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Introduction

Pancreatic cancer is characterized by poor prognosis with 
dismal clinical course. Despite the development of diverse 
diagnostic and therapeutic approaches, overall 5-year sur-
vival rate is less than 6% [1], which ranks pancreatic cancer 
as 7th leading cause of cancer-related mortality worldwide 
[2]. Thus, it is clinically important to seek the way of prevent-
ing pancreatic cancer in terms of lowering medical burden of 
pancreatic cancer.

Evidence has indicated the role of metabolic derange-
ment on the pathogenesis of pancreatic cancer. Epidemio-
logic studies have demonstrated that patients with obesity 
or type 2 diabetes mellitus (T2DM) had the relatively higher 
risk of pancreatic cancer, compared with their counterpart 
[3-6]. Insulin resistance is regarded as a potential pathologic 
mechanism for association between metabolic derange-

ment and pancreatic cancer [7], where compensatory insulin  
hypersecretion, pancreatic cellular proliferation and elevated 
insulin-like growth factor-1 may contribute to the pathogen-
esis of pancreatic cancer [8,9].

It has been increasingly recognized that vigorous intensity 
physical activity benefits resolving metabolic abnormality. 
A prospective cohort study showed that vigorous physical  
activity was more strongly associated with the decreased risk 
of T2DM than other intensities-physical activity [10]. In a 
year-long randomized controlled trial of the effect of exercise 
on body weight and fat mass, moderate to vigorous intensity 
exercise led to the significant reduction of body weight, body 
mass index (BMI) and waist and hip circumferences in both 
men and women [11]. Thus, it is hypothesized that vigorous 
physical activity is potentially effective in reducing the risk 
of pancreatic cancer through improving metabolic condi-
tion. In practice, there was a report for the preventive effect 
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of physical activity on pancreatic cancer in both cohort and 
case-control studies [12]. However, it is still early to draw the 
definite conclusion on association between physical activity 
and pancreatic cancer due to equivocal and heterogenous  
results [13,14]. Additionally, it seems that adopting wide 
range of physical activity including low to moderate level 
may be a challenge for ascertaining the risk of pancreatic 
cancer pertaining to the specific intensity of physical activity. 

Using data of the National Health Insurance Corporation 
(NHIC) in Korea, we investigated the risk of incident pancre-
atic cancer according to the frequency of vigorous physical 
activity per week. The aim of study was to identify frequency 
of vigorous intensity physical activity related to decreased 
risk of pancreatic cancer. 

Materials and Methods

1. Data sources
We used the National Emergency Department Information 

System database from 2017 to 2019. In brief, thOur results 
were obtained from analyzing Korean statistics derived from 
the Korea National Health Information Database (NHID) 
operated by Korea NHIC that provides the National Health 
Insurance Service (NHIS) to Korean population. NHIS cov-
ers the entire population living in South Korea over 97%, 
suggesting that the NHID can represent the medical service 
usage of the entire Korean population [15]. In more detail, 
Korean medical institutions are mandatory to contract with 
NHIC, providing medical information of their healthcare  
users and patients to NHID run by NHIC. Therefore, the 
NHID is a public database containing the medical informa-
tion and socio-demographic variables for Korean population 
collected from health care utilization and health check-up.

2. Study participants 
Initial number of study participants was 223,551 Koreans 

who received health check-up in 2009. Their medical infor-
mation and disease histories were recorded in the NHID. 
We reviewed their medical information from 2002 to date 
before health check-up in 2009, and excluded participants 
relevant to exclusion criteria as follows: present past history 
of pancreatic cancer based on international code of disease 
(ICD-C25 [C25.0-25.9]), and missing data for physical activ-
ity. Among the 223,355 participants, 194 subjects with history 
of pancreatic cancer and 3,000 subjects with missing data 
for physical activity were excluded from study participants 
We further excluded two subjects with both past history of 
pancreatic cancer and missing data for physical activity from 
study participants. Finally, the total number of study partici-
pants was 220,357 (Fig. 1). The total follow-up period was 

965,829.1 person-year and average follow-up period was 4.38 
(standard deviation, 0.45) person-year.

3. Health survey examinations and laboratory measure-
ments

This study was based on analyzing the data derived from 
health check-up performed in 2009. Koreans over age of 40 
years are required to receive health check-up served by NHIS 
annually or biennially in medical institutions contracting 
with NHIC. The aim of health check-up is early detection of 
chronic illness and promoting the general health in Korean 
population. 

The health check-up is conducted thorough two stages. 
The first stage is an interview between subjects and health-
care provider to discover symptoms or abnormalities. Inter-
view is a screening to find out the possibility or risk of spe-
cific disease. The second stage is more detailed examinations 
to confirm the presence of disease. Detailed examinations 
are composed of self-questionnaire assessing lifestyle, health 
behavior and past medical histories, anthropometric measu 
rements, and laboratory examinations. 

Smoking amount was defined as pack-year. The pack-year 
was calculated from the smoking related questionnaire. Sub-
jects with alcohol intake more than three times a week were 
regarded as alcohol drinker. BMI was calculated as weight 
(kg) divided by the square of height (m). Waist circumference 
(WC) was measured at the midpoint between the bottom of 
the rib cage and top of the iliac crest. Systolic blood pres-
sure (BP) and diastolic BP were measured by trained examin-
ers. The following laboratory data were measured at health 
check-up and used as baseline clinical characteristics: fasting 
blood glucose, total cholesterol (TC), triglyceride (TG), high-
density lipoprotein (HDL) cholesterol, low-density lipo-
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Fig. 1.  Flow chart of enrolled study subjects.
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Total No. of study participants
(n=220,357)
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protein (LDL) cholesterol, serum creatinine (SCr), aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
and γ-glutamyltransferase (GGT). Kidney function was 
measured with estimated glomerular filtration rate (eGFR), 
which was calculated using the Chronic Kidney Disease Epi-
demiology Collaboration equation: eGFR=141×min(SCr/K, 
1)a×max(SCr/K, 1)−1.209×0.993age×1.018 [if female] ×1.159 [if 
Black], where SCr is serum creatinine, K is 0.7 for females and 
0.9 for males, a is −0.329 for females and −0.411 for males, 
min indicates the minimum of SCr/K or 1 and max indicates 
the maximum of SCr/K or 1 [16]. 

4. Assessment of physical activity
International Physical Activity Questionnaire (IPAQ) short 

form was used in assessing the degree of physical activity. 
The detailed question was as follows; “During the last 7 days, 
how many days and how long (minutes) did you do vigor-
ous physical activities like heavy lifting, digging, aerobics, 
or fast bicycling?”, “During the last 7 days, on how many 
days and how long (minutes) did you do moderate physical 
activities like carrying light loads, bicycling at a regular pace, 
or doubles tennis?”, “During the last 7 days, on how many 
days and how long (minutes) did you walk ?”, During the 
last 7 days, how much time (hour) did you spend sitting on 
a day?”. Subjects were divided into four groups according to 
the frequency of days per week that they performed vigor-
ous intensity physical activities at least 20 minutes as follows: 
group 1, 0 day per week; group 2, 1-3 days per week; group 3, 
4-5 days per week and group 4, 6-7 days per week. Metabolic 
equivalent of task (MET) was calculated as follows (min-
utes/week): walking MET (3.3×walking minutes×walking 
days per week)+moderate MET (4.0×moderate-intensity 
activity minutes×moderate days per week)+vigorous MET 
(8.0×vigorous-intensity activity minutes×vigorous-intensity 
days per week) [17].

5. Outcome definitions
The identification of incident pancreatic cancer was based 

on reviewing NHID linked to the department of Statistics 
Korea in NHIC. Korean medical institutions contracting with 
NHIC are mandatory to provide the medical information of 
patients to NHID. For example, if pancreatic cancer is detec-
ted in asymptomatic or symptomatic patients by imaging 
modalities or surgical operation, medical institutions should 
register patients with newly identified pancreatic cancer into 
NHID as pancreatic cancer with ICD-code (C25 [C25.0-25.9]). 
Our study was based on NHID, and thus, we identified the 
incidence of pancreatic cancer on the basis of ICD-code (C25 
[C25.0-25.9]) registered in NHID. Reviewing NHID before 
and at the time of receiving health check-up (2009), we firstly 
excluded all of individuals with previously registered ICD-

C25 (C25.0-25.9), and enrolled individuals without previ-
ously registered ICD-C25 (C25.0-25.9) into study subjects. 
Through reviewing NHID from date after a time of receiving 
medical health check-up in 2009 to December 31th in 2013, 
we identified subjects with newly registered ICD-C25 (C25.0-
25.9), and enlisted them into incident cases of pancreatic 
cancer. Therefore, the follow-up period of subjects with inci-
dent pancreatic cancer was from the date on health check-up 
(2009) to date on diagnosis of pancreatic cancer. 

6. Statistical analysis
Data were expressed as means±standard deviation for 

continuous variables and percentages of the number for cat-
egorical variables. The one-way ANOVA and chi-square test 
were used to analyze the statistical differences among the 
characteristics of the study participants at the time of enroll-
ment in relation to the four groups of baseline physical activ-
ity levels. The person-years were calculated as the sum of 
follow-up times from the baseline until the diagnosis time of 
pancreatic cancer development or until December 31, 2013. 
To evaluate the associations of baseline physical activity lev-
els and incident pancreatic cancer, we used Cox proportional 
hazards models to estimate adjusted hazard ratios (HRs) and 
95% confidence intervals (CI) for incident pancreatic cancer. 
Additionally, the Cox proportional hazard models were used 
in analyzing the risk of pancreatic cancer according to the 
quartile levels of MET. 

The Cox proportional hazard models were adjusted for the 
multiple confounding factors. In the multivariate models, 
we included variables that might confound the relationship 
between physical activity and incident pancreatic cancer, 
which include: age, sex, BMI, systolic BP, fasting blood glu-
cose, LDL-cholesterol, eGFR, GGT, smoking amount (pack-
year), and alcohol intake. To test the validity of the Cox 
proportional hazard models, we checked the proportional 
hazard assumption. The proportional hazard assumption 
was assessed by log-minus-log survival function and found 
to be graphically unviolated. A likelihood ratio test was used 
to test whether there were positive linear dose-response  
relationships of the HRs for pancreatic cancer with increas-
ing the frequency of vigorous physical activity. p-values < 
0.05 were considered to be statistically significant. All statis-
tical analyses were performed using SAS ver. 9.4 (SAS Insti-
tute, Cary, NC). 

Results

During 965,829.1 person-years of follow-up, 377 (0.17%) 
cases of incident pancreatic cancer developed between 2009 
and 2013. 
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Table 1 presents the baseline characteristics of study partic-
ipants according to the frequency of vigorous intensity phys-
ical activity. Our study participants were of the elderly (over-
all mean age, 58.1±8.8) with a preponderance of men. Group 
4 (6-7 vigorous intensity physical activity per week) had the 
higher mean values in fasting glucose, BP, BMI, WC and the 
proportion of alcohol drinker than other groups. However, 
TC, TG, and LDL-cholesterol were relatively low in group 
4. With respect to physical activity, MET increased with the 
frequency of vigorous intensity physical activity, but sitting 
time was not significantly different among groups.   

Compared with group without incident pancreatic can-
cer, group with incident pancreatic cancer tended to have 
the more adverse clinical characteristics in age, systolic BP, 
TG, HDL-cholesterol, fasting glucose, eGFR, AST, ALT, and 
GGT (Table 2). Parameters showing the significant difference 
between two groups were illustrated in Fig. 2. Additionally, 
group with incident pancreatic cancer had the poorer health 
behavior (smoking amount and proportion of alcohol drink-
er) and lower physical activity in MET and moderate inten-
sity physical activity than group without incident pancreatic 
cancer. 
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Table 1.  Baseline characteristics of participants according to the four groups of the physical activity levels (n=220,357)

		              	Frequency of high intensity physical activity
Characteristic	 Overall	 Group 1	 Group 2	 Group 3	 Group 4	 p for
		  (n=129,264)	 (n=66,580)	 (n=14,122)	 (n=10,391)	 trenda)

Person-year (total)	 965,829.1	 566,486.9	 291,642.6	 61,965.9	 45,733.7
Person-year (average)	 4.38±0.45	 4.38±0.49	 4.38±0.38	 4.39±0.37	 4.40±0.46	 < 0.001
Age (yr)	 58.1±8.8	 59.4±9.3	 55.7±7.5	 56.7±7.7	 60.1±8.5	 < 0.001
Sex						    
    Male 	 123,935 (56.2)	 61,919 (47.9)	 46,173 (69.4)	 9,224 (65.3)	 6,619 (63.7)	 < 0.001
    Female 	 96,422 (43.8)	 67,345 (52.1)	 20,407 (30.6)	 4,898 (34.7)	 3,772 (36.3)	
BMI (kg/m2)	 24.0±2.9	 23.9±3.0	 24.1±2.8	 24.1±2.7	 24.1±2.8	 < 0.001
WC (cm)	 82.0±8.2	 81.7±8.4	 82.5±7.9	 82.1±7.9	 82.6±7.9	 < 0.001
Systolic BP (mm Hg)	 125.3±15.2	 125.4±15.5	 124.9±14.6	 125.3±14.6	 126.2±15.1	 < 0.001
Diastolic BP (mm Hg)	 77.7±9.9	 77.5±10.1	 78.0±9.8	 77.8±9.8	 77.9±9.9	 0.004
Total cholesterol (mg/dL) 	 200.0±37.5	 200.3±38.0	 199.7±36.8	 199.2±36.5	 198.5±37.5	 < 0.001
Triglyceride (mg/dL)	 118 (83-170)	 118 (83-170)	 120 (84-174)	 111 (78-162)	 113 (79-163)	 < 0.001
HDL-cholesterol (mg/dL)	 55.4±32.5	 56.0±36.2	 54.1±25.6	 55.8±29.0	 55.7±28.0	 0.495
LDL-cholesterol (mg/dL) 	 118.3±39.0	 118.6±39.6	 117.7±37.6	 117.9±39.3	 117.3±40.7	 0.002
Fasting blood glucose (mg/dL) 	 100.8±25.4	 100.5±25.6	 101.0±25.3	 101.2±24.2	 102.0±24.8	 < 0.001
SCr (mg/dL)	 1.15±1.49	 1.06±1.25	 1.31±1.83	 1.26±1.72	 1.11±1.27	 0.091
eGFR (mL/min/1.73 m2)	 80.6±20.2	 80.8±19.4	 80.4±21.7	 80.2±21.2	 79.8±18.8	 < 0.001
AST (U/L)	 26.6±16.5	 26.5±17.1	 26.7±15.4	 26.8±14.4	 27.3±18.2	 < 0.001
ALT (U/L)	 25.4±19.4	 24.9±19.2	 26.3±19.8	 25.5±18.9	 25.1±18.9	 0.659
GGT (U/L)	 39.1±53.9	 37.5±54.6	 42.0±52.2	 39.2±52.4	 39.6±57.8	 0.036
Smoking amount (pack-year)	 7.8±13.9	 7.1±14.1	 8.9±13.4	 8.2±13.2	 8.1±14.6	 < 0.001
Alcohol drinker (%)	 14.3	 12.4	 16.4	 18.2	 19.4	 < 0.001
Incidence of pancreatic cancer (%)	 377 (0.17)	 244 (0.19)	 107 (0.16)	 16 (0.11)	 10 (0.10)	 < 0.001
Duration of PA (mo)	 30.8±10.9	 30.7±12.2	 31.4±11.4	 29.5±9.8	 27.6±10.3	 < 0.001
MET (min/wk)	 874±346	 817±330	 932±294	 1,231±382	 1,527±419	 < 0.001
Sitting time (hr/day)	 7.1±3.4	 7.2±3.6	 6.9±3.1	 7.0±2.9	 7.1±3.5	 0.065
Moderate intensity PA						    
    Number (wk)	 2.8±1.3	 2.6±1.1	 2.9±1.4	 2.4±1.5	 2.2±1.7	 < 0.001
    Minutes	 25.9±8.1	 27.9±7.5	 28.6±9.4	 27.5±10.3	 25.4±11.2	 < 0.001

Values are presented as mean±standard deviation or number (%). Group 1, performing 0 day per week; group 2, performing 1-3 days per 
week; group 3, performing 4-5 days per week; group 4, performing 6-7 days per week. ALT, alanine aminotransferase; AST, aspartate ami-
notransferase; BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; GGT, γ-glutamyltransferase; HDL, 
high-density lipoprotein; LDL, low-density lipoprotein; MET, metabolic equivalent of task; PA, physical activity; SCr, serum creatinine; 
WC, waist circumference. a)p-value by ANOVA-test for continuous variables and chi-square test for categorical variables. 
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Table 3 indicates the HRs and 95% CI for pancreatic can-
cer according to the frequency of vigorous intensity physi-
cal activity. In unadjusted model, the HRs and 95% CI for 
pancreatic cancer delineated the inverse relationship bet-
ween frequency of vigorous intensity physical activity and 
risk of incident pancreatic cancer (group 1, reference; group 
2, 0.85 [0.68-1.07]; group 3, 0.60 [0.36-0.99] and group 4, 0.51 
[0.27-0.95], respectively) (p for trend=0.014). The statistical 
significance of association was markedly attenuated after 
adjustment for multiple covariates, but group 4 showed the 
maintained statistical significance (group 1, reference; group 
2, 1.10 [0.86-1.40]; group 3, 0.75 [0.45-1.25] and group 4, 0.47 
[0.25-0.89], respectively) (p for trend=0.004). 

Out of 377 subjects with incident pancreatic cancer, 22 sub-
jects developed pancreatic cancer within 6 months from the 
date of cohort participation. Even in an analysis excluding 

such 22 subjects from study participants (S1 Table), group 4 
was significantly associated with decreased risk of pancre-
atic cancer, compared with group 1, reference; group 2, 1.12 
[0.87-1.44]; group 3, 0.81 [0.49-1.35] and group 4, 0.51 [0.37-
0.96], respectively) (p for trend=0.009). 

S2 Table presents the risk of pancreatic cancer according to 
the quartile levels of MET. Unadjusted analysis showed that 
the third and fourth quartile group of MET had the lower 
risk of pancreatic cancer than the first quartile group. How-
ever, in multivariate adjusted analysis, any quartile groups 
didn’t show the significant association with decreased risk 
of pancreatic cancer compared with the first quartile group 
of MET (first quartile, reference; second quartile, 1.14 [0.82-
1.39]; third quartile, 0.90 [0.73-1.16] and fourth quartile, 0.84 
[0.65-1.04], respectively) (p for trend=0.005).

Sung Keun Park, Physical Activity and Pancreatic Cancer

Table 2.  Comparison between participants with and without incident pancreatic cancer 

Characteristic
	 Participants without pancreatic 	 Participants with pancreatic 	

p-valuea)

	 cancer (n=219,980)	 cancer (n=377)

Person-year (average)	 4.39±0.44	 2.59±1.24	 < 0.001
Age (yr)	 58.1±8.8	 64.8±10.1	 < 0.001
Sex			 
    Male 	 123,690 (56.2)	 245 (65.0)	 < 0.001
    Female 	 96,290 (43.8)	 132 (35.0)	
BMI (kg/m2)	 24.0±2.9	 23.9±2.8	 0.803
WC (cm)	 82.0±8.2	 83.5±7.8	 < 0.001
Systolic BP (mm Hg)	 125.3±15.2	 127.7±15.5	 0.003
Diastolic BP (mm Hg)	 77.7±9.9	 77.7±10.1	 0.934
Total cholesterol (mg/dL)	 200.0±37.5	 195.1±37.5	 0.011
Triglyceride (mg/dL)	 141.6±93.8	 146.8±92.9	 0.288
HDL-cholesterol (mg/dL)	 55.4±32.5	 51.0±12.9	 < 0.001
LDL-cholesterol (mg/dL)	 118.3±39.0	 115.6±37.6	 0.180
Fasting blood glucose (mg/dL)	 100.8±25.4	 109.9±35.7	 < 0.001
SCr (mg/dL)	 1.15±1.49	 1.19±1.55	 0.615
eGFR (mL/min/1.73 m2)	 80.6±20.2	 75.8±19.3	 < 0.001
AST (U/L)	 26.6±16.4	 29.3±32.2	 0.002
ALT (U/L)	 25.4±19.3	 26.0±17.3	 0.482
GGT (U/L)	 39.0±53.8	 51.6±85.3	 0.004
Smoking amount (pack-year)	 7.8±13.9	 11.6±20.8	 < 0.001
Alcohol drinker (%)	 14.3	 19.1	 0.009
MET (min/wk)	 874±378	 858±345	 < 0.001
Sitting time	 7.1±3.6	 7.1±3.8	 0.104
Moderate intensity PA			 
    Number (wk)	 2.8±1.4	 2.3±1.2	 < 0.001
    Minutes	 26.0±8.6	 25.7±9.1	 < 0.001
Values are presented as mean±standard deviation or number (%). ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, 
body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; GGT, γ-glutamyltransferase; HDL, high-density lipopro-
tein; LDL, low-density lipoprotein; MET, metabolic equivalent of task; PA, physical activity; SCr, serum creatinine; WC, waist circumfer-
ence. a)p-value by t test for continuous variables and chi-square test for categorical variables.
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Discussion

It is well established that physical activity has the favora-
ble effect on metabolic health. Physical activity is effective 
in controlling body weight and ameliorating insulin sensitiv-
ity [18,19]. Published studies have suggested that elevated 
physical activity lessens chronic inflammation, oxidative 
stress and DNA damage [20,21]. These results link to a  
notion that elevated physical activity may reduce cancer risk. 
In practice, previous literatures have reported the potential 
benefit of increased physical activity in preventing cancer 
[22-24]. However, evidence is still insufficient in corroborat-
ing the preventive effect of physical activity on pancreatic 
cancer. In particular, it is less clear as to which level of physi-
cal activity contributes to preventing pancreatic cancer. Dif-
ficulty in assessing the intensity of physical activity may be 
a reason for ambiguous results. We took note of a notion that 
vigorous intensity physical activity is potentially more pow-
erful than other intensities of physical activity in preventing 
metabolic disorders. Simplifying the level of physical activ-
ity into vigorous intensity, we evaluated the risk of incident 
pancreatic cancer according to the frequency of vigorous  
intensity physical activity. 

Cancer Res Treat. 2022;54(3):873-881

Fig. 2.  Parameters showing statistically significant difference  
between group without incident pancreatic cancer (control 
group) and group with incident pancreatic cancer (pancreatic 
cancer group). AST, aspartate aminotransferase; eGFR, estimat-
ed glomerular filtration rate; GGT, γ-glutamyltransferase; HDL, 
high-density lipoprotein; WC, waist circumference. 
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Table 3.  Hazard ratios and 95% confidence intervals for the incidence of pancreatic cancer according to the four groups divided by the 
frequency of vigorous physical activity 

	
Person-year

	 Incidence 	 Incidence         	Hazard ratios (95% confidence interval)

		  cases	 density	 Unadjusted	 Adjusted model

Physical activity		
    Group 1	 566,486.9	 244	 4.3	 1.00 (reference)	 1.00 (reference)
    Group 2	 291,642.6	 107	 3.7	 0.85 (0.68-1.07)	 1.10 (0.86-1.40)
    Group 3	   61,965.9	   16	 2.6	 0.60 (0.36-0.99)	 0.75 (0.45-1.25)
    Group 4	   45,733.7	   10	 2.2	 0.51 (0.27-0.95)	 0.47 (0.25-0.89)
    p for trend				    0.014	 0.004
Age (yr)	 -	 -	 -	 -	 1.08 (1.07-1.09)
Sex (female vs. male)	 -	 -	 -	 -	 0.73 (0.57-0.94)
BMI (kg/m2)	 -	 -	 -	 -	 1.01 (0.97-1.04)
Systolic BP (mm Hg)	 -	 -	 -	 -	 1.000 (0.992-1.006)
Fasting blood glucose (mg/dL)	 -	 -	 -	 -	 1.007 (1.004-1.009)
LDL-cholesterol (mg/dL)	 -	 -	 -	 -	 1.000 (0.997-1.003)
eGFR (mL/min/1.73 m2)	 -	 -	 -	 -	 0.998 (0.993-1.003)
GGT (U/L)	 -	 -	 -	 -	 1.002 (1.000-1.003)
Smoking amount (pack-year)	 -	 -	 -	 -	 1.009 (1.003-1.015)
Alcohol drinker (%)	 -	 -	 -	 -	 1.124 (0.844-1.497)

Incidence density: number of incident pancreatic cancer per 10,000 person-year. Adjusted model: multivariate adjustment for age, sex, 
BMI, systolic BP, fasting blood glucose, LDL-cholesterol, eGFR, GGT, smoking amount (pack-year), and alcohol intake. Group 1, per-
forming 0 day per week; group 2, performing 1-3 days per week; group 3, performing 4-5 days per week; group 4, performing 6-7 days 
per week. BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; GGT, γ-glutamyltransferase; LDL, low-
density lipoprotein.
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In the present study, compared group 1 (individuals not 
conducting vigorous physical activity), group 4 (individuals 
conducting vigorous physical activity for 6-7 days per week) 
showed the 53% decreased risk of incident pancreatic can-
cer (0.47 [0.25-0.89]). Compared with the previous reports, 
it seems that more than 50% reduction of pancreatic cancer 
is relatively high. Pooled estimates indicated reduction in 
pancreatic cancer risk with higher levels of total (0.72 [0.52-
0.99]) and occupational activity (0.75 [0.59-0.96]) [13]. Addi-
tionally, high physical activity is associated with decreased 
risk of pancreatic cancer by 7% in cohort study and 22% in 
case-control study [12]. As a plausible explanation for this 
finding, it is considered that only vigorous intensity physi-
cal activity was used as independent variable. We assessed 
the risk of pancreatic cancer according to frequency of only 
vigorous intensity physical activity, and only a few subjects 
(4.71%) were relevant to category with 6-7 times of vigorous 
intensity physical activity. In our point of view, 6-7 times 
of vigorous intensity physical activity per week seems to 
be considerably intensified physical activity. Additionally, 
group 4 maintained the intensified physical activity for rela-
tively long duration (27.6±10.3). Thus, the preventive effect 
of physical activity might be greatly manifested in group 4. 
Recent study for Chinese adult also showed that meeting the 
recommended minimum exercise threshold was associated 
with 41% decreased risk of pancreatic cancer risk (HR, 0.59; 
95% CI, 0.40 to 0.87) [25]. Taken together with these reports, 
it is postulated that daily vigorous intensity physical activity 
has a magnificient preventive effect on pancreatic cancer. 

The lifestyle factors like physical activity and sedentary 
behavior have been studied for their associations with can-
cer. Physical activity is inversely associated with and seden-
tary behavior is positively associated with an increased risk 
of more than ten types of cancer including colorectal and 
breast cancer [26]. In our result, groups 1 and 2 accounted for 
most cases (93%) of incident pancreatic cancer, and adjusted 
analysis indicates that group 1 had the higher risk for pan-
creatic cancer than group 4. Total MET was lower in group 
with incident pancreatic cancer (858±345) than group with-
out incident pancreatic cancer (874±378). These findings sug-
gest that physical inactivity is potentially associated with the 
increased risk of pancreatic cancer. Nonetheless, our results 
can’t assure that physical inactivity is a definite risk factor 
for pancreatic cancer. Although group 4 had the lower risk 
for pancreatic cancer than lowest physical activity group 1, 
group 2, and group 3 didn’t show the significantly decreased 
risk of pancreatic cancer, compared with group 1. Addition-
ally, sitting time was not significantly different between 
group with and without incident pancreatic cancer. A pre-
vious study demonstrated that physical inactivity was not 
risk factors for pancreatic cancer [27]. Therefore, next step 

for research should analyze the association between compre-
hensive levels of physical activity and the risk of pancreatic 
cancer. 

In our analysis, age, fasting glucose, smoking, and male 
sex were significantly associated with the increased risk of 
pancreatic cancer. This result is corresponding to previous 
reports suggesting the metabolic risk factors for pancreatic 
cancer [28,29]. Nonetheless, group 4 was not characterized 
by the favorable baseline metabolic profiles. Group 4 had 
the higher mean age (60.1±8.5 years) than other groups. The 
elderly men with retirement may have elevated interest on 
health, resulting in the increased physical activity. Therefore, 
it is perplexing that group 4 had the higher levels in smok-
ing amount and proportion of drinker than other groups. 
This finding may be partly attributable to the cultural fea-
ture in Korean that smoking and alcohol consumption are 
more generous and prevalent in the elderly men. Addition-
ally, exercise or leisure sports tend to be performed in club or 
community activity, which frequently accompanies alcohol 
drinking. These factors may be responsible for the higher 
smoking and alcohol intake in group 4. The relatively older 
age in group 4 may contribute to their higher levels in BP, 
fasting glucose, BMI, and WC than those in other groups. 
However, in group 4, mean levels of BP, BMI, and WC were 
within normal range, and mean fasting glucose level didn’t 
show the remarkable difference among groups (100.8±25.4 to 
102.0±24.8 mg/dL). Moreover, group 4 had the relatively low 
levels in mean TC, TG, and LDL-cholesterol. Thus, it seems 
that elevated physical activity had a favorable effect on meta-
bolic condition. 

Men were predominant in our study participants. The 
accessibility of men to health check-up may be a plausible 
explanation for the preponderance of men in our study par-
ticipants. Although health check-up is accessible to all of 
Koreans over age of 40, socially active persons tend to rece-
ive health check-up. Because men are more socially active 
than women in Korea society, men are more likely to receive 
health check-up than women. 

Limitations of current study should be recognized. First, 
our raw data didn’t include detailed information about pan-
creatic cancer and medical usage of study subjects. There-
fore, we are limited in identifying the stage and the pathol-
ogy type of incident pancreatic cancer. Additionally, we are 
not accessible to medical usage of subjects with incident 
pancreatic cancer. Second, determination of incident pan-
creatic cancer was based only on ICD-code in NHID. Thus, 
there is a possibility that incidence of pancreatic cancer in 
our study is different from that in other Korean cancer statis-
tics. Using other cancer statistics may allow us to obtain the 
more accurate incidence. However, we couldn’t match our 
study subjects with those in other cancer statistics because 
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personal information of study subjects is absent in our raw 
data. Thus, it is impossible to use other cancer statistics in 
determining incident pancreatic cancer. Third, since assess-
ment of physical activity was based on IPAQ short form, our 
results didn’t reflect the broad spectrum of physical activities 
covered by working, house and yard working, getting from 
place to place, in spare time for recreation and exercise or 
sport. Fourth, the follow-up period for pancreatic cancer was 
relatively short (4.38 person-years). Short follow-up period 
may link to the relatively small cases of incident pancreatic 
cancer. Therefore, it is inferred that longer follow-up period 
results in the more substantial results with the higher inci-
dence of pancreatic cancer. 

Near daily vigorous intensity physical activity longer than 
20 minutes was significantly associated with the decreased 
risk of pancreatic cancer. These results suggest the preven-
tive effect of daily vigorous intensity physical activity on 
pancreatic cancer.
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