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Abstract

Background: This study was designed to clarify the influence of metformin on serum carbohydrate antigen 199
(CA199) levels and its associated factors in Chinese type 2 diabetes mellitus (T2DM) patients.

Subjects and Methods: In total, 1,253 T2DM patients were enrolled, including a non-metformin group
(n=616), a short-term metformin group (at least 1 week to 2 years; n=325), and a long-term metformin group
(=2 years; n=312). Their clinical and biochemical characteristics were collected and compared. After 1 year,
the biochemical parameters were re-examined in 296 patients. Sex hormones were determined, and associations
between CA199 and other variables were assessed.

Results: At baseline, the incidence of abnormal CA199 levels was 14.7%, 8.9%, and 4.7% in the non-
metformin, short-term metformin, and long-term metformin groups, respectively. CA199 levels in females were
significantly higher than in males (P<0.01) and decreased significantly with the time of taking metformin
(25.60£13.68 U/mL in non-metformin controls vs. 17.62+10.87U/mL in the short-term group vs.
10.54£8.14 U/mL in the long-term group; P =0.000). The correlation and multiple stepwise regression analysis
revealed that glycosylated hemoglobin, metformin, gender, total cholesterol, and follicle-stimulating hormone
were independent impact factors on CA199 concentrations (all P<0.05). Binary logistic regression revealed
that the risk of abnormal CA199 concentrations of the total population with short-term metformin or long-term
metformin treatment decreased 11% (odds ratio=0.89; P=0.001) and 30% (odds ratio=0.70; P=0.000),
respectively, at baseline. After a 1-year follow-up, the incidence of high CA199 level decreased in both the
short-term and the long-term metformin group compared with that of controls (P <0.05). The extent of CA199
decrease in the long-term metformin group was the greatest (—17% vs. —4.9% in the short-term group vs. 3% in
controls, P=0.000), and the group’s risk of high blood CA199 level was reduced 67% (odds ratio=0.33;
P=0.023). The reduction in women was more apparent than that in men (—18% vs. —5%, P=0.000).
Conclusions: Metformin therapy reduced the CA199 level in Chinese T2DM patients, and its greatest decrease
occurred in women with longer therapeutic time.

Introduction

CARBOHYDRATE ANTIGEN 199 (CA199) is a tumor-
associated antigen that was originally defined by a
monoclonal antibody produced by a hybridoma prepared
from murine spleen cells immunized with a human colorectal

cancer cell line. Although the serum level of CA199 is ele-
vated in various nonmalignant gastrointestinal diseases,' its
specificity is improved with an increased cutoff value of
CA199.% Thus CA199 still plays a very important role in the
diagnosis of digestive system cancer. Furthermore, versus
other tumor markers, CA199 was shown to possess the best
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diagnostic ability for pancreatic cancer (PC).* It is widely
used in the clinical screening and early diagnosis of PC be-
cause of its simplicity, low cost, and speed.

As a consequence of the obesity epidemic, diabetes mel-
litus is increasing globally. Type 2 diabetes mellitus (T2DM)
accounts for more than 95% of the cases in the Chinese Han
population. T2DM had been proven to be linked to an in-
creased risk of several human cancers, such as liver, pan-
creatic, colorectal, endometrial, and breast carcinoma as well
as non-Hodgkin’s lymphoma.*~” Meanwhile, T2DM is likely
the third modifiable risk factor for PC after cigarette smoking
and obesity.® As a traditional biguanide medicine, metformin
has been widely used in the treatment of T2DM for more than
half a century. Because of its excellent hypoglycemic effect
and cardiovascular protective effects, metformin became the
first-line approach for medical care of T2DM recommended
by multiple international guidelines.”'® Additionally, in-
creasing numbers of evidence-based studies suggested that
metformin administration was associated with reduced risk of
several common neoplasms, including colon, pancreas,
breast, and lung cancer. At present, the incidence of PC in
female T2DM patients is higher than that in males."' Met-
formin was demonstrated to decrease the incidence and
mortality of PC in patients with T2DM.'? However, there is
no relevant literature discussing whether serum CA199 levels
have a gender difference and the effect of metformin on it in
Chinese T2DM populations. Thus, the aim of this study was
to investigate the impact of metformin on serum CA199
levels in Chinese T2DM patients and to identify the factors
that affect its efficacy.

Subjects and Methods

In total, 1,253 T2DM patients with normal renal and he-
patic function were enrolled, including a non-metformin
group (n=616; male:female ratio, 347:269), a short-term
metformin group (at least 1 week to 2 years; n=325;
male:female ratio, 163:162), and a long-term metformin
group (=2 years; n=312; male:female ratio, 169:143). The
mean age was 57.06£11.02 years (range, 13-94 years), and
the duration of diabetes was 9.34 £ 6.12 years (range, 3 days—
57 years). Nearly one-fourth of the patients (n=296) were
followed up for 1 year. The study was approved by the Ethics
Committee of the Shanghai Sixth People’s Hospital. Written
informed consent was obtained from all participants.

Serum CA199 levels were measured using the chemilu-
minescence method and Access GI monitor kit (Immulite®
2000; Siemens Healthcare Diagnostics, Erlangen, Germany)
in all subjects. The normal range for serum CA199 is 0-37 U/
mL in Chinese people, and the coefficient of variation is
within 3%. A CA199 level higher than 37 U/mL was con-
sidered as abnormal. In cases of high CA199 levels, patients
also underwent abdominal ultrasonography and computed
tomography imaging to exclude a pancreatic tumor.

Gonadal hormones, including estradiol (E2), testosterone
(T), follicle-stimulating hormone (FSH), and luteinizing
hormone, were determined with a chemiluminescent mi-
croparticle immunoassay (Architect i2000SR; Abbott
Laboratories, Rungis, France). Fasting plasma glucose
was measured by the glucose oxidase method (automatic
biochemistry analyzer; Beckman Coulter, Brea, CA). Gly-
cosylated hemoglobin (HbAlc) was detected with a high-
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performance liquid chromatography assay (Bio-Rad, Her-
cules, CA). Other biochemical indexes representing the
function of liver and kidney such as serum creatinine, ala-
nine aminotransferase, and aspartate aminotransferase were
assessed with an enzymatic assay on an automatic analyzer
(model 7600-020 biochemistry automatic analyzer; Hitachi,
Tokyo, Japan).

All results are expressed as mean * SE values. Differences
between two groups were compared by Student’s ¢ test (un-
paired). Differences among three groups were compared by
one-way analysis of variance. Associations between serum
CA199 and other variables were assessed with Spearman’s
correlation analysis and multiple stepwise regression analy-
sis. The odds ratio (OR) value of metformin to decrease an
elevated CA199 level was evaluated by binary logistic re-
gression. Statistical analyses were performed using SPSS
version 18.0 software (SPSS Inc., Chicago, IL). Statistical
significance was set at P <0.05.

Results

The influence of gender on serum CA199
concentrations

At baseline, in the non-metformin group, the short-term
metformin group, the long-term metformin group, and the
total group, the levels of CA199 in females were significantly
higher than in males (P <0.05) (Table 1). Taking into account
that the menopause age of Chinese women is usually between
45 and 55 years, all patients were divided into three age
subgroups: <45 years (n=197; male:female ratio, 101:96),
45-55 years (n=343; male:female ratio, 179:164), and >55
years (n="713; male:female ratio, 348:365), and their CA199
levels were compared. The results indicated that the serum
CA199 levels of females were obviously higher than those of
males regardless of age (P <0.01) (Fig. 1).

Associated factors for serum CA199 levels

Spearman or Pearson correlation analysis showed that
serum CA199 levels were positively associated with HbAlc
(r=0.295, P<0.001), gender (r=0.125; P<0.001), total
cholesterol (TC) (r=0.137; P<0.01), FSH (r=0.122;
P<0.01), and luteinizing hormone (r=0.106; P<0.01) and
negatively associated with metformin therapy (r= —0.369;
P <0.01). Metformin therapy and gender were still signifi-
cantly correlated with CA199 levels after adjusting for
HbAlc and glycosylated serum albumin. Multiple stepwise
regression analysis further revealed that HbAlc (f=0.201;
P <0.001), metformin (f= —0.268; P<0.001), gender (f=
0.132; P<0.001), TC (f=0.066; P<0.05), and FSH
($=0.139; P<0.001) were independent influencing factors
of CA199 concentrations.

Characteristics of the metformin-treated and untreated
groups at baseline and after 1 year

After a 1-year follow-up, the body mass index differed sig-
nificantly among the three groups: 26.76 +£2.68 kg/m” versus
24.12 + 3.3 kg/m* in the non-metformin group, 25.52 +3.62 kg/
m? versus 25.7 +3.86 kg/m? in the short-term metformin group,
and 23.78 +2.42 kg/m” versus 25.77 +3.45 kg/m? in the long-
term metformin group (all P<0.05). At follow-up, HbAlc
levels were remarkably reduced in all groups: 9.05+2.14%
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Comparlson of serum carbohydrate antigen 199 (CA199) levels among three age subgroups in males and females.

21P <0.05, °P<0.01 versus the non-metformin group; °P<0.05, P <0.01 versus the short-term metformin group; °P <0.05,
'P<0.01 versus males of the non-metformin group; €P <0.05 versus males of the total group.

versus 9.25+2.47% in the non-metformin group, 8.96+3.03%
versus 9.05+£3.03% in the short-term metformin group, and
7.52+2.59% versus 8.32+2.59% in the long-term metformin
group (all P<0.05), after adjusting for FSH in females. How-
ever, no significant differences were found in T2DM duration,
TC levels, and low-density lipoprotein cholesterol levels
(P>0.05).

Metformin therapy affects serum CA 199 levels
and the incidence of high blood CA199

The serum CA199 levels of the short-term metformin
group were lower than those of the non-metformin group in
both men and women, and those of the long-term metformin
group were further decreased compared with the short-
metformin group (Fig. 2A).

Subjects in the non-metformin group were divided into
several groups based on different antidiabetes regimens, and
their CA199 levels were compared. The results indicated that
there was no difference among these groups (P=0.475).

In the overall population, the total incidence of abnormal
CA199 levels was 9.1%; among them, females accounted for
12.7%, and males accounted for 5.8%. At baseline, regardless
of whether the patient was in the non-metformin, short-term
metformin, or long-term metformin group, the incidence of
high CA199 levels in female patients increased significantly
compared with that in males, and the incidence decreased
significantly with the time of taking metformin (14.7% vs.
8.9% vs. 4.7%, P<0.01) (Fig. 2B).

After a 1-year follow-up, the long-term metformin group
achieved the greatest CA199 decrease compared with the
short-term group and the non-metformin controls (P <0.05)
(Fig. 2C). The range of CA199 decrease in females among
the three groups showed a significant difference, but there
was no difference in males (Fig. 2C). The decreasing range in
metformin-treated females was more apparent than that in
males (—18% vs. —5%, P=0.000).

The large decreases in blood CA199 range of the short-
term (—1.4%) and long-term (—1.5%) metformin groups were
significantly higher than those of the non-metformin controls
(0.8%) (both P <0.05), but there was no difference between
the short-term and long-term metformin groups (P >0.05)
(Fig. 2D). Similarly, the incidence of high blood CA199
levels in females of the two metformin-treated groups was
reduced significantly compared with the non-metformin
controls. However, there was no difference between the two
metformin-treated groups, and there was no difference of the
extent of CA199 decrease in males (Fig. 2D).

Risk analysis of metformin to decrease
serum CA199 levels

Binary logistic regression revealed that the risk of elevat-
ing CA199 levels of metformin-treated groups decreased in
both male (short-term metformin group, OR=0.91; 95%
confidence interval [CI], 0.88-0.92; P=0.001; and long-term
metformin group, OR=0.73; 95% CI, 0.66-0.75; P=0.001)
and female (short-term metformin group, OR =0.83; 95% CI,
0.80-0.88; P=0.001; and long-term metformin group,
OR=0.61; 95% CI, 0.60-0.70; P<0.001) patients at base-
line. After 1 year of therapy, the risk of abnormal CA199
levels in the long-term metformin group was reduced 43% in
men and 73% in women patients (OR =0.57; 95% CI, 0.51-
0.60; P=0.033; and OR=0.27; 95% CI, 0.20-0.36; P=
0.001, respectively) after adjusting for sex, HbAlc, and TC.
However, only female subjects showed significant risk re-
duction of CA199 in the short-term metformin group
(OR=0.62. 95% CI, 0.59-0.68; P=0.032) (Table 2).

Discussion

This was the first study to demonstrate that metformin
reduced serum CA199 levels in a time—effect pattern and
with a gender difference in Chinese T2DM patients.
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TABLE 2. RisKk ANALYSIS OF METFORMIN TO REDUCE SERUM CARBOHYDRATE ANTIGEN 199 LEVELS
Unadjusted OR (95% CI) P OR adjusted for sex, HbAlc, and TC (95% CI) P
Baseline
Male
Non-metformin 1 — 1 —
Short-term metformin 0.89 (0.86-0.93) 0.001 0.91 (0.88-0.92) 0.001
Long-term metformin 0.71 (0.63-0.79) 0.001 0.73 (0.66-0.75) 0.001
Female
Non-metformin 1 — 1 —
Short-term metformin 0.81 (0.79-0.87) 0.001 0.83 (0.80-0.88) 0.001
Long-term metformin 0.63 (0.60-0.69) 0.000 0.61 (0.60-0.70) 0.000
Total
Non-metformin 1 — 1 —
Short-term metformin 0.88 (0.87-0.91) 0.001 0.89 (0.87-0.92) 0.001
Long-term metformin 0.68 (0.64-0.73) 0.000 0.70 (0.65-0.75) 0.000
Follow-up
Male
Non-metformin 1 — 1 —
Short-term metformin 0.72 (0.71-0.83) 0.103 0.74 (0.71-0.83) 0.076
Long-term metformin 0.52 (0.49-0.55) 0.036 0.57 (0.51-0.60) 0.033
Female — —
Non-metformin 1 1
Short-term metformin 0.63 (0.59-0.66) 0.034 0.62 (0.59-0.68) 0.032
Long-term metformin 0.29 (0.18-0.27) 0.001 0.27 (0.20-0.36) 0.001
Total
Non-metformin 1 — 1 —
Short-term metformin 0.68 (0.43-1.07) 0.096 0.66 (0.42-1.05) 0.081
Long-term metformin 0.35 (0.14-0.87) 0.025 0.33 (0.13-0.86) 0.023

CI, confidence interval; HbAlc, glycosylated hemoglobin; OR, odds ratio; TC, total cholesterol.

CA199 is a well-known member of the Lewis antigen
family,'?~'® and it is also the most commonly used biomarker
for diagnosis and monitoring of the therapeutic response to
PC. The CA199 level in diabetes patients was found to be
elevated in acute metabolic situations and correlated very
well with blood glucose concentrations.'” In our study, the
incidence of high blood CA199 and the blood CA199 levels
in women were significantly higher than those of men re-
gardless of whether considering the overall population, the
long-term metformin group, the short-term metformin group,
or the non-metformin group. In the correlation analysis, it
was significantly associated with gender. Multiple stepwise
regression analysis further revealed that gender was an in-
dependent influencing factor of CA199 concentrations. These
results demonstrated that there was a sexual difference of
CA199 concentrations in diabetes patients.

Why was there a gender difference in serum CA199 levels
in subjects with T2DM? First of all, the differential influence
of liver and kidney function on serum CA199 levels between
females and males should be taken into account. In this study,
the creatinine levels in females were obviously lower than
those of of males, but there were no significant differences in
uric acid, blood urea nitrogen, alanine aminotransferase, and
aspartate aminotransferase. However, the correlation analy-
sis revealed that creatinine was not associated with serum
CA199 levels. Therefore, the influence of kidney function
could be excluded.

Second, differences in age and diabetes duration in T2DM
patients may affect the serum CA199 levels. The age and
diabetes duration in female patients were statistically higher
than those of males, but correlation analysis showed that

there were no significant association among age, diabetes
duration, and the serum CA199 concentrations. Thus, the
effect of age and diabetes duration on serum CA199 levels
could be eliminated.

Finally, the effect of sex hormones on serum CA199 levels
should be considered. The present study further indicated that
the serum CA199 levels increased with the elevation of FSH,
and FSH was also an independent associated factor of
CA199. However, there was no significant association among
E2, T, and serum CA199 levels. Consequently, these results
suggested that one of the reasons that CA199 levels were
higher in women than that in men may come from the effect
of the circulating FSH levels, but not E2 or T. So far, there is
no report about the impact of sex hormones on serum CA199
levels in T2DM patients with normal renal and hepatic
function. As for metformin administration, whether metfor-
min could regulate serum FSH levels directly or indirectly by
adjusting E2 and T secretion, thus leading to the differences
of CA199 levels between men and women, is still unclear.
Therefore, it is essential and worthwhile to investigate the
mechanism linking serum CA199 with sex hormone levels.

The results of the present study revealed that both at
baseline and after a 1-year follow-up, the serum CA199
levels of the long-term metformin-treated group was signif-
icantly lower than those of the short-term metformin group
and the non-metformin group, and those of the short-term
metformin group was lower than those of the non-metformin
group. The incidence of high CA199 differed with the du-
ration of taking metformin at baseline. Binary logistic re-
gression revealed that the risk of elevated CA199 levels in
patients treated with short-term metformin or long-term



78

metformin decreased 11% and 30%, respectively, at baseline
compared with controls. After a 1-year follow-up, the inci-
dence of high CA199 concentrations of the short-term and
long-term metformin groups decreased significantly com-
pared with the non-metformin controls, but there was no
difference between the two metformin-treated groups. The
decreasing extent of CA199 levels in the long-term metfor-
min group was the greatest, the change in females was more
apparent than that in males, and the risk of high CA199 levels
was reduced 67% after adjusting for HbAlc, sex, and TC
level. The correlation and multiple stepwise regression
analysis further indicated that metformin therapy was an in-
dependent impact factor of serum CA199 concentrations.
These results suggest that metformin attenuated serum
CA199 levels in a time—effect pattern and with sex differ-
ence. The greatest reduction happened in female patients of
the long-term metformin group.

Based on a large amount of clinical evidence, metformin
became a recommended first-line oral antihyperglycemic
agent for medical care of T2DM. Evans et al.'® were the
first to report that there was a potential association between
metformin use and reduced cancer incidence with a dose—
response relationship. Since then, evidence has emerged
from several research areas (epidemiological, preclinical,
and clinical) suggesting that metformin is useful in the
prevention and treatment of various kinds of tumors, in-
cluding PC.

PC is one of the most lethal malignant diseases because of
its high rate of advanced stage at diagnosis and the lack of
effective medical treatment. To date, the 5-year survival rate
after surgical resection has slowly risen to about 20%, but
only 10-15% of patients are candidates for resection. So,
more than 95% of all PC patients succumb to their illness
within 2 years of diagnosis.'® Therefore, PC was still one of
the leading causes of cancer-related deaths.

Risk factors for PC included family history, obesity,
smoking, chronic pancreatitis, and diabetes mellitus. After
smoking and obesity, T2DM is likely the third modifiable risk
factor for PC.® It has been reported that the prevalence of
diabetes and impaired glucose tolerance in PC cases is as high
as 80%.%%2! Tn other words, there is a clear linkage between
diabetes mellitus and PC. CA199 is widely used in the clin-
ical screening and early diagnosis of PC, and metformin
decreased CA199 levels with a time—effect relationship, es-
pecially for the female T2DM patients shown by the present
study. Therefore, metformin reduces the incidence of PC in
T2DM patients, and female patients will get a greater benefit
from this traditional hypoglycemic medicine. These results
are of important clinical significance for the early prevention
and treatment of PC, at least in populations suffering from
T2DM.

The present study has several limitations. First, the sample
size of the group of follow-up patients was relatively small.
More patients of the above-mentioned three groups should be
called back, and the biochemical indexes including CA199
should be reviewed to prove our findings. Second, although
there was follow-up for these participants in this study, the
follow-up period was quite short. The efficacy of metformin
and its related mechanisms on CA199 concentrations and
future occurrence of PC are still not entirely clear. Therefore,
it is necessary to extend the follow-up time. Long-term
follow-up of these patients should be carried out to further
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clarify the outcomes of metformin on serum CA199 levels
and incidence of PC.

In summary, there is a gender difference of serum CA199
levels in Chinese T2DM patients, and CA199 levels in fe-
males were significantly higher than those in males. Met-
formin therapy reduced serum CA199 levels and the
incidence of high CA199 levels in T2DM patients, its greater
decline effect occurred in women with longer therapeutic
time, and its effect was independent of glycemic control and
liver and kidney function.
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