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comparisons to placebo and findings such as a 
reduction in annualized relapse rates over a peri-
od of 1 or 2 years, a reduction in lesions on MRI, 
and a longer time to worsening on a disability 
scale all make new drugs look favorable in the 
short run. But the average age at onset of multi-
ple sclerosis is in the late 20s, and it typically 
results in disability only after 15 to 20 years.9 
Even fumarate will need to prove that its efficacy 
is durable by reducing disability over the many 
decades that encompass the representative course 
of multiple sclerosis. By that time, there will 
certainly be many newer drugs. In addition, we 
do not know if there will be synergistic effects 
of the new drugs on the risk of PML and other 
infections if they are combined, or used serially, 
with other immunosuppressive agents.

With the risks and side effects in hand, clini-
cians will need to have longer and perhaps some-
what more scripted discussions with patients 
who are about to undertake treatment for mul-
tiple sclerosis. The question of switching from 
an existing medication to an oral agent in a pa-
tient with relapses, or even in a patient with few 
relapses but for whom a new drug is more con-
venient, is a difficult and unresolved one. It is not 
clear at the moment how to advise patients 
about the new oral drugs, but the overall bene-
fit-to-risk assessment, as of this month, may fa-

vor fumarate. And beware — if treatment for mul-
tiple sclerosis becomes too trouble-free, there 
could be a loosening of standards for diagnosis 
and for the initiation of treatment.

Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.

From Brigham and Women’s Hospital, Boston.
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Understanding Low Sugar from NICE-SUGAR
Irl B. Hirsch, M.D.

A 2001 study from a single center in Leuven, 
Belgium, in which intensive insulin therapy was 
associated with a relative reduction in the risk of 
death of 42% among patients in the surgical in-
tensive care unit (ICU) drew unprecedented 
 attention to the degree of inpatient glycemic 
control in very ill patients.1 Replication and 
translation from the research setting has proved 
difficult, however, and although near-euglycemia 
in the ICU has become widely recommended, es-
pecially for surgical patients,2 it is clear that this 
therapy is not effective for all patient popula-
tions. Indeed, one study of tight glucose control 
was prematurely terminated owing to excessive 
numbers of patients with hypoglycemia.3

The controversy has been further fueled by 
the publication of results from the Normoglyce-

mia in Intensive Care Evaluation–Survival Using 
Glucose Algorithm Regulation (NICE-SUGAR) 
trial.4 In this multicenter trial involving 6104 pa-
tients, the intensive-control group (mean [±SD] 
time-weighted blood glucose level, 115±18 mg 
per deciliter [6.4±1.0 mmol per liter]) had an ab-
solute increase of 2.6 percentage points in the 
risk of death at 90 days, as compared with the 
conventional-control group (mean [±SD] time-
weighted blood glucose level, 144±23 mg per 
deciliter [8.0±1.3 mmol per liter]) (odds ratio, 
1.14; 95% confidence interval [CI], 1.02 to 1.28; 
P = 0.02). Not surprisingly, severe hypoglycemia 
occurred more frequently in the group of pa-
tients randomly assigned to intensive therapy.4

In this issue of the Journal, the NICE-SUGAR 
investigators provide a detailed assessment of 
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data on hypoglycemia and the risk of death 
from their previously published study.5 The ad-
justed hazard ratios for death among patients 
with moderate and severe hypoglycemia, as com-
pared with those without hypoglycemia, were 
1.41 (95% CI, 1.21 to 1.62; P<0.001) and 2.10 
(95% CI, 1.59 to 2.77; P<0.001), respectively. More 
frequent hypoglycemia and severe hypoglycemia 
in the absence of insulin therapy were associated 
with a higher risk of death.

These observations raise the most obvious 
question — is hypoglycemia simply a biomarker 
for severe underlying disease? The NICE-SUGAR 
study does not presume to answer this question, 
nor can it support a causal relationship between 
hypoglycemia and death. For outpatients with 
type 2 diabetes mellitus, the relation between 
hypoglycemia and death from cardiovascular 
causes is known to be complex.6 Although Finfer 
and colleagues discuss various reasons that 
hypoglycemia may explain their results, the as-
sociation cannot be definitively characterized.

This uncertainty underscores the difficulty of 
implementing insulin protocols, particularly in a 
multinational study, in which the practice of pro-
viding insulin therapy is likely to differ among 
sites. It is difficult to compare the three Leuven 
trials with the NICE-SUGAR trial, owing to nu-
merous differences in study design.7 In the end, 
however, the NICE-SUGAR study may better 
represent the real-world experience of providing 
intensive insulin therapy in the ICU.

The frequency of hypoglycemia should be em-
phasized. The investigators report that 45.0% of 
all patients had moderate hypoglycemia and that 
3.7% had severe hypoglycemia. Is it possible 
that these are underestimates? Mean blood glu-
cose measurements for the entire study population 
were performed approximately every 2.5 hours. 
Considering the high frequency of hypoglycemia, 
is part of the problem the lack of blood glucose 
data? Since blood glucose levels can change rap-
idly, it is likely that the frequency of blood glu-
cose measurement influenced the reported rate 
of hypoglycemia. The NICE-SUGAR algorithm 
generally required hourly glucose measurements 
for patients receiving insulin (the interval be-
tween measurements could range from 30 min-
utes to 2 hours).8 Despite efforts to improve the 
efficacy and safety of insulin protocols in the ICU, 
glycemic control will remain inadequate unless 
sufficient glucose data are generated. Although 

it is tempting to criticize the NICE-SUGAR ICU 
teams for inadequate monitoring of glucose levels, 
it is difficult to imagine many hospitals doing 
better.

From both an academic and a practical view-
point, better technology that would allow accu-
rate glucose monitoring with minimal effort is 
required — technology that would give us the 
ability to control glucose levels, minimize hypo-
glycemia, and reduce the potential for human 
error. Recently, the Food and Drug Administra-
tion held a public meeting to address study de-
sign for continuous glucose monitoring in the 
ICU, in an effort to make insulin use in the hos-
pital safer.9 How would the NICE-SUGAR results 
differ, were such technology available?

Given the current stage of evolution in inpa-
tient insulin therapy, what are the best glucose 
targets for patients admitted to the ICU? In many 
hospitals, maintaining blood glucose at levels 
similar to those in the conventional-control group 
of the NICE-SUGAR population is safe and sim-
ilar to other recommendations (140 to 180 mg 
per deciliter [7.8 to 10.0 mmol per liter]).10 The 
use of more conservative glucose targets is un-
acceptable, and older, nonchalant attitudes need 
to be abandoned. For surgical patients, especial-
ly those who have undergone cardiac procedures, 
hospitals that can safely achieve lower targets 
should do so. Continued assessment of the 
quality of care and the appropriate use of insu-
lin protocol should be the standard for every ICU. 
Finally, continued improvements in technology 
for continuous glucose monitoring should both 
answer the questions raised by the NICE-SUGAR 
study and expand opportunities for better con-
trol of patient glycemia.

Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.

From the University of Washington School of Medicine, Seattle.
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Believe the Data
Jeffrey M. Drazen, M.D.

Better care for our patients comes largely from 
clinical research. Such research is possible be-
cause of a union between a critically posed re-
search question and the altruism of patient par-
ticipants. One would therefore think that the 
translation of research findings into clinical ac-
tions would depend solely on the importance of 
the research question and the quality of the data 
used to answer it. An article by Kesselheim and 
colleagues in this issue of the Journal provides 
evidence that this assumption is not entirely true.1

The article describes research into the medi-
cal sociology of how internists use clinical infor-
mation. The investigators created 27 abstracts de-
scribing hypothetical research studies on three 
fictitious drugs, one each for diabetes, hyperlipi-
demia, and angina pectoris. The research par-
ticipants were randomly selected internists with 
active outpatient practices who volunteered for 
the study. Each received three abstracts, one for 
each drug, describing these hypothetical studies. 
One abstract described a large double-blind, 
active-comparator, randomized, controlled trial 
with high patient retention and long follow-up; 
the second, a medium-sized, single-blind, active-
comparator trial with modest patient retention 
and moderate follow-up; the third, an open-label, 
poorly controlled trial with small numbers of par-
ticipants. Given only the abstracts, the internists 
then answered questions about the strength of 
the evidence presented and their willingness to 
prescribe each drug on the basis of that infor-
mation alone. As expected, they put much more 
faith in the blinded, randomized, controlled trials 
than in the open-label, poorly controlled trials. 
This has face validity: stronger evidence should 
be more likely to lead to clinical actions.

But there was another side to this study. The 

investigators also randomly varied the attributed 
source of support for each study. Of the abstracts 
submitted to each participant, one abstract listed 
the National Institutes of Health (NIH) as the 
source of support, one listed no support source, 
and one listed a fictitious pharmaceutical com-
pany as supporting both the study and the prin-
cipal investigator. When the data were analyzed 
according to funding source, the investigators 
found that for studies of equivalent rigor the in-
ternists put much less faith in those supported 
by the pharmaceutical industry than in those 
supported by the NIH.

Is this lack of trust justified? The argument in 
favor of its justification — that is, the pharma-
ceutical industry has a financial stake in the 
outcome, whereas the NIH does not — supports 
the conclusion that reports from industry-spon-
sored studies are less believable than reports 
from NIH-sponsored ones. This reasoning has 
been reinforced by substantial press coverage of 
a few examples of industry misuse of publica-
tions, involving misrepresentation of the design 
or findings of clinical trials.2-6 However, investi-
gators in NIH-sponsored studies also have sub-
stantial incentives, including academic promo-
tion and recognition, to try to ensure that their 
studies change practice.

We at the Journal think that decisions about 
how trials influence practice should be based on 
the quality of the information conveyed in the 
full study report. To improve reporting, the trials 
we publish have been registered at study onset, 
in accordance with the International Committee 
of Medical Journal Editors (ICMJE) requirements.7 
In addition, for the past 18 months we have 
been posting study protocols to accompany 
published articles about randomized, controlled 
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A BS TR AC T

BACKGROUND
Whether hypoglycemia leads to death in critically ill patients is unclear.

METHODS
We examined the associations between moderate and severe hypoglycemia (blood 
glucose, 41 to 70 mg per deciliter [2.3 to 3.9 mmol per liter] and ≤40 mg per deci-
liter [2.2 mmol per liter], respectively) and death among 6026 critically ill patients 
in intensive care units (ICUs). Patients were randomly assigned to intensive or con-
ventional glucose control. We used Cox regression analysis with adjustment for 
treatment assignment and for baseline and postrandomization covariates.

RESULTS
Follow-up data were available for 6026 patients: 2714 (45.0%) had moderate hypo-
glycemia, 2237 of whom (82.4%) were in the intensive-control group (i.e., 74.2% of 
the 3013 patients in the group), and 223 patients (3.7%) had severe hypoglycemia, 208 
of whom (93.3%) were in the intensive-control group (i.e., 6.9% of the patients in 
this group). Of the 3089 patients who did not have hypoglycemia, 726 (23.5%) died, 
as compared with 774 of the 2714 with moderate hypoglycemia (28.5%) and 79 of 
the 223 with severe hypoglycemia (35.4%). The adjusted hazard ratios for death 
among patients with moderate or severe hypoglycemia, as compared with those 
without hypoglycemia, were 1.41 (95% confidence interval [CI], 1.21 to 1.62; 
P<0.001) and 2.10 (95% CI, 1.59 to 2.77; P<0.001), respectively. The association with 
death was increased among patients who had moderate hypoglycemia on more than 1 
day (>1 day vs. 1 day, P = 0.01), those who died from distributive (vasodilated) shock 
(P<0.001), and those who had severe hypoglycemia in the absence of insulin treat-
ment (hazard ratio, 3.84; 95% CI, 2.37 to 6.23; P<0.001).

CONCLUSIONS
In critically ill patients, intensive glucose control leads to moderate and severe hy-
poglycemia, both of which are associated with an increased risk of death. The as-
sociation exhibits a dose–response relationship and is strongest for death from 
distributive shock. However, these data cannot prove a causal relationship. (Funded 
by the Australian National Health and Medical Research Council and others; NICE-
SUGAR ClinicalTrials.gov number, NCT00220987.)
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Hyperglycemia occurs commonly in 
patients treated in intensive care units 
(ICUs),1 and more severe hyperglycemia is 

associated with higher morbidity and mortality.2-6 
A number of trials have compared outcomes in ICU 
patients who were randomly assigned to a higher 
or lower blood glucose target.7-14 Initial trials sug-
gested that intensive glucose control could reduce 
mortality among patients treated in a surgical 
ICU and reduce morbidity among patients treated 
in a medical ICU.13,14 Subsequent trials have not 
confirmed these findings.7-12 We previously re-
ported the primary results of a large study, the Nor-
moglycemia in Intensive Care Evaluation–Survival 
Using Glucose Algorithm Regulation (NICE-
SUGAR) trial, in which patients assigned to in-
tensive glucose control had an increased risk of 
death,10 but the mechanism leading to increased 
mortality has not been explained.

Patients assigned to intensive glucose control 
have an increased incidence of severe hypoglyce-
mia,8-14 which is independently associated with 
increased mortality.8,11,14 In observational stud-
ies, both moderate and severe hypoglycemia have 
been independently associated with increased 
mortality.15-17 To better understand the results of 
the NICE-SUGAR study, we analyzed the trial 
database to explore the relation between moder-
ate and severe hypoglycemia and the risk of death.

ME THODS

STUDY OVERSIGHT
The present study is a post hoc analysis of the 
NICE-SUGAR study database; the protocol and 
statistical analysis plan for the study have been 
published previously.18,19 Written informed con-
sent to participate in the study was obtained be-
fore randomization, or delayed consent was ob-
tained, from each patient or a legal surrogate.

Independently of the funding agencies, the 
members of the writing committee designed the 
study, analyzed the data, wrote the manuscript, 
and made the decision to submit the manuscript 
for publication. The members of the writing com-
mittee vouch for the accuracy and completeness 
of the reported data and for the fidelity of the 
study to the protocol.

STUDY PARTICIPANTS

The NICE-SUGAR study was a multicenter, ran-
domized, controlled trial that recruited 6104 

adults in ICUs in 42 hospitals between 2004 and 
2008. The main results and a detailed description 
of the study protocol have been published previ-
ously.10,18 In brief, eligible participants were pa-
tients who were expected to be in the ICU for 3 or 
more days. Patients who were considered to be at 
increased risk for hypoglycemia or who had previ-
ously had hypoglycemia without full neurologic 
recovery were excluded. Participants were ran-
domly assigned to intensive blood glucose control, 
with a target blood glucose range of 81 to 108 mg 
per deciliter (4.5 to 6.0 mmol per liter), or conven-
tional glucose control, with a target of 180 mg 
per deciliter (10.0 mmol per liter) or less. The as-
signed intervention was continued until the pa-
tient was eating, was discharged from the ICU, 
or died. The primary outcome measure was death 
within 90 days after randomization.

Data on demographic and clinical characteris-
tics of the patients were collected at baseline. 
From randomization until discharge from the ICU 
or death or until 90 days had elapsed since ran-
domization — whichever came first — we re-
corded all blood glucose measurements; the ad-
ministration of insulin, enteral and parenteral 
nutrition, intravenous glucose, and glucocorti-
coids; daily Sequential Organ Failure Assessment 
scores (ranging from 0 to 4 for each of five organ 
systems, with higher scores indicating more severe 
organ dysfunction)20; and the use of mechanical 
ventilation and renal-replacement therapy.

Severe hypoglycemia was defined as a re-
corded blood glucose value of 40 mg per decili-
ter (2.2 mmol per liter) or less, and moderate 
hypoglycemia as a value between 41 and 70 mg 
per deciliter (2.3 to 3.9 mmol per liter).21,22 We 
recorded whether the patient was being treated 
with an insulin infusion when the first episode 
of moderate or severe hypoglycemia occurred.

STATISTICAL ANALYSIS
Full details of the statistical analysis are provided 
in the Supplementary Appendix, available with 
the full text of this article at NEJM.org. Risk factors 
for moderate or severe hypoglycemia were exam-
ined with the use of univariate and multivariate 
logistic regression; factors with a P value of less 
than 0.20 in the univariate analysis were includ-
ed in the multivariate analysis. Differences in 
postrandomization factors and events between 
the patients who had moderate or severe hypo-
glycemia and those who did not have hypoglyce-
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mia were examined with the use of generalized 
linear models adjusted for treatment assignment.

We then estimated the association between 
moderate or severe hypoglycemia and mortality, 
using Cox regression. For each of the main re-
gression analyses, we estimated three hazard 
ratios: the hazard ratio stratified according to 
treatment assignment (intensive or conventional 
glucose control), the hazard ratio stratified ac-
cording to treatment assignment and adjusted for 
baseline characteristics, and the hazard ratio 
adjusted for treatment assignment, baseline char-
acteristics, and time-dependent factors that oc-
curred after randomization and that may influ-
ence the probability of death.

In addition, we examined the relationship be-
tween moderate or severe hypoglycemia and 
mortality according to the number of days on 
which hypoglycemic episodes were recorded and 
whether patients were being treated with insulin 
at the time of the first episode. To determine 
whether the relation between hypoglycemia and 
mortality varied according to patient population, 
we estimated hazard ratios in subgroups of pa-
tients defined according to predetermined base-
line characteristics, using the likelihood-ratio test 
to test for heterogeneity. We also examined the 
association of hypoglycemia with cause-specific 
mortality, with adjustment for the same variables 
as those in the main analysis.23 Because we did 
not know whether hypoglycemia occurred in 
these patients outside the ICU, we conducted a 
sensitivity analysis in which we censored follow-
up data at the date of discharge from the ICU. 
All analyses were conducted with the use of 
Stata software, version 10.1 (StataCorp).

R ESULT S

STUDY PARTICIPANTS
We enrolled 6104 patients and obtained complete 
follow-up data to 28 days and 90 days for 6026 
patients (98.7%) and 6022 patients (98.7%), re-
spectively. Data at 28 days were available for 3013 
patients assigned to intensive glucose control and 
3013 patients assigned to conventional glucose 
control.

RATES AND TIMING OF HYPOGLYCEMIA
Of 6026 patients, 2714 (45.0%) had moderate hy-
poglycemia, including 2237 of the 3013 patients 

(74.2%) in the intensive-control group and 477 of 
the 3013 (15.8%) in the conventional-control group. 
The 223 patients (3.7%) with severe hypoglycemia 
included 208 of the 3013 in the intensive-control 
group (6.9%) and 15 of the 3013 in the convention-
al-control group (0.5%). The median time from ran-
domization to hypoglycemia was 1 day (interquar-
tile range, 0 to 2) among the patients with moderate 
hypoglycemia and 4 days (interquartile range, 2 
to 9) among those with severe hypoglycemia.

RISK FACTORS FOR HYPOGLYCEMIA
The clinical characteristics of the patients with 
moderate or severe hypoglycemia are listed in 
Table S1 in the Supplementary Appendix; inde-
pendent risk factors for moderate or severe hypo-
glycemia are shown in Table 1. Full details of the 
univariate and multivariate analysis are provided 
in Table S2 in the Supplementary Appendix.

CLINICAL COURSE AND HYPOGLYCEMIA
The 2717 patients who stayed in the ICU for 7 days 
or longer were more likely than the 3296 who 
stayed for a shorter period to have moderate or 
severe hypoglycemia (1424 patients [52.4%] vs. 
1280 [38.8%] among those with moderate hypo-
glycemia, P<0.001; and 162 [6.0%] vs. 60 [1.8%] 
among those with severe hypoglycemia, P<0.001). 
However, mortality was similar in the two groups 
(694 deaths [25.5%] and 885 deaths [26.9%], re-
spectively; P = 0.26).

Analyses adjusted for treatment assignment 
that compared patients who had moderate hypo-
glycemia with those who did not have hypogly-
cemia and compared patients who had severe 
hypoglycemia with those who did not have se-
vere hypoglycemia showed that patients with 
moderate or severe hypoglycemia had a longer 
stay in the ICU and in the hospital. In addition, 
they spent longer having their blood glucose 
concentration controlled according to the study 
protocol (which was a reflection of prolonged 
critical illness rather than the time taken to 
reach the target blood glucose level), received 
more units of insulin per day, were more likely 
to receive parenteral nutrition and received more 
nutrition, had a lower mean blood glucose con-
centration, had more blood glucose measure-
ments per day, and had a higher standard deviation 
for blood glucose (Table S3 in the Supplemen-
tary Appendix).
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Table 1. Results of Multivariate Analysis for Factors at Baseline That Were Independent Risk Factors for Subsequent Moderate or Severe 
Hypoglycemia.*

Variable Moderate Hypoglycemia Severe Hypoglycemia

Odds Ratio 
(95% CI) P Value

Odds Ratio 
(95% CI) P Value

Age, per 1-yr increase 1.00 (1.00–1.01) 0.04 1.00 (0.99–1.01) 0.6

APACHE II score, per 1-point increase† 1.01 (1.00–1.02) 0.01 1.01 (0.99–1.03) 0.5

BMI, per 1-point increase‡ 0.97 (0.96–0.98) <0.001 0.96 (0.94–0.99) 0.003

Blood glucose, per increase of 1 mg/dl§ — 1.00 (0.99–1.00) 0.009

Sex

Female 1.00 1.00

Male 0.78 (0.67–0.90) 0.001 0.88 (0.66–1.17) 0.4

Postoperative status

No 1.00 1.00

Yes 0.82 (0.71–0.96) 0.01 0.78 (0.56–1.07) 0.1

Severe sepsis

No 1.00 1.00

Yes 1.28 (1.08–1.53) 0.006 0.92 (0.66–1.29) 0.6

Trauma

No 1.00 1.00

Yes 1.28 (1.03–1.59) 0.02 0.77 (0.46–1.28) 0.3

Diabetes¶

No 1.00

Yes 1.24 (1.01–1.52) 0.04

Prior insulin treatment

No 1.00 1.00

Yes 1.61 (1.14–2.28) 0.007 1.46 (0.85–2.52) 0.2

Prior glucocorticoid treatment

No 1.00 1.00

Yes 1.09 (0.88–1.34) 0.4 1.51 (1.05–2.18) 0.03

Cardiovascular failure∥

No 1.00 1.00

Yes 1.24 (1.07–1.44) 0.005 1.41 (1.04–1.92) 0.03

Treatment group

Conventional glucose control 1.00 1.00

Intensive glucose control 24.19 (20.98–27.88) <0.001 16.39 (9.32–28.81) <0.001

* Moderate hypoglycemia was defined as a blood glucose value of 70 mg per deciliter (3.9 mmol per liter) or less, and severe hypoglycemia as 
a blood glucose value of 40 mg per deciliter (2.2 mmol per liter) or less. In this analysis, patients with severe hypoglycemia (all of whom 
had moderate hypoglycemia also, as defined) were included in the group for comparison with those with no hypoglycemia. The factors in-
cluded in the multivariate analysis were those with P values of less than 0.20 in the univariate analysis.

† Scores on the Acute Physiology and Chronic Health Evaluation (APACHE) II range from 0 to 71, with higher scores indicating an increased 
risk of death.

‡ The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters.
§ To convert value for glucose to millimoles per liter, multiply by 0.05551. The baseline blood glucose value was not included in the multivari-

ate analysis for moderate hypoglycemia because of the P value in the univariate analysis (P = 0.32).
¶ Diabetes at baseline was not included in the multivariate analysis for severe hypoglycemia because of the P value in the univariate analysis 

(P = 0.22).
∥ Cardiovascular failure was defined as a score of 3 or 4 on the cardiovascular section of the Sequential Organ Failure Assessment (on a scale 

ranging from 0 to 4 for each of five organ systems, with higher scores indicating more severe organ dysfunction).
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ASSOCIATION OF HYPOGLYCEMIA WITH DEATH

During follow-up, 1579 of the 6026 patients (26.2%) 
died, including 726 of the 3089 patients (23.5%) 
who did not have hypoglycemia, 774 of the 2714 
(28.5%) who had moderate hypoglycemia, and 79 
of the 223 (35.4%) who had severe hypoglycemia 
(Fig. 1). The median time from the first episode 
of hypoglycemia to death was 7 days (interquartile 
range, 2 to 21) among patients with moderate hy-
poglycemia and 8 days (interquartile range, 3 to 
15) among those with severe hypoglycemia.

The hazard ratio for death with adjustment for 
treatment assignment was significantly increased 
among patients with moderate or severe hypogly-
cemia, as compared with those without hypogly-
cemia (moderate hypoglycemia, 1.81; 95% confi-
dence interval [CI], 1.59 to 2.07; P<0.001; severe 
hypoglycemia, 3.21; 95% CI, 2.49 to 4.15; P<0.001). 
The hazard ratio remained significantly increased 
after adjustment for baseline characteristics (mod-
erate hypoglycemia, 1.60; 95% CI, 1.39 to 1.85; 
P<0.001; severe hypoglycemia, 2.64; 95% CI, 2.01 
to 3.47; P<0.001) and after adjustment for both 

baseline characteristics and postrandomization 
factors (moderate hypoglycemia, 1.41; 95% CI, 1.21 
to 1.62; P<0.001; severe hypoglycemia, 2.10; 95% 
CI, 1.59 to 2.77; P<0.001; P = 0.001 for heterogene-
ity between moderate and severe hypoglycemia) 
(Fig. 1).

The relationship between moderate or severe 
hypoglycemia and death, with adjustment for 
baseline characteristics and postrandomization 
factors, did not differ significantly between pa-
tients assigned to intensive glucose control and 
those assigned to conventional glucose control 
(P = 0.22) (Fig. 2A), and the hazard ratio remained 
consistent when follow-up data were censored at 
the date of discharge from the ICU (moderate hy-
poglycemia, 1.33; 95% CI, 1.11 to 1.59; P = 0.002; 
severe hypoglycemia, 1.90; 95% CI, 1.36 to 2.65; 
P<0.001) (Fig. S1 in the Supplementary Appendix). 
The relationship between hypoglycemia and death 
was similar among patients with and those 
without a diagnosis of diabetes (P = 0.42) (Fig. 2B), 
but it was stronger among postoperative patients 
(those who had been admitted to the ICU directly 
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Figure 1. Hazard Ratio for Death According to Occurrence of Moderate or Severe Hypoglycemia.

Moderate hypoglycemia was defined as a blood glucose value of 41 to 70 mg per deciliter (2.3 to 3.9 mmol per liter), and severe hypogly-
cemia as a blood glucose value of 40 mg per deciliter (2.2 mmol per liter) or less.
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from the operating room or the recovery room) 
than among nonpostoperative patients (P = 0.03) 
(Fig. 2C).

The relationship was also stronger among pa-
tients who had moderate hypoglycemia on more 
than 1 day, as compared with those who had mod-
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Figure 2. Hazard Ratio for Death According to Treatment Assignment and Status with Respect to Diabetes 
and Postoperative Status at Baseline.

The relationship between moderate or severe hypoglycemia and death did not differ significantly between patients 
assigned to intensive glucose control and those assigned to conventional glucose control (Panel A). The relationship 
was similar among patients with and those without a diagnosis of diabetes (Panel B), but it was stronger among 
postoperative patients (those admitted to the ICU directly from the operating room or recovery room) than among 
nonpostoperative patients (Panel C). The size of the squares is proportional to the number of deaths.
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erate hypoglycemia on only 1 day (P = 0.01) (Fig. 
3A), and among patients who were not being 
treated with insulin when hypoglycemia first 
occurred, as compared with those who were 
(P = 0.007 and P = 0.003 for moderate and severe 
hypoglycemia, respectively) (Fig. 3B). The inter-
val from the first episode of hypoglycemia to 
death was shorter among patients who were not 
being treated with insulin when hypoglycemia 
first occurred, as compared with those who were 
receiving insulin at that time (P = 0.004 and P<0.001 
for moderate and severe hypoglycemia, respec-
tively) (Fig. 3B).

INFLUENCE OF POSTRANDOMIZATION FACTORS

The hazard ratio for death was consistently elevat-
ed among patients with moderate or severe hypo-

glycemia, as compared with those who did not 
have hypoglycemia, regardless of receipt or non-
receipt of parenteral nutrition (P = 0.21) and the 
average amount of nonprotein kilocalories per 
day (<1000 vs. ≥1000, P = 0.43). The hazard ratios 
for death after moderate or severe hypoglycemia 
were also elevated regardless of the standard devi-
ation for the blood glucose concentration (<27 mg 
per deciliter [1.5 mmol per liter] vs. ≥27 mg per 
deciliter, P = 0.81) and the average daily dose of 
insulin administered in the ICU (<30 IU vs. ≥30 IU, 
P = 0.34) (Fig. S2 in the Supplementary Appendix).

CAUSE-SPECIFIC MORTALITY
As compared with patients who did not have hy-
poglycemia, patients with moderate hypoglyce-
mia and those with severe hypoglycemia had a 
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Figure 3. Hazard Ratio for Death According to the Occurrence of Hypoglycemia on 1 Day or More Than 1 Day 
and Receipt or Nonreceipt of Insulin Therapy at the Time of the First Hypoglycemic Episode.

The risk of death was increased among patients who had moderate hypoglycemia on more than 1 day, as compared 
with just 1 day (Panel A), and among patients who were not receiving insulin when hypoglycemia first occurred, as 
compared with those who were receiving insulin (Panel B). The interval from the first episode of hypoglycemia to 
death was shorter among patients who were not being treated with insulin when hypoglycemia first occurred 
(P = 0.004 and P<0.001 for moderate and severe hypoglycemia, respectively). The size of the squares is proportional 
to the number of deaths.
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significantly increased hazard ratio for death from 
distributive (vasodilated) shock (P<0.001 for both 
comparisons). Patients who had severe hypoglyce-
mia also had an increased hazard ratio for death 
from causes other than cardiovascular, neuro-
logic, or respiratory causes (P = 0.002) (Fig. 4).

DISCUSSION

In the NICE-SUGAR study, moderate and severe 
hypoglycemia occurred frequently and was pre-
dominantly observed in patients assigned to in-
tensive glucose control. The risk factors for hypo-
glycemia were similar to those identified in 
previous studies.24,25 Although hypoglycemia 
was significantly more common among patients 
assigned to intensive versus conventional glucose 
control, the association of hypoglycemia with 
death was similar in the two groups. Adjustment 

for potential baseline and postrandomization 
confounders attenuated the risks, but the asso-
ciations remained significant. These findings are 
supported by data from smaller, randomized, 
controlled trials and from observational stud-
ies.8,11,14-17

In our study, the association between hypogly-
cemia and death was strong. However, our study 
design cannot prove causality. Characteristics 
that may help establish a causal relationship be-
tween death and exposure to potential harm 
include the strength of the association, its con-
sistency, its specificity (i.e., whether the associa-
tion is stronger for death from a specific cause), 
its temporal pattern, the presence of a dose– 
response relationship, the plausibility of the as-
sociation, and whether manipulating similar 
factors improves the outcome.26 Our data allow 
us to comment on some of these characteristics.
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Figure 4. Hazard Ratio for Death from Specific Causes According to the Occurrence of Moderate or Severe Hypoglycemia.

The hazard ratio for death from distributive (vasodilated) shock was significantly higher for patients with moderate 
or severe hypoglycemia than for those who did not have hypoglycemia. Patients with severe hypoglycemia also had 
an increased hazard ratio for death from miscellaneous causes. The size of the squares is proportional to the num-
ber of deaths.
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Even after adjustment for events occurring 
after the first episode of hypoglycemia, moderate 
hypoglycemia was associated with an increase in 
the risk of death of 40%, and severe hypoglyce-
mia with a doubling of the risk. The associations 
were consistent across the subgroups of patients 
we examined.

For both moderate and severe hypoglycemia, 
the association was strongest for death from dis-
tributive shock. In addition, the association was 
stronger among patients with severe hypoglycemia 
than among those with moderate hypoglycemia, 
and was stronger among those with moderate 
hypoglycemia that occurred on more than 1 day 
than among those with moderate hypoglycemia 
on only 1 day.

A causal relationship is plausible because hy-
poglycemia may increase mortality by means of 
impairment of autonomic function, alteration of 
blood flow and composition, white-cell activation, 
vasoconstriction, and the release of inflamma-
tory mediators and cytokines.27-29 These mecha-
nisms are consistent with our finding that the 
hazard ratio for death from distributive shock was 
significantly increased among both patients 
with moderate hypoglycemia and those with 
severe hypoglycemia. Severe hypoglycemia may 
also be associated with a prolonged QT inter-
val,30,31 which confers a predisposition to poten-
tially fatal cardiac arrhythmias, but we did not 
find a significant association between hypoglyce-
mia and death from arrhythmias in our study.

An alternative explanation is that hypoglycemia 
occurs as a result of disease processes that con-
fer a predisposition to death and that hypoglyce-
mia thus represents a marker, rather than a 
cause, of an increased risk of death. Our finding 
that the hazard ratios were attenuated after ad-
justment for baseline characteristics and postran-
domization factors suggests that substantial con-
founding was present. Furthermore, the hazard 
ratio for death was significantly greater, and the 
time to death shorter, among patients who had 
severe or moderate hypoglycemia and were not 
being treated with insulin, as compared with those 
who were receiving insulin. These findings are 
similar to those reported by Kosiborod et al. for 
patients hospitalized with acute myocardial in-
farction.32 Thus, spontaneous hypoglycemia ap-
pears to identify patients at particularly high 
risk for death, and in such circumstances hypo-
glycemia is probably a marker of severe underly-
ing disease processes.

Another possibility is that patients who stay 
longer in the ICU are more likely to die, and 
because they are in the ICU longer, they are also 
more likely to have hypoglycemia. Although we 
found that hypoglycemia was more common 
among patients who stayed in the ICU for 7 or 
more days than among those who stayed for 
fewer than 7 days, the mortality in this group was 
not increased, so our data do not support this 
hypothesis.

Our study has certain limitations. We prospec-
tively collected blood glucose measurements 
obtained in the ICU, but sampling was intermit-
tent and included measurements made on point-
of-care glucose meters, which may overestimate 
blood glucose concentration.33,34 As a result, it is 
possible that a small number of patients had un-
detected hypoglycemia. We did not collect data 
on hypoglycemia that occurred after discharge 
from the ICU, although we still found a signifi-
cant relationship between hypoglycemia and 
death when we censored follow-up data at the 
time of discharge from the ICU. We did not col-
lect biologic samples from our patients, so we can 
only speculate on the mechanisms linking hypo-
glycemia to an increased risk of death.

The strengths of our study are its size and its 
prospective nature. Although the percentage of 
patients who had severe hypoglycemia was low 
in comparison with the proportions in other tri-
als of intensive glucose control, the size of the 
cohort and the large number of events ensure a 
precise examination of the association between 
hypoglycemia and death. Prospective and compre-
hensive data collection provided the opportunity 
to adjust our analyses for potentially confound-
ing factors.

Our findings confirm that among critically ill 
patients, moderate and severe hypoglycemia are 
both strongly associated with an increased risk 
of death and that the risk is greater among pa-
tients who have severe hypoglycemia and among 
those who have moderate hypoglycemia on more 
than 1 day. Although our data exhibit some char-
acteristics suggesting a causal relationship, they 
cannot prove such a relationship. In some pa-
tients, particularly those in whom hypoglycemia 
occurs in the absence of insulin therapy, hypo-
glycemia appears to be a marker of impending 
death rather than a cause of subsequent death. 
However, it would seem prudent to ensure that 
strategies for managing the blood glucose con-
centration in critically ill patients focus not only 
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on the control of hyperglycemia but also on avoid-
ance of both moderate and severe hypoglycemia. 
According to the current recommendation of the 
American Diabetes Association,35 a target blood 
glucose concentration of 144 to 180 mg per deci-
liter (8.0 to 10.0 mmol per liter) is likely to re-

duce the risk of hypoglycemia in critically ill 
patients.
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