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Aim: To explore the clinical outcomes among preadmission insulin-treated type 2 diabetes mellitus (T2DM) in intensive care units 
(ICU).
Patients and Methods: In this retrospective observational study, 578 T2DM patients admitted to ICU were recruited from March 2011 to 
February 2021, which were composed of 528 patients treated with insulin after ICU admission (including 300 preadmission non-insulin- 
treated and 228 preadmission insulin-treated patients) and 50 patients treated without insulin before and after ICU admission. Clinical 
outcomes were compared between the groups. Variables of age (± 10 years), gender, blood glucose >10 mmol/l on ICU admission, and 
original comorbidities were used for matching to get the 1:1 matched cohort. The Kaplan–Meier survival curves were graphed to describe 
the survival trend and Cox regression analysis was performed to get adjusted hazard ratio (HR).
Results: Compared with the preadmission non-insulin-treated T2DM patients, preadmission insulin-treated T2DM patients had higher 
incidence of hypoglycemia [14.5% (33/228) vs 8.7% (26/300); p = 0.036]. In the 1:1 matched cohort, the preadmission insulin-treated 
T2DM patients had significantly increased mortality rate [30.0% (45/150) vs (16.0% (24/150)); adjusted HR, 1.68 (1.01–2.80)] than 
preadmission non-insulin-treated T2DM patients. Compared with T2DM patients treated without insulin before and after ICU 
admission, preadmission insulin-treated T2DM patients had higher mortality and longer length of ICU stay (all p < 0.05).
Conclusion: Preadmission insulin treatment was associated with increased mortality rate and longer length of ICU stay among T2DM 
patients in ICU. Preadmission insulin-treated T2DM patients might have worse clinical outcomes when they are critically ill.
Keywords: insulin treatment, intensive care units, type 2 diabetes mellitus, mortality, ICU stay

Introduction
Diabetes has the fastest increasing incidence of all diseases worldwide, and it poses a major threat to global health.1,2 The 
proportion of patients with T2DM admitted to the ICU is also growing.3 One study reported a mortality rate of 36.0% in 
ICU patients with T2DM, compared with 29.1% in those without diabetes, which indicated that critically ill patients with 
T2DM tend to have worse outcomes and prognoses.4 Thus, glycemic care of critically ill patients with T2DM is an 
important part of treatment besides regulating their homeostatic function and stress response.5,6 Suitable glucose control 
in critically ill patients was recommended for a better clinical outcome.
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Insulin is widely used as a classic, direct, and effective anti-diabetic agent.7 Traditionally, insulin treatment was 
always applied in T2DM patients when the function of pancreatic islet beta cells fails to compensate for the ongoing 
insulin resistance8 and patients have complicated comorbidities such as chronic kidney disease.9 Along with the 
definition of “intensive insulin therapy”, the time of insulin initiation is getting earlier, even in newly diagnosed 
T2DM patients.10–12 Therefore, there is a trend that the population with insulin application is growing.

Previous studies demonstrated that insulin therapy for critical illness decreased mortality in certain patients,13,14 and 
some researchers reported that insulin treatment was related to an increased mortality rate.15,16 These studies provide 
inconsistent evidence on the outcome benefits of insulin treatment. However, insulin exposure before admission is rarely 
taken into account when clinical outcomes are being explored in these studies. Gamble et al took a unique approach to 
quantify the relationship between insulin exposure and mortality, and they found that increasing levels of insulin 
exposure were associated with higher mortality in older patients with T2DM.17 Clinically, critically ill patients with 
T2DM admitted to the ICU can be divided into those who have not used insulin before admission and those who have 
received insulin treatment. Even if insulin exposure during hospitalization plays an important role in clinical outcomes, 
the association of preadmission insulin treatments with the risk of mortality in critically ill patients should not be ignored.

When considering the preadmission glycemic control methods, we will gain new insights into the impact of insulin 
treatment on clinical outcomes in critically ill patients with T2DM. Accordingly, we conducted a retrospective study to 
assess the effect of preadmission insulin treatment on clinical outcomes in patients with T2DM admitted to the ICU.

Materials and Methods
Study Population
This retrospective study investigated 791 T2DM patients from 4005 patients admitted to the ICU between March 2011 and 
February 2021 in Tongji Hospital Wuhan, China. Inclusion criteria were: (1) age ≥18 years; (2) length of ICU stay ≥3 days; 
and the exclusion criteria were: (1) age ≥85 years; (2) previous glycemic control methods were unknown; (3) missing all or 
almost all data on laboratory characteristics and clinical characteristics; and (4) type 1 diabetes mellitus. After excluding the 
patients who met the exclusion criteria, further analysis was conducted on 578 critically ill patients with T2DM, in which 528 
patients received treatments with insulin (including 228 with preadmission insulin treatment and 300 with preadmission non- 
insulin treatment) and 50 patients received treatments without insulin after ICU admission (Figure 1). The time distribution of 
these 528 patients admitted to the hospital is presented in Supplementary Figure 1 to show that the sample collection over the 
large time span was not biased towards one or a few years. The ethics committee of Tongji Hospital approved the study design 

Figure 1 The flowchart of study design.
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(IRBID: TJ-IRB20200229). The written informed consent was waived by the Ethics Committee due to the retrospective and 
anonymous nature of the data. In addition, the present study complies with the Declaration of Helsinki.

Definitions
T2DM was diagnosed according to a self-reported medical history or the use of anti-diabetic agents or insulin as chronic 
medication. Alternatively, newly diagnosed T2DM was based on HbA1c ≥6.5% and/or random plasma glucose ≥11.1 
mmol/L18 and classified as T2DM in the medical record system. The preadmission insulin-treated T2DM patients were 
referred to patients treated with insulin (intravenous and/or subcutaneous insulin) within 90 days before ICU admission. 
The preadmission non-insulin-treated T2DM patients were referred to patients receiving treatments without insulin (oral 
anti-diabetic agents, lifestyle intervention, or no intervention) before ICU admission.

Data Collection and Endpoints Definitions
The demographic data, medical history, laboratory results, and data clinical treatments were extracted through the 
electronic medical records. Two study investigators collected and checked these data independently. The glycemic 
control methods before and after ICU admission are shown in Supplementary Table 1. Data from laboratory tests 
included parameters from the routine blood test, blood biochemistry for liver, renal function, random blood glucose, 
coagulation function, and myocardial markers. All laboratory values were based upon the first measurement on ICU 
admission. If serum chemistry measurements were not tested on ICU admission, then the most recent values measured 
close to the first day of ICU admission were used.

Statistical Analysis
Categorical variables were calculated as n (%) and compared using Pearson’s chi-square or Fisher’s exact test. 
Continuous variables were described as mean (standard deviation) or median (interquartile range) and analyzed with 
the independent t-test or Mann–Whitney test. The main characteristics at ICU admission, treatments during ICU stay, and 
clinical outcomes were compared among preadmission insulin-treated T2DM patients and preadmission non-insulin- 
treated T2DM patients. Then, patients in these two groups were matched by age ± 10 years, gender, glucose >10 mmol/L 
on ICU admission, diabetic nephropathy, chronic kidney disease, coronary heart disease, and ALT > 41 U/L based on the 
result of the previous analysis. Continuous variables in 150 matched pairs were compared using a paired t-test or a paired 
samples Wilcoxon test. Kaplan–Meier survival curves were graphed to compare the 60-day survival rate for patients in 
the matched cohort by the Log rank test. We calculated the hazard ratios and 95% confidence interval by Cox 
proportional regression models and the proportional assumptions were examined by Schoenfeld’s global test. All 
statistical analyses were conducted with SPSS 26.0, Stata 15.0, and GraphPad Prism 8.0. A two-tailed p-value <0.05 
was considered statistically significant.

Results
Characteristics of T2DM Patients at ICU Admission and Treatments During ICU Stay
The basic characteristics of 528 T2DM patients who received insulin treatment after ICU admission, including 300 
(56.8%) preadmission non-insulin-treated T2DM patients and 228 (43.2%) preadmission insulin-treated T2DM patients 
are shown in Table 1. Among these patients, 331 (62.7%) were male and 197 (37.3%) were female. The average age was 
62.4 years. In the preadmission insulin-treated T2DM patients, the proportions of patients with blood sugar over 10 
mmol/L, prevalence of diabetic nephropathy, chronic kidney disease, and coronary heart disease were significantly higher 
than those in the preadmission non-insulin-treated T2DM patients (p < 0.05 for both). Laboratory parameters showed that 
compared with preadmission non-insulin-treated T2DM patients, preadmission insulin-treated T2DM patients had higher 
levels of creatinine, blood urea nitrogen N-terminal pro-B-type natriuretic peptide (NT-ProBNP), potassium, erythrocyte 
sedimentation rate (ESR) and lower levels of estimated glomerular filtration rate (eGFR), hemoglobin, alanine amino
transferase (ALT), aspartate aminotransferase (AST) (all p < 0.05). Treatments during ICU stay are presented at the 
bottom of Table 1. Preadmission insulin-treated T2DM patients were more frequently treated with continuous renal 
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Table 1 Comparison of Main Characteristics at ICU Admission and Treatments During ICU Stay Between Preadmission Non-Insulin-Treated and Preadmission Insulin-Treated T2DM 
Patients

Variable Unmatched P-value Matched* (1: 1) P-value

All Patients  
(n = 528)

Non-Insulin  
(n = 300)

Insulin  
(n = 228)

All Patients  
(n = 300)

Non-Insulin  
(n = 150)

Insulin  
(n = 150)

Baseline characteristics

Age 62.4 ± 12.3 62.0 ± 12.7 62.9 ± 11.7 0.393 62.4 ± 11.3 62.3 ± 11.4 62.5 ± 11.2 0.601

Age range (≥ 60 years) 321 (60.8) 177 (59.0) 144 (63.2) 0.332 190 (63.3) 93 (62.0) 97 (64.7) 0.632

Gender, male 331 (62.7) 190 (63.3) 141 (61.8) 0.726 104 (34.7) 52 (34.7) 52 (34.7) 1.000

Blood glucose >10 mmol/L 354 (67.0) 184 (61.3) 170 (74.6) 0.001 226 (75.3) 113 (75.3) 113 (75.3) 1.000

Diabetic nephropathy 90 (17.0) 28 (9.3) 62 (27.2) <0.001 34 (11.3) 17 (11.3) 17 (11.3) 1.000

Diabetic retinopathy 19 (3.6) 9 (3.0) 10 (4.4) 0.397 14 (4.7) 8 (5.3) 6 (4.0) 0.584

Hypertension 318 (60.2) 174 (58.0) 144 (63.2) 0.230 168 (56.0) 83 (55.3) 85 (56.7) 0.816

Coronary heart disease 189 (35.8) 96 (32.0) 93 (40.8) 0.037 104 (34.7) 52 (34.7) 52 (34.7) 1.000

COPD 30 (5.7) 16 (5.3) 14 (6.1) 0.692 19 (6.3) 7 (4.7) 12 (8.0) 0.236

Chronic kidney disease 141 (26.7) 52 (17.3) 89 (39.0) <0.001 68 (22.7) 34 (22.7) 34 (22.7) 1.000

Chronic liver disease 76 (14.4) 46 (15.3) 30 (13.2) 0.481 44 (14.7) 27 (18.0) 17 (11.3) 0.103

Sepsis 71 (13.4) 41 (13.7) 30 (13.2) 0.865 48 (16.0) 27 (18.0) 21 (14.0) 0.345

Acute myocardial infarction 77 (14.6) 44 (14.7) 33 (14.5) 0.950 35 (11.7) 19 (12.7) 16 (10.7) 0.590

APACHE II score 15.0 (10.0–22.3) 15.0 (10.0–21.0) 16.0 (10.0–25.5) 0.521 16.0 (10.0–24.0) 16.0 (10.0–22.0) 16.0 (10.0–27.0) 0.177

Laboratory parameters

Routine blood test

White-cell count, ×109 /L 10.1 (7.1–14.4) 10.19 (7.2–14.7) 10.0 (6.9–14.2) 0.593 10.1 (6.9–14.7) 10.3 (7.0–15.3) 10.1 (6.8–14.4) 0.680

Neutrophil count, ×109 /L 8.4 (5.4–12.5) 8.25 (5.5–12.7) 8.41 (5.3–12.2) 0.613 8.5 (5.2–13.3) 8.6 (5.3–13.8) 8.4 (5.2–12.9) 0.537

Lymphocyte count, ×109 /L 1.0 (0.6–1.4) 0.96 (0.6–1.5) 0.95 (0.54–1.39) 0.457 0.9 (0.6–1.4) 0.9 (0.6–1.3) 1.0 (0.6–1.4) 0.406

Monocyte count, ×109 /L 0.6 (0.4–0.8) 0.57 (0.3–0.8) 0.5 (0.4–0.8) 0.518 0.5 (0.3–0.8) 0.5 (0.3–0.8) 0.5 (0.4–0.8) 0.522

Platelet count, ×109 /L 170.5 (113.8–232.0) 164.0 (105.0–228.0) 179.0 (115.0–238.0) 0.122 170.0 (108.0–235.0) 161.5 (100.8–219.5) 179.0 (112.5–244.0) 0.112

Hemoglobin, g/L 109.54 ± 28.81 113.9 ± 28.3 103.8 ± 28.5 <0.001 108.5 ± 29.5 110.1 ± 30.4 107.0 ± 28.7 0.349

Blood biochemistry

ALT, U/L 21.0 (13.0–38.0) 22.0 (14.0–40.3) 18.0 (11.0–34.8) 0.003 20.0 (12.0–34.8) 22.0 (14.0–35.0) 18.0 (11.0–34.5) 0.279

AST, U/L 29.0 (19.0–55.0) 31.0 (20.0–69.0) 26.0 (18.0–47.0) 0.007 28.0 (19.0–52.0) 29.0 (19.8–60.8) 25.5 (18.0–46.3) 0.100

Albumin, g/L 32.3 ± 7.0 32.5 ± 7.5 32.1 ± 6.3 0.494 31.5 (26.9–36.9) 30.8 (26.3–37.1) 32.1 (27.5–36.5) 0.566

Total cholesterol, mmol/L 3.6 (2.7–4.4) 3.6 (2.7–4.5) 3.5 (2.7–4.4) 0.405 3.5 (2.6–4.3) 3.4 (2.4–4.4) 3.5 (2.6–4.3) 0.770

Triglyceride, mmol/L 1.4 (1.0–2.1) 1.4 (1.0–2.2) 1.3 (1.0–1.9) 0.239 1.4 (1.0–2.1) 1.4 (1.0–2.2) 1.4 (1.0–1.9) 0.258

HDL, mmol/L 0.8 (0.5–1.0) 0.8 (0.5–1.0) 0.8 (0.6–1.0) 0.137 0.7 (0.5–1.0) 0.7 (0.5–1.0) 0.8 (0.5–1.0) 0.455

LDL, mmol/L 1.9 (1.2–2.8) 2.00 (1.18–2.82) 1.8 (1.3–2.5) 0.441 1.8 (1.2–2.7) 1.8 (1.1–2.8) 1.8 (1.3–2.5) 0.759

Creatinine, μmol/L 106.0 (69.0–228.0) 88.0 (63.0–168.0) 134.5 (81.3–298.5) <0.001 104.0 (67.0–206.0) 95.0 (63.0–188.8) 108.0 (72.0–229.0) 0.085

Blood urea nitrogen, mmol/L 9.5 (6.0–15.7) 8.3 (5.2–13.7) 10.9 (6.9–19.2) <0.001 9.0 (6.0–15.0) 8.7 (5.5–13.9) 9.0 (6.3–15.3) 0.150

eGFR, mL/min 56.8 (24.0–92.1) 70.3 (33.2–97.9) 42.1 (15.4–75.3) <0.001 58.2 (25.0–93.4) 63.9 (27.7–98.0) 52.3 (23.3–89.8) 0.085

NT-ProBNP, pg/mL 2486.0 (599.8–9155.8) 1552.0 (388.0–6992.5) 4476.0 (1144.0–15565.5) <0.001 2211.5 (608.5–7455.3) 1592.5 (465.0–5865.8) 2818.5 (811.0–8921.8) 0.054
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cTnI, pg/mL 33.9 (3.2–489.2) 34.7 (3.7–607.4) 33.3 (2.6–475.3) 0.794 30.1 (5.8–404.1) 41.6 (8.2–404.1) 22.7 (2.4–400.9) 0.682

Glucose, mmol/L 12.2 (9.0–16.2) 11.4 (8.8–15.7) 12.8 (10.0–16.5) 0.014 13.1 (10.1–16.6) 12.8 (10.2–17.1) 13.1 (10.1–16.4) 0.672

Lactate, mmol/L 2.2 (1.5–3.5) 2.5 (1.5–3.7) 2.0 (1.5–3.1) 0.085 2.2 (1.4–3.4) 2.1 (1.4–3.5) 2.2 (1.4–3.4) 0.793

HbA1c, % 7.7 (6.6–9.5) 7.8 (6.6–9.6) 7.6 (6.4–9.4) 0.411 7.9 (6.8–9.6) 8.4 (7.0–9.8) 7.5 (6.6–9.4) 0.183

HbA1c, mmol/mol 61.0 (49.0–80.0) 62.0 (49.0–81.0) 59.0 (47.0–79.0) 63.0 (51.0–81.0) 68.0 (53.0–84.0) 58.0 (49.0–79.0)

Potassium (mmol/L) 4.2 (3.7–4.7) 4.1 (3.7–4.6) 4.4 (3.8–4.9) 0.001 4.2 (3.7–4.7) 4.1 (3.7–4.6) 4.3 (3.8–4.7) 0.328

Sodium (mmol/L) 138.5 (135.4–141.6) 138.7 (135.8–142.0) 138.1 (135.0–140.8) 0.082 138.7 (135.6–141.6) 138.8 (135.8–141.9) 138.7 (135.4–140.9) 0.874

Chloride (mmol/L) 100.9 (96.5–104.8) 101.0 (96.7–105.1) 100.60 (96.5–104.0) 0.389 101.1 (97.5–105.3) 101.2 (97.8–105.4) 101.1 (96.8–105.1) 0.978

Calcium (mmol/L) 2.1 (2.0–2.2) 2.12 (1.99–2.25) 2.12 (1.98–2.23) 0.547 2.1 (2.0–2.2) 2.1 (2.0–2.2) 2.1 (2.0–2.2) 0.925

Bicarbonate (mmol/L) 20.8 (17.0–24.0) 21.0 (17.3–24.0) 20.8 (16.7–24.0) 0.831 20.8 (16.9–24.1) 20.7 (17.2–24.1) 21.2 (16.6–24.1) 0.700

Coagulation function

INR 1.2 (1.1–1.4) 1.18 (1.07–1.37) 1.2 (1.1–1.4) 0.815 1.2 (1.1–1.4) 1.2 (1.1–1.4) 1.2 (1.1–1.4) 0.503

APTT, Sec 41.9 (36.9–50.4) 42.0 (36.6–50.8) 41.9 (37.7–49.2) 0.876 41.9 (37.3–50.3) 42.0 (37.0–52.1) 41.9 (37.6–48.0) 0.580

D-dimer, ug/mL 1.9 (0.8–4.7) 2.1 (0.7–5.5) 1.7 (0.8–3.8) 0.180 1.9 (0.8–4.7) 1.2 (1.1–1.4) 1.8 (0.8–4.4) 0.879

Infection-related indices

C-reactive protein, mg/L 57.5 (11.7–143.9) 59.4 (11.7–162.1) 54.8 (12.3–130.3) 0.215 60.3 (12.5–143.7) 57.1 (12.5–165.5) 63.3 (12.0–134.3) 0.220

ESR, mm/H 27.0 (9.8–54.8) 23.0 (7.5–41.0) 37.0 (12.0–64.0) 0.004 27.0 (11.3–58.8) 25.0 (10.5–59.5) 29.0 (12.0–58.0) 0.410

IL-6, pg/mL 65.1 (23.5–161.6) 64.8 (25.2–165.6) 70.3 (22.5–124.0) 0.660 71.5 (25.8–164.1) 64.9 (34.1–166.4) 75.5 (20.2–130.4) 0.551

Clinical treatment

Average daily insulin 
consumption in ICU (U/day)

23.4 (10.0–42.0) 18.1 (6.3–37.4) 27.0 (14.1–49.1) <0.001 26.7 (12.5–47.5) 26.3 (11.2–45.7) 27.4 (14.5–47.9) 0.531

CRRT 226 (42.8) 109 (36.3) 117 (51.3) 0.001 137 (45.7) 64 (42.7) 73 (48.7) 0.297

Mechanical ventilation 334 (63.3) 199 (66.3) 135 (59.2) 0.093 198 (66.0) 101 (67.3) 97 (64.7) 0.626

Glucocorticoids 200 (37.9) 113 (37.7) 87 (38.2) 0.908 106 (35.3) 48 (32.0) 58 (38.7) 0.227

Antibacterial treatment 479 (90.7) 270 (90.0) 209 (91.7) 0.513 274 (91.3) 135 (90.0) 139 (92.7) 0.412

Notes: Data were presented as n (%), mean ± SD, and median (interquartile range). P < 0.05 was considered statistically significant. *Age ± 10 years, gender, glucose >10 mmol/L on admission, diabetic nephropathy, chronic kidney 
disease, coronary heart disease, ALT ≥ 41 U/L on admission were used for matching. 
Abbreviations: T2DM, type 2 diabetes mellitus; ICU, intensive care units; COPD, chronic obstructive pulmonary disease; APACHE, Acute Physiology and Chronic Health Evaluation; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; HDL, high density lipoprotein; LDL, low density lipoprotein; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro-B-type natriuretic peptide; cTnI, cardiac troponin I; HbA1c, glycosylated hemoglobin 
A1C; INR, international normalized ratio; APTT, activated partial thromboplastin time; ESR, erythrocyte sedimentation rate; IL, interleukin; CRRT, continuous renal replacement therapy; NA, not applicable.
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replacement therapy (CRRT) and received higher average daily insulin consumption compared with preadmission non- 
insulin-treated T2DM patients (all p < 0.05). When comparing the matched cohorts, the baseline characteristics were 
comparable and there was no significant difference in terms of clinical treatments including the average daily insulin 
consumption in ICU among the two groups (all p > 0.05) (Table 1).

Compared with Preadmission Non-Insulin-Treated T2DM Patients, Preadmission 
Insulin-Treated T2DM Patients Had Higher Mortality
The clinical outcomes are shown in Table 2. Before matching, the incidence of hypoglycemia was higher in the 
preadmission insulin-treated T2DM patients than in the preadmission non-insulin-treated T2DM patients [14.5% (33/ 
228) vs 8.7% (26/300); p = 0.036]. Preadmission insulin-treated T2DM patients had a trend of higher mortality than 
preadmission non-insulin-treated T2DM patients [24.6% (56/228) vs.20.0% (60/300); p = 0.210]. No significant 
difference was observed in the length of ICU stay between the two groups. Among 150 matched pairs, compared with 
the preadmission non-insulin-treated T2DM patients, the preadmission insulin-treated T2DM patients had significantly 
increased mortality rates [30.0% (45/150) vs (16.0% (24/150)); p = 0.004]. In Figure 2, the Kaplan–Meier survival 
analysis presented a significantly poorer survival in preadmission insulin-treated T2DM patients compared with pre
admission non-insulin-treated T2DM patients (log-rank p < 0.05). The Schoenfeld’s global test showed that the 
preadmission insulin-treated T2DM patients did not violate the proportional hazard assumption (p = 0.065). Thus, 
according to the Cox regression, the risk of mortality in the preadmission insulin-treated T2DM patients was higher 
(crude HR, 1.77; 95% CI, 1.10–2.84; p = 0.020). After further adjustments for confounding variables, the survival rate of 
preadmission insulin-treated T2DM patients was still lower than those in preadmission non-insulin-treated T2DM 
patients (adjusted HR, 1.68; 95% CI, 1.01–2.80; p = 0.045) (Table 3). These results indicated that the preadmission 
insulin-treated T2DM patients had worse clinical outcomes than preadmission non-insulin-treated T2DM patients.

Stratified Analyses of Clinical Outcomes Among T2DM Patients with Critical Ill States
As illustrated in Figure 3, T2DM patients with critical ill states were stratified by original comorbidities and treatments 
listed in Table 1. The mortality risk of preadmission insulin-treated T2DM patients in several subgroups was consistent 
with the overall findings. The increased risk of mortality was pronounced in patients with blood glucose >10 mmol/L on 
ICU admission (HR, 1.85; 95% CI, 1.04–3.29; p = 0.036). There were no significant differences among patients aged ≥60 
years and those with a history of diabetic nephropathy, hypertension, chronic kidney disease, chronic liver disease, sepsis, 
but the association was stronger in patients with a history of coronary heart disease (HR, 3.40; 95% CI, 1.19–9.71; p = 
0.023). No significant association was found between preadmission insulin treatment and mortality risk in patients who 
received CRRT, mechanical ventilation, and glucocorticoids treatment. However, the estimates for this association were 
significant in individuals treated with antibacterial drugs (HR, 1.68; 95% CI, 1.01–2.80; p = 0.046), which have 
inflammation regulation effects (Figure 3).

Table 2 Comparison of Clinical Outcomes Between Preadmission Insulin-Treated and Preadmission Non-Insulin Treated T2DM 
Patients in ICU

Clinical Outcomes Unmatched P-value Matched* P-value

All Patients  
(n = 528)

Non-Insulin  
(n = 300)

Insulin  
(n = 228)

All Patients  
(n = 300)

Non-Insulin  
(n = 150)

Insulin  
(n = 150)

Hypoglycemia at ICU stay
Blood glucose ≤ 3.9 mmol/L 59 (11.2) 26 (8.7) 33 (14.5) 0.036 39 (13.0) 16 (10.7) 23 (15.3) 0.229

Blood glucose ≤ 3.0 mmol/L 27 (5.1) 14 (4.7) 13 (5.7) 0.593 21 (7.0) 10 (6.7) 11 (7.3) 0.821

Length of ICU stay (days) 9.0 (5.0–15.0) 8.5 (5.0–14.0) 9 (5–15.8) 0.957 9.0 (5.0–15.0) 8.0 (5.0–14.0) 9.0 (5.0–16.3) 0.531

Mortality 116 (22.0) 60 (20.0) 56 (24.6) 0.210 69 (23.0) 24 (16.0) 45 (30.0) 0.004

Notes: Data were presented as n (%) and median (interquartile range). *Age ± 10 years, gender, glucose >10 mmol/L on admission, diabetic nephropathy, chronic kidney 
disease, coronary heart disease, ALT ≥ 41 U/L on admission were used for matching. 
Abbreviations: T2DM, type 2 diabetes mellitus; ICU, intensive care units.
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Compared with T2DM Patients Who Received Treatments Without Insulin Before 
and After ICU Admission, Preadmission Insulin-Treated T2DM Patients Had Higher 
Mortality
The basic characteristics of 50 T2DM patients who received treatments without insulin before and after ICU admission are 
shown in Table 4. These patients were defined as group N-N. In this section, the previously described preadmission non- 

Figure 2 Kaplan–Meier survival curve for the matched cohort of preadmission insulin-treated T2DM patients and preadmission non-insulin-treated T2DM patients in ICU. 
The adjusted variables included age and gender.

Table 3 Univariable and Multivariable Cox Proportional Hazards Model for 60-Day Mortality of Critically 
Ill Patients with T2DM in the Matched Cohort

Crude HR (95 CI) P-value Adjusted HR† (95 CI) P-value

Preadmission insulin 1.77 (1.10–2.84) 0.020 1.68 (1.01–2.80) 0.045

Age 1.04 (1.02–1.06) <0.001 1.04 (1.02–1.07) 0.001
Gender, male 1.15 (0.70–1.90) 0.572 1.31 (0.78–2.21) 0.310

Blood glucose >10 mmol/L 1.18 (0.67–2.06) 0.564 1.02 (0.56–1.85) 0.955

Diabetic nephropathy 0.80 (0.36–1.77) 0.583 / /
Diabetic retinopathy 0.94 (0.30–3.02) 0.923 / /

Hypertension 0.95 (0.59–1.54) 0.843 / /

Coronary heart disease 1.11 (0.66–1.88) 0.697 / /
COPD 1.34 (0.58–3.11) 0.494 / /

Chronic kidney disease 0.77 (0.38–1.59) 0.483 / /

Chronic liver disease 0.84 (0.43–1.65) 0.610 / /
Sepsis 0.71 (0.36–1.39) 0.314 0.77 (0.38–1.57) 0.475

Acute myocardial infarction 1.50 (0.71–3.16) 0.288 2.19 (1.00–4.82) 0.052

CRRT 1.19 (0.74–1.91) 0.479 / /
Mechanical ventilation 2.90 (1.44–5.86) 0.003 3.47 (1.67–7.22) 0.001

Glucocorticoids 1.64 (1.01–2.67) 0.046 1.41 (0.85–2.32) 0.180

Notes: †The variables with a P value <0.05 in the univariable Cox models, and variables including gender, blood glucose >10 mmol/L on 
admission, sepsis, acute myocardial infarction were included into the multivariable analysis. 
Abbreviations: T2DM, type 2 diabetes mellitus; ICU, intensive care units; COPD, chronic obstructive pulmonary disease; CRRT, 
continuous renal replacement therapy.
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insulin-treated T2DM patients and preadmission insulin-treated T2DM patients were defined as group N-I and group I-I, 
respectively. Compared to group N-N, group N-I had a higher prevalence of sepsis and lower proportions of males, coronary 
heart disease, and AMI (all p < 0.05). Group I-I had higher proportions of patients with blood glucose >10 mmol/L, diabetic 
nephropathy, chronic kidney disease, sepsis, and lower proportions of males, coronary heart disease, and AMI than those in the 
group N-N (all p < 0.05). Both patients in groups N-I and I-I received more frequent treatments of CRRT, mechanical 
ventilation, glucocorticoids, and antibacterial drugs than those in group N-N (all p < 0.05). Many biochemical values in groups 
N-I and I-I were significantly different from those in group N-N (most p < 0.05) (Table 1 and Table 4). The clinical outcomes 
of patients among these three groups are presented in Table 5 and Table 2. Compared to group N-N, group N-I had higher 
mortality [20.0 (60/300) vs (0.0 (0/50)); p = 0.001] and longer length of ICU stay [8.5 (5–14) vs 6 (4–8); p < 0.001]. Similar 
results were observed in group I-I; the mortality was significantly higher [24.6 (56/228) vs (0.0 (0/50)); p < 0.001] and the 
length of ICU stay was longer [9 (5–15.8) vs 6 (4–8); p < 0.001] in group I-I than those in group N-N. Besides, group I-I had 
a significantly higher incidence of hypoglycemia than group N-N [14.5 (33/228) vs 2.0 (1/50); p = 0.015].

As shown in Table 4, in the 1:1 matched cohort. The baseline characteristics were comparable, while several laboratory test 
results still differed among the matched groups (details are presented in Table 4), which indicated that groups N-I and I-I had 
more complex disease conditions when compared to the matched group N-N. Accordingly, it was observed that significantly 
more patients need mechanical ventilation support in group N-I compared to patients in group N-N (p < 0.05). In group I-I, the 
proportions of patients who received CRRT, mechanical ventilation, glucocorticoids treatment, and antibacterial treatment 

Figure 3 The relationship between mortality and preadmission insulin-treated T2DM patients varied among subgroups divided according to gender, age, blood glucose on 
ICU admission, and original comorbidities. The final model was adjusted for age, gender, blood glucose >10 mmol/l on admission, sepsis, acute myocardial infarction, except 
for the stratifying variable.
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Table 4 Comparison of Characteristics at ICU Admission and Treatments During ICU Stay Between T2DM Patients Treated Without Insulin Before and After ICU Admission with 
Preadmission Non-Insulin-Treated and Preadmission Insulin-Treated T2DM Patients

Variable Unmatched Group N-N Matched with Preadmission 
Non-Insulin-Treated Patients‡

P-value Group N-N Matched with Preadmission 
Insulin-Treated Patients§

P-value

N-N (n = 50) P-value  
(vs N-I)

P-value  
(vs I–I)

N-N (n = 44) N-I (n = 44) N-N (n = 28) I–I (n = 28)

Baseline characteristics

Age 63.0 (54.8–67.3) 0.491 0.239 63.0 (54.8–67.3) 62.0 (57.0–68.0) 0.519 64.0 (60.3–69.8) 63.0 (58.3–66.0) 0.178

Age range (≥ 60 years) 30 (60.0) 0.894 0.676 28 (63.6) 26 (59.1) 0.661 22 (78.6) 20 (71.4) 0.537

Gender, male 41 (82.0) 0.010 0.007 8 (18.2) 8 (18.2) 1.000 4 (14.3) 4 (14.3) 1.000

Blood glucose >10 mmol/L 26 (52.0) 0.212 0.002 22 (50.0) 22 (50.0) 1.000 18 (64.3) 18 (64.3) 1.000

Diabetic nephropathy 2 (4.0) 0.282 <0.001 1 (2.3) 1 (2.3) 1.000 2 (7.1) 2 (7.1) 1.000

Diabetic retinopathy 0 (0.0) 0.369 0.217 0 (0.0) 3 (6.8) 0.241 0 (0.0) 0 (0.0) NA

Hypertension 33 (66.0) 0.287 0.705 27 (61.4) 26 (59.1) 0.828 15 (53.6) 13 (46.4) 0.593

Coronary heart disease 42 (84.0) <0.001 <0.001 36 (81.8) 36 (81.8) 1.000 22 (78.6) 22 (78.6) 1.000

COPD 1 (2.0) 0.485 0.322 1 (2.3) 2 (4.5) 1.000 1 (3.6) 1 (3.6) 1.000

Chronic kidney disease 4 (8.0) 0.096 <0.001 2 (4.5) 2 (4.5) 1.000 3 (10.7) 3 (10.7) 1.000

Chronic liver disease 11 (22.0) 0.237 0.110 9 (20.5) 7 (15.9) 0.580 5 (17.9) 2 (7.1) 0.422

Sepsis 1 (2.0) 0.019 0.023 1 (2.3) 1 (2.3) 1.000 0 (0.0) 0 (0.0) NA

Acute myocardial infarction 26 (52.0) <0.001 <0.001 21 (47.7) 21 (47.7) 1.000 10 (35.7) 10 (35.7) 1.000

APACHE II score 6.0 (5.0–8.0) <0.001 <0.001 6.0 (5.0–8.0) 11.0 (5.0–14.0) 0.115 6.0 (4.8–7.5) 14.5 (7.3–26.8) 0.144

Laboratory parameters

Routine blood test

White-cell count, ×109 /L 9.1 (7.6–12.3) 0.331 0.522 9.1 (7.6–12.3) 8.6 (6.7–11.2) 0.172 8.6 (7.6–10.8) 8.2 (6.9–11.8) 0.633

Neutrophil count, ×109 /L 7.1 (5.5–10.2) 0.086 0.159 7.1 (5.5–10.2) 6.3 (4.4–8.6) 0.462 6.2 (5.4–8.6) 6.8 (5.0–10.3) 0.387

Lymphocyte count, ×109 /L 1.3 (0.9–1.9) <0.001 <0.001 1.3 (0.9–1.9) 1.2 (0.8–1.7) 0.160 1.4 (1.0–2.0) 1.3 (0.5–1.6) 0.064

Monocyte count, ×109 /L 0.6 (0.4–0.8) 0.302 0.179 0.6 (0.4–0.8) 0.6 (0.3–0.8) 0.587 0.6 (0.4–0.8) 0.5 (0.3–0.7) 0.259

Platelet count, ×109 /L 217.0 (184.3–268.3) <0.001 0.001 217.0 (184.3–268.3) 165.0 (101.3–222.3) 0.002 215.0 (180.5–266.8) 223.0 (132.3–307.5) 0.829

Hemoglobin, g/L 132.0 (118.5–139.5) <0.001 <0.001 132.0 (118.5–139.5) 130.5 (106.3–145.0) 0.503 130.0 (113.5–139.0) 117.5 (96.5–137.8) 0.127

Blood biochemistry

ALT, U/L 29.5 (18.8–48.0) 0.065 0.001 29.5 (18.8–48.0) 22.0 (15.3–44.8.0) 0.517 23.0 (15.8–34.3) 21.5 (13.0–37.8) 0.564

AST, U/L 35.5 (22.5–150.0) 0.090 0.002 35.5 (22.5–150.0) 37.5 (20.5–95.8) 0.378 25.5 (16.5–51.3) 33.5 (18.0–59.5) 0.452

Albumin, g/L 41.0 (38.1–43.4) <0.001 <0.001 41.0 (38.1–43.4) 37.5 (33.4–42.2) 0.011 41.6 (38.0–43.5) 33.5 (29.4–40.1) <0.001

Total cholesterol, mmol/L 4.1 (3.4–4.8) 0.008 0.001 4.1 (3.4–4.8) 4.0 (3.3–5.1) 0.642 4.0 (3.4–4.5) 3.6 (2.7–4.4) 0.374

Triglyceride, mmol/L 1.2 (0.8–1.7) 0.046 0.188 1.2 (0.8–1.7) 1.7 (1.0–3.4) 0.035 1.3 (0.9–1.7) 1.2 (0.9–1.4) 0.192

HDL, mmol/L 1.0 (0.8–1.2) <0.001 0.002 1.0 (0.8–1.2) 0.9 (0.6–1.1) 0.057 0.9 (0.8–1.2) 0.9 (0.7–1.0) 0.140

LDL, mmol/L 2.6 (2.1–3.4) <0.001 <0.001 2.6 (2.1–3.4) 2.4 (1.7–2.8) 0.215 2.6 (2.1–3.1) 2.3 (1.2–3.0) 0.390

Creatinine, μmol/L 76.5 (64.8–97.3) 0.023 <0.001 76.5 (64.8–97.3) 83.0 (72.0–109.0) 0.051 79.0 (70.8–94.8) 102.0 (72.8–138.8) 0.011

Blood urea nitrogen, mmol/L 5.2 (4.4–6.0) <0.001 <0.001 5.2 (4.4–6.0) 6.6 (4.8–8.2) 0.019 5.1 (4.4–6.0) 7.2 (5.5–13.0) 0.002

eGFR mL/min 91.0 (73.0–97.9) 0.007 <0.001 91.0 (73.0–97.9) 84.2 (57.3–94.3) 0.073 85.6 (71.7–94.2) 71.1 (40.3–92.2) 0.046

NT-ProBNP, pg/mL 620.5 (158.5–2258.3) 0.003 <0.001 620.5 (158.5–2258.3) 764.0 (282.0–3477.5) 0.437 509.0 (159.5–1737.0) 3453.0 (1069.3–7003.3) <0.001
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Table 4 (Continued). 

Variable Unmatched Group N-N Matched with Preadmission 
Non-Insulin-Treated Patients‡

P-value Group N-N Matched with Preadmission 
Insulin-Treated Patients§

P-value

N-N (n = 50) P-value  
(vs N-I)

P-value  
(vs I–I)

N-N (n = 44) N-I (n = 44) N-N (n = 28) I–I (n = 28)

cTnI, pg/mL 2649.0 (20.3–41559.2) <0.001 <0.001 2649.0 (20.3–41559.2) 1129.2 (11.2–5415.2) 0.013 175.5 (14.7–16156.3) 40.5 (5.7–2137.9) 0.030

Glucose, mmol/L 10.1 (8.6–11.5) 0.009 <0.001 10.1 (8.6–11.5) 10.1 (7.6–16.6) 0.012 10.7 (9.0–11.6) 11.2 (8.6–16.0) 0.017

Lactate, mmol/L 1.0 (0.8–7.3) 0.091 0.184 1.0 (0.8–7.3) 2.8 (1.6–3.6) 0.180 0.7 (0.7–0.70)/n = 1 3.4 (1.7–5.6) NA

HbA1c, % 6.9 (6.3–8.0) 0.005 0.059 6.9 (6.3–8.0) 7.8 (6.4–9.6) 0.024 6.9 (6.3–7.8) 7.5 (6.5–9.4) 0.169

HbA1c, mmol/mol 52.0 (45.0–64.0) 52.0 (45.0–64.0) 62.0 (46.0–81.0) 52.0 (45.0–62.0) 58.0 (48.0–79.0)

Potassium (mmol/L) 4.0 (3.7–4.2) 0.092 <0.001 4.0 (3.7–4.2) 4.0 (3.7–4.3) 0.823 4.0 (3.9–4.1) 4.2 (3.7–4.6) 0.090

Sodium (mmol/L) 138.6 (136.4–140.7) 0.561 0.487 138.6 (136.4–140.7) 139.3 (135.7–140.8) 0.458 138.7 (137.4–141.0) 138.8 (135.7–141.1) 0.674

Chloride (mmol/L) 99.9 (98.0–102.5) 0.195 0.553 99.9 (98.0–102.5) 100.6 (95.1–103.1) 0.815 99.8 (98.2–103.3) 100.6 (97.2–101.9) 0.909

Calcium (mmol/L) 2.2 (2.2–2.3) <0.001 <0.001 2.2 (2.2–2.3) 2.2 (2.1–2.3) 0.352 2.3 (2.2–2.3) 2.1 (2.0–2.3) 0.009

Bicarbonate (mmol/L) 23.2 (20.7–25.7) <0.001 0.001 23.2 (20.7–25.7) 21.6 (19.2–24.2) 0.031 24.0 (22.7–26.5) 22.9 (19.0–24.9) 0.102

Coagulation function

INR 1.1 (1.0–1.2) <0.001 <0.001 1.1 (1.0–1.2) 1.1 (1.0–1.3) 0.097 1.1 (1.0–1.2) 1.1 (1.0–1.3) 0.036

APTT, Sec 40.5 (35.8–172.2) 0.430 0.589 40.5 (35.8–172.2) 39.9 (35.6–48.9) 0.107 39.8 (36.2–56.8) 42.9 (38.6–57.4) 0.773

D-dimer, ug/mL 0.4 (0.3–0.8) <0.001 <0.001 0.4 (0.3–0.8) 0.9 (0.4–5.2) 0.004 0.4 (0.3–0.8) 1.3 (0.4–5.2) <0.001

Infection-related indices

C-reactive protein, mg/L 6.7 (2.1–17.5) <0.001 <0.001 6.7 (2.1–17.5) 47.1 (3.9–104.3) <0.001 5.7 (2.6–16.2) 21.4 (3.6–122.0) 0.048

ESR, mm/H 10.0 (4.0–19.5) 0.001 <0.001 10.0 (4.0–19.5) 11.0 (5.8–30.3) 0.056 14.0 (6.0–33.5) 8.0 (5.0–53.0) 0.208

IL-6, pg/mL 14.9 (9.7–33.6) 0.011 0.015 14.9 (9.7–33.6) 104.9 (36.0–316.3) 0.010 6.3 (6.3–6.3)/n = 1 / NA

Clinical treatment

Average daily insulin consumption in ICU (U/day) / NA NA / 22.6 (5.0–49.5) NA / 21.8 (13.8–48.0) NA

CRRT 1 (2.0) <0.001 <0.001 1 (2.3) 6 (13.6) 0.110 0 (0.0) 8 (28.6) 0.004

Mechanical ventilation 2 (4.0) <0.001 <0.001 1 (2.3) 20 (45.5) <0.001 0 (0.0) 11 (39.3) <0.001

Glucocorticoids 8 (16.0) 0.003 0.003 7 (15.9) 11 (25.0) 0.290 5 (17.9) 15 (53.6) 0.005

Antibacterial treatment 26 (52.0) <0.001 <0.001 23 (52.3) 28 (63.6) 0.280 15 (53.6) 24 (85.7) 0.009

Notes: Data were presented as n (%) and median (interquartile range). Group N-N was composed of T2DM patients treated without insulin before and after ICU admission. Group N-I was composed of patients who received treatment 
without insulin before ICU admission but received insulin treatment after ICU admission, which also referred to preadmission non-insulin treated T2DM patients. Group I-I was composed of patients who received insulin treatment 
before and after ICU admission, which also referred to preadmission insulin-treated T2DM patients. P < 0.05 was considered statistically significant. ‡And §Age ± 10 years, gender, blood glucose >10 mmol/L on admission, diabetic 
nephropathy, chronic kidney disease, coronary heart disease, sepsis, acute myocardial infarction on admission were used for matching. 
Abbreviations: T2DM, type 2 diabetes mellitus; ICU, intensive care units; COPD, chronic obstructive pulmonary disease; APACHE, Acute Physiology and Chronic Health Evaluation; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; HDL, high density lipoprotein; LDL, low density lipoprotein; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro-B-type natriuretic peptide; cTnI, cardiac troponin I; HbA1c, glycosylated hemoglobin 
A1C; INR, international normalized ratio; APTT, activated partial thromboplastin time; ESR, erythrocyte sedimentation rate; IL, interleukin; CRRT, continuous renal replacement therapy; NA, not applicable.
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were significantly higher than patients in group N-N (all p < 0.05). In Table 5, the clinical outcomes were compared under the 
condition of comparable original comorbidities with different severity. There was no significant difference in mortality and the 
length of ICU stay between group N-I and N-N (all p > 0.05). However, patients in group I-I had significant higher mortality 
[39.3 (11/28) vs (0.0 (0/28)); p < 0.001] and relatively longer length of ICU stay [5.0 (4.0–8.0) vs 9.5 (5.3–17.0); p = 0.030] 
than those in group N-N. The incidence of severe hypoglycemia was slightly higher in group I-I than in group N-N [14.3 (4/28) 
vs (0.0 (0/28)); p = 0.111].

Discussion
In this study, we included 528 insulin-treated critically ill patients with T2DM including 300 preadmission non-insulin- 
treated T2DM patients and 228 preadmission insulin-treated T2DM patients to explore the impact of preadmission 
insulin treatment on clinical outcomes. Our study found that preadmission insulin treatment was not only associated with 
increased mortality but also related to a longer length of ICU stay. These results suggested that preadmission insulin- 
treated T2DM patients might have worse clinical outcomes when they are critically ill.

Our findings are consistent with Bolliger et al,19 whose study showed that the mortality events were more frequent in 
patients receiving insulin treatment before admission. Compelling evidence indicated that there was a link between 
insulin treatment and increased risk of mortality and other adverse clinical outcomes. A study that included 7401 patients 
with diabetes has suggested that insulin-treated diabetes was associated with a higher mortality rate and a longer length 
of hospital stay.20 Another study has found that patients having insulin-treated diabetes mellitus had an increased risk of 
major adverse cardiac events and worse outcomes.21 Meanwhile, our previous study also observed a similar increased in- 
hospital mortality in patients treated with insulin during hospitalization.16 The explanation for the increased risk of 
mortality of preadmission insulin-treated T2DM patients might be as follows. First, hyperglycemia and insulin resistance 
are hallmarks of an altered metabolism from the release of cortisol induced by the stress response in critically ill 
patients,22,23 which leads to the control of insulin doses becoming more complicated. Insulin treatment has a limited 
range of adjustments based on blood glucose because insulin therapy will more or less likely increase the risk of widely 
fluctuating blood glucose levels.24 In critically ill patients with T2DM, the preadmission insulin treatment perhaps makes 
it more difficult to regulate the insulin dose to maintain a suitable blood glucose range to achieve the real need of the 
body. Second, the present study also found that a higher incidence of hypoglycemia was observed in preadmission 
insulin-treated T2DM patients, we speculated that insulin-treatment-related hypoglycemia may play a crucial role in the 
increased mortality in this study. This is consistent with some recent research findings that hypoglycemia is associated 
with the risk of mortality.25–27

Table 5 Comparison of Clinical Outcomes Between T2DM Patients Treated Without Insulin Before and After ICU Admission with 
Readmission Non-Insulin-Treated and Preadmission Insulin-Treated T2DM Patients

Clinical Outcomes Unmatched Group N-N Matched with 
Preadmission Non-Insulin- 

Treated Patients‡

P-value Group N-N Matched with 
Preadmission Insulin-Treated 

Patients§

P-value

N-N  
(n = 50)

P- value  
vs N-I

P-value  
vs I–I

N-N  
(n = 44)

N-I  
(n = 44)

N-N  
(n = 28)

I–I  
(n = 28)

Hypoglycemia at ICU stay

Blood glucose ≤ 3.9 mmol/L 1 (2.0) 0.149 0.015 1 (2.3) 3 (6.8) 0.616 1 (3.6) 5 (17.9) 0.193

Blood glucose ≤ 3.0 mmol/L 0 (0.0) 0.234 0.134 0 (0.0) 2 (4.5) 0.494 0 (0.0) 4 (14.3) 0.111

Length of ICU stay (days) 6.0 (4.0–8.0) <0.001 <0.001 6.0 (4.0–8.0) 8.0 (5.0–11.0) 0.210 5.0 (4.0–8.0) 9.5 (5.3–17.0) 0.030

Mortality 0 (0.0) 0.001 <0.001 0 (0.0) 4 (9.1) 0.116 0 (0.0) 11 (39.3) <0.001

Notes: Data were presented as n (%) and median (interquartile range). Group N-N was composed of T2DM patients treated without insulin before and after ICU 
admission. Group N-I was composed of patients who received treatment without insulin before ICU admission but received insulin treatment after ICU admission, which 
also referred to preadmission non-insulin treated T2DM patients. Group I-I was composed of patients who received insulin treatment before and after ICU admission, which 
also referred to preadmission insulin-treated T2DM patients. ‡And §Age ± 10 years, gender, blood glucose >10 mmol/L on admission, diabetic nephropathy, chronic kidney 
disease, coronary heart disease, sepsis, acute myocardial infarction on admission were used for matching. 
Abbreviation: ICU, intensive care units.
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Additionally, the stratified analyses of clinical outcomes among critically ill patients with T2DM showed that the 
association between preadmission insulin treatment and mortality was significant in patients treated with antibacterial 
drugs and patients with coronary heart disease. First, to our knowledge, antibacterial treatment plays a pivotal role in the 
regulation of inflammation and immunity. In addition to glucose control, insulin is involved in various metabolisms in the 
body such as the promotion of protein synthesis, de novo lipogenesis, and inhibition of lipolysis.28 Moreover, insulin is 
a modulator of inflammation,29,30 and one of the factors which facilitate trained immunity through non-pathogenic 
signals.31 At the onset of critical illness, organs in the body experience drastic pathophysiological changes, and insulin 
may be involved in the regulation mechanism of this process as a pro-inflammatory factor.32 However, preadmission 
insulin-treated T2DM patients are not on the same starting line compared to preadmission non-insulin-treated T2DM 
patients, which suggested that preadmission insulin treatment might associate with a more complicated internal 
environment. Besides, it was reported that in insulin-treated T2DM patients, the incidence of cardiovascular death was 
increased.33 Insulin has a direct effect on the heart muscle, and its signal transduction pathways are modified under 
pathological conditions such as T2DM and myocardial ischemia.34 The above evidence may provide a clue for the 
increased mortality of preadmission insulin-treated T2DM patients in T2DM patients with coronary heart disease.

Compared with 50 patients who received treatment without insulin before and after ICU admission, preadmission 
non-insulin-treated T2DM patients and preadmission insulin-treated T2DM patients had more complicated disease 
conditions and higher mortality. The worse outcomes in preadmission non-insulin-treated T2DM patients and preadmis
sion insulin-treated T2DM patients may be due to the complicated state of illness. However, other potential risks should 
not be excluded. For instance, an investigation reported that the quality-adjusted life years index of patients using insulin 
was reported as being lower than that of those using metformin, and this was evident in subjects who switched from 
metformin to insulin.35,36 The proportion of patients who used metformin before admission and then changed to insulin 
after admission in our study was 18.0% (54/300), and 29.6% (16/54) of these patients died. These data may indicate that 
changing glycemic control methods is a potential risk factor for mortality in T2DM patients with critically ill states. 
Therefore, initiating insulin therapy in preadmission non-insulin-treated T2DM patients must be done with caution.

This study has some limitations. First, the sample size was relatively small for the T2DM patients who received 
treatments without insulin before and after ICU admission because ICU patients generally received insulin treatment 
after admission, and oral medication was often replaced. Second, as the dynamic observation of biochemical values 
including inflammation indicators was limited, we failed to evaluate the development of clinical conditions. Third, this 
study was a retrospective study, and clinical data of some variables were missing, making it unable to further stratify 
patients into subgroups according to different preadmission insulin treatment protocols and compare their clinical 
outcomes. Besides, an improved prognosis of non-insulin treatment such as metformin cannot be excluded and further 
studies are required.

Conclusion
In critically ill patients with T2DM, preadmission insulin treatment is associated with an increased mortality rate and 
longer length of ICU stay. The history of preadmission insulin treatment may be a marker of poor prognosis for T2DM 
patients with critically ill states and may help clinicians identify patients who need more aggressive treatments to 
prevent poor clinical outcomes. Clinicians should be more concerned about preadmission insulin-treated T2DM patients 
in ICU.
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