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Introduction: Higher serum carcinoembryonic antigen (CEA) was found in diabetic patients rather than controls. However, the
prevalence of abnormal CEA among diabetic inpatients with a large proportion of poor glycemic control is unclear.

Methods: A total of 385 diabetic inpatients were included in this study. We collected information from a large clinical database.
Patients with malignant tumors were excluded by examination and follow-up.

Results: We found a surprisingly high prevalence (14.3%) of diabetic inpatients with CEA above normal. The proportion of patients
with abnormal CEA was significantly different in subgroups with different blood glucose levels, 20.4% in the HbAlc > 9% group, and
8.5% in the HbAlc < 9%, p = 0.000. We found that the CEA levels were correlated with age, body mass index and HbAlc. The
regression coefficient of HbAlc was the highest, B = 0.284, p = 0.000. We also found that the CEA levels were higher in diabetic
inpatients with BMI < 24 kg/m2 than the overweight or obesity patients. There was a significant difference in the insulin level and
C peptide level between the elevated CEA group and the non-elevated CEA group.

Conclusion: The elevation of CEA is common in diabetic inpatients, especially those with poor hyperglycemia controlled (HbAlc >
9%). The underlying mechanism may be related to glucose toxicity.
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Introduction
Carcinoembryonic antigen (CEA) can be used for screening, diagnosis, and monitoring treatment effects in various kinds
of malignant tumors. Testing for CEA in the blood is a recommended part of diagnosis and follow-up of cancers in
clinical practice. However, the elevation of CEA is found in some non-malignant conditions, including chronic
inflammatory state, hypothyroidism, bipolar disorder, and uremic patients under hemodialysis treatment.' ™

The global diabetes prevalence in adults in 2021 was estimated to be 10.5% (537 million) and diabetes-related health
expenditures were estimated at 966 billion.” The management of diabetes is a significant global challenge to societies. The
risk of developing cancer in diabetic patients remains uncertain. However, it was showed that diabetic patients had
significantly higher rates of elevated CEA than subjects without diabetes.” > We found that there was a short-term elevation
of CEA in diabetic inpatients, and there was a significant difference in HbA1c between the elevated CEA group and the
group with normal CEA.'® However, due to the insufficient number of patients, correlation analysis was not conducted in
our last study. In this study, we expanded the sample size and performed correlation analysis to explore whether the CEA
increase in diabetic inpatients was related to age, gender, blood pressure, lipid or other factors.

It was found that the increase in serum tumor markers was correlated with islet function in diabetic patients.'!
Inflammation could be associated with the elevation of CEA in diabetic patients.'? In this study, we investigated whether
inflammation and islet function were involved in the mechanism of CEA elevation in diabetic patients.
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Methods
Study Design and Population

This was a single-center, retrospective and observational study. We analyzed data extracted from a clinical database containing all
medical information of patients in our hospital. Our research was in compliance with the Helsinki Declaration. The study was
approved by the Ethics Committee of Dongyang People’s Hospital, which waived the requirement for patient informed consent
given the retrospective nature of the study. All researchers will keep patient information confidential to maintain the privacy of the
participants.

We screened the records of 604 consecutive patients who were hospitalized in the endocrinology department of our
hospital and the primary diagnosis was diabetes between January 1, 2019 and June 1, 2019. Among these, 436 patients
had complete information, including diagnosis, type of diabetes, age, gender, body mass index (BMI), HbAlc, total
cholesterol, triglyceride, LDL (low-density lipoprotein) cholesterol, HDL (high-density lipoprotein) cholesterol, uric
acid, blood pressure, past history, personal history including smoking and alcohol drinking status, family history, liver
function, kidney function and the CEA level. Thirty-one patients were excluded because of a history of tumor or being
found to have a tumor. Nineteen patients were excluded because of liver or kidney insufficiency, and one patient was
excluded because of pregnancy. Ultimately, a total of 385 patients were included in the study for statistical analysis.

Inclusion Criteria and Exclusion Criteria
The inclusion criteria were inpatients that had complete medical records and was diagnosed as diabetes according to the
WHO standard. CEA was detected. All patients were observed for more than 1 year.

The exclusion criteria were as follows: (1) A history of any type of tumor. (2) Pregnant and lactating women. (3)
Chronic kidney diseases with an estimated glomerular filtration rate (¢GFR) < 60 mL/min/1.73 m?. (4) A history of liver
cirrhosis or liver insufficiency with alanine aminotransferase 3 times higher than the upper limit of normal range. (5)
A malignant tumor was found on examination or follow-up.

Detection Method

Blood CEA levels were measured using the electrochemiluminescence immunoassay'> (Roche Diagnostics, Germany).
HbA Ic was measured using the high-performance liquid chromatography'* (Bio-Rad Laboratories, France). Blood glucose,
cholesterol, triglyceride, uric acid, liver function and kidney function were measured using Colorimetric/Fluorometric

assayl 5,16

(Fujifilm Wako Pure Chemical Corporation, Japan). C-reactive protein (CRP) levels were measured using the
immunoturbidimetric method. Glomerular filtration rate was calculated using MDRD formula. Insulin and C peptide levels

were measured using the electrochemiluminescence method (Roche Diagnostics, Germany).

Statistical Analysis

All data were analyzed using the statistical software IBM SPSS Statistics 25.0. Continuous variable data were presented as
means and standard deviations. Categorical variables are reported as frequencies or percentages. Independent sample #-test
was used for comparison of continuous variables. Kruskal-Wallis was performed before an independent sample #-test between
the groups. The rates between the two groups were compared using the Chi-square test. Linear regression analysis was used to
identify the association between variables and the CEA levels. p value less than 0.01 or 0.05 was considered as significant.

Results
CEA Levels Under Different Blood Glucose Status and the Prevalence of Abnormal

CEA in Diabetic Inpatients

A total of 385 diabetic inpatients were included in the study. The rate of diabetic inpatients with abnormal CEA (CEA level >5ng/
mL) was 14.3% (55/385). To observe whether CEA levels were different under different blood glucose states, patients were
divided into three groups according to their blood glucose level, the HbAlc < 7% group (group 1, with blood glucose at target),
the 7% < HbAlc < 9% group (group 2) and the HbAlc > 9% group (group 3, with poorly glycemic control). The CEA levels
were 2.72 + 1.49 ng/mL in group 1 (n = 76), 2.88 + 1.51 ng/mL in group 2 (n = 123), 3.76 = 2.07 ng/mL in group 3 (n = 186).
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There was not a significant difference in CEA level between group 1 and group 2, p = 0.463. There was a significant difference in
CEA level between group 2 and group 3, p = 0.000. It is shown in Figure 1.

Therefore, we divided the patients into two groups (the HbAlc < 9% group and the HbA1c > 9% group) to further explore
the related factors of abnormal CEA level in diabetic inpatients. Basic demographic and clinical characteristics of participants
are showed in Table 1. The prevalence of patients with abnormal CEA was significantly different in subgroups with different
blood glucose status, 20.4% in the HbA1c > 9% group, and 8.5% in the HbA 1c < 9% group, p = 0.001. There was a significant
difference in CEA level between the HbAlc < 9% group and the HbAlc > 9% group, p = 0.000.

Correlation Analysis of CEA Level in Diabetic Inpatients

We further investigated whether the CEA level was related to other factors besides hyperglycemia. We conducted linear
regression analysis, with CEA level as the dependent variable. We found that the CEA level was significantly correlated
with age, BMI and HbAlc but were not correlated with sex, smoking or drinking state, blood pressure, uric acid, total
cholesterol, triglycerides, serum creatinine, or liver function. The regression coefficient of HbAlc was the highest, B =
0.284, p = 0.000. It is shown in Table 2.

In order to analyze the influence of BMI on CEA level, patients were divided into three groups according to the BMI,
the BMI < 24 kg/m2 group (group 1), the 24 < BMI < 28 kg/m2 group (group 2, overweight) and the BMI > 28 kg/m2
group (group 3, obesity). The CEA levels were 3.87 + 2.21 ng/mL in group 1 (n= 143), 2.84 £+ 1.23 ng/mL in group 2
(n=173), 3.11 £ 2.04 ng/mL in group 3 (n = 69). There was a significant difference in CEA level between group 1 and
group 2, p = 0.000. There was no significant difference in CEA level between group 2 and group 3, p = 0.296. There was
a significant difference in CEA level between group 1 and group 3, p = 0.017. It is shown in Figure 2.

In order to analyze the influence of age on CEA level, patients were divided into two groups according to their age,
the old group (age >60 years old) and the non-old group (age <60 years old). The CEA levels were 3.5 + 1.85 ng/mL in
the old group, and 3.12 + 1.85 ng/mL in the non-old group. There was no significant difference in CEA level between the
old group and the non-old group. p = 0.053.

Mechanism Study
To investigate whether inflammation and islet function were involved in the mechanism of CEA elevation in diabetic patients,
patients who were tested CRP, fasting insulin and fasting C-peptide levels were screened for this study. Those with diagnoses

of acute inflammatory diseases were excluded. A total of 309 patients were enrolled in the mechanism study.

level

The CEA

Figure |1 Group I, the HbA1c<7% group (n=76, with blood glucose at target). Group 2, the 7% < HbAlc < 9% group (n=123). Group 3, the HbAlc 2 9% group (n=186,
with poorly glycemic control). There was not a significant difference in CEA level between group | and group 2, p = 0.463. There was a significant difference in CEA level
between group 2 and group 3, p = 0.000. p value less than 0.01 was considered statistically significant.
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Table | Basic Demographic, Clinical Characteristics and CEA Levels of Participants

Variables The HbAI1c<9% Group The HbAI1c>9% Group | p value
(n=199) (n=186)

CEA levels (ng/mL) 2.82 £ 1.50 3.76 £ 2.07 0.000*
Rate of patients with elevated CEA 17/199 (8.5%) 38/186 (20.4%) 0.001*
Age (years) 599 £ 11.6 554 + 133 0.000*
Female sex 62 (31.2%) 49 (26.3%) 0.298
Smoking 77 (38.7%) 74 (39.8%) 0.826
Drinking 86 (43.2%) 47 (25.3%) 0.000*
BMI (kg/m2) 252 3.2 248 + 3.7 0.240
HbAlc (%) 7.26 £ 0.98 11.37 £ 1.91 0.000*
Systolic blood pressure (mmHg) 1334 £19.7 128.9 £20.2 0.027
Diastolic blood pressure (mmHg) 799 £ 11.5 81.5 = 121 0.173
Uric acid (umol/l) 330.1 +93.8 305.7 £94.2 0.012
Total cholesterol (mmol/l) 4.59 £1.24 477 £1.27 0.157
Triglycerides (mmol/l) 1.84 + 1.64 2.02 £1.82 0314
LDL cholesterol (mmol/l) 2.66 + 0.97 2.90 + 1.03 0.024
HDL cholesterol (mmol/l) 1.15 £ 0.32 1.05 £ 0.27 0.001*
Creatinine (umol/l) 72.0 £27.6 64.6 £23.2 0.005*
ALT (U/L) 252 £15.0 26.6 £17.6 0.406

Notes: The bold font represents the prevalence of abnormal CEA in diabetic inpatients. *p value was less than 0.01.
Abbreviations: CEA, carcinoembryonic antigen; BMI, body mass index; HbAlc, glycosylated hemoglobin; LDL-C, low density lipoprotein-
cholesterol; HDL-C, high density lipoprotein-cholesterol; ALT, alanine aminotransferase.

Table 2 Correlation Analysis of CEA Level in Diabetic Inpatients

Variables B value SE value p value
Age (years) 0.028 0.008 0.001*
Sex (female) —0.233 0.239 0.332
Smoking 0.147 0.206 0.476
Drinking 0.323 0.200 0.107
BMI (kg/m2) —0.081 0.028 0.004%*
HbAIlc 0.284 0.036 0.000%*
Systolic blood pressure (mmHg) 0.000 0.007 0.972
Diastolic blood pressure (mmHg) | —0.003 0.012 0.794
Uric acid (umol/l) —0.001 0.001 0.184
Total cholesterol (mmol/l) 0.135 0.079 0.089
Triglycerides (mmol/l) 0.078 0.061 0.204
Creatinine (umol/l) 0.007 0.004 0.096
ALT (U/L) 0.003 0.006 0.634

Notes: R? (coefficient of determination), 0.224; Durbin-Watson, 2.051; B, regression coefficient. *p value was less than 0.01.
Abbreviations: BMI, body mass index; HbAlc, glycosylated hemoglobin; ALT, alanine aminotransferase.

Patients were divided into two groups according the CEA levels, the elevated CEA group (CEA level =5 ng/mL, n = 42)
and the non-elevated CEA group (CEA level was normal, n =267). The CRP levels were 2.68 + 3.52 mg/L in the non-elevated
CEA group, 2.55 + 3.72 mg/L in the elevated CEA group. There was not a significant difference in the CRP level between the
above two groups, p = 0.825. The fasting insulin levels were 10.99 £ 13.31uU/mL in the non-elevated CEA group, 6.38 +£9.16
ulU/mL in the elevated CEA group, p = 0.031. It is shown in Figure 3. The fasting C peptide levels were 1.86 £ 1.00 ng/mL in
the non-elevated CEA group, 1.36 + 0.97 ng/mL in the elevated CEA group, p = 0.002. It is shown in Figure 4.
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Figure 2 Group | (n= 143), BMI<24 kg/m2. Group 2, the overweight group (n= 173), BMI 224 kg/m2 and < 28 kg/m2. Group 3, the obesity group (n= 69), BMI = 28 kg/m2.
There was a significant difference in CEA level between group | and group 2, p = 0.000. There was not a significant difference in CEA level between group 2 and group 3, p =
0.296. There was a significant difference in CEA level between group | and group 3, p = 0.017. p value less than 0.05 was considered statistically significant.

Insulin level in the elevated CEA group and the non-elevated group
30

25

20

The insulin level
b

the non-elevated CEA group the elevated CEA group

Figure 3 The elevated CEA group (n=42), the CEA level 2 5ng/mL; the non-elevated CEA group (n=267), the CEA level < 5ng/mL. There was a significant difference in the
insulin level between the elevated CEA group and the non-elevated CEA group. *p value was less than 0.05.

Discussion

The serum carcinoembryonic antigen (CEA), a classic tumor marker, is widely used to screen and provide valuable
prognostic information for cancers. It is over expressed in cancers of the colon, breast, lung and so on.!771? However,
increased CEA concentrations are also found in several non-malignant diseases." * We found a surprisingly high
percentage (14.3%) of diabetic inpatients with CEA above normal through screening for tumor markers, who were
excluded from malignant tumors by examination and follow-up. The prevalence of patients with abnormal CEA was
significantly different in subgroups with different blood glucose status, 20.4% in the HbAlc > 9% group, and 8.5% in the
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C peptide level in the elevated CEA group and the non-elevated group

The C peptide level

in

[

The non-elevated CEA group The elevated CEA group

Figure 4 The elevated CEA group (n=42), the CEA level 2 5ng/mL; the non-elevated CEA group (n=267), the CEA level < 5ng/mL. There was a significant difference in the
C peptide level between the elevated CEA group and the non-elevated CEA group. *p value was less than 0.05.

HbAlc < 9% group. We further found that the CEA levels were correlated with age, BMI and HbAlc. The regression
coefficient of HbAlc was the highest, B = 0.284, p = 0.000.

It was found that subjects with type 2 diabetes had significantly higher mean serum CEA than controls without diabetes
and serum CEA levels correlated positively with HbA ¢ values.”’ Soie Chung® found that the CEA level was independently
and positively correlated with glycemic control status in diabetes. The above studies were conducted to compare the CEA
level between people with normal blood glucose and diabetic patients. Our study subjects were all hospitalized diabetic
patients with a higher percentage of poor glycemic control (48.3% patients with HbA1c > 9%). In our study, the proportion of
patients with abnormal CEA was relatively high, 14.3% in the whole cohort of diabetic inpatients, and 20.4% in the HbAlc >
9% group. There was a significant increased proportion of abnormal CEA in diabetic patients with poor glycemic control.
This indirectly proves that CEA level is related to hyperglycemia. More importantly, our study found that abnormal CEA
elevation without tumor progression was very common in diabetic inpatients. In previous studies, we found CEA returned to

1'% Therefore, our study can remind

normal or became significantly reduced within 2 weeks after good glycemic contro
clinicians that when the CEA level is above normal in diabetic patients, especially for those with HbAlc > 9%, it may be
related to poor glycemic control, and the CEA level can become normal or significantly reduced after good control of blood
glucose, avoiding unnecessary panic and unnecessary tests about cancer.

The mechanism of the elevation of CEA in diabetic patients is still unclear and needs further study. In our study, the
fasting insulin and C peptide levels were lower in the elevated CEA group than in the normal CEA group. Lipid
peroxidation and oxidative stress were found to be correlated with the CEA level among diabetic patients.”’ It was found
that acute hyperglycemia was a direct trigger of oxidative stress.? Islet function in the hyperglycemia environment of
diabetes reduced markedly and was reversible if glucose returned to normal.>* Therefore, we speculate that oxidative
stress and decreased levels of insulin and C-peptide are caused by glucose toxicity. We also found that the CEA levels
were higher in diabetic inpatients with BMI < 24 kg/m2 than in overweight or obesity patients. Patients with severe
hyperglycemia develop impaired sugar utilization, leading to weight loss, which in turn can lead to a decrease in BMI.
Therefore, we speculate that glucose toxicity may be the direct cause of the elevation of CEA, and it can be reversed, but
new experimental approaches must be conducted to test the hypothesis.

In general, our study indicated that the elevation of CEA was common in diabetic inpatients, especially those with
poor hyperglycemia controlled (HbAlc > 9%). The underlying mechanism may be related to glucose toxicity.
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Clinical Perspectives
Diabetes-related health expenditures are very high. Diabetic inpatients are routinely screened for tumor markers. Our

study revealed that the elevation of CEA was common in diabetic inpatients, especially those with poor hyperglycemia
controlled (HbAlc > 9%). The CEA level was significantly correlated with HbAlc. Our study indicated that it was better
to re-check the CEA level after glucotoxic remission instead of extensive screening or trauma tests for cancer. Clinicians’

understanding of this phenomenon may avoid waste of medical resources and unnecessary panic of patients.
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