, including dextrose calories and nutrition calo-
ries, and expressed in kcal/day and in kcal/kg/day. The
insulin-to-calorie ratio per kilogram was also calculated
and expressed in units/kcal/kg/day.

Adverse events were defined by the development of
moderate and severe hypoglycemia. Moderate hypogly-
cemia was defined by a blood glucose level<72 mg/dl
(4 mmol/l) and severe hypoglycemia by a blood glucose
level <40 mg/dl (2.2 mmol/l).

Objectives of the study
The first aim of our study was to assess the impact on Day
5 of PRI on 90-day mortality.

The second aim was to assess the impact on Day 5 of
PRI on 90-day mortality according to whether glycemic
control was achieved.

A subgroup analysis was carried out in non-diabetic
patients defined by an HbA1C level under the 6.5% cutoff
value to focus on true non-diabetic patients, since some
diabetic patients without current antidiabetic treatments
may not have been identified on ICU admission.

Statistical analyses

Patient characteristics were expressed as n (%) for cate-
gorical variables and median [interquartile range (IQR)]
for continuous variables. Comparisons were made with
exact Fisher tests for categorical variables and Wilcoxon
tests for continuous variables.

The primary outcome measure was 90-day mortality.
We used an inverse probability of treatment weighting
(IPTW) estimator, which is the inverse of the patients’
predicted probability of having PRI on Day 5 based on
their baseline covariates. The IPTW estimator creates a
pseudo-population in which baseline patient differences
are balanced between treatment groups. The impact of
PRI on Day 5 on 90-day mortality was estimated by a
two-step process: (1) weight estimation by the IPTW
estimator and (2) estimation of the impact of PRI on Day
5 on 90-day mortality using a weighted Cox model.

In a first step, the weight model, a non-parsimonious
multivariable logistic regression model, was constructed
to estimate each patient’s predicted probability of having
PRI on Day 5.

All variables included in the weight model reflected
knowledge available at baseline [20-22]. To avoid
extreme weights, we used stabilized weights. The stabi-
lized IPTWs were computed from the ratio of the mean



probability of treatment in our cohort (numerator) to
the estimated probabilities of treatment using baseline
covariates (propensity score) (denominator). To ensure
that the positivity assumption was obeyed, weights were
truncated at the 1-99th percentile [23]. In a second step,
we used a weighted Cox proportional hazard model to
estimate the risk of death within the first 90 days of ICU
stay after PRI on Day 5. A hazard ratio (HR) > 1 indicated
an increased risk of death. The proportionality of hazard
risk for having PRI on Day 5 was tested using Martingale
residuals. A further analysis using a raw (non-weighted)
multivariable Cox proportional hazard model was per-
formed to confirm the results obtained with the IPTW.
All models were stratified by center.

Similar analyses were performed for patients with
an HbA1C level under 6.5%. Using similar IPTWs, we
assessed the impact of PRI on Day 5 considering glycemic
control.

For all tests, a two-sided & value of 0.05 was considered
significant. There were no missing values. All statistical
analyses were performed with SAS software, Version 9.4
(SAS Institute, Cary, NC).

Results

Main characteristics

Of the 2075 patients enrolled in the CONTROLING
RCT, 476 were included in our study (Fig. 1). Their
main characteristics are reported in Table 1. They had
a median age of 66 years [54—76] and 62.7% were male.
Their median body mass index was 26.5 [23.5-30.7] kg/
m? and their median HbA1C level 5.7% [5.4-6.1]. A
total of 413 (86.8%) patients were non-diabetic, with an
HbA1C level <6.5%. Most of the patients had a medical
reason for admission (77.9%). The median SAPS II score
was 50 [37.5-64]. During their ICU stay, 79% required
IMYV, 24.2% RRT and 62.6% vasopressors.

On Day 5, median insulin intake was 24.3 units
[1.1-51.9] and median calorie intake 1137.1 kcal
[215.9-1631.6] or 15.3 kcal/kg [3.1-20.8]. Moderate
hypoglycemia was recorded in 48 (10.1%) patients and
none developed severe hypoglycemia. Median ICU LOS
was 10 days [7—17] and 90-day mortality 23.1% (N=110).

Comparison of patients with and without PRI

Finally, 364 patients (76.5%) had PRI on Day 5. Compar-
isons of PRI and non-PRI patients are given in Table 1.
PRI and non-PRI patients did not differ in age, Charlson
score or SAPS 1II score (p values of 0.89, 0.19 and 0.53,
respectively). PRI patients experienced more hypoglyce-
mia, required more vasopressors and had higher calorie
intake, longer duration of IMV, longer ICU LOS and a
higher death rate at Day 90 (all p values <0.01). Patients
with PRI without glycemic control (N=12) had HbA1C

All the patients of CONTROLING
N=2075

Personalized insulin titration group
N=1014

No diabetes therapies prior to admission
N=791

Alive at Day 5
N=476

Fig. 1 Flow chart

no higher than the others and did not present hypogly-
cemia on Day 5. However, the patients with PRI with-
out glycemic control were more often under invasive
mechanical ventilation and/or vasopressor and/or anti-
microbial therapy on Day 4 (Additional file 1: Table S2).

Construction of the propensity score

All the covariates were retained in the propensity score
(Additional file 1: Table S3). After weighting, standard-
ized differences were below 10%. Distribution of the pro-
pensity score in the subgroups of the patients with PRI
and without PRI are given in Additional file 1: Figure SI1.
Standardized differences are reported before and after
weighting for IPT'W in Fig. 2.

PRI on day 5 and 90-day mortality: results of the Cox
models with weighting for IPTW

After weighting for IPTW, PRI on Day 5 was not asso-
ciated with an increased risk of death (ppwHR=1.22;
CI 95% 0.84-1.75; p value=0.29) (Additional file I:
Table S4). In addition, PRI patients without glycemic
control on Day 5 (N=12) had a higher risk of death
than patients with PRI and glycemic control (N=352)
(;prwHR(PRI and no glycemic control/No PRI) =3.34; CI
95% 1.26-8.83; p value <0.01; prwHR(PRI and glycemic
control/No PRI)=1.16; CI 95% 0.8; 1.68; p value =0.44)
(Fig. 3, Additional file 1: Table S5). Similar results were
obtained with the multivariate Cox model. In the sub-
group of patients with an HbA1C under 6.5%, no patients



Table 1 Baseline characteristics of the patients included at Day 5

Variables (N (%) or median [IQR]) All No PRI PRI Pvalue
Number of patients 476 112 364

Age 66 [54; 76] 66.5 [53;77] 66 [54; 76] 0.89
Gender (male) 297 (62.4) 67 (59.8) 230 (63.2) 0.52
BMI 26.5[23.5;30.7] 26.6[23.9;32.6] 264 [23.4;304] 0.61
HbA1C (%) 5.7% [5.4-6.1] 59[5.5;6.3] 5.71[53;6.1] <0.01
HbA1C>6.5% 77 (16.2) 24 (214) 53 (14.6) 0.08
Charlson score 21[1;3] 2[1;4] 2[0; 3] 0.19
Medical motif of admission 371(77.9) 90 (80.4) 281(77.2) 0.36
SAPS I 50 [37.5; 64] 48.5 [36;62.5] 50 [38; 64] 0.53
McCabe = Ultimately fatal 34 (7.1) 8(7.1) 26 (7.1) 0.44
McCabe =Rapidly fatal 147 (30.9) 40 (35.7) 107 (29.4)

McCabe =Non-fatal 295 (62) 64 (57.1) 231 (63.5)

Delay before CPG start (hours) 23.8[154;47.7] 25 [15.9; 54.6] 23 [154;46.9] 0.62
AtDay 5

Glycemic control at Day 5 (yes/no) 462 (97.1) 110 (98.2) 352 (96.7) 041
Cumulative insulin intake at day 5 (units) 65.1[12.1;152] 01[0;6.7] 97 [46.4;183.6] <0.01
Calorie intakes (Kcal/kg/24H00) 153 3.1, 20.8] 4.71[14;16.8] 16.9 [6.6; 21.4] <001
Insulin per calorie intakes (units/kcal) (x 1000) 23.91([1.2;489] 01[0; 0] 33.91[18.2;62.5] <0.01
PRI (yes/no) 364 (76.5) 364 (100)

No PRI 112 (23.5) 112 (100) 0(0) <0.01
PRI'and glycemic control 352 (73.9) 0(0) 352(96.7)

PRI'and no glycemic control 12 (2.5) 0(0) 12(3.3)

Hypoglycemia (< 72 mmol/l) 48 (10.1) 2(1.8) 46 (12.6) <0.01
Severe hypoglycemia (<40 mmol/I) 0

Organ support in ICU

Mechanical ventilation (yes/no) 376 (79) 79 (70.5) 297 (81.6) 0.01
Noninvasive mechanical ventilation (yes/no) 292 (61.3) 57 (50.9) 235 (64.6) <0.01
Renal replacement therapy (yes/no) 115 (24.2) 25(223) 90 (24.7) 0.60
Vasopressors (yes/no) 298 (62.6) 53(47.3) 245 (67.3) <0.01
Number of days under mechanical ventilation 612;13] 310;9] 713;14] <0.01
Number of days under vasopressors 2 [0; 4] 01[0; 2] 2 [0; 5] <0.01
ICU length of stay 10[7;17] 71512] 11[7;185] <001
Death at day 90 110 (23.1) 18 (16.1) 92 (25.3) 0.04

PRI prolonged requirement for insulin, SAPS simplified acute physiology score, BMI body mass index, CPG “contréle personnalisé de la glycémie,” or “personalized

glycemic control”

had a PRI associated with an increased risk of death
(Additional file 1: Tables S5-S6).

Discussion

This study is one of the first to assess the effect of PRI on
Day 5 in critically ill patients without previous diabetic
treatments. We found that PRI on Day 5 was not associ-
ated with 90-day mortality, unless glycemia was not con-
trolled. These results warrant several comments.

First, several strategies have been proposed to iden-
tify “altered glycemic homeostasis” The hyperinsuline-
mic—euglycemic clamp has been classically reported to
assess insulin resistance in acute stress hyperglycemia,

but cannot be easily performed in current practice [3-6,
24]. Other studies used a model-based measurement of
insulin sensitivity to assess its evolution and its variability
over time [24], which is, once again, difficult to perform
in current practice. For this reason, several studies only
assessed the prognostic effect of insulin administered to
maintain blood glucose level below predefined thresh-
olds [25, 26] with no distinction between diabetic and
non-diabetic status [3, 6, 19, 24]. In our study, in patients
without previous diabetic treatments, i.e., those for
whom glycated hemoglobin measured at ICU admission
could provide a reliable estimate of their usual glycemic
levels, including undiagnosed diabetic patients (n=63,
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Fig. 2 Standardized differences before and after weighting for IPTW.
*On Day 4; BMI body mass index (kg/m?), SAPS simplified acute
physiology score, IPTW inverse probability of treatment weight;
calorie intake on day 4 (kcal/kg)

with glycated hemoglobin >6.5%), we used the require-
ment for insulin to target usual blood glucose level on
Day 5 to define PRI. This is easy to do in current practice
and physiologically appropriate.

In our study, the blood glucose target was consequently
personalized and most often below the recommended
blood glucose target level [27]. The median upper per-
sonalized blood glucose target was 131.3 mg/dL [122.7—
142.8] (7.22 mmol/L [6.75-7.85]), which is below the
recommended 180 mg/dL threshold that has been
adopted in most intensive care units since NICE-SUGAR
[28] and other recommendations [29]. In addition, we

observed the usual blood glucose target levels between
140 and 180 mg/dL in patients with an HbA1C level
between 6.5 and 7.3%, who accounted for only 7% of our
total population (Additional file 1: Table S1). Therefore,
concerning PRI, our results should not be confused with
the association reported in many studies between hyper-
glycemia and risk of death in ICU patients [30]. Most
often, these studies focused on glycemia at admission,
included critically ill patients whether they had diabe-
tes or not and used a single threshold for all patients to
define hyperglycemia. Furthermore, the effect of insulin
administration must also be taken into account to inter-
pret our results and not only the effect of hyperglycemia.

Stress hyperglycemia has long been regarded as an
adaptive and beneficial stress response, ensuring ade-
quate cellular glucose uptake in non-insulin-dependent,
obligatory glucose-consuming tissues such as the brain,
phagocytes and reparative cells.

In our study, taking into account the severity of the
patients and calorie intakes, PRI was not associated with
an increased risk of death unless glycemic control was
not obtained. Stress hyperglycemia seemed therefore not
so deleterious if controllable by insulin [31].

Our results also underline an increased risk of mortal-
ity when glucose levels are not controlled. Similar results
had already been reported [32, 33]. It has already been
emphasized that patients harder to control with the high-
est glycemic levels and variability could have worse out-
comes [14]. Very high hyperglycemia could be deleterious
because of osmotic diuresis, predisposition to infectious
complications and increased oxidative stress and inflam-
mation [1, 33].

In that context, in cases of uncontrolled hyperglyce-
mia, adaptation of glycemic and/or calorie intake should
be discussed. Hypoglycemia could not explain the worse
outcome of patients without glycemic control since none
of them presented hypoglycemia on Day 5. However,

No PRI PRI

N°Death/Total(%)
Prolonged requirement of Insulin (PRI) 18/112 (16.1) 92/364(25.3)
PRI and no glycemic control 11/30(36.7)
PRI and glycemic control 81/334(24.25)

No PRI 18/112 (16.1)

IPTW HR[95% Cl] Pvalue
§ 1.22[0.84;1.75] 0.29
- j 3.34[1.26,8.83] <0.01
1 1.16[0.8;1.68] 0.44
3 1 0.02

T T T T 17T T T 1
0 05 1
In favor of Survival
Fig. 3 Association between insulin resistance and/or glycemic control with 90-day mortality: Cox model with weighting for IPTW. PRI prolonged
requirement for insulin, HR hazard ratio, C/ confidence interval, IPTW inverse probability of treatment weight
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these patients were more severely ill on Day 4. In that
context, the impact of uncontrolled hyperglycemia could
still be confounded with the critical illness even after
weighting.

In our study, moderate hypoglycemia was more fre-
quently observed in PRI patients than in the non-PRI
subgroup, but none of the patients presented severe
hypoglycemia and hypoglycemia on Day 5 was not asso-
ciated with death. Usually, hypoglycemia is associated
with worse outcomes in the ICU [34]. It generally occurs
more often in patients with higher HbA1C [35] or high
glycemic variations [36] and even more frequently in
studies using tight glycemic controls [28]. In studies deal-
ing with glycemic control, hypoglycemia is reported to
be between 4.8 and 54% depending on the definitions of
blood glucose target and hypoglycemia [37].

Finally, PRI seemed also to be related to calorie intake
since PRI patients had a higher intake than those with-
out PRI. After weighting, on calorie intakes, PRI was no
longer associated with worse outcomes, finally question-
ing the benefit of lower calorie intake. Some data suggest
that overfeeding could be harmful, especially during the
period of hypercatabolism [38]. However, few studies
have compared lower and higher doses of calorie intake
in adult critically ill patients and most that have did not
find any one strategy more beneficial than any other [39,
40].

Limits and advantages

Our study has several strengths. First, we used a 90-day
endpoint and weighted models. Second, we excluded
those with previous diabetic treatments because of the
difficulty in defining PRI in such patients. Third, our
study is an ancillary study of the CONTROLING RCT,
which is a guarantee of data quality.

Our study also has several limits. First, despite the use
of propensity score analyses to draw causal inferences,
the study was observational, and potential unmeasured
confounders could still have biased our results. For this
reason, we performed several sensitivity analyses.

Second, the choice of the usual blood glucose target
based on HbA1C levels is open to criticism. Usual blood
glucose targets are below the recommended 180 mg/dL
target in critically ill patients and could be considered as
tight blood glucose targets, which have been reported
as harmful [28]. However, the aim of our study was not
to compare different blood glucose targets but to assess,
physiologically, the impact of PRI on Day 5 as defined
by insulin administered to achieve a personalized blood
glucose target within the patient’s current glycemia range
prior to ICU admission.

Concerning the definition of uncontrolled hypergly-
cemia, we acknowledge that our definition of “glucose
control” is unusual but it allows an easy dichotomous dis-
tribution between patients with and without glucose con-
trol. To the best of our knowledge, no specific definition
of uncontrolled hyperglycemia has yet been reported.
Consequently, our results concerning uncontrolled
hyperglycemia based on this study definition should be
interpreted with caution.

Third, we arbitrarily assessed PRI on Day 5. We could
not accurately assess the impact of alteration of glyce-
mic hemostasis before Day 5 since in the CONTROL-
ING trial patients could be included up to 96 h after
ICU admission. In addition, beyond Day 5, several time-
dependent confounding factors related to ICU-acquired
adverse events could develop, contributing to the persis-
tence or development of PRI. We did not assess its cumu-
lative effect over time and did not consider previous
history of PRI in our patients in the analyses.

Fourth, the definition of PRI and the day of assessment
were both defined after the CONTROLING RCT was
carried out, but during the design of this observational
study and before any analyses. Fifth, the results cannot
be extrapolated to diabetic patients, for whom PRI is
even harder to define. Finally, the heterogeneity of the
method of glycemic measurement could have affected
the results. Also, we did not consider renal clearance,
which could influence blood insulin concentration and
therefore PRI

Conclusion

In critically ill patients without previous diabetic treat-
ments, using a personalized target for glycemic control
based on individual usual glycemia, mortality at Day 90
was higher for patients with uncontrolled hyperglycemia
at Day 5. On the other hand, in patients with controlled
hyperglycemia, mortality at Day 90 was not modified by
the administration of insulin on Day 5. Further studies
should focus on the subgroup of patients with uncon-
trolled hyperglycemia and seek the factors contributing
to these results, including persistent acute illness, emerg-
ing critical care complications, need for adaptive stress
hyperglycemia and excess calorie intake.
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