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Abstract: Background: There is a lack of clinical evidence on the relationship between islet β-cell dysfunction with 
the prognosis and the major organ dysfunction in the patients with severe traumatic MODS. Methods: 170 cases of 
surviving and dead traumatic MODS patients and 90 normal healthy individuals were selected as research subjects. 
The declined indexes of the HOMA-β and ΔINS30/ΔGLU30 were evaluated as indicators of β-cell dysfunction, the 
elevated levels of blood ALT, CRE, and CK-MB were evaluated as liver, kidney and myocardium dysfunction indica-
tors, and the elevated levels of blood sTREM-1, TNF-α, IL-6 and HMGB1 were analyzed as indicators of inflammation 
in all the subjects. Results: The indexes of HOMA-β and ΔINS30/ΔGLU30 in all the MODS patients were significantly 
lower than those of the normal control subjects, and the indexes of HOMA-β and ΔINS30/ΔGLU30 in the dead MODS 
patients were significantly lower than those of the surviving MODS patients, respectively (P<0.01). There was a sig-
nificant negative correlation between either the HOMA-β or ΔINS30/ΔGLU30 with the ALT, CRE, and CK-MB, as well as 
the sTREM-1, TNF-α, IL-6, and HMGB1 levels in all the MODS patients, respectively (P<0.01). Conclusion: Islet β-cell 
dysfunction occurs in patients with severe traumatic MODS and it predicts a poor outcome. Islet β-cell dysfunction 
is positively related to liver, kidney, and myocardium dysfunction, and excessive inflammation may be an important 
cause of islet β-cell dysfunction. 
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Introduction

Multiple organ dysfunction syndrome (MODS)  
is characterized by secondary dysfunction or 
disorders of two or more organs or tissues 
(excluding primary organ or tissue dysfunction) 
that occur concurrently or consecutively fol- 
lowing severe trauma (including postoperative 
hemorrhage and other primary physical inju-
ries). In hospitalized patients with severe trau-
ma, MODS often involves dysfunction of the 
liver, kidney and myocardium, and in the ad- 
vanced stage of MODS, multiple organ failure 
(MOF) occurs and causes high mortality [1]. 

MOF is considered to be the leading cause of 
death among hospitalized patients with severe 
trauma. The post-traumatic hyperglycemia pro-
motes the development of MODS, and islet 
β-cell dysfunction plays an important role in the 
hyperglycemic response [2-4]. 

The soluble triggering receptor expressed on 
myeloid cells 1 (sTREM-1) in the blood may 
serve as an early marker for post-traumatic 
infection and inflammation, and elevated sTR- 
EM-1 induced by endotoxin could trigger the 
inflammatory response and enhance the levels 
of a variety of inflammatory cytokines, such as 

http://www.ijcem.com


Islet β-cell dysfunction and traumatic MODS

4281 Int J Clin Exp Med 2019;12(4):4280-4286

the tumor necrosis factor α (TNF-α), high-mobil-
ity group box-1 (HMGB1) and interleukin 6 (IL-6) 
[5]. In critically traumatic patients, hyperglyce-
mia is often associated with MODS, indicating 
a poor prognosis [6, 7]. The mutual promotion 
of the excessive inflammation and the hyper- 
glycemia caused by islet β-cell dysfunction 
enhances the development of traumatic MODS, 
and the inflammation plays a key role in the 
development of β-cell dysfunction in type 2 dia-
betes [8].

The homeostasis model assessment of isletβ-
cell function (HOMA-β) and the ratio of insulin 
increase to blood glucose increase at 30 min 
after a glucose load (ΔINS30/ΔGLU30) are used 
as indexes to evaluate the basal and rapid in- 
sulin secretion function of islet β-cells, res- 
pectively. The declined indexes of HOMA-β and 
ΔINS30/ΔGLU30 represent islet β-cell dysfunc- 
tion. The novel traumatic MODS diagnostic 
scheme using the indexes of islet β-cell dys-
function is able to diagnose MODS early with-
out excessively extending the diagnostic scope 
[9]. However, there is no clinical evidence on 
the relationship between islet β-cell dysfunc-
tion with the prognosis and major organ dys-
function in the patients with severe traumatic 
MODS.

This study observed the changes of the indexes 
of islet β-cell dysfunction in surviving and dead 
patients with severe traumatic MODS and ana-ana-
lyzed the relationship between islet β-cell dys-
function with liver, kidney and myocardium  
dysfunction as well as inflammatory factors. 
The objective was to provide a reference for  
the application of indicators of islet β-cell dys- 
function to predict the prognosis of traumatic 
MODS patients and to discuss the possible 
causes of islet β-cell dysfunction. 

Materials and methods

Subjects

Data were collected from patients with various 
types of traumatic MODS (including hemorr- 
hagic MODS after major surgery) who were hos-
pitalized and treated at our hospital between 
June 2014 and June 2016. The causes of trau-
matic hemorrhage mainly included traffic ac- 
cidents, knife wounds, high-altitude falls and 
severe postpartum hemorrhage.

Inclusion and exclusion criteria

Inclusion criteria: A patient was included in the 
present study if the patient developed MODS 
following severe traumatic hemorrhage, was 
hospitalized for more than 3 days, lost more 
than 1500 ml of blood or 30% of total blood 
volume in a 24-hour period, or suffered varying 
degrees of hypovolemic shock. None of the 
subjects included in the present study suffer- 
ed from diabetes. In addition, there was no  
dysfunction of the major organs or tissues prior 
to the injury. Fasting was defined as abstaining 
from all food, glucose infusion and nutrient 
infusion for more than 12 hours. Traumatic 
hemorrhagic MODS was diagnosed according 
to the criteria described in the literature [10] 
and was based on the combination of labora-
tory indicators of organ functions and clinical 
manifestations. Brain death was used as the 
basis for declaring a patient dead. The research 
protocol was approved by the ethics committee 
of our hospital. All study subjects (or their lineal 
relative) signed informed consent documents 
and actively participated in the study.

Exclusion criteria: The following patients were 
excluded from the present study: patients with 
hypovolemic shock who died within 3 days after 
severe or massive uncontrollable hemorrhage 
despite rescue efforts; patients who suffered 
from diabetes or impaired glucose tolerance 
prior to the injury; patients who had undergone 
insulin therapy; patients who had a fasting 
blood glucose level ≤ 3.5 mmol/L; and patients 
who suffered from pre-injury single or multiple 
organ dysfunction (including dysfunction of 
liver, kidney, heart and other major organs).

General information and grouping of the 
subjects

A total of 170 patients with various types of 
traumatic MODS (including hemorrhagic MODS 
following major surgery) who met the inclusion 
criteria and did not meet the exclusion criteria 
were selected for the present study. All the 
patients were hospitalized and treated at our 
hospital, and their ages ranged from 11 to  
65 years. Among the 170 patients, 96 surviv- 
ed, and 74 died. The 96 surviving patients (54 
males and 42 females, aged (36.31±18.24) 
years) constituted the severe traumatic MODS-
survival (MODS-S) group (n=96), while the 74 
dead patients (40 males and 34 females, aged 
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USA). All indicators were measured according 
to the instructions provided by the manufactur-
ers of the kits.

Statistical analysis

All statistical analyses were performed using 
SPSS version 16.0 for Windows (SPSS Inc., 
Chicago, Illinois, USA).The enumeration data 
were presented as a rate and compared using 
an χ2 test. The measurement data were pre-
sented as the mean ± SD, and multiple com-
parisons of group means were performed using 
one-way analysis of variance (ANOVA), and fur-
ther comparisons between each two groups 
were conducted using Newman-Keuls tests. 
The significance of the correlation coefficients 
was tested using Spearman’s correlation analy-
sis. The significance level was set at p<0.05.

Results

Comparisons of islet β-cell dysfunction among 
the three groups

The indexes of HOMA-β and ΔINS30/ΔGLU30 in 
both the dead MODS group and the survival 
MODS group were significantly lower than tho- 
se of the normal control group, respectively 
(P<0.01), and the indexes of HOMA-β and 
ΔINS30/ΔGLU30 in the dead MODS group were 
significantly lower than those of the survival 
MODS group, respectively (P<0.01). These re- 
sults indicated that all the patients with severe 
traumatic MODS had islet β-cell dysfunction 
compared with the normal control group. The 
more severe the islet β-cell dysfunction was, 
the worse the prognosis of severe traumatic 
MODS was (Figure 1A, 1B).

Correlations between the islet β-cell dysfunc-
tion with the major organ dysfunction in 
patients with severe traumatic MODS

The index of the HOMA-β was negatively corre-
lated with the level of ALT, CRE, and CK-MB; the 
correlation coefficients between the HOMA- 
β with ALT, CRE and CK-MB were -0.7852, 
-0.6019 and -0.5985, respectively (P<0.01)
(Table 1). The index of the ΔINS30/ΔGLU30 was 
negatively correlated with the level of ALT, CRE 
and CK-MB; the correlation coefficients betwe- 
en the ΔINS30/ΔGLU30 with the ALT, CRE, and 
CK-MB were -0.7181, -0.5191 and -0.6076, 
respectively (P<0.01) (Table 2). These results 

(38.13±26.40) years) constituted the severe 
traumatic MODS-death (MODS-D) group (n=74). 
In addition, 90 healthy individuals who under-
went physical examinations at the medical ex- 
amination center of our hospital (50 males  
and 40 females, aged (35.20±33.10) years) 
served as the normal control group (C group, 
n=90). No statistically significant differences 
existed between the groups in basic clinico-
demographic factors, including the body mass 
index (body weight (kg)/height (m2)), male to 
female ratio, age, and cause of injury (P>0.05).

Methods of measuring

Fasting blood was collected from all patients, 
and a variety of indices were analyzed: fasting 
blood glucose (GLU0), fasting blood insulin 
(INS0), sTREM-1, TNFα, HMGB1, IL-6, ALT, CRE 
and CK-MB. In addition, the patients were given 
a rapid intravenous injection of glucose solu-
tion at 75 g glucose/kg body weight, and then, 
at 30 min after administration of the glucose 
solution, blood samples were collected, and 
the blood levels of glucose (GLU30) and insulin 
(INS30) were examined again. HOMA-β and 
ΔINS30/ΔGLU30 values were calculated using 
the following formulas [11]: HOMA-β = (INS0  
× 20)/(GLU0-3.5); ΔINS30/ΔGLU30 = (INS30-INS0)/
(GLU30-GLU0). The levels of a number of indices 
were recorded and statistically analyzed in  
the patients with severe traumatic MODS dur-
ing their hospitalization period when the fasting 
blood glucose levels were highest, including 
HOMA-β, ΔINS30/ΔGLU30, sTREM-1, TNFα, HM- 
GB1, IL-6, ALT, CRE and CK-MB. The blood glu-
cose, ALT, CRE, and CK-MB levels were deter-
mined by enzymatic assays on a Beckman 
AU2700 automatic biochemical analyzer (Beck- 
man Instruments Inc., USA), and the determina-
tion kits were purchased from Shenzhen Min- 
dray Bio-Medical Electronics Co., Ltd. (Shen- 
zhen, China). Blood insulin was measured using 
an Electrochemiluminescence Kit (Roche Dia- 
gnostics(Shanghai) Co., Ltd.) on a Roche e601 
automatic electrochemiluminescence immuno-
assay analyzer (Roche Diagnostics Co., Ltd. 
Basel, Switzerland). Blood sTREM-1, TNF-α, 
HMGB1 and IL-6 were measured by an enzyme-
linked immunosorbent assay (ELISA) on a BIO-
RAD 550 microplate spectrophotometer (BIO-
RAD Co., Ltd., Hercules, California, USA). The 
ELISA kits were purchased from the Sigma-
Aldrich Corporation (Sigma-Aldrich Corporation, 
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showed that the more severe the islet β-cell 
dysfunction was, the worse the liver, kidney, 
and myocardium dysfunction in severe trau-
matic MODS patients was.

Correlations of the islet β-cell function with the 
inflammatory factors in patients with severe 
traumatic MODS

The index of the HOMA-β was negatively corre-
lated with the level of sTREM-1, TNF-α, IL-6 and 
HMGB-1; the correlation coefficients betwe- 
en the HOMA-β with the sTREM-1, TNF-α, IL-6 
and HMGB-1 were -0.7173, -0.8062, -0.7591 
and -0.6783, respectively (P<0.01) (Table 3). 
The index of the ΔINS30/ΔGLU30 was negatively 
correlated with the sTREM-1, TNF-α, IL-6, and 
HMGB-1 levels; the correlation coefficients 
between the ΔINS30/ΔGLU30 and the sTREM- 
1, TNF-α, IL-6, and HMGB-1 were -0.6010, 
-0.7154, -0.7263 and -0.5970, respectively 
(P<0.01) (Table 4). These results implied that 
the elevated inflammatory factors may ac- 
count for the islet β-cell dysfunction in patients 
with severe traumatic MODS.

Discussion

Severe traumatic patients are usually in a 
hypermetabolic state, and as a result, hypergly-
cemic responses develope. Insulin is an impor-
tant irreplaceable hormone that reduces blood 
glucose levels, and severe trauma-induced 
hyperglycemia is caused by not only insulin re- 
sistance but also insufficient insulin secretion 
by islet β-cells stimulated by the blood glucose, 
and that the insufficient insulin secretion by 
islet β-cells is considered to be islet β-cell dys-
funtion [9, 12-14]. Hyperglycemia following se- 
vere trauma is related to MODS and inflamma-
tion. The incidence of MODS and infection in 

ure. Dysfunction means that the organ is not 
fully functional and does not mean that the 
organ has completely lost its function. Liver, 
kidney and the myocardium of heart are the 
major organs that are most often dysfunctio- 
nal in severe traumatic MODS, as represented 
by an elevated blood level of the ALT, CRE, and 
CK-MB, respectively. 

Pancreatic islets are important cells in the 
body. Islet β-cells may be the only cell type 
capable of secreting insulin, which is strictly 
regulated by the blood glucose level. Therefore, 
a scientific assessment of islet β-cell function 
should take into account not only insulin secre-
tion levels but also the level of blood glucose 
stimulation [9]. Normal islet β-cells may com-
pensate for the insulin resistance and control 
the blood glucose level in the normal range. 
Therefore, a sustained elevation of fasting 
blood glucose is generally considered to be a 
manifestation of islet β-cell dysfunction. Pa- 
tients with type 1 or type 2 diabetes all suffer 
from islet β-cell dysfunction [17, 18]. 

The dysfunctions of islet β-cells include a 
decrease of basal insulin secretion (HOMA-β) 
and a decrease of rapid insulin secretion after 
a glucose load (ΔINS30/ΔGLU30). This study 
found that the indexes of islet β-cell function 
(HOMA-β and ΔINS30/ΔGLU30) were decreased 
in all the traumatic MODS patients, indicat- 
ing that severe traumatic MODS involves islet 
β-cell dysfunction, and that β-cell dysfunction 
should be a constituent part of MODS caused 
by severe trauma. This study also found that 
the HOMA-β and the ΔINS30/ΔGLU30 values 
were significantly lower in the dead patients 
than they were in the surviving patients, which 
implies that islet β-cell dysfunction predicts  
a poor outcome for severe traumatic MODS 

Figure 1. Comparison of HOMA-β (A) and ΔINS30/ΔGLU30 (B) among three 
groups.**P<0.01. (C) Normal control group. MODS-S, MODS-Survival group. 
MODS-D, MODS-Death group. HOMA-β, Homeostasis model assessment of 
β cell function. ΔINS30/ΔGLU30, (INS30-INS0)/(GLU30-GLU0).

severe traumatic patients with 
hyperglycemia is significantly 
higher than it is in patients 
with normal blood glucose  
levels, and the blood glucose 
level in severe traumatic pa- 
tients can be used as a diag-
nostic indicator to determine 
the severity and prognosis of 
MODS [15, 16].

Severe traumatic MODS refers 
to multiple organ dysfunction 
rather than multiple organ fail-
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patients. Islet β-cell dysfunction promotes the 
development and progression of severe trau-
matic MODS.

It is reported that there is a relationship be- 
tween islet β-cell dysfunction and the severity 
of disease among critically ill children, and that 
islet β-cell dysfunction reflects the severity of 
the disease of critically ill children [19]. This 
study found that islet β-cell dysfunction was 
not an isolated event in patients with severe 
traumatic MODS. In these patients, β-cell in- 
sufficiency was accompanied by liver, kidney, 
and myocardium dysfunction. Moreover, islet 
β-cell dysfunction was positively correlated wi- 
th the dysfunction of the liver, kidney, and 
myocardium,indicating that the more severe 
the islet β-cell dysfunction was, the more se- 
vere the dysfunction of the liver, kidney and 
myocardium. Perhaps the dysfunction of islet 
β-cells may be just as important as liver, kidney 
and myocardium dysfunction are for the diag-
nosis of MODS caused by severe trauma. Islet 

as indicated by laboratory data, and islet β-cell 
dysfunction may not display typical clinical 
symptoms. However, severe β-cell dysfunction 
in the patients with traumatic MODS may cause 
a glycometabolism disorder, which can induce 
metabolic acidosis and an electrolyte distur-
bance, resulting in the death of the patient. 
Therefore, the danger of post-traumatic islet 
β-cell dysfunction should draw great attention 
in clinical practice.

The protection of islet β-cell function after se- 
vere trauma may be an important measure to 
prevent and control MODS. The administration 
of insulin or glucose-insulin-potassium can pro-
tect the islet β-cell function and other major 
organs dysfunction, and the anti-inflammatory 
effects may be of great significance in the pre-
vention and treatment of severe traumatic 
MODS in patients [27-30]. However, the causal 
relationship between islet β-cell dysfunction 
and dysfunction in other organs, the detailed 
mechanisms of islet β-cell dysfunction, and 

Table 1. The correlation coefficient of the HOMA-β with ALT, 
CRE and CK-MB in 170 patients with severe traumatic MODS
Index with HOMA-β ALT CRE CK-MB
Correlation coefficient -0.7852 -0.6019 -0.5985
P <0.01 <0.01 <0.01

Table 2. The correlation coefficient of the ΔINS30/ΔGLU30 with 
ALT, CRE and CK-MB in 170 patients with severe traumatic 
MODS
Index with ΔINS30/ΔGLU30 ALT CRE CK-MB

Correlation coefficient -0.7181 -0.5191 -0.6076
P <0.01 <0.01 <0.01

Table 3. The correlation coefficient of the HOMA-β with 
sTREM-1, TNFα, IL-6 and HMGB-1 in 170 patients with severe 
traumatic MODS
Index with HOMA-β sTREM-1 TNFα IL-6 HMGB-1
Correlation coefficient -0.6010 -0.7154 -0.7263 -0.5970
P <0.01 <0.01 <0.01 <0.01

Table 4. The correlation coefficient of the ΔINS30/ΔGLU30 with 
sTREM-1, TNFα, IL-6 and HMGB-1 in 170 patients with severe 
traumatic MODS
Index with Δ INS30/ΔGLU30 sTREM-1 TNFα IL-6 HMGB-1

Correlation coefficient -0.7173 -0.8062 -0.7591 -0.6783
P <0.01 <0.01 <0.01 <0.01

β-cell dysfunction may play an 
important role in the occurrence 
and development of severe trau-
matic MODS.

Islet β-cell dysfunction in patients 
with diabetes is related to an 
increased expression of inflamma-
tory factors [20-22]. The blood lev-
els of the inflammatory factors of 
sTREM-1, TNF-α, IL-6 and HMGB1 
are increased in severe traumatic 
infection subjects [23, 24], and the 
inflammation response can induce 
the dysfunction and damage of is- 
let β-cells [14, 25, 26]. This study 
found that the severity degree of 
islet β-cell dysfunction was posi-
tively correlated with the blood lev-
els of sTREM-1, TNF-α, IL-6, and 
HMGB1 in patients with severe 
traumatic MODS. The higher the 
levels of inflammatory factors were, 
the more severe the degree of islet 
β-cell dysfunction was, and the ele-
vated blood inflammatory factors 
may be the main cause for islet 
β-cell dysfunction in patients with 
traumatic MODS.

Islet β-cell dysfunction following 
severe trauma is characterized by a 
persistent hyperglycemic response 
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whether islet β-cell dysfunction occurs before 
the dysfunction in other organs is not fully un- 
derstood so these questions are worthy of fur-
ther investigation in patients with traumatic 
MODS.

In conclusion, islet β-cell dysfunction in pati- 
ents with traumatic MODS is often accompa-
nied by major organ dysfunction. There is a 
positive correlation between islet β-cell dys-
function and major organ dysfunction. Islet 
β-cell dysfunction may serve as a prognostic 
indicator for patients with traumatic MODS, 
and elevated blood inflammatory factors may 
be the major cause of islet β-cell dysfunction.
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