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Abstract

Original Article

Introduction

Blood glucose levels at the time of admission to hospital are 
associated with adverse outcomes.[1,2] Studies have shown 
that the spikes in blood glucose over and above the previous 
existing values have more bearing on the outcomes.[3] This is 
due to increased levels of counterregulatory hormones and 
cytokines[4] through their effect on the glucose metabolism.

There are numerous markers and scores for prognosticating 
patients with acute illness. Not many of these take into 
account plasma glucose levels or glycemic variability. It is 
hypothesized that measuring the rise in glucose levels above 
the existing average (HbA1c) would help in assessing the 
stress levels in acute illness.

To derive average ambient glucose levels, the formula from 
A1C‑derived average glucose study (ADAG)[5] may be used. 

The glycemic gap is calculated as a difference between 
the ADAG and the admission glucose and may be a better 
reflector of outcomes.

In the current study, we studied if higher levels of glycemic gap 
can be used as a tool to predict adverse outcomes in patients 
with diabetes mellitus (DM) admitted with critical illness.

Materials and Methods

It is an ambispective study; patients with type 2 DM admitted 
to the Intensive Care Units  (ICUs) were included in this 
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study. The Institutional Ethical Review Board clearance 
was taken.

The following data were collected: age, sex, underlying 
comorbidities, previous medications for diabetes, plasma glucose 
level at the time of admission, HbA1c levels at the time of 
admission, level of mentation, respiratory rate, blood pressure at 
admission, outcomes, length of mechanical ventilation, and length 
of ICU stay. The following adverse outcomes were recorded: 
Multiorgan dysfunction syndrome  (MODS–  dysfunction 

of more than one organ), acute respiratory distress 
syndrome  (ARDS–  PaO2 (mmHg)/FiO2  <200  mmHg), 
shock (defined as persistent hypotension despite adequate fluid 
resuscitation), upper gastrointestinal (UGI) bleed, acute kidney 
injury (AKI‑defined as serum creatinine elevated >0.3 mg/dL or 
50% from baseline), acute respiratory failure (ARF‑defined as 
the need for ventilatory support).

Admission blood glucose was the finger stick glucose value at the 
point of care testing in the accident and emergency department. 
The average glucose for the past 8–12  weeks was derived 
from the formula for ADAG, calculated as such: ADAG  =   
([28.7  ×  HbA1c] ‑ 46.7).[5] The glycemic gap was calculated as 
the difference between admission blood glucose and the ADAG. 
HbA1c was measured using HPLC method (BIORAD).

The following were excluded age <18 years, hypoglycemia 
a t  admiss ion ,  admiss ion  d iagnos i s  o f  d iabe t i c 
ketoacidosis/hyperosmolar hyperglycemic syndrome, 
treatment with corticosteroids, death within 24 h of admission, 
renal failure, acute and chronic blood loss, hemolytic anemia, 
known hemoglobin variants, pregnancy, patients with 
incomplete data, and hospital stay >180 days.

Statistical methods
All the quantitative variables such as point‑of‑care blood 
glucose  (GRBS), HbA1c were summarized in terms of 
descriptive statistics. Chi‑square test was employed to test 
for differences in the proportion while Students‑t test will be 
employed from testing differences in mean value. Area under 
curve‑ROC was calculated to determine the relation between 
the glycemic gap and the oucomes. Youden’s index[6] was used 
to calculate the best possible value of glycemic gap which can 
predict adverse outcomes. The data were calculated using SPSS 
version 17.0 (SPSS, Inc., Chicago, IL, USA).

Results

A total of 200 patients were enrolled, with a mean age ± standard 
deviation of 62 ± 11.24 years and 64.5% (129) were males. 
Majority of the patients (62%) belonged to the age group of 
51-70 years. Comparatively lesser number of patients (38.5%) 
were on insulin. The median (interquartile range) duration of 
hospital stay and ICU stay were 8 (6–12) days and 4 (3–7) 
days, respectively. A  total of 45  (22.5%) patients required 
mechanical ventilation [Table 1,2].

The most common primary diagnosis was cardiovascular (39.5%) 
fol lowed by neurological   (16.5%),  infect ion a t 
diagnosis (16.5%), respiratory (14%), gastrointestinal (7.5%), 
and others (6%) [Table 3].

Glycemic gap distribution was not significantly different across 
age (P = 0.418), gender (P = 0.165), lifestyle (P = 0.465), or 
primary diagnosis (P = 0.733).

A higher glycemic gap was associated with occurrence of 
MODS (P < 0.01), ARDS (P = 0.026), shock  (P = 0.043), 
UGI bleed (P = 0.013), AKI (P = 0.01), and ARF (P < 0.01).

Table 1: Baseline characteristics-I

Mean±SD Range
Age (years) 62.01 11.236 30-87
Duration of 
diabetes (years)

8a 4-10b 1-35

Hospital stay (days) 8a 6-12b 2-46
ICU stay (days) 4a 3-7b 1-34
Number of days on 
mechanical ventilator

4a 2-7b 1-27

HbA1C (%) 9.09 2.14 6-16.5
ADAG (mg/dl) 200.12a 168.55-248.91b 125.5-426.85
Glycemic gap 26.67a −21.96-83.92b −225.85-406.36
Serum creatinine 
(mg/dl)

1.30 0.81 0.36-6.37

Hemoglobin (g%) 12.57 1.96 9.3-172
Total cholesterol 
(mg/dl)

158a 117-192b 56-304

Triglycerides (mg/dl) 137a 105-188b 51-931
LDL (mg/dl) 93a 59.2-123b 8-254
HDL (mg/dl) 37a 28-44b 2.5-95
aMedian, bInterquartile range. SD: Standard deviation, ICU: Intensive 
Care Unit, ADAG: A1C‑derived average glucose, LDL: Low‑density 
lipoprotein, HDL: High‑density lipoprotein

Table 2: Baseline characteristics-II

Frequency (%)
Males 129 (64.5)
Females 71 (35.5)
Diet control 86 (43)
Exercise 30 (15)
Oral antidiabetic use 126 (63)
Insulin use 74 (37)

Table 3: Distribution of patients by primary diagnosis

Frequency (%)
Cardiovascular 79 (39.5)
Thoracic, respiratory 28 (14.0)
Neurologic 33 (16.5)
Gastrointestinal 15 (7.5)
Other 12 (6.0)
Infection 33 (16.5)
Total 200 (100.0)
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G l y c e m i c  g a p  c u t o f f s  o f  4 3 . 3 1 m g / d L , 
45.26 mg/dL, and 39.12 mg/dL were found to be 
discriminatory for predicting ICU mortality (area under 
the receiver operating characteristic  [AUROC]=0.631, 
P  =  0.05), MODS  (AUROC=0.725, P  <  0.001) and 
ARF (AUROC = 0.714, P < 0.001), respectively, A glycemic 
gap cutoff of 25.89 mg/dL was predictive for combined 
occurrence of mortality, MODS, and ARF [Table 4].

Discussion

The findings of our study showed that glycemic gap was a 
good predictor of increased adverse outcomes (MODS, ARDS, 
shock, UGI bleed, AKI, and ARF) and mortality in patients 
with diabetes admitted to the ICU. Glycemic gap cutoffs of 
43.31 mg/dL, 45.26 mg/dL and 39.12 mg/dL were associated 
with increased likelihood of ICU mortality (AUROC = 0.631, 
P  =  0.05), MODS  (AUROC  =  0.725, P  <  0.001) and 
ARF (AUROC = 0.714, P < 0.001). Further, a cutoff as low 
as 25.89 mg/dL was associated with combined occurrence of 
mortality, MODS, and ARF.

Stress‑induced hyperglycemia has been linked to increased 
mortality in hospitalized patients.[1] It occurs due to the release 
of counter‑regulatory hormones and cytokines[4] leading to 
increased gluconeogenesis and insulin resistance. Admission 
glucose levels are associated with higher mortality in patients 
coming to the emergency department.[7,8] In some studies, 
this link was found to be weaker in patients with diabetes.[9] 
Measurement of admission glucose in patients with diabetes 
may not correlate with stress levels as many have previously 
high‑glucose levels in the blood. To counter this fallacy, 
glycemic gap takes into account the HbA1c. HbA1c is not 
affected by stress or infection but can be affected by anemia 
and hemoglobinopathies.[10]

Previously, studies have showed that glycemic gap is 
associated with adverse outcomes in patients having 
diabetes admitted with liver abscess;[11] community‑acquired 
pneumonia  (CAP),[12] and acute myocardial infarction.[13] 
In a study by Liao et  al.,[14] patients with a glycemic gap 
of ≥80 mg/dL had higher ICU mortality, whereas in our study, 
it was 43.31 mg/dL. In another study, a glycemic gap of ≥72 

was found to significantly correlate with adverse outcomes 
in diabetic patients with pyogenic liver abscess.[11] In a study 
by Chen et al.,[12] a glycemic gap of ≥40 mg/dL was found to 
be discriminatory for adverse outcomes in patients with CAP. 
Moreover, it was found to be comparable to clinical scoring 
systems in CAP.

Conclusion

Our study showed that higher glycemic gap levels were 
significantly associated with an increased risk of MODS, 
ARDS, shock, UGI bleed, AKI, ARF, and ICU mortality. 
Glycemic gap is a tool that can be used to determine prognosis 
in patients with type 2 DM admitted with critical illness.
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