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Background: This study aims to investigate the correlation between type 2 diabetes mellitus (T2DM) and
the tumor markers/biochemical parameters of patients, as well as the related factors leading to complications.
Methods: A total of 150 T2DM patients in our hospital were included as the research group, and 80
healthy persons were matched in the normal control group. The levels of tumor markers (CA199, CEA,
CA153, CA125, AFP) and body mass index (BMI), waist-to-hip ratio (WHR), blood pressure (BP), fasting
plasma glucose (FPG), glycosylated hemoglobin (HbAlc), urine microalbumin (M-ALB), and triglyceride
(TG) in the two groups were determined. Based on the complications status of T2DM patients, the patients
were further divided into a complication-free group (patients with simple diabetes) and complication group.
Univariate analysis was performed between patients with and without complications.

Results: The levels of serum CA199, CEA, and CA125 in the study group were significantly higher than
those in the normal control group (all P<0.0001), and the levels of BMI, WHR, systolic BP (SBP), diastolic
BP (DBP), FPG, HbAlc, M-ALB, and TG in the study group were significantly higher than those in the
control group (all P<0.05). Tumor markers CA199, CEA, and CA125 were positively correlated with BMI,
WHR, BP, FPG, HbAlc, M-ALB, and TG. Smoking, family history of diabetes, combined hypertension,
hyperlipemia, course of disease, CA199, CEA, CA153, CA125, AFP, SBP, DBP, FPG, HbAlc, M-ALB, and
TG were the influencing factors of complications in T2DM patients.

Conclusions: Relevant indicators of T2DM patients with complications should be fully evaluated
clinically, and long-term follow-up observation should be conducted, so as to reduce the occurrence of

complications.
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Introduction the case fatality rate of diabetes is also on the rise. A

study (2) showed that compared to 2010, the total

In 2019, the International Diabetes Federation (IDF) standardized mortality rate of diabetes in China in 2017

released the 9th edition of the IDF Diabetes Atlas, which increased, with an average annual growth rate of 2.8%. Type
shows that the prevalence of diabetes in adults (20- 2 diabetes mellitus (T2DM) is the main type of diabetes
79 years old) worldwide is about 9.3% (1). In China, mellitus in China, and its prevalence increased from 2.5%
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in 1994 to 10.9% in 2013 (3). T2DM is caused by the
relative deficiency of insulin and is closely related to the
oxidative stress and inflammatory response of the body (4).
Long-term hyperglycemia in diabetic patients can lead
to chronic damage and dysfunction in human tissues and
organs such as the heart, liver, kidney, and blood vessels (5).
A number of clinical studies have pointed out that diabetes
is highly correlated with the occurrence and development
of tumors (6). In 2010, the American Diabetes Association
(ADA) and the American Cancer Society (ACS) jointly
published a consensus stating that diabetes patients with
T2DM are at a higher risk of cancer, including endometrial,
pancreatic, colon, bladder, and breast cancers. Liu et al. (7)
showed that the risk of endometrial cancer increases 2-fold,
pancreatic cancer 1.8-fold, colorectal cancer 1.3-fold, and
breast cancer slightly in T2DM patients.

It has now become the norm to perform malignant tumor
screening in diabetic patients in the clinic. Tumor markers
are biological substances that are spontaneously synthesized
and secreted by tumor cells during the occurrence and
development of malignant tumors or that obviously respond
to tumor cells and indicate tumor presence. They can be
detected in human blood, body fluids, cells, and tissues,
and can be used in the clinical diagnosis of tumors and
the evaluation of prognosis (8). A previous study found
that T2DM patients have a higher risk of developing
malignant tumors than healthy people (9). Therefore,
tumor marker screening in T2DM patients has certain
clinical significance. Understanding the major risk factors
of T2DM complications and their correlation with tumor
markers can better control the development of diabetes,
extend the life span of patients, reduce the mortality, and
improve the quality of life of patients. Based on this, 150
T2DM patients were included as research subjects in this
study, aiming to investigate the relationship between T2DM
patients and tumor markers/biochemical indicators, as well
as the risk factors leading to complications, so as to aid in
the prevention and treatment of diabetes complications
in clinical practice. We present the following article in
accordance with the STROBE reporting checklist (available
at https://apm.amegroups.com/article/view/10.21037/apm-
21-3429/rc).

Methods
Clinical data of subjects

A total of 150 T2DM patients in our hospital were
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enrolled as the study group, and 80 healthy persons were
matched in the normal control group. There were 80
males and 70 females in the study group, with an average
age of 55.26x10.02 years. There were 48 males and 32
females in the normal control group, with an average age
of 52.89£9.68 years. There was no statistically significant
difference in the baseline data of gender, age, education
level, and occupation between the two groups (all P>0.05),
indicating comparability (Table 1).

The inclusion criteria were as follows: (I) patients met the
WHO criteria for the diagnosis of T2DM (10), including
typical diabetic symptoms plus random blood glucose
>11.1 mmol/L, fasting blood glucose (FBG) >7.0 mmol/L,
or blood glucose >11.1 mmol/L at 2 h after glucose loading;
(II) complete clinical data.

The exclusion criteria were as follows: (I) the patients
had diabetic ketoacidosis or non-ketotic hyperosmolar
state; (II) the patients had serious abnormalities of heart,
liver, and kidney function; (III) the patients were in the
acute and chronic inflammatory period, and the body was
in a state of stress; (IV) the patients were complicated with
malignant or benign tumors, and the malignant or benign
tumors were detected during follow-up; (V) the patients
had mental disorders or long-term use of related drugs;
(VI) the patients had secondary diabetes or gestational
diabetes; (VII) the patients suffered from autoimmune
diseases, or glucocorticoid use affected human glucose
metabolism.

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
the ethics committee of The Affiliated Hospital of China
University of Mining and Technology (No. LLSL-2021-62)

and informed consent was taken from all the patients.

Observation indexes

Detection method of tumor markers: after fasting for
8-12 h, all patients and healthy controls underwent a health
examination and venous blood was obtained on an empty
stomach the next morning. The samples were centrifuged
to obtain serum for detection. The tumor markers CA199,
CEA, CA153, CA125, and AFP were measured by the
Swiss Roche automatic biochemical immunoanalyzer and
electrochemiluminescence method.

Detection methods of body mass index (BMI), waist-
to-hip ratio (WHR), blood pressure (BP), fasting plasma
glucose (FPG), glycosylated hemoglobin (HbAlc), urine
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Table 1 Comparison of clinical data between the two groups

Feature Study group (n=150) Control group (n=80) v/t P
Age (years), x+s 55.26+10.02 52.89+9.68 1.729 0.085
Gender, n (%) 0.940 0.332
Male 80 (53.3) 48 (60.0)
Female 70 (46.7) 32 (40.0)
Educational level, n (%) 0.113 0.945
Junior middle school and below 42 (28.0) 21 (26.3)
Senior middle school 57 (38.0) 32 (40.0)
Junior college or above 51 (34.0) 27 (33.7)
Occupation, n (%) 0.047 0.997
Cadre 23 (15.3) 13 (16.3)
Worker 44 (29.3) 23 (28.8)
Farmer 48 (32.0) 25 (31.3)
Other 35 (23.3) 19 (23.8)

microalbumin (M-ALB), and triglyceride (T'G): the
height and weight of subjects were recorded, and BMI
was calculated based on the measurement results. Waist
circumference and hip circumference were measured by
soft tape, and WHR was calculated based on the results. BP
was measured with a sphygmomanometer in the morning,
and systolic BP (SBP) and diastolic BP (DBP) were
recorded respectively. Fasting venous blood was obtained
from the enrolled subjects, and serum was obtained after
conventional centrifugation. HbAlc was detected by the
Burrill HbAlc meter. FPG and TG were detected by the
Siemens automatic biochemical analyzer. The urine of
the patients was collected under the fasting state in the
morning, and the level of M-ALB was analyzed by an
automatic urine analyzer. All operations were carried out
in strict accordance with the instructions of the kit and
instrument.

Research methods

The two groups of subjects were observed and compared in
terms of the levels of tumor markers CA199, CEA, CA153,
CA125, and AFP and the parameters BMI, WHR, BP,
FPG, HbAlc, M-ALB, and TG. The correlation between
these two types of indexes was analyzed. The patients in the
study group were divided into a complication group and
complication-free group. Univariate analysis was performed
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to analyze the general clinical data of patients and the
influencing factors leading to complications.

Statistical analysis

The data were sorted and statistically analyzed using SPSS
25.0 software. The inspection level was 0=0.05, and P<0.05
was considered statistically significant. The count data were
shown as frequency and percentage, and compared by the
test of independent samples. Measurement data were shown
as mean = standard deviation (xs).

Results

Comparison of tumor markers between the two groups

The levels of serum CA199, CEA, and CA125 in the study
group were significantly higher than those in the normal
control group (all P<0.0001). The levels of serum CA153
and AFP in the study group were higher than those in the
normal control group, but with no significant difference
(both P>0.05; Table 2, Figure 1).

Comparison of BMI, WHR, BP, FPG, HbAlc, M-ALB,
and TG between the two groups

The levels of BMI, WHR, SBP, DBP, FPG, HbAlc, M-ALB,
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Group CA199 (U/mL) CEA (ng/mL) CA153 (U/mL) CA125 (U/mL) AFP (ng/mL)
Study group (n=150) 18.32+2.69 4.36+1.08 10.79+2.06 12.29+2.06 3.08+1.06
Control group (n=80) 11.16+2.05 2.08+0.52 10.28+1.48 6.89+1.08 2.86+0.86
t 20.80 17.80 1.960 21.88 1.597
P <0.0001 <0.0001 0.051 <0.0001 0.112
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Figure 1 Histograms of tumor markers in the two groups. Comparison of CA199 (A), CEA (B), CA153 (C), CA125 (D) and AFP (E) levels.

and TG in the study group were significantly higher than
those in the normal control group (all P<0.05; Table 3, Figure 2).

Correlation analysis between tumor markers and
parameters of BMI, WHR, BF, FPG, HbAlc, M-ALB, and
TG

As shown in Table 4, Pearson correlation analysis results
showed that tumor markers CA199, CEA, and CA125 were
significantly positively correlated with BMI, WHR, BP,
FPG, HbAlc, M-ALB, and TG.

Univariate analysis of the clinical data of patients with
and without complications

Table 5 shows that smoking, family history of diabetes,
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hypertension, hyperlipidemia, course of disease, CA199,
CEA, CA153, CA125, AFP, SBP, DBP, FPG, HbAlc,
M-ALB, and TG were the influencing factors of
complications in patients with T2DM.

Discussion

The incidence rates of T2DM and malignant tumors have
been increasing in recent years. Gata et al. (11) pointed
out that in both developing and developed countries,
the mortality rates of T2DM and malignant tumors are
among the highest, which has prompted many clinical
researchers to pay attention to the relationship between
the two. Many studies suggest that there is a significant
correlation between T2DM and malignant tumors (12,13).
A study by Zhao et al. (12) shows that the incidence rates
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Table 3 Comparison of BMI, WHR, BP, FPG, HbAlc, M-ALB, and TG between the two groups (¥+s)

Group BMI (kg/m?  WHR (value) SBP (mmHg) DBP (mmHg) FPG (mmol/L) HbAlic (%) M-ALB (ug/min) TG (mmol/L)
Study group 24.6+3.4 0.98+0.13  148.68+10.62 89.12+10.69 7.89+1.34 8.62+1.28 22.86+2.16 2.29+0.26
(n=150)

Control group  18.9+2.9 0.92+0.21  108.25+10.17 76.18+8.92 4.78+1.06 5.29+1.23 18.28+2.48 1.09+0.16
(n=80)

t 12.73 2.67 27.90 9.24 17.97 19.05 14.54 37.63

P <0.0001 0.008 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

BMI, body mass index; WHR, waist-to-hip ratio; BP, blood pressure; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin;
M-ALB, urine microalbumin; TG, triglyceride; SBP, systolic BP; DBP, diastolic BP.

A P<0.0001 B P=0.008
30 T 1.2 4
11 4 o Research group
@ Research group . v Control group
25 A v Control group 1.0 4
z £
m 0.9 A
=
20 A 0.8 4
0.7 4
15 - 0.6 4——g——
1 1
E P<0.0001 F P<0.0001
10 1 15 -
8 - @ Research group
¥ Control group
10 4 ® Research group
10 6 &) I v Control group
o <
*oa I z
s10
2 4

ol — ol —

1 1

o
0

B

M-ALB

P<0.0001 D P<0.0001
180 - 110 ~
- 100 4
160 I ® Research group ® Research group
v Control group v Control group
140 o 90
o
120 0 80 4
100 - I 70 4
go L= oL —
1 1
P<0.0001 H P<0.0001
30 - 4-
® Research group
20 - ® Research group I v Control group
I v Control group 27
(]
[
10 I 14 1
0 t— 0 -

1 1

Figure 2 Comparison of BMI, WHR, BP, FPG, HbAlc, M-ALB, and TG between the two groups. Comparison of BMI (A), WHR (B),
SBP (C), DBP (D), FPG (E), HbAlc (F), M-ALB (G), and TG (H) between the two groups. BMI, body mass index; WHR, waist-to-hip
ratio; BP, blood pressure; FPG, fasting plasma glucose; HbAlc, glycosylated hemoglobin; M-ALB, urine microalbumin; TG, triglyceride;

SBP, systolic BP; DBP, diastolic BP.

of liver cancer, pancreatic cancer, and endometrial cancer
are the highest among diabetic patients, especially those
with T2DM, followed by colorectal cancer, breast cancer,
and bladder cancer. The mechanism of T2DM in inducing
tumors is controversial in clinical practice. However,
a study by Liu ez 4/. indicates that the occurrence of
malignancies is related to various factors, including blood
glucose, insulin, insulin resistance, adipocytokines, and
trace elements (14). Chronic complications of diabetes
are common symptoms of diabetes patients with poor
blood glucose control and late diabetes. The quality of
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life of patients with diabetes complications is significantly
reduced. Therefore, investigating the relationship between
tumor markers and complications in T2DM patients as
well as the influencing factors of complications can aid in
the treatment of patients in clinical practice.

Previous studies have shown that the type of disease and
related complications in patients with T2DM are more
complex, and some complications can lead to elevated tumor
markers (15). The present study also showed that the levels
of serum CA199, CEA, and CA125 in the study group were
significantly higher than those in the normal control group
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Table 4 Correlation analysis between tumor markers and parameters of BMI, WHR, BP, FPG, HbAlc, M-ALB, and TG (n=230)
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Index Test value BMI WHR SBP DBP FPG HbA1c M-ALB TG
CA199 Pearson correlation 0.474™ 0.220* 0.714* 0.407* 0.618™ 0.612* 0.559* 0.710™
Significance (two-tailed)  <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
CEA Pearson correlation 0.471* 0.199* 0.709™* 0.447* 0.610™ 0.565™ 0.458™ 0.695™
Significance (two-tailed) <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
CA153 Pearson correlation 0.125 0.006 0.144~ 0.176™ 0.120 0.175™ 0.188™ 0.155*
Significance (two-tailed)  0.059 0.926 0.029 0.008 0.069 0.008 0.004 0.019
CA125 Pearson correlation 0.481™ 0.154* 0.708™* 0.445™ 0.571™ 0.606™ 0.508™* 0.714*
Significance (two-tailed)  <0.001 0.019 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
AFP Pearson correlation 0.146* -0.001 0.083 -0.023 0.022 0.100 0.107 0.098
Significance (two-tailed)  0.026 0.991 0.208 0.729 0.735 0.131 0.104 0.140

* indicates significant, with P values between 0.01 and 0.05; ** means extremely significant, P value below 0.01. BMI, body mass index;
WHR, waist-to-hip ratio; BP, blood pressure; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin; M-ALB, urine microalbumin;

TG, triglyceride; SBP, systolic BP; DBP, diastolic BP.

(all P<0.0001). The occurrence of diabetes complications
is mainly caused by poor control of related biochemical
indicators in patients, and FPG, HbAlc, M-ALB, and TG
are key indicators to determine the severity and prognosis
of diabetes patients (16). This study also found that BMI,
WHR, SBP, DBP, FPG, HbAlc, M-ALB, and TG levels
in the study group were significantly higher than those in
the normal control group (all P<0.05). Pearson correlation
analysis in this study showed that tumor markers CA199,
CEA, and CA125 were significantly positively correlated
with BMI, WHR, BP, FPG, HbAlc, M-ALB, and TG,
which was basically consistent with the results of a number
of previous studies (17,18). Normal cells underwent
malignant transformation under the action of stimulating
factors and became malignant tumor cells with relatively
strong glycolysis level. Especially when diabetic patients
suffer from acute metabolic abnormalities, such as when
ketoacidosis occurs, AFP, CEA, CA199 increase, which is
closely related to the concentration of blood sugar. On the
other hand, long-term uncontrolled blood glucose may lead
to digestive tract damage due to the effect of “glycotoxicity”,
resulting in abnormally high results of CA199, CEA and
CA125.

The present study shows that smoking, family history of
diabetes, hypertension, hyperlipidemia, course of disease,
CA199, CEA, CA153, CA125, AFP, SBP, DBP, FPG,
HbAlc, M-ALB, and TG are the influencing factors of
complications in T2DM patients. The complications of
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diabetes mainly include acute complications and chronic
complications. The main acute complications were diabetic
ketoacidosis, hyperglycemia, hyperosmolar state and
hypoglycemia. The main cause of chronic complications is
the damage of vascular endothelium caused by long-term
hyperglycemia, which mainly includes microvascular disease
and macrovascular disease. Microangiopathy is mainly
diabetic retinopathy, diabetic nephropathy and diabetic
peripheral neuropathy. Macrovascular diseases include
serious cardiovascular and cerebrovascular events such as
myocardial infarction, cerebrovascular disease and even
stroke. The occurrence of T2DM complications is related
to many factors, including genetics, age, gender, blood sugar
control level, diabetes course, and other cardiovascular risk
factors. Bai et a/l. (19) showed that the course of disease is
the main factor leading to the complications of T2DM
patients, so health education of Chinese residents should be
strengthened to reduce the occurrence of complications and
improve the quality of life of patients. T2DM is a low-grade
chronic inflammatory disease, and the increased expression
of IL-6 and TNF-o can lead to chronic pancreatic injury.
Meanwhile, the increase of glycosylation end products and
HbAlc in the state of hyperglycemia can render lipoproteins
in the pancreatic arterial wall more susceptible to oxidative
modification. This leads to vascular endothelial damage,
which further aggravates the pancreatic injury, resulting in
degeneration and even necrosis of pancreatic duct cells (20).
CA199 is expressed by pancreatic exocrine department
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Table 5 Univariate analysis results of the clinical data of patients with and without complications

Factor With complications (n=94) Without complications (n=56) v/t P
Gender, n (%) 1.712 0.191
Male 54 (57.4) 26 (46.4)
Female 40 (42.6) 30 (53.6)
Age (years), x+s 52.07+8.15 52.78+8.21 0.515 0.608
Course of disease (years), x+s 12.86+3.07 10.04+2.13 6.056 <0.0001
Smoking, n (%) 6.168 0.013
Yes 63 (67.02) 26 (46.42)
No 31 (32.98) 30 (563.57)
Family history of diabetes, n (%) 3.939 0.047
Yes 70 (74.47) 33 (58.93)
No 24 (25.53) 23 (41.07)
Hyperlipidemia, n (%) 6.665 0.0098
Yes 59 (62.8) 23 (41.07)
No 35(37.2) 33 (58.93)
Hypertension, n (%) 9.496 0.0021
Yes 58 (61.7) 20 (35.71)
No 36 (38.3) 36 (64.29)
CA199, xts 21.92+1.38 18.12+1.06 17.72 <0.0001
CEA, xts 6.58+0.36 4.92+0.41 25.92 <0.0001
CA153, ¥+s 13.86+1.28 10.28+1.48 15.62 <0.0001
CA125, xts 13.16+0.38 9.18+0.35 63.87 <0.0001
AFP, ¥+s 5.86+0.38 3.18+0.32 44.24 <0.0001
BMI, x+s 23.2+4.18 22.3+4.16 1.28 0.203
WHR, x+s 0.89+0.42 0.90+0.48 0.13 0.894
SBP, xts 151.03+5.07 137.08+3.02 18.69 <0.0001
DBP, x+s 96.13+5.05 90.02+2.01 8.65 <0.0001
FPG, x+s 8.14+0.72 5.97+0.78 17.30 <0.0001
HbA1c, xts 8.82+1.02 7.02+0.68 11.74 <0.0001
M-ALB, x+s 24.18+2.05 22.01+2.06 6.26 <0.0001
TG, x+s 2.16+0.32 1.62+0.25 10.81 <0.0001

BMI, body mass index; WHR, waist-to-hip ratio; BP, blood pressure; SBP, systolic BP; DBP, diastolic BP; FPG, fasting plasma glucose;
HbA1c, glycosylated hemoglobin; M-ALB, urine microalbumin; TG, triglyceride.

and can be used as a sensitive indicator to screen for
pancreatic exocrine injury. Histological changes of islets in
T2DM patients are related to the inflammatory process of
pancreatic exocrine department (21). In addition, mildly

elevated blood lipase and amylase levels were associated with
a weak hypodensity of the head of the pancreas in patients
with hyperglycemia, leading to subclinical and mild forms
of islet inflammation. This islet inflammation is caused by
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the activation of the innate immune system by metabolic
stress and mediated by IL-1 signaling. A moderately
elevated glucose concentration (11 mmol/L) was sufficient
to induce transcriptional activation of IL-1 expression in
the islets (22). Similarly, a previous study has shown that
free fatty acids also promote inflammatory responses (23).
Therefore, islet inflammation and destruction of islet cells
caused by hyperglycemic toxicity may be the reason for
elevated CA199 level.

The results of this study showed that CEA levels
were significantly increased in patients with diabetes
complications, and vascular endothelial growth factor
levels were also increased in response to stress. There is
a clear relationship between diabetic complications and
endothelin, which also plays key roles in the mechanisms
of tumors, such as participating in cell proliferation
and the tumorization of abnormal proliferative tissues.
CEA is a highly glycosylated cell surface glycoprotein,
expressed on the surface of inflammatory cells as an
adhesion molecule. Some studies have shown that CEA
levels are elevated in inflammation-related diseases such
as metabolic syndrome (24). In addition, a previous
study reported an association between CEA levels and
markers of oxidative stress (25). High blood sugar affects
the formation of free radicals and may ultimately lead to
increased oxidative stress. Severe oxidative stress and poor
glycemic control may lead to increased CEA expression.
Lu er al. (26) pointed out that the worse the blood glucose
control, the higher the CA125 level, and the higher the
CA125 level in patients with complications. Complications
are important criteria which reflect the blood glucose
control of patients, and the level of CA125 is positively
correlated with blood glucose-related indexes. Increased
AFP is related to pancreatic cancer, colorectal cancer, and
liver cancer, and AFP is also an independent risk factor for
T2DM complications. This is mainly due to the disorder
of lipid metabolism in the human body, which improves
the reproduction of tumor markers and indirectly
promotes the occurrence and development of liver cancer,
pancreatic cancer, and colorectal cancer. Xie et al. (27)
showed that BP control also has an important relationship
with blood glucose level, and people with a high blood
glucose level also have relatively high BP. Therefore, the
control of stable BP in T2DM patients is also a key way to
reduce complications. Studies have shown that, diabetes
can increase the risk of a variety of malignant tumors such
as stomach cancer (28), bladder cancer (29), colorectal
cancer (30), ovarian cancer (31), and pancreatic cancer (32).
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The mechanism is very complex, and hyperglycemia,
insulin resistance and hyperinsulinemia, obesity and
chronic inflammation may play an important role in this
process. Patients with diabetes are at high risk of cancer.
Therefore, patients with diabetes should be actively
screened during clinical diagnosis and treatment, such
as detection of tumor markers in serum, so as to detect
tumors as early as possible.

In conclusion, the levels of tumor markers CA199, CEA,
and CA125 in patients with T2DM are significantly higher
than those in the normal population. Smoking, family
history of diabetes, hypertension, hyperlipemia, course of
disease, CA199, CEA, CA153, CA125, AFP, SBP, DBP,
FPG, HbAlc, M-ALB, and TG are the influential factors
leading to complications in T2DM patients. Relevant
indicators of T2DM patients should be fully evaluated
clinically, and long-term follow-up observation should be
conducted to reduce the incidence of complications.
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