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Purpose: The aim of this study was to evaluate the association between blood glucose

within 24 hours after intensive care unit (ICU) admission and prognosis.

Patients and Methods: A retrospective cohort study was conducted using data from

a large critical care database. Patients who had a length of ICU stay ≥24 hours and at least

two blood glucose records within 24 hours after ICU admission were included and hospital

mortality was chosen as the primary outcome. The average, minimum, and maximum blood

glucose within 24 hours after ICU admission were a priori selected as exposures and

associations between each exposure and outcomes were assessed after adjusted for potential

confounders.

Results: A total of 14,237 patients were included finally with an average age of 62.9±17.7

years and a mean SAPS II on admission of 34 (26–44). Among the study population, 20.2%

(2872/14,237) had uncomplicated diabetes, and 6.7% (953/14,237) had complicated diabetes.

Lowest hospital mortality rate was observed in the stratum with an average blood glucose

ranged 110–140 mg/dL, a minimum blood glucose ranged 80–110 mg/dL, and a maximum

blood glucose ranged 110–140 mg/dL. After adjusted for confounders including age, sex,

disease severity scores and comorbidities, an average blood glucose ranged 110–140 mg/dL,

a minimum blood glucose ranged 80–110 mg/dL, and a maximum blood glucose ranged

110–140 mg/dL were associated with the lowest risk of hospital mortality. Consistent results

were found among patients without diabetes in the subgroup analyses stratified by diabetes.

Conclusion: A range of 110–140 mg/dL for average and maximum blood glucose and

a range of 80–110 mg/dL for minimum blood glucose within 24 hours after ICU admission

predicted better prognosis especially among patients without diabetes.
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Introduction
Hyperglycemia is rather common among patients in intensive care unit (ICU), the

prevalence of which ranged from about 40% to nearly 100% based on some previous

reports,1–4 although the exact number is not known and may vary according to

different study populations and different definitions of hyperglycemia. The mechan-

isms of hyperglycemia developed in critically ill patients are also not well under-

stood, which are supposed to be complex and may be related to pre-existing diabetes

(either previously diagnosed or not) and stress hyperglycemia due to increased

counterregulatory hormones.5,6 Hyperglycemia was once considered an adaptive

response essential for survival and therefore not routinely controlled,7 but numerous
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observational studies have provided evidences which sup-

ported a link between hyperglycemia and poor prognosis of

critically ill patients.2,8–15 Now it is well accepted that

glycemic control plays an important role in the management

of patients in ICU,16 but it is still controversial what the

optimal blood glucose range is.17,18 Evidences from several

clinical trials which investigated various ranges of blood

glucose in various populations of ICU patients supported

different target blood glucose, and are sometimes

contrary.19–21 Considering that clinical trials usually only

Figure 1 Flow chart of the study population.

Notes: Records with potential typographical errors were excluded, including a length of ICU or hospitalization stay less than 0, and the ICU admission or discharge time

earlier than the time of death.

Abbreviation: ICU, intensive care unit.
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include study populations under specific and strict criteria,

of which the characteristics may be quite different to the

general population, and that the clinical practice and patient

characteristics in ICU are usually highly heterogeneous,

evidences from real-world clinical data might provide

some clues for trials which aim at determining or validating

the ideal target of glycemic control,22–24 although it is

obvious that what the ideal target of glycemic control

could only be answered by clinical trials. Given current

available observational studies had either limited sample

sizes10 or specific indications,12,14 the study used data from

a large critical care database and focused on mixed ICU

patients, aiming to evaluate the association between blood

glucose within 24 hours after ICU admission and prognosis.

Methods
Study Population
The study used data from the Medical Information Mart for

Intensive Care III (MIMIC-III) database, which encompassed

a large de-identified population of ICU patients admitted to the

Beth Israel Deaconess Medical Center between 2001 and

2012.25 The access to the database was approved by the

institutional review boards of both Beth Israel Deaconess

Medical Center and Massachusetts Institute of Technology

Affiliates after completing the required training course.

Informed consent was waived since only anonymous data

were used. Patients in the database were included if they met

the following inclusion criteria: 1) at least one ICU admission

during the hospitalization; 2) at least 2 blood glucose records

within 24 hours after ICU admission; 3) only the first hospital

admission if there were more than 1 hospital admission in the

database; 4) aged ≥18 years; 5) length of first ICU stay ≥24
hours. Records with potential typographical errors were

excluded, including a length of ICU or hospitalization stay

less than 0, and the ICU admission or discharge time earlier

than the time of death (Figure 1).

Variables Extraction
Structured query language and codes from the MIMIC

Code Repository (https://github.com/MIT-LCP/mimic-

code)26 were used to extract data from the database,

including age, sex, ethnicity, type of admission,

Simplified Acute Physiology Score II (SAPS II)27 on

admission, mechanical ventilation on first day, renal repla-

cement therapy on first day, Elixhauser Comorbidity Index

(SID30),28 and specific comorbidities. For patients who

were older than 89 years, the database shifted the date of

Table 1 Baseline Characteristics of the Study Population

Variables n (14,237)

Age (years) 62.9 (17.7)

Male 7925 (55.7%)

Ethnicity

White 10,056 (70.6%)

Black 1222 (8.6%)

Hispanic 472 (3.3%)

Asian 351 (2.5%)

Native 9 (0.1%)

Other 432 (3.0%)

Unknown 1695 (11.9%)

Type of admission

Elective 1771 (12.4%)

Emergency 12,008 (84.3%)

Urgent 458 (3.2%)

SAPS II on admission 34 (26–44)

Mechanical ventilation on first day 6600 (46.4%)

Renal replacement therapy on first day 500 (3.5%)

Elixhauser Comorbidity Index (SID30) 10 (0–19)

Comorbidities

Congestive heart failure 3852 (27.1%)

Cardiac arrhythmias 3940 (27.7%)

Valvular disease 1728 (12.1%)

Pulmonary circulation disorder 998 (7.0%)

Peripheral vascular disorder 1457 (10.2%)

Hypertension 7416 (52.1%)

Paralysis 512 (3.6%)

Other neurological disease 1736 (12.2%)

Chronic pulmonary disease 2508 (17.6%)

Uncomplicated diabetes 2872 (20.2%)

Complicated diabetes 953 (6.7%)

Hypothyroidism 1335 (9.4%)

Renal failure 1970 (13.8%)

Liver disease 1245 (8.7%)

Peptic ulcer 17 (0.1%)

AIDS 165 (1.2%)

Lymphoma 262 (1.8%)

Metastatic cancer 879 (6.2%)

Solid tumor 840 (5.9%)

Rheumatoid arthritis 413 (2.9%)

Coagulopathy 1846 (13.0%)

Obesity 747 (5.2%)

Weight loss 671 (4.7%)

Fluid and electrolyte disorders 4945 (34.7%)

Blood loss anemia 347 (2.4%)

Deficiency anemia 2643 (18.6%)

Alcohol abuse 1373 (9.6%)

Drug abuse 579 (4.1%)

Psychoses 640 (4.5%)

Depression 1168 (8.2%)

Notes: Data are expressed as mean (standard deviation), median (25th–75th

percentiles) or counts (percentages).

Abbreviations: SAPS II, simplified acute physiology score II; AIDS, acquired

immune deficiency syndrome.
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birth to exactly 300 years before to obscure their ages, and

these records were corrected (by minus 300 and plus 89)

before analysis.

Exposures
Blood glucose records were extracted according to Logical

Observation Identifiers Names and Codes (LOINC)

2345–7. The average, minimum, and maximum blood

glucose within 24 hours after ICU admission were

a priori selected as exposures. Blood glucose levels were

also a priori categorized as <60, 60–80, 80–110, 110–140,

140–180, 180–200, and ≥200 mg/dL.

Outcomes
Hospital mortality, ICU mortality, and 28-day mortality were

studied as outcomes, among which hospital mortality was

chosen as the primary outcome. For patients with multiple

ICU admissions during the hospitalization, ICU mortality

and lengths of ICU stay only referred to the first ICU

hospitalization.

Statistical Analysis
Data were expressed as mean ± standard deviation, median

(25th–75th percentiles), or counts (percentages).

Associations between each exposure and outcomes were

assessed using multivariable logistic regression or Cox

regression adjusted for age, sex, ethnicity, type of admis-

sion, SAPS II on admission, mechanical ventilation on

first day, renal replacement therapy on first day, and

Elixhauser Comorbidity Index (SID30). Subgroup ana-

lyses stratified by diabetes were also conducted after the

adjustment. P values less than 0.05 were considered to

indicate statistical significance. IBM SPSS Statistics for

Windows, version 25.0 (IBM Corp., Armonk, NY, USA)

was used for statistical analyses. The forest plots were

plotted out using R package “ggforestplot”.

Table 2 Clinical Outcomes of the Study Population Stratified by

Blood Glucose Levels Within 24 Hours After ICU Admission

Glucose

(mg/dL)

n �x±SD

(mg/dL)

Hospital

Mortality

ICU

Mortality

28-Day

Mortality

Average of

records

<60 20 52.6±6.5 1 (5.0%) 0 (0.0%) 0 (0.0%)

60–80 278 72.7±5.2 26 (9.4%) 4 (1.4%) 35 (12.6%)

80–110 3019 98.2±7.8 159 (5.3%) 13 (0.4%) 224 (7.4%)

110–140 5162 124.4±8.6 238 (4.6%) 23 (0.4%) 337 (6.5%)

140–180 3512 156.3±11.1 212 (6.0%) 30 (0.9%) 276 (7.9%)

180–200 801 189.3±5.7 61 (7.6%) 12 (1.5%) 77 (9.6%)

≥200 1445 254.9±64.9 103 (7.1%) 30 (2.1%) 127 (8.8%)

Minimum

record

<60 280 48.1±9.6 25 (8.9%) 4 (1.4%) 31 (11.1%)

60–80 1009 71.8±5.5 81 (8.0%) 8 (0.8%) 103 (10.2%)

80–110 5364 96.2±8.2 240 (4.5%) 23 (0.4%) 347 (6.5%)

110–140 4757 122.7±8.4 244 (5.1%) 27 (0.6%) 331 (7.0%)

140–180 2032 154.6±10.8 153 (7.5%) 33 (1.6%) 193 (9.5%)

180–200 334 188.2±5.9 23 (6.9%) 5 (1.5%) 27 (8.1%)

≥200 461 240.1±41.4 34 (7.4%) 12 (2.6%) 44 (9.5%)

Maximum

record

<60 8 53.6±8.0 1 (12.5%) 0 (0.0%) 0 (0.0%)

60–80 113 73.4±4.8 14 (12.4%) 2 (1.8%) 15 (13.3%)

80–110 1884 98.6±7.7 96 (5.1%) 6 (0.3%) 142 (7.5%)

110–140 4046 125.0±8.4 177 (4.4%) 20 (0.5%) 261 (6.5%)

140–180 4022 157.1±11.3 235 (5.8%) 26 (0.6%) 303 (7.5%)

180–200 1102 188.8±5.6 65 (5.9%) 7 (0.6%) 83 (7.5%)

≥200 3062 291.2±131.9 212 (6.9%) 51 (1.7%) 272 (8.9%)

Abbreviations: ICU, intensive care unit; SD, standard deviation.

Table 3 Lengths of ICU/Hospital Stay of the Study Population

Stratified by Blood Glucose Levels Within 24 Hours After ICU

Admission

Glucose

(mg/dL)

n �x±SD

(mg/dL)

Length of ICU

Stay (Days)

Length of Hospital

Stay (Days)

Average of

records

<60 20 52.6±6.5 3.2 (1.9–8.3) 11.5 (7.2–16.9)

60–80 278 72.7±5.2 2.7 (1.7–4.9) 8.4 (5.4–16.1)

80–110 3019 98.2±7.8 2.4 (1.6–4.2) 7.8 (4.8–13.7)

110–140 5162 124.4±8.6 2.7 (1.8–4.9) 8.6 (5.4–14.5)

140–180 3512 156.3±11.1 3.0 (1.9–5.9) 9.2 (6.0–15.9)

180–200 801 189.3±5.7 3.0 (1.9–5.9) 9.2 (5.7–15.7)

≥200 1445 254.9±64.9 3.0 (1.9–6.1) 9.2 (5.5–15.7)

Minimum

record

<60 280 48.1±9.6 3.1 (1.9–6.9) 10.0 (5.7–18.8)

60–80 1009 71.8±5.5 2.7 (1.8–5.0) 8.7 (5.6–15.8)

80–110 5364 96.2±8.2 2.6 (1.7–4.7) 8.0 (5.0–13.7)

110–140 4757 122.7±8.4 2.9 (1.8–5.1) 9.0 (5.8–15.6)

140–180 2032 154.6±10.8 3.0 (1.9–5.8) 9.0 (5.8–15.1)

180–200 334 188.2±5.9 3.0 (1.8–6.5) 9.2 (5.8–17.0)

≥200 461 240.1±41.4 3.1 (1.9–6.6) 9.8 (5.6–15.4)

Maximum

record

<60 8 53.6±8.0 2.6 (1.7–4.4) 9.2 (6.3–14.3)

60–80 113 73.4±4.8 2.9 (1.7–5.1) 7.9 (5.5–15.1)

80–110 1884 98.6±7.7 2.3 (1.6–4.0) 7.5 (4.5–13.3)

110–140 4046 125.0±8.4 2.6 (1.7–4.4) 8.2 (5.2–13.7)

140–180 4022 157.1±11.3 3.0 (1.9–5.7) 9.1 (5.9–15.7)

180–200 1102 188.8±5.6 3.0 (1.9–5.7) 9.1 (5.9–15.6)

≥200 3062 291.2±131.9 3.1 (1.9–6.1) 9.2 (5.6–16.1)

Abbreviations: ICU, intensive care unit; SD, standard deviation.
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Results
Baseline Characteristics of the Study

Population
14,237 patients were included finally with an average age

of 62.9±17.7 years and a mean SAPS II on admission of

34 (26–44). Among the study population, 55.7% (7925/

14,237) were male, 20.2% (2872/14,237) had uncompli-

cated diabetes, and 6.7% (953/14,237) had complicated

diabetes, 46.4% (6600/14,237) needed mechanical ventila-

tion on the first day after ICU admission, and 3.5% (500/

14,237) needed renal replacement therapy on the first day

after ICU admission (Table 1).

Clinical Outcomes Stratified by Blood

Glucose Levels
For average blood glucose and maximum blood glucose, the

stratum ranged 110–140 mg/dL had the lowest hospital

mortality rate (4.6% and 4.4%, respectively). However,

the lowest hospital mortality rate was observed in the stra-

tum with minimum blood glucose ranged 80–110 mg/dL

Figure 2 Associations between average blood glucose levels within 24 hours after ICU admission and hospital mortality.

Notes: Adjusted for age, sex, ethnicity, type of admission, SAPS II on admission, mechanical ventilation on first day, renal replacement therapy on first day, and Elixhauser

Comorbidity Index (SID30).

Dovepress Li et al

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13 submit your manuscript | www.dovepress.com

DovePress
1309

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


(4.5%), followed by a level ranged 110–140 mg/dL (5.1%).

Results of ICU mortality, 28-day mortality, and lengths of

ICU or hospital stay were presented in Tables 2 and 3.

Associations Between Blood Glucose

Levels and Clinical Outcomes
When the stratum of blood glucose ranged 110–140 mg/dL

was taken as the reference and after adjusted for confoun-

ders including age, sex, disease severity scores and comor-

bidities, an average blood glucose ranged 110–140 mg/dL

and a maximum blood glucose ranged 110–140 mg/dL

were both associated with the lowest risk of hospital

mortality (Figures 2 and 3). However, a minimum blood

glucose ranged 80–110 mg/dL was associated with a lower

risk of hospital mortality [odds ratio (OR) 0.82, 95%

confidence interval (CI) 0.67–0.99] compared to the refer-

ence stratum (110–140 mg/dL), while the other strata were

still associated with higher risks of hospital mortality

(OR >1) (Figure 4).

In the subgroup analyses stratified by diabetes, consis-

tent results were found among patients without diabetes,

but for patients with diabetes, an average blood glucose

Figure 3 Associations between maximum blood glucose levels within 24 hours after ICU admission and hospital mortality.

Notes: Adjusted for age, sex, ethnicity, type of admission, SAPS II on admission, mechanical ventilation on first day, renal replacement therapy on first day, and Elixhauser

Comorbidity Index (SID30).
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ranged 140–180 mg/dL was associated with a lower risk of

hospital mortality (OR 0.98, 95% CI 0.64–1.51) compared

to the reference stratum (110–140 mg/dL). Detailed esti-

mations for each stratum together with associations with

ICU mortality and 28-day mortality are presented in

Tables 4–6.

Discussion
The study investigated the associations of blood glucose levels

within 24 hours after ICU admission with various clinical

outcomes using data from a large critical care database, in

which about 14,000 mixed ICU patients were included and

several potential confounders were adjusted including

a disease severity score and a comorbidity score. Results of

the study mainly indicated that an average blood glucose

ranged 110–140 mg/dL within 24 hours after ICU admission

was associated with better prognosis when compared with

other ranges, and the association was solid among patients

without diabetes.

Although there were already several observational stu-

dies available which investigated a similar association,

results of our study will be a fair supplement to the evidence

Figure 4 Associations between minimum blood glucose levels within 24 hours after ICU admission and hospital mortality.

Notes: Adjusted for age, sex, ethnicity, type of admission, SAPS II on admission, mechanical ventilation on first day, renal replacement therapy on first day, and Elixhauser

Comorbidity Index (SID30).
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about the association between blood glucose levels and prog-

nosis of ICU patients. Compared with other observational

studies, our study had some different characteristics. Unlike

some studies which only focused on patients with trauma or

brain injury,8,10,11,13–15 the study investigated a mixed popu-

lation of ICU patients and a model including a comorbidity

score was employed to adjust for potential confounders.

Therefore, results of the study may be seen as an average

evaluation of the associations. When compared with obser-

vational studies that looked at general population of critically

ill patients, the analysis methods and the results of our study

were not exactly the same. Krinsley2 retrospectively ana-

lyzed data of 1826 mixed ICU patients and compared the

mean and maximum glucose between survivors and non-

survivors, concluding that patients with a mean glucose

ranged 80–99 mg/dL had the lowest hospital mortality;

however, our study supported an average glucose ranged

110–140 mg/dL associated with better prognosis, but it

should be aware that our study used a different analysis

strategy. Instead of treating blood glucose as a continuous

variable, in the study it was a priori categorized as <60,

60–80, 80–110, 110–140, 140–180, 180–200, and ≥200 mg/

dL; another difference was that only blood glucose records

within 24 hours after ICU admission were taken into con-

sideration. The reason why these strata were used was that

most of these strata were investigated in various clinical

trials.4,21 Lanspa et al12 used a wider range (70–139 mg/

dL) as the target and found that the time in targeted blood

glucose >80% was associated with reduced mortality espe-

cially in nondiabetic patients. To some extent, this conclusion

was consistent with our study, since in our study the stratum

ranged 110–140 mg/dL and 80–110 mg/dL had the first

and second lowest OR for hospital mortality compared with

other strata especially in patients without diabetes, but

Table 4 Associations Between Average Blood Glucose Levels Within 24 Hours After ICU Admission and Clinical Outcomes

Average Blood Glucose Levels

(mg/dL)

Crude Adjusted* Adjusted*

Without Diabetes Diabetes

OR/HR 95% CI OR/HR 95% CI OR/HR 95% CI OR/HR 95% CI

Hospital mortality

<60 1.09 0.15–8.17 0.70 0.09–5.48 1.35 0.16–11.72 – –

60–80 2.14 1.40–3.26 1.28 0.81–2.03 1.34 0.78–2.30 1.07 0.44–2.63

80–110 1.15 0.94–1.41 1.11 0.90–1.38 1.11 0.87–1.40 1.11 0.65–1.89

110–140 1 Reference 1 Reference 1 Reference 1 Reference

140–180 1.33 1.10–1.61 1.15 0.94–1.41 1.27 1.01–1.59 0.98 0.64–1.51

180–200 1.71 1.27–2.28 1.46 1.07–1.98 1.66 1.11–2.48 1.38 0.82–2.32

≥200 1.59 1.25–2.02 1.23 0.96–1.58 1.77 1.25–2.52 1.09 0.71–1.68

ICU mortality

<60 – – – – – – – –

60–80 3.26 1.12–9.50 2.95 0.97–8.98 2.65 0.74–9.45 6.05 0.53–69.29

80–110 0.97 0.49–1.91 1.19 0.59–2.40 1.31 0.64–2.69 – –

110–140 1 Reference 1 Reference 1 Reference 1 Reference

140–180 1.93 1.12–3.32 1.51 0.86–2.64 1.52 0.82–2.81 2.29 0.56–9.40

180–200 3.40 1.68–6.86 2.57 1.23–5.34 3.52 1.57–7.88 1.40 0.21–9.38

≥200 4.74 2.74–8.18 3.31 1.86–5.88 5.08 2.61–9.89 3.06 0.76–12.28

28-day mortality

<60 – – – – – – – –

60–80 1.99 1.40–2.82 1.23 0.87–1.75 1.18 0.77–1.80 1.34 0.70–2.55

80–110 1.14 0.96–1.35 1.11 0.93–1.31 1.09 0.90–1.31 1.15 0.76–1.7

110–140 1 Reference 1 Reference 1 Reference 1 Reference

140–180 1.21 1.04–1.42 1.08 0.92–1.27 1.14 0.95–1.38 1.00 0.71–1.39

180–200 1.51 1.18–1.93 1.36 1.06–1.74 1.47 1.06–2.03 1.38 0.91–2.08

≥200 1.37 1.12–1.68 1.15 0.94–1.41 1.66 1.25–2.20 1.01 0.72–1.44

Notes: *Adjusted for age, sex, ethnicity, type of admission, SAPS II on admission, mechanical ventilation on first day, renal replacement therapy on first day, and Elixhauser

Comorbidity Index (SID30).

Abbreviations: ICU, intensive care unit; OR, odds ratio; HR, hazard ratio; CI, confidence interval.
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interpreting results of our study should be cautious since only

blood glucose within 24 hours after ICU admission was

looked at, which might be more related to the illness itself,

or put it in other words, might be merely a marker of illness

severity. We also evaluated the associations of blood glucose

with other clinical outcomes including ICUmortality and 28-

day mortality, and results were similar. Although there were

also a few clinical trials which investigated the similar

association,19–21 results of our study could not be directly

compared to them, because the clinical trials were designed

and conducted to determine the optimal target of glucose

control, while the study aimed to evaluate the association

between blood glucose within 24 hours after ICU admission

and prognosis.

One more thing that needs to discuss is about the

interpretation of the results. As presented in Tables 4–6,

there were quite a lot of borderline confidence intervals of

the associations between blood glucose levels and clinical

outcomes. Although from a statistical point of view the

confidence interval of a significant association should not

include 1, most of these borderline results suggested

a poorer prognosis compared with the reference stratum

since they were toward an odds ratio or hazard ratio

greater than 1.29

There are some potential limitations of the study. As

a retrospective design, variables such as blood glucose levels

before hospital admission were unavailable. The average of

blood glucose might be affected by the number of blood

glucose measurements, which was not taken into considera-

tion in the study. Therapy for controlling blood glucose was

also not considered, but since only blood glucose in the first

24 hours after ICU admission was studied, it may be not that

important. However, based on the design of the study, it

should be award that results of the study should not be seen

Table 5 Associations Between Minimum Blood Glucose Levels Within 24 Hours After ICU Admission and Clinical Outcomes

Minimum Blood Glucose Levels

(mg/dL)

Crude Adjusted* Adjusted*

Without Diabetes Diabetes

OR/HR 95% CI OR/HR 95% CI OR/HR 95% CI OR/HR 95% CI

Hospital mortality

<60 1.81 1.18–2.79 1.01 0.63–1.61 1.45 0.80–2.62 0.61 0.27–1.36

60–80 1.61 1.24–2.10 1.14 0.87–1.51 1.12 0.80–1.56 1.15 0.69–1.91

80–110 0.87 0.72–1.04 0.82 0.67–0.99 0.84 0.68–1.04 0.68 0.45–1.04

110––140 1 Reference 1 Reference 1 Reference 1 Reference

140–180 1.51 1.22–1.86 1.37 1.10–1.71 1.63 1.25–2.12 1.04 0.69–1.57

180–200 1.37 0.88–2.13 1.21 0.76–1.93 2.21 1.23–3.98 0.63 0.28–1.42

≥200 1.47 1.02–2.14 1.12 0.75–1.66 1.83 0.99–3.39 0.91 0.52–1.58

ICU mortality

<60 2.54 0.88–7.31 1.69 0.55–5.20 1.64 0.43–6.18 1.91 0.20–17.97

60–80 1.40 0.63–3.09 1.33 0.59–3.01 1.28 0.50–3.27 1.49 0.27–8.21

80–110 0.75 0.43–1.32 0.83 0.47–1.46 0.85 0.46–1.58 0.62 0.14–2.78

110–140 1 Reference 1 Reference 1 Reference 1 Reference

140–180 2.89 1.73–4.82 2.70 1.59–4.59 3.17 1.75–5.75 1.99 0.59–6.65

180–200 2.66 1.02–6.96 2.40 0.88–6.57 3.51 1.10–11.20 1.47 0.16–13.28

≥200 4.68 2.36–9.31 3.24 1.53–6.85 6.96 2.82–17.23 1.41 0.30–6.63

28-day mortality

<60 1.628 1.127–2.352 0.959 0.66–1.392 1.1 0.674–1.795 0.82 0.46–1.48

60–80 1.497 1.2–1.868 1.102 0.881–1.378 1.02 0.774–1.345 1.23 0.83–1.82

80–110 0.924 0.795–1.074 0.874 0.752–1.017 0.907 0.764–1.075 0.72 0.52–1.01

110–140 1 Reference 1 Reference 1 Reference 1 Reference

140–180 1.386 1.16–1.655 1.285 1.075–1.535 1.516 1.225–1.877 1.01 0.73–1.40

180–200 1.177 0.795–1.742 1.09 0.736–1.614 1.728 1.056–2.829 0.71 0.37–1.37

≥200 1.396 1.019–1.912 1.149 0.838–1.574 1.808 1.119–2.923 0.96 0.62–1.49

Notes: *Adjusted for age, sex, ethnicity, type of admission, SAPS II on admission, Mechanical ventilation on first day, Renal replacement therapy on first day, and Elixhauser

Comorbidity Index (SID30).

Abbreviations: ICU, intensive care unit; OR, odds ratio; HR, hazard ratio; CI, confidence interval.
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as an evidence that support a blood glucose ranged

110–140 mg/dL (or 80–140 mg/dL) as the optimal target of

glucose control for ICU patients. Due to the concern about

limited sample sizes in some blood glucose strata, reasons for

ICU admission were also not taken into consideration. In

addition, the study did not research other clinical outcomes

such as hypoglycemia or nosocomial infection which might

be important in clinical practice. The potential association

between variability of blood glucose and prognosis might be

also an interesting point to explore in further studies.

Conclusion
A range of 110–140 mg/dL for average and maximum

blood glucose and a range of 80–110 mg/dL for minimum

blood glucose within 24 hours after ICU admission pre-

dicted better prognosis especially among patients without

diabetes. Further studies especially randomized controlled

trials are needed to explore whether this range could be an

optimal target for blood glucose control in the early stage

after ICU admission.

Abbreviations
ICU, intensive care unit; MIMIC-III, Medical Information

Mart for Intensive Care III; SAPS II, Simplified Acute

Physiology Score II; LOINC, Logical Observation

Identifiers Names and Codes; OR, odds ratio; CI, confi-

dence interval; AIDS, acquired immune deficiency syn-

drome; SD, standard deviation; HR, hazard ratio.
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Table 6 Associations Between Maximum Blood Glucose Levels Within 24 Hours After ICU Admission and Clinical Outcomes

Maximum Blood Glucose Levels

(mg/dL)

Crude Adjusted* Adjusted*

Without Diabetes Diabetes

OR/HR 95% CI OR/HR 95% CI OR/HR 95% CI OR/HR 95% CI

Hospital mortality

<60 3.12 0.38–25.52 2.29 0.26–20.53 6.22 0.54–72.28 – –

60–80 3.09 1.73–5.52 1.86 0.98–3.52 2.58 1.26–5.29 0.68 0.14–3.30

80–110 1.17 0.91–1.51 1.09 0.83–1.42 1.05 0.79–1.41 1.24 0.63–2.43

110–140 1 Reference 1 Reference 1 Reference 1 Reference

140–180 1.36 1.11–1.66 1.26 1.02–1.55 1.32 1.05–1.66 1.13 0.68–1.87

180–200 1.37 1.02–1.84 1.08 0.80–1.47 1.12 0.78–1.60 1.10 0.59–2.05

≥200 1.63 1.32–2.00 1.18 0.95–1.46 1.40 1.07–1.84 1.14 0.72–1.79

ICU mortality

<60 – – – – – – – –

60–80 3.63 0.84–15.71 2.81 0.61–12.90 3.46 0.73–16.38 – –

80-110 0.64 0.26–1.60 0.69 0.27–1.75 0.59 0.22–1.61 2.85 0.16–50.54

110–140 1 Reference 1 Reference 1 Reference 1 Reference

140–180 1.31 0.73–2.35 1.00 0.55–1.83 0.98 0.53–1.84 2.23 0.22–22.38

180–200 1.29 0.54–3.05 0.82 0.34–1.99 1.09 0.45–2.68 – –

≥200 3.41 2.03–5.73 1.99 1.16–3.42 2.14 1.17–3.91 5.87 0.74–46.39

28-day mortality

<60 – – – – – – – –

60–80 2.14 1.27–3.60 1.20 0.71–2.03 1.31 0.71–2.41 1.02 0.36–2.86

80–110 1.18 0.96–1.44 1.10 0.90–1.35 1.08 0.86–1.35 1.20 0.72–2.02

110–140 1 Reference 1 Reference 1 Reference 1 Reference

140–180 1.18 1.00–1.39 1.10 0.93–1.30 1.15 0.96–1.38 1.01 0.68–1.50

180–200 1.18 0.92–1.51 0.97 0.76–1.24 0.91 0.67–1.23 1.17 0.73–1.88

≥200 1.40 1.18–1.66 1.09 0.92–1.29 1.28 1.03–1.59 1.05 0.73–1.49

Notes: *Adjusted for age, sex, ethnicity, type of admission, SAPS II on admission, mechanical ventilation on first day, renal replacement therapy on first day, and Elixhauser

Comorbidity Index (SID30).

Abbreviations: ICU, intensive care unit; OR, odds ratio; HR, hazard ratio; CI, confidence interval.
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