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until recently, intensive insulin therapy (iit) had been 
recommended to improve patient outcome1-3 despite 

its association with an increased risk of hypoglycemia.4-11 
However, hypoglycemia, like hyperglycemia,12-16 has 
emerged as a possible predictor of mortality and morbidity 
in critically ill patients.5,17-21

 the nice-sugar (normoglycemia in intensive care 
evaluation-survival using glucose algorithm regulation) 
trial found that iit increased 90-day mortality compared 
with conventional treatment in critically ill patients.22,23 in 
that trial, the incidence of severe hypoglycemia (blood glu-
cose level, ≤40 mg/dl (to convert to mmol/l, multiply by 
0.0555) was significantly higher with iit. Furthermore, the 
relative risk of severe hypoglycemia was 13.7, more than 
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OBJECTIVE: To determine whether mild or moderate hypoglycemia 
that occurs in critically ill patients is independently associated 
with an increased risk of death.

PATIENTS AND METHODS: Of patients admitted to 2 hospital inten-
sive care units (ICUs) in Melbourne and Sydney, Australia, from 
January 1, 2000, to October 14, 2004, we analyzed all those who 
had at least 1 episode of hypoglycemia (glucose concentration, 
<81 mg/dL). The independent association between hypoglycemia 
and outcome was statistically assessed.

RESULTS: Of 4946 patients admitted to the ICUs, a cohort of 1109  
had at least 1 episode of hypoglycemia (blood glucose level, <81 
mg/dL). Of these 1109 patients (22.4% of all admissions to the 
intensive care unit), hospital mortality was 36.6% compared with 
19.7% in the 3837 nonhypoglycemic control patients (P<.001). 
Even patients with a minimum blood glucose concentration be-
tween 72 and 81 mg/dL had a greater unadjusted mortality rate 
than did control patients (25.9% vs 19.7%; unadjusted odds ra-
tio, 1.42; 95% confidence interval, 1.12-1.80; P=.004.) Mortality 
increased significantly with increasing severity of hypoglycemia 
(P<.001). After adjustment for insulin therapy, hypoglycemia was 
independently associated with increased risk of death, cardiovas-
cular death, and death due to infectious disease.

CONCLUSION: In critically ill patients, an association exists be-
tween even mild or moderate hypoglycemia and mortality. Even 
after adjustment for insulin therapy or timing of hypoglycemic epi-
sode, the more severe the hypoglycemia, the greater the risk of 
death.

Mayo Clin Proc. 2010;85(3):217-224

APACHE = Acute Physiology and Chronic Health Evaluation; AUC = 
area under the curve; CI = confidence interval; ICU = intensive care 
unit; IIT = intensive insulin therapy; NICE-SUGAR = Normoglycemia in 
Intensive Care Evaluation-Survival Using Glucose Algorithm Regulation; 
OR = odds ratio 

twice that seen in prior randomized controlled trials.5,9-11 
thus, the incidence of hypoglycemia might be a key ele-
ment of blood glucose control in criti-
cally ill patients, although no causal 
link between hypoglycemia and mor-
tality has been demonstrated. However, 
no consensus exists on the definition 
of hypoglycemia in patients with critical illness.24 studies 
thus far have mainly focused on severe hypoglycemia.
 We sought to determine the epidemiology and indepen-
dent association of hypoglycemia in the intensive care unit 
(icu). We hypothesized that mild or moderate hypoglyce-
mia would be common and would be independently associ-
ated with an increased risk of death.

PATIENTS AND METHODS

data collection and data analysis were approved by the lo-
cal institutional ethics committees, which waived the need 
for informed consent. the austin Hospital ethics commit-
tee approved this investigation.
 We conducted the study in 2 teaching hospital icus in 
melbourne and sydney, australia. all patients admitted 
from January 1, 2000, to october 14, 2004, were included 
in the study. Both icus admitted adult medical and surgi-
cal patients, including cardiac and neurosurgical cases. We 
studied all patients with at least one episode of hypoglyce-
mia (glucose concentration, <81 mg/dl).
 as previously reported,25-28 blood glucose data were 
stored and retrieved electronically. demographic, clinical, 
diagnostic, and outcome data were obtained from elec-
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tronic repositories. severity of illness was assessed by the 
apacHe (acute physiology and chronic Health evalu-
ation) ii system. coding for admission diagnosis was by 
means of a modified apacHe iii system used by the 
australian and new Zealand intensive care society.29 the 
presence of infection, brain injury, and liver disease and/
or failure was categorized using prospectively collected 
data.
 all blood glucose measurements were performed using 
the icu blood gas analyzer in each hospital. laboratories 
in the participating hospitals comply with quality stan-
dards of the national association of testing authorities30 
and royal college of pathologists of australia.31 medical 
staff in the icus initiated continuous intravenous insulin 
infusion, and icu nurses adjusted the dose to maintain 
glucose levels between 108 and 180 mg/dl. the target 
glycemic concentration did not change during the study 
period.27 in most australian hospitals, including the study 
sites, the glycemic control policy did not change after the 
leuven iit study.32

 For each patient, we used the minimum (lowest) blood 
glucose concentration recorded in the icu. mean and maxi-
mum icu blood glucose concentrations were obtained or 
calculated. to avoid the potential effect of surveillance bias 
due to hypoglycemia, time-weighted glucose concentra-
tions were used in accordance with Finney et al.15

 We also calculated duration of hypoglycemia during the 
first and worst episodes and at any time during the icu 
stay. the duration of hypoglycemia was calculated as the 
time after a hypoglycemic glucose level was recorded by 
the blood gas machine to the time when the first glucose 
level greater than 110 mg/dl was recorded.
 among the patients with hypoglycemia, we obtained 
information on insulin dose and nutritional support at the 
time of hypoglycemia in all nonsurvivors and in 140 ran-
domly selected survivors. these patients were selected us-
ing a random numbers table. nutritional support was di-
vided into the following categories: no glucose intake, no 
enteral feeding but intravenous glucose intake, and enteral 
feeding.

Cause of Death in hypoglyCemiC patients

We obtained information on whether death was related 
to infection and on the proximate cause of death. us-
ing a minor modification of the approach adopted by the 
nice-sugar trial,22,23 we created 5 cause-of-death cat-
egories: (1) neurologic (traumatic and nontraumatic brain 
injury both with and without brain death), (2) cardiovas-
cular (arrhythmia, cardiogenic shock, distributive [septic] 
shock and hypovolemic shock), (3) respiratory (hypoxic 
respiratory failure), (4) liver related (liver failure), and (5) 
other.

statistiCal analyses

the primary outcome of the study was hospital mortality. 
two authors (m.e., r.B.) performed the initial descrip-
tive analysis. Further statistical analysis was performed by 
an independent biostatistician (m.B.) not linked with the 
data collection. We first separated patients with hypogly-
cemia into survivors and nonsurvivors. categorical vari-
ables were summarized using proportions and compared 
between groups using the χ2 test, and continuous variables 
were summarized using mean (sd) or median (interquartile 
range) and compared between groups using t test or Wil-
coxon rank sum test as appropriate.
 Because the association between minimum blood  
glucose concentrations and mortality may not be linear, 
we created a categorical variable. minimum blood glu-
cose concentrations were divided into 6 bands: (1) less 
than 36 mg/dl, (2) 36 to 45 mg/dl, (3) 45 to 54 mg/dl, 
(4) 54 to 63 mg/dl, (5) 63 to 72 mg/dl, and (6) 72 to 
81mg/dl.
 to determine the contribution of hypoglycemia to the 
prediction of mortality, we constructed multivariate mod-
els using all available demographic variables and poten-
tial predictors of mortality (apacHe ii score, age, sex, 
intubation, admission type, hospital surgery type, and 
icu admission date). Because a reduction in mortality 
was seen throughout the study period in which data were 
collected, icu admission date was included in predic-
tion models as a surrogate marker for improvement in 
practice over time. length of stay was assessed dually 
as an independent marker of severity and to account for 
the increased probability of an episode of hypoglycemia 
due to increased testing. Furthermore, to account for the 
increased surveillance of the nonsurvivors, the frequen-
cy of daily measurements was included in multivariate 
models. to assess the impact of severity of hypoglyce-
mic episodes, we compared the mortality in each band 
of severity of hypoglycemia.  We report the results as 
odds ratio (or) (95% confidence interval [ci]) and com-
pared the areas under the receiving operating character-
istic curve when hypoglycemia was added to the model. 
multivariate logistic regression models were constructed 
using both stepwise selection and backwards elimination 
procedures. to increase the robustness of the prediction 
models, criteria were set for inclusion at P=.01, with all 
variables considered for inclusion. We determined model 
calibration using the Hosmer-lemeshow goodness-of-fit 
test.
 in patients with insulin-associated hypoglycemia, we 
found that the association between minimum blood glu-
cose concentration and mortality was not linear. Because 
data were insufficient in this subgroup to analyze lowest 
blood glucose concentration as a 6-category variable, we 
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stratified the data at the middle point on the graph and com-
pared a lowest blood glucose concentration of less than 54 
mg/dl to 54 mg/dl or greater.
 data were obtained on the duration from first hypogly-
cemic episode to death in the icu or discharge. We sepa-
rated the hypoglycemic cohort according to this duration 
(short, <24 hours; long, >24 hours) and assessed the inde-
pendent association between the severity of hypoglycemia 
and mortality in each group separately.
 all analyses were performed using sas version 9.1 
(sas institute, cary, nc).

RESULTS

We studied 4946 icu patients with 125,036 glucose mea-
surements (mean measurements/day, 5.7) and identified 
1109 patients (22.4%) with at least 1 episode of hypogly-
cemia. their unadjusted hospital mortality was greater 
than that of the 3837 nonhypoglycemic patients (controls) 
(36.6% vs 19.7%; unadjusted or, 2.35; 95% ci, 2.03-2.72; 
P<.001). a multivariate model for mortality was found to be 
highly discriminatory (area under the curve [auc], 0.80) 
and well calibrated (Hosmer-lemeshow statistic, P>.05). 
Hypoglycemia was confirmed as an independent predictor 
of mortality (P=.001) by comparing auc for multivariate 
prediction models with and without the inclusion of hypo-
glycemia (auc with hypoglycemia, 0.81).
 From the 1109 hypoglycemic patients, we obtained 
48,866 blood glucose measurements (6.0 measurements/
day) and identified 105 patients (9.5%; 2.1% of total co-
hort) with severe hypoglycemia (blood glucose level, <40 
mg/dl). Hypoglycemic patients had a mean of 1.77 hypo-
glycemic episodes while in the icu (median time to re-
covery, 3.3 hours [interquartile range, 1.7-5.4 hours]). dur-
ing time in the icu, their blood glucose concentration was 
lower than 108 mg/dl 33.5% of the time, between 108 and 
180 mg/dl (target range) 52% of the time, and higher than 
180 mg/dl 14.5% of the time.
 clinical characteristics and glycemic control details for 
hospitalized survivors and nonsurvivors are listed in table 1.  
Hospitalized nonsurvivors had a significantly lower mini-
mum blood glucose concentration, more episodes of hy-
poglycemia, and lower glucose levels after recovery; they 
were more acutely ill, were older, had more measurements 
performed daily, and were more likely to have an infection 
or liver disease. the duration of any hypoglycemic episode 
(first episode, worst episode, and overall during icu stay) 
was significantly different between survivors and nonsurvi-
vors. among hypoglycemic patients, there was no signifi-
cant difference in mean, time-weighted average, and maxi-
mum of blood glucose concentrations between survivors 
and nonsurvivors.

 the Figure shows hospital mortality according to mini-
mum blood glucose concentration in each 9-mg/dl band. 
even patients with a minimum blood glucose concentration 
between 72 and 81 mg/dl had a greater unadjusted mortal-
ity than did controls (25.9% vs 19.7%; or, 1.42; 95% ci, 
1.12-1.80; P=.004). patients with a minimum blood glucose 
concentration lower than 63 mg/dl had a significantly high-
er unadjusted hospital mortality than did those with a mini-
mum blood glucose concentration between 63 and 81 mg/dl 
(50.2% vs 28.2%; or, 2.59; 95% ci, 2.01-3.33; P<.001). 
For bands below 63 mg/dl, there was no significant decrease 
in survival with increasing severity of hypoglycemia.

TABLE 1. Characteristics of Hospitalized Survivors  
and Nonsurvivorsa

    characteristic survivors nonsurvivors P value

no. of patients 703 406 na
male sex  386 (55) 203 (50) .09
apacHe ii score   18.5 (6.9) 25.7 (7.7) <.001
age (y)   59.0 (18.5)   63.9 (21.2) <.001
Hospital a 496 (70) 295 (73) .45
Hospital B 207 (29) 111 (27) .45
surgical admission  236 (33) 104 (26) .005
reason for admission   
  Vascular 138 (20)   83 (20) .75
  respiratory 155 (22)   83 (20) .59
  trauma 35 (5)   7 (2) .006
  neurologic   76 (11) 34 (8) .21
  abdominal 111 (16)   70 (17) .54
  other 188 (27) 129 (32) .09
presence of liver disease 
 or failure 42 (6) 38 (9) .04
presence of infection 205 (29) 172 (42) <.001
presence of brain injury 65 (9) 30 (7) .28
mechanical ventilation 512 (73) 329 (81) .004
diabetes mellitus 162 (23)   81 (20) .23
glucose level (mg/dl)b

  minimum    65 (14)   58 (16) <.001
  average  135 (32) 135 (33) .92
  time-weighted average   135 (31) 135 (33) .88
  maximum    238 (110)   248 (103) .36
Frequency of daily 
 measurements 5.6 (4.2-7.1) 6.7 (5.1-8.7) <.001
episodes of hypoglycemia 1 (1-2) [1.60]c 1 (1-2) [2.05]c <.001
  duration of first 
   episode (h)    3.6 (2.2-6.0) 3.4 (1.7-6.5) .67
  duration of worst 
   episode (h)    3.8 (2.4-6.4) 3.6 (1.9-6.5) .63
  total duration (h)    4.6 (2.2-9.4)   5.0 (2.2-11.3) .23
time from icu admission 
 to first hypoglycemic 
 episode (h) 33.6 (12-82)    28.1 (10-93) .47
glucose level after recovery     104 (86-135)       101 (85-130) .046
increase in glucose level 
 to recovery     35 (13-67)     29 (9-65) .20

a categorical values are number (percentage); continuous variables are 
mean (sd) or median (interquartile range). apacHe = acute physiology 
and chronic Health evaluation; icu = intensive care unit; na = not 
applicable. 

b si conversion factor: to convert glucose values to mmol/l, multiply by 
0.0555.

c reported as median (interquartile range) with [mean] for increased 
interpretability.
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 in our multivariate models, illness severity and sever-
ity of hypoglycemia were independently associated with 
increased overall mortality, cardiovascular mortality, and 
mortality due to infection (table 2). We found a similar 
pattern of increased risk of these deaths with increased se-
verity of hypoglycemia.
 of the 1109 patients studied, 718 (64.7%) had only a 
single episode of hypoglycemia. although the number of 
episodes of hypoglycemia was a significant predictor of 

mortality at a univariate level (unadjusted or, 1.18; 95% 
ci, 1.09-1.28; P<.001), it was not significant in the mul-
tivariate model (adjusted or, 1.06; 95% ci, 0.97-1.15; 
P=.22). When we stratified analysis by whether patients 
had only one or more episodes of hypoglycemia, the mini-
mum blood glucose concentration remained statistically 
significant and consistent across the strata (table 3).
 We compared patient demographic and clinical char-
acteristics between 140 selected survivors and 715 nonse-
lected survivors. there was no significant difference for 
any variable between the 2 groups. in the 394 patients for 
whom we had data on insulin, 129 (32.7%) were receiving 
insulin at the time of hypoglycemia (insulin-associated 
hypoglycemia) and 265 (67.3%) were not (spontaneous 
hypoglycemia). characteristics of patients with sponta-
neous hypoglycemia and patients with insulin-associ-
ated hypoglycemia are compared in table 4. the cause 
of death was obtained in 248 icu nonsurvivors (97.6% 
of all 254 nonsurvivors, with 6 cases missing). patients 
with insulin-associated hypoglycemia were more likely 
to have diabetes or to have brain injury at icu admission 
and more likely to be hyperglycemic or to be receiving 
enteral nutrition at the time of hypoglycemia. they were 
also 3 times more likely to die of a neurologic cause. in 
contrast, patients with spontaneous hypoglycemia were 
more likely not to be receiving any nutrition at the time 
of the hypoglycemic episode and more likely to die of 
cardiovascular causes.
 in the 394 patients for whom we had data on insulin 
dose at the time of hypoglycemia, insulin therapy was not 
a significant predictor of hospital mortality (66% vs 73%; 
unadjusted or, 1.32; 95% ci, 0.83-2.10; P=.24). When 
included in a multivariate model, insulin therapy was also 

FIGURE. Hospital mortality according to severity of hypoglycemia. 
Gray bars indicate hospital mortality in each minimum glucose cat-
egory. Black bar indicates hospital mortality in the nonhypoglycemic 
cohort (control). Hospital mortality was significantly higher for cat-
egories A through D than for categories E and F.

TABLE 2. Multivariate Analysis of Potential Predictors of Mortality and Infectiona

  Hospital mortality,  icu mortality,   infection,
 effect or (95% ci)  P value or (95% ci) P value  or (95% ci) P value
 
apacHe ii score 1.13 (1.11-1.15) <.001 1.15 (1.12-1.18) <.001 1.09 (1.06-1.12) <.001
diabetes 0.70 (0.49-0.99) .05 0.35 (0.22-0.57) <.001 0.46 (0.26-0.81) .007
date of admissionb 0.92 (0.86-0.98) .01 0.87 (0.80-0.95) .002 0.86 (0.78-0.95) .003
length of stayc 0.99 (0.99-1.00) .06 0.97 (0.96-0.98) <.001 0.99 (0.98-0.99) .007
Frequency of daily
 measurement 1.07 (1.02-1.12) .006 1.12 (1.06-1.19) <.001 1.02 (0.97-1.07) .51
minimum glucose 
 (mg/dl)d   
    0-36 vs 72-81  2.99 (1.67-5.37) <.001 4.10 (2.05-8.19)  <.001 3.14 (1.50-6.59) .002
  36-45 vs 72-81  2.14 (1.20-3.81) .01 2.62 (1.32-5.20) .006 1.75 (0.80-3.83)  .16
  45-54 vs 72-81  2.13 (1.29-3.53) .003 4.23 (2.29-7.79)  <.001 3.35 (1.76-6.34)  <.001
  54-63 vs 72-81  1.93 (1.27-2.95) .002 2.41 (1.40-4.14)  .002 2.16 (1.17-3.99)  .01
  63-72 vs 72-81 1.07 (0.74-1.54)  .74 1.43 (0.88-2.32)  .15 0.93 (0.50-1.72)  .82

a apacHe = acute physiology and chronic Health evaluation; ci = confidence interval; icu = intensive care unit; or = odds ratio. 
b ors represent the risk associated with a 6-month period. later date of admission was associated with a decreased risk.
c ors represent the risk associated with a 1-day increase in hospital length of stay. all available variables were entered into the 

model.
d si conversion factor: to convert glucose values to mmol/l, multiply by 0.0555.
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not a significant predictor of hospital mortality (or, 0.82; 
95% ci, 0.47-1.42; P=.48), but minimum blood glucose 
concentration remained a predictor of mortality. in the 
presence of insulin, patients with glucose levels lower 
than 54 mg/dl had independently twice the risk of hos-
pital mortality (adjusted or, 2.00; 95% ci, 1.11-3.67; 
P=.02). there was no significant interaction between 
minimum blood glucose concentration and insulin; when 
patients receiving insulin were analyzed separately, re-
sults remained similar.
 the median time between admission and the first epi-
sode of hypoglycemia was 32 hours (range, 12-89 hours), 
with 42.6% of first episodes occurring within 24 hours and 
61.2% within 48 hours of icu admission. among nonsur-
vivors, the median time from last hypoglycemic episode to 
death was 16 hours (range, 5-60 hours). the first hypogly-
cemic episode occurred less than 24 hours before icu death 
or discharge in 342 patients and more than 24 hours earlier 
in 767 patients. the median duration of this interval was 
9 hours and 105 hours, respectively, in the 2 cohorts. the 
“short-duration” cohort had a significantly higher mortality 
than the long-duration cohort (43.5% vs 33.9%; unadjust-
ed or, 1.48; 95% ci, 1.14-1.92; P=.001). compared with 
controls, both cohorts had a significantly higher unadjusted 
mortality rate (unadjusted or, 3.11; 95%, 2.47-3.91; and 
or, 2.10; 95% ci, 1.77-2.49, respectively; P<.001). in the 
long-duration cohort, the categorical variable for severity 
of hypoglycemia was significantly associated with death 
(P=.008); however, in the short-duration cohort, there was 
no significant association (P=.35).

DISCUSSION

We sought to understand the epidemiology, severity, dura-
tion, recovery, and outcome associations of hypoglycemia 

in critically ill patients. We found that 22.4% of patients 
experienced at least one blood glucose value less than 81 
mg/dl and 2.1% sustained at least one value less than 40 
mg/dl. Hypoglycemia had an increased adjusted risk of 
hospital death, and its severity (whether spontaneous or in-
sulin-associated) was independently associated with higher 
mortality. in contrast, among patients with hypoglycemia, 
maximum, mean, and time-weighted average blood glucose 
concentrations were not significantly associated with mor-
tality. our observations suggest that even mild or moderate 
hypoglycemia (either spontaneous or insulin-associated) is 
an independent predictor of hospital mortality.

TABLE 4. Comparison of Spontaneous and 
Insulin-Associated Hypoglycemiaa 

  
     insulin-  P
     associated spontaneous value

no. of patients 129 265 na
male sex    77 (60)  130 (49) .047
apacHe ii score 23.0 (7.4) 25.2 (8.9) .02
age (y)    66.1 (13.7)   60.9 (17.7) .004
surgical admission   36 (28)   77 (29) .80
reason for admission   
  Vascular  32 (25)   58 (22) .52
  respiratory  30 (23)   38 (14) .03
  trauma  4 (3)   4 (2) .29
  neurologic  18 (14) 22 (8) .08
  abdominal  16 (12)   51 (19) .09
  other   29 (22)   92 (35) .01
presence of liver disease 
 or failure  11 (9)   27 (10) .60
presence of infection  56 (43)  134 (51) .18
presence of brain injury  26 (20)   29 (11) .01
mechanical ventilation 113 (88) 211 (80) .05
diabetes mellitus  35 (27)   36 (14) .001
glucose level (mg/dl)b

  minimum   58 (16)   59 (16) .52
  average  153 (29) 124 (32) <.001
  time-weighted average  149 (25) 124 (32) <.001
  maximum   293 (112) 211 (83) <.001
Frequency of daily glucose 
 measurement        7.2 (5.9-8.6)       6.7 (4.5-9.4) .09
episodes of hypoglycemia        1 (1-2.3)      1 (1-2) .80
no glucose intake  61 (47) 195 (74) <.001
parenteral nutrition  17 (13)   37 (14) .83
enteral nutrition  51 (40)   33 (12) <.001
icu mortality  77 (60) 177 (67) .17
Hospital mortality  85 (66) 193 (73) .16
cod among 248 icu 
 nonsurvivors   
  infection related      33 (42.9)      95 (55.6) .12
  cod categories   

 cardiovascular     38 (49.4)    123 (71.9) .001
     liver failure     4 (5.2)    10 (5.8) .67

 neurologic     22 (28.6)      18 (10.5) <.001
     respiratory     4 (5.2)    10 (6.4) .97

 other       9 (11.7)    10 (5.8) .19

a categorical values are number (percentage); continuous variables are 
mean (sd) or median (interquartile range). apacHe = acute physiology 
and chronic Health evaluation; cod = cause of death; icu = intensive 
care unit; na = not applicable.

b si conversion factor: to convert glucose values to mmol/l, multiply by 
0.0555.

TABLE 3. Risk of In-hospital Death for Patients With Only 1 
Episode of Hypoglycemia (n=718) vs Those With >1 Episode 

(n=391), by Minimum Glucose Categorya

  single episode, >1 episode,
 minimum glucose or (95% ci)   or (95% ci) 
 (mg/dl)b  (P=.006c)  (P=.03c)

   0-36 vs 72-81  3.53 (1.60-7.79) 2.67 (1.00-7.13)
 36-45 vs 72-81 1.62 (0.65-4.00) 2.76 (1.14-6.72)
 45-54 vs 72-81  2.28 (1.11-4.67) 2.21 (0.95-5.13)
 54-63 vs 72-81  1.34 (0.77-2.35) 3.38 (1.55-7.38)
 63-72 vs 72-81  0.89 (0.57-1.41) 1.50 (0.72-3.12)

a all available variables were entered into the model. or = odds ratio; ci = 
confidence interval.

b si conversion factor: to convert glucose values to mmol/l, multiply 
by 0.0555.

c For significance of minimum blood glucose concentration after adjustment 
for acute physiology and chronic Health evaluation ii score, diabetes, 
date of admission, length of stay, and frequency of daily measurements.
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strengths anD limitations

our study has several strengths. all glucose values were 
measured with arterial blood gas analyzers, reducing the 
error associated with capillary blood measurement with 
point-of-care devices. We provided a detailed analysis of 
different increments of hypoglycemia and an analysis of 
insulin-associated vs non–insulin-associated hypoglyce-
mia. in addition, information was provided on nutrition at 
the time of hypoglycemia, and data were provided relat-
ing timing of the hypoglycemic episode and death. to our 
knowledge, these characteristics combined with the mag-
nitude of the data make our study the most comprehensive 
analysis of hypoglycemia in critically ill patients to date.
 However, our study has several limitations. it is retro-
spective in design and thus potentially subject to system-
atic error and bias. nonetheless, study data were collected 
prospectively and independently, are numerical, and are 
not amenable to selection bias. Because this is an obser-
vational study, the associations described cannot be taken 
to indicate causality. thus, the unadjusted and adjusted as-
sociations between hypoglycemia and mortality cannot be 
taken to indicate a causal link; hypoglycemia might simply 
be a strong marker of illness severity. However, observa-
tional studies using multivariate logistic analysis remain 
the current “best” approach to assessing the possible effect 
of hypoglycemia on outcome (ie, conducting a random-
ized controlled study of induced hypoglycemia in humans 
would not be feasible or ethical).
 our study involved only 2 centers, where a target blood 
glucose level was between 108 and 180 mg/dl. thus, our 
findings might not be generalized to other target levels. 
However, recent recommendations for acute glycemic con-
trol appeared to be less than 180 mg/dl, which is similar 
to that for our cohorts. in this regard, our findings might be 
important.33 Furthermore, irrespective of the target level, 
hypoglycemia has been reported with a frequency similar 
to or greater than ours in all studies of glucose control thus 
far, except for the control arm of the nice-sugar trial, 
suggesting that worldwide many patients in the icu are 
regularly exposed to the risks of hypoglycemia.
 We selected all nonsurvivors and randomly selected 
only 140 survivors to obtain insulin and nutritional infor-
mation at the time of hypoglycemia. However, these ran-
domly selected survivors showed no significant difference 
when compared with nonselected survivors.

Comparison With previous stuDies

the incidence of severe hypoglycemia has repeatedly been 
shown to increase whenever clinicians target lower glu-
cose concentrations or normoglycemia.5,9-11,22,34 severe or 
prolonged hypoglycemia can result in cardiac arrhythmias, 
convulsions, irreversible brain damage, and death. accord-

ingly, hypoglycemia is of great concern when delivering 
continuous insulin infusions to sedated icu patients. in the 
second leuven trial10 and in the Visep (efficacy of Vol-
ume substitution and insulin therapy in severe sepsis)
trial,5 the incidence of severe hypoglycemia was associated 
with an increased adjusted risk of mortality.
 in contrast with all these findings and with those of our 
study, a multivariate logistic regression model used in the 
case-control study performed by Vriesendorp et al35 con-
cluded that severe hypoglycemia (n=156) did not confer 
an increased risk of mortality. the study’s methodology 
(case-matched control study) and limited power might 
have contributed to this different conclusion. recently, in 
a study of patients with myocardial infarction, Kosiborod 
et al36  reported that, although spontaneous hypoglycemia 
was associated with a greater risk of death, hypoglycemia 
associated with insulin therapy was not. However, that 
study dealt with a population of awake and alert patients 
receiving subcutaneous and discontinuous insulin. it was 
also underpowered to detect an effect of insulin-associated 
hypoglycemia on mortality (only 36 deaths among 346 hy-
poglycemic patients). in contrast, we studied more than 10 
times as many deaths among 1109 hypoglycemic patients.

CliniCal impliCations

at least 3 possible explanations exist for the association 
between hypoglycemia and outcome that we and others 
have observed. First, severity of hypoglycemia may be as-
sociated with severity of illness.37 second, hypoglycemia 
may be a biomarker of imminent death. our results suggest 
otherwise because hypoglycemia that occurred a median 
of 105 hours before death in the icu or before discharge 
was still independently associated with increased mortal-
ity, even after adjustments for severity of illness and demo-
graphics. third, hypoglycemia might have a true deleteri-
ous biologic effect in critically ill patients. For example, 
hypoglycemic episodes might have biologic toxicity by 
increasing the systemic inflammatory response,38 inducing 
neuroglycopenia,39 inhibiting the corticosteroid response 
to stress,40 impairing sympathetic system responsiveness,41 
causing cerebral vasodilatation,42 or other yet unidentified 
mechanisms. Finally, any combination of these factors 
might apply.
 our results suggest that any tolerance of mild or moder-
ate hypoglycemia by intensive care clinicians may be unde-
sirable. in this regard, newer technologies such as continu-
ous glucose monitoring in the icu setting might help avoid 
hypoglycemia or identify it earlier. of particular interest in 
keeping with our findings, the nice-sugar trial reported 
an increase both in severe hypoglycemia and in cardiovascu-
lar deaths when clinicians targeted normoglycemia.22,23 Fur-
thermore, given our finding that severe hypoglycemia repre-
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sents less than 10% of all episodes of hypoglycemia and the 
6.8% reported incidence of severe hypoglycemia in the iit 
arm of the nice-sugar trial, it is theoretically possible 
that about two-thirds of patients in the iit arm of the nice-
sugar trial experienced an episode of hypoglycemia. the 
contribution of such a dramatic hypoglycemic burden to 
outcome requires careful exploration.
 about one-third of cases of hypoglycemia in our study 
were insulin-associated. our observations suggest an iatro- 
genic component combined with physiologically predis-
posing factors. in these patients, the independent asso-
ciation between hypoglycemia and mortality remained 
significant and related to severity of hypoglycemia. Fur-
thermore, in comparison with spontaneous hypoglyce-
mia, insulin-associated hypoglycemia showed a trend to-
ward a link with a higher rate of neurologic deaths. these 
observations and concerns about neuroglycopenia39 and 
about the effect of hypoglycemia-associated cerebral 
hyperemia42 raise the possibility that insulin-associated 
hypoglycemia may independently contribute to increased 
mortality. in this regard, in patients with traumatic brain 
injury, tight systemic glucose control with insulin is asso-
ciated with reduced cerebral extracellular glucose avail-
ability and increased prevalence of brain energy crises, 
events that correlate with increased mortality.43 alter-
natively, because insulin-associated hypoglycemia was 
more common in patients with neurologic disease, such 
patients may simply be more prone to insulin-associated 
hypoglycemia either because of their decreased level of 
consciousness or because of other, unexplained mecha-
nisms. Finally, both increased risk and increased injury 
might be present in these patients, making this associa-
tion particularly complex.

future stuDies

Further studies are needed to increase our understanding of 
hypoglycemia in the critically ill, possibly using the nice-
sugar trial database.44,45 they should particularly focus 
on the mechanistic association between hypoglycemia and 
outcomes. prospective studies of the same question in a 
large cohort of icu patients are also desirable. Finally, 
given developments in technology, it is now important to 
investigate the role of continuous glucose monitoring in 
the icu setting, especially in identifying hypoglycemia not 
detected by infrequent bedside glucose testing.

CONCLUSION

We found an independent association between even mild 
or moderate hypoglycemia and mortality. this association 
persisted after adjustment for insulin therapy. in hypoglyce-
mic patients, severity of hypoglycemia was independently 

associated with mortality, but severity of hyperglycemia was 
not. the association between hypoglycemia and mortality 
remained even after patients who had hypoglycemia in the 
24 hours before death were excluded. one-third of episodes 
of hypoglycemia were insulin-associated, occurring with 
greater frequency in diabetic patients and in those receiving 
enteral nutrition, suggesting an iatrogenic component.

We acknowledge the assistance of the ICU nurses who performed 
all measurements.
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