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Purpose: Sepsis patients with persistent inflammation, immunosuppression, and catabolism syndrome (PICS) have a poor prognosis,
and early detection of biomarkers to predict its prognosis is particularly important. The purpose of this study is to investigate the
predictive value of glycemic variability (GV) and high density lipid-cholesterol (HDL-C) for secondary PICS in patients with sepsis.
Patients and Methods: One hundred and sixty-five patients with sepsis were enrolled in the retrospective study and divided into
sepsis secondary PICS and non-PICS group. The daily blood glucose levels from 1 to 7 days after the diagnosis of sepsis were
recorded, and GV was calculated. Logistic regression was used to analyze the risk factors of sepsis with PICS, receiver operating
characteristic (ROC) curve was drawn to evaluate the predictive value of GV, and HDL-C for the prognosis of sepsis with PICS.
Results: In a study of 165 patients, PICS group tended to have higher GV and lower HDL-C levels than those in the non-PICS group.
Logistic regression analysis identified GV and HDL-C as independent risk factors for the secondary PICS of sepsis. The results of
ROC curve showed that GV and HDL-C had a certain predictive value for the secondary PICS of sepsis, the sensitivity of GV was
77.5%, specificity of 81.8%, the sensitivity of HDL-C was 76.6%, and specificity of 74.8%.

Conclusion: GV and HDL are risk factors for PICS secondary to sepsis and have predictive value for patients’ prognosis.
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Introduction

Sepsis is the dysregulated immune response to infection that leads to life-threatening organ dysfunction and may cause or
contribute to up to 5.3 million deaths worldwide per annum.' The estimated incidence of ICU-treated sepsis was 58 per
100,000 person years,” of which 41.9% had a higher risk of worse outcome or died prior to hospital discharge. The
remaining survivors are presenting with chronic immunosuppressive and inflammatory states and chronically critical
conditions.® This is called persistent inflammation immunosuppression and catabolic syndrome (PICS), which explains
the pathophysiological process of chronic critical illness (CCI),* and is characterized by persistent inflammation, reduced
host immunity, ongoing organ injury, cachexia, metabolic derangements, and myeloid dysfunction.’ Gentile et al coined
the term PICS in 2012,° and they propose that PICS is initiated by an early genomic and cytokine storm in response to
microbial invasion during the early phase of sepsis.” However, early identification, pathogenesis, and targeted interven-
tions for PICS remain challenges faced by clinicians.

GV refers to fluctuations in blood glucose levels throughout the day as well as on different days but at the same time
and is a risk factor for mortality among patients with sepsis that has been studied extensively in recent years. Lukana et al
reported that sepsis patients with SOFA scores >9 had higher GV and long-term mortality rates than those with SOFA
scores <9, and that sepsis severity was correlated with GV.* HbA lc only represents the average blood glucose level in the
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past 1-3 months, whereas GV reflects the blood glucose changes in a shorter period of time, which can better reflect the
drastic pathophysiological changes caused by sepsis.

High-density lipid-cholesterol (HDL-C) plays an important role in modulating the septic inflammatory response and
characterization of lipid dysregulation and chronic inflammation during sepsis will aid mortality risk stratification,
detection of sepsis, and inform individualized pharmacologic therapies.” Lower HDL levels are closely associated
with a poor prognosis in patients with sepsis. In one study, HDL levels independently predicted adverse outcomes and
organ failure in patients with sepsis, and therefore, we speculate that lipids and their mediators may play an important
role in patients with PICS secondary to sepsis.'® However, little has been reported regarding the predictive value of GV
and HDL-C levels in PICS secondary to sepsis. To improve prognosis, it is important to explore effective diagnostic tools
to assess the development of PICS in patients with sepsis. Therefore, this study investigated the predictive value of GV
and HDL-C for secondary PICS in patients with sepsis, which could provide better guidance for clinical diagnosis and
treatment.

Materials and Methods

In this study, G¥Power 3.1.9.7 was used to calculate the minimum sample size, and t-tests were used, 0=0.05, 1-$=0.8.
This study included 165 patients with sepsis who were admitted to the ICU of Jinhua Hospital Affiliated to Zhejiang
University from July 2020 to August 2022. Overall cohort inclusion criteria were (i) age >18 years, (ii) clinical diagnosis
of sepsis as defined by the 2016 consensus guidelines,'' and (iii) the acute physiology and chronic health evaluation II
(APACHE II) score >15 points. Exclusion criteria included any of the following: (i) refractory shock, ICU stay < 14 days
or readmission or pre-admission expected life span <3 months; (ii) diagnosed of diabetic ketoacidosis, hyperosmolar
hyperglycemia syndrome, or other hyperglycemic emergencies; (iii) receiving chronic corticosteroids or immunosup-
pressive agents; (iv) pregnancy; (v) severe fatty liver disease, dyslipidemia, or long-term use of lipid-lowering drugs; (vi)
malignant tumor and chemotherapy or radiotherapy within 30 days; (vii) severe liver insufficiency and coagulation
dysfunction; (viii) basic diseases of immune abnormality, such as autoimmune diseases; and (ix) inability to obtain
informed consent or lack of clinical data. Following the application of the aforementioned inclusion and exclusion
criteria, a total of 165 patients were ultimately enrolled in the study. This study followed the principles of the Declaration
of Helsinki and was approved by the Ethics Committee of Jinhua Hospital Affiliated to Zhejiang University (approval
number 2022-101). Written informed consent to participate was waived for the use of clinical samples as retrospective
samples were used in this study.

Blood Collection and Measurements

As patient characteristics, the following were extracted and evaluated: age, sex, APACHE II score on admission, length
of ICU stay, and infection site (respiratory system, urinary system, bloodstream, abdomen, and others). Total white blood
cells (WBCs) count, neutrophil count, lymphocyte (LYM) count, C-reactive protein (CRP), and serum albumin (ALB)
levels were measured on the day of sepsis diagnosis and the 14th day of the course of the disease. At the same time, the
levels of procalcitonin (PCT), lactic acid (Lac), interleukin-6 (IL-6), IL-8, IL-10, HDL-C, low-density lipoprotein
cholesterol (LDL-C), cholesterol (TC), and glycated hemoglobin (HbAlc) were detected.

After admission, all patients underwent peripheral blood glucose monitoring every 2 hours. If the blood sugar level is
greater than 180 mg/dl, continuous intravenous insulin is administered to maintain the blood sugar level between 100 and
180 mg/dL. In this study, patients were not treated with any other hypoglycemic therapy other than intravenous insulin
infusion. During the ICU stay, fasting blood glucose levels of sepsis patients were monitored at the same time on days 1
to 7, and the glucose average (GLUave) within 7 days was calculated. GV refers to fluctuations in blood glucose levels
throughout the day as well as on different days, but at same time, however, there remains no generally accepted gold
standard or recommended value for assessing glucose variability. Among the most commonly used methods is long-term
variability of the fasting blood glucose can be used to assess long-term variability in serum glucose levels. GV is the
percentage of the standard deviation of all blood glucose measurements to the mean for each patient over a 7-day period,
and GV = standard deviation/mean x100% (GV=S / x x100%), and the standard deviation is calculated as the square root
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of the mean square variance of a single blood glucose value and the mean blood glucose. APACHE II score was scored
according to the second version of APACHE II.

Classification of PICS, Non-PICS

Following the application of the aforementioned inclusion and exclusion criteria, a total of 165 patients were ultimately
enrolled in the study. According to the PICS criteria, the patients were divided into a non-PICS group and a PICS group.
Subsequently, patients meet PICS criteria if residing in the ICU >14 days, CRP > 1.5 mg/L, serum ALB concentrations <
30 g/L and LYM counts of <0.80x10°/ L on day 14.° Patients who do not meet the above criteria were categorized as
“non-PICS”.

Statistical Analysis

Statistical analyses were performed with IBM SPSS version 25 (IBM Corporation, New York City, NY, USA).
Continuous variables were presented as mean + standard deviation or median (interquartile range). The Student’s #-test
or Mann—Whitney U-test was used accordingly for the data analysis. Categorical patient data were presented as
frequency and percentage and performed with the Fisher's exact test. Pearson correlation coefficient analysis was
performed for the correlation analysis. Logistic regression was used to analyze the risk factors of secondary PICS in
sepsis patients. Receiver operating characteristic curve (ROC curve) was used to evaluate the predictive value of related
indicators for secondary PICS in sepsis patients. All significance tests were 2-sided, with p-value < 0.05 considered
statistically significant.

Results

Baseline Characteristics

Of the 165 enrolled patients, 13 patients (14.8%) died within 28 days in non-PICS group, and 24 patients (31.2%) died
within 28 days in PICS group. Age, ICU stay, APACHE II, HbAlc, GV, GLUave, IL-6, IL-8 and IL-10 were significantly
higher, and LYM, 14d LYM, 14d ALB, HDL-C was lower in PICS group than in non-PICS group. There were no
significant differences in gender, Infection site, WBCs, neutrophil, CRP, Lac, PCT, 14d WBCs, 14d Neutrophil, 14d CRP,
LDL-C, TC in two groups (Table 1).

The Column Chart Analysis

The significant variables in Table 1 were included in the column chart for prognostic analysis. According to the median
of each variable, they were divided into two groups with high and low levels, and the influence of different levels of
variables on the mortality of PICS patients with secondary sepsis was investigated. The results showed that different

Table | Baseline Patient Demographics and Characteristics

Variables Non-PICS (n=88) PICS (n=77) P

Age (years) 61.19x16.71 67.66x15.16 0.010%

Male [n (%)] 45 (51.14) 37 (48.05) 0.693

ICU stay(d) 28.72+10.92 35.97+16.83 0.017*

APACHE I 20.49+6.69 26.29+8.89 <0.001*

Infection site [n, (%)]

Respiratory system 39 (44.32) 41 (53.25) 0.252

Urinary system 10 (11.36) 7 (9.09) 0.632

Bloodstream I (12.5) 8 (10.39) 0.672

Abdomen 25 (28.41) 20 (25.97) 0.726

Others 3 (341) I (1.30) 0.379

Clinical measures

(Continued)
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Table | (Continued).

Variables Non-PICS (n=88) PICS (n=77) P

Id WBCs (x10°/L) 14.58+6.79 15.41+8.63 0.490
Id Neutrophil (x10°/L) 13.39£10.14 14.49£11.75 0517
Id LYM (x10°/L) 0.89+1.12 0.87+1.12 <0.001%*
Id CRP (mg/L) 121.14+64.44 121.34+62.24 0.147
Id ALB (g/L) 28.60£6.45 27.28+4.25 0.130
Lac (mmol/L) 3.8412.53 3.88+2.53 0.481
PCT (ng/mL) 26.35+29.24 119.68+806.59 0.279
HbAIc (%) 6.14£0.83 6.97£1.76 <0.001*
14d WBCs (x107/L) 10.10£5.28 9.97+5.28 0.870
14d Neutrophil (x10°/L) 8.10+4.15 8.75£5.29 0.379
14d LYM (x10°/L) 1.11£0.59 0.530.22 <0.001*
14d CRP (mg/L) 142.87+762.84 89.51+63.17 0.542
14d ALB (g/L) 31.08+3.78 25.2242.63 <0.001*
GV (%) 19.89+6.58 27.4618.33 <0.001*
GLUave 8.25+3.12 11.37£4.28 <0.001%*
IL-6 (pg/mL) 605.30+135.74 785.78+160.20 <0.001*
IL-8 (pg/mL) 108.03+228.35 110.84£138.97 <0.001*
IL-10 (pg/mL) 33.75+37.8| 55.79+23.98 0.036*
Id HDL (mmoliL) 0.710.19 0.510.17 <0.001*
Id LDL-C (mmol/L) 1.88+0.45 1.69+0.35 0.092
Id TC (mmol/L) 2.75%1.26 2.54%1.60 0.062

Notes: Except for 14-day WBCs, Neutrophil, LYM, CRP, and ALB, all were Id data. GV, GLUave is
a 7 day mean. *P<0.05.

Abbreviations: APACHE I, acute physiology and chronic health evaluation Il; WBCs, white blood cells;
LYM, lymphocyte; CRP, C-reactive protein; ALB, albumin; Lac, lactic acid; PCT, procalcitonin; HbAlc,
glycated hemoglobin; GV, glycemic variability; GLUave, glucose average; IL-6, interleukin-6; IL-8, inter-
leukin-8; IL-10, interleukin-10; HDL-C, high density lipid-cholesterol; LDL-C, low-density lipoprotein
cholesterol; TC, cholesterol.

levels of APACHE 11, GV, GLUave, IL-6 and IL-10, and HDL-C affect the mortality of patients with sepsis secondary
PICS, while age, ICU stay, HbAlc, IL-8, 1d LYM, and 14d ALB had no statistical difference (Figure 1).

Characteristic Analysis of Patients Receiving Insulin Therapy

Sepsis patients who were treated with insulin and those who were not were divided into two groups, and statistical
differences in GV, HDL-C, and PICS were compared. Patients were not treated with any other hypoglycemic therapy
other than intravenous insulin infusion therapy. There were no significant differences in GV, HDL-C, and PICS in two
groups (Table 2).

Results from Logistic Regression and ROC Curve Analysis

Logistic regression analysis was performed based on the occurrence of PICS (defined “no” = 0, “yes” = 1) as the
dependent variable, adjusting for confounding factors of age and insulin treatment therapy, and the results indicated that
HDL-C, GV, and APACHEII were independent risk factors for PICS in patients with septic (OR: 0.013, 95% CIl:
0.001~0.141; OR: 1.089, 95% Cl: 1.030~1.151; OR: 1.036, 95% Cl: 1.008~1.066). Detailed results are indicated in
Table 3.

Receiver operator characteristic analysis was performed on HDL-C and GV to assess the sensitivity/specificity
predictive value of each for the development of PICS in patients with septic. High-density lipoprotein cholesterol was
the best predictor of both the development of PICS (area under the curve [AUC] = 0.780, Youden index threshold =
0.514, sensitivity = 76.6%, specificity = 74.8%), and GV (AUC = 0.760, Youden index threshold = 0.593, sensitivity =
77.5%, specificity = 81.8%) (Table 4, Figure 2).
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Figure | (A) Effects of different levels of age, ICU stay, APACHE Il, HbAlc, GV and GLUave on mortality in patients with sepsis secondary PICS. (B) Effects of different
levels of IL-6, IL-8, IL-10, 1d LYM, 14d LYM, 14dALB and Id HDL-C on mortality in patients with sepsis secondary PICS. **P<0.01, *P<0.05.

Abbreviations: APACHE I, acute physiology and chronic health evaluation Il; HbAlc, glycated hemoglobin; GV, glycemic variability; GLUave, glucose average; IL-6,
interleukin-6; IL-8, interleukin-8; IL-10, interleukin-10; LYM, lymphocyte; ALB, albumin; HDL-C, high density lipid-cholesterol.

Discussion

In this study, we aimed to analyze the relationship between GV, HDL-C level, and the development of PICS in patients
with sepsis. We demonstrated that the PICS group had higher GV, HbAlc, and mortality rate, and lower HDL-C levels
than the non-PICS group. We also found that GV and HDL-C levels were associated with PICS development in patients
with sepsis. GV, HDL-C may be independent risk factors affecting the secondary PICS of sepsis, and the sensitivity of
GV was 77.5%, the specificity of 81.8%, and the sensitivity of HDL-C was 76.6%, the specificity of 74.8%. The
sensitivity and specificity of HDL-C are low to be good markers as well as GV, a good marker needs to be 85% and more

Table 2 Characteristic Analysis of Patients Receiving Insulin Therapy

Variables Insulin Non-Insulin P
Treatment (n=45) | Treatment (n=120)

GV (%) 25.13+5.72 19.22+6.13 0.073
HDL-C (mmol/L) 0.58+0.21 0.69+0.16 0.216
PICS [n, (%)] 28 (62.2) 49 (40.83) 0.157
Journal of Inflammation Research 2023:16 https: 5303
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Table 3 Binary Logistic Regression Analysis of Secondary PICS Risk Factors in Patients with Sepsis

Variables p SE Ve P OR 95% CI

Constant —0.637 1.287 0.245 <0.001 0.529 -

HDL-C (mmol/L) —4.331 1.211 12.797 <0.001 0.013 0.001~0.141

GV (%) 0.085 0.028 8.944 0.003 1.089 1.030~1.151

APACHEII 0.036 0.014 6.209 0.013 1.036 1.008~1.066

Table 4 ROC Curve Parameter

Variables AUC SE P 95% CI Youden Index | Sensitivity (%) | Specificity (%)
GV (%) 0.760 0.039 <0.001 0.683~0.836 0.593 775 81.8
HDL-C (mmol/L) 0.780 0.035 <0.001 0.151~0.289 0.514 76.6 748

whether diagnostic or prognostic, but these findings highlight the potential clinical utility of GV and HDL-C as predictors
of secondary PICS in patients with sepsis.

Sepsis has three general trajectories: early death, rapid recovery, and chronic critical illness (CCI). Patients who
survive the acute phase of sepsis can progress to PICS, which describes the pathobiology of this subset of CCI patients.'?
While an increasing number of ICU patients survive their acute illness, they commonly remain hospitalized for extended
periods of time, with complicated clinical courses and evidence of PICS."® This study demonstrates that patients who
developed PICS had markedly higher plasma IL-6, IL-8 and IL-10 levels and decreased lymphocyte counts compared
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Figure 2 ROC curve of the predictive value of GV and HDL-C for secondary PICS in sepsis patients.
Abbreviations: GV, glycemic variability; HDL-C, high density lipid-cholesterol.

5304

Journal of Inflammation Research 2023:16
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Yao et al

with non-PICS individuals. This finding is consistent with the study by Julie A et al that demonstrated a more robust
early inflammatory response (IL-6, IL-8, IL-10 were high), persistent immunosuppression (absolute lymphocyte count
was low), and catabolism in PICS patients. Not only is their long-term survival dismal, but they also have significantly
decreased physical function and health-related quality of life compared to rapid recovery patients.

GV is now recognized as an important index of glycemic control.'* Stress hyperglycemia is a common clinical
phenomenon in sepsis at early stage, but high GV at late stage may reflect an overall response to treatment. Recent data
suggest that hyperglycemia may potentiate pro-inflammatory response and play a potential modulation role in immu-
noinflammatory responses.'> Glucose is a powerful pro-inflammatory mediator that stimulates cytokine production and
exacerbating oxidative stress response. High levels of anti-regulatory hormones such as catecholamines and glucocorti-
coids are released, leading to increased hepatic gluconeogenesis and insulin resistance. Compared with persistently high
glucose levels, intermittent high glucose levels stimulate reactive oxygen species overproduction and increase cellular
apoptosis, leading to further impaired endothelial function.'® Non-diabetic patients with sepsis have higher mean daily
glucose levels and GV values than healthy subjects, and GV is associated with sepsis severity.!” In addition, Xiao F et al
found that glycosylated serum protein combined with glycemic variability could effectively predict secondary PICS in
elderly patients.'® In the present study, we found significant differences in GV and HbAlc when PICS individuals
between patients with and without PICS. The PICS group had higher GV and HbAlc levels, and the APACHE 1I scores,
mortality rate, and ICU stays were higher in the PICS group than in the non-PICS group. GV levels are associated with
the development of PICS in patients with sepsis.

HDL-C plays an important role in regulating the immune response by clearing bacterial toxins, inhibiting endothelial
cell apoptosis, reducing the monocyte inflammatory response, and inhibiting the expression of endothelial cell adhesion
molecules.'” Among all lipoproteins, HDLs have the greatest affinity for binding pathogen-associated lipids, which
mediate excessive immune activation in sepsis. In 3222 participants who experienced sepsis, there was a significant
inverse association between continuous HDL-C levels (but not LDL-C or triglycerides) and 28-day mortality.”’ A study
demonstrated that plasma HDL-C level was greatly decrease in patients with sepsis and was the best prognostic marker
for adverse outcomes in sepsis cohort, suggesting that the concept of increasing HDL-C levels in patients with certain
infectious diseases, such as sepsis, may be a viable therapeutic target.?! Our study showed that PICS patients had lower
HDL-C levels than the control group, and lower HDL-C levels in patients with sepsis were associated with development
of PICS. Therefore, HDL levels play an important role in guiding clinical treatment and are a powerful parameter of
disease severity in critically ill patients.

As expected, GV and HDL-C may be independent risk factors and predictors for the development of PICS in sepsis
patients. The study found that septic patients with a higher acute GV had a significantly increased mortality risk.*? Hui Li
et al study found that plasma HDL is downregulated in sepsis, which may facilitate inflammatory reaction and activate
SOCS] signaling to regulate the severity and affect prognosis of sepsis.”> Inhibiting cholesterylester transfer protein
(CETP) can preserve high-density lipoprotein levels and decrease mortality in animal models of sepsis relative to placebo
treatment.”* It has also been shown that the early stress-metabolic pattern in sepsis, characterized by a high glucose-low
HDL combination, persists for the first 3 days and is associated with the acute-phase CD64 expression on neutrophils.?
HDL-C and GV levels may therefore provide valuable and easily accessible prognostic information for clinicians when
encountering septic patients with suspected of developing PICS and facilitate more rapid intervention for those at highest
risk for progression to PICS. The literature regarding the relationship of GV and HDL-C levels in the development of
PICS has revealed a paucity of relevant studies that need further research in the future.

We note certain limitations in our study, including a relatively small sample size and the retrospective study. In
addition, the data were collected from single center, and a larger sample with multi-centers is required for more accurate
results.

Conclusion
Plasma GV is high and HDL-C is low in sepsis with PICS patients, these two indicators were closely related to PICS. GV
and HDL-C may be independent risk factors and important predictors for the development of PICS in sepsis patients.
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