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Purpose: Critically ill patients with premorbid diabetes can suffer from relative hypoglycemia (RHG), falling below the normal blood
glucose (BG) target. However, these events have not been well defined or studied. In the present study, we aimed to explore the
incidence and clinical significance of RHG events in critically ill patients with diabetes.

Patients and methods: Patients with a history of diabetes who stayed in the intensive care unit (ICU) for more than three days with
at least 12 BG recordings were retrospectively included in the study. A BG level > 30% below the estimated average according to
patient hemoglobin Alc measured at admission was defined as a single RHG event. Outcomes were compared between patients with
and those without RHG events.

Results: In total, 113 patients were included in the final analysis. RHG was detected in 73 patients (64.6%). Those who
experienced RHG events had a significantly higher incidence of ICU delirium. They also had a higher risk of 28-day mortality,
but this was not statistically significant. However, patients with a higher frequency of RHG events did have a significantly higher
risk of overall mortality (57.1% for more than four events vs 15.4% for three to four events, P=0.006 and 15.1% for one to two
events, P=0.003).

Conclusion: In conclusion, RHG is a common finding in critically ill patients with diabetes and is associated with mortality and the
occurrence of delirium.
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Introduction

Delirium is a common neurological disease; it is characterized by a disturbance of consciousness and change in
cognition,' and it is frequently observed in patients in the intensive care unit (ICU). The prevalence of delirium in
a medical ICU was recently reported as 28.6% in a Swiss university hospital.” Numerous studies have demonstrated risk
factors for the development of delirium in the ICU, such as age, type of coma,’ and length of ICU stay.® To improve the
prognosis of patients in the ICU, risk factors need to be further explored.

Frequent measurement of blood glucose (BG) levels has been the standard of care in the ICU, with the aim of
avoiding persistent hyperglycemia and hypoglycemia. In a pioneering study conducted by van den Berghe et al, the
maintenance of BG levels at or below 110 mg/dL was shown to benefit critically ill patients, as evidenced by a lower
morbidity and mortality.” However, subsequent studies, such as the Normoglycemia in Intensive Care Evaluation and
Survival Using Glucose Algorithm Regulation (NICE-SUGAR) study, showed that intensive insulin therapy could lead to
a significant increase in mortality, which could be attributed to the occurrence of severe hypoglycemic events following
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intensive glucose control.® Moreover, Krinsley et al showed that even mild hypoglycemia, defined as BG < 70 mg/dL,
was associated with a significantly increased risk of mortality in a cohort of critically ill patients.”

A controversy remains regarding the association between hypoglycemia and the occurrence of delirium among
patients in ICU. Hypoglycemia has been shown to be positively associated with delirium in critically ill patients with
diabetes;'® however, another study indicated that no direct relationship exists between hypoglycemia and the occurrence
of delirium.'" Relative hypoglycemia (RHG) is defined as a 30% reduction in BG from the estimated average BG

1213 which triggers

baseline, and this 30% reduction corresponds to the change from normoglycemia to hypoglycemia,
a hypoglycemic stress response (increased glucagon and adrenaline secretion) in patients without diabetes.'* Given the
involvement of hypoglycemia in the development of RHG, the aim of this study was to explore the incidence of RHG
using a standard definition based on the glycated hemoglobin level (Alc) obtained at admission in a mixed ICU.

Moreover, we investigated the correlation between RHG and the clinical outcomes of the study patients.

Methods

Patients

All adult patients who were admitted to the Department of Critical Care Medicine, Taizhou Hospital of Zhejiang
Province from January 1, 2016 to December 31, 2018 were eligible for inclusion in this retrospective observational
study. The study was approved by the ethics committee of the Taizhou Hospital of Zhejiang Province Affiliated to
Wenzhou Medical University. After a detailed description of the study, informed consent was obtained from patients or
their relatives in cases where patients had difficulty writing owing to limb paralysis. This study was conducted in
accordance with the Declaration of Helsinki.

Patients who had a history of diabetes, underwent glycated hemoglobin measurement at admission via the hemoglo-
bin Alc test, were hospitalized in the ICU for at least three days, and had at least 12 BG values recorded during the first
72 h of their ICU stay were included in the study. We measured BG in whole blood by using a point-of-care blood gas
analyzer; blood samples were obtained by means of arterial catheters used for arterial blood pressure monitoring.
Glycated hemoglobin was measured by our central laboratory using a standard method and was used to estimate the
premorbid baseline BG level. To avoid possible bias, patients admitted during the study period with a diagnosis of
diabetic ketoacidosis or hyperosmolar non-ketotic coma were excluded from the final analysis.

Definition of RHG

A glucose level > 30% below the estimated average glucose level according to the hemoglobin Alc conversion table was
defined as a single event of RHG,'>'*!>1® regardless of whether it reached the criteria of absolute hypoglycemia. We
divided patients into three categories according to the number of RHG events they experienced during their ICU stay.
Patients with one to two events were defined as category I, three to four events as category II, and more than four events
as category III.

Insulin and BG Regulation Protocols

The goal of the insulin regulation protocol is to maintain glucose levels of < 180 mg/dL (10.0 mmol/L). Nurses
intensively monitor glucose values at an interval of 2 h but less frequently if glucose values are consistent. The treating
physician is responsible for the instigation, approval, and adjustment of insulin therapy for each patient, with an overall
target BG level of < 10 mmol/L. Continuous intravenous insulin is used to treat the patient if the glucose value exceeds
200 mg/dL on two successive occasions. Insulin administration is reduced and then discontinued if the BG level drops
below 144 mg/dL (8.0 mmol/L).%"7

Data Collection
In this cohort study, endpoints included 28-day mortality as well as clinical events, such as the incidence of hypogly-
cemia, delirium, and multiple organ dysfunction syndrome (MODS), during the patient’s time in the ICU. MODS is
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characterized by the development of progressive physiological dysfunction of at least two organs or organ systems, and is
induced by various acute physiological damages, including trauma, burns, shock, and severe infection.

Demographic data, including age, sex, etiology, and APACHE II score, were recorded on admission. The definitions
of organ failure, including respiratory, hepatic, cardiovascular coagulopathy, and renal, were based on a score of two or
more on the Sequential Organ Failure Assessment scoring system.'® The number of RHG events was calculated and
recorded for further analysis. Delirium was diagnosed using the positive confusion assessment method for the ICU."*2°
Data regarding clinical outcomes, such as mortality, use of mechanical ventilation, requirement of renal replacement

therapy, and use of vasoactive agents, were also collected.

Statistical Analysis

Continuous variables were expressed as the median value (interquartile range), unless otherwise mentioned. Categorical
variables were described as absolute numbers and percentages. Depending on the distribution of data, continuous
variables were compared using the Mann—Whitney U-test or Kruskal-Wallis test, and categorical data were analyzed
using the chi-squared test. All statistical tests were two-tailed, and the significance level was set at P<0.05. Univariate
analysis and multiple logistic regression analysis were used to identify the factors related to ICU delirium. Data were
analyzed using IBM SPSS Statistics for Windows version 21.0 (IBM Corp., Armonk, NY).

Results

Patient Population

A total of 113 patients (58 men and 55 women) were included in the analysis. Table 1 shows the demographic and
clinical characteristics of patients at admission. Although the study site was a mixed ICU, medical patients were
predominant in this study, accounting for nearly two-thirds of the study sample. No rigid glucose control protocol or
other intervention was applied during the study period, and the treating physician was responsible for monitoring and
adjusting patients’ glucose levels.

Table | Demographic and Baseline Clinical Characteristics of the Study Subjects

Characteristic Total (n=113) RHG (n=73) Non-RHG (n=40) P value
Age, years(range) 46 (37-55) 45 (37-53) 47.5 (39-56) 0.97
Gender, M/F 58/55 39/34 19/21 0.83
BMI 24.3(21.1-27.5) 24(20-28.3) 24.3(21-27.5) 0.88
Glycated hemoglobin 6.7(5.5-8.1) 7.5(6.9-8.7) 4.6(4.2-5.2) 0.04
APACHE |l score 18(13.5-23) 18(14-23) 17(12-22) 0.77
Blood glucose level 6.4(5.5-7.3) 6.5(5.5-7.45) 6.4(5.5-7.275) 0.66
Type | diabetes 37(32.7%) 24(32.9%) 13(32.5%) 0.96
Type Il diabetes 76(67.3%) 49(67.1%) 27(67.5%) 0.96
Treatment of diabetes 103(91.1%) 66(90.4%) 37(92.%) 0.71
ASA classification 3(24) 324) 3(24) 0.92
Reason for ICU admission
Emergency operative 33(29.2%) 20(27.4%) 13(32.5) 0.62
Elective operation 20(17.7%) 12(16.4%) 8(20%) 0.68
Nonoperative 60(53.1%) 41(56.1%) 19(47.5) 0.38
Comorbidities
Cardiovascular 13(11.5%) 8(10.9%) 5(12.5%) 0.84
Malignancy 11(9.7%) 7(9.6%) 4(10%) 0.97
Asthma/COPD 11(9.7%) 6(8.2%) 5(12.5%) 0.63
Chronic kidney disease 6(5.3%) 4(5.5%) 2(5%) 0.91
Chronic liver disease 5(4.4%) 4(5.5%) 1(2.5%) 0.46

Abbreviations: RHG, relative hypoglycemia; M, male; F, female; BMI, body mass index; APACHE, Acute Physiology and Chronic Health
Evaluation; ASA, American Society of Anesthesiologists; ICU, intensive care unit; COPD, chronic obstructive pulmonary disease.
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Table 2 Clinical Outcomes of the Study Subjects

Clinical Variables Total (n=113) RHG (n=73) Non-RHG (n=40) P value
Hospital mortality 23(20.4%) 17(23.2%) 6(15%) 0.29
28-day mortality 20(17.6%) 17(23.2%) 3(7.5%) 0.07
Hospital duration, days(range) 26(16-36.5) 21.5(15-32.25) 24(18-35.5) 0.79
ICU duration, days(range) 12(7-18) 11(6-16) 13(9-20) 0.82
MODS 27(23.9%) 19(26.0%) 8 (20.0%) 0.63
Delirium 45(39.8%) 34(47.9%) 11(27.5%) 0.04
OF at admission
Respiratory 25 14 Il 0.34
Hepatic 9 6 3 0.89
Cardiovascular I 7 4 0.94
Coagulatory 8 5 3 0.89
Renal 14 8 6 0.54
Septic shock 7 4 3 0.68
New-onset OF during ICU stay
Respiratory 10 6 4 0.75
Hepatic 3 3 0.44
Cardiovascular 5 3 0.89
Coagulatory 4 2 2 0.53
Renal 14 9 5 0.80
Septic shock 6 3 3 0.44
Requirement of organ support
RRT 28 17 Il 0.62
MV 38 23 15 0.52
Vasopressor 13 7 6 0.39

Abbreviations: MODS, multiple organ dysfunction syndrome; OF, organ failure; ICU, intensive care unit; RRT, renal replacement therapy; MV,
mechanical ventilation.

Frequency of RHG Events
RHG was detected in 73/113 patients, an overall incidence of 64.6%. According to the number of RHG events during the
first 72 h after ICU admission, 33 patients were assigned to category I, 26 to category II, and 14 to category III.

Patient Outcomes

Patients with RHG events had significantly higher rates of mortality, MODS (Table 2), and delirium (47.9% vs 27.5,
P=0.04) than those without. Moreover, patients with a higher frequency of RHG events had a higher risk of mortality
(57.1% in category III vs 15.4% in category II, P=0.006 and 15.1% in category I, P=0.003), but RHG event frequency
was not significantly associated with delirium or MODS. Patients experiencing different number of RHG events, the
outcome measures became even worse in a step-up fashion evidenced by increasing incidence of delirium (Figure 1).

Logistic Regression Analysis

Using the incidence of delirium as the dependent variable, logistic regression analysis (Table 3) showed a significant
correlation between RHG and delirium (P=0.02, odds ratio [OR]: 3.409, 95% confidence interval [CI]: 1.186-9.801]). In
addition, age was an independent risk factor for the development of ICU delirium (P=0.04, OR: 1.062, 95% CI: 1.013—
1.113)).

Discussion

Although dysglycemia has drawn growing attention in recent years, the concept of RHG based on estimated average BG
levels is not widely used. In the present study, 73 RHG events occurred in 113 ICU patients (64.6%), and patients with
RHG events had a higher incidence of delirium. Moreover, in logistic regression analyses, a strong correlation was
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Figure | Clinical incidence of different RHG levels and their association with MODS, mortality, and delirium. *p<0.05 indicates statistical significance.
Abbreviations: RHG, relative hypoglycemia; MODS, multiple organ dysfunction syndrome.

observed between RHG and delirium (P=0.02, OR 3.409 [95% confidence interval, 1.186-9.801]). However, owing to
the retrospective design of our study, causality could not be determined.

Some studies have focused on the association between RHG and the incidence of delirium in patients with diabetes.
A previous study based on a prospective cohort showed that delirium was positively associated with hypoglycemia in
patients with diabetes (adjusted OR: 2.78, 95% Cl: 1.71-6.32, P=0.005), but not in those without diabetes.'® Our results
are in accordance with reports in which rigid glucose control was associated with higher rates of hypoglycemia and
delirium.?'*> However, the mechanisms underlying these phenomena are poorly understood. In the present study, the
association between RHG and ICU delirium may reflect mental impairment. Insulin-induced hypoglycemia affects brain
function, and glucose metabolism has previously been suggested to contribute to the impairment of cognitive function,
including delirium, in Alzheimer’s disease.”*

Table 3 Risk Factors for Development of ICU Delirium in the Study Subjects

Diabetic Critically Ill Patients
Univariate OR (95% CI) Multivariate OR (95% CI)
Age 1.037(1.002,1.073) 1.062(1.013,1.113)*
RHG 2.298(1.000-5.248) 3.409(1.186,9.801)*
Glucose 0.819(0.621-1.079) 0.768(0.546,1.080)
MODS 9.452(3.175-25.133) 1.905(0.147,24.649)
MV 5.288(2.276,12.290) 2.542(0.574,11.259)
RRT 6.000(2.336—15.412) 3.011(0.385,23.577)
Sepsis 0.938(0.286-3.072) 0.434(0.086,2.196)

Note: *Indicates statistical significance in multivariate analysis, p < 0.05.
Abbreviations: RHG, relative hypoglycemia; MODS, multiple organ dysfunction syndrome; MV, mechanical
ventilation; RRT, renal replacement therapy.
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Insulin therapy is a common ICU treatment owing to the variability in patient BG levels. Di Muzio et al
demonstrated that adherence to a target BG level resulted in fewer episodes of hypoglycemia and a lower rate of
insulin administration.'” Similar results were reported in another study, in that the prevalence of moderate-to-severe
hypoglycemia was reduced with liberal glycemic control.** Several pathological mechanisms may explain the effect
of hypoglycemia on patients with diabetes in the ICU. Hypoglycemia can be detrimental and potentially lethal in
critically ill patients.”>*® In both studies mentioned above, hypoglycemia was defined as a glycemic level below
a standard designated level. A “relative” low glucose level must be defined to avoid underestimating the incidence of
hypoglycemia, especially in patients with a clear history of diabetes, as RHG can be equally as harmful as absolute
hypoglycemia. Physiologically, hypoglycemia can lead to the impairment of autonomic function, alteration of organ
blood flow, change in the Q-T interval, white blood-cell activation, vasoconstriction, and release of cytokines,”’ 2 all
of which may significantly impact the outcome of critically ill patients. In addition, hypoglycemia may contribute to
increased platelet aggregation®® and prothrombotic factors.>’ Hypoglycemia is also associated with neuronal damage.

In the ICU, patient BG levels should be monitored during delirium to avoid hypoglycemia. Hypoglycemia is assumed
to be related to increased mortality independent of diabetic status.*? In a study by Mahmoodpoor et al, hypoglycemia,
defined as a BG level < 50 mg/dL, was detected in 10% of patients in the ICU and was linked to increased mortality in
critically ill patients.®>® In the NICE-SUGAR study, severe hypoglycemia (defined as a BG level < 2.2 mmol/L) was
detected in 206 of 3016 patients (6.8%) in the intensive-control group and 15 of 3014 (0.5%) in the conventional-control
group, and was thus suggested to be an important contributor to the higher mortality observed in patients receiving
intensive glucose control.® Whether any causality exists between delirium and glucose variability warrants further
exploration.

Our study has several limitations. First, it was a single-center, retrospective study with a relatively small sample and
short observational window, which limits the generalizability of our results. Second, the concept of RHG is not globally
accepted despite its solid theoretical underpinnings; thus, the clinical implications of this study need to be carefully
interpreted. Third, the patients in our study were hospitalized in the ICU and had at least 12 BG values recorded during
the first 72 h of their ICU stay. Intermittent random BG measurements cannot be used to detect episodes of hyperglycemia
and hypoglycemia. Moreover, they are known to be fraught with inaccuracies and present a high workload for the nursing
staff. Finally, our study was focused mainly on the relationship between RHG and delirium in patients in ICU with a history
of diabetes, whereas other studies, such as the NICE-SUGAR trial, enrolled patients with other multiple organ failure
conditions or etiologies (such as severe sepsis/trauma). However, we did include 28-day mortality, ICU duration, and
MODS as clinical outcomes in our study, similar to the NICE-SUGAR trial.

Conclusions

In summary, our study shows a significant relationship between RHG and delirium in critically ill patients with diabetes,
as well as an association with mortality. Based on our study findings, continuous glucose monitoring may be beneficial
for glycemic control. Through this method, glucose fluctuations and hypoglycemic events can be observed. Providing
insights into glucose trends. Further prospective studies are warranted to determine the benefits of reducing RHG events
with a more liberal and individualized glucose target.
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