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Abstract
Incidences of pancreatic cancer and acute and chronic pancreatitis are rising globally, and often no curative treatment is 
available at the time of diagnosis. We tested the hypothesis that low and high plasma concentrations of pancreatic amylase 
are associated with increased risk of pancreatic cancer, acute pancreatitis, and chronic pancreatitis in the general population. 
We included 101,765 individuals (55% women) aged 20–100 years from the Copenhagen General Population Study with 
baseline measurements of plasma pancreatic amylase. After recruitment in 2004–2015 during a median 9 years of follow-up 
(range 0–15), we collected information about diagnoses of pancreatic cancer, acute pancreatitis, and chronic pancreatitis 
from the national Danish Patient Registry, the national Danish Cancer Registry, and the national Danish Causes of Death 
Registry. The median age was 58 years (interquartile range: 48–67) and the median plasma pancreatic amylase 32 U/L 
(26–40). During follow-up, 442 individuals were diagnosed with pancreatic cancer, 282 with chronic pancreatitis, and 401 
with acute pancreatitis. Compared to individuals with pancreatic amylase levels in the 41st–60th percentiles, those with 
extreme low (1st–2.5th percentiles) and extreme high (97.5th–100th percentiles) pancreatic amylase had hazard ratios of 
2.4 (95% confidence interval; 1.6–3.6) and 2.2 (1.4–3.7) for pancreatic cancer, of 1.8 (1.1–3.3) and 3.2 (1.8–5.6) for chronic 
pancreatitis, and of 1.1 (0.6–1.8) and 1.5 (0.8–2.7) for acute pancreatitis, respectively. In apparently healthy individuals from 
the general population, extreme low and extreme high plasma pancreatic amylase were associated with 2–threefold higher 
risk of both pancreatic cancer and chronic pancreatitis.
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Introduction

Pancreatic cancer and acute and chronic pancreatitis are 
dreaded diseases, where incidences are rising globally [1, 
2]. At the time of diagnosis, often no curative treatment 
exists [3–5].

Acute and chronic pancreatitis can theoretically be 
viewed as a continuum of the same pathogenic processes, 
in which several episodes of acute inflammation lead to 
chronic inflammation and irreversible tissue damage [6, 
7]. The diseases share common risk factors such as alcohol 
consumption, smoking, hypertriglyceridemia, obesity, and 
genetic predisposition [3, 4]. One-in-five with a single epi-
sode of acute pancreatitis, and one-in-three with recurrent 
acute pancreatitis develops chronic pancreatitis [8, 9], and 
half of individuals with chronic pancreatitis have had acute 
pancreatitis [10]. Both diseases are treated symptomatically, 
and are associated with low quality of life and reduced life 
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expectancy [4, 7]. Pancreatic cancer shares the same risk 
factors as acute and chronic pancreatitis [2], and develops in 
5% of individuals with chronic pancreatitis [11]. The mor-
tality rate is high, as pancreatic cancer is mostly diagnosed 
in late stages where surgical treatment is often not curative 
due to local invasive growth and metastases. The five year 
survival rate is approximately 6% [12], and pancreatic cancer 
is one of the most lethal cancers worldwide [13].

Currently, plasma pancreatic amylase > 3 times above 
upper limit of normal is used as first line in diagnosing acute 
pancreatitis [14, 15], and in a Japanese guideline it is further 
suggested as a supplement to a probable diagnosis of chronic 
pancreatitis [16]. No current European or American guide-
lines include plasma pancreatic amylase as a diagnostic tool 
for chronic pancreatitis [17, 18] or pancreatic cancer [19, 
20]. The use of low plasma pancreatic amylase has been sug-
gested as an indirect test of pancreatic function supporting 
a diagnosis of chronic pancreatitis in a previous guideline 
[21], and findings from a Danish study of 121 individu-
als with chronic pancreatitis [22] supports this statement. 
Plasma pancreatic amylase is an inexpensive, well-known, 
and accessible biochemical analysis and more importantly, 
it is organ specific.

We tested the hypothesis that low and high plasma pan-
creatic amylase levels are associated with increased risk of 
pancreatic cancer, acute pancreatitis, and chronic pancrea-
titis in apparently healthy individuals in the general popula-
tion; apparently healthy implies no knowledge of previous 
relevant pancreas disease.

Methods

Study population

In this retrospective study with endpoints collected pro-
spectively, we studied 101,765 men and women aged 
20–100 years with baseline measurement of plasma pan-
creatic amylase from the Copenhagen General Population 
Study, randomly selected from the Danish general popula-
tion in 2004–2015. Individuals filled out a questionnaire, 
underwent a physical examination, and had blood samples 
drawn for biochemical analyses. The study was conducted in 
accordance with the Declaration of Helsinki and approved 
by local institutional reviews boards and Danish ethical com-
mittees (H-KF-01–144/01). Written informed consent was 
obtained from all individuals.

Plasma pancreatic amylase

Plasma pancreatic amylase (U/L) was measured non-fast-
ing (evidence suggest no oscillation in postprandial plasma 
amylase levels compared to fasting [23]) using standard 

hospital assay inhibiting salivary amylase by monoclonal 
antibodies. The same autoanalysers and assays were used 
for all measurements (KoneLab, Diasys kit). For statistical 
analyses, individuals were divided according to plasma pan-
creatic amylase quintiles, and to focus on extreme low and 
high values, into 1st–2.5th percentiles, 2.6th–20th percen-
tiles, 21st–40th percentiles, 41st–60th percentiles (reference 
group), 61st–80th percentiles, 81st–97.4th percentiles, and 
97.5th–100th percentiles.

Laboratory analyses and other covariates

Blood samples were drawn nonfasting as endorsed by both 
European and American societies [24–26], and biochemical 
analyses were performed once at baseline. Plasma triglyc-
erides, high-sensitive C-reactive protein (CRP), pancreatic 
lipase (measured until July 2005), and creatinine were meas-
ured using standard hospital assays. Age and sex corrected 
plasma creatinine was used to estimate glomerular filtration 
rate (eGFR) using the CKD-EPI (Chronic Kidney Disease 
Epidemiology Collaboration) formula. Body mass index 
(BMI) was measured weight divided by measured height 
squared (kg/m2). Smoking was quantified as pack-years, 
where 1 pack-year equals 20 cigarettes or equivalent smoked 
per day in one year. Alcohol intake was self-reported in 
units per week; 1 unit = 12 g of alcohol. Physical inactiv-
ity was < 4 h of light activity per week during leisure time. 
Diabetes mellitus was self-reported disease, use of anti-dia-
betic medication, nonfasting plasma glucose > 11 mmol/L 
(198 mg/dL), and/or a hospital diagnosis of diabetes prior 
to baseline from the national Danish Patient Registry (ICD8: 
249–250; ICD10: E10, E11, E13, E14) from 1977 (outpa-
tients included from 1995) and onwards. Diagnoses of cystic 
fibrosis (ICD-8: 273.0; ICD-10: E84; E84.0, E84.1, E84.8, 
E84.9) and non-alcoholic fatty lever disease (NAFLD) (ICD-
8: 571.11, 571.19; ICD-10: K75.9, K76.0, and K76.9) were 
likewise from the national Danish Patient Registry.

Pancreatic disease

Hospitalization or death due to pancreatic cancer, acute 
pancreatitis, and chronic pancreatitis were based on diag-
noses ascertained from the national Danish Patient Reg-
istry, the national Danish Causes of Death Registry (from 
1973), and the national Danish Cancer Registry (from 1943). 
Pancreatic cancer included ICD-8 codes 157.0, 157.8, and 
157.9 and ICD-10 codes C25.3, acute pancreatitis included 
ICD-8 codes 577.00, 577.01, 577.08, and 577.09 and ICD-
10 codes K85, K85.0, K85.1, K85.2, K85.2, K85.3, K85.8, 
and K85.9, and chronic pancreatitis included ICD-8 codes 
577.10, 577.11, and 577.19 and ICD-10 codes K86.0 and 
K86.1. Details of diagnostic criteria are given in Supple-
mentary Information methods
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All individuals were followed prospectively until the 
occurrence of pancreatic cancer (N = 442), acute pan-
creatitis (N = 401), chronic pancreatitis (N = 282), death 
(N = 10,088), emigration (N = 438), or end of follow-up in 
December 2018, whichever came first. Due to the complete-
ness of the Danish health registers, follow-up was without 
losses.

Statistics

We used STATA version 13. Comparison of baseline char-
acteristics was conducted using Cuzick’s nonparametric test 
for trend across ordered groups.

All 101,765 individuals had complete information from 
Danish nation-wide registries on age, sex, diabetes mellitus, 
cystic fibrosis, and NAFLD. Information on other covariates 
was 99% complete. Missing values were imputed based on 
age and sex using multivariable linear regression for con-
tinuous variables, and categorical variables were assigned 
a separate category. When only including individuals with 
complete data, results were similar to those presented.

The distribution of plasma pancreatic amylase in the 
population is shown using a Kernel-density plot. Trends in 
plasma pancreatic amylase by age and sex were estimated 
by Cuzick’s nonparametric test for trend.

The associations between pancreatic amylase and risk of 
pancreatic cancer, acute pancreatitis, and chronic pancreati-
tis were examined using Cox proportional hazards regression 
with 95% confidence intervals (CI). Left truncation at study 
entry and age as the underlying time scale (automatically 
adjusting for age) were used. Hazard ratios were adjusted 
for potential confounders for all three pancreatic diseases, 
selected a priori, and included age (as time-scale), sex, 
smoking, alcohol intake, physical inactivity, BMI, plasma 
triglycerides, eGFR, diabetes mellitus, cystic fibrosis, and 
NAFLD. Proportional hazard assumptions were not violated 
as assessed by Schoenfeld residuals. Prior to baseline, 493 
individuals were diagnosed with acute pancreatitis, 176 with 
chronic pancreatitis, and 24 with pancreatic cancer. These 
individuals were therefore excluded from the respective 
prospective analyses. Further adjustment for CRP was per-
formed as a sensitivity analysis; CRP was not considered a 
confounder in precaution of over-adjustment.

Similar analyses were performed for plasma pancreatic 
lipase (available in a subgroup), divided into equivalent 
groups as pancreatic amylase.

Results

Of 101,765 individuals, 894 had acute pancreatitis (493 
prevalent and 401 incident), 458 had chronic pancreatitis 
(176 prevalent and 282 incident), and 466 had pancreatic 

cancer (24 prevalent and 442 incident). Of these, 439 
women and 455 men had acute pancreatitis, 224 women 
and 234 men had chronic pancreatitis, and 243 women and 
223 men had pancreatic cancer.

Plasma pancreatic amylase

The distribution of plasma pancreatic amylase levels from 
101,765 apparently healthy individuals from the general 
population is shown in Fig. 1. The distribution was slightly 
skewed towards higher levels with a median value of 32 
U/L and an interquartile range (IQR) of 26–40 U/L. The 
reference range of 2.5th-97.5th percentiles corresponded 
to 16–63 U/L. Plasma pancreatic amylase levels were 
higher in women than in men in all age-groups (p-value: 
8 × 10–132), and levels were slightly higher with higher 
age for men (p for trend across age-groups: men 1 × 10–6, 
women: 0.58) (Fig. 2).

Follow‑up time and demographics

Median follow-up was 9 years (range 2 days–15 years), 
during which time 442 individuals experienced a first diag-
nosis of pancreatic cancer (through 919,316 person-years 
at risk), 401 developed acute pancreatitis (912,795 per-
son-years at risk), and 282 developed chronic pancreatitis 
(916,052 person-years at risk). Median time from baseline 
to diagnosis was 5.5 years (IQR: 3.0–8.1) for pancreatic 
cancer, 5.3 years (3.0–7.7) for chronic pancreatitis, and 
5.5 years (3.0–8.4) for acute pancreatitis. Baseline charac-
teristics of all 101,765 individuals according to percentiles 
of plasma pancreatic amylase levels are shown in Table 1.

Fig. 1   Distribution of plasma pancreatic amylase in individuals from 
the general population. Vertical grey lines are the 2.5th, 25th, 50th, 
75th, and 97.5th percentiles. Based on 101,765 individuals from the 
Copenhagen General Population Study
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Fig. 2   Sex and age stratified 
distribution of plasma pancre-
atic amylase in individuals from 
the general population. (Plasma 
pancreatic amylase levels by 
10-year age groups are shown as 
median and interquartile range. 
Diamond indicates women and 
circle indicates men. Based on 
101,765 individuals from the 
Copenhagen General Population 
Study. N = number. IQR = inter-
quartile range).

Table 1   Baseline characteristics of 101,765 individuals from the Copenhagen General Population Study by levels of plasma pancreatic amylase

Number of individuals varies slightly due to availability of data. Categorical variables are percent and continuous variables are median (inter-
quartile range). P for trend were estimated by Cuzick non-parametric test for trend. a One pack-year equals twenty cigarettes or equivalent 
smoked per day in one year. b One alcohol unit equals 12 g of alcohol. c Physical inactivity was < 4 h light activity per week during leisure time. 
d Estimated glomerular filtration rate by the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) formula based on age and sex 
corrected plasma creatinine levels. eIncludes both diabetes mellitus type I and II. eGFR = estimated glomerular filtration rate. NAFLD = non-
alcoholic fatty lever disease. CRP = high-sensitive C-reactive protein

Pancreatic amylase percentiles

1st–2.5th 2.6th–20th 21st–40th 41st–60th 61st–80th 81st–97.4th 97.5th–100th P for trend All

Number of 
individuals

3299 17,538 22,806 18,914 19,306 17,403 2499 101,765

Pancreatic 
amylase, U/L

14(12–16) 22(20–23) 28(26–29) 33(32–34) 39(37–40) 48(45–53) 72(67–85) 32(26–40)

Age, years 61(50–68) 59(49–68) 58(48–67) 57(48–67) 57(48–67) 59(49–68) 61(51–71) 0.80 58(48–67)
Men, % 50 51 47 44 42 39 44 1 × 10–123 45
Smoking, pack-

yearsa
7(0–28) 5(0–23) 2(0–19) 2(0–16) 1(0–15) 1(0–14) 3(0–20) 2 × 10–122 2(0–18)

Alcohol intake, 
unitsb/week

10(4–19) 10(4–18) 9(4–16) 8(4–14) 7(3–14) 7(3–13) 7(3–14) 7 × 10–256 8(4–15)

Physical 
inactivityc, %

55 51 48 46 46 45 49 8 × 10–42 47

Body mass 
index, kg/m2

27(24–30) 27(24–30) 26(24–29) 25(23–28) 25(23–28) 25(23–27) 25(22–27)  < 1 × 10–300 26(23–28)

Triglycerides, 
mmol/L

1.6(1.0–2.4) 1.5(1.0–2.2) 1.4(1.0–2.0) 1.4(0.9–2.0) 1.3(0.9–1.9) 1.3(0.9–1.9) 1.4(0.9–2.0) 3 × 10–136 1.4(1.0–2.0)

mg/dL 142(89–213) 133(89–195) 124(89–178) 124(80–178) 115(80–169) 115(80–169) 124(80–178) 3 × 10–136 124(89–178)
eGFRd, ml/

min/1,73 m2
82(71–93) 82(71–92) 81(71–92) 81(70–91) 79(69–90) 77(66–88) 75(63–86) 7 × 10–243 80(69–91)

Diabetes mel-
litus, %

11 6 4 3 3 3 5 7 × 10–92 4

Cystic fibrosis, 
%

0.10 0.02 0.03 0.02 0.06 0.03 0.20 0.20 0.04

NAFLD, %
For sensitivity 

analysis
0.4 0.4 0.3 0.3 0.4 0.2 0.5 0.002 0.3

CRP, mg/L 1.7(1.1–3.3) 1.5(1.0–2.7) 1.4(0.9–2.3) 1.4(0.9–2.1) 1.3(0.9–2.0) 1.3(0.9–2.0) 1.4(1.0–2.2) 2 × 10–119 1.4(0.9–2.2)
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Pancreatic amylase and pancreatic disease

In all comparisons, individuals with plasma amylase 
between the 41st-60th percentiles were used as the refer-
ence group.

Pancreatic cancer

Hazard ratios for pancreatic cancer were 1.4 (95%CI: 
1.1–1.9) for individuals with pancreatic amylase levels in 
the 21st–40th percentiles, 1.0 (0.7–1.4) for the 2.6th–20th 
percentiles, and 2.4 (1.6–3.6) for individuals in the 1st–2.5th 
percentiles (Fig. 3, panel A). Further, the hazard ratios for 
pancreatic cancer were 1.2 (0.9–1.7) for individuals with 
pancreatic amylase levels in the 61st-80th percentiles, 1.0 
(0.7–1.4) for the 81st–97.4th percentiles, and 2.2 (1.4–3.7) 
for individuals in the 97.5th–100th percentiles.

Chronic pancreatitis

Hazard ratios for chronic pancreatitis were 1.2 (95%CI: 
0.8–1.9) for individuals with pancreatic amylase levels in the 
21st–40th percentiles, 1.2 (0.8–1.9) for the 2.6–20th percen-
tiles, and 1.8 (1.1–3.3) for the 1st–2.5th percentiles (Fig. 3, 
panel B). Further, hazard ratios of chronic pancreatitis were 
1.4 (0.9–2.1) for individuals in the 61st–80th percentiles, 1.5 
(1.1–2.4) for the 81st–97.4th percentiles, and 3.2 (1.8–5.6) 
for individuals in the 97.5th–100th percentiles.

Acute pancreatitis

Hazard ratios for acute pancreatitis were 1.0 (95%CI: 
0.8–1.4) for individuals with pancreatic amylase levels in 
the 21st-40th percentiles, 0.9 (0.7–1.3) for the 2.6th-20th 
percentiles, and 1.1 (0.6–1.8) for the 1st–2.5th percentiles 
(Fig. 3, panel C). Further, hazard ratios for acute pancreatitis 
were 1.0 (0.7–1.4) for individuals in the 61st–80th percen-
tiles, 1.3 (0.9–1.8) for the 81st–97.4th percentiles, and 1.5 
(0.8–2.7) for individuals in the 97.5th–100th percentiles.

Extreme pancreatic amylase, CRP, and pancreatic 
disease

In all comparisons, individuals with plasma amylase 
between the 41st–60th percentiles were used as the refer-
ence group.

Individuals with extreme low levels of pancreatic amylase 
(1st–2.5th percentiles) had hazard ratios of 2.4 (95% CI: 
1.6–3.6) for pancreatic cancer, 1.8 (1.1–3.3) for chronic pan-
creatitis, and 1.1 (0.6–1.8) for acute pancreatitis (Fig. 4a, top 
left panel). Similar estimates were seen with further adjust-
ment for CRP (Fig. 4b, bottom left panel). In these individu-
als, median time from baseline to diagnosis was 5.4 years 

(IQR: 2.2–9.1) for pancreatic cancer, 3.9 years (2.6–6.4) 
for chronic pancreatitis, and 5.1 years (3.2–8.9) for acute 
pancreatitis.

Individuals with extreme high values of pancreatic amyl-
ase in the 97.5th–100th percentiles had hazard ratios of 2.2 
(95%CI: 1.4–3.7) for pancreatic cancer, 3.2 (1.8–5.6) for 
chronic pancreatitis, and 1.5 (0.8–2.7) for acute pancreatitis 
(Fig. 4a, top right panel). Similar estimates were seen with 
further adjustment for CRP (Fig. 4b, bottom right panel). In 
these individuals, median time from baseline to diagnosis 
was 3.0 years (IQR: 0.9–6.3) for pancreatic cancer, 3.6 years 
(1.8–5.6) for chronic pancreatitis, and 5.1 years (1.2–6.5) for 
acute pancreatitis.

Pancreatic lipase and risk of pancreatic disease

The distribution of plasma pancreatic lipase levels from 
10,071 apparently healthy individuals from the general pop-
ulation is shown in Supplementary Information Fig. 1, and 
sex and age differences are shown in Supplementary Infor-
mation Fig. 2. During follow-up, 66 individuals experienced 
a first episode of pancreatic cancer (through 126,995 person-
years at risk), 45 developed chronic pancreatitis (127,450 
person-years at risk), and 63 developed acute pancreatitis 
(127,868 person-years at risk). No significant associations 
between plasma pancreatic lipase with any of the three pan-
creatic diseases were found (data not shown); however, the 
statistical power for these analyses were much less than for 
the analyses on pancreatic amylase.

Discussion

In this study of 101,765 apparently healthy individuals from 
the Danish general population, we found 2–threefold higher 
risk of pancreatic cancer and chronic pancreatitis in indi-
viduals with extreme low or extreme high levels of pancre-
atic amylase. In contrast, there was no association between 
pancreatic amylase and risk of acute pancreatitis These are 
novel findings.

Mechanistically, high plasma pancreatic amylase lev-
els could reflect ongoing pancreatic tissue damage result-
ing in spillover of pancreatic enzymes into the circulation. 
Extremely high levels are usually seen in the setting of acute 
pancreatitis reaching peak-levels in 1–2 days and returning 
to normal within 7 days [27]. The present data suggest that 
even in the case of chronic pancreatitis and pancreatic can-
cer ongoing low-scale pancreatic tissue damage may occur. 
Low plasma pancreatic amylase levels could reflect mod-
est, though, permanently compromised pancreatic tissue 
function with “lower than normal” production of pancreatic 
enzymes. This attenuation could be caused by obstructed 
ductal flow by tissue fibrosis and calcification in chronic 
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Fig. 3   Plasma pancreatic amylase and risk of pancreatic cancer, 
chronic pancreatitis and acute pancreatitis in individuals from the 
general population. (Hazard ratios are for pancreatic cancer, chronic 
pancreatitis, and acute pancreatitis with 95% confidence intervals. 
Only individuals naïve to the respective diseases at baseline were 
included in the prospective analyses for a pancreatic cancer (top), 
b chronic pancreatitis (middle), and c acute pancreatitis (bottom). 

Therefore, the number of individuals differs slightly. All analyses 
were multivariable adjusted for age (as timescale), sex, smoking, 
alcohol intake, physical activity, body mass index, plasma triglyc-
erides, kidney function, diabetes mellitus, cystic fibrosis, and non-
alcoholic fatty lever disease. Based on 101,765 individuals from the 
Copenhagen General Population Study. CI = confidence interval)
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pancreatitis [4], or by tumor cell invasion in pancreatic can-
cer [12] in both cases causing upstream atrophy of pancreatic 
tissue. Our findings support this concept, as we found that 
increased risk of pancreatic cancer and chronic pancreatitis 
was associated with extremely low pancreatic amylase lev-
els. Surprisingly, extremely high pancreatic amylase levels 
were also associated with high risk of pancreatic cancer and 
chronic pancreatitis in the present study. We speculate that 
this could be due to intermittent episodes of localized low-
scale acute inflammation/destruction of acinar cell integrity 
during tissue invasion by tumor cells in pancreatic cancer 
and by progressing fibrosis in chronic pancreatitis. Acharya 
et al [28] found that fibrotic pancreatic tissue limits or even 
encases pancreatic inflammation resulting in minor systemic 
involvement when acute-on-chronic pancreatitis is ongoing, 
compared to the cause of acute pancreatitis in a non-fibrotic 
pancreas. Extremely low or high pancreatic amylase could 
in this study, however, not distinguish between whether 
individuals were in risk of pancreatic cancer or chronic 

pancreatitis. We found no association between baseline 
pancreatic amylase values and risk of future episodes of 
acute pancreatitis in apparently healthy individuals without 
signs of acute pancreatic disease at baseline. This supports 
the idea of acute pancreatitis as a non-chronic condition3, 
which nevertheless potentially could be different in indi-
viduals with recurrent episodes of acute pancreatitis [9, 27]. 
All our findings were robust despite further adjustment for 
CRP, an important finding as all three pancreatic diseases 
observationally are associated with inflammation [29–31].

As plasma pancreatic lipase like pancreatic amylase is 
used to assess pancreatic function, we ran similar analyses 
as done for amylase. We found, however, no associations 
between pancreatic lipase and risk of pancreatic cancer, 
acute or chronic pancreatitis. This is probably due to lack 
of statistical power as only 10,071 participants had lipase 
measurements (compared to 101,765 with amylase measure-
ments) and therefore very few events of all three pancreatic 
diseases were seen in this subgroup.

Fig. 4   Extreme low and extreme high plasma pancreatic amyl-
ase, C-reactive protein, and risk of pancreatic disease in individuals 
from the general population. (Hazard ratios are for pancreatic can-
cer (top), chronic pancreatitis (middle), and acute pancreatitis (bot-
tom) with 95% confidence intervals. Left figures: extreme low pan-
creatic amylase levels (1st–2.5th percentiles) versus the reference 
group (41st–60th percentiles). Right figures: extreme high pancreatic 
amylase levels (97.5th–100th percentiles) versus the reference group 

(41st–60th percentiles). a Multivariable adjusted for age (timescale), 
sex, smoking, alcohol intake, physical activity, body mass index, 
plasma triglycerides, kidney function, diabetes mellitus, cystic fibro-
sis, and non-alcoholic fatty lever disease. b Multivariable adjusted 
also including high-sensitive C-reactive protein. Based on individu-
als from the Copenhagen General Population Study. CI = confidence 
interval. CRP = high-sensitive C-reactive protein)



982	 S. E. J. Hansen et al.

1 3

No current guidelines for the diagnosis of pancreatic can-
cer [19, 20] or chronic pancreatitis [17, 18] mention plasma 
pancreatic amylase as a diagnostic or screening tool, and 
previous guidelines are even conflicting regarding whether 
a measurement of low [21] or high [16] pancreatic amylase 
supports a probable diagnosis of chronic pancreatitis. An 
explanation for previous unclear results could be that many 
individuals experience episodes of acute pancreatitis preced-
ing a diagnosis of pancreatic cancer or chronic pancreatitis, 
which would mask both low and high values as normal, due 
to the combination of low pancreatic function (resulting in 
low levels) and acute tissue damage (resulting in high lev-
els). In support of this idea, an American population-based 
study of 50,080 individuals with pancreatic cancer found 
that 15% of individuals with pancreatic cancer had a previ-
ous diagnosis of idiopathic pancreatitis, 81% had pancreati-
tis within 3 months of their pancreatic cancer diagnosis, and 
99% within 3 years [32]. Together with the present study, 
this emphasizes the possibility that plasma pancreatic amyl-
ase could be used as a supplement in the diagnostic workup 
of chronic pancreatitis and pancreatic cancer.

Early detection of both pancreatic cancer and chronic 
pancreatitis are difficult as symptoms are only present with 
advanced disease [4, 33]. Today, pancreatic cancer screening 
with imaging modalities is solely recommended for high-
risk individuals, that is, for individuals above 45 years with 
a genetic predisposition (having a causal germ line muta-
tion or > 2 blood relatives with pancreatic cancer) [34], and 
in individuals with mucinous cystic lesions of the pancreas 
[33]. No biomarkers are used as screening tools [33]. Evi-
dence suggests that individuals with chronic pancreatitis 
should be surveilled for pancreatic cancer years after diagno-
sis [35], or if diabetes mellitus occurs [4]; however, screen-
ing for chronic pancreatitis is not recommended. Based on 
our data, we suggest further research into the use of plasma 
pancreatic amylase as a supplementary tool in screening for 
pancreatic cancer in high-risk individuals, and in screening 
for chronic pancreatitis in individuals with recurrent acute 
pancreatitis. Plasma pancreatic amylase is an inexpensive 
and well-established biochemical analysis already used in 
most laboratories, it is organ specific, and clinicians are 
familiar with it. Changes in plasma pancreatic amylase, both 
increases and decreases, could be used in combination with 
lifestyle risk factors and current symptomatology to estab-
lish recommendation of whom and when to screen.

The present study is limited by including only white indi-
viduals of Danish descent; however, we are not aware of 
data to suggest that the present results should not apply to 
other ethnicities. That said, being non-white is an independ-
ent risk factor of pancreatic disease. Whether this is due to 
genetics or a skewed distribution of risk factors is unknown 
[4]. Insufficient adjustment for confounders is another pos-
sible limitation of our study; however, we were able to adjust 

for the majority of known potentially confounding factors. 
These include factors associated with high levels of plasma 
amylase and/or pancreatic amylase like physical activity, 
reduced kidney function, and some medications, particularly 
anti-diabetics [36], while factors associated with low pancre-
atic amylase levels are diabetes mellitus (insulin is essential 
for production of pancreatic amylase [37]), obesity, hypertri-
glyceridemia, smoking, excess alcohol intake, cystic fibrosis, 
and NAFLD [36]. Therefore, our results support that plasma 
pancreatic amylase levels mostly reflect pancreatic function 
in the present study. That said, we naturally cannot exclude 
yet unknown confounders/residual confounding which could 
still bias our results, or negligent potential amylase produc-
tion in other tissues or by occult tumors [38]. Unfortunately, 
due to a considerable lower amount of pancreatic lipase 
measurements we could not use results from these analyses 
to further substantiate our main findings. Finally, this study 
was limited by having solely baseline measurements, and no 
information on whether pancreatic amylase or other risk fac-
tors for pancreatic disease changed during study time were 
available.

A strength of our study is the large homogeneous sam-
ple size of apparently healthy individuals from the general 
population. Furthermore, there were no losses to follow-up. 
Finally, endpoints were collected unbiased based on the 
nationwide Danish health registries, that is, without knowl-
edge of plasma pancreatic amylase, and plasma pancreatic 
amylase was measured without knowledge of pancreas 
disease.

Conclusion

In apparently healthy individuals from the general popula-
tion, extreme low and high pancreatic amylase levels are 
associated with 2–threefold higher risk of both pancreatic 
cancer and chronic pancreatitis.
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