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Abstract

Background: Serum carbohydrate antigen 19-9 (CA 19-9) is widely recognized as a
tumor marker for pancreatic and hepatobiliary malignancies; however, elevated CA
19-9 levels are also frequently observed in several benign metabolic and cholestatic
conditions. Differentiating benign elevations from malignant causes remains clinically
important to avoid unnecessary diagnostic interventions and patient anxiety.

Objective: To evaluate the metabolic and cholestatic factors associated with elevated
serum CA 19-9 levels among adult patients in Bangladesh.

Methods: This hospital-based cross-sectional analytical study was conducted at a
tertiary care cancer hospital in Dhaka, Bangladesh, from April 2025 to December 2025.
A total of 150 adult patients with elevated serum CA 19-9 levels (>37 U/mL) were
enrolled using a consecutive sampling technique. Sociodemographic, clinical, and
biochemical data were collected using a structured data sheet and hospital laboratory
records. Serum CA levels 19-9 were measured by chemiluminescent immunoassay.
Metabolic parameters including body mass index (BMI), fasting blood glucose
(FBS), HbA ¢, triglycerides, and fatty liver status were assessed alongside cholestatic
markers such as alkaline phosphatase (ALP), gamma-glutamy! transferase (GGT), total
bilirubin, and direct bilirubin. Statistical analyses were performed using SPSS version
26. Independent t-test, Pearson correlation, and multivariate regression analyses were
applied. A p-value was considered statistically significant.

Results: Among the 150 participants, the majority were aged 41-60 years (48.0%),
and males constituted 58.7% of the study population. Diabetes mellitus was present
in 52.7% of participants, while fatty liver disease and obesity were observed in 38.7%
and 30.7%, respectively. The mean serum CA 19-9 level was 96.4 + 48.2 U/mL.
Patients with higher CA 19-9 levels (>100 U/mL) demonstrated significantly elevated
metabolic parameters including HbAlc (8.8 £ 1.9 vs. 7.1 = 1.4; p BMI (29.1 £ 4.2 vs.
25.8 + 3.4 kg/m?; p=0.002), fasting blood glucose (178.3 = 58.4 vs. 142.5 + 41.3 mg/
dL; p=0.001), and triglyceride levels (246.7 = 82.6 vs. 189.4 + 62.5 mg/dL; p=0.003).
Similarly, cholestatic markers were significantly higher among patients with elevated
CA 19-9 levels, including ALP (375.7 = 126.2 vs. 214.3 + 92.6 U/L; p<0.001), GGT
(192.6 £ 81.5 vs. 98.2 £ 52.4 U/L; p<0.001), direct bilirubin (1.7 + 1.1 vs. 0.8 £ 0.5 mg/
dL; p<0.001), and total bilirubin (3.2 + 1.6 vs. 1.5 £ 0.8 mg/dL; p<0.001). Serum CA
19-9 showed significant positive correlations with ALP (r=0.62), GGT (1=0.58), direct
bilirubin (r=0.55), HbAlc (r=0.46), triglyceride levels (r=0.37), and BMI (1=0.31) (all
p<0.01). Multivariate regression analysis identified ALP (Adjusted f=0.48, p<0.001),
GGT (Adjusted p=0.36, p=0.002), direct bilirubin (Adjusted f=0.33, p=0.004), and
HbAlc (Adjusted p=0.28, p=0.011) as independent predictors of elevated serum CA
19-9 levels.

Conclusion: Elevated serum CA 19-9 levels were significantly associated with
metabolic dysfunction and cholestatic abnormalities, particularly elevated ALP and
GGT levels. These findings indicate that benign metabolic and hepatobiliary conditions
should be considered when interpreting increased CA 19-9 levels in clinical practice.
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Introduction

Carbohydrate antigen 19-9 (CA 19-9), also known as
sialyl-Lewis A antigen, is one of the most widely utilized serum
tumor markers in clinical practice. It is primarily employed in
diagnosis, prognostic assessment, and therapeutic monitoring
of pancreatic adenocarcinoma and various hepatobiliary
malignancies [1]. Although CA 19-9 is commonly regarded
as a malignancy-associated biomarker, increasing evidence
indicates that elevated serum concentrations can occur
in numerous non-malignant conditions, thereby limiting
its specificity for cancer detection. Consequently, the
interpretation of elevated CA 19-9 levels remains a significant
clinical challenge, particularly in patients without radiological
or histopathology evidence of malignancy [2] Beyond
its association with cancer, elevated CA 19-9 levels have
been reported in a broad spectrum of benign hepatobiliary,
pancreatic, pulmonary, endocrine, and metabolic disorders.
Among these, cholestatic liver diseases represent one of the
most frequent causes of nonmalignant CA 19-9 elevation
[3,4]. Conditions such as biliary obstruction, cholangitis,
choledocholithiasis, and other cholestatic disorders may
substantially increase serum CA 19-9 concentrations due to
impaired biliary excretion and enhanced production by injured
biliary epithelial cells [5]. Previous studies have demonstrated
significant correlations between CA 19-9 and cholestatic
biomarkers, including alkaline phosphatase (ALP), gamma-
glutamyl transferase (GGT), and bilirubin levels, suggesting
that cholestasis plays a crucial role in modulating serum CA
19-9 concentrations [6,7]. Recent investigations have also
highlighted the potential influence of metabolic dysfunction
on CA 19-9 levels. Metabolic conditions such as obesity,
type 2 diabetes mellitus, insulin resistance, dyslipidemia,
and metabolic dysfunction-associated fatty liver disease
(MAFLD) are increasingly prevalent worldwide and are
frequently accompanied by chronic low-grade inflammation
and hepatocellular injury [8,9]. Emerging evidence suggests
that these metabolic abnormalities may contribute to elevated
serum CA 19-9 concentrations through mechanisms involving
pancreatic B-cell dysfunction, systemic inflammation,
oxidative stress, and altered hepatobiliary metabolism [10].
However, the magnitude and clinical significance of these
associations remain incompletely understood, particularly
in populations with a high burden of metabolic diseases. In
developing countries such as Bangladesh, the prevalence
of diabetes, obesity, fatty liver disease, and hepatobiliary
disorders has risen considerably during recent decades.
Consequently, elevated CA 19-9 levels are increasingly
encountered in routine clinical practice, often prompting
extensive investigations for suspected malignancy [11].
Despite this growing clinical concern, data regarding the
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relationship between metabolic abnormalities, cholestatic
biomarkers, and serum CA 19-9 levels remain limited in
South Asian populations [12]. A better understanding of
these associations may improve the interpretation of CA
19-9 results and reduce unnecessary diagnostic procedures,
healthcare costs, and patient anxiety. Therefore, the present
study aimed to evaluate the metabolic and cholestatic factors
associated with elevated serum CA 19-9 levels among adult
patients attending a tertiary care cancer hospital in Dhaka,
Bangladesh.

Materials and Methods

This hospital-based cross-sectional analytical study
was conducted at a tertiary care cancer hospital in Dhaka,
Bangladesh, from April 2025 to December 2025. A total of
150 adult patients aged >18 years with elevated serum CA
19-9 levels (>37 U/mL) were enrolled using a consecutive
sampling technique. Patients with incomplete laboratory
records, severe acute illness, active infections, or insufficient
clinical information were excluded from the study. Prior to
data collection, formal permission was obtained from the
hospital authority. Sociodemographic and clinical data were
collected using a structured data collection form and were
supplemented by information retrieved from hospital medical
and laboratory records. Data collected included age, sex,
diabetes status, obesity status, and relevant clinical history.
Anthropometric measurements were recorded, and body
mass index (BMI) was calculated as weight in kilograms
divided by height in meters squared (kg/m?). The presence of
fatty liver disease was determined based on ultrasonographic
findings documented in patient records. Venous blood
samples were collected and analyzed in the hospital laboratory
following standard laboratory procedures. Serum CA 19-9
concentrations were measured using a chemiluminescent
immunoassay (CLIA) method. Metabolic parameters assessed
included fasting blood glucose (FBS), glycated hemoglobin
(HbAlc), serum triglycerides, BMI, and fatty liver status.
Cholestatic parameters included alkaline phosphatase (ALP),
gamma glutamyl transferase (GGT), total bilirubin, and direct
bilirubin levels. For comparative analysis, participants were
categorized into two groups according to serum CA 19-9
levels: <100 U/mL and >100 U/mL. Associations between
CA 19-9 levels and metabolic and cholestatic variables were
subsequently evaluated. Data were analyzed using Statistical
Package for the Social Sciences (SPSS) version 26.0 (IBM
Corp., Armonk, NY, USA). Continuous variables were
expressed as mean + standard deviation, whereas categorical
variables were presented as frequencies and percentages.
Independent samples t-test, Pearson’s correlation analysis,
and multivariable linear regression analysis were performed
to identify factors associated with elevated serum CA 19-9
levels. A p-value of <0.05 was considered statistically
significant. Confidentiality and anonymity of all patient
information were maintained throughout the study.
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Results

A total of 150 adult patients with elevated serum CA 19-9
levels (>37 U/mL) were included in the study. The mean
serum CA 19-9 concentration was 96.4 + 48.2 U/mL. Table 1
presents the baseline demographic and clinical characteristics
of the study population. Most participants belonged to the
41-60 years age group (48.0%), followed by those aged 18—
40 years (28.0%) and >60 years (24.0%). Male participants
constituted 58.7% of the study population. Diabetes mellitus
was present in 52.7% of participants, while fatty liver disease
and obesity were observed in 38.7% and 30.7%, respectively.
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Figure 1: Correlation Heatmap of Serum CA 19-9 and Metabolic/
Cholestatic Parameters Among Study Participants (n=150).

Figure 1 presents the correlation heatmap between serum
CA 19-9 concentrations and selected metabolic and cholestatic
biomarkers. Strong positive correlations were observed
between CA 19-9 and cholestatic markers, particularly ALP
(r = 0.62), GGT (r = 0.58), and direct bilirubin (r = 0.55).
Moderate positive correlations were identified between CA
19-9 and HbAlc (r = 0.46) as well as triglyceride levels
(r = 0.37), while a weaker but significant correlation was
observed with BMI (r = 0.31). These findings suggest that
cholestatic dysfunction and metabolic abnormalities are
significantly associated with elevated serum CA 19-9 levels.

Table 1: Baseline Characteristics of the Study Participants
(n=150).

Volume 10 ¢ Issue 2 | 49

Diabetes Mellitus 79 52.7
Obesity 46 30.7
Fatty Liver Disease 58 38.7
Continuous Variable Mean * SD
Serum CA 19-9 (U/mL) 96.4 + 48.2

Total Sample Size (N) = 150.

The comparison of metabolic parameters according to
serum CA19-9 levels is shown in table 2. Participants with
CA 19-9 levels >100 U/mL exhibited significantly higher
BMI, fasting blood glucose, HbAlc, and triglyceride levels
compared with those having CA 19-9 levels <100 U/mL. The
strongest metabolic association was observed with HbAlc
(p <0.001), indicating a significant relationship between poor
glycemic control and elevated serum CA 19-9 concentrations.

400

r=0.62 .
3501 | p<0.001 A e
300
.
—
-l
5 250
Q@
& 200 4
L4
Q
E 150
3
=
[
D 400 4
L
b
50 e " e —— Linear regression line
.
Co B R 95% Confidence interval
] T T T T T T T 1
0 100 200 300 400 500 600 700 800

ALP (U/L)

Figure 2: Scatter Plot Showing the Relationship Between
Serum CA 19-9 and Alkaline Phosphatase (ALP) Levels
Among Study Participants (n = 150).

As shown in Figure 2, serum CA 19-9 levels demonstrated
a strong positive correlation with ALP concentrations
(r = 0.62, p < 0.001). Higher ALP levels were associated
with progressively increased serum CA 19-9 concentrations.
The observed relationship supports the role of cholestatic
dysfunction as a major contributor to elevated CA 19-9 levels
and is consistent with the multivariable regression analysis,
in which ALP emerged as the strongest independent predictor

Variable Frequency (n) | Percentage (%) of elevated serum CA 19-9 concentrations.
Age Group (years)
18-40 42 28 Table 2: Comparison of Metabolic Parameters According to Serum
CA 19-9 Levels.
41-60 72 48
Variable CA 199100 | CA 19-9 >100 value
>60 36 24 u/mL UimL P
Gender BMI (kg/m?) 258+34 29.1+4.2 0.002
Male 88 58.7 FBS (mg/dL) 142.5+41.3 178.3 £ 58.4 0.001
Female 62 41.3 HbA1c (%) 7114 88+1.9 <0.001
Clinical Characteristics Triglycerides (mg/dL) | 189.4 £ 62.5 246.7 £ 82.6 0.003
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As shown in Figure 2, serum CA 19-9 levels demonstrated
a strong positive correlation with ALP concentrations
(r = 0.62, p < 0.001). Higher ALP levels were associated
with progressively increased serum CA 19-9 concentrations.
The observed relationship supports the role of cholestatic
dysfunction as a major contributor to elevated CA 19-9 levels
and is consistent with the multivariable regression analysis,
in which ALP emerged as the strongest independent predictor
of elevated serum CA 19-9 concentrations. Multivariable
linear regression analysis was subsequently conducted to
identify independent predictors of elevated serum CA 19-9
levels. As presented in Table 5, ALP emerged as the strongest
independent predictor, followed by GGT, direct bilirubin,
and HbAlc. These findings indicate that both cholestatic
dysfunction and metabolic dysregulation contribute
independently to elevated serum CA 19-9 concentrations.
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Figure 3: Scatter Plot Showing the Relationship Between Serum
CA 19-9 and HbAlc Levels Among Study Participants (n = 150).

As shown in Figure 3, serum CA 19-9 levels demonstrated
a significant moderate positive correlation with HbA 1c values
(r =10.46, p < 0.001). Higher HbAlc levels were associated
with increased serum CA 19-9 concentrations, suggesting
that poor glycemic control may contribute to elevated CA
19-9 levels. These findings support the role of metabolic
dysfunction in influencing serum CA 19-9 concentrations
and are consistent with the multivariable regression analysis,
in which HbAlc emerged as an independent predictor of
elevated CA 19-9 levels.

Table 3: Comparison of Cholestatic Parameters According to
Serum CA 19-9 Levels.

Variable CA 19-9 100 CA 19-9 >100 value
U/mL U/mL P

ALP (U/L) 214.3+92.6 375.7 £ 126.2 <0.001
GGT (U/L) 98.2+524 1926 +81.5 <0.001
Total Bilirubin
(mg/dL) 1.5+0.8 32+1.6 <0.001
Direct Bilirubin
(mg/dL) 0.8+0.5 1.7+11 <0.001
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Table 3 summarizes the comparison of cholestatic
biomarkers according to serum CA 19-9 levels. Significantly
elevated ALP, GGT, total bilirubin, and direct bilirubin levels
were observed among patients with CA 19-9 concentrations
>100 U/mL. ALP demonstrated the greatest difference
between the two groups, suggesting a strong association
between cholestatic liver dysfunction and elevated CA 19-9
levels.

Pearson correlation analysis was performed to evaluate
the relationship between serum CA 19-9 concentrations and
selected metabolic and cholestatic parameters. As shown in
Table 4, serum CA 19-9 demonstrated significant positive
correlations with ALP (1=0.62), GGT (r=0.58), direct
bilirubin (r=0.55), HbAlc (r=0.46), triglycerides (r=0.37),
and BMI (r=0.31) (all p <0.01). The strongest correlation was
observed between CA 19-9 and ALP.
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Figure 4: Forest Plot of Independent Predictors of Elevated Serum
CA 19-9 Levels Identified by Multivariable Linear Regression
Analysis.

Figure 4 illustrates the results of the multivariable
linear regression analysis examining factors independently
associated with elevated serum CA 19-9 levels. Among
the variables included in the model, ALP demonstrated
the strongest independent association with serum
CA 19-9 concentrations (B = 0.48, p<0.001). Significant
positive. associations were also observed for GGT
(B =0.36, p = 0.002), direct bilirubin (B = 0.33, p = 0.004),
and HbAlc (B = 0.28, p = 0.011). These findings indicate
that both cholestatic dysfunction and metabolic dysregulation
contribute independently to increased serum CA 19-9 levels,
with cholestatic markers exerting the greatest influence. The
prevalence of major metabolic and clinical abnormalities
among study participants is presented in Table 6. Diabetes
mellitus was the most common comorbidity, affecting more
than half of the study population. Fatty liver disease and
obesity were also frequently observed, supporting the role
of metabolic dysfunction in patients with elevated CA 19-9
levels.
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Table 4: Correlation Between Serum CA 19-9 Levels and Study
Variables.

Variable Correlation Coefficient (r) p-value
ALP 0.62 <0.001
GGT 0.58 <0.001
Direct Bilirubin 0.55 <0.001
HbA1c 0.46 <0.001
Triglycerides 0.37 <0.001
BMI 0.31 <0.001

Table 5: Multivariable Linear Regression Analysis for Predictors
of Elevated Serum CA 19-9 Levels.

Predictor Variable Adjusted B p-value
ALP 0.48 <0.001
GGT 0.36 0.002
Direct Bilirubin 0.33 0.004
HbA1c 0.28 0.011

Table 6: Prevalence of Clinical and Metabolic Abnormalities
Among Study Participants.

Variable Frequency (%)
Diabetes Mellitus 79 (52.7)
Fatty Liver Disease 58 (38.7)
Obesity 46 (30.7)

Discussion

The present study investigated the metabolic and
cholestatic factors associated with elevated serum CA 19-9
levels among adult patients attending a tertiary care cancer
hospital in Bangladesh. The findings demonstrated that
elevated CA 19-9levels were significantly associated with both
metabolic abnormalities and cholestatic dysfunction. Notably,
cholestatic biomarkers exhibited stronger associations with
CA 19-9 concentrations than metabolic indicators, suggesting
that hepatobiliary disturbances may play a dominant role in
non-malignant elevations of this tumor marker. The study
population was predominantly composed of middle-aged
adults, with nearly half of the participants belonging to the
41-60-year age group and males accounting for 58.7% of the
cohort. More than half of the participants had diabetes mellitus
(52.7%), while fatty liver disease and obesity were observed
in 38.7% and 30.7%, respectively. These findings indicate a
substantial burden of metabolic disorders among individuals
with elevated CA 19-9 levels and support the growing
evidence linking metabolic dysfunction with alterations in
tumor marker concentrations [12]. A significant association
was observed between elevated CA 19-9 levels and metabolic
parameters. Participants with CA 19-9 concentrations greater
than 100 U/mL exhibited significantly higher HbA ¢, fasting
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blood glucose, BMI, and triglyceride levels compared with
those having lower CA 19-9 concentrations. Among these
variables, HbAlc demonstrated the strongest relationship,
showing both a significant correlation (r = 0.46, p < 0.001)
and an independent association in the multivariable regression
model (B = 0.28, p = 0.011). These findings suggest that
poor glycemic control may contribute to increased CA 19-9
production or release through mechanisms involving chronic
inflammation, oxidative stress, pancreatic -cell dysfunction,
and metabolic derangements. The observed relationship
between CA 19-9 and obesity-related parameters further
supports the hypothesis that metabolic syndrome and insulin
resistance may influence circulating CA 19-9 concentrations
[13]. The most prominent findings of the study were related
to cholestatic biomarkers. Patients with higher CA 19-9
levels demonstrated markedly elevated ALP, GGT, total
bilirubin, and direct bilirubin concentrations. Furthermore,
ALP showed the strongest correlation with CA 19-9 levels
(r=0.62, p <0.001), followed by GGT (r = 0.58, p <0.001)
and direct bilirubin (r = 0.55, p < 0.001). These observations
suggest that cholestatic liver injury and impaired biliary
excretion are major determinants of elevated CA 19-9 levels.
Biliary epithelial cells are known to produce CA 19-9, and
cholestasis may lead to increased synthesis and reduced
clearance of the antigen, resulting in substantial elevations
even in the absence of malignancy [14]. Multivariable
regression analysis further confirmed the independent
contribution of cholestatic dysfunction to elevated CA 19-9
concentrations. ALP emerged as the strongest independent
predictor (B = 0.48, p < 0.001), followed by GGT ( = 0.36,
p = 0.002) and direct bilirubin ( = 0.33, p = 0.004). The
magnitude of these associations exceeded that observed for
metabolic variables, indicating that cholestatic processes
exert a greater influence on serum CA 19-9 levels than
metabolic abnormalities alone. This finding has important
clinical implications, as elevated CA 19-9 concentrations
may be mistakenly interpreted as evidence of malignancy
when underlying cholestatic disorders are present [15]. The
correlation heatmap, scatter plot analyses, and regression
findings consistently demonstrated that increasing ALP and
HbAc levels were accompanied by progressive increases in
serum CA 19-9 concentrations. The concordance of results
across multiple analytical approaches strengthens the validity
of the observed associations and highlights the multifactorial
determinants of CA 19-9 elevation in routine clinical practice.
The findings of the present study are generally consistent with
previous investigations that reported significant associations
between CA 19-9 levels and hepatobiliary dysfunction,
diabetes mellitus, obesity, and fatty liver disease. Similar
studies have shown that cholestatic markers often exhibit
stronger correlations with CA 19-9 than metabolic
parameters, emphasizing the importance of considering
benign hepatobiliary conditions when evaluating elevated
CA 19-9 concentrations [16]. The present study extends
these observations to a South Asian population and provides
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additional evidence supporting the role of both metabolic and
cholestatic factors in influencing serum CA 19-9 levels [17].

Conclusion

Elevated serum CA 19-9 levels were significantly
associated with both metabolic dysfunction and cholestatic
abnormalities among adult patients. Although poor glycemic
control, obesity, and hypertriglyceridemia were associated
withincreased CA 19-9 concentrations, cholestatic biomarkers
demonstrated stronger correlations and independent
predictive effects. ALP, GGT, direct bilirubin, and HbAlc
emerged as significant determinants of elevated serum CA
19-9 levels. These findings highlight the importance of
considering benign metabolic and hepatobiliary conditions
during the interpretation of elevated CA 19-9 results, thereby
reducing unnecessary investigations and improving clinical
decision-making.

Limitations of the Study

Several limitations of this study should be acknowledged.
First, the cross-sectional design limits the ability to establish
causal relationships between metabolic and cholestatic
abnormalities and elevated serum CA 19-9 levels. Second, the
study was conducted at a single tertiary care cancer hospital,
which may limit the generalizability of the findings to other
healthcare settings and populations. Third, the sample size
was relatively modest, and larger multicenter studies may
provide more robust estimates of the observed associations.
Fourth, the study relied on routinely collected clinical and
laboratory data, and some potentially relevant variables that
may influence CA 19-9 levels were not assessed. Finally,
longitudinal follow-up was not performed; therefore, the
temporal changes in CA 19-9 concentrations following
improvement of metabolic or cholestatic abnormalities could
not be evaluated.
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