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Summary
Background Although previous studies have showed that metabolic syndrome is one of the contributors of pancreatic
cancer, there is no clear consensus that early stages of metabolic syndrome are linked to increased incidence of
pancreatic cancer. Therefore, we confirmed the linkage between metabolic syndrome and pancreatic cancer, and
shown that even early stage of metabolic syndrome is linked to pancreatic cancer in the retrospective observational
study.

Methods We recruited approximately 4.6 million Japanese in 2005 and followed up these subjects for more than 10
years. At the time of the enrollment, after obtaining clinical data with prescribed drugs and examining the presence
or absence of metabolic syndrome (MetS), we followed up on these subjects with and without MetS to examine the
incidence of pancreatic cancer. The modified criteria of the National Cholesterol Education Program Adult Treatment
Panel III (NCEP/ATPIII) were used to define MetS.

Findings During the 40.7-month average follow-up period for 2,707,296 subjects with complete data for identifying
MetS and important risk factors without pancreatic cancer before the enrollment, 87,857 suffered from pancreatic
cancer. Pancreatic cancers occurred in 16,154 of 331,229 subjects (4.9%) in the MetS group and 71,703 of
2,376,067 patients (3.0%) in the non-MetS group (hazard ratio (HR), 1.37; 95% confidence interval [CI], 1.34–1.39;
p < 0.0001 after the adjustment with age, smoking and sex). As the number of the constituent factors of MetS
increased from one to five, the incidence of pancreatic cancer correspondingly increased (HR: 1.11, 1.23, 1.42,
1.66 and 2.03 using Cox proportional hazard models, p < 0.0001 each). When we defined MetS using the
Japanese criteria, the results are in accord with the results using NCEP/ATPIII. Especially pre-metabolic
syndrome (pre-MetS) in the Japanese criteria was tightly linked to the incidence of pancreatic cancers.

Interpretation MetS is confirmed to be linked to pancreatic cancer. Although we cannot conclude causality. We also
demonstrated the link between pre-MetS and pancreatic cancer.
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Research in context

Evidence before this study
Previous literature has showed that metabolic syndrome is
one of the contributors of pancreatic cancer, although there is
some controversy about the link. Furthermore, there is no
clear consensus that an early stage of metabolic syndrome is
linked to increased incidence of pancreatic cancer.

Added value of this study
The present study has confirmed that metabolic syndrome is
linked to increased incidence of pancreatic cancer. In addition,
pre-metabolic syndrome defined by the Japanese criteria of
metabolic syndrome was also linked to the incidence of
pancreatic cancer. This is confirmed by the fact that the
incidence of pancreatic cancer correspondingly increased as

the number of the constituent factors of metabolic syndrome
increased, suggesting that early stages of metabolic syndrome
are linked to pancreatic cancer.

Implications of all the available evidence
The incidence of pancreatic cancer is linked to smoking, type II
diabetes mellitus, and chronic pancreatitis. In this study, we
have confirmed the link between metabolic syndrome and
also early stages of metabolic syndrome and pancreatic
cancer. Taken together with all available evidence, we further
endorse that the treatment and prevention of metabolic
syndrome as preventive strategies to reduce pancreatic cancer
incidence.
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Introduction
Cancers and cardiovascular diseases have placed a sig-
nificant burden on both individual patients and national
economies around the world.1 Cancer has been gradu-
ally and eventually conquered because of early detection
and prompt diagnosis using novel imaging techniques
or biomarkers for diagnosis, as well as rapid progress of
regimens for innovative medical and surgical treat-
ments. However, pancreatic cancer has been recognized
as the most lethal of all cancers because the incidence
and mortality rates are nearly similar, suggesting that
the time of prevention and diagnosis may be too late for
pancreatic cancer to be treated comprehensively.2 Every
year, more than 40,000 people in Japan are newly
diagnosed with pancreatic cancer,3 and effectively pre-
venting and early diagnosing pancreatic cancer is
extremely difficult, resulting in delayed diagnosis and
the inoperability and incurability of this cancer.
Pancreatic cancer, one of the most common tumors, has
now become a leading cause of death among all cancers,
with an estimated mortality rate approaching 100%.2

Indeed, in the United States, pancreatic cancer is the
fourth leading cause of cancer death, and it is the fifth
leading cause of cancer death in Japan.3 Pancreatic
cancer is reportedly is linked to by smoking,4 type II
diabetes mellitus (T2D),5 and chronic pancreatitis,6 all of
which may impair pancreatic function, i.e., production
of not only digestive enzymes of amylase, lipase, and
trypsin but also insulin, glucagon, and somatostatin.7

The first three factors are related to food digestion,
while the latter three are related to glucose metabolism.
When the burden on the pancreas is combined, it can
cause or be caused by metabolic syndrome. Metabolic
syndrome (MetS), which includes the factors such as
high blood pressure, high blood sugar, excess body fat
around the waist, and abnormal cholesterol or triglyc-
eride levels, is a cluster of conditions that occur together
and increase the risk of cardiovascular disease (CVD),
stroke, and T2D. While there is evidence that MetS is
linked to pancreatic cancer,8 other studies partially or
completely deny such a linkage.9–11 We further hypoth-
esized that the increases in the number of the factors
constituting MetS may increase the incidence of
pancreatic cancer, however, there is no clear such
consensus.

To confirm the linkage between MetS and pancreatic
cancer, we investigated whether the incidence of
pancreatic cancer was higher in subjects with MetS than
those without MetS over a 10-year period in a Japanese
cohort. Furthermore, to show that even early stages of
MetS is linked to pancreatic cancer, we investigated the
linkage between pre-MetS and pancreatic cancer and the
relationship between the number of the factors consti-
tuting MetS and the incidence of pancreatic cancer.
Methods
Study design
The present study was a retrospective observational
study that adhered to the principles of the Declaration of
Helsinki and the Japanese Ethical Guidelines for Clin-
ical Research.

Participants
Our analyses were based on healthcare insurance claims
data obtained by JMDC, Japan Medical Data Center, a
Japanese leading company to form the Japanese medical
data base. The database contained standardized eligi-
bility and claims data provided by health insurance so-
cieties for 4.6 million insured individuals between 2005
and 2020, and it included the data of general corporation
employees and their family members, as well as all
medical treatments received by insured individuals at all
treatment facilities and a comprehensive record of all
treatments administered to a given patient. We analyzed
the personal data using unlinkable anonymization.
www.thelancet.com Vol 67 January, 2024
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Ethics
The study protocol was approved by the external Ethics
Committee of the Evidence Founder Club in Osaka
(EU20210515-1). The Committee decided that, based on
the Japanese Clinical Research Guidelines, it was not
necessary to obtain informed consent from patients
selected for inclusion in this study because it was a
retrospective observational study. Instead, JMDC issued a
public announcement in accordance with the request of
the Ethics Committee and the Japanese Clinical Research
Guidelines.

Definition of MetS
MetS was defined by the modified criteria of the National
Cholesterol Education Program Adult Treatment Panel III
(NCEP/ATPIII),12 with the presence of ≥3 of the following
factors: (1) serum triglycerides (TG) ≥1.69 mmol/L
(150 mg/dL); (2) high-density lipoprotein (HDL)-choles-
terol <1.03 mmol/L (40 mg/dL) for men and <1.29 mmol/
L (50 mg/dL) for women; (3) glucose ≥6.11 mmol/L
(110 mg/dL) fasting or ≥7.77 mmol/L (140 mg/dL) non-
fasting, or on treatment; (4) blood pressure (BP) ≥130/
85 mm Hg or medication use; and (5) body mass index
(BMI) ≥25.0 kg/m2. The Japanese criteria of MetS require
abdominal central obesity of abdominal circumference
length at umbilical level (men: ≥85 cm, women: ≥90 cm)
rather than BMI with ≥2 factors of (1) elevated TG and/or
reduced HDL, (2) elevated BP, and (3) elevated fasting
glucose levels.13 The presence of abdominal central obesity
combined with either one factor is referred to as pre-
metabolic syndrome (preMetS). We also defined the non-
MetS group as those subjects who were not classified as
having MetS or preMetS. The subjects with T2D were
excluded.

The study protocol
To begin with, we excluded 42,885 subjects without no
observation period and 1,825,660 subjects with missing
data from our cohort of 4,600,443 (Fig. 1). We obtained
and recorded clinical data from for all enrolled subjects
before examining and identifying those who were diag-
nosed with pancreatic cancer according to the Interna-
tional Classification of Diseases 10th Revision (ICD-10,
coded as I10–I15). We used Kaplan–Meier estimates to
compare the occurrence of pancreatic cancer in the co-
horts with and without MetS over a period of 40.7
months. In the enrolled subjects, 472,053 and 22,355
were followed up more than 5 and 10 years, respectively.
We also calculated hazard ratios (HRs) using Cox pro-
portional hazard models between two groups and among
groups with 0–5 factors for the components of MetS. We
also used the National Cholesterol Education Program
Adult Treatment Panel III definition of MetS.12

To investigate the effects of metabolic dynamics on the
occurrence of pancreatic cancer, as one of our sub-analyses
we enrolled 206,847 subjects whose metabolic states were
well followed up in both 2010–2011 and 2012–2013. We
www.thelancet.com Vol 67 January, 2024
classified these enrolled subjects into 4 groups by the
presence and absence of MetS at 1) 2010–2011 and at 2)
2012–2013: two groups with MetS at 2010–2011 with and
withoutMetS at 2012–2013, and two groups with non-MetS
at 2010–2011 with and without MetS at 2012–2013. When
we checked the data during 2010–2013, the participants
with MetS at 2010 or 2011 were categorized into MetS-
recovered (10,034 subjects) and MetS-persistent (13,595
subjects) groups according to the conditions that MetS is
improved/disappeared or persisted, and we followed up
these subjects at the end of observation or the onset of
pancreatic cancer. The participants with non-MetS at 2010
or 2011 were categorized into MetS-developed (11,248
subjects) and MetS-free (171,970 subjects) groups accord-
ing to the condition that the MetS is appeared or free, and
we followed up these subjects at the end of observation or
the onset of pancreatic cancer.

Furthermore, to test the causality of pancreatic can-
cer, we excluded the subjects with pancreatic cancer that
occurred in 3 years after the entry as the sub-analysis.

On the other hand, we used the Japanese criteria for
MetS13 and performed the same analyses using Kaplan–
Meier estimates and Cox proportional hazard models
between the groups with and without MetS or the pre-
MetS group. We further divided the MetS group into
two groups: those with 2 factors and those with 3 factors
in addition to abdominal central obesity.

Statistics
For the primary analyses, time-to-event data were eval-
uated using Kaplan–Meier estimates and compared us-
ing log-rank test. The entry time, i.e., time = 0 for the
Kaplan–Meier plots varied. Censoring occurred when
the patient died or was lost to follow-up. For the missing
data, we employed complete case analysis (Listwise
Deletion) and sensitivity analysis was not performed.

Cox proportional hazard models were used to esti-
mate the HRs with MetS group assignment or combi-
nations of the components with the MetS and non-MetS
groups, and to calculate the p-values regarding the hy-
pothesis testing between the groups. The models were
adjusted for smoking, age and sex since the incidence of
pancreatic cancer is known to be affected by these factors.

Age was handled as a continuous variable for Cox
proportional hazards models. We have tested the
assumption of log-linearity and a score test based on
scaled Schoenfeld residuals including a scatter plot with
survival time on the horizontal axis, and the scaled
Schoenfeld residuals on the vertical axis confirmed that
there is no strong evidence indicating the absence of
log-linearity in any of the variables.

After checking the interactions between the variables
of age, sex and smoking through likelihood ratio tests on
the regression coefficients of interaction terms, the
interaction between sex and age was found to be sig-
nificant. Therefore, we used the model that included the
sex-age interaction term.
3
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The parameters for the
important risk factors

Women, n (%)

Age, median age

Smoker, n (%)

BMI, median BMI

Abd circumference, medi

sBP, median mmHg

dBP, median mmHg

HbA1c, median %

Fasting glucose, median

HDL-cholesterol, median

LDL-cholesterol, median m

TG, median mg/dL

Abbreviations: BMI: body ma
lipoprotein, TG: triglyceride.
not show the exact year for
subjects irrespective of the e

Table 1: Characteristics o

Fig. 1: The consort diagram for the selection of the enrolled subjects.
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All statistical analyses were performed using Python
v3.10 and packages such as lifelines v0.27.8 (https://
github.com/nkimoto/PKMetS).

Role of funding source
Study sponsors did not participate in the study design,
the collection, analysis, and interpretation of data, the
writing of the manuscript, or in the decision to submit
the study for publication.
Results
The clinical characteristics of the patients are listed in
Table 1. Further, the clinical parameters of subjects
with and without MetS were compared (Table 1) using
NCEP/ATPI or Japanese criteria. In the overall pop-
ulation, pancreatic cancer occurred in 16,154 of
diagnosis of MetS and All data
(N = 2,707,296)

NCEP/ATPI criteria of MetS

Non-MetS
(N = 2,376,067)

MetS (N = 3

1,132,828 (41.8%) 1,038,731 (43.7%) 94,097 (28

53 (46–61) 52 (45–60) 58 (51

674,813 (24.9%) 570,302 (24.0%) 104,511 (31

22.5 (20.3–25.0) 22.0 (20.1–24.2) 27.0 (24

an cm 80.5 (74.0–87.2) 79.0 (73.0–85.0) 93.0 (88

118 (108–129) 116 (106–126) 134 (12

73 (65–82) 72 (64–80) 85 (78

5.4 (5.2–5.7) 5.4 (5.2–5.6) 5.8 (5.5

mg/dL 92 (86–99) 91 (85–97) 105 (99

mg/dL 62 (51–74) 63 (53–75) 48 (41

g/dL 119 (99–140) 117 (98–138) 131 (110

83 (58–124) 77 (55–110) 173 (12

ss index, Abd: abdominal, sBP: systolic blood pressure, dBP: diastolic blood pressure, Hb: he
Values are median (interquartile ranges), and only values of "women" and "smoker" are num
the entry. Because our database is consisted with the annual data from 2005 to 2020. If th
ntry year.

f 2,707,296 subjects with complete data for identifying MetS and important r
331,229 subjects (4.9%) in the MetS group and 71,703
of 2,376,067 patients (3.0%) in the non-MetS group
over a period of 15.2 years (hazard ratio (HR), 1.37;
95% confidence interval [CI], 1.34–1.39; p < 0.0001
after the adjustment with age, smoking and sex and
interactions between age and sex). Table 2 shows the
number and percentages of excluded subjects with
missing data for the diagnosis of MetS and important
risk factors, and there were small differences of each
parameter between the subjects with and without
missing data. Fig. 2A depicts the results of the
Kaplan–Meier analysis of subjects with and without
MetS for the incidence of pancreatic cancer, showing
that subjects with MetS are more likely to be linked to
pancreatic cancer. We tested the ideas that an increase
in the factors constituting MetS in the MetS groups
further increases the incidence of pancreatic cancer.
Japanese criteria of MetS

31,229) Non-MetS
(N = 2,043,791)

PreMetS
(N = 283,024)

MetS (N = 380,481)

.4%) 1,032,728 (50.5%) 46,696 (16.5%) 53,404 (14.0%)

–65) 57 (50–65) 55 (48–62) 52 (45–60)

.5%) 458,545 (22.4%) 86,920 (30.7%) 129,348 (34.0%)

.8–29.5) 21.5 (19.7–23.2) 26.0 (24.5–28.0) 27.0 (25.1–29.5)

.0–98.5) 77.5 (72.0–82.0) 91.0 (87.6–95.4) 93.0 (89.0–98.5)

6–143) 115 (105–125) 122 (114–128) 133 (125–142)

–91) 71 (64–79) 76 (70–82) 85 (78–91)

–6.2) 5.4 (5.2–5.6) 5.5 (5.3–5.7) 5.7 (5.5–6.1)

–117) 90 (85–96) 95 (89–102) 101 (93–113)

–57) 65 (55–77) 54 (47–63) 49 (42–58)

–153) 115 (96–136) 128 (108–148) 132 (111–153)

5–233) 73 (53–103) 104 (78–135) 162 (111–218)

moglobin, HbA1c: hemoglobin A1c, HDL: high density lipoprotein, LDL: low density
ber (percent). Please note that since the entry time in each subject varied, we could
e entry criteria are matched to the characteristics of the subjects, we enrolled such

isk factors without pancreatic cancer before the enrollment.
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The parameters for the diagnosis of
MetS and important risk factors

The number of
missing data

The percentage of
missing data (%)

The values of the subjects with
missing data (n = 1,825,660)

The values of the subjects without
missing data (n = 2,731,898)

Women, n (%) 0 0.0 678,969 (37.2%) 1,144,791 (41.9%)

Age, median age 0 0.0 45 (35–56) 53 (46–61)

Smoker, n (%) 3,83,394 8.4 414,102 (28.7%) 679,796 (24.9%)

BMI, median BMI 93,394 2.0 22.0 (20.0–24.6) 22.5 (20.3–25.0)

Abd circumference, median cm 6,60,953 14.5 79.8 (73.0–87.0) 80.5 (74.0–87.2)

sBP, median mmHg 94,065 2.1 118 (108–128) 118 (108–129)

dBP, median mmHg 94,065 2.1 71 (64–79) 73 (65–82)

HbA1c, median % 9,38,596 20.6 5.3 (5.1–5.6) 5.4 (5.2–5.7)

FBS(mg/dL) 9,61,878 21.1 84 (89–96) 86 (92–99)

HDL-cholesterol, median mg/dL 2,84,909 6.3 61 (51–72) 62 (51–74)

LDL-cholesterol, median mg/dL 3,35,688 7.4 112 (92–134) 119 (99–140)

TG, median mg/dL 2,84,666 6.2 82 (56–126) 83 (58–124)

Abbreviations: BMI: body mass index, Abd: abdominal, sBP: systolic blood pressure, dBP: diastolic blood pressure, Hb: hemoglobin, HbA1c: hemoglobin A1c, HDL: high
density lipoprotein, LDL: low density lipoprotein, TG: triglyceride. Values are median (interquartile ranges), and only values of "women" and "smoker" are number (percent).

Table 2: Characteristics of 1,825,660 subjects excluded from the study because of missing values for the diagnosis of MetS and important risk factors
and the comparison with 2,731,898 subjects without missing data.

Fig. 2: Kaplan–Meier curves for the incidence of the pancreatic cancer with and without MetS (A) and for the incidence of pancreatic cancer
among the six groups with 0–5 components of MetS (B) based on the modified criteria of NCEP/ATPIII.
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Fig. 2: (continued)
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When the factors constituting MetS increased, the
probability of developing pancreatic cancer increased
(Fig. 2B). Fig. 3 depicts HRs for the occurrence of
pancreatic cancer and MetS; as the number of the
constituent factors of MetS increased from one to five,
the incidence of pancreatic cancer correspondingly
increased (HRs: 1.11, 1.23, 1.42, 1.66, and 2.03,
p < 0.0001 each).

As for the effects of changes in status of MetS, HRs
of MetS-free and MetS-developed groups were HR:
1.00 and HR: 1.38; 95% CI, 1.25–1.53 (p < 0.0001),
respectively; HRs of MetS-recovered (23% of subjects
with MetS group) and MetS-persistent groups were
1.29 (95% CI, 1.14–1.43, p < 0.001) and HR, 1.51 (95%
CI, 1.38–1.66, p < 0.0001), respectively. The results
of the Kaplan–Meier analysis of MetS-free and
MetS-developed groups, and MetS-recovered and
MetS-persistent groups for the incidence of pancreatic
cancer are shown in Fig. 4, and they are in accord with
the results of HRs.
www.thelancet.com Vol 67 January, 2024
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Fig. 3: HRs for the incidence of the pancreatic cancer with and without MetS (A) and for the incidence of pancreatic cancer among the six
groups with 0–5 components of MetS (B) based on the modified criteria of NCEP/ATPIII. (A) HR is 1.37 (95% CI, 1.34–1.39; p < 0.0001). (B)
When factors of MetS increase from 1 to 5, HR increased to 1.11 (95% CI, 1.09–1.12; p < 0.0001), 1.23 (95% CI, 1.20–1.25, p < 0.0001), 1.42
(95% CI, 1.39–1.45, p < 0.0001), 1.66 (95% CI, 1.61–1.72, p < 0.0001), and 2.03 (95% CI, 1.90–2.17, p < 0.0001), respectively.

Articles
When we excluded the subjects with pancreatic
cancer detected in 3 years after the entry, we obtained
HRs 1.38 (95% CI, 1.33–1.42, p < 0.0001 compared
with no-MetS group). The results of the Kaplan–Meier
Fig. 4: Kaplan–Meier curves of MetS-free and MetS-developed groups, a
pancreatic cancer.

www.thelancet.com Vol 67 January, 2024
analysis without the subjects with pancreatic
cancer detected in 3 years after the entry are shown
in Fig. 5, and they are in accord with the results of
HRs.
nd MetS-recovered and MetS-persistent groups for the incidence of

7
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Fig. 5: Kaplan–Meier analysis without the subjects with pancreatic cancer detected in 3 years after the entry.
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The results of the Kaplan–Meier analysis of subjects
with or without MetS or preMetS for the incidence of
pancreatic cancer are shown in Fig. 6A and B, and they
are in accord with the results of HRs shown in Fig. 2A
and B. Fig. 7A shows HRs for MetS with 2 and 3 MetS
components (HR, 1.27; 95% CI, 1.24–1.29; p < 0.0001;
HR, 1.45; 95% CI, 1.41–1.49; p < 0.0001, respectively)
and preMetS (HR, 1.14; 95% CI, 1.12–1.17; p < 0.0001).
Fig. 7B depicts the HRs of the components or combi-
nations of factors constituting MetS based on the Japa-
nese guideline for the incidence of pancreatic cancer,
indicating that the combinations of MetS components
except dyslipidemia, hypertension and hypertension
with dyslipidemia increase the risk of pancreatic cancer.
Discussion
The present data confirmed strong associations between
the presence of MetS and the incidence of pancreatic
cancer, suggesting that MetS is links to the occurrence of
pancreatic cancer. We propose that MetS, or even pre-
MetS, is a new risk factor for pancreatic cancer. However,
to reach this conclusion, we must consider several factors.
Pancreatic cancer, one of the most lethal of all human
cancers,2 has become very common in developed coun-
tries such as Europe, the United States, and Japan.
Pancreatic cancer is the fourth and fifth leading cause of
cancer death in the United States and Japan, respectively.3

Because the incidence and mortality rates for pancreatic
cancer are nearly comparable, implying that pancreatic
cancer is lethal and difficult to treat, it is critical to
investigate the priming or triggering mechanism for
pancreatic cancer in order to prevent its onset. Interest-
ingly and importantly, the incidence rates of pancreatic
cancer in high-risk countries are approximately five to
seven times higher than in low-risk countries, implying
that environmental or genetic factors play an important
role in the incidence of pancreatic cancer.14 Indeed,
germline diseases are said to increase the risk of
pancreatic cancer,15 and gene polymorphism also in-
fluences pancreatic cancer incidence.16 Furthermore,
several lines of evidence suggest that environmental
factors play a role in the occurrence of pancreatic cancer.
Smoking is the most significant risk factor for pancreatic
cancer,4 with the risk being twice or three times higher
than in non-smokers. Moreover, quitting smoking may
www.thelancet.com Vol 67 January, 2024
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Fig. 6: Kaplan–Meier curves for the incidence of the pancreatic cancer with preMetS or MetS with 2 or 3 factors (A) and for the incidence of pancreatic
cancer among the eight groups with any combination of the three components of MetS (B) based on the Japanese criteria for MetS.

Articles
prevent 23% of pancreatic cancer in men.17 Second, diet
plays a role in increasing the risk of pancreatic cancer.
Overall caloric intake and consumption of vegetables or
fruits both increase or decrease the incidence of pancre-
atic cancer.18 Third, obesity is an independent risk factor
for pancreatic cancer, and increased physical activity
decreased pancreatic cancer incidence.19 T2D also in-
creases the incidence of pancreatic cancer as well as other
cancers.20 Obesity21 and lack of physical activity22 and
T2D23 may result in hyperinsulinemia, which may prime
carcinogenesis. Given the involvement of these three
factors in pancreatic cancer, we have concluded that MetS
is linked to pancreatic cancer.

The present study confirmed MetS as a potential risk
factor for the incidence of pancreatic cancer. MetS has
been characterized by adiponectin deficiency, which is
independent of obesity, lack of exercise, and T2D. MetS
is a cluster of risk factors for both T2D and CVD.
However, there is no clear consensus on whether MetS
is related to pancreatic cancer, although each factor for
MetS is related to pancreatic cancer.24 MetS is distinct
from and independent of T2D, hypertension, dyslipi-
demia, or obesity. Amidst such circumstances, the pre-
sent study demonstrated that MetS is tightly related to
the incidence of pancreatic cancer.
www.thelancet.com Vol 67 January, 2024
MetS was defined by the modified criteria of NCEP/
ATPIII as the presence of ≥3 hypertriglyceridemia ac-
tors: low plasma levels of HDL, hyperglycemia, high
systemic blood pressure, and high BMI,12 or by the
Japanese criteria for abdominal circumference length
≥85 cm for men and ≥90 cm for women instead of
BMI.13 Interestingly, in Japan, MetS is predominantly
and mainly characterized by the presence of high blood
pressure,25 whereas in the United States or Europe, the
presence of glucose intolerance mainly contributes to
the occurrence of MetS. The present study highlighted
the significance of elevated blood glucose levels, rather
than high blood pressure among the constituting fac-
tors of MetS in relation to the development of pancre-
atic cancer. The pathophysiology of MetS, which is
based on obesity, especially abdominal obesity, inde-
pendent of hypertension, dyslipidemia, and DM, is
closely linked to the pathophysiology of pancreatic
cancer. On the other hand, since preMetS judged by
Japanese criteria is also linked to pancreatic cancer, and
we found that the incidence of pancreatic cancer
correspondingly increased as the number of the con-
stituent factors of the MetS increased from one to five,
we suggest that even early stages of MetS are linked to
pancreatic cancer.
9
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Fig. 6: (continued)
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On the other hand, Park et al.8 recently showed that
MetS and dynamic change in MetS status are associated
with risks of pancreatic cancer. We also confirmed
dynamism of MetS during the observation period, and
that the improvement MetS decreases the incidence of
pancreatic cancer, and that newly onset of MetS in non-
MetS group increases the incidence of pancreatic can-
cer, which is consonant with Park et al.8

Then, we must consider which molecular factor(s)
in the pathophysiology of MetS may be linked to the
incidence of pancreatic cancer. Molecular mecha-
nisms of MetS culminate in (1) insulin, (2) adipo-
kines, and (3) reactive oxygen species (ROS).24 To
begin with, insulin is a major anabolic hormone that
can stimulate cell proliferation.26 The effects of insu-
lin on cancer cell proliferation in vivo may be medi-
ated by an indirect mechanism, such as insulin-like
growth factor (IGF)-1 stimulation. The activation of
the IGF-1 receptor stimulates the p21 ras/MAPK
pathway for cell proliferation as well as the PI3K/AKT
cell survival pathway.27 The proliferative and
antiapoptotic effects of IGF-1 are important in
tumorigenesis because overexpression of IGF-1
stimulates and suppression of IGF-1 reduces mam-
mary tumor development in mutant mice treated with
a carcinogen.27
www.thelancet.com Vol 67 January, 2024
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Fig. 7: HRs for the incidence of the pancreatic cancer with and without MetS (A) and for the incidence of pancreatic cancer among the eight
groups with any combination of the three components of MetS (B) based on the Japanese criteria for MetS. (A) HRs of preMetS, MetS with 2
factors, and MetS with 3 factors are 1.14 (95% CI, 1.12–1.17; p < 0.0001), 1.27 (95% CI, 1.24–1.29; p < 0.0001), and 1.45 (95% CI, 1.41–1.49;
p < 0.0001), respectively. (B) the independent factor or combinations of constituting factors for MetS increased HRs in the groups of dysli-
pidemia (DL, 0.98 (95% CI, 0.93–1.04), p = 0.48), hypertension (HT) with DL (0.96 (95% CI, 0.90–1.01), p = 0.14), HT (0.93 (95% CI,
0.89–0.98), p < 0.0001), high blood glucose levels (HGS) (1.27 (95% CI, 1.24–1.30), p < 0.0001), DL with HBS (1.39 (95% CI, 1.35–1.44),
p < 0.0001), HBS with HT (1.26 (95% CI, 1.23–1.29), p < 0.0001) and HBS with HT and DL (1.45 (95% CI, 1.41–1.49), p < 0.0001).

Articles
On the other hand, adipokines are a diverse group of
signaling molecules involved in a variety of processes
including appetite and energy balance, inflammation,
insulin resistance/sensitivity, angiogenesis, lipid meta-
bolism, cell proliferation, and atherosclerosis.28 Many of
these functions are related to either MetS or cancer, and
they may act as a link between these two pathologies.
Adiponectin, an adipokine, has been linked to MetS
because obesity lowers plasma adiponectin levels, and
adiponectin has insulin-sensitizing effects that amelio-
rates insulin resistance and T2D.29

Excess glucose or lipids, as well as high blood pres-
sure, promote the formation of ROS, which can cause
cancers. ROS can damage DNA through a variety of
processes, including DNA base modification, deletions,
frame shifts, strand breaks, DNA protein cross-links, and
chromosomal rearrangements.30 DNA damage can occur
in genes involved in cell proliferation, such as ras, or cell
survival, such as p53, resulting in cancer progression.

It is important how long it takes for MetS to affect
the incidence of pancreatic cancer. Even when we
excluded the subjects with pancreatic cancer that
occurred in 3 years after the entry as the sub-analysis,
the probability of the incidence of pancreatic cancer is
similar, suggesting that MetS may affect incidence of
pancreatic cancer on monthly basis.

As for limitation of this study, since this is a
retrospective study, there were a significant amount of
missing data (Table 2) and we excluded the subjects
with missing data. This operation may cause the bias
for the conclusion. However, when compared the
1,825,660 and 2,731,898 subjects with and without the
parameters for the diagnosis of MetS and important
www.thelancet.com Vol 67 January, 2024
risk factors, respectively (Table 2), there are small dif-
ferences of the numerical data: The subjects with
missing data were younger and had a higher preva-
lence of smoking than the subjects without missing
data. We should consider such a selection bias for
understanding of the present results. Secondly, there
may be racial differences in whether MetS regulates
the incidence of pancreatic cancer. The incidence of
pancreatic cancer is high in Japan as well as in the
United States or Europe,14 suggesting that the present
conclusion may be applicable globally. Thirdly, since
the cohort of the present study is obtained from the
employees of general corporations and their family
members, as well as all medical treatments received by
insured individuals at all treatment facilities, the
average age of the cohort may be younger than the
average Japanese people. In 2020, the average age of
the Japanese population is 48.9 years old, and the
cohort of the present study has a similar age to the
average Japanese population. Nevertheless, the present
cohort may be lacking in very old people over the age
of 80.

In conclusion, this is an additional and confirmatory
study to show that MetS is linked to pancreatic cancer.
Since the incidence and mortality rates of pancreatic
cancer are the same, it is critical to prevent pancreatic
cancer than to treat it.

Contributors
The followings are the role of each author to this study; Study concep-
tualization and design: MK, YH; Data curation, JK; Data formal analysis:
YH, NK, KK, MY and TW; Project administration: HF, TH, SI, YY;
Visualization: SI, YY; Figures and Tables: HF, YH; Writing and editing:
MK.
11

www.thelancet.com/digital-health


Articles

12
All authors have read and approved the manuscript and the agree-
ment to be accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. Yohei Miyashita, Naoki Kimoto
and Masafumi Kitakaze have verified the underlying data of this study.

Data sharing statement
The data analyzed in this study are available from the corresponding
author upon reasonable request, depending on the nature of the request.

Declaration of interests
Relationships to industry do not exist for YM, TH, HF, JK, NK, KK, YY,
MY, and TW. SI reports grants from Japan Society for the Promotion of
Science outside the submitted work. MK reports personal fees from
Daiichi-sankyo, personal fees from Viatris, grants and personal fees
from Ono, grants from Novartis, grants and personal fees from Tanabe-
mitsubishi, grants from Takeda, grants and personal fees from Astra
Zeneca, grants and personal fees from Boehringer-ingelheim, grants
from Kowa, personal fees from Otsuka, personal fees from Eli Lilly
outside the submitted work.

Acknowledgements
We acknowledge the grants from Japanese government, Japan Heart
Foundation, Japan Cardiovascular Research Foundation. There were no
persons to be acknowledged.
References
1 Hricak H, Abdel-Wahab M, Atun R, et al. Medical imaging and

nuclear medicine: a Lancet Oncology Commission. Lancet Oncol.
2021;22(4):e136–e172.

2 Xiao AY, Tan ML, Wu LM, et al. Global incidence and mortality of
pancreatic diseases: a systematic review, meta-analysis, and meta-
regression of population-based cohort studies. Lancet Gastroenterol
Hepatol. 2016;1(1):45–55.

3 Lowenfels AB, Maisonneuve P. Epidemiology and prevention of
pancreatic cancer. Jpn J Clin Oncol. 2004;34(5):238–244.

4 Mack TM, Yu MC, Hanisch R, Henderson BE. Pancreas cancer and
smoking, beverage consumption, and past medical history. J Natl
Cancer Inst. 1986;76(1):49–60.

5 Ben Q, Xu M, Ning X, et al. Diabetes mellitus and risk of pancreatic
cancer: a meta-analysis of cohort studies. Eur J Cancer.
2011;47(13):1928–1937.

6 Raimondi S, Lowenfels AB, Morselli-Labate AM, Maisonneuve P,
Pezzilli R. Pancreatic cancer in chronic pancreatitis; aetiology,
incidence, and early detection. Best Pract Res Clin Gastroenterol.
2010;24(3):349–358.

7 Pandol SJ. Neurohumoral control of exocrine pancreatic secretion.
Curr Opin Gastroenterol. 2004;20(5):435–438.

8 Park JH, Han K, Hong JY, et al. Changes in metabolic syndrome
status are associated with altered risk of pancreatic cancer: a
nationwide cohort study. Gastroenterology. 2022;162(2):509–520.e7.

9 Inoue M, Noda M, Kurahashi N, et al. Impact of metabolic factors
on subsequent cancer risk: results from a large-scale population-
based cohort study in Japan. Eur J Cancer Prev. 2009;18(3):240–247.

10 Russo A, Autelitano M, Bisanti L. Metabolic syndrome and cancer
risk. Eur J Cancer. 2008;44(2):293–297.
11 Johansen D, Stocks T, Jonsson H, et al. Metabolic factors and the
risk of pancreatic cancer: a prospective analysis of almost 580,000
men and women in the metabolic syndrome and cancer project.
Cancer Epidemiol Biomark Prev. 2010;19(9):2307–2317.

12 Executive summary of the third report of the National Cholesterol
Education Program (NCEP) expert panel on detection, evaluation,
and treatment of high blood cholesterol in adults (Adult Treatment
Panel III). JAMA. 2001;285(19):2486–2497.

13 Yamagishi K, Iso H. The criteria for metabolic syndrome and the
national health screening and education system in Japan. Epidemiol
Health. 2017;39:e2017003.

14 Parkin DM, Muir CS. Cancer incidence in five continents.
Comparability and quality of data. IARC Sci Publ. 1992;120:409–
416.

15 Lal G, Liu G, Schmocker B, et al. Inherited predisposition to
pancreatic adenocarcinoma: role of family history and germ-line
p16, BRCA1, and BRCA2 mutations. Cancer Res. 2000;60(2):409–
416.

16 Duell EJ, Holly EA, Bracci PM, Liu M, Wiencke JK, Kelsey KT.
A population-based, case-control study of polymorphisms in
carcinogen-metabolizing genes, smoking, and pancreatic adeno-
carcinoma risk. J Natl Cancer Inst. 2002;94(4):297–306.

17 Whitcomb DC, Pogue-Geile K. Pancreatitis as a risk for pancreatic
cancer. Gastroenterol Clin N Am. 2002;31(2):663–678.

18 Bueno de Mesquita HB, Maisonneuve P, Runia S, Moerman CJ.
Intake of foods and nutrients and cancer of the exocrine pancreas: a
population-based case-control study in the Netherlands. Int J Can-
cer. 1991;48(4):540–549.

19 Michaud DS, Giovannucci E, Willett WC, Colditz GA, Stampfer MJ,
Fuchs CS. Physical activity, obesity, height, and the risk of
pancreatic cancer. JAMA. 2001;286(8):921–929.

20 Silverman DT, Schiffman M, Everhart J, et al. Diabetes mellitus,
other medical conditions and familial history of cancer as risk
factors for pancreatic cancer. Br J Cancer. 1999;80(11):1830–1837.

21 Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. Over-
weight, obesity, and mortality from cancer in a prospectively
studied cohort of U.S. adults. N Engl J Med. 2003;348(17):1625–
1638.

22 Lam DW, LeRoith D. Metabolic syndrome. In: Feingold KR,
Anawalt B, Boyce A, et al., eds. Endotext. South Dartmouth (MA):
MDText.com, Inc; 2000.

23 Jee SH, Ohrr H, Sull JW, Yun JE, Ji M, Samet JM. Fasting serum
glucose level and cancer risk in Korean men and women. JAMA.
2005;293(2):194–202.

24 Cowey S, Hardy RW. The metabolic syndrome: a high-risk state for
cancer? Am J Pathol. 2006;169(5):1505–1522.

25 Ohnishi H, Saitoh S, Akasaka H, et al. Incidence of hypertension in
individuals with abdominal obesity in a rural Japanese population:
the Tanno and Sobetsu study. Hypertens Res. 2008;31(7):1385–1390.

26 Clayton PE, Banerjee I, Murray PG, Renehan AG. Growth hor-
mone, the insulin-like growth factor axis, insulin and cancer risk.
Nat Rev Endocrinol. 2011;7(1):11.

27 Ibrahim YH, Yee D. Insulin-like growth factor-I and cancer risk.
Growth Horm IGF Res. 2004;14(4):261–269.

28 Trayhurn P, Wood IS. Adipokines: inflammation and the pleio-
tropic role of white adipose tissue. Br J Nutr. 2004;92(3):347–355.

29 Kadowaki T, Yamauchi T. Adiponectin and adiponectin receptors.
Endocr Rev. 2005;26(3):439–451.

30 Valko M, Izakovic M, Mazur M, Rhodes CJ, Telser J. Role of oxygen
radicals in DNA damage and cancer incidence. Mol Cell Biochem.
2004;266(1–2):37–56.
www.thelancet.com Vol 67 January, 2024

http://refhub.elsevier.com/S2589-5370(23)00530-8/sref1
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref1
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref1
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref2
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref2
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref2
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref2
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref3
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref3
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref4
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref4
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref4
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref5
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref5
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref5
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref6
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref6
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref6
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref6
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref7
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref7
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref8
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref8
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref8
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref9
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref9
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref9
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref10
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref10
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref11
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref11
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref11
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref11
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref12
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref12
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref12
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref12
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref13
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref13
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref13
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref14
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref14
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref14
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref15
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref15
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref15
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref15
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref16
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref16
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref16
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref16
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref17
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref17
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref18
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref18
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref18
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref18
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref19
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref19
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref19
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref20
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref20
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref20
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref21
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref21
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref21
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref21
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref22
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref22
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref22
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref23
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref23
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref23
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref24
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref24
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref25
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref25
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref25
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref26
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref26
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref26
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref27
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref27
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref28
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref28
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref29
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref29
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref30
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref30
http://refhub.elsevier.com/S2589-5370(23)00530-8/sref30
www.thelancet.com/digital-health

	Metabolic syndrome is linked to the incidence of pancreatic cancer
	Introduction
	Methods
	Study design
	Participants
	Ethics
	Definition of MetS
	The study protocol
	Statistics
	Role of funding source

	Results
	Discussion
	ContributorsThe followings are the role of each author to this study; Study conceptualization and design: MK, YH; Data cura ...
	Data sharing statementThe data analyzed in this study are available from the corresponding author upon reasonable request,  ...
	Declaration of interests
	Acknowledgements
	References


