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Abstract

Hyperglycemia is commonly observed in critically ill patients and postcardiac arrest patients,

with higher glucose levels and variability associated with poorer outcomes. In this study, we

aim to compare glucose control in diabetic and nondiabetic patients using glycated hemo-

globin (HbA1c) levels, providing insights for better glucose management strategies. This ret-

rospective observational study was conducted at Seoul St. Mary’s Hospital from February

2009 to May 2022. Blood glucose levels were measured hourly for 48 h after return of spon-

taneous circulation (ROSC), and a glucose management protocol was followed to maintain

arterial blood glucose levels between 140 and 180 mg/dL using short-acting insulin infusion.

Patients were categorized into four groups based on diabetes status and glycemic control.

The primary outcomes assessed were neurological outcome and mortality at 6 months after

cardiac arrest. Among the 332 included patients, 83 (25.0%) had a previous diabetes diag-

nosis, and 114 (34.3%) had an HbA1c of 6.0% or higher. At least one hyperglycemic epi-

sode was observed in 314 patients (94.6%) and hypoglycemia was found in 63 patients

(19.0%) during 48 h. After the categorization, unrecognized diabetes was noticed in 51

patients with median HbA1c of 6.3% (interquartile range [IQR] 6.1–6.6). Patients with inade-

quate diabetes control had the highest initial HbA1c level (7.0%, IQR 6.5–7.8) and admis-

sion glucose (314 mg/dL, IQR 257–424). Median time to target glucose in controlled

diabetes was significantly shorter with the slowest glucose reducing rate. The total insulin

dose required to reach the target glucose level and cumulative insulin requirement during 48

h were different among the categories (p <0.001). Poor neurological outcomes and mortality

were more frequently observed in patients with diagnosed diabetes. Occurrence of a hypo-

glycemic episode during the 48 h after ROSC was independently associated with poor neu-

rologic outcomes (odds ratio [OR] 3.505; 95% confidence interval [CI], 2.382–9.663).

Surviving patients following cardiac arrest exhibited variations in glucose hemodynamics

and outcomes according to the categories based on their preexisting diabetes status and
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glycemic condition. Specifically, even experiencing a single episode of hypoglycemia during

the acute phase could have an influence on unfavorable neurological outcomes. While the

classification did not directly affect neurological outcomes, the present results indicate the

need for a customized approach to glucose control based on these categories.

Introduction

Efforts to improve survival and neurological outcomes in patients who achieved return of

spontaneous circulation (ROSC) after cardiac arrest (CA) have been made through various

studies [1–3]. Targeted temperature management (TTM) is applied to unconscious patients

after CA to attain a neuroprotective effect in accordance with international guidelines [3, 4].

Although much evidence is emerging to optimize general intensive care management, such as

blood pressure targets, gas-exchange parameters, and ventilator settings, the specific target is

still uncertain [5–8]. In the same manner, ideal glucose management is not completely known.

In the absence of an optimal target range of glucose during postcardiac arrest care, a range of

140–180 mg/dL is recommended along with avoidance of hypoglycemia, and the same

approach is taken for the critically ill [3, 4, 9].

Hyperglycemia is commonly observed in critically ill patients and can have an impact on

their outcomes [10–14]. Prolonged exposure to hyperglycemia in diabetic patients has been

shown to cause microvascular and macrovascular complications [15–17]. Recently, it has been

identified as a risk factor for a different set of complications and can have an impact on patient

morbidity and mortality [18]. The fact that hyperglycemia can impact outcomes has also been

observed in postcardiac arrest [19–24]. Through these studies, it has been confirmed that

higher glucose levels immediately after ROSC are associated with poor outcomes; there is also

a correlation between glucose variability and poor outcomes.

The relationship between diabetes and poor neurologic outcome was already demonstrated

in a meta-analysis with OHCA survivors [25]. As personalized glucose control strategies based

on preadmission glycemic control have become increasingly important in the critically ill, it is

also important to control glucose levels based on a patient’s glycemic status during postcardiac

arrest care [26]. Our hypothesis was there would be differences in outcomes and variables

according to the glycemic status of patients and whether they were diagnosed with diabetes.

We wondered if there were any differences in outcomes and variables according to the glyce-

mic status of patients and whether they were diagnosed with diabetes. Our final aim was to

compare the glucose hemodynamics of these subgroups and, if differences exist, provide a

basis for more ideal glucose control for each group.

Material and methods

Study design and participants

This retrospective observational study was conducted in a single center, the Seoul St. Mary’s

Hospital, which is a regional emergency medical center of a tertiary hospital, from February

2009 to May 2022. Comatose patients who had ROSC after CA were treated with TTM. All

adults (� 18 years) resuscitated after out-of-hospital cardiac arrest (OHCA) and maintained in

ROSC for longer than 20 min were included for analysis. Patients with active intracranial

bleeding, acute stroke, known limitations in therapy and a do-not-attempt resuscitation order,

known prearrest CPC score of 3 or 4 and body temperature of 30˚C on admission were not
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treated with TTM. Patients with missing data for blood HbA1c levels at admission and neuro-

logic outcomes at 6 months after ROSC were excluded. Implementation of TTM, including

the target temperature setting, TTM duration, and TTM methods, was in accordance with a

preestablished protocol [27].

The study was approved by the Institutional Review Boards (IRBs) (KC22RASI0954) of the

Seoul St. Mary’s Hospital. Informed consent was waived due to the retrospective nature of the

study. The data was accessible on December 23, 2022 for research purposes. While only HJ

Kim accessed and anonymized the data before anonymization, the other authors could not

access to information that could identify individual participants.

Glucose management protocol

The glucose level was measured from blood samples obtained from an arterial catheter using a

handheld glucose measurement device every hour until 48 h after ROSC. The results were

automatically stored in the clinical information system. Avoidance of glucose-containing solu-

tions was recommended unless hypoglycemia was present. Hypoglycemia was defined as a

blood glucose value less than 72 mg/dL [28]. Short-acting insulin infusion was used to main-

tain the arterial blood glucose level at 140 to 180 mg/dL. The same protocol was applied for all

patients, and the details of the protocol were described in a previous study [29]. In this study,

we classified patients into two groups: those who had been diagnosed with diabetes and those

who had not. We then further classified patients in these two groups into subgroups based on

their preexisting levels of glucose control using glycated hemoglobin (HbA1c). We used

HbA1c to assess preexisting levels of glucose control [30–32]. Clinical guidelines generally

advocate for an HbA1c threshold of�6.5% for diagnosing diabetes and a range of 5.7 to 6.4%

for identifying prediabetes. However, Silverman et al. have suggested that in acute-care settings

such as emergency departments, an HbA1c of 5.7% is the optimal screening cutoff for predia-

betes, while 6% is optimal for diagnosing diabetes [33, 34]. Consequently, we established a cut-

off value of HbA1c at 6.0% to assess the adequacy of glucose control and diagnose diabetes.

Data collection

The participants’ medical records were reviewed according to the Utstein Style Criteria for

reporting OHCA [35]. We extracted the following baseline clinical data: sex, age, comorbidi-

ties (acute myocardial infarction (AMI), angina pectoris, congestive heart failure (CHF),

hypertension, diabetes mellitus (DM) and renal disease), cause of arrest, initial CA rhythm

(shockable or nonshockable), presence of witness, bystander cardiopulmonary resuscitation

(CPR) and total anoxic time (time from collapse to ROSC). The glucose-related variables were

extracted as follows: HbA1c at admission, initial glucose level, glucose variability within 48 h

after ROSC insulin dose to target glucose level (<180 mg/dL) within 48 h after ROSC and time

to reach target glucose level. The initial HbA1c was measured immediately after ROSC. The

glucose variability included the median, range, and mean value of the glucose. The range was

calculated as the difference between the maximum and minimum blood glucose values during

48 h [20]. The time to reach the target glucose level was defined as the first time the target

range was reached. The total insulin dose meant cumulative insulin to reach the target glucose

at the first time. The glucose reduction rate was calculated as the ratio of the difference

between the initial glucose level and the first value in the range of target glucose levels to the

time taken to reach the target level.

In this study, we categorized all included patients into four groups as follows: inadequately

controlled diabetes, controlled diabetes, unrecognized diabetes and no diabetes. We set an opti-

mal HbA1c cutoff of 6.0% as a diagnostic measure for diabetes and the average glycemic status
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during the previous 1 to 3 months [36]. With the cutoff, the inadequately controlled diabetes

group was defined as patients diagnosed with diabetes before CA but with an initial HbA1c of

6.0% or higher. The controlled diabetes was defined as patients with diabetes before CA with an

initial HbA1c less than 6.0%. The unrecognized diabetes patients were never diagnosed with

diabetes but had an initial HbA1c of 6.0% or higher. Finally, no diabetes was defined as patients

were never diagnosed with diabetes but had an initial HbA1c less than 6.0%.

Outcome measures

The primary outcomes were neurological outcome defined by a Cerebral Performance Cate-

gory (CPC) and death at 6 months after CA. The CPC scale spans from 1 to 5: 1 signifies good

cerebral performance or slight disability, 2 indicates moderate disability with independence in

daily activities, 3 denotes severe disability requiring assistance from others, 4 signifies a coma

or vegetative state, and 5 signifies death or brain death. A good neurological outcome was

defined as CPC 1–2, while a poor neurological outcome was defined as a CPC score of 3–5.

The researcher contacted surviving discharged patients or their relatives for follow-up. Face-

to-face visits or telephone interviews were recommended.

Statistical analysis

All data are displayed as numbers and percentages for categorical variables and as medians

with interquartile ranges (IQRs) for continuous variables. Comparisons of categorical variables

between the groups were made using the Chi-square test or Fisher’s exact test. After being

tested for normal distribution, continuous variables were compared using Student’s t test or

Wilcoxon’s rank-sum tests. To assess independent predictors of poor neurologic outcome and

death, we included all variables with p-values less than 0.05 in univariate analyses, along with a

set of potential confounders derived from published studies, in a multivariate logistic regres-

sion analysis.. The considered confounders included witness status, bystander CPR, and the

initial presence of a shockable rhythm [3, 37, 38]. The odds ratios (ORs) with 95% confidence

intervals (CIs) were calculated. Statistical analyses were performed using SPSS version 24.0

(SPSS, Chicago, IL, USA). A p value <0.05 was considered statistically significant.

Results

Enrollment and characteristics of patients

During the study period, 407 patients were admitted after OHCA and treated with TTM. Sev-

enty-five were excluded due to missing data for initial HbA1c and 6-month outcome. The

remaining 332 patients were categorized according to their diabetes diagnosis and HbA1c.

Eighty-three patients (25.0%) were previously diagnosed with diabetes, and 114 patients

(34.3%) had an HbA1c of 6.0% or higher. Accordingly, 63 patients with inadequately con-

trolled diabetes, 20 patients with controlled diabetes, 51 patients with unrecognized diabetes

and 198 patients with no diabetes were included in the groups (Fig 1).

Among the 332 enrolled patients, 72.9% were male, the median age was 56.5 years old,

41.6% had a noncardiac cause of arrest, 62.0% had a nonshockable initial rhythm, 32.8% had

unwitnessed arrest, 63.3% received bystander CPR, and the median anoxic time was 36.7 min.

Poor neurological outcome and no survival at 6 months after CA occurred in 232 (69.9%)

patients and 197 (59.3%) patients, respectively.

Comparing the categorization, patients classified as inadequately controlled diabetes, con-

trolled diabetes, unrecognized diabetes and no diabetes were significantly older in order.

Acute myocardial infarction, hypertension, and renal disease were significantly more common
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in patients with known diabetes. While nonshockable initial rhythm was more frequently

observed in inadequately controlled diabetes (77.8%) and controlled diabetes (80.0%), there

were no significant differences in other variables related to CA (Table 1).

Glucose hemodynamics and outcomes

Comparisons of variables related to glucose are described in Table 2. Admission glucose, mean

and median values of glucose level were significantly higher in the groups of inadequately con-

trolled diabetes and unrecognized diabetes. Range of initial glucose level was higher in known

diabetes patients. In particular, over 90% of patients with poor glucose control (HbA1c

�6.0%) showed hyperglycemia at admission. Most patients (94.6%) experienced at least one

hyperglycemic episode over 48 h, while a hypoglycemic episode was observed in one-fifth of

all patients. Patients with inadequately controlled diabetes had the longest time to target glu-

cose, the most insulin dose to target glucose and the most cumulative insulin requirement to

maintain target glucose during the 48 h after ROSC. The time to reach target glucose according

to the categorization is presented in Fig 2. Patients in the groups of inadequately controlled

diabetes and unrecognized diabetes took longer to arrive at target glucose, and more doses of

Fig 1. Flow chart of the study.

https://doi.org/10.1371/journal.pone.0298632.g001
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Table 1. Baseline characteristics according to the categorization.

No diabetes Inadequately controlled diabetes Controlled diabetes Unrecognized diabetes P value
n = 198 n = 63 n = 20 n = 51

Male, n (%) 135 (68.2) 52 (82.5) 13 (65.0) 42 (82.4) 0.043

Age, y 49 (40.0–63.0) 69 (58.0–75.0) 66 (56.3–70.8) 58 (50.0–70.0) < 0.001

History of previous cardiac arrest, n (%) 1 (0.5) 2 (3.2) 0 (0) 2 (3.9) 0.185

History of AMI, n (%) 5 (2.5) 9 (14.3) 4 (20.0) 5 (9.8) 0.001

History of angina pectoris, n (%) 9 (4.5) 9 (14.3) 1 (5.0) 3 (5.9) 0.058

History of CHF, n (%) 4 (2.0) 2 (3.2) 0 (0) 1 (2.0) 0.852

History of hypertension, n (%) 40 (20.2) 40 (63.5) 13 (65.0) 22 (43.1) < 0.001

History of renal disease, n (%) 7 (3.5) 13 (20.6) 9 (45.0) 1 (2.0) < 0.001

Noncardiac cause arrest, n (%) 87 (43.9) 25 (39.7) 11 (55.0) 15 (29.4) 0.162

Initial nonshockable rhythm, n (%) 116 (58.6) 49 (77.8) 16 (80.0) 25 (49.0) 0.003

Unwitnessed arrest, n (%) 71 (35.9) 16 (25.4) 5 (25.0) 17 (33.3) 0.397

No bystander CPR, n (%) 63 (31.8) 30 (47.6) 7 (35.0) 22 (43.1) 0.102

Total anoxic timea, min 33.5 (20.0–49.3) 32.0 (16.5–42.0) 33.5 (18.0–48.0) 37.0 (23.0–43.0) 0.648

Poor neurological outcome, n (%) 132 (66.7) 52 (82.5) 18 (90.0) 30 (58.8) 0.006

No survival at 6 month, n (%) 111 (56.1) 46 (73.0) 16 (80.0) 24 (47.1) 0.006

Data are presented as n (%) for categorical variables and as medians (interquartile range, IQR) for continuous variables.
aDefined as the time interval between arrest and ROSC

Abbreviations: AMI, acute myocardial infarction; CHF, congestive heart failure; CPR, cardiopulmonary resuscitation

https://doi.org/10.1371/journal.pone.0298632.t001

Table 2. Comparisons of glucose-related variables.

No diabetes Inadequately controlled diabetes Controlled diabetes Unrecognized diabetes p value
n = 198 n = 63 n = 20 n = 51

Initial HbA1c, % 5.4 (5.2–5.6) 7.0 (6.5–7.8) 5.6 (5.3–5.8) 6.3 (6.1–6.6) <

0.001

Admission glucose, mg/dL 259.0 (200.0–

315.0)

314.0 (257.0–424.0) 248.5 (166.5–464.2) 270.0 (195.0–336.0) <

0.001

Mean glucose during 48 h, mg/dL 150.9 (136.7–

174.5)

184.4 (160.0–217.2) 158.0 (138.5–197.0) 173.9 (143.2–205.3) <

0.001

Median glucose during 48 h, mg/dL 138.5 (123.9–

159.6)

160.0 (145.5–194.0) 135.5 (128.4–168.5) 156.0 (135.0–190.0) <

0.001

Range glucose during 48 h, mg/dL 190.5 (141.8–

258.0)

263.0 (184.0–391.0) 266.5 (181.0–352.5) 200.0 (141.0–286.0) <

0.001

At least one hyperglycemic episode during 48 h, n

(%)

183 (92.4) 63 (100.0) 19 (95.0) 49 (96.1) 0.131

At least one hypoglycemic episode during 48 h, n

(%)

36 (18.2) 12 (19.0) 4 (20.0) 11 (21.6) 0.957

Hyperglycemia at admission, n (%) 159 (80.3) 58 (92.1) 13 (65.0) 47 (92.2) 0.006

Time to target glucose, h 5.0 (2.0–8.0) 8.5 (6.0–15.0) 3.0 (0.0–11.0) 7.0 (4.0–10.8) <

0.001

Glucose reducing rate, mg/h 22.5 (12.0–37.8) 18.3 (11.3–23.3) 13.6 (8.8–44.2) 14.3 (8.5–28.1) 0.064

Total insulin dose to target glucose, IU 0 (0.0–8.0) 15 (6.0–40.0) 2.5 (0.0–19.5) 3 (0.0–19.0) <

0.001

Cumulative insulin requirement during 48 h, IU 7.5 (0.0–33.0) 50 (30.0–80.0) 30 (8.5–41.8) 22 (0.0–55.0) <

0.001

Data are presented as n (%) for categorical variables and as medians (interquartile range, IQR) for continuous variables.

https://doi.org/10.1371/journal.pone.0298632.t002
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insulin were used than in the groups of controlled diabetes and no diabetes. The time to target

glucose, glucose reducing rate and total insulin dose to target glucose were significantly differ-

ent between the groups. Poor neurologic outcome and death were significantly more fre-

quently observed in patients with diagnosed diabetes.

Table 3 shows the comparison of variables related to glucose level with neurological out-

come and survival at 6 months after ROSC. Higher initial glucose levels and the presence of at

least one hypoglycemic episode were significantly found in patients with poor neurologic out-

comes and death. Additionally, there were significant differences among the groups based on

categorization in neurological outcome and death (p<0.05).

Logistic regression analysis

In univariate logistic regression analysis, older age, higher proportion of diabetes, noncardiac

etiology, nonshockable initial rhythm and unwitnessed arrest, longer total anoxic time, higher

admission glucose, and presence of hypoglycemic episode were associated with poor neuro-

logic outcome and death (S1 Table). In particular, in terms of death, the presence of comorbid-

ities (hypertension and renal disease), no bystander CPR and higher initial HbA1c were

additionally associated. Diagnosed diabetes was significantly associated with poor neurologic

outcomes and death, whether well controlled or inadequately controlled.

Fig 2. Time to reach target glucose according to the categories. Each trend line represents the declining trend in glucose levels for each group, with

mean values and standard deviations indicated.

https://doi.org/10.1371/journal.pone.0298632.g002
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Age, noncardiac etiology and nonshockable initial rhythm were associated with poor neu-

rologic outcome and death in multivariate logistic regression (Table 4). Specifically, the non-

shockable initial rhythm was highly associated with poor neurologic outcome (OR 5.880, 95%

CI, 2.771–12.476) and death (OR 4.725, 95% CI 2.333–9.572). A hypoglycemic episode during

the 48 h after ROSC was independently associated with poor neurologic outcomes (OR 3.505;

95% CI, 2.382–9.663). The categorization according to diabetes was not related to the out-

comes in multivariate logistic regression analysis.

Discussion

In this study, we categorized OHCA patients who received TTM based on their diabetes status

and glycemic control reflected by HbA1c and compared the differences in glucose hemody-

namics among the groups. Indeed, there were differences in initial glucose levels and glucose

variability (mean, median, and range) during the first 48 h as well as the time required to reach

the target glucose and the insulin dose. Ultimately, there were significant differences in the

6-month outcomes among the groups. Additionally, initial glucose levels and hypoglycemic

episode were significantly associated with poor neurological outcomes.

The relationship between a patient’s glucose level and outcomes has been studied in previ-

ous studies [19–22]. Additionally, HbA1c was analyzed in patients treated with TTM after

OHCA [34, 39]. We classified patients previously diagnosed with diabetes into four groups:

those with controlled diabetes, inadequately controlled diabetes, unrecognized diabetes, and

no diabetes with adequate glucose control. Patients with inadequately controlled diabetes

showed the highest levels of HbA1c, admission glucose, mean glucose, and median glucose,

while patients in the unrecognized diabetes group followed. HbA1c, which we used to deter-

mine glycemic status, is a well-known marker that reflects glucose control over the previous

three months [36]. In our study, we were able to identify that more effort was needed when

Table 3. Characteristics according to the primary outcomes.

Neurological outcomes p-value Survival p value
Good (n = 100) Poor (n = 232) Yes (n = 135) No (n = 197)

Initial HbA1c, % 5.6 (5.3–6.1) 5.7 (5.3–6.4) 0.189 5.6 (5.3–6.1) 5.7 (5.4–6.4) 0.053

Admission glucose, mg/dL 243.5 (191.3–286.5) 288.0 (215.5–355.0) < 0.001 252.0 (199.0–306.0) 288.0 (208.5–355.5) 0.005

Mean glucose during 48 h, mg/dL 151.9 (138.5–173.5) 161.3 (145.5–194.6) 0.004 153.1 (138.4–175.6) 162.3 (146.7–197.8) 0.001

Median glucose during 48 h, mg/dL 139.3 (123.9–160.5) 147.8 (130.0–180.0) 0.001 140.0 (125.5–161.0) 147.5 (131.0–183.0) < 0.001

Range glucose during 48 h, mg/dL 168.5 (132.3–231.5) 219.0 (165.0–301.0) 0.019 184.0 (134.0–258.0) 222.0 (165.0–307.0) 0.059

At least one hyperglycemic episode during 48 h, n (%) 93 (93.0) 221 (95.3) 0.404 127 (94.1) 187 (94.9) 0.737

At least one hypoglycemic episode during 48 h, n (%) 9 (9.0) 54 (23.3) 0.002 15 (11.1) 48 (24.4) 0.002

Hyperglycemia at admission, n (%) 81 (81.0) 196 (84.5) 0.434 113 (83.7) 164 (83.2) 0.913

Time to target glucose, h 5.0 (2.0–9.0) 6.0 (3.0–9.0) 0.146 5.0 (3.0–9.0) 6.0 (2.3–9.8) 0.288

Glucose reducing rate, mg/h 16.3 (8.6–30.5) 20.3 (11.9–36.7) 0.037 18.5 (8.9–35.4) 20.3 (12.4–35.7) 0.109

Total insulin dose to target glucose, IU 0 (0.0–12.8) 4 (0.0–17.5) 0.053 0 (0.0–14.0) 4 (0.0–19.0) 0.080

Cumulative insulin requirement during 48 h, IU 13.0 (0.0–47.8) 20.5 (0.25–52.8) 0.117 15.0 (0.0–50.0) 22 (2.0–53.5) 0.122

Category 0.010 0.006

No diabetes, n (%) 66 (66.0) 132 (56.9) 87 (64.4) 111 (56.3)

Inadequately controlled diabetes, n (%) 11 (11.0) 52 (22.4) 17 (12.6) 46 (23.4)

Controlled diabetes, n (%) 2 (2.0) 18 (7.8) 4 (3.0) 16 (8.1)

Unrecognized diabetes, n (%) 21 (21.0) 30 (12.9) 27 (20.0) 24 (12.2)

Data are presented as n (%) for categorical variables and as medians (interquartile range, IQR) for continuous variables.

https://doi.org/10.1371/journal.pone.0298632.t003
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applying insulin therapy during acute treatment in patients with inadequately controlled glyce-

mic status. It can be estimated that patients in the inadequately controlled diabetes and unrec-

ognized diabetes groups were exposed to chronic hyperglycemia. Lowering their glucose levels

required more time and larger amounts of insulin. The assumptions to explain this are as fol-

lows: 1. Diabetic patients have adapted to chronic hyperglycemia and have resistance to lower-

ing glucose with the same insulin dose due to insulin resistance and beta-cell secretory defects

[40, 41]. Especially in patients who have already been diagnosed with and treated for diabetes,

despite the intervention of glucose-lowering medication, it might be expected that more effort

would be required to reach the target because of their being in a state of poor glycemic control.

2. We could consider the additive effect of stress-induced hyperglycemia. Stress hyperglycemia

is a transient change in glucose from baseline during illness regardless of the patient’s diabetes

Table 4. Multivariate logistic regression analysis.

Poor neurologic outcome OR 95% CI p value
Age �65 2.780 1.200–6.445 0.017

Noncardiac cause arrest 5.239 2.113–12.989 <0.001

Initial nonshockable rhythm 6.439 2.950–14.055 <0.001

Unwitnessed arrest 0.874 0.357–2.137 0.768

No bystander CPR 0.689 0.323–1.471 0.336

Total anoxic time 1.063 1.038–1.087 <0.001

Admission glucose 1.004 0.999–1.009 0.154

Mean glucose during 48 h 0.995 0.960–1.032 0.793

Median glucose during 48 h 1.014 0.983–1.046 0.385

Range glucose during 48 h 1.001 0.996–1.006 0.699

At least one hypoglycemic episode during 48 h 3.522 1.096–11.322 0.035

Categorization 0.573

No diabetes ref ref ref

Inadequately controlled diabetes 1.041 0.361–3.005 0.940

Controlled diabetes 2.625 0.352–19.568 0.346

Unrecognized diabetes 0.636 0.245–1.650 0.352

No survival

Age �65 2.242 1.061–4.739 0.034

History of hypertension 2.124 1.012–4.461 0.046

History of renal disease 1.166 0.345–3.941 0.805

Noncardiac cause arrest 2.569 1.234–5.351 0.012

Initial nonshockable rhythm 4.838 2.371–9.871 <0.001

Unwitnessed arrest 1.149 0.542–2.436 0.718

No bystander CPR 0.943 0.489–1.821 0.862

Total anoxic time 1.059 1.039–1.080 <0.001

Admission glucose 1.000 0.996–1.004 0.867

Mean glucose during 48 h 1.013 0.982–1.045 0.426

Median glucose during 48 h 0.999 0.973–1.026 0.955

Range glucose during 48 h 0.999 0.994–1.004 0.683

At least one hypoglycemic episode during 48 h 2.509 0.959–6.565 0.061

Categorization 0.385

No diabetes ref ref ref

Inadequately controlled diabetes 0.829 0.315–2.179 0.703

Controlled diabetes 1.522 0.363–6.388 0.566

Unrecognized diabetes 0.479 0.186–1.229 0.126

https://doi.org/10.1371/journal.pone.0298632.t004
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status [10]. Stress hyperglycemia is induced by highly complex mechanisms of counterregula-

tory hormones such as catecholamine, growth hormone, cortisol, and cytokines, and in

patients with poor glycemic control, there can be a synergistic effect, leading to sustained

hyperglycemia [10].

It was found that the mean and median values of glucose over 48 h, known as glycemic vari-

ability, differ among categories depending on a patient’s diabetes status and glycemic control

status. Glycemic variability is already known as an important factor for outcomes in critically

ill patients [11, 42, 43]. In fact, studies have been conducted on the relationship between glyce-

mic variability and outcomes in CA patients [20, 44]. One study compared the relationship

between mean glucose and poor outcomes over observation periods of 36, 48, and 96 h and

found that it affected outcomes regardless of the observation period [19]. Ola Borgquist et al.

showed that the higher the median glucose, the more likely poor neurologic outcomes would

occur [20]. Furthermore, in our study, glucose range also differed among groups and was

found to be associated with primary outcomes in univariate analysis. Therefore, stabilizing glu-

cose variability according to a patient’s condition may affect the outcomes in addition to their

initial glucose level. Our study suggests that different approaches may be necessary based on

the patient’s glycemic status and presence of diabetes. Despite numerous investigations into

conventional versus individualized glucose control for critically ill patients, conclusive evi-

dence remains elusive. [26, 45]. A specific study on diabetic ketoacidosis patients indicated

that a combination of intravenous insulin and subcutaneous glargine showed a trend towards

faster resolution and shorter hospital stays, though statistically insignificant [46]. This high-

lights the necessity for more research on insulin types, doses, and target glucose levels tailored

to individual characteristics, with a crucial emphasis on preventing hypoglycemia.

We found that there were differences in the time and speed to reach target glucose levels

among each group of patients, especially in patients with HbA1c levels of 6.0% or higher, who

took longer to reach target glucose levels. However, the time to target glucose, glucose reduc-

ing rate, and insulin dose to target dose were not independent predictors of primary outcomes

in our study. However, in a study by JH Woo et al., a faster time to reach target glucose levels

was associated with favorable outcomes in OCHA patients who received TTM [47]. We specu-

lated that this difference may be because our study did not include factors related to TTM in

the multivariate analysis. TTM itself can induce insulin resistance, which can affect glucose

hemodynamics, as reported by Sah Pri, Azurahisham, et al. [48].

The occurrence of at least one episode of hypoglycemia during 48 h was associated with a

poor neurological outcome after 6 months, both in univariate and multivariate analyses. It is

already well known that hypoglycemia is associated with increased mortality in critically ill

patients [49, 50]. In addition, a previous observational study analyzing OHCA patients treated

with TTM also confirmed that hypoglycemia is related to poor neurological outcome and mor-

tality [23, 51]. This supports the guidelines to prevent hypoglycemia [3, 4]. Moreover, in our

study, even though a broader hypoglycemia standard (72 mg/dL) was applied instead of severe

hypoglycemia (40 mg/dL), these results support the recommendation of a conventional glu-

cose strategy over a strict glucose control strategy [50, 52].

In the comparison of outcomes among subgroups, both neurological outcome and mortal-

ity were highest in controlled diabetes patients and lowest in unrecognized diabetes patients,

and the reason for this is unclear. The potential reasons for poor outcomes in controlled diabe-

tes patients and good outcomes in unrecognized diabetes patients may be attributed to inade-

quate statistical power due to a small sample size and potential age bias in the study

population. In univariate analysis, it was found that known diabetes, whether well controlled

or not, had a positive effect on poor neurological outcome and mortality. Diabetes is a state of

increased release of proinflammatory mediators and counterregulatory hormones, making
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patients susceptible to infection, and it is highly exposed to microvascular or macrovascular

injury through complex mechanisms, which can affect the results [17, 53]. The patient catego-

ries did not have an impact in multivariate analysis.

There are several limitations to our study. First, it is a single-center registry and retrospec-

tive study. Second, the number of patients with controlled diabetes was less than 10% of the

total population, which may have limited our ability to make comparisons. Third, we did not

include factors related to TTM in the logistic regression analysis, which may have influenced

glucose hemodynamics. Forth, a substantial portion of data regarding oral medications or

insulin usage before cardiac arrest was unavailable for patients diagnosed with diabetes, lead-

ing to an inadequate basis for analysis. Last, HbA1c has been used to predict recent glycemic

status, but factors such as hemodialysis, recent blood loss, transfusion, or erythropoietin ther-

apy that can alter the relationship between HbA1c and glycemia have not been investigated in

this study. Additionally, classifying patients solely based on glycemic status is imperfect in the

prediction of undiagnosed diabetes.

Conclusion

Patients who survived after cardiac arrest showed differences in glucose hemodynamics and

outcomes depending on their preexisting diabetes status and glycemic status. In particular,

even a single occurrence of hypoglycemia during the acute period could have an impact on

poor neurological outcomes. Although this categorization did not directly influence the neuro-

logical outcomes, we could suggest future studies are warranted to implement a tailored glu-

cose control approach in each group.

Supporting information

S1 File. Patient information and data used in analysis.

(PDF)

S2 File. Glucose levels of patients by category used for Fig 2.

(PDF)

S1 Table. Univariate logistic regression analysis.

(DOCX)

Author Contributions

Conceptualization: Chun Song Youn, Kyu Nam Park, Sang Hoon Oh.

Data curation: Hyo Jin Bang, Sang Hyun Park.

Formal analysis: Hyo Jin Bang, Hyo Joon Kim, Sang Hyun Park.

Investigation: Hyo Jin Bang, Hyo Joon Kim, Soo Hyun Kim.

Methodology: Chun Song Youn.

Supervision: Chun Song Youn.

Validation: Kyu Nam Park.

Writing – original draft: Hyo Jin Bang.

Writing – review & editing: Chun Song Youn, Sang Hoon Oh, Soo Hyun Kim.

PLOS ONE Glucose control and outcomes in patients treated with targeted temperature management after cardiac arrest

PLOS ONE | https://doi.org/10.1371/journal.pone.0298632 February 8, 2024 11 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0298632.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0298632.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0298632.s003
https://doi.org/10.1371/journal.pone.0298632


References
1. Jentzer JC, Clements CM, Wright RS, White RD, Jaffe AS. Improving Survival From Cardiac Arrest: A

Review of Contemporary Practice and Challenges. Annals of Emergency Medicine. 2016; 68(6):678–

89. https://doi.org/10.1016/j.annemergmed.2016.05.022 PubMed PMID: WOS:000389164800007.

PMID: 27318408

2. Grasner JT, Herlitz J, Tjelmeland IBM, Wnent J, Masterson S, Lilja G, et al. Epidemiology of cardiac

arrest in Europe European Resuscitation Council Guidelines 2021. Notfall Rettungsmed. 2021; 24

(4):346–66. https://doi.org/10.1007/s10049-021-00884-y PubMed PMID: WOS:000657231500007.

3. Panchal AR, Bartos JA, Cabañas JG, Donnino MW, Drennan IR, Hirsch KG, et al. Part 3: Adult Basic

and Advanced Life Support: 2020 American Heart Association Guidelines for Cardiopulmonary Resus-

citation and Emergency Cardiovascular Care. Circulation. 2020; 142(16_suppl_2):S366–S468. https://

doi.org/10.1161/CIR.0000000000000916 PMID: 33081529

4. Nolan JP, Sandroni C, Bottiger BW, Cariou A, Cronberg T, Friberg H, et al. European Resuscitation

Council and European Society of Intensive Care Medicine Guidelines 2021: Post-resuscitation care.

Resuscitation. 2021; 161:220–69. Epub 20210324. https://doi.org/10.1016/j.resuscitation.2021.02.012

PMID: 33773827.

5. Kjaergaard J, Moller JE, Schmidt H, Grand J, Molstrom S, Borregaard B, et al. Blood-Pressure Targets

in Comatose Survivors of Cardiac Arrest. New Engl J Med. 2022; 387(16):1456–66. https://doi.org/10.

1056/NEJMoa2208687 PubMed PMID: WOS:000886934000001. PMID: 36027564

6. Awad A, Nordberg P, Jonsson M, Hofmann R, Ringh M, Hollenberg J, et al. Hyperoxemia after reperfu-

sion in cardiac arrest patients: a potential dose-response association with 30-day survival. Critical Care.

2023; 27(1). doi: ARTN 86, https://doi.org/10.1186/s13054-023-04379-9 PubMed PMID:

WOS:000944026000002. PMID: 36879330

7. Robba C, Badenes R, Battaglini D, Ball L, Sanfilippo F, Brunetti I, et al. Oxygen targets and 6-month

outcome after out of hospital cardiac arrest: a pre-planned sub-analysis of the targeted hypothermia

versus targeted normothermia after Out-of-Hospital Cardiac Arrest (TTM2) trial. Critical Care. 2022; 26

(1). doi: ARTN 323, https://doi.org/10.1186/s13054-022-04186-8 PubMed PMID:

WOS:000871049800002. PMID: 36271410

8. Robba C, Badenes R, Battaglini D, Ball L, Brunetti I, Jakobsen JC, et al. Ventilatory settings in the initial

72 h and their association with outcome in out-of-hospital cardiac arrest patients: a preplanned second-

ary analysis of the targeted hypothermia versus targeted normothermia after out-of-hospital cardiac

arrest (TTM2) trial. Intensive Care Medicine. 2022; 48(8):1024–38. https://doi.org/10.1007/s00134-

022-06756-4 PubMed PMID: WOS:000819900000001. PMID: 35780195

9. Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French C, et al. Surviving Sepsis Cam-

paign: International Guidelines for Management of Sepsis and Septic Shock 2021. Critical Care Medi-

cine. 2021; 49(11):E1063–E143. https://doi.org/10.1097/CCM.0000000000005337 PubMed PMID:

WOS:000706788600001. PMID: 34605781

10. Dungan KM, Braithwaite SS, Preiser JC. Stress hyperglycaemia. Lancet. 2009; 373(9677):1798–807.

Epub 2009/05/26. https://doi.org/10.1016/S0140-6736(09)60553-5 PMID: 19465235; PubMed Central

PMCID: PMC3144755.

11. Hermanides J, Vriesendorp TM, Bosman RJ, Zandstra DF, Hoekstra JB, DeVries JH. Glucose variabil-

ity is associated with intensive care unit mortality. Critical Care Medicine. 2010; 38(3):838–42. https://

doi.org/10.1097/CCM.0b013e3181cc4be9 PubMed PMID: WOS:000275266200014. PMID: 20035218

12. Marik PE, Raghavan M. Stress-hyperglycemia, insulin and immunomodulation in sepsis. Intensive

Care Med. 2004; 30(5):748–56. Epub 2004/03/03. https://doi.org/10.1007/s00134-004-2167-y PMID:

14991101.

13. Deane AM, Horowitz M. Dysglycaemia in the critically ill–significance and management. Diabetes Obes

Metab. 2013; 15(9):792–801. https://doi.org/10.1111/dom.12078 PubMed PMID:

WOS:000322202900003. PMID: 23368662

14. Krinsley JS, Meyfroidt G, van den Berghe G, Egi M, Bellomo R. The impact of premorbid diabetic status

on the relationship between the three domains of glycemic control and mortality in critically ill patients.

Curr Opin Clin Nutr. 2012; 15(2):151–60. https://doi.org/10.1097/MCO.0b013e32834f0009 PubMed

PMID: WOS:000300411600011. PMID: 22234163

15. Woodman RJ, Chew GT, Watts GF. Mechanisms, significance and treatment of vascular dysfunction in

type 2 diabetes mellitus–Focus on lipid-regulating therapy. Drugs. 2005; 65(1):31–74. https://doi.org/

10.2165/00003495-200565010-00003 PubMed PMID: WOS:000226503500003. PMID: 15610050

16. Shah AD, Langenberg C, Rapsomaniki E, Denaxas S, Pujades-Rodriguez M, Gale CP, et al. Type 2

diabetes and incidence of cardiovascular diseases: a cohort study in 1.9 million people. Lancet Diabetes

Endocrinol. 2015; 3(2):105–13. Epub 2014/12/04. https://doi.org/10.1016/S2213-8587(14)70219-0

PMID: 25466521; PubMed Central PMCID: PMC4303913.

PLOS ONE Glucose control and outcomes in patients treated with targeted temperature management after cardiac arrest

PLOS ONE | https://doi.org/10.1371/journal.pone.0298632 February 8, 2024 12 / 15

https://doi.org/10.1016/j.annemergmed.2016.05.022
http://www.ncbi.nlm.nih.gov/pubmed/27318408
https://doi.org/10.1007/s10049-021-00884-y
https://doi.org/10.1161/CIR.0000000000000916
https://doi.org/10.1161/CIR.0000000000000916
http://www.ncbi.nlm.nih.gov/pubmed/33081529
https://doi.org/10.1016/j.resuscitation.2021.02.012
http://www.ncbi.nlm.nih.gov/pubmed/33773827
https://doi.org/10.1056/NEJMoa2208687
https://doi.org/10.1056/NEJMoa2208687
http://www.ncbi.nlm.nih.gov/pubmed/36027564
https://doi.org/10.1186/s13054-023-04379-9
http://www.ncbi.nlm.nih.gov/pubmed/36879330
https://doi.org/10.1186/s13054-022-04186-8
http://www.ncbi.nlm.nih.gov/pubmed/36271410
https://doi.org/10.1007/s00134-022-06756-4
https://doi.org/10.1007/s00134-022-06756-4
http://www.ncbi.nlm.nih.gov/pubmed/35780195
https://doi.org/10.1097/CCM.0000000000005337
http://www.ncbi.nlm.nih.gov/pubmed/34605781
https://doi.org/10.1016/S0140-6736(09)60553-5
http://www.ncbi.nlm.nih.gov/pubmed/19465235
https://doi.org/10.1097/CCM.0b013e3181cc4be9
https://doi.org/10.1097/CCM.0b013e3181cc4be9
http://www.ncbi.nlm.nih.gov/pubmed/20035218
https://doi.org/10.1007/s00134-004-2167-y
http://www.ncbi.nlm.nih.gov/pubmed/14991101
https://doi.org/10.1111/dom.12078
http://www.ncbi.nlm.nih.gov/pubmed/23368662
https://doi.org/10.1097/MCO.0b013e32834f0009
http://www.ncbi.nlm.nih.gov/pubmed/22234163
https://doi.org/10.2165/00003495-200565010-00003
https://doi.org/10.2165/00003495-200565010-00003
http://www.ncbi.nlm.nih.gov/pubmed/15610050
https://doi.org/10.1016/S2213-8587(14)70219-0
http://www.ncbi.nlm.nih.gov/pubmed/25466521
https://doi.org/10.1371/journal.pone.0298632


17. Chawla A, Chawla R, Jaggi S. Microvasular and macrovascular complications in diabetes mellitus: Dis-

tinct or continuum? Indian J Endocrinol Metab. 2016; 20(4):546–51. Epub 2016/07/02. https://doi.org/

10.4103/2230-8210.183480 PMID: 27366724; PubMed Central PMCID: PMC4911847.

18. Tomic D, Shaw JE, Magliano DJ. The burden and risks of emerging complications of diabetes mellitus.

Nat Rev Endocrinol. 2022; 18(9):525–39. https://doi.org/10.1038/s41574-022-00690-7 PubMed PMID:

WOS:000806652500001. PMID: 35668219

19. Russo JJ, James TE, Hibbert B, Ramirez FD, Simard T, Osborne C, et al. Hyperglycaemia in comatose

survivors of out-of-hospital cardiac arrest. Eur Heart J-Acute Ca. 2018; 7(5):442–9. https://doi.org/10.

1177/2048872616684685 PubMed PMID: WOS:000439591800007. PMID: 28045336

20. Borgquist O, Wise MP, Nielsen N, Al-Subaie N, Cranshaw J, Cronberg T, et al. Dysglycemia, Glycemic

Variability, and Outcome After Cardiac Arrest and Temperature Management at 33 degrees C and 36

degrees C. Critical Care Medicine. 2017; 45(8):1337–43. https://doi.org/10.1097/Ccm.

0000000000002367 PubMed PMID: WOS:000405469600032. PMID: 28708678

21. Daviaud F, Dumas F, Demars N, Geri G, Bougle A, Morichau-Beauchant T, et al. Blood glucose level

and outcome after cardiac arrest: insights from a large registry in the hypothermia era. Intensive Care

Medicine. 2014; 40(6):855–62. https://doi.org/10.1007/s00134-014-3269-9 PubMed PMID:

WOS:000336281100009. PMID: 24664154

22. Kim SH, Choi SP, Park KN, Lee SJ, Lee KW, Jeong TO, et al. Association of blood glucose at admission

with outcomes in patients treated with therapeutic hypothermia after cardiac arrest. American Journal of

Emergency Medicine. 2014; 32(8):900–4. https://doi.org/10.1016/j.ajem.2014.05.004 PubMed PMID:

WOS:000343311000013. PMID: 24928411

23. Nielsen N, Sunde K, Hovdenes J, Riker RR, Rubertsson S, Stammet P, et al. Adverse events and their

relation to mortality in out-of-hospital cardiac arrest patients treated with therapeutic hypothermia. Criti-

cal Care Medicine. 2011; 39(1):57–64. https://doi.org/10.1097/CCM.0b013e3181fa4301 PubMed

PMID: WOS:000285579600010. PMID: 20959789

24. Beiser DG, Carr GE, Edelson DP, Peberdy MA, Hoek TLV. Derangements in blood glucose following

initial resuscitation from in-hospital cardiac arrest: A report from the national registry of cardiopulmonary

resuscitation. Resuscitation. 2009; 80(6):624–30. https://doi.org/10.1016/j.resuscitation.2009.02.011

PubMed PMID: WOS:000267094100005. PMID: 19297067

25. Voruganti DC, Chennamadhavuni A, Garje R, Shantha GPS, Schweizer ML, Girotra S, et al. Associa-

tion between diabetes mellitus and poor patient outcomes after out-of-hospital cardiac arrest: A system-

atic review and meta-analysis. Sci Rep-Uk. 2018; 8. doi: ARTN 17921, https://doi.org/10.1038/s41598-

018-36288-1 PubMed PMID: WOS:000453547500003. PMID: 30560897

26. Krinsley JS, Deane AM, Gunst J. The goal of personalized glucose control in the critically ill remains elu-

sive. Intensive Care Medicine. 2021; 47(11):1319–21. https://doi.org/10.1007/s00134-021-06530-y

PubMed PMID: WOS:000696745900001. PMID: 34533593

27. Rittenberger JC, Raina K, Holm MB, Kim YJ, Callaway CW. Association between Cerebral Perfor-

mance Category, Modified Rankin Scale, and discharge disposition after cardiac arrest. Resuscitation.

2011; 82(8):1036–40. https://doi.org/10.1016/j.resuscitation.2011.03.034 PubMed PMID:

WOS:000294140100019. PMID: 21524837

28. Davis SN, Shavers C, MosquedaGarcia R, Costa F. Effects of differing antecedent hypoglycemia on

subsequent counterregulation in normal humans. Diabetes. 1997; 46(8):1328–35. https://doi.org/10.

2337/diab.46.8.1328 PubMed PMID: WOS:A1997XM40000012. PMID: 9231658

29. Kim SH, Park KN, Choi SP, Kim YM, Kim HJ, Oh SH, et al. Time to reach target glucose level and out-

come after cardiac arrest patients treated with therapeutic hypothermia. Journal of Critical Care. 2015;

30(6):1204–9. https://doi.org/10.1016/j.jcrc.2015.08.011 PubMed PMID: WOS:000363945900011.

PMID: 26365002

30. Bennett CM, Guo M, Dharmage SC. HbA(1c) as a screening tool for detection of Type 2 diabetes: a sys-

tematic review. Diabetic Med. 2007; 24(4):333–43. https://doi.org/10.1111/j.1464-5491.2007.02106.x

PubMed PMID: WOS:000245101400001. PMID: 17367307

31. Tahara Y, Shima K. The Response of Ghb to Stepwise Plasma-Glucose Change over Time in Diabetic-

Patients. Diabetes Care. 1993; 16(9):1313–4. https://doi.org/10.2337/diacare.16.9.1313 PubMed

PMID: WOS:A1993LU54900022. PMID: 8404444

32. Nathan DM, Singer DE, Hurxthal K, Goodson JD. The Clinical Information Value of the Glycosylated

Hemoglobin Assay. New Engl J Med. 1984; 310(6):341–6. https://doi.org/10.1056/

NEJM198402093100602 PubMed PMID: WOS:A1984SB78800002. PMID: 6690962

33. Silverman RA, Thakker U, Ellman T, Wong I, Smith K, Ito K, et al. Hemoglobin A(1c) as a Screen for

Previously Undiagnosed Prediabetes and Diabetes in an Acute-Care Setting. Diabetes Care. 2011; 34

(9):1908–12. https://doi.org/10.2337/dc10-0996 PubMed PMID: WOS:000295195100004. PMID:

21775751

PLOS ONE Glucose control and outcomes in patients treated with targeted temperature management after cardiac arrest

PLOS ONE | https://doi.org/10.1371/journal.pone.0298632 February 8, 2024 13 / 15

https://doi.org/10.4103/2230-8210.183480
https://doi.org/10.4103/2230-8210.183480
http://www.ncbi.nlm.nih.gov/pubmed/27366724
https://doi.org/10.1038/s41574-022-00690-7
http://www.ncbi.nlm.nih.gov/pubmed/35668219
https://doi.org/10.1177/2048872616684685
https://doi.org/10.1177/2048872616684685
http://www.ncbi.nlm.nih.gov/pubmed/28045336
https://doi.org/10.1097/Ccm.0000000000002367
https://doi.org/10.1097/Ccm.0000000000002367
http://www.ncbi.nlm.nih.gov/pubmed/28708678
https://doi.org/10.1007/s00134-014-3269-9
http://www.ncbi.nlm.nih.gov/pubmed/24664154
https://doi.org/10.1016/j.ajem.2014.05.004
http://www.ncbi.nlm.nih.gov/pubmed/24928411
https://doi.org/10.1097/CCM.0b013e3181fa4301
http://www.ncbi.nlm.nih.gov/pubmed/20959789
https://doi.org/10.1016/j.resuscitation.2009.02.011
http://www.ncbi.nlm.nih.gov/pubmed/19297067
https://doi.org/10.1038/s41598-018-36288-1
https://doi.org/10.1038/s41598-018-36288-1
http://www.ncbi.nlm.nih.gov/pubmed/30560897
https://doi.org/10.1007/s00134-021-06530-y
http://www.ncbi.nlm.nih.gov/pubmed/34533593
https://doi.org/10.1016/j.resuscitation.2011.03.034
http://www.ncbi.nlm.nih.gov/pubmed/21524837
https://doi.org/10.2337/diab.46.8.1328
https://doi.org/10.2337/diab.46.8.1328
http://www.ncbi.nlm.nih.gov/pubmed/9231658
https://doi.org/10.1016/j.jcrc.2015.08.011
http://www.ncbi.nlm.nih.gov/pubmed/26365002
https://doi.org/10.1111/j.1464-5491.2007.02106.x
http://www.ncbi.nlm.nih.gov/pubmed/17367307
https://doi.org/10.2337/diacare.16.9.1313
http://www.ncbi.nlm.nih.gov/pubmed/8404444
https://doi.org/10.1056/NEJM198402093100602
https://doi.org/10.1056/NEJM198402093100602
http://www.ncbi.nlm.nih.gov/pubmed/6690962
https://doi.org/10.2337/dc10-0996
http://www.ncbi.nlm.nih.gov/pubmed/21775751
https://doi.org/10.1371/journal.pone.0298632


34. Lee J, Oh JS, Zhu JH, Hong S, Park SH, Kim JH, et al. High HbA1c is associated with decreased 6-

month survival and poor outcomes after out-of-hospital cardiac arrest: a retrospective cohort study.

Scand J Trauma Resus. 2020; 28(1). doi: ARTN 88, https://doi.org/10.1186/s13049-020-00782-1

PubMed PMID: WOS:000568512800001. PMID: 32883318

35. Perkins GD, Jacobs IG, Nadkarni VM, Berg RA, Bhanji F, Biarent D, et al. Cardiac Arrest and Cardiopul-

monary Resuscitation Outcome Reports: Update of the Utstein Resuscitation Registry Templates for

Out-of-Hospital Cardiac Arrest: A Statement for Healthcare Professionals From a Task Force of the

International Liaison Committee on Resuscitation (American Heart Association, European Resuscita-

tion Council, Australian and New Zealand Council on Resuscitation, Heart and Stroke Foundation of

Canada, InterAmerican Heart Foundation, Resuscitation Council of Southern Africa, Resuscitation

Council of Asia); and the American Heart Association Emergency Cardiovascular Care Committee and

the Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation. Resuscitation. 2015;

96:328–40. Epub 2014/12/02. https://doi.org/10.1016/j.resuscitation.2014.11.002 PMID: 25438254.

36. Nathan DM, Turgeon H, Regan S. Relationship between glycated haemoglobin levels and mean glu-

cose levels over time. Diabetologia. 2007; 50(11):2239–44. https://doi.org/10.1007/s00125-007-0803-0

PubMed PMID: WOS:000249917200003. PMID: 17851648

37. Martinell L, Nielsen N, Herlitz J, Karlsson T, Horn J, Wise MP, et al. Early predictors of poor outcome

after out-of-hospital cardiac arrest. Critical Care. 2017; 21. doi: ARTN 96, https://doi.org/10.1186/

s13054-017-1677-2 PubMed PMID: WOS:000399361900001. PMID: 28410590

38. Rea TD, Cook AJ, Stiell IG, Powell J, Bigham B, Callaway CW, et al. Predicting Survival After Out-of-

Hospital Cardiac Arrest: Role of the Utstein Data Elements. Annals of Emergency Medicine. 2010; 55

(3):249–57. https://doi.org/10.1016/j.annemergmed.2009.09.018 PubMed PMID:

WOS:000275882400005. PMID: 19944488

39. Lee BK, Lee DH, Jeung KW, Yun SW, Callaway CW, Rittenberger JC. Glycated Hemoglobin is Associ-

ated with Glycemic Control and 6-Month Neurologic Outcome in Cardiac Arrest Survivors Undergoing

Therapeutic Hypothermia. Neurocritical Care. 2020; 32(2):448–58. https://doi.org/10.1007/s12028-

019-00758-9 PubMed PMID: WOS:000520711600015. PMID: 31187435

40. Laville M, Nazare JA. Diabetes, insulin resistance and sugars. Obes Rev. 2009; 10:24–33. https://doi.

org/10.1111/j.1467-789X.2008.00562.x PubMed PMID: WOS:000263258600003. PMID: 19207533

41. Kaul K, Apostolopoulou M, Roden M. Insulin resistance in type 1 diabetes mellitus. Metabolism. 2015;

64(12):1629–39. https://doi.org/10.1016/j.metabol.2015.09.002 PubMed PMID:

WOS:000364896000003. PMID: 26455399

42. Egi M, Bellomo R, Stachowski E, French CJ, Hart GK, Taori G, et al. The interaction of chronic and

acute glycemia with mortality in critically ill patients with diabetes. Crit Care Med. 2011; 39(1):105–11.

Epub 2010/10/27. https://doi.org/10.1097/CCM.0b013e3181feb5ea PMID: 20975552.

43. Ichai C, Preiser JC, Societe Francaise dA-R, Societe de Reanimation de langue F, Experts g. Interna-

tional recommendations for glucose control in adult non diabetic critically ill patients. Crit Care. 2010; 14

(5):R166. Epub 2010/09/16. https://doi.org/10.1186/cc9258 PMID: 20840773; PubMed Central PMCID:

PMC3219261.

44. Cueni-Villoz N, Devigili A, Delodder F, Cianferoni S, Feihl F, Rossetti AO, et al. Increased blood glucose

variability during therapeutic hypothermia and outcome after cardiac arrest. Crit Care Med. 2011; 39

(10):2225–31. Epub 2011/06/28. https://doi.org/10.1097/CCM.0b013e31822572c9 PMID: 21705888.

45. Bohé J, Abidi H, Brunot V, Klich A, Klouche K, Sedillot N, et al. Individualised versus conventional glu-

cose control in critically-ill patients: the CONTROLING study-a randomized clinical trial. Intensive Care

Medicine. 2021; 47(11):1271–83. https://doi.org/10.1007/s00134-021-06526-8 PubMed PMID:

WOS:000701342600002. PMID: 34590159

46. Doshi P, Potter AJ, De Los Santos D, Banuelos R, Darger BF, Chathampally Y. Prospective Random-

ized Trial of Insulin Glargine in Acute Management of Diabetic Ketoacidosis in the Emergency Depart-

ment: A Pilot Study. Acad Emerg Med. 2015; 22(6):657–62. https://doi.org/10.1111/acem.12673

PubMed PMID: WOS:000356005700003. PMID: 26013711

47. Woo JH, Lim YS, Yang HJ, Hyun SY, Cho JS, Kim JJ, et al. The Relationship Between the Decreased

Rate of Initial Blood Glucose and Neurologic Outcomes in Survivors of Out-of-Hospital Cardiac Arrest

Receiving Therapeutic Hypothermia. Neurocritical Care. 2017; 26(3):402–10. https://doi.org/10.1007/

s12028-016-0353-8 PubMed PMID: WOS:000402101100012. PMID: 28004333

48. Pri AS, Chase JG, Pretty CG, Shaw GM, Preiser JC, Vincent JL, et al. Evolution of insulin sensitivity

and its variability in out-of-hospital cardiac arrest (OHCA) patients treated with hypothermia. Critical

Care. 2014; 18(5). doi: ARTN 586, https://doi.org/10.1186/s13054-014-0586-x PubMed PMID:

WOS:000351850600098. PMID: 25349023

49. Egi M, Bellomo R, Stachowski E, French CJ, Hart GK, Taori G, et al. Hypoglycemia and outcome in criti-

cally ill patients. Mayo Clin Proc. 2010; 85(3):217–24. Epub 2010/02/24. https://doi.org/10.4065/mcp.

2009.0394 PMID: 20176928; PubMed Central PMCID: PMC2843109.

PLOS ONE Glucose control and outcomes in patients treated with targeted temperature management after cardiac arrest

PLOS ONE | https://doi.org/10.1371/journal.pone.0298632 February 8, 2024 14 / 15

https://doi.org/10.1186/s13049-020-00782-1
http://www.ncbi.nlm.nih.gov/pubmed/32883318
https://doi.org/10.1016/j.resuscitation.2014.11.002
http://www.ncbi.nlm.nih.gov/pubmed/25438254
https://doi.org/10.1007/s00125-007-0803-0
http://www.ncbi.nlm.nih.gov/pubmed/17851648
https://doi.org/10.1186/s13054-017-1677-2
https://doi.org/10.1186/s13054-017-1677-2
http://www.ncbi.nlm.nih.gov/pubmed/28410590
https://doi.org/10.1016/j.annemergmed.2009.09.018
http://www.ncbi.nlm.nih.gov/pubmed/19944488
https://doi.org/10.1007/s12028-019-00758-9
https://doi.org/10.1007/s12028-019-00758-9
http://www.ncbi.nlm.nih.gov/pubmed/31187435
https://doi.org/10.1111/j.1467-789X.2008.00562.x
https://doi.org/10.1111/j.1467-789X.2008.00562.x
http://www.ncbi.nlm.nih.gov/pubmed/19207533
https://doi.org/10.1016/j.metabol.2015.09.002
http://www.ncbi.nlm.nih.gov/pubmed/26455399
https://doi.org/10.1097/CCM.0b013e3181feb5ea
http://www.ncbi.nlm.nih.gov/pubmed/20975552
https://doi.org/10.1186/cc9258
http://www.ncbi.nlm.nih.gov/pubmed/20840773
https://doi.org/10.1097/CCM.0b013e31822572c9
http://www.ncbi.nlm.nih.gov/pubmed/21705888
https://doi.org/10.1007/s00134-021-06526-8
http://www.ncbi.nlm.nih.gov/pubmed/34590159
https://doi.org/10.1111/acem.12673
http://www.ncbi.nlm.nih.gov/pubmed/26013711
https://doi.org/10.1007/s12028-016-0353-8
https://doi.org/10.1007/s12028-016-0353-8
http://www.ncbi.nlm.nih.gov/pubmed/28004333
https://doi.org/10.1186/s13054-014-0586-x
http://www.ncbi.nlm.nih.gov/pubmed/25349023
https://doi.org/10.4065/mcp.2009.0394
https://doi.org/10.4065/mcp.2009.0394
http://www.ncbi.nlm.nih.gov/pubmed/20176928
https://doi.org/10.1371/journal.pone.0298632


50. Finfer S, Liu B, Chittock DR, Norton R, Myburgh JA, McArthur C, et al. Hypoglycemia and Risk of Death

in Critically Ill Patients. New Engl J Med. 2012; 367(12):1108–18. https://doi.org/10.1056/

NEJMoa1204942 PubMed PMID: WOS:000308861800006. PMID: 22992074

51. Kim YM, Youn CS, Kim SH, Lee BK, Cho IS, Cho GC, et al. Adverse events associated with poor neuro-

logical outcome during targeted temperature management and advanced critical care after out-of-hospi-

tal cardiac arrest. Critical Care. 2015; 19. doi: ARTN 283, https://doi.org/10.1186/s13054-015-0991-9

PubMed PMID: WOS:000358344300001. PMID: 26202789

52. Oksanen T, Skrifvars MB, Varpula T, Kuitunen A, Pettila V, Nurmi J, et al. Strict versus moderate glu-

cose control after resuscitation from ventricular fibrillation. Intensive Care Med. 2007; 33(12):2093–100.

Epub 2007/10/12. https://doi.org/10.1007/s00134-007-0876-8 PMID: 17928994.

53. Lontchi-Yimagou E, Sobngwi E, Matsha TE, Kengne AP. Diabetes Mellitus and Inflammation. Curr Dia-

betes Rep. 2013; 13(3):435–44. https://doi.org/10.1007/s11892-013-0375-y PubMed PMID:

WOS:000318568200014. PMID: 23494755

PLOS ONE Glucose control and outcomes in patients treated with targeted temperature management after cardiac arrest

PLOS ONE | https://doi.org/10.1371/journal.pone.0298632 February 8, 2024 15 / 15

https://doi.org/10.1056/NEJMoa1204942
https://doi.org/10.1056/NEJMoa1204942
http://www.ncbi.nlm.nih.gov/pubmed/22992074
https://doi.org/10.1186/s13054-015-0991-9
http://www.ncbi.nlm.nih.gov/pubmed/26202789
https://doi.org/10.1007/s00134-007-0876-8
http://www.ncbi.nlm.nih.gov/pubmed/17928994
https://doi.org/10.1007/s11892-013-0375-y
http://www.ncbi.nlm.nih.gov/pubmed/23494755
https://doi.org/10.1371/journal.pone.0298632

