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ct Background and Aim: Although large studies have demonstrated the association 

between hyperglycemia and adverse intensive care unit (ICU) outcomes, it is yet unclear 
which subset of patients benefi t from tight sugar control in ICU. Recent evidence suggests 
that stress induced hyperglycemia (SIH) and co-incidentally detected diabetes mellitus 
are different phenomena with different prognoses. Differentiating SIH from diabetic 
hyperglycemia is challenging in ICU settings.  We followed a cohort of trauma patients 
admitted to a surgical intensive care unit (SICU) to evaluate if initial glycated hemoglobin 
A (HbA1c) level predicts the outcome of admission. Materials and Methods: A cohort 
of 120 consecutive admissions to SICU following trauma were recruited and admission 
blood sugar and HbA1c were measured. Outcomes were prospectively measured by 
blinded ICU doctors.  A logistic regression model was developed to assess if HbA1c 
predicts poor outcomes in these settings. Results: Nearly 24% of the participants had 
HbA1c ≥ 6. Those with HbA1c ≥ 6 had 3.14 times greater risk of poor outcome at the 
end of hospital stay when compared to those with HbA1c < 6 and this risk increased 
to an odds ratio of 4.57 on adjusting for other signifi cant predictors: Acute Physiology 
and Chronic Health Evaluation II, injury severity score, admission blood sugar and age 
at admission. Conclusions: Substantial proportion of trauma admissions has underlying 
diabetes. HbA1c, a measure of pre admission glycaemic status is an important predictor 
of ICU outcome in trauma patients.
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Introduction
The prevalence of diabetes in adult Indian population 

has reached alarming proportions with about 15% 
of those aged above 20 years in urban settings being 
diabetic.[1] The age-adjusted diabetes prevalence among 
adults in urban Chennai increased from 8.3% in 1988 
to 1989 to 14.3% in 2003 to 2004.[2] Most of the diabetics 
remain unrecognized as a result of inadequate access to 
health care and screening programs and because they 
are asymptomatic until they have advanced stages of the 
disease. With the emerging epidemic of diabetes in India, 

it is imperative to know if the pre-admission diabetic 
status infl uences intensive care unit (ICU) outcomes.

Patients in ICUs frequently develop elevated blood sugars 
as a response to stress. Stress induced hyperglycemia (SIH) 
refers to a complex metabolic response to stress through 
raised catecholamine and stress hormones resulting in 
elevated blood sugar levels.[3] Although SIH is associated 
with higher mortality there is a divided opinion on 
how tight the glycemic control in critically ill-patients 
should be.[4-11] It has been postulated and supported by 
several studies in coronary care and acute medical care 
settings studies that controlling blood sugars improves 
outcomes.[12] A growing body of evidence that includes 
both SIH and diabetic hyperglycemia suggests that these 
are different phenomena with different prognoses and 
needs to be approached differently.[13,14] Differentiating 
SIH from diabetic hyperglycemia is challenging in the 
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Intensive care setting in view of the universally elevated 
blood sugars.[15] glycated hemoglobin A (HbA1c) expressed 
as a percentage of adult hemoglobin that is glycated is 
the most widely used measure of chronic glycemia and 
provides intensive care physicians a means to detect those 
with diabetes and differentiate them from those with SIH. 
Risk stratifi cation based on HbA1c will provide clarity 
into whether diabetics and those at risk of diabetes have 
poorer outcomes in critical care settings and whether 
the tight control of blood sugars have similar benefi ts in 
diabetics and non-diabetic trauma patients admitted to a 
critical care unit. We followed a cohort of trauma patients 
admitted to surgical intensive care unit (SICU) to evaluate 
if initial glycated hemoglobin level predicts their outcome.

Materials and Methods
The study was carried out in the SICU of a 2,000 

bedded tertiary care hospital serving about 90,000 
inpatients and 1.5 million out-patients annually. SICU 
protocol recommends tight glycemic control routinely 
in order to maintain the blood sugar level between 80 
and 120 mg/dl using intravenous infusion of insulin 
based on a sliding scale. The study recruited consecutive 
adult trauma patients admitted between January and 
October 2010 after obtaining informed consent from the 
legally acceptable representative. The protocol received 
approval from the Institutional Review Board and was 
funded by the fl uid research grant.

Random blood sugar (RBS) was checked by the nurses 
using Accucheck® hand held point of care glucometers 
in 113 of the 120 participants. HbA1c was estimated from 
samples collected from all trauma patients admitted to 
SICU within 24 h of admission to the hospital using high 
performance liquid chromatography method. For the 
primary analysis, HbA1c was classifi ed as low (<6.0) or 
high (≥6.0) based on the pre-specifi ed study endpoints. 
During the course of the study, American Diabetic 
Association (ADA) 2010 standards of clinical management 
of diabetes were published, which categorised those 
with HbA1c < 5.7% as non-diabetic, 5.7 to 6.4% as at risk 
and those with > 6.5% as diabetic.[16] We used these cut 
off values to defi ne individuals as diabetic or not in all 
exploratory analyses. At admission, Acute Physiology and 
Chronic Health Evaluation II (APACHE II) scores, injury 
severity scores (ISS) and demographic information was 
collected. Patient’s relatives were interviewed to ascertain 
history of comorbidities including hypertension, obesity, 
chronic obstructive airway diseases and coronary heart 
disease. Details of the circumstances leading to the injury 
were also sought. A description of each injury in addition 
to the ISS was obtained to grade the grievousness of the 
injury.

The patients were followed-up from the time of 
admission to the SICU until discharge from the SICU 
for the incidence of hospital acquired infections (HAI), 
the number of ventilated days, number of days of central 
venous access, the duration and outcome of stay in the 
SICU and mortality. The treating physician in SICU 
who was blinded to the HbA1c levels assessed outcomes 
and potential effect modifi ers such as APACHE II and 
ISS. The National Nosocomial Infections Surveillance 
System (NNIS) criteria from the Centers of Disease 
Control were used for the diagnosis of HAI. Death and 
“Discharge against Medical Advice” were considered 
as poor outcomes.

A one sided test with 80% power and a 5% probability of 
type 1 error to detect a 30% prevalence of poor outcomes 
in trauma patients with diabetes when compared to 10% 
poor outcomes in non-diabetic trauma patients required 
58 subjects in each arm. Expecting one- third of patients 
to have abnormal HbA1c, we chose a ratio of 1:3 elevated 
HbA1c to normal HbA1c. The study was required to 
recruit 40 subjects with elevated HbA1c and 120 subjects 
with normal HbA1c within a consecutive cohort of 160 
subjects. For administrative reasons, the study was halted 
after the accumulation of 120 consecutive subjects. Data 
was entered in Open Clinica 2.0 and analyzed using SPSS 
software version 15.0 SPSS Inc Chicago.

Results
A total of 117 admissions (97.5%) were a result 

of blunt trauma and the rest due to penetrating 
injuries. The common causes of blunt trauma were 
road traffic injuries (98/117) or fall from heights 
especially into unprotected wells (8/117). Male patients 
108/120 (90%) dominated SICU admissions for trauma. 
The age at admission ranged from 16 to 75 with a mean 
of 36 years (standard deviation [SD] 15 years). The mean 
APACHE II was 9.8 (SD 6.9) and the mean ISS was 17.2 (SD 
7.1). 29 (24%) of the 120 patients had an HbA1c ≥ 6. The 
baseline characteristics are presented in Table 1.

Classifying by the 2010 ADA criteria, 67 (56%) had 
HbA1c < 5.7, 39 (32%) HbA1c between 5.7 and 6.4 and 
14 (12%) an HbA1c 6.5 and above. Six of 17 patients (35%) who 
met the 2010 ADA criteria for diagnosis of diabetes (those 
with HbA1c ≥ 6.5 or were on treatment for diabetes) were 
previously undiagnosed to be diabetic. Five out of the 
11 patients who had a pre-admission diagnosis of diabetes 
and 2 of the 6 newly diagnosed diabetics had HbA1c > 7%, 
which is considered sub-optimal glycaemic control.

The duration of ICU stay ranged between 1 and 39 days 
with a mean of 9.5 days (SD 7.6). 99 of the 120 participants 
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(83%) required ventilation and the mean duration of 
ventilation was 7.6 days (SD 6.4). 65 participants (54%) 
developed HAI as defi ned in the NNIS criteria. Of those 
ventilated, 39 (39.4%) developed ventilator associated 
pneumonia (VAP). 31 participants (25.8%) developed 
surgical site infection, 15 developed urinary tract 
infection (12.5%) and 18 (15%) catheter related blood 
stream infection.

16 of 96 patients (17%) who had HbA1c ≥ 6 developed 
SIH. Two of these 16 patients with SIH (12.5%) and 
five of 17 patients (29.4%) with diabetes had poor 
outcomes (P = 0.24). Younger patients (<35 years) had a 
signifi cantly better outcome to ICU stay when compared 
to the older (1.6% poor outcomes vs. 27% poor outcomes; 
P < 0.0001).

In the unadjusted analysis, those with HbA1c ≥ 6 had 
3.14 times greater risk of poor outcome as compared 
to those with HbA1c < 6 (95% confi dence interval [CI]: 
1.29 to 7.61; P = 0.02). Those with HbA1c ≥ 6 also 
showed a prolongation of ICU stay (1.5 days P = 0.38), 
increased number of ventilated days (2.1 days; P = 0.16), 
VAP (relative risk [RR] 1.23; P = 0.5) and higher risk for 
bloodstream infections (RR 1.16; P = 0.37). We noticed 
a trend of increasing risk for poor outcomes across the 
normal, at risk group and diabetics as shown in Figure 1.

The statistically signifi cant predictors of poor outcome 
to ICU stay were age, APACHE II, HbA1c. The univariate 
analysis of the predictors is presented in Table 2. In order 
to predict the risk of developing a poor outcome in those 
with HbA1c ≥ 6 a logistic model was developed, which 
adjusted for APACHE II score, ISS, baseline RBS and 

age at admission. In this model, those with HbA1c ≥ 6 
had a 4.57 times greater risk of poor outcome than those 
with HbA1c < 6 (95% CI: 1.1-18.9). Age and APACHE II 
scores were the other important predictors of ICU stay. 
The parameters used in the model are shown in Table 3.

Exploratory analysis revealed that higher admission RBS 
was a risk factor amongst those without diabetes (odds 
ratio [OR] of 1.88) and appears to be protective in those 
with diabetes (OR of 0.14), but the differences were not 
statistically signifi cant [Table 4].

Discussion
The targets for blood sugar control in intensive care 

settings have seen paradigm shifts over the years. 
Although several large studies have conclusively 
demonstrated the association between hyperglycaemia 
and adverse ICU outcomes,[7,12,17] it is only in the recent 
past that literature has been forthcoming in the context 
of trauma related admissions.[18] There is however, 
considerable debate on whether the relationship is 
confounded and on how tight control of blood sugar 
needs to be.[19]

In our study, we found that 24.2% of our patients had 
abnormal HbA1c of ≥ 6%. This is consistent with the 

Table 1: Baseline characteristics of trauma patients 
admitted to ICU

Baseline 
characteristics

HbA1c (%)

Low (<6) n=91 High (≥6) n=29

Gender
Female 7 (58) 5 (42)
Male 84 (78) 24 (22)

Admission blood sugar
200 or more 13 13
Less than 200 71 16

History of diabetes
Yes 2 (18) 9 (82)
No 89 (82) 20 (18)

Age (years)
Mean 34.3 42.7

APACHE II
Mean 9.2 11.7

Injury severity score
Mean 17.8 15.5

ICU: Intensive care unit; HbA1c: Hemoglobin A1c; APACHE II: Acute physiology and 
chronic health evaluation II

Figure 1: HBA1c categories and outcomes
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Table 2: Risk factors for poor outcome to ICU admission 
amongst trauma patients

Parameter Good outcome 
(%)

Poor outcome 
(%)

P value

Number (N) 104 16
Mean age (years) 34.5 48.25 0.001
APACHE II (mean) 9 15.1 0.02
Injury severity score (mean) 17.3 16.9 0.87
Admission blood sugar≥200 22 (22) 4 (27) 0.744
HbA1c≥6% 21 (20) 8 (50) 0.01

ICU: Intensive care unit; HbA1c: Hemoglobin A1c; APACHE II: Acute physiology and 
chronic health evaluation II
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fi ndings of Kopelman et al. who noted abnormal HbA1c 
in trauma patients to be 22%.[20]

This cohort of trauma patients was predominantly 
male (90%) and this possibly refl ects the risk of trauma 
in the community and health seeking characteristics of 
the population. The mean APACHE II scores of 9.8 and 
the mean ISS of 17 suggests that the severity of injuries in 
this cohort were less severe than those in western cohorts, 
which result from higher velocity blunt trauma.[18]

Age at admission is a strong predictor of ICU outcomes 
with all but one poor outcomes occurring in those older 
than 35 years. APACHE II scores predicted the outcomes 
well. As in a few recent studies we too noticed that the 
ISS, after adjusting for other risk factors such as age, 
obesity, APACHE II and HbA1c, was a poor predictor 
of ICU outcome.[7,18] The mean admission RBS value 
of 180 mg/dl is higher than those observed in other 
studies.[4,18] Those with higher HbA1c had a higher 
incidence of adverse outcomes to ICU stay. HbA1c was 
an independent predictor of ICU outcome after adjusting 
for age, admission blood sugar, APACHE II and 
ISS [Table 3]. Higher HbA1c was also associated with an 
increase in mean duration of ICU stay and mean number 
of ventilated days and the incidence of HAIs though 
these relationships were not statistically signifi cant.

In an interesting cohort study, Graham et al.,[14] analyse 
two large patient datasets from the University Health 
System Consortium and Mayo Clinic APACHE III 
database and conclude that diabetes may not be an 

independent risk factor and suggest that it might be a 
protective factor in medical ICU settings. In contrast, 
this study shows an unambiguous trend of increased 
mortality for those with diabetes in trauma related ICU 
care where tight control of sugars is implemented.

In our study, the admission RBS of ≥ 200 mg/dl is 
associated with adverse outcomes though no statistically 
signifi cant association was found. It is postulated that 
SIH is a greater risk factor among non-diabetics when 
compared to diabetics.[13,14,21] This study only documented 
initial blood sugars at admission and did not measure 
fl uctuations of sugar or the effects of the insulin therapy 
and therefore may be incomplete in representing the 
complex and still poorly understood relationship 
between hyperglycemia, diabetic status, tight control of 
sugars and ICU outcome. The study recruited 120 of the 
160 participants proposed by sample size calculations 
and was therefore underpowered to study the primary 
effect as well as potential differences in subgroups 
including those with underlying diabetes.

Conclusion
This study suggests that HbA1c might be a more useful 

predictor of ICU outcomes than admission blood sugars 
in trauma patients (adjusted OR of 4.57) [Table 3]. We 
believe a more comprehensive, prospective evaluation 
is warranted to study the effect of diabetes on outcomes 
in trauma patients who are managed in critical care 
settings and to determine if these outcomes differ from 
those who develop SIH.
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