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Abstract

Objective

To investigate the relationship between visceral fat and the hemodilution effect of carcino-

embryonic antigen in both sexes.

Methods

A total of 15,340 females and 20,024 males who visited the health promotion center at

Chung-Ang University Hospital from 2011 to 2014 were retrospectively collected. Correla-

tion analysis and chi-square test for linear by linear association were used to determine the

correlation between carcinoembryonic antigen concentration, carcinoembryonic antigen

mass and visceral fat. Multivariable linear regression analysis was used to calculate the

mean of carcinoembryonic antigen concentration and the mean of carcinoembryonic anti-

gen mass, reflecting age, aspartate aminotransferase, alanine aminotransferase, creati-

nine, body fat percentage, body mass index, lean body mass and waist circumference as

confounding variables.

Results

Higher body mass index was related with lower carcinoembryonic antigen concentration in

men (r = -0.019, P = 0.019), but higher carcinoembryonic antigen concentration in women (r =

0.084, P<0.001). Average of waist circumference for male is greater than that of female

(P<0.01). Average of body fat percentage for male is lesser than that of female (P<0.01). Male

lean body mass mean is larger than that of women (P<0.01). Increased waist circumference

was significantly associated with higher carcinoembryonic antigen mass in both female and

male (P<0.001 for trend). Postmenopausal women might be more likely to have increased car-

cinoembryonic antigen mass and carcinoembryonic antigen concentration (P<0.001 for trend).

Conclusions

This study suggests that visceral fat may increase total amount of CEA in the body. Visceral

fat should be taken into account when evaluating serum CEA levels in both sexes.
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Introduction

Cancer is the second leading cause of death globally and accounted for 8.8 million death in

2015 according to the World Health Organization [1]. However, early diagnosis of cancer can

improve the survival rate. Because tumor markers are important in early diagnosis of cancer,

precise measurement and criteria of tumor marker are needed.

Obesity has been identified as a risk factor for several cancers. Previous studies have shown

the correlation between cancer and obesity [2–4]. In addition, increased visceral fat in obesity

is related to metabolic syndrome, and metabolic syndrome is also a risk factor for cancer [5].

Therefore, early diagnosis through screening test is even more important for obese people, and

accurate tumor marker standards are emphasized. However, obese people may be difficult to

diagnose early due to the hemodilution effect, which refers to diluted tumor marker concen-

trations as a result of increased plasma volume secondary to obesity [6–8].

In our previous study, CA 125 and CA 19–9 followed the hemodilution effect, but Carcino-

embryonic antigen (CEA) and α-fetoprotein (AFP) showed positive correlations with body

mass index (BMI) in women [9]. CEA has been shown to increase not only in cancer but also

in the metabolic syndrome, which is closely associated with obesity [10, 11]. In addition, CEA

concentration increases with increasing visceral fat in women [12]. These findings suggest that

visceral fat which is a common risk factor for cancer and metabolic syndrome that may be

associated with elevated CEA. This association will affect cancer screening using CEA in obese

people. Therefore, we investigated the relationship between serum CEA concentration and vis-

ceral fat in Korean women and men.

Methods

Patients and clinical variables

This retrospective study was approved by the Institutional Review Board of the Chung-Ang

university hospital (approval No. 2016–1639). The electronic medical records of 15,340

women and 20,024 men who visited the Health Promotion Center at Chung-Ang University

Hospital for routine examination from 2011 to 2014 were reviewed for the retrospective analy-

sis. Patients underwent screening for tumor markers involving CEA. Serum creatinine, serum

alanine aminotransferase (ALT) and serum aspartate aminotransferase (AST) were measured

to monitor the renal and liver function, which may affect the metabolism of tumor markers.

The records of 14,374 women and 16,953 men were obtained after excluding those with abnor-

mal data (CEA greater than 5.0 ng/ml) to minimize the effects of unknown cancers and benign

conditions that affect tumor marker levels, such as pro-inflammatory conditions. CEA concen-

trations were measured as ng/ml. The weight and height of patients were measured directly.

BMI was calculated by dividing weight in kg by the square of the height in meters, and patients

were stratified by the WHO recommendations for Asian populations for international com-

parison. Patients were categorized according to BMI less than 18.5, 18.5 to less than 23, 23 to

less than 27.5 and 27.5 or greater. According to metabolic syndrome diagnostic criteria of the

National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III), waist

circumference (WC) was divided into two groups based on 80cm for females and 90cm for

males. Women over 50 years old were classified as menopausal [13–15]. Estimated body sur-

face area (BSA) was calculated as (bodyweight)0.425 × (height)0.72 × 0.007184 [16]. Estimated

plasma volume (in liters) was calculated from BSA×1.670 [17]. Estimated Lean body mass

(LBM) was calculated as (0.29569 × weight) + (0.41813 × height)– 43.2933 for women, and

(0.32810 × weight) + (0.33929 × height)– 29.5336 for men [18]. Tumor marker mass (in

micro-grams) was defined as the total amount of tumor marker proteins in circulation at the
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time of the examination and was calculated as serum tumor marker concentration times total

circulating plasma volume.

Statistical analysis

Pearson correlation analysis was used to examine the association between BMI and tumor

marker concentration. Serum CEA concentrations not exhibiting a normal distribution were

analyzed with continuous terms after logarithmic transformation and were back-transformed

to ease interpretation. Multivariable linear regression analysis was used to calculate the mean

of CEA concentration and the mean of CEA mass, considering age, AST, ALT, creatinine,

body fat percentage, BMI, LBM and WC as confounding variables. Trends in serum tumor

marker concentrations and tumor marker masses were tested for across BMI categories across

BMI categories, waist circumference categories and menopausal grouping by chi-square test

for linear by linear association. SPSS 19.0 was used for statistical analysis and associations with

P<0.05 were considered statistically significant.

Results

Table 1 lists the demographic and physical characteristics, plasma volume, serum CEA concen-

tration, CEA mass, AST, ALT, and creatinine. Male subjects had a higher age, BMI, WC, LBM,

CEA, AST, ALT, and creatinine level, but lower body fat percentage (P<0.01).

Table 2 shows the distribution of subjects according to BMI classification and waist circum-

ference in females and males, and the distribution of subjects according to menopause in

females. As a percentage, the proportion of obesity in male subjects was significantly higher

than that in female subjects. The proportion of WC exceeding the criteria in female subjects

(35.82%) was significantly higher than that in male subjects (33.19%). A total of 26.97% of

female were post-menopausal.

Higher BMI was related with higher CEA concentration in women (r = 0.084, P<0.001) but

lower CEA concentration in men (r = -0.019, P = 0.013) (Fig 1).

Plasma volume was significantly increased with higher BMI in both sexes (P for trend<0.01).

After controlling for age, waist circumference, BMI, AST, ALT and creatinine, the relations

between serum CEA concentration, CEA mass and BMI, waist circumference, menopause were

analyzed (Tables 3–5). Table 3 shows that higher CEA concentration (P for trend<0.01) and

CEA mass (P for trend<0.01) were associated with higher BMI in females. Increased BMI

seems to decrease CEA concentration in males, but this is not statistically significant (P = 0.074).

In Table 4, greater CEA concentration (P for trend<0.01) and CEA mass (P for trend<0.01)

were significantly associated with higher waist circumference in females. Greater CEA mass (P

for trend<0.01) was related to higher waist circumference, but CEA concentration (P = 0.595)

did not change according to WC categories in males. Table 5 suggests that greater CEA concen-

tration (P for trend<0.01) and CEA mass (P for trend<0.01) were significantly related to men-

opause in women.

Discussion

Our cross-sectional study demonstrated that as visceral fat increases, serum CEA mass

increases in Korean females and males. This study has once again showed that the hemodilu-

tion effect of CEA with increasing BMI occurs in only men but not in women [9].

Many previous papers have reported the hemodilution effect of tumor markers in men and

women from many countries [6–8]. However, our previous study did not show the hemodilu-

tion effect of CEA in females [9]. We thought that this phenomenon was caused by visceral fat.

As visceral fat measured on abdominal computed tomography (CT) increases, the serum
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concentration of CEA increases in women [12]. Thus, we wanted to identify the relationship

between CEA concentration, CEA mass, and abdominal circumference, which represents vis-

ceral fat [19].

CEA is used to monitor disease recurrence and therapeutic efficacy in colorectal cancer and

gynecologic cancer such as endometrial cancer, ovarian cancer, cervical cancer, and vulvar

cancer [20–26]. However, serum CEA concentration is also mildly elevated in several nonma-

lignant conditions, including metabolic disturbances such as carotid atherosclerosis and meta-

bolic syndrome, which make it difficult to monitor cancer patients [10, 11]. Thus, it is

important to precisely identify the factors that affect serum CEA concentration.

From our results, as WC increases, serum CEA mass increases in both genders. It is not yet

clear how visceral fat affects serum CEA mass. But, previous paper suggests that the inflamma-

tory conditions created by increased visceral fat indirectly or directly promotes CEA produc-

tion [12]. They noted that increased visceral fat resulted in increased secretion of cytokines

Table 1. Clinical characteristics of 14,374 female and 16,942 male undergoing tumor marker screening.

Variable Total Female Male P value

Age (years) 44.20 ± 10.82

(12.00–91.00)

44.01 ± 11.19

(16.00–90.00)

44.37 ± 10.49

(12.00–91.00)

<0.01

BMI (kg/m2)† 23.61 ± 3.40

(11.77–48.66)

22.27 ± 3.31

(11.77–47.91)

24.76 ± 3.04

(15.09–48.66)

<0.01

<18.5 17.61 ± 0.73

(11.77–18.50)

17.61 ± 0.75

(11.77–18.50)

17.64 ± 0.73

(15.09–18.50)

0.669

18.5–23.0 21.08 ± 1.24

(18.50–23.00)

20.81 ± 1.23

(18.50–23.00)

21.53 ± 1.11

(18.50–23.00)

<0.01

23.0–27.5 24.94 ± 1.23

(23.00–27.50)

24.73 ± 1.21

(23.00–27.50)

25.04 ± 1.23

(23.00–27.50)

<0.01

�27.5 29.76 ± 2.37

(27.50–48.66)

30.14 ± 2.74

(27.50–47.91)

29.63 ± 2.20

(27.50–48.66)

<0.01

Body fat percentage(%) 26.85 ± 6.68

(3.00–53.80)

30.60 ± 6.09

(3.00–53.80)

23.67 ± 5.38

(3.00–51.20)

<0.01

Waist circumference(cm) 82.45 ± 9.51

(45.00–145.00)

77.41 ± 8.71

(45.00–130.00)

86.71 ± 7.95

(52.00–145.00)

<0.01

Lean body mass 47.23 ± 7.76

(26.91–81.58)

40.32 ± 3.90

(26.81–66.08)

53.09 ± 4.84

(33.23–81.58)

<0.01

Body surface area(m2) 1.69 ± 0.19

(1.11–2.59)

1.54 ± 0.11

(1.11–2.29)

1.82 ± 0.14

(1.27–2.59)

<0.01

Plasma volume(liter) 2.82 ± 0.31

(1.85–4.32)

2.57 ± 0.19

(1.85–3.83)

3.03 ± 0.23

(2.11–4.32)

<0.01

CEA(ng/mL) 1.73 ± 0.97

(0.20–5.00)

1.42 ± 0.83

(0.20–4.99)

2.00 ± 1.01

(0.20–5.00)

<0.01

CEA mass(μg) 4.94 ± 2.93

(0.43–20.81)

3.63 ± 2.14

(1.85–3.83)

6.04 ± 3.06

(0.52–20.81)

<0.01

ALT(IU/L) 25.85 ± 21.69

(2.00–662.00)

18.53 ± 15.20

(2.00–534.00)

32.06 ± 24.28

(3.00–662.00)

<0.01

AST(IU/L) 25.98 ± 13.33

(6.00–483.00)

23.02 ± 11.15

(9.00–483.00)

28.49 ± 14.47

(6.00–400.00)

<0.01

Creatinine(mg/dL) 0.81 ± 0.19

(0.32–9.09)

0.67 ± 0.14

(0.32–9.09)

0.93 ± 0.14

(0.43–6.10)

<0.01

BMI, body mass index; CEA, carcinoembryonic antigen; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Data were presented as mean ± standard deviation (SD) according to a normal distribution.

P-values were calculated using the independent student‘s T-test.
†Patients were stratified by the WHO recommendations for Asian population for international comparison.

https://doi.org/10.1371/journal.pone.0225649.t001
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and adipokines leading to chronic low-grade inflammatory status. Since serum CEA levels are

related with a variety of chronic inflammatory disease [27, 28], increased inflammatory cyto-

kines and adipokines due to visceral obesity may stimulate the cellular expression of CEA.

Also, It has been reported that CEA can be secreted from non-CEA producing cells under cer-

tain conditions [29, 30]. For these reasons, they speculated that the altered environment due to

visceral obesity would increase serum CEA levels. Basic experimental studies are needed to

elucidate the precise mechanistic association between CEA and visceral obesity.

Table 2. Population and percentage of study subjects in each group.

Variable Total:31,327(%) Female:14,374(%) Male:16,953(%) P value

BMI

<18.5 1,448(4.62) 1,281(8.91) 167(0.99) <0.001

18.5–23.0 12,745(40.68) 8,108(56.41) 4,637(27.35)

23.0–27.5 13,349(42.61) 3,975(27.65) 9,374(55.29)

�27.5 3,785(12.08) 1,010(7.03) 2,775(16.37)

Waist circumference†

<criteria - 9,225(64.18) 11,326(66.81) <0.001

�criteria 5,149(35.82) 5,627(33.19)

Menopause

Pre-menopause - 10,497(73.03) - -

Post-menopause 3,877(26.97)

BMI, body mass index.

Data are n (%).

P-values were calculated using the chi-square test.
†According to diagnostic criteria of metabolic syndrome by National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATPIII), waist circumference

was divided into two groups based on 80cm for female and 90cm for male.

https://doi.org/10.1371/journal.pone.0225649.t002

Fig 1. Relationship between serum CEA concentration and BMI in each gender. Higher BMI was related with higher CEA concentration in women (r = 0.084,

P<0.001) but lower CEA in men (r = -0.019, P = 0.013).

https://doi.org/10.1371/journal.pone.0225649.g001
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In our results, the LBM of males is significantly larger than that of females, and the body fat

percentage of females is higher than that of males. It can be inferred that the proportion of

bones and muscles in men is higher than in women. Bone density is 1.85g/cm3, fat density is

0.9g/cm3, and muscle density is 1.0597g/cm3 [31–33]. Fat is less dense than muscle and bone.

Because plasma volume is determined by BSA, which is positively correlated with body weight,

the amount of plasma that is increased by bones or muscles may be larger than that increased

by fat. Taken together, it is also assumed that men with the same BMI have higher plasma vol-

ume than women. Also, Zhu et al. reported that the visceral fat (represented by trunk-to-limb

fat mass ratio) of females is greater than that of males with a similar BMI range [34]. With sim-

ilar BMI, increase of CEA mass due to visceral fat is thought to be greater in women than in

men. Therefore, the hemodilution effect of CEA does not appear in females because the

increased plasma volume according to BMI in females is smaller than that of males. The

increased CEA mass due to visceral fat in females is higher than that of males with a similar

BMI.

We also compared the CEA concentration and CEA mass of women before and after meno-

pause. Increased visceral fat in women after menopause has already been proven several times

[35, 36]. Based on this fact, we found that postmenopausal women had greater CEA

Table 3. The trend of plasma volume, CEA concentration and CEA mass by BMI category in each gender.

BMI category (kg/m2)† P for trend

Less than 18.5kg/m2 18.5-less than 23.0kg/m2 23.0-less than 27.5kg/m2 27.5kg/m2 or greater

Mean ± SD¶

Plasma volume(L) Male 2.64±0.17 2.86±0.17 3.04±0.18 3.30±0.22 <0.01

Female 2.39±0.13 2.52±0.14 2.66±0.15 2.90±0.21 <0.01

CEA(ng/mL) Male 2.16±0.32 2.02±0.22 1.99±0.18 1.98±0.13 0.074

Female 1.30±0.21 1.37±0.25 1.51±0.30 1.53±0.33 <0.01

CEA mass(μg) Male 5.68±0.78 5.76±0.53 6.04±0.47 6.53±0.42 <0.01

Female 3.10±0.46 3.45±0.57 3.99±0.73 4.38±0.85 <0.01

BMI, body mass index; SD, standard deviation; CEA, carcinoembryonic antigen.

P-values were calculated using the chi-square test.
†Stratified by the WHO recommendations for Asian population for international comparison.
¶Geometric means in CEA and CEA mass, adjusted for age, ALT, AST, creatinine, body fat percentage, BMI, and WC.

https://doi.org/10.1371/journal.pone.0225649.t003

Table 4. The trend of CEA concentration and CEA mass by WC criteria in each gender.

Waist circumference criteria (cm)† P for trend

<Criteria �Criteria

Mean ± SD¶

CEA(ng/mL) Male 1.99±0.19 2.00±0.17 0.595

Female 1.36±0.23 1.52±0.32 <0.01

CEA mass(μg) Male 5.85±0.46 6.41±0.45 <0.01

Female 3.39±0.54 4.07±0.78 <0.01

SD, standard deviation; CEA, carcinoembryonic antigen.

P-values were calculated using the chi-square test.
†Stratified by diagnostic criteria of metabolic syndrome by National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III) waist circumference

was divided into two groups based on 80cm for female and 90cm for male.
¶Geometric means adjusted for age, ALT, AST, creatinine, body fat percentage, BMI, and WC.

https://doi.org/10.1371/journal.pone.0225649.t004
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concentration and CEA mass than premenopausal women. This is a reaffirmation of the effect

of visceral fat on serum CEA.

This study had several limitations. First, we could not exclude the effect of confounding fac-

tors that affect the CEA levels such as smoking, hormonal levels, and past medical history. To

minimize the effect of confounding factors, subjects with high serum CEA concentrations

above the normal range were excluded. We also could not exclude the potential effect of racial

difference. Further studies are needed to clarify the effect of visceral fat on CEA in well-orga-

nized cohort.

In conclusion, our study showed that visceral fat has an effect on increasing serum CEA

mass in Korean women and men. These findings suggest that the effect of visceral fat could be

considered in cancer screening using serum CEA concentration. The effect of visceral fat

might also be considered when using serum CEA concentration to monitor cancer patients.

This conclusion requires confirmation through large-scale studies with biochemical support.
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