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Objective: To investigate The relationship between glycemic control and serum levels of carbohydrate antigen 19-9 (CA19-9) and
carcinoembryonic antigen (CEA) in patients with type-2 diabetes mellitus (T2DM).

Methods: A total of 211 patients with T2DM who were hospitalized were enrolled and divided into two groups according to the
glycosylated hemoglobin A;C (HbA,C) levels: Group A (HbA,C > 7.5%) and Group B (6.5% < HbA,C < 7.5%). Additionally, 68
subjects with healthy physical examination results were selected as the control group (Group C). The differences in the clinical
biochemical indicators of the three groups were compared as well as the analysis of the indicators related to CA19-9 and CEA.
Results: The levels of CA19-9 and CEA were highest in Group A and were lowest in the control group (P < 0.05). The levels of
CA19-9 and CEA were significantly higher in the two T2DM groups compared with the control group (P < 0.01). The levels of FINS,
FCP, and LDH in group A were higher than those in groups B and C (P < 0.05). The levels of HDL and BUN in groups A and B were
lower, while the TSH and U-MA levels were higher than those in group C (P < 0.05). There was no significant difference in the levels
of TC, TG, and Cr among the groups (P > 0.05). A correlation analysis revealed that both CA19-9 and CEA were positively correlated
with HbA,C (P < 0.01). Multiple stepwise regression analysis showed that HbA;C and BUN were influencing factors for serum CA19-
9 levels (P < 0.05), and HbA,C and U-MA were influencing factors for serum CEA levels (P < 0.05).

Conclusion: Both CA19-9 and CEA might be elevated at low levels in patients with T2DM; levels were closely correlated to the
degree of glycemic control.

Keywords: diabetes mellitus type 2, tumor marker, carbohydrate antigen 19-9, carcinoembryonic antigen, glycosylated hemoglobin,
influencing factor

Introduction
In recent years, diabetes mellitus (DM) has become a global health concern. The incidence of type-2 DM (T2DM) is
increasing annually, and it has become the third most dangerous threat to human health after malignant tumors and
cardiovascular and cerebrovascular diseases.' China is becoming the country with the largest diabetic population in the world.
T2DM is closely related to malignant tumors and may increase the risk of developing different types of malignancies.
Many large epidemiological studies and meta-analytical reviews have shown continued increases in the incidence of site-
specific cancers in patients with T2DM, such as pancreatic cancer, cholangiocarcinoma, breast cancer, endometrial
cancer, and colorectal cancer.?
The detection of tumor markers is an economical and convenient method for the diagnosis of malignant tumors. It
also has predictive value for malignant tumors. Some tumor markers, such as serum carbohydrate antigen 19-9 (CA19-9)
and carcinoembryonic antigen (CEA), may be abnormally elevated in patients with T2DM. It has been shown that the
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combined detection of CA19-9 and CEA in patients with diabetes can be an effective tool for the early diagnosis of
pancreatic cancer.” However, whether the elevated levels of CA19-9 and CEA in patients with T2DM indicate the
occurrence of malignant tumors is still controversial. Elevated tumor markers have also been detected in patients with
T2DM without malignancy.” In this study, we aimed to analyze the correlation between the changes in the levels of
CA19-9 and CEA and blood sugar control in non-malignant patients with T2DM.

Materials and Methods

General Materials

From August 2016 to August 2020, a total of 211 inpatients with new-onset T2DM in the comprehensive Internal Medicine
Department of the Beijing Second Hospital were enrolled in the study. There were 135 males and 76 females, with an average
age of 64.16 = 13.4 years. According to the glycosylated hemoglobin AIC (HbA,C) levels, patients with T2DM were divided
into two groups: Group A, HbA,C > 7.5%) and Group B (6.5% < HbA,C < 7.5%). Meanwhile, 68 healthy subjects who
underwent physical examinations in our hospital during the same period were adopted as the normal control group (Group C).
This group included 40 males and 28 females, with an average age of 57.05 &+ 11.77 years. The differences in age (F = 0.49)
and gender (y* = 0.388) were not statistically significant among the three groups (P > 0.05), and the data were comparable.

The inclusion criteria were as follows: (1) Patients were diagnosed with T2DM diagnosed in accordance with the
relevant diagnosis criteria for DM in the Chinese Guidelines for the Prevention and Treatment of Type 2 Diabetes (2017
edition);” (2) with newly diagnosed T2DM or with disease duration less than three months; (3) were not treated with
insulin and any hypoglycemic drugs; (4) Patients had complete medical records and laboratory test results; (5) Patients
showed no sign of malignant tumors in ultrasound, CT, and other examination methods.

The exclusion criteria were as follows: (1) patients with type-1 DM, gestational diabetes, or special types of DM, (2)
patients with serious chronic complications or serious cardiac, pulmonary, hepatic, or renal abnormalities, (3) patients
with other endocrine disorders, such as hyperthyroidism, hypothyroidism, or Cushing’s syndrome, (4) patients with
various acute complications, such as stress, ketosis, or infection, (5) patients with cirrhosis, cholecystitis, cholelithiasis,
acute or chronic pancreatitis, surgery for pancreatic diseases, malignant tumors, or infectious diseases, and (6) patients
who had recently medicated with drugs that might interfere with glucose and lipid metabolism, including indomethacin,
phentolamine, furosemide, thiazole diuretics, phenytoin sodium, and cortisone.

Detection of Laboratory Indicators

All patients and subjects who underwent physical examinations fasted for 8—12 hours after admission, and fasting venous
blood was drawn and sent for examination in the early morning of the following day. The blood specimens were placed
in pre-cooled ethylenediamine tetra-acetic acid anticoagulation tubes, and the plasma was separated and stored in
a refrigerator at —70°C for further analysis. The biochemical indicators in the fasting venous blood were measured by
a fully automated biochemical analyzer (LX-20 model, Beckman Co.). Fasting plasma glucose (FPG) was detected by the
glucose oxidase method. The enzymatic method was used for the detection of total cholesterol (TC) and triglycerides
(TG). High-density lipoprotein (HDL) cholesterol and low-density lipoprotein (LDL) cholesterol were detected by the
homogeneous method. The urease peroxidase coupling method was used to detect uric acid (UA). Blood urea nitrogen
(BUN) was measured by a BUN test, and high-performance liquid chromatography was used to detect HbA;C. The
chemiluminescence method was utilized for the detection of fasting insulin (FINS), fasting C-peptide (FCP), CA19-9,
and CEA. Urinary microalbumin (U-MA) was detected by radioimmunoassay. The cyclic enzymatic method was used for
the detection of serum homocysteine (Hcy), and serum thyroid-stimulating hormone (TSH) was detected by radio-
immunoassay. C-reactive protein (CRP) was detected using the turbidimetry process.

Statistical Methods

SPSS™ Statistics v17.0 software was used for data processing. Measurement data that satisfied the normal distribution
were expressed as means + standard deviation (SD). A one-way analysis of variance was used for the comparison of
means among multiple groups, and the least-significant-difference method was adopted for multiple comparisons among
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groups. Spearman correlation analysis was used to investigate the correlation of CA19-9 and CEA levels with other
variables in the patients with diabetes. Multivariate analysis was performed using multiple stepwise regression analysis.
A value of P < 0.05 was considered statistically significant.

Results

Comparison of the Biochemical Data Among the Different Groups

The levels of HbA;C and FPG were highest in Group A, then in Group B. They were lowest in Group C. The differences in
these indicators were statistically significant between groups by multiple inter-group comparisons (all P < 0.05). The levels of
FINS and FCP were lowest in Group A, then in Group B. They were highest in Group C (P < 0.05), but the differences in the
two indicators were not statistically significant between Groups B and C (P > 0.05). The level of LDL cholesterol was higher
in Group A than in Groups B and C (P < 0.05), but the difference was not statistically significant between Groups B and C (P>
0.05). The levels of HDL cholesterol and BUN were lower in Groups A and B than in Group C, and the TSH and U-MA levels
were higher in Groups A and B than in Group C (P < 0.05). The differences in these indicators were not statistically significant
between Group A and Group B (P> 0.05). The levels of UA and CRP were higher in Group A than in Group B (P <0.05), but
the differences in the two indicators were not statistically significant either between Group A and Group C or between Group
B and Group C (P > 0.05). The Hcy level was higher in Group A than in Group C (P < 0.05), but the differences were not
statistically significant either between Group A and Group B or between Group B and Group C (P > 0.05). The differences in
TC, TG, and creatinine (Cr) were not statistically significant among the three groups (P > 0.05) (Table 1).

Comparison of CA19-9 and CEA Levels Among Patients with T2DM with Different

Levels of Glycemic Control

The levels of CA19-9 and CEA were highest in Group A, then in Group B. They were lowest in Group C, and the
differences in the two indicators were statistically significant between the groups by inter-group comparisons (P < 0.01 in
all) (Table 2).

Table | Comparison of Biochemical Indexes of Patients in the Three Groups (Mean + SD)

Items Group A (n=110) | Group B (n=101) | Group C (n=68) P
Age (years) 60.63+13.94 69.17+13.54 57.05+11.77 0.490
Sex/(M/F) 58/52 53/48 36/32 0.380
BMI (Kg.m-2) 26.85+1.68 25.23+0.88 24.11+47.87 0.000
FPG (mmol.L™') | 9.56+3.29%° 6.32£2.12° 5.29+0.63 0.000
HbA,C (%) 9.171.17% 6.67+0.60° 5.760.53 0.000
FINS (WU.mL™") | 7.55£5.71% 14.1749.07 12.2243.93 0.004
FCP (ngmL™") 1.46+0.74% 2.80 £1.90 2.96%1.19 0.001
TC (mmolL™') | 5.16%1.00 4.76+1.00 4.53+1.34 0.196
TG (mmol.L™") | 2.1620.52 1.89+1.13 2.13+2.51 0.829
HDL (mmol.L™") | 1.04£0.25° 1.20 0.31° 1.55£0.31 0.000
LDL (mmol.L™") | 3.63+0.49 * 2.97+0.86 3.05%1.25 0.050
UA (umol.L™") 359.55491.78 * 346.05+119.78 288.21+112.92 0.065
Cr (mmolL™") | 83.66£55.56 81.30£12.71 66.41+43.76 0.328
BUN (mmol.L") | 5.81+2.73° 6.39+3.25° 8.171.37 0.013
U-MA (mgL™') | 51.78455.29° 46.25+51.39° 9.20+3.64 0.006
Hey (umol.L™') | 19.6748.90 ° 16.2617.63 I1.4627.37 0.005
CRP (mg.l-1) 1.1242.28° 0.29+0.22 0.300.31 0.076
TSH (WU.mL-1) | 2.45+1.89° 1.79%1.27° 1.32+0.67 0.002

Notes: Compared with group B, *P<0.05; Compared with group C, °P<0.05.
Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; HbAC, glycosylated hemoglobin; FINS, fasting
insulin); FCP, fasting C-peptide; TC, total cholesterol; TG, triglyceride; HDL, high density lipoprotein; LDL, low
density lipoprotein; UA, uric acid; Cr, creatinine; BUN, urea nitrogen; U-MA, microalbumin; Hcy, homocysteine;
CRP, C-reactive protein; TSH, Thyroid stimulating hormone.
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Table 2 Comparison of the Levels of CA19-9 and CEA in T2DM
Patients with Different HbA,C Levels (Mean + SD)

CA19-9 (U.mL™") CEA (ng/L)
Group A (n=110) 31.75 +15.12% 5.46%.49 *°
Group B (n=101) 21.07+12.12° 4.14%2.16°
Group C (n=68) 16.98+9.03 2.95%1.39

Notes: *Compared with group B, "Compared with group C, P<0.05.

Correlation Analysis of the Relationship Between the Levels of CA19-9 and CEA and
Biochemical Indicators

A Spearman correlation analysis was conducted to investigate the correlation between the levels of CA19-9 and gender,
age, body mass index, FPG, HbA;C, FINS, FCP, Cr, BUN, TC, TG, U-MA, TSH, Hcy, and CRP. The results showed that
CA19-9 was positively correlated with both HbA;C (R, = 0.500, P < 0.01) and TSH (R, = 0.402, P < 0.05), while it was
negatively correlated with BUN (R; = —0.368, P < 0.05). The CEA level was positively correlated with HbA,C (R, =
0.496, P <0.01), FPG (R, = 0.298, P < 0.05), Hey (R, = 0.272, P < 0.01), U-MA (R; = 0.266, P < 0.05), and TSH (R
0.345, P < 0.05), while it was negatively correlated with BUN (R, = —0.288, P < 0.05). The highest correlation
coefficients were between CA19-9 and HbA;C and between CEA and HbA;C, while there were no significant
correlations with other variables (Table 3).

Lastly, multiple linear regression was performed with CA19-9 as dependent variables, and age, gender, body mass
index, FBG, HbA;C, FINS, FCP, TC, TG, HDL, LDL, UA, Cr, BUN, U-MA, Hcy, CPR, and TSH as independent
variables. The results showed that HbA |C was a risk factor affecting the CA19-9 levels (B = 4.418, P < 0.01); BUN was
a risk factor affecting the CA19-9 levels (B = —2.456, P < 0.05). Then, multiple linear regression was performed with

Table 3 Correlation Analysis of the Levels of CA19-9 and CEA

Items CAIl9-9 CEA
rs P rs P

Age (years) -0.132 0.287 -0.212 0.084
Sex (M/F) 0.032 0.799 —0.153 0.218
BMI (Kg.m-2) -0.123 0.322 -0.178 0.149
FPG (mmol.L-1) 0.220 0.073 0.298 0.014
HbA,C (%) 0.500 0.000 0.496 0.000
FINS (ulU.mL-1) —-0.186 0.131 —0.205 0.096
FCP (ng.mL-1) —-0.128 0.303 —-0.168 0.175
TC (mmol.L-1) 0.065 0.600 0.010 0.935
TG (mmol.L-1) 0.228 0.064 0.147 0.235
HDL (mmol.L-1) -0.150 0.226 —0.200 0.105
LDL (mmol.L-1) 0.067 0.589 0.037 0.764
UA (umol.L-1) 0.009 0.945 —-0.209 0.089
Cr (mmol.L-1) -0.199 0.107 -0.181 0.144
BUN (mmol.L-1) —0.368 0.022 —0.288 0.018
U-MA (mglL-1) 0.077 0.538 0.266 0.030
Hcy (umol.L-1) 0.074 0.551 0.272 0.006
CRP (mg.l-1) 0.122 0.326 0.015 0.905
TSH (ulU.mL-1) 0.402 0.016 0.345 0.014

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; HbA,C, glycosy-
lated hemoglobin; FINS, fasting insulin); FCP, fasting C-peptide; TC, total cholesterol;
TG, triglyceride; HDL, high density lipoprotein; LDL, low density lipoprotein; UA, uric
acid; Cr, creatinine; BUN, urea nitrogen; U-MA, microalbumin; Hcy, homocysteine;
CRP, C-reactive protein; TSH, Thyroid stimulating hormone.
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Table 4 Multivariate Linear Regression Analysis of the Levels of
CAI19-9 and CEA

Items CAI19-9 CEA
B P B P

Constant 5.192 0.755 3.355 0.168
FPG (mmol.L-1) —0.580 0.4344 —0.045 0.673
HbA,C (%) 4418 0.007 0.466 0.035
FINS (nlU.mL-1) —0.133 0.641 -0.018 0.667
FCP (ng.mL-1) 1.056 0.442 0.096 0.630
TC (mmol.L-1) -3.029 0.321 —0.362 0411
TG (mmol.L-1) 1.269 0.271 0.319 0.069
HDL (mmol.L-1) 0.783 0.885 —0.162 0.836
LDL (mmol.L-1) 3.206 0.332 0.370 0.438
UA (umol.L-1) 0.012 0.482 —0.004 0.125
Cr (mmol.L-1) 0.069 0.348 —0.001 0.922
BUN (mmol.L-1) —2.456 0.015 —0.162 0.258
U-MA (mg.L-1) 0.014 0.705 0.011 0.032
Hey (umol.L-1) -0.212 0.336 0.040 0.215
CRP (mg.L-1) 0.173 0.653 —0.173 0.283
TSH (ulU.mL-1) 1.603 0.160 0.009 0.960

Abbreviations: FPG, fasting plasma glucose; HbA,C, glycosylated hemoglobin; FINS,
fasting insulin); FCP, fasting C-peptide; TC, total cholesterol; TG, triglyceride; HDL, high
density lipoprotein; LDL, low density lipoprotein; UA, uric acid; Cr, creatinine; BUN,
urea nitrogen; U-MA, microalbumin; Hcy, homocysteine; CRP, C-reactive protein; TSH,
Thyroid stimulating hormone.

CEA as dependent variables, and FBG, HbA1C, FINS, FCP, TC, TG, HDL, LDL, UA, Cr, BUN, U-MA, Hcy, CPR, and
TSH as independent variables. The results revealed that HbA | C was a risk factor affecting the CEA levels (B = 0.466, P <
0.05); and U-MA was a risk factor affecting the CEA levels (B = 0.011, P < 0.05) (Table 4).

Discussion

The prevalence of T2DM, which is a chronic inflammatory disease of the pancreas, is increasing annually in China.
According to the ADA standard, the prevalence of diabetes among Chinese adults is 12.8%, of which T2DM accounts for
more than 95%.° Complications of diabetes have become a major social public health problem that threatens human
health. Patients with long-term disease may successively develop cardiovascular disease, diabetic nephropathy, and
diabetic retinopathy. Long-term hyperglycemia may stimulate normal tissues, leading to their repeated destruction and
repair, while adaptive selection may cause the malignant transformation of body cells to malignant tumor cells with
a strong glycolytic capacity, thereby promoting the onset and development of malignancy.” Epidemiological data have
revealed that the incidence of malignant tumors in diabetic patients is on the rise, especially pancreatic cancer, digestive
tract tumors, liver cancer, and breast cancer.? Pearson-Stuttard et al showed that malignant tumor and diabetes have
become the most common causes of death after cardiovascular disease.® At present, comprehensive screening of
malignant tumors in patients with T2DM has been highly valued in clinical practice, but how to prevent overdiagnosis
in T2DM patients with malignant tumors remains a challenge to clinicians.

Among the various monitoring indicators for patients with diabetes, HbA,C indicates the overall level of blood
glucose control within the past 1-3 months, which can reflect a patient’s overall level of blood glucose control. CA19-9
and CEA are commonly used diagnostic markers for tumors. CA19-9 and CEA are of great significance in clinical
diagnosis, evaluation of treatment effect, and prognosis of tumors.

The level of CA19-9 is an important marker in the diagnosis and treatment of gastrointestinal tumors and pancreatic
cancer; it occurs as salivated Lacto-N-Fucopentaose II, a glycoprotein component of mucin. CEA is a broad-spectrum
marker that is widely found in gastrointestinal tumors of endodermal origin. It is also a polysaccharide-rich protein
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complex.” Chen et al'® found that CA19-9 and CEA levels were higher in patients with T2DM than in healthy controls,
and poor glycemic control was an independent factor affecting the levels of CA19-9 and CEA. These data suggest that
elevated tumor markers also occur in non-malignant T2DM patients. The results of the present study were consistent with
the findings of previous related studies in that the CA19-9 and CEA levels were significantly higher in patients with
T2DM compared with the normal controls, indicating that CA19-9 and CEA might be abnormally elevated in patients
with T2DM. Our study also showed that the levels of CA19-9 and CEA in the two groups of newly diagnosed T2DM
patients were higher than those of the control group.

At present, there is no detailed explanation of the specific mechanism of the elevation of CA19-9 and CEA in patients
with T2DM. Previous evidence has shown that elevation in the levels of CA19-9 and CEA might be correlated with
chronic inflammation of the pancreas in patients with T2DM.'" Long-term hyperglycemia in patients with T2DM can
cause vitreous degeneration and tissue necrosis in pancreatic cells, and some glycoprotein components in nucleated cells,
including CA19-9 and CEA, can be released into the blood in large quantities.'? Additionally, the elevation of sialic acid
levels and the accelerated salivation of the carbohydrate chains in patients with T2DM may also increase the concentra-
tions of CA19-9 and CEA. However, these elevations are mild and much lower than those in patients with pancreatic
cancer, which might be due to the existence of different mechanisms between the two conditions. In patients with
pancreatic cancer, the increase in the levels of CA19-9 and CEA is mainly the result of the increased production of
CA19-9 and CEA by malignant cells and the secretion of both.

It is now recognized that DM results from the long-term dysfunction of the endocrine system of the pancreas, which
is functionally and structurally interconnected. Patients with DM are likely to have simultaneous involvement of the
endocrine and exocrine glandular tissues, both of which transfer metabolites via the islet-alveolar portal system and
affect each other."® The levels of CA19-9 and CEA mainly manifest as low-level elevations in patients with T2DM. The
present study revealed that the levels of CA19-9 and CEA were significantly higher in the diabetic group compared with
the healthy control group, while the levels in Group A were higher than those in Group B.

The results of the Spearman analysis showed a positive correlation between the CA19-9 and CEA levels and HbA,
C. Multiple linear regression analysis showed that HbA|C was a risk factor for CA19-9 and CEA (P<0.05), suggesting
that changes in CA19-9 and CEA levels may be related to blood sugar control. These findings were consistent with
a study of 268 T2DM patients, showing that the levels of CA19-9 and CEA were positively correlated with the HbAlc
levels. It suggests'* that the hyperglycemic state might lead to pancreatic impairment, stimulating the increase of the
CA19-9 and CEA levels. This indicates that elevated HbAC and poor glycemic control lead to hyperglycemic toxicity,
which would aggravate insulin deficiency, subsequently leading to impaired pancreatic exocrine function and the release
of CA19-9 through the pancreatic ducts.'> Hyperglycemia might also produce late glycosylation end products through the
nonenzymatic glycosylation pathway, which would activate a series of intracellular signaling pathways by binding to
specific receptors, interfering with the original physiological functions of cells and leading to increased CEA levels.'®
With the effective control of blood glucose in patients with diabetes with previous poor glycemic control, the re-
examination of CA19-9 and CEA levels showed that, in most patients, the levels of CA19-9 and CEA could return to the
normal range, thereby confirming that fluctuations in blood glucose might be an important cause of the above changes.'’

In addition, the correlation analysis in the present study found that TSH was linearly correlated with CA19-9 (R, =
0.402, P <0.05) and CEA (R, = 0.345, P < 0.05). These positive correlations suggest that thyroid hormones might be
involved in the production and release of CA19-9 and CEA. Multiple regression analysis showed that BUN was a risk
factor for CA19-9 (B = —2.456, P < 0.05) and U-MA was a risk factor for CEA (B = 0.011, P < 0.05), suggesting that
more attention should be paid to the possible effects of renal function changes on the metabolism of tumor markers in
diabetic patients. No relevant studies are available at present, and the exact mechanism needs to be confirmed in further
multicenter studies with large samples.

Conclusion

In summary, the serum levels of CA19-9 and CEA might be elevated to varying degrees in the absence of malignancy in
patients with T2DM with poor glycemic control. Individualized analyses should be conducted according to a patient’s
condition. It should not be assumed that elevated CA19-9 and CEA indicate malignant diseases. When no signs of malignant
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tumors are found, it can be temporarily considered whether it is caused by poor control of T2DM. If there is no significant
improvement after blood sugar control, the possibility of malignant tumors should be considered. In the future, we should
focus on the reference thresholds of tumor markers in patients with T2DM to provide an accurate, practical, and important
reference basis for tumor screening in patients with T2DM, and also to prevent overdiagnosis of malignant tumors.

Ethics Approval and Consent to Participate
This study was conducted with approval from the Ethics Committee of the Second Hospital of Beijing. This study was
conducted in accordance with the declaration of Helsinki. Written informed consent was obtained from all participants.
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