
reviews

260 

IMAJ • VOL 14 • AprIL 2012

intensive care unit, glycemic control, patient safety
  IMAJ 2012; 14: 260–266

KeY words:

glycemic control in the intensive care unit: Between 
safety and Benefit
Alexander Samokhvalov MD1, Raymond Farah MD2 and Nicola Makhoul MD1

1Intensive Care Unit, Western Galilee Hospital, Nahariya, Israel 
2Department of Internal Medicine B, Ziv Medical Center, Safed, Israel 

P atient safety has become a major global social health prob-
lem. Risk/benefit ratios are used widely in all fields of medi-

cine as part of patient safety and quality of care. It is known that 
patients admitted to the intensive care unit are especially vul-
nerable to adverse care-related errors as a result of their severe 
illness and the multiple aggressive interventions in critical care, 
which also have risk/benefit ratios. For 
instance, mechanical ventilation can 
both improve respiratory abnormali-
ties and cause ventilator-related lung 
injury. Fluid administration can resuscitate a shock state but 
can cause pulmonary edema. Intensive insulin therapy for tight 
glucose control may improve outcomes in critically ill patients 
but may be harmful due to severe hypoglycemia. We focus here 
on analyses of the literature devoted to some aspects of glycemic 
regulation among ICU1 patients. 

glYcemic control and imPact oF hYPerglYcemia

It is well established that even modest hyperglycemia has a 
negative impact on a wide range of critically ill patients and 
is associated with worse outcome [1,2], but whether this asso-
ciation is causal remains unclear. Observational studies have 
revealed a J-curved relationship between blood glucose and 
mortality, with a nadir approximately between 5 and 8 mmol/L 
(90–140 mg/dl). In patients with acute coronary syndrome 
a similar association has been observed, with lowest risk of 
mortality at blood glucose levels between 4.4 and 5.5 mmol/L 
(80–100 mg/dl) [3]. Critically ill medical and surgical patients 
with admission hyperglycemia and higher mean blood glucose 
during hospitalization had a higher mortality rate when com-
pared with matched normoglycemic patients [2].

Trauma patients with hyperglycemia on admission or 
throughout the hospital stay have not only higher mortality but 

ICU = intensive care unit

also longer duration of mechanical ventilation and length of 
ICU stay, and higher rate of infections [4]. The highest blood 
sugar occurring in the first 24 hours of ICU care among patients 
with traumatic brain injury is linearly correlated with mortality. 
It is interesting that such a correlation is closer than the inverse 
correlation between mean arterial pressure and mortality [5].

The issue of IIT2 for tight glucose control in the ICU set-
ting has been a matter of debate and controversy over the past 
decade, especially after the published study of Van den Berghe 
et al. [6] (the Leuven study) where blood glucose control by 
IIT decreased mortality and morbidity among surgical ICU 
patients. The study population included 1548 patients from a 

single center. The IIT group targeted a 
blood glucose level of 80–110 mg/dl,  
whereas the conventional therapy group  
had a target range of 180–200 mg/dl, 

with insulin infusion started for blood glucose exceeding 215 
mg/dl. The absolute ICU mortality reduction was 3.4% and 
overall hospital mortality was reduced by one-third, with fewer 
incidents of organ failure and septicemia. Mortality benefit was 
greatest for the subgroup of patients whose length of stay in the 
ICU was more than 5 days.

Without doubt, this landmark study once and forever chal-
lenged the past approach to hyperglycemia as the only benefi-
cial adaptation during acute critical illness or trauma, where 
many factors such as glucogenolysis, catecholamine release, 
increased gluconeogenesis, peripheral insulin resistance and 
impaired glucose uptake all play a role in generating stress 
hyperglycemia.

Recommendations from the Leuven study were internation-
ally endorsed and incorporated into guidelines by 16 profes-
sional societies, including the American Diabetes Association, 
the American Association of Clinical Endocrinologists, and the 
surviving sepsis Campaign. similar benefits of IIT were dem-
onstrated among 2000 medical, non-surgical ICU patients from 
the same center in 2006 [7]. 

However, some recent prospective trials failed to confirm 
the initial Leuven data, showing conflicting results (no benefit 
mortality in IIT group, more hypoglycemic episodes) and 

IIT = intensive insulin therapy

very high and very low blood 
glucose levels are both associated 

with worse outcomes 
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suggesting that the “optimal” target range of blood glucose is 
unknown at present and seems higher than normoglycemia 
[8-10]. A recent (2009) meta-analysis of 26 randomized con-
trolled trials [11] with a total of 13,567 patients found that IIT 
was not associated with overall mortality benefit, except in the 
surgical patients, but increased the risk of severe hypoglycemia 
(< 40 mg/dl). The latest systemic review (2011), including 21 
trials [12] in different intensive care, perioperative care, myo-
cardial infarction and stroke or brain injury settings, reached 
the same conclusions.

We would like to mention some of the trials included in 
these meta-analyses. In two large multicenter European tri-
als [9,10] involving mixed ICU patients, efficacy and safety 
of IIT (blood glucose target 80–110 mg/dl) was compared to 
that of conventional therapy, targeting at 140–180 mg/dl in the 
GLUCONTROL study and 180–200 mg/dl in the VIsEP study. 
Both failed to confirm a beneficial effect of IIT on ICU [9] or 
28 day mortality and organ failure [10]. Moreover, these tri-
als were terminated early for safety 
due to hypoglycemia concerns. The 
largest multicenter international 
NICE-sUGAR study [8], with 6104 
mixed ICU patients, showed that 
IIT for glucose control at 81–108 
mg/dl increased 90 day mortality 
compared with conventional glucose control at < 180 mg/dl, 
without difference in rate of organ failure, LOs3 and time on 
mechanical ventilation. Finally, our own trial published in 2007 
[13] (n=89) did not show significant benefit of IIT targeting at 
110–140 mg/dl when compared with conventional therapy at < 
200 mg/dl among mixed ICU patients.

Although the reasons for these discrepancies among trials 
remain unclear, there are some explanations for these results. 
Firstly, the studies were highly heterogeneous, using different 
methodological and nutritional strategies. In addition, differ-
ent infusion protocols and routes for insulin administration 
were used, as well as different sampling sites and techniques 
for glucose measurement. The practical aspects of intensive 
glycemic control implementation deserve to be considered. 

Protocols For insulin inFusion

According to the recommendations of the American Diabetes 
Association 2010 [14], a validated intravenous insulin infu-
sion protocol that has demonstrated efficacy and safety in 
achieving a target glucose range without increasing the risk of 
severe hypoglycemia is required to control hyperglycemia in 
critically ill patients. The ideal insulin infusion protocol should 
a) achieve glycemic control in a reasonable timeframe, b) carry 
a minimal risk of hypoglycemia, 3) have a low operator error 
rate, and 4) require minimal nursing time. Apart from that, 

LOS = length of stay

the most suitable protocol is dynamic and not a sliding-scale 
[15-17]; it uses the “if-then” rule and relies primarily on rate 
of change from the prior glucose level rather than solely on the 
absolute blood glucose value, as well as on the current insulin 
infusion rate with permitted “off-protocol” adjustments and 
bolus doses. These are elements of a good protocol that will 
facilitate safer and more effective insulin administration [15-
17]. Unfortunately, there is no consensus about a “standard 
care” regimen or efficiency, as was well demonstrated in a 
review of 12 different protocols from several countries [15]. 
Importantly, one protocol may not fit all patients.

Practical considerations

Protocol implementation can be difficult even under close 
supervision, due not only to a relatively narrow target range 
(30–40 mg/dl) but also because glucose control is primarily 
nurse-driven, as nurses, compared to other members of the 
ICU staff, are significantly more concerned with increased 

frequency and accuracy of glucose 
measurements and insulin dose 
titration necessary to achieve the 
target blood glucose level safely. 
Furthermore, results obtained from 
the Glucontrol study [18] showed 
that the time nurses devoted to 

glucose measurements according to protocol was increased by 
17%. so, the fear of hypoglycemia and increased work overload 
may become limiting factors in adopting lower glycemic targets. 
Thus, the nurse/patient ratio must be adequate to accommodate 
the protocol requirements.

Another practical problem is the difficulty in achieving 
target glucose, where failure is common and is associated 
with increased mortality. In a French study [19], the glycemic 
control target (90–126 mg/dl) was achieved in less than two-
thirds of critically ill patients under intensive insulin strategy. 

In recent large trials, such as GLUCONTROL and NICE-
sUGAR [8,9] targeted glycemia was not achieved either [Table 
1]. Wiener et al. [20] reviewed 29 RCTs4 and revealed that in 
6 trials (21%) the targeted glucose level was not confirmed. 

saFe glucose control

The protocol for IIT should be implemented in a safe manner. 
Recently, there have been growing concerns about hypogly-
cemia being the major potential danger of this treatment, 
particularly since it is a preventable event.

All recent studies of tight glucose control have reported 
increased rates of significant hypoglycemia. Of note, most 
of these studies defined hypoglycemia as ≤ 40 mg/dl blood 
glucose concentration and recorded whether any associated 
symptoms were reported. However, this definition is well 

RCT = randomized controlled trial

since glucose targets are a key 
determinant of safety, intensive insulin 

therapy with above normoglycemia 
target range (~140–180 mg/dl) will  

be safer and more appropriate,  
while waiting for further results
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cemia in the IIT group (VIsEP 17% vs. 4.1%, GLUCONTROL 
9.8% vs. 2.7%).

Hospitalization carries several risk factors for hypoglycemia 
– such as inadequate glucose monitoring, lack of coordination 
between transportation and nursing, variation from protocol, 
and concurrent medications (quinolones, epinephrine, beta 
blockers) [17]; the most important risk factor, however, is ces-
sation of nutritional support during insulin infusion, leading 
to mistiming of insulin dosage with respect to feeding [22]. 
Among other predictors of hypoglycemia in a hospital setting, 
namely, advanced age (> 70 years) and renal and hepatic failure, 
sepsis was associated with highest risk [23]. 

imPact oF hYPoglYcemia

Hypoglycemia is not benign in critically ill patients. Even a 
single episode of severe hypoglycemia (≤ 40 mg/dl) is inde-
pendently associated with increased mortality, as was found 
in a series of 5365 medical-surgical ICU patients [24]. In a 
recently published Australian study [25], even mild (72–81 
mg/dl) or moderate (45–71 mg/dl) hypoglycemia is linked 
to mortality in critically ill patients and the more severe the 
hypoglycemia the greater the risk of death. Hypoglycemia also 
occurs spontaneously in hospitalized patients even without a 
history of diabetes or IIT. such spontaneous hypoglycemia is 
much worse than insulin-induced hypoglycemia, with twice 
the overall mortality rate [23]. However, the total number 
of hypoglycemic episodes in the published studies on IIT is 
unknown, probably because clinical signs and symptoms of 
hypoglycemia, or neuroglycopenia, are usually masked in ICU 
patients by sedation or critical illness. 

Therefore, in clinical practice, where glucose monitoring may 
be inadequate or less stringent, unrecognized serious adverse 
effects of hypoglycemia on the heart or brain may result in 
increased risk of death. Glucose is an obligatory metabolic fuel 
for the neurons under physiological conditions and the brain 
cannot synthesize or store glucose as glycogen in astrocytes, 
so it requires a continuous supply of glucose from the circula-
tion [26]. The rate of blood-to-brain glucose diffusion falls and 
becomes a limiting factor in brain glucose metabolism [26] when 
arterial glucose concentrations fall to low levels. The sequence of 
responses to falling plasma glucose concentrations is illustrated 

in Figure 1 [26]. Thus, hypoglyce-
mia causes brain fuel deprivation 
and, as a result, functional brain 
failure, which is usually corrected 
by rising plasma glucose concen-
tration. Though rare, profound 

and prolonged hypoglycemia causes brain death, at least in pri-
mates, and oxidative stress through superoxide production is a 
key event in this cell death process. As was demonstrated by suh 
and colleagues [27] in their rodent model, hypoglycemic brain 
neuronal death is not the result of fuel deprivation per se, but is 

below the glucose level that the American Diabetes Association 
considers as representing hypoglycemia (< 70 mg/dl). This 
strict limitation was used to reveal hypoglycemic events severe 
enough to have potential clinical relevance. 

In the aforementioned meta-analysis [20] that includes 29 
published RCTs totaling 8432 patients, in 15 trials the hypo-
glycemia rate with IIT had increased roughly fivefold, regard-
less of the ICU setting, and the tighter the glucose control the 
greater the risk of hypoglycemia 
[Table 2], without a significant 
reduction in hospital mortality. In 
another recent meta-analysis [11] 
reviewing 26 RCTs totaling 13,567 
patients, including our study [13], 
the range of hypoglycemia (< 40 mg/dl) in the intervention 
group was between 5.1% and 28.6%. In the large NICE-sUGAR 
study it was 6.8% with IIT versus 0.5% in the conventional treat-
ment group. Furthermore, two European multicenter trials 
[9,10] were terminated early due to an increased rate of hypogly-

to achieve safe glycemic control, a 
certified, preferably computerized, insulin 
infusion protocol should be implemented 

using an accurate measurement technique 
(arterial samples, arterial gas analyzer)

glycemia targeted
(mg/dl)

glycemia achieved
(mg/dl)

trial
no. of 

patients
type  

of icu

intensive 
glucose 
control

conventional
glucose 
control

intensive 
glucose 
control

conventional
glucose 
control

Glucontrol 
[16]

1101 Mixed 80–110 140–180 118 144

NICE-SUGAR 
[8] 

6104 Mixed 81–108 144–180 118 145

VISEP [19] 537 Mixed 80–110 180–200 112 151

Leuven 1 [6] 1548 Surgical 80–110 180–200 103 153

Leuven 2 [7] 1200 Medical 80–110 180–200 111 153

table 1. Summary data from RCTs of IIT in the ICU

Of note, the achieved glycemia reported are the mean morning levels, except for those for the 
Glucontrol study, which are mean overall blood glucose levels
Adapted from Inzucchi SE, Siegel MD. Glucose control in the ICU – how tight is too tight? N Engl J 
Med 2009; 360: 1346-9. [21]

outcome: 
no./total no. of patients (%)

subgroup
no. of 
studies

intensive 
insulin therapy

conventional 
therapy

relative risk (95% 
confidence interval)

Very tight control
(≤ 110 mg/dl)

11 409/2895 (14.1) 75/2952 (2.5) 5.23 (4.12–6.64)

Moderately tight control
(≤ 150 mg/dl)

4 41/380 (10.8) 9/386 (2.3) 4.37 (2.19–8.72)

Overall 15 450/3275 (13.7) 84/3338 (2.5) 5.13 (4.09–6.43)

table 2. Rate of hypoglycemia (< 40 mg/dl) in RCTs on IIT among surgical/medical ICU 
patients

Of note, the definition of hypoglycemia used in these trials is well below the glucose level that 
the American Diabetes Association considers as representing hypoglycemia (< 70 mg/dl). All 
outcome measures were calculated on a per patient basis; for example, a patient with several 
episodes of hypoglycemia would only count as one occurrence for that outcome.
Adapted from Wiener RS, Wiener DC, Larson RJ. Benefits and risks of tight glucose control in 
critically ill adults: a meta-analysis. JAMA 2008; 300: 933-44. [20]
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ding of highly reliable point-of-care testing devices. There is 
growing concern regarding low accuracy of glucose meter 
measurements and central remote laboratory turnaround 
because of their lack of safety and unacceptable timing delay. 
Glucometers are usable, although they were originally devel-
oped for out-of-hospital glucose control, not for IV insulin 
dose titration in critically ill patients in the ICU, despite their 
“acceptable performance” [28]. Allowable error range for the 
central laboratory is 10%; for glucometers it is 20%, as per-
mitted by the United states Food and Drug Administration 
[28], thus they are less precise than central laboratory or 
blood gas analyzers and with these methods can demonstrate 
large mean differences [29,30].

  so, at present, the most accurate and suitable method in 
the ICU setting for blood glucose measurement is the arterial 
blood gas analyzer in whole arterial blood (autocalibration to 
plasma glucose x 1.11). Furthermore, the different methods 
used by presently available glucometers (glucoseoxidase, 
-hexokinase, -dehydrogenase) may be affected by site and 
source of glucose sampling, as well as by common conditions 
in critically ill patients – namely, low PO2, poor perfusion, 
hypotension, low/high hematocrit, vasopressors, presence 
of non-glucose sugars [17,31]. The samples obtained from 
whole blood (arterial or venous) for glucometers differ less 
from the laboratory reference than that obtained from capil-
lary blood or subcutaneous interstitial fluid by finger stick 
[32]. Another variable is that, under physiological conditions, 
glucose concentration determined from arterial sites gener-
ally exceeds that of capillary sites, which, in turn, is greater 
than venous sites, although these differences are minimal. 
Taken together, capillary samples may be artificially lower or 
higher than arterial/vein samples [17,28,32].

According to the level of accuracy, we would put the differ-
ent methods and sample sites in the following order: Central 
laboratory > ABG5 analyzer > arterial blood sample by gluco- 
meter > venous blood sample by glucometer > capillary blood 
sample by glucometer. In addition, the American Diabetic 
Association [33] and the National Academy of Clinical 
Biochemistry recommend the central laboratory method, not 
the glucose meter, for the diagnosis of diabetes. If a device is 
not to be used for diagnosis, which depends on a single cutoff 
glucose concentration, how can it be used for making an intra-
venous insulin dose decision based on precise cutoff values?

Finally, it should be noted that inaccurate blood glucose 
measurements may be a possible explanation for conflicting 
results in some of the studies where different methods and 
sample sites for glucose measurements were used [6,8,28,29]. 
In conclusion, inaccurate glucometer values will lead to insulin 
dosing errors, and, as a result, to large blood glucose fluctua-
tions and undetected hypo/hyperglycemia. 

ABG = arterial blood gas

in fact increased by neuronal NADPH oxidase activation during 
glucose reperfusion. This finding suggests that, at least in pro-
found prolonged hypoglycemia, where risk of neuronal death 
is higher, plasma glucose levels should be raised carefully but 
not excessively, avoiding post-treatment hyperglycemia, which 
can trigger neuronal death. Nonetheless, it would be correct to 
raise the plasma glucose level to the physiological range (i.e., 70 
mg/dl) promptly. 

Although there is no clear evidence or proof that thera-
peutic hyperglycemia is detrimental to recovery, it is seem-
ingly not beneficial in that setting. Of course, future studies 
of this topic are necessary.

accurate Blood glucose measurement 

since treatment decisions in IIT protocols depend exclusively 
on blood glucose values, accurate blood glucose measure-
ment is crucial for safe insulin dose adjustment necessary 
to achieve the desired blood glucose level and avoid hypo-
glycemia. One of the main strategies to increase acceptance 
of intensive insulin strategy in the ICU may be the embed-

Aadapted from Cryer PE. Hypoglycemia, functional brain failure, and brain 
death. J Clin Invest 2007; 117 (4): 868-70. [26]

Figure 1. The sequence of responses to falling plasma glucose 
concentrations.

Plasma glucose level

Upper limit

Mean

Lower limit

Decreased insulin secretion

Increased glucagon secretion
Increased epinephrine secretion

Symptoms
Decreased cognition
Aberrant behavior
Seizure, coma
(functional brain failure)

Neuronal death
(brain death)
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Blood glucose variaBilitY

Accumulating data suggest a role for blood glucose variability 
as a strong independent predictor of ICU and hospital mor-
tality [34]. A recently published study (abstract) from saudi 
Arabia [35] on 523 patients in a surgical ICU found that 
mortality in a high variability group was more than twofold 
higher than in a low variability group, especially in an elderly 
diabetic population (P < 0.001).

Furthermore, high mean glucose values combined with 
high glucose variability is associated with highest ICU mor-
tality, while low glucose variability seemed protective, even 
when mean glucose levels remained elevated [36]. In other 
words, the variability in blood glucose may be more impor-
tant than the actual blood glucose concentration.

These wide fluctuations of glucose level with IIT should be 
minimized to improve the outcomes of our patients. The poten-
tial solution lies in advanced technology for continuous glucose 
monitoring systems and computerized protocols for IIT, allow-
ing for rapid detection and correction of glucose changes. 

Future develoPment

Preliminary data report that implementation of computerized 
protocols for insulin administration has been increasing. In gen-
eral, applying information technology is intended to help nurses 
adhere to IIT. These computer-assisted protocols are easer to use 
than nurse-based ones and have at least the same efficiency and 
a lower hypoglycemia rate with less staff workload [37]. 

The development and clinical implementation of continu-
ous glucose monitoring technology and the closed-loop fully/
semi-automated system, coupled with the feedback algorithm 
based on frequent and accurate blood glucose measurements 
obtained by an in vivo glucose sensor, are the key to safe 
and effective glycemic control in real time [38]. An artificial 
pancreas, which could become a reality in the future, carries 
great promise for enabling in-hospital glucose control due to 
elimination of the risk of severe hypoglycemia and, conse-
quently, may improve clinical outcome, reduce length of stay 
and lower the costs. The combination of reliable continuous 
glucose measurements with a microprocessor system would 
reduce the effects of peripheral hypoperfusion and other con-
founding variables that interfere with glucometer monitoring. 
One of the first steps on this path is the development of a reli-
able glucose sensor. There are various techniques for continu-
ous glucose monitoring, namely, subcutaneous electrode or 
catheter for sample taking from interstitial fluid, intravascular 
sensor, and non-invasive optical probe. Generally, three major 
types of closed-loop systems applying these techniques are 
currently recognized [38]: first is the subcutaneous sensing 
and subcutaneous delivery system, the second is the intra-
venous or subcutaneous sensing and intraperitoneal delivery 
system, and the third is the intravenous glucose sensor and 
intravenous delivery system. The third type seems more suit-

able for the acute critically ill patient, due to its more accurate 
blood glucose sampling and more predictable pharmacokinet-
ics, allowing for quick response to a rapidly changing glucose 
level with smaller insulin doses, as well as automated blood 
sample aspiration, flush, and recalibration without blood 
loss [39]. The unreliability of the subcutaneous sensor and 
unpredictable absorption of subcutaneous insulin in critically 
ill patients make this approach an inappropriate option for 
intensive care environments [17,39]. At present, despite the 
advantages of these advanced technologies, their practical 
implementation is still limited. 

discussion

A synthesis of evidence from different trials shows that IIT 
does not improve health outcomes among critically ill patients, 
except for a small reduction of septicemia in surgical patients, 
but it is associated with substantial risk for severe hypogly-
cemia, regardless of the ICU setting and targeted glucose 
goal [11,12,20]. Initial benefits in the Leuven study [6] have 
not been subsequently realized despite attempts to do so. 
Furthermore, IIT is difficult to implement safely. Accumulated 
data suggest that under real-life ICU circumstances, very tight 
glycemic control (80–110 mg/dl) may be detrimental due to 
increased risk of overt hypoglycemia, unless we apply it under 
conditions that are close to the Leuven studies [6,7]: highly 
trained and adequately staffed team, accurate glucose measure-
ments, and sufficient sampling frequency with mostly paren-
teral high energy intake strategy. If these conditions cannot be 
met, it would appear unsafe to apply routinely strict glycemic 
control in all categories of critically ill patients, especially in 
ICUs that are not equipped and trained to adequately measure/
monitor of blood glucose.

In this situation, glycemic control with an above normogly-
cemia target (~140–180 mg/dl) seems to be the more appropri-
ate option. Despite the benefits of achieving more moderate 
blood glucose targets, which have not been established, less 
strict glucose control is associated with a lower rate of hypo-
glycemia [12,13,20]; therefore, it is imperative that such control 
minimize harm. Put differently, glucose targets are a key deter-
minant of safety, although it probably depends on multiple fac-
tors, such as protocol characteristics, specific patient popula-
tion, and local institutional and provider resources [12,15,17].

On the other hand, the association of hyperglycemia with 
adverse outcomes and an increased risk for infection has 
caused many institutions to continue IIT, but less aggres-
sively. surprisingly, many of the ICUs have not updated their 
IIT policy since the results of large multicenter randomized 
trials were published in 2008–2009 [8-10], which did not 
find a survival benefit with strict glycemic control. A recently 
(2011) published survey of all British adult ICUs revealed that 
46% of the units had changed their IIT policy in response to 



reviews

 265

IMAJ • VOL 14 • AprIL 2012

new evidence with higher target limits and a wider target 
range, whereas 54% had not updated their glycemic control 
practice [40]. This finding may reflect continued interest 
and confidence in IIT because of potential complications 
of hyperglycemia. We revised our glycemic control practice 
from the previous target of 110–140 mg/dl to 140–180 mg/
dl more than one year ago, and it was easier to adopt higher 
limits and a wider glycemic range.

Finally, the health benefits of moderate glucose level 
targets (140–200 mg/dl) should be examined. Further 
multicenter trials including a larger number of patients are 
necessary to define the optimal target range of blood glucose 
for IIT with the best benefit-to-risk ratio. However, highly 
accurate glucose measurements and insulin administration 
protocols among institutions should be standardized to avoid 
heterogeneity in results.

In our view, the main question is whether glycemic regula-
tion in the ICU can be effective and safe at the same time? Is it 
possible to find a right balance between real risk and potential 
benefit of intensive insulin strategy? The answer lies, probably, 
in respecting the concept of primum non nocere (First, do no 
harm). Although this is one of the cornerstones of medical 
practice, it is often forgotten. Currently, clear evidence for and 
against tight glucose control in the ICU is still lacking. There 
are important methodological differences among studies, pos-
sibly explaining different outcomes, which do not permit us to 
make definitive conclusions. Therefore, until the results of fur-
ther studies are available, we absolutely agree with American 
researcher Phillip E. Cryer, who wrote: “…until a favorable 
benefit-risk relationship is established in rigorous clinical trials 
…euglycemia is not an appropriate goal during critical illness 
in the routine clinical setting with current treatment methods.” 
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Almost all species are subject to continuous attack by para- 
sites and pathogens. Because parasites and pathogens 
tend to have shorter generation times and often experience 
stronger selection due to interaction than their victims do, it 
is frequently argued that they should evolve more rapidly and 
thus maintain an advantage in the evolutionary race between 
defense and counter-defense. This prediction generates an 
apparent paradox: how do victim species survive and even 
thrive in the face of a continuous onslaught of more rapidly 
evolving enemies? One potential explanation is that defense 
is physiologically, mechanically or behaviorally easier than 
attack, so that evolution is less constrained for victims than 
for parasites or pathogens. Another possible explanation is 

that parasites and pathogens have enemies themselves and 
that victim species persist because parasites and pathogens 
are regulated from the top down and thus generally have only 
modest demographic impacts on victim populations. Gilman 
and co-authors explore a third possibility: that victim species 
are not as evolutionarily impotent as conventional wisdom 
holds, but instead have unique evolutionary advantages that 
help to level the playing field. The authors use quantitative 
genetic analysis and individual-based simulations to show 
that victims can achieve such an advantage when co-evolution 
involves multiple traits in both the host and the parasite.
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co-evolution in multidimensional trait space favors escape from parasites and pathogens

Free fatty acids provide an important energy source as 
nutrients, and act as signaling molecules in various cellular 
processes. Several G protein-coupled receptors have been 
identified as free fatty acid receptors important in physiology 
as well as in several diseases. GPR120 (also known as 
O3FAR1) functions as a receptor for unsaturated long chain 
free fatty acids and has a critical role in various physiological 
homeostasis mechanisms such as adipogenesis, regulation 
of appetite, and food preference. Ichimura et al. show that 
GPR120-deficient mice fed a high fat diet develop obesity, 
glucose intolerance and fatty liver with decreased adipocyte 
differentiation and lipogenesis and enhanced hepatic 
lipogenesis. Insulin resistance in such mice is associated 

with reduced insulin signaling and enhanced inflammation 
in adipose tissue. The authors show that in humans, GPR120 
expression in adipose tissue is significantly higher in obese 
individuals than in lean controls. GPR120 exon sequencing 
in obese subjects reveals a deleterious non-synonymous 
mutation (p.R270H) that inhibits GPR120 signaling activity. 
Furthermore, the p.R270H variant increases the risk of obesity 
in European populations. Overall, this study demonstrates 
that the lipid sensor GPR120 has a key role in sensing dietary 
fat and, therefore, in the control of energy balance in both 
humans and rodents.
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dysfunction of lipid sensor gPr120 leads to obesity in both mouse and human

“some tortures are physical 
and some are mental 
But the one that is both 
is dental”

Ogden Nash (1902-1971), American poet, known for his light and humorous verse




