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Background: Association of diabetes and admission glucose on the short-term prognosis in
patients with critical illnesses are currently ambiguous. We aimed to determine whether
diabetes and admission glucose affects short-term prognosis of critically ill patients.
Methods: We performed a retrospective analysis of data on 46,476 critically ill patients
from the critical care database. Association of diabetes with 28-day mortality was assessed
by inverse probability weighting based on the propensity score. Smoothing splines and
threshold effect analysis were applied to explore the relationship between admission glucose
and clinical outcomes.

Results: Of the 33,680 patients enrolled in the study, 8,701 (25.83%) had diabetes. In the
main analysis, the 28-day mortality was reduced by 29% (hazard ratio (HR)=0.71, 95%
confidence interval (CI) 0.67-0.76) in patients with diabetes compared to those without
diabetes. The E-value of 2.17 indicated robustness to unmeasured confounders. Significant
interactions were observed for glucose at ICU admission, admission type, and insulin use
(Interaction P <0.05). A V-shaped relationship was observed between admission glucose and
28-day mortality in non-diabetic patients, with the lowest 28-day mortality corresponding to
a glucose level of 101.75 mg/dl (95% CI 94.64-105.80 mg/dl), and admission hypoglycemia
or hyperglycemia should be avoided, especially in patients admitted to the surgical intensive
care unit (SICU), cardiac surgery recovery unit (CSRU), and coronary care unit (CCU); for
diabetic patients, elevated admission glucose does not appear to be associated with a poor
prognosis and perhaps may be beneficial except for CCU and CSRU.

Conclusion: The non-detrimental effect of diabetes on the short-term prognosis of critically
ill patients was further confirmed, which would reduce 28-day mortality by approximately
29%. For non-diabetic patients, the admission glucose level corresponding to the lowest 28-
day mortality was 101.75 mg/dl (95% CI 94.64-105.80 mg/dl); however, for diabetics, the
appropriate admission glucose threshold remains unresolved.
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Background

Diabetes is rapidly emerging as a pandemic worldwide. Of the overall US popula-
tion, approximately 34.2 million people had developed diabetes in 2018, of which
34.1 million were adults (>18 years), accounting for 13.0% of all US adults.' In
critical ill patients admitted to the intensive care units (ICUs), diabetes is
a relatively frequent diagnosis. Diabetes occasionally leads to ICU admissions but
is usually a part of a comorbid condition. As diabetes is a multifaceted disease that
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can lead to immune system impairments and metabolic
dysregulations, treatment of patients is complicated, poten-
tially increasing the severity of the primary disease.” On
reviewing studies over the past 20 years, the percentage of
critically ill patients with diabetes as a comorbid condition
13.2% to 30.4%.* '
Furthermore, these studies were inconclusive about the

was found to range from
relationship between diabetes and the prognosis in patients
with acute illness. Some studies suggested that in critically
ill patients, diabetes increased the risk of mortality as well
as the incidence of infection.®'” Other studies suggested
that diabetes may not negatively affect the clinical out-
comes of critically ill patients and may even be protective,
which seems to conflict with clinical judgment.'' '3

In addition, there is no consensus on the scope of
optimal glycemic control to date. In the past two decades,
numerous clinical trials have attempted to explore the
optimal range of glycemic control to reduce mortality in
critically ill patients; however, these clinical trials have
yielded conflicting results.*7-'*'? From the first clinical
trial in 2001 until now, there has only been a consensus
that the safest range for glycemic control in critically ill
patients should not be higher than 180 mg/dl; however,
the safest range for glycemic control is still unknown.”*
Determining the optimal range of glycemic control from
the results of clinical trials with large sample sizes is
difficult, and previous clinical trials have been both hard-
won and praiseworthy. Considering the susceptibility to
variations in blood glucose levels in critically ill patients
after ICU admission, we examined whether there is
a relationship between admission glucose and short-term
prognosis in critically ill patients and, if so, to what
extent.

The objective of our study was to determine whether
diabetes and admission glucose affect short-term prognosis

of critically ill patients.

Methods
Patient Data

We carried out a retrospective analysis of data on 46,476
critically ill patients from the Critical Care Multiparameter
Database 111 (MIMIC-III) version 1.4.2° The Beth Isracl
Deaconess Medical Center and the institutional review
boards of MIT-affiliated institutions granted permission
to access the database (Record ID: 33460949). The
requirement for patient consent was waived because of
the anonymity of data.

All adult (=18 years) patients were recruited for the
study, but patients with a follow-up of >1 day were
included in the analysis. We only analyzed patients who
were admitted to the ICU for the first time. Blood glucose
was determined on the basis of the first plasma glucose
obtained in the patients admitted to the ICUs, which was
measured by hospital laboratory staff and uploaded onto
the electronic medical records system. Together with con-
ventional variables such as demographic characteristics
(age, sex, admission type, etc.), therapeutic interventions,
and clinical outcomes, we simultaneously extracted data
on the simplified acute physiology score II (SAPS II),*'
sepsis, and specified comorbidities. Therapeutic interven-
tions included the requirement for mechanical ventilation
(MV) or renal replacement therapy (RRT) on the first day
and insulin for the entire ICU period. Data were extracted
using structured query language (SQL), the website and
code to generate support for MIMIC-III documentation are

released publicly.?* >

Outcomes
The primary study endpoint was 28-day mortality in criti-
cally ill patients.

Statistical Analysis

Data were expressed as mean + standard deviation or
median (interquartile range, IQR) for continuous variables,
with comparison of group characteristics using the
Kruskal-Wallis test (or Fisher’s exact test); categorical
variables were expressed as numbers and percentages,
which were compared using the Chi-square test. We con-
structed propensity score methods utilizing the following
three propensity score models: covariate-adjusted propen-
sity score, propensity score matching (PSM), and inverse
probability weighting based on the propensity score.
A logistic regression model was used to compute the
propensity score, which consisted of the following base-
line covariates: age, sex, sepsis, admission type, use of
insulin, type of ICU on admission, SAPS II, MV on the
first day, glucose at ICU admission, RRT on the first day,
cardiac arrhythmias, congestive heart failure, peripheral
vascular disease, hypertension, valvular disease, other neu-
rological diseases, chronic pulmonary disease, acquired
immune deficiency syndrome (AIDS), liver disease, renal
failure, lymphoma, metastatic cancer, solid tumor, obesity,
fluid and electrolyte disorders, drug abuse, alcohol abuse,
and depression.”> Propensity score matching was per-
formed using a 1:1 matching protocol without replacement
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(greedy-matching algorithm), with a caliper width equal to
0.05 of the standard deviation of the logit of the propensity
score. For the inverse-probability-weighted analysis, we
used the predicted probability of a propensity score
model to obtain stable inverse probability weights.*®
Standardized differences between covariates that were
10.0%
condition.”” The adjustment variables in the multivariate

less than represented a relatively balanced
analysis model were consistent with those in the propen-
sity score models. The results of the main analysis were
used along with inverse probability weighting. We also
calculated E-values to explore the potential effect of
of diabetes and 28-day
mortality.”*?° The E-value allowed for quantifying the

unmeasured confounders
required magnitude of an unmeasured confounding factor
that might counteract the observed correlation between
diabetes and 28-day mortality. The Kaplan—Meier method
(Log rank test) was used to describe survival differences of
the PSM patients.

Subsequently,

whether there

a U-shaped association between 28-day mortality and

to determine was

blood glucose levels on admission, we performed
a smoothing splines using a Cox model to fit the 28-day
mortality. Inflection points were measured by the two-
piece-wise regression model constructed in the threshold
effects analysis, with the differences compared via the log-
likelihood ratio test and the 95% confidence interval (CI)
for the inflection point computed using the bootstrap
method.>® Finally, we performed stratified analyses and
interaction tests to explore the concordance of the associa-
tions for outcomes within different subgroup variables,
which included demographic characteristics (eg, age and
sex), therapeutic regimens (eg, use of insulin or not),
different glucose concentrations, types of ICUs, sepsis,
and SAPS II. EmpowerStats (www.empowerstats.com)

and R (http://www.R-project.org, version 3.4.3) were

applied to all data analyses. A P value <0.05 was consid-
ered statistically significant.

Results
Characteristics of Patients Before and

After Propensity Score Matching

In this study, 33,680 patients with a mean age of 63.65
years were enrolled, among whom 8,701 had diabetes,
accounting for about 25.83% [Table 1 and Figure 1].
Before propensity score matching, there were several dif-
ferences in the baseline variables between the groups of

patients with and without diabetes. With propensity score
matching in a 1:1 ratio, 7,261 patients with diabetes were
matched with 7,261 patients without diabetes. The model
had a C-statistic of 0.8214. After matching, all variables
had standardized differences less than 10.0%, which sug-
gested that the between-group difference was relatively
small [Table 2].

Clinical Outcomes in Unmatched and
Propensity Score-Matched Patients

Before matching, there were no obvious differences in the
28-day mortality, in-hospital mortality, or ICU mortality
between the two groups (all P>0.05) [Table 3]. After
matching, patients with diabetes had a significantly lower
28-day, ICU, and in-hospital mortality than did those with-
out diabetes (all P<0.001). Kaplan—Meier curves indicated
that patients with diabetes had a considerably better survi-
val advantage than did matched patients without diabetes
(Log rank test: P <0.0001) [Figure 2].

Associations Between with Diabetes and

Clinical Outcomes

As shown in Table 4, a multivariable model with
inverse probability weighting based on the propensity
score showed that the 28-day mortality rate was
reduced by 29% (hazard ratio (HR)=0.71, 95% CI 0.-
67—-0.76) in the group with diabetes compared with the
group without diabetes. The estimated E-value was
2.17 (upper confidence limit 1.96), which means that
if there were no immeasurable confounders associated
with diabetes as well as 28-day mortality, with relative
risks of >2.17 for both, then the results we obtained
were robust.

Stratified Analyses and Interaction Tests

Altogether, the effect of the association between diabetes
and 28-day mortality was generally in line for all subgroup
variables [Table 5 and Figure 3]. Significant interactions
were observed for glucose at ICU admission, admission
type, and insulin use (Interaction P <0.05). Admission
glucose levels of 140-200 mg/dl and >200 mg/dl were
associated with a remarkable reduction in 28-day mortality
in patients with diabetes as compared with those without
diabetes (HR=0.84, 95% CI 0.74-0.95 and HR=0.49, 95%
CI 0.46-0.70, respectively). Patients with diabetes who
were admitted to the ICUs in the emergency and urgent
in 28-day

settings also had differential reductions
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Table | Characteristics of Unmatched Patients

Variables All Patients Without Diabetes With diabetes Standardized
(N=33,680) (N=24,979) (N=8701) Difference, %
Age (years) 63.65%17.40 62.44+18.28 67.10£14.02 28.6
Sex 24
Male 19,103 (56.72%) 14,090 (56.41%) 5013 (57.61%)
Female 14,577 (43.28%) 10,889 (43.59%) 3688 (42.39%)
Admission type 33
Emergency 27,691 (82.22%) 20,502 (82.08%) 7189 (82.62%)
Elective 5426 (16.11%) 4079 (16.33%) 1347 (15.48%)
Urgent 563 (1.67%) 398 (1.59%) 165 (1.90%)
Type of ICU on admission 26.3
Cccu 4811 (14.28%) 3344 (13.39%) 1467 (16.86%)
CSRU 6349 (18.85%) 4434 (17.75%) 1915 (22.01%)
MICU 12,071 (35.84%) 8811 (35.27%) 3260 (37.47%)
SICU 5623 (16.70%) 4320 (17.29%) 1303 (14.98%)
TSICU 4826 (14.33%) 4070 (16.29%) 756 (8.69%)
Glucose at ICU admission (mg/dl) 137.20+40.96 128.39+32.52 162.15+50.92 79.0
Sepsis 11,265 (33.45%) 8037 (32.18%) 3228 (37.10%) 10.4
Use of insulin 19,061 (56.59%) 12,092 (48.41%) 6969 (80.09%) 70.1
SAPS Il 33.00 (24.00-42.00) 32.00 (23.00-41.00) 35.00 (27.00-44.00) 225
MV on the first day 15,262 (45.31%) 11,260 (45.08%) 4002 (45.99%) 1.8
RRT on the first day 922 (2.74%) 513 (2.05%) 409 (4.70%) 14.7
Other comorbidities
Congestive heart failure 8141 (24.17%) 5192 (20.79%) 2949 (33.89%) 29.7
Cardiac arrhythmias 9785 (29.05%) 6910 (27.66%) 2875 (33.04%) 1.7
Valvular disease 5267 (15.64%) 3882 (15.54%) 1385 (15.92%) 1.0
Peripheral vascular disease 3478 (10.33%) 2307 (9.24%) 1171 (13.46%) 133
Hypertension 18,544 (55.06%) 12,153 (48.65%) 6391 (73.45%) 52.6
Other neurological disease 4124 (12.24%) 3246 (12.99%) 878 (10.09%) 9.1
Chronic pulmonary disease 6251 (18.56%) 4499 (18.01%) 1752 (20.14%) 5.4
Liver disease 2407 (7.15%) 1709 (6.84%) 698 (8.02%) 4.5
Renal failure 4254 (12.63%) 2225 (8.91%) 2029 (23.32%) 40.0
AIDS 303 (0.90%) 263 (1.05%) 40 (0.46%) 6.9
Lymphoma 583 (1.73%) 465 (1.86%) 118 (1.36%) 4.0
Metastatic cancer 2137 (6.35%) 1764 (7.06%) 373 (4.29%) 12.0
Solid tumor 1717 (5.10%) 1294 (5.18%) 423 (4.86%) 1.5
Obesity 1865 (5.54%) 902 (3.61%) 963 (11.07%) 289
Fluid and electrolyte disorders 9573 (28.42%) 6820 (27.30%) 2753 (31.64%) 9.5
Alcohol abuse 2812 (8.35%) 2418 (9.68%) 394 (4.53%) 202
Drug abuse 1217 (3.61%) 1069 (4.28%) 148 (1.70%) 15.2
Depression 2878 (8.55%) 2124 (8.50%) 754 (8.67%) 0.6

Abbreviations: ICU, intensive care unit; SAPS Il, simplified acute physiology score IlI; AIDS, acquired immune deficiency syndrome; CCU, coronary care unit; CSRU, cardiac
surgery recovery unit; MICU, medical intensive care unit; SICU, surgical intensive care unit; TSICU, trauma/surgical intensive care unit; MV, mechanical ventilation; RRT, renal

replacement therapy.

mortality (HR=0.85, 95% CI 0.78-0.93 and HR=0.34,
95% CI 0.15-0.77, respectively); however, no significant
reduction in 28-day mortality was observed among
patients admitted elective. A significant reduction in 28-

day mortality was observed in diabetic patients with insu-
lin (HR=0.76, 95% CI 0.68—0.84), whereas the beneficial
effect was not observed in diabetic patients without insulin
(HR=1.09, 95% CI 0.93-1.27).
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46,476 patients with 61,532 ICU
admissions in MIMIC-III database

Excluding patients with multiple ICU
admissions (N=14,786)

Excluding patients younger than 18

e years of age (N=7,968)

.| Excluding patients with less than 1
e day of follow-up (N=693)

.| Excluding patients with LOS hospital

<LOS ICU (N=4,135)

Y

Final Cohort (N=33,680)

Y

With diabetes
(N=8,701)

Unmatched patients

Without diabetes
(N=24,979)

\

y

\ 4

With diabetes
(N=7,261)

Propensity score-matched patients . .
p Y p Without diabetes

(N=7,261)

Figure | Flowchart of study participants.
Abbreviations: ICU, intensive care unit; LOS, length of stay.

Smoothing Splines and Threshold Effect diabetes, with either a relatively low or high blood glucose

Analysis

We performed smoothing splines of admission blood glucose
concentrations to 28-day mortality in patients with and without

concentration being negatively detrimental to clinical out-
comes; however, the effects of admission glucose concentra-

tions on 28-day mortality were intuitively more moderate in

diabetes, indicating a V-shaped relationship between admis-  diabetics than in non-diabetics [Figure 4]. Subsequently, in the

sion blood gluc()se and 28_day m()rtality in paﬁents without quantitative analysis of the threshold effect, the inflection pOiIlt
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Table 2 Characteristics of Propensity Score-Matched Patients

Variables All Patients Without Diabetes With Diabetes Standardized
(N=14,522) (N=7,261) (N=7,261) Difference, %
Age (years) 67.47£14.73 67.84+15.32 67.10%14.11 5.0
Gender 0.8
Male 8404 (57.87%) 4217 (58.08%) 4187 (57.66%)
Female 6118 (42.13%) 3044 (41.92%) 3074 (42.34%)
Admission type 4.4
Emergency 11,639 (80.15%) 5757 (79.29%) 5882 (81.01%)
Elective 2614 (18.00%) 1368 (18.84%) 1246 (17.16%)
Urgent 269 (1.85%) 136 (1.87%) 133 (1.83%)
Type of ICU on admission 9.5
Cccu 2273 (15.65%) 1194 (16.44%) 1079 (14.86%)
CSRU 3707 (25.53%) 1908 (26.28%) 1799 (24.78%)
MICU 4747 (32.69%) 2180 (30.02%) 2567 (35.35%)
SICU 2348 (16.17%) 1220 (16.80%) 1128 (15.54%)
TSICU 1447 (9.96%) 759 (10.45%) 688 (9.48%)
Glucose at ICU admission 149.19 (41.03) 147.32 (41.61) 151.07 (40.35) 9.1
(mg/dl)
Sepsis 5667 (39.02%) 2883 (39.71%) 2784 (38.34%) 28
Use of insulin 11,207 (77.17%) 5613 (77.30%) 5594 (77.04%) 0.6
SAPS Il 35.00 (27.00-44.00) 35.00 (27.00-44.00) 35.00 (27.00-44.00) 2.0
MV on the first day 7245 (49.89%) 3689 (50.81%) 3556 (48.97%) 37
RRT on the first day 581 (4.00%) 289 (3.98%) 292 (4.02%) 0.2
Other comorbidities
Congestive heart failure 4566 (31.44%) 2274 (31.32%) 2292 (31.57%) 0.5
Cardiac arrhythmias 4978 (34.28%) 2534 (34.90%) 2444 (33.66%) 2.6
Valvular disease 2540 (17.49%) 1301 (17.92%) 1239 (17.06%) 22
Peripheral vascular disease | 1993 (13.72%) 1033 (14.23%) 960 (13.22%) 29
Hypertension 10,319 (71.06%) 5180 (71.34%) 5139 (70.78%) 1.2
Other neurological disease | 1492 (10.27%) 733 (10.10%) 759 (10.45%) 1.2
Chronic pulmonary 2898 (19.96%) 1447 (19.93%) 1451 (19.98%) 0.1
disease
Liver disease 1070 (7.37%) 536 (7.38%) 534 (7.35%) 0.1
Renal failure 2758 (18.99%) 1346 (18.54%) 1412 (19.45%) 23
AIDS 60 (0.41%) 28 (0.39%) 32 (0.44%) 0.9
Lymphoma 233 (1.60%) 122 (1.68%) 111 (1.53%) 1.2
Metastatic cancer 688 (4.74%) 345 (4.75%) 343 (4.72%) 0.1
Solid tumor 742 (5.11%) 375 (5.16%) 367 (5.05%) 0.5
Obesity 1224 (8.43%) 586 (8.07%) 638 (8.79%) 2.6
Fluid and electrolyte 4305 (29.64%) 2156 (29.69%) 2149 (29.60%) 0.2
disorders
Alcohol abuse 690 (4.75%) 329 (4.53%) 361 (4.97%) 2.1
Drug abuse 260 (1.79%) 127 (1.75%) 133 (1.83%) 0.6
Depression 1163 (8.01%) 567 (7.81%) 596 (8.21%) 1.5

Abbreviations: ICU, intensive care unit; SAPS Il, simplified acute physiology score IlI; AIDS, acquired immune deficiency syndrome; CCU, coronary care unit; CSRU, cardiac
surgery recovery unit; MICU, medical intensive care unit; SICU, surgical intensive care unit; TSICU, trauma/surgical intensive care unit; MV, mechanical ventilation; RRT, renal

replacement therapy.

was determined to Dbe

101.75 mg/dl
94.64-105.80 mg/dl) for 28-day mortality in patients without

diabetes. After correction for potential confounders, the

(95% CI

threshold effect of admission glucose on 28-day mortality
was markedly significant, namely, the HR for admission glu-
cose <101.75 was 0.98, and the HR for admission glucose
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Table 3 Clinical Outcomes in Unmatched and Propensity Score-Matched Patients

Clinical Outcomes Unmatched Patients Propensity Score-Matched Patients
Without With P-value Without With P-value
Diabetes Diabetes Diabetes Diabetes
(N=24,979) (N=8701) (N=7,261) (N=7,261)
28-day mortality, n(%) 2715 (10.87%) 957 (11.00%) 0.738 964 (13.28%) 798 (10.99%) <0.001
ICU mortality, n(%) 1502 (6.01%) 493 (5.67%) 0.238 588 (8.10%) 403 (5.55%) <0.001
Hospital mortality, n(%) 2300 (9.21%) 769 (8.84%) 0.302 855 (11.78%) 626 (8.62%) <0.001

Abbreviation: ICU, intensive care unit.

>101.75 was 1.01 (P-value for log-likelihood ratio test,
<0.001) [Table 6]. As for the 28-day mortality in patients
with diabetes, threshold effects analysis revealed that no sig-
nificant differences were observed in either the one-line linear

regression model or the two-piece-wise linear regression

model (P-value for log-likelihood ratio test, 0.132) [Table 6].
Additionally, we fitted smoothing splines for the relationship
between admission glucose and 28-day mortality in diabetic
and non-diabetic patients in different ICUs and further ana-
lyzed the effects of different admission glucose level groups

Without diabetes
= \With diabetes

2 0.75-
3
®
QO
o
o 0.504
©
>
=
>
0 0.25-
P <0.0001
0.00+1
0 10 20
Days after ICU admission (days)
Number at risk
7261 6692 6419
7261 6827 6581
0 10 20
Days after ICU admission (days)
Figure 2 Kaplan—Meier survival curve of the PSM patients.
Abbreviations: ICU, intensive care unit; PSM, propensity score matching.
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Table 4 Associations Between Diabetes and Clinical Outcomes
in the Crude Analysis, Multivariable Cox Analysis, and Propensity

Score Analyses

Clinical Outcomes
28-Day Mortality Groups HR (95% CI) P-value
Crude analysis Without diabetes | Ref. -
With diabetes 1.01 (0.94-1.09) | 0.8045
Multivariable analysis Without diabetes | Ref. -
With diabetes 0.86 (0.79-0.93) | 0.0004
Propensity-score models
Adjusted for Without diabetes | Ref. -
propensity score With diabetes 0.90 (0.83-0.98) | 0.0132
With matching Without diabetes | Ref. -
With diabetes 0.81 (0.74-0.89) | <0.0001
With inverse Without diabetes | Ref. -
probability weighting | With diabetes 0.71 (0.67-0.76) | <0.0001

Notes: Multivariable analysis adjusted for age, sex, sepsis, admission type, use of
insulin, type of ICU on admission, SAPS Il, glucose at ICU admission, MV on the
first day, RRT on the first day, cardiac arrhythmias, congestive heart failure, periph-
eral vascular disease, valvular disease, hypertension, other neurological diseases,
chronic pulmonary disease, renal failure, liver disease, AIDS, lymphoma, metastatic
cancer, solid tumor, obesity, fluid and electrolyte disorders, alcohol abuse, drug
abuse, and depression; Propensity score was calculated by age, sex, sepsis, admis-
sion type, use of insulin, type of ICU on admission, SAPS Il, glucose at ICU
admission, MV on the first day, RRT on the first day, cardiac arrhythmias, congestive
heart failure, peripheral vascular disease, valvular disease, hypertension, other
neurological diseases, chronic pulmonary disease, renal failure, liver disease, AIDS,
lymphoma, metastatic cancer, solid tumor, obesity, fluid and electrolyte disorders,
alcohol abuse, drug abuse, and depression; Propensity score matching was per-
formed with the use of a |:I matching protocol without replacement (greedy-
matching algorithm), with a caliper width equal to 0.05 of the standard deviation
of the logit of the propensity score; Inverse probability weighting was used with the
same covariates according to the propensity score.

Abbreviations: HR, hazard ratio; Cl, confidence interval.

on 28-day mortality in diabetic and non-diabetic patients in
different ICUs [Table 7, and Figures 5 and 6]. As shown in
Table 7, we found that in non-diabetic patients, admission
blood glucose level >200 mg/dl had variable adverse effects
on different ICU patients, especially those in the cardiac
surgery recovery unit (CSRU) (HR=3.68, 95% CI 1.57-8.60).
Moreover, admission blood glucose level <70 mg/dl, espe-
cially among patients in the surgical intensive care unit
(SICU), was associated with a significant increase in 28-day
mortality (HR=10.17, 95% CI 2.49-41.57). In diabetic
patients, admission hyperglycemia (>200 mg/dl) was equally
detrimental to the patients in the coronary care unit (CCU) and
those in the CSRU (HR=2.35, 95% CI 1.44-3.81 and
HR=3.53, 95% CI 1.37-9.12), whereas in the other ICUs,
admission hyperglycemia was not associated with a poor prog-

nosis, and is perhaps beneficial for the patients.

Discussion

In this study, we purposefully selected a well-represented
study population of critically ill patients admitted to ICUs
from a large critical healthcare database and investigated
the clinical outcomes of these patients with and without
diabetes, in addition to exploring the impact of blood
glucose at ICU admission on the presence or absence of
diabetes. We found that 1) diabetes was not a detrimental
factor for critically ill patients in the ICUs, which would
reduce the risk of 28-day mortality by about 29%, 2)
a V-shaped relationship was observed between admission
glucose and 28-day mortality in patients without diabetes,
and hypoglycemia or hyperglycemia should be avoided,
especially in patients admitted to the SICU, CSRU, and
CCU; for patients with diabetes, an elevated admission
glucose does not appear to be associated with a poor
prognosis and is perhaps beneficial for certain ICU
patients, and 3) particular attention should be paid to
admission hypoglycemic events in critically ill patients
without diabetes in the SICU and admission hyperglyce-
mic events in all critically ill patients in the CCU and
CSRU regardless of the presence of diabetes, which war-
rants the attention of clinicians.

Currently, the mechanisms underlying what appears to
be a predominantly neutrally or protective link between
diabetes and mortality in critically ill patients continue to
be elusive. If diabetes is associated with decreased mor-
tality in patients with critical illness, just a single mechan-
ism may not be involved. Biologically, part of the potential
mechanism may be that glucose plays a critical role in the
function of activated immune cells and that glucose is
a key contributor to energy production and maintenance
of immune cell functions as well as the synthesis of
immunomodulators.*' * Furthermore, diabetic patients
develop a tolerance to hyperglycemia because of chroni-
cally elevated blood glucose concentrations, making the
harmful hyperglycemia transform into an “energy factory”,
and for the harmful effects to persist, higher blood glucose
concentrations would be required.’* Namely, the smooth-
ing splines revealed graphically that blood glucose level
has a relatively small effect on patients with diabetes, and
in subsequent further analyses, elevated blood glucose was
not statistically associated with an increase in 28-day
mortality. Our results also revealed an association between
the use of insulin and diabetes on 28-day mortality, that is,
there was a significant reduction in 28-day mortality in
patients with diabetes who used insulin, whereas no such
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Table 5 Effect Size of Diabetes on 28-Day Mortality Rate in Prespecified and Exploratory Subgroups in Each Subgroup

Y=28-Day Mortality Adjusted Model
Without Diabetes With Diabetes, HR (95% CI) P-value P for Interaction
Age (years) 0.3461
<65 1.0 0.86 (0.72—-1.01) 0.0732
265 1.0 0.86 (0.78-0.95) 0.0021
Sex 0.7880
Male 1.0 0.85 (0.76-0.96) 0.0067
Female 1.0 0.87 (0.77-0.98) 0.0242
Glucose at ICU admission (mg/dl) <0.0001
<140 1.0 1.03 (0.91-1.17) 0.6588
=140, <200 1.0 0.84 (0.74-0.95) 0.0061
2200 1.0 0.57 (0.46-0.70) <0.0001
Admission type 0.0280
Emergency 1.0 0.85 (0.78-0.93) 0.0003
Elective 1.0 1.22 (0.80-1.84) 0.3529
Urgent 1.0 0.34 (0.15-0.77) 0.0101
Type of ICU on admission 0.1173
Cccu 1.0 0.61 (0.49-0.76) <0.0001
CSRU 1.0 0.94 (0.66—1.33) 0.7151
MICU 1.0 0.94 (0.83-1.06) 0.3221
SICU 1.0 0.81 (0.66—0.98) 0.0315
TSICU 1.0 0.96 (0.74-1.23) 0.7236
SAPS I 0.1625
<30 1.0 0.69 (0.50-0.94) 0.0202
230, <60 1.0 0.79 (0.71-0.87) <0.0001
260 1.0 1.14 (0.95-1.38) 0.1613
Use of insulin 0.0007
No 1.0 1.09 (0.93-1.27) 0.2952
Yes 1.0 0.76 (0.68-0.84) <0.0001
Sepsis 0.1191
NO 1.0 0.90 (0.80-1.01) 0.0655
YES 1.0 0.82 (0.73-0.93) 0.0019
MV on the first day 0.6200
NO 1.0 0.84 (0.74-0.96) 0.0078
YES 1.0 0.87 (0.78-0.97) 0.0147
RRT on the first day 0.7566
NO 1.0 0.86 (0.79-0.94) 0.0005
YES 1.0 0.88 (0.63—1.23) 0.4665

Notes: Adjusted by age, sex, sepsis, admission type, use of insulin, type of ICU on admission, SAPS Il, mechanical ventilation on first day, glucose at ICU admission, renal
replacement therapy on first day, cardiac arrhythmias, congestive heart failure, peripheral vascular disease, valvular disease, hypertension, other neurological diseases, chronic
pulmonary disease, renal failure, liver disease, AIDS, lymphoma, metastatic cancer, solid tumor, obesity, fluid and electrolyte disorders, alcohol abuse, drug abuse, and
depression except for the subgroup variable.

Abbreviations: HR, hazard ratio; Cl, confidence interval; ICU, intensive care unit; SAPS I, simplified acute physiology score Il; CCU, coronary care unit; CSRU, cardiac
surgery recovery unit; MICU, medical intensive care unit; SICU, surgical intensive care unit; TSICU, trauma/surgical intensive care unit; MV, mechanical ventilation; RRT, renal
replacement therapy.

difference between patients with and without diabetes who 1732 patients (11.85%) had diabetes in the non-insulin
did not use insulin was observed. Further analysis of the  cohort, which may have weakened the decreasing effect
with or without insulin used cohort revealed that only of 28-day mortality in the diabetes cohort and resulted in
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HR (95% CI) P for interaction
Age 0.3461
<65 —— 0.86 (0.72-1.01)
>=65 —— 0.86 (0.78-0.95)
Sex 0.788
Male —— 0.85 (0.76-0.96)
Female —— 0.87 (0.77-0.98)
Glucose at ICU admission (mg/dl) <0.0001
<140 —— 1.03 (0.91-1.17)
>=140, <200 —— 0.84 (0.74-0.95)
>=200 —— 0.57 (0.46-0.70)
Admission type 0.028
Emergency —— 0.85 (0.78-0.93)
Elective 1.22 (0.80-1.84)
Urgent —_— 0.34 (0.15-0.77)
Type of ICU on admission 0.1173
CCU —— 0.61 (0.49-0.76)
CSRU —_— 0.94 (0.66-1.33)
MICU —1 0.94 (0.83-1.06)
SICU — 0.81 (0.66-0.98)
TSICU —— 0.96 (0.74-1.23)
SAPS 11 0.1625
<30 —_— 0.69 (0.50-0.94)
>=3(), <60 —— 0.79 (0.71-0.87)
>=60 +— 1.14 (0.95-1.38)
Use of insulin 0.0007
NO —+— 1.09 (0.93-1.27)
YES —— 0.76 (0.68-0.84)
Sepsis 0.1191
NO — 0.90 (0.80-1.01)
YES —— 0.82 (0.73-0.93)
MYV on the first day 0.62
NO —— 0.84 (0.74-0.96)
YES —— 0.87 (0.78-0.97)
RRT on the first day 0.7566
NO —— 0.86 (0.79-0.94)
YES — 0.88 (0.63-1.23)
I 1
0 1 2

Figure 3 Forest plot of diabetes on 28-day mortality in prespecified and exploratory subgroups in each subgroup.
Abbreviations: ICU, intensive care unit; SAPS Il, simplified acute physiology score Il; CCU, coronary care unit; CSRU, cardiac surgery recovery unit; MICU, medical
intensive care unit; SICU, surgical intensive care unit; TSICU, trauma/surgical intensive care unit; MV, mechanical ventilation; RRT, renal replacement therapy.

the negative findings. However, this does not completely
refute the association between diabetes and favorable out-
comes, from an HR of 0.86 in multivariable analysis to an
HR of 0.76 in stratified analysis, suggesting that the insu-
lin use further reduced 28-day mortality in diabetic
patients. The underlying mechanisms have been partially
explained in previous studies with dysfunctional autop-
hagy in critically ill patients, which plays a key role in

both host defense and cell survival;***¢

insulin not only
plays a role in glucose regulation but also inhibits the
autophagic catabolic process.’” Still, the occurrence of
hypoglycemia resulting from the use of insulin should
not be ignored. Although the incidence of hypoglycemia
was high in the two Leuven studies,*’ the condition of
patients who experienced hypoglycemia did not worsen

when compared to that in who did not experience
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Figure 4 Association between admission glucose and 28-day mortality in critically ill patients with and without diabetes.

Abbreviation: HR, hazard ratio.

hypoglycemia. The use of intensive insulin therapy to
lower the blood glucose level to normal values requires
careful monitoring of blood glucose, as classical neurolo-
gical symptoms can be offset by sedation or underlying
mental status disorders.

In terms of glucose concentrations, glycemic control in
critically ill patients is still an area of considerable concern.
The initial recognition of the potentially detrimental effects of
hyperglycemia prompted a sequence of studies that targeted
intensive insulin treatment strategies with the goal of tight
glycemic control. With the accumulation of knowledge, how-
ever, there have been mixed results regarding interventions for
intensive insulin therapy, ie, the excessive pursuit of tight
glycemic control in critically ill patients is exactly
a counterproductive step.* '*'® On the basis of the data
from the two Leuven studies, it was considered practical to
achieve blood glucose levels of 80-110 mg/dl (rather than
180-200 mg/dl).*” The NICE-SUGAR study concluded that
a blood glucose target of 180 mg/dl or less was less likely to
result in mortality than a target of 81-108 mg/dl.” Krinsley et al

adopted different glycemic control strategies on the basis of

diabetes status and hemoglobin Alc (HbAlc) levels in criti-
cally ill patients and found that a blood glucose level of
80-140 mg/dl was safe and effective in patients without dia-
betes and in those with diabetes but with a low HbAlc level,
however, for patients with diabetes and HbAlc levels greater
than 7%, the glycemic target remains ambiguous.'® These
findings mean that the moderate glycemic control strategy
has been widely established in critically ill patients.
Currently, an accurate answer regarding optimal blood glucose
concentrations remains elusive. Moreover, the complexity and
variability of conducting large samples of clinical trials is well
known. Our findings were consistent with the “personalized”
strategy for patients with and without diabetes. In our study, for
patients without diabetes, the admission glucose concentration
corresponding to the lowest 28-day mortality was 101.75 mg/
dl (95% CI 94.64-105.80 mg/dl), whereas for critically ill
patients with diabetes, admission hyperglycemia did not sig-
nificantly increase the 28-day mortality, and they even bene-
fited from a higher blood glucose level (up to 200 mg/dl), with
the exception of patients admitted to the CCU and CSRU. Our
study primarily established an optimal threshold for the
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Table 6 Threshold Effect Analysis of Glucose Levels and 28-Day
Mortality Rate Using Piece-Wise Linear Regression

Outcome: 28-day mortality (with diabetes)

One-line linear regression model: HR=1.001, 95% CI (1.000-1.002),
P=0.2155

The two-piece-wise linear regression model

Infection point HR 95% Cl P-value
< 25825 mg/dl 1.00 1.00-1.00 0.8098
= 258.25 mg/dl 1.01 1.00-1.01 0.0760

The log-likelihood ratio test: P=0.132

The confidence interval of the inflection point: 98.75-260.00 mg/dI

Outcome: 28-day mortality (without diabetes)

One-line linear regression model: HR=1.004, 95% CI (1.003—1.005),
P<0.0001

The two-piece-wise linear regression model

Infection point HR 95% ClI P-value
< 101.75 mg/dI 0.98 0.97-0.99 <0.0001
2 [01.75 mg/dl 1.01 1.00-1.01 <0.0001

The log-likelihood ratio test: P<0.001

The confidence interval of the inflection point: 94.64—105.80 mg/dI

Notes: Adjusted by age, sex, sepsis, admission type, use of insulin, type of ICU on
admission, SAPS I, MV on the first day, RRT on the first day, cardiac arrhythmias,
congestive heart failure, peripheral vascular disease, valvular disease, hypertension,
other neurological diseases, chronic pulmonary disease, renal failure, liver disease,
AIDS, lymphoma, metastatic cancer, solid tumor, obesity, fluid and electrolyte
disorders, alcohol abuse, drug abuse, and depression.

Abbreviations: HR, hazard ratio; Cl, confidence interval.

glycemic range by retrospective analysis of a large sample,
which may potentially inform the practice of glycemic control
and treatment strategies in critically ill patients. Nonetheless, it
should be noted that we used blood glucose concentrations at
ICU admission, which, although minimizing treatment effects,
we acknowledged that this might not be fully extrapolated to
the optimal range of glycemic control.

There are limitations of our study as well. First, we
attempted to obtain information on the plasma glucose levels
at ICU admission to eliminate the influence of interventions
on glucose levels, but we were unable to definitively state
whether the interventions that the patients received before
ICU admission, such as intravenous fluid administration and
steroid hormone injection, affected glucose levels. Second, as
no data on HbA 1c levels are available yet, we cannot exclude
the possibility of new-onset diabetes. Indeed, in previous
studies on measuring HbA I¢ in patients without diabetes, it

was found that 5.5%, 6.8%, and 9.3% of critically ill patients
had higher than normal HbAlc levels,*® *° confirming that
certain patients may have had undetected diabetes before ICU
admission. In addition, it should be emphasized that our study
did not differentiate the patients’ diabetes type (eg, type 1 or
type 2). Third, we were unable to obtain information on the
duration, severity, and complications of diabetes, as well as
medication prescribed and therefore could not measure the
impact of these factors on the outcomes. We used different
models, including inverse-probability-weighted analysis, to
investigate the independent role of diabetes and the clinical
outcomes, but as with all retrospective studies, it was possible
that residual confounders may exist. However, these clinical
and electronic data were prospectively collected and inde-
pendently measured, which makes them not easily amenable
to manipulation. In addition, with the calculation of E-value
to quantify the potential impact of unmeasured confounders,
we found that unmeasured confounders are not likely to
contribute to the overall effect. Fourth, we should be cautious
in interpreting these results, as the results of a correlation
analysis should not be mistaken for proof of causality. Finally,
as the single-center study design results in reduced external
validity, the aspects of glycemic control strategies and mor-
tality reduction differing between critically ill patients with
and without diabetes warrant prospective studies that can
address the aforementioned limitations.

Conclusions

From this retrospective review of the prospectively col-
lected data, the non-detrimental effect of diabetes on the
short-term prognosis of critically ill patients was further
confirmed, which would reduce 28-day mortality by
approximately 29%. Furthermore, for non-diabetic patients,
the admission glucose levels corresponding to the lowest
101.75 mg/dl (95% CI
94.64-105.80 mg/dl), and admission hypoglycemic or

28-day mortality was

hyperglycemic events should be avoided as much as possi-
ble, especially in patients admitted to the SICU, CSRU, and
CCU. Moreover, for diabetic patients other than those
admitted in the CCU and CSRU, elevated admission glucose
do not appear to be associated with a poor prognosis and
could benefit the patients as well. Finally, clinicians should
be particularly attentive to admission hypoglycemic events
in critically ill patients without diabetes in the SICU and to
admission hyperglycemic events in critically ill patients in
the CCU and CSRU, regardless of the presence of diabetes.
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Table 7 Effect of Admission Glucose Levels on 28-Day Mortality in Different ICU Patients with and without Diabetes

Type of ICU

>70, <140 mg/d

<70 mg/dl

=140, <200 mg/dl

>200 mgl/dl

Without Diabetes (H

R, 95% ClI, P-value)

CCcu
CSRU
MICU
SICU
TSICU
Total

1.0
1.0
1.0
1.0
1.0
1.0

2.20 (0.30-16.20) 0.4377
1.0

1.35 (0.70-2.62) 0.3764
10.17 (2.49-41.57) 0.0012
2.59 (0.34-19.43) 0.3559
1.57 (0.91-2.73) 0.1062

1.24 (0.98-1.57) 0.0685
2.56 (1.73-3.77) <0.0001
1.05 (0.93-1.20) 0.4311
1.33 (1.10-1.61) 0.0032
1.58 (1.27-1.98) <0.0001
1.25 (1.15-1.37) <0.0001

2.27 (1.58-3.27) <0.0001
3.68 (1.57-8.60) 0.0026
1.43 (1.16-1.76) 0.0008
2.28 (1.52-3.41) <0.0001
2.06 (1.20-3.55) 0.0091
1.80 (1.54-2.10) <0.0001

With Diabetes (HR, 95% Cl, P-value)

CCcu
CSRU
MICU
SICU
TSICU
Total

1.0
1.0
1.0
1.0
1.0
1.0

2.95 (0.39-22.51) 0.2963
1.0

0.43 (0.10-1.76) 0.2399
0.00 (0.00-Inf) 0.9939
0.00 (0.00-Inf) 0.9980
0.60 (0.19-1.90) 0.3878

1.72 (1.10-2.69) 0.0172
1.14 (0.62-2.13) 0.6689
0.80 (0.65-0.99) 0.0390
0.97 (0.66—1.42) 0.8764
1.14 (0.71-1.84) 0.5916
1.01 (0.87-1.18) 0.8775

2.35 (1.44-3.81) 0.0006
3.53 (1.37-9.12) 0.0092
0.74 (0.58-0.95) 0.0180
1.22 (0.77-1.94) 0.3956
1.05 (0.58-1.90) 0.8626
1.09 (0.91-1.31) 0.3306

Notes: Adjusted by age, sex, sepsis, admission type, use of insulin, type of ICU on admission, SAPS Il, MV on the first day, RRT on the first day, cardiac arrhythmias,
congestive heart failure, peripheral vascular disease, valvular disease, hypertension, other neurological diseases, chronic pulmonary disease, renal failure, liver disease, AIDS,
lymphoma, metastatic cancer, solid tumor, obesity, fluid and electrolyte disorders, alcohol abuse, drug abuse, and depression.
Abbreviations: HR, hazard ratio; Cl, confidence interval; ICU, intensive care unit; SAPS Il, simplified acute physiology score Il; CCU, coronary care unit; CSRU, cardiac

surgery recovery unit; MICU, medical intensive care unit; SICU, surgical intensive care unit; TSICU, trauma/surgical intensive care unit.
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Figure 5 Association between admission glucose and 28-day mortality in critically ill patients without diabetes admitted to different ICU types.
Abbreviations: HR, hazard ratio; ICU, intensive care unit; CCU, coronary care unit; CSRU, cardiac surgery recovery unit; MICU, medical intensive care unit; SICU, surgical
intensive care unit; TSICU, trauma/surgical intensive care unit.
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Figure 6 Association between admission glucose and 28-day mortality in critically ill patients with diabetes admitted to different ICU types.
Abbreviations: HR, hazard ratio; ICU, intensive care unit; CCU, coronary care unit; CSRU, cardiac surgery recovery unit; MICU, medical intensive care unit; SICU, surgical

intensive care unit; TSICU, trauma/surgical intensive care unit.

Abbreviations

ICU, intensive care unit; SAPS II, simplified acute phy-
siology score II; AIDS, acquired immune deficiency syn-
drome; PSM, propensity score matching; SQL, structure
query language; IQR, interquartile range; CI, confidence
interval; HR, hazard ratio; CCU, coronary care unit;
CSRU, cardiac surgery recovery unit; MICU, medical
intensive care unit; SICU, surgical intensive care unit;
TSICU, trauma/surgical intensive care unit.
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