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ABSTRACT

Introduction Low serum amylase values are cross-
sectionally associated with the prevalence of type 2 diabetes
mellitus (T2DM) but have not been shown to be longitudinally
associated with its incidence. This retrospective cohort e,
historical cohort) study aimed to examine the association of
previously lowered levels of serum amylase with incident
T2DM.

Research design and methods Examined were 8316
individuals who had annual health examinations for 6 years
(ie, 7 times) at the Toranomon Hospital Health Management
Center. The trajectory of serum amylase as the study exposure
was classified into two elements: (1) serum amylase level

at entry and (2) change in serum amylase, which was
expressed as the annual change rate. The annual change

rate was calculated by dividing the change in the amylase
values according to follow-up periods. Regression analyses
were performed to examine the association between low

and decreased levels of serum amylase and the incidence of
T2DM.

Results Analyzed were 6917 individuals who had not
developed T2DM within 1year after cohort entry. T2DM
thereafter occurred in 1021 patients. Cox regression indicated
that the adjusted HR (95% Cl) for incident T2DM for amylase
<57IU/L (quintile (Q) 1) was 0.97 (0.84 to 1.13) compared with
amylase >58IU/L (Q2—Q5). Logistic regression indicated that
the adjusted OR (95% Cl) for an annual change rate of amylase
<-2.0% (Q1) vs >—1.9% (Q2—Q5) was 3.53 (3.00 to 4.16).
The adjusted ORs were consistently significant throughout
sensitivity analyses according to baseline amylase and the
combination of age, body mass index, and hemoglobin Alc.
Conclusions Results showed that not low but previously
decreased serum amylase was a risk factor for T2DM,
suggesting the significance of periodic examinations of serum
amylase values to detect individuals at high risk of T2DM.

INTRODUCTION

Identifying risk factors in screening for indi-
viduals at high risk of diabetes mellitus is
essential considering the burden of huge

% Ritsuko Honda,® Yasuiji Arase,® Hirohito Sone
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Epidemiologically, cross-sectional studies have
shown that low serum amylase values are associ-
ated with the prevalence of type 2 diabetes mellitus
(T2DM).

= Biologically, there is a bidirectional relationship
between dysfunctions of pancreatic endocrine and
exocrine secretions.

WHAT THIS STUDY ADDS

= Not low serum amylase but reduced serum amylase
from previous values was associated with the inci-
dence of T2DM.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY
= Findings indicate that health examinations should

periodically examine serum amylase to identify in-
dividuals at high risk of T2DM.

medical costs for treating diabetes, in partic-
ular type 2 diabetes mellitus (T2DM), and
its complications that seriously impair adult
daily life.'™

Serum amylase is one of the most important
candidates as a risk factor for T2DM. The
rationale for considering that serum amylase
is an important candidate as a risk factor for
T2DM is the biological finding that there is
a bidirectional relationship between dysfunc-
tions of pancreatic endocrine secretion (ie,
insulin) and pancreatic exocrine secretions
such as for amylase.*

There is a cross-sectional association
between low serum amylase and the preva-
lence of T2DM.° However, there are little data
on whether there is a longitudinal association
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between previously lowered amylase levels and T2DM
risk. A previous community-based cohort study examined
such a longitudinal association but had insufficient statis-
tical power to detect a significant association.® Analyzing
the trajectory of serum amylase is of value for assessing the
ability of serum amylase to predict T2DM risk. Thus, we
performed a retrospective cohort (ie, historical cohort)
study to examine the possible association of previously
lowered levels of serum amylase with the incidence of
T2DM.

METHODS

Study participants

The Toranomon Hospital Health Management Center
study included a cohort consisting mainly of appar-
ently healthy government employees who underwent
a health check-up in Tokyo, Japan. Experimental data
from January 1997 to December 2010 were retrospec-
tively examined for 8316 persons who underwent annual
health examinations conducted at the Toranomon
Hospital Health Management Center for 6 years (ie,
taking the exam 7 times).

Definition of study end point and exposure

Study end point was the incidence of T2DM, with infor-
mation on ascertaining T2DM annually updated. The
trajectory of serum amylase as the study exposure was
classified into two elements: (1) serum amylase level
at entry and (2) change in serum amylase, which was
expressed as the annual change rate. The annual change
rate was calculated by dividing the change in the amylase
values according follow-up periods, which was from study
entry until ascertainment of T2DM during the observa-
tion period designated as T2DM cases or to the end of
this cohort study in non-T2DM controls, that is, those
who did not develop T2DM during the study period.

Clinical measurements

Anthropometric measurements, such as of weight and
height, were done by trained staff. The body mass index
(BMI (kg/ m?)) was calculated. Hospital staff measured
blood pressure. Blood samples were collected after an
overnight fast (12hours) and measurements were made
using an automated clinical-chemical analyzer (LABOS-
PECT 008; Hitachi, Tokyo, Japan). Serum amylase,
alanine aminotransferase (ALT), y-glutamyl transpepti-
dase (y-GTP), non-high density lipoprotein cholesterol
(non-HDL-C), and creatinine were measured by enzy-
matic methods. Estimated glomerular filtration rate
(eGFR) was calculated by the following formula (mL/
min/1.73 mQ) using serum creatinine: eGFR creati-
nine=194xcreatinine (mg/ dL)71'094><age (years)fo'287 (for
females, multiplying 0.739). Hemoglobin Alc (HbAlc)
was assessed by high-performance liquid chromatog-
raphy (Tosoh, Tokyo, Japan). Values for HbAlc (%) were
estimated as the National Glycohemoglobin Standardiza-
tion Program (NGSP) equivalent (%) calculated by the
equation HbAlc (%)=1.02xHbAlc (Japanese Diabetes

Association) (%)+0.25 (%). Diagnoses of T2DM were
made according to American Diabetes Association outpa-
tient interview sheets, fasting glucose 2126 mg/dL, and/
or HbAlc 6.5% (NGSP) or higher.”

The diagnosis of fatty liver was based on ultrasono-
graphic images, which were stored as photocopies by
trained technicians. A gastroenterologist reviewed
the photocopies and made the diagnosis of fatty liver.
Smoking habits, drinking habits, physical activity
(20-30min of any physical activity at least once a week),
and family history of diabetes were assessed by a standard
questionnaire.

Statistical analysis

Comparisons between characteristics of the T2DM cases
and non-T2DM controls were made using the t-test and
the %* test for continuous and categorical variables,
respectively. Serum amylase level at entry and the annual
change rate in amylase were classified into quintiles from
the lowest (Q1) to the highest (Q5). Cox regression anal-
ysis was performed to examine the association of the
quintiles of amylase at entry with the incidence of T2DM.
Logistic regression analysis was performed to examine the
relationship between quintiles of the annual change rate
of amylase and incident T2DM. To examine T2DM risk
for low and decreased amylase values, the quintiles were
further divided into two categories (Q1 and Q2-Q5) and
the risk of T2DM for Q1 vs Q2-Q5 was determined. In
addition, the two categories, which were amylase at entry
and annual change rate in amylase, were combined and
logistic regression was added to examine the association
of the combination with T2DM risk, where Q2-Q5 for
both amylase at entry and annual amylase change rate
was a referent.

In addition to combining amylase at entry and the
annual change rate in amylase, sensitivity analyses were
added according to baseline age (median age of the
cohort was 49 years and analysis was stratified according
to <48and >49 years), BMI (<24.9 or 225.0kg/m2) and
HbAlc (£5.5%or 25.6%) considering that HbAlc of
5.6% is the value at which an 75 g oral glucose toler-
ance test (OGTT) is recommended in Japan in view of
an increased risk of development of diabetes.® To main-
tain the statistically sufficient power to detect a signifi-
cant risk, data consisting of two categories (ie, Ql and
Q2-Q5) were used as the exposure instead of those
consisting of quintiles. Analyses were performed using
SPSS (V.19.0, Chicago, Illinois, USA). Statistical signifi-
cance was considered for p<0.05.

RESULTS

Study participants

Excluded were participants who had diabetes at entry or
were ascertained to have diabetes the following year which
made it impossible to assess changes in the amylase level
(n=1121), with serum amylase at entry <30 or >2001U/L
(n=41),° or with missing data on characteristics (n=237).
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Table 1 Characteristics of study participants according to the incidence of T2DM

Non-T2DM T2DM

Characteristic 5896 1021 P value
Age (years) 50+9 50+9 0.888
Male sex (%) 4272 (72.5) 783 (76.7) 0.005
Family history of diabetes (%) 684 (11.6) 390 (38.2) <0.001
BMI (kg/m?) 22.7+£2.9 23.5+3.3 <0.001

<185 315 (5.3) 49 (4.8) 0.473

>25.0 1134 (19.2) 291 (28.5) <0.001
Systolic blood pressure (mm Hg) 124+16 124+16 0.121
HbA1c (%) 5.3+0.3 5.5+0.4 <0.001
HbA1c (mmol/mol) 354 374 <0.001
Fasting plasma glucose (mg/dL) 95+8 100+10 <0.001
Fatty liver (%) 1408 (23.9) 414 (40.5) <0.001
ALT (IU/L) 24+16 29+31 <0.001
v-GTP (IU/L) 46+53 56+68 <0.001
Non-HDL-C (mg/dL) 148+33 151+33 0.001
eGFR (mL/min/1.73 m? 72+15 77+14 <0.001
Serum amylase level at entry (IU/L) 7724 73+23 <0.001
Serum amylase level at censor (IU/L) 79+27 7124 <0.001
Annual change rate of amylase (%) 0.5+3.4 —-0.4+9.3 0.002
Current smoking (%) 1097 (18.6) 212 (20.8) 0.104
Current physical activity (%) 2922 (49.6) 476 (46.6) 0.083
Current drinking habit (%) 4685 (79.5) 823 (80.6) 0.401

Data are means+SD or n (%). Differences in the continuous and categorical variables were analyzed by t-test and x2 test, respectively.
ALT, alanine aminotransferase; BMI, body mass index; eGFR, estimated glomerular filtration rate; GTP, y-glutamyl transpeptidase; HbA1c,

hemoglobin A1c; non-HDL-C, non-high density lipoprotein cholesterol; T2DM, type 2 diabetes mellitus.

After these exclusions, 6917 patients were analyzed, with
1021 incidents of T2DM. Table 1 shows the character-
istics of participants with and without incident T2DM.
Compared with the non-T2DM controls, patients with
T2DM had significantly higher proportions of men, prev-
alence of family history of diabetes, BMI, prevalence of
fatty liver, and abnormalities in non-HDL-C, and eGFR
as well as significantly higher HbAlc and fasting plasma
glucose values but lower serum amylase values at study
entry and a lower annual change rate in amylase.

Figure 1 shows the trajectory of amylase from the begin-
ning of the study to the ascertainment of T2DM in T2DM
cases and from the beginning to the end of the cohort
study in non-T2DM controls. Serum amylase levels were
consistently lower in T2DM cases than in non-T2DM
controls throughout the follow-up period. In addition, a
trend toward decreases in the amylase level was observed
in T2DM cases, although a trend toward elevations was
observed in non-T2DM controls.

Serum amylase at study entry and incidence of T2DM

Results of Cox regression analysis showed the asso-
ciation of quintiles of amylase at entry and incident
T2DM (table 2A). Age, sex-adjusted HR for T2DM

were significantly higher in all risk groups (ie, Q1-Q4)
compared with Q5 (model 1: HR (95% CI) for Qb
vs Ql, 1.70 (1.39 to 2.09)). However, significance for
the adjusted HR was not observed in any of the four
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Figure 1 Trajectory of serum amylase (mean=SD) in
participants who did and did not have incident type 2
diabetes mellitus (T2DM). Baseline was set at diagnosis of
T2DM (in T2DM cases) or at the end of study cohort (in non-
T2DM cases). Open circles show incident cases of T2DM
and closed circles show non-T2DM cases. *P<0.05.

BMJ Open Diab Res Care 2023;11:¢003482. doi:10.1136/bmjdrc-2023-003482

ybuAdod Aq parosioid 1senb Ag 120z ‘8z Iudy uo /wod fwqg-olp//:dny wouy pspeojumod €202 AINC ZT U0 287E00-£202-24plwa/oeTT 0T Se paysiignd 1s1y :a1ed say gelq uado [INg


http://drc.bmj.com/

Epidemiology/Health services research a

Table 2 HR or OR for incidence of T2DM according to entry serum amylase level, annual change rate of serum amylase and

their combinations

Model 1 Model 2 Model 3
A N Event HR (95% Cl) HR (95% CI) HR (95% CI)
Serum amylase at entry
Q1 (<57) 1486 270 1.70 (1.39 to 2.09) 1.21 (0.98 to 1.50) 1.07 (0.86 to 1.34)
Q2 (58~67) 1285 190 1.37 (1.10 to 1.70) 1.11 (0.89 to 1.39) 1.05 (0.84 to 1.31)
Q3 (68~78) 1389 203 1.37 (1.10 to 1.69) 1.22 (0.98 to 1.52) 1.15(0.93 to 1.43)
Q4 (79~94) 1439 213 1.37 (1.11 to 1.69) 1.25 (1.01 to 1.55) 1.19 (0.96 to 1.48)
Q5 (>95) 1318 145 1.00 (ref) 1.00 (ref) 1.00 (ref)
Male sex 1.19 (1.03 to 1.38) 1.18 (1.00 to 1.39) 1.26 (1.06 to 1.48)
Age 1.01 (1.00 to 1.01) 1.02 (1.02 to 1.03) 1.00 (0.99 to 1.01)
BMI - 1.05 (1.02 to 1.07) 1.03 (1.01 to 1.06)
SBP - 1.00 (0.99 to 1.00) 1.00 (0.99 to 1.00)
eGFR - 1.03 (1.02 to 1.03) 1.03 (1.02 to 1.03)
Fatty liver - 1.55 (1.33 to 1.80) 1.35 (1.16 to 1.57)
Current smoking = 1.03 (0.88 to 1.21) 1.02 (0.87 to 1.19)
Current physical activity - 0.92 (0.82 to 1.05) 0.97 (0.85 to 1.09)
Current drinking habits - 1.00 (0.85 to 1.19) 1.11 (0.94 to 1.31)
Family history of diabetes - 4.44 (3.90 to 5.06) 4.63 (4.06 to 5.27)
HbA1c - - 6.49 (5.32 to 7.90)
Q1 (£57) 1486 270 1.33 (1.15 to 1.53) 1.05 (0.90 to 1.21) 0.97 (0.84 to 1.13)
Q2-Q5 (>58) 5431 751 1.00 (ref) 1.00 (ref) 1.00 (ref)
Model 4 Model 5 Model 6
B N Event OR (95% ClI) OR (95% CI) OR (95% ClI)
Annual change rate of serum amylase
Q1 (£-2.0) 1459 428 2.14 (1.78 to 2.58) 1.71 (1.40 to 2.08) 1.93 (1.57 to 2.37)
Q2 (-1.9~-0.6) 1357 136 0.54 (0.43 to 0.67) 0.47 (0.37 to 0.60) 0.52 (0.41 to 0.67)
Q3 (-0.5~0.8) 1434 103 0.36 (0.28 to 0.46) 0.33 (0.25 to 0.42) 0.35 (0.27 to 0.45)
Q4 (0.9~2.6) 1347 108 0.39 (0.31 to 0.50) 0.37 (0.29 to 0.47) 0.39 (0.30 to 0.51)
Q5 (>2.7) 1320 246 1.00 (ref) 1.00 (ref) 1.00 (ref)
Serum amylase at entry 0.99 (0.98 to 0.99) 0.99 (0.99 to 1.00) 0.99 (0.99 to 1.00)
Male sex 1.25 (1.06 to 1.47) 1.27 (1.05 to 1.55) 1.34 (1.10 to 1.64)
Age 1.01 (1.00 to 1.02) 1.03 (1.02 to 1.04) 1.00 (0.99 to 1.01)
BMI - 1.04 (1.01 to 1.08) 1.02 (0.99 to 1.05)
SBP - 1.00 (0.99 to 1.00) 1.00 (0.99 to 1.00)
eGFR - 1.03 (1.02 to 1.03) 1.03 (1.02 to 1.03)
Fatty liver - 1.69 (1.41 to 2.02) 1.46 (1.21 to 1.76)
Current smoking - 1.00 (0.83 to 1.21) 0.97 (0.80 to 1.18)
Current physical activity - 0.96 (0.82 to 1.11) 0.98 (0.84 to 1.15)
Current drinking habits - 1.02 (0.83 to 1.24) 1.17 (0.95 to 1.43)
Family history of diabetes - 5.37 (4.55 to 6.34) 6.15 (5.16 to 7.33)
HbA1c - - 9.46 (7.32 to 12.21)
Q1 (£-2.0) 1459 428 3.89 (3.36 to 4.50) 3.31 (2.83 to 3.88) 3.53 (3.00 to 4.16)
Q2-Q5 (>-1.9) 5458 593 1.00 (ref) 1.00 (ref) 1.00 (ref)
Continued
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Table 2 Continued

Model 7 Model 8 Model 9
C N Event OR (95% Cl) OR (95% Cl) OR (95%Cl)
Serum amylase at entry (E) and annual change rate of serum amylase (R)
E<57and R<-2.0 219 88 6.22 (4.65 to 8.32) 4.23 (3.07 to 5.84) 3.98 (2.85 to 5.55)
E<57and R>-1.9 1267 182 1.54 (1.28 to 1.86) 1.23 (1.01 to 1.51) 1.18 (0.95 to 1.45)
E>58and R<-2.0 1240 340 3.52 (3.00 to 4.14) 3.07 (2.58 to 3.64) 3.37 (2.81 to 4.03)
E>58and R>-1.9 4191 411 1.00 (ref) 1.00 (ref) 1.00 (ref)

Model 1, model 7: adjusted for age, sex.

Model 2, model 8: adjusted for model 1+BMI, SBP, eGFR, fatty liver, current smoking, current physical activity, current drinking habits, family

history of diabetes.

Model 3, model 9: adjusted for model 2+HbA1c.

Model 4: adjusted for model 1+serum amylase at entry.
Model 5: adjusted for model 2+serum amylase at entry.
Model 6: adjusted for model 3+serum amylase at entry.

BMI, body mass index; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; ref, reference; SBP, systolic blood pressure;

T2DM, type 2 diabetes mellitus.

categories compared with Q5. In model 3 with full adjust-
ment, the HR (95% CI) for Q1 (amylase <57IU/L) vs
Q2-Q5 (amylase 258TU/L) was 0.97 (0.84 to 1.13).

Change rate in amylase and incidence of T2DM
Results of logistic analysis showed the association of quin-
tiles of the annual change in amylase with incident T2DM
(table 2B). The OR was slightly lower in intermediate
categories (ie, Q2-Q4) compared with Q1. However, the
age, sex-adjusted (model 4) and fully adjusted (model 6)
ORs (95% CI) for Q1 (<-2.0%) were 2.14 (1.78 to 2.58)
and 1.93 (1.57 to 2.37), respectively. Combining the four
categories from Q2 to Qb (Q2-Q5) as the referent, the
fully adjusted OR (95% CI) for Q1 was 3.53 (3.00 to 4.16).
The receiver operating characteristic curve based on
the logistic regression model revealed that the area under
the curve was 0.78 (95% CI 0.77 to 0.80) (online supple-
mental figure 1). The best cut-off value for the annual
change in amylase, which was determined by the highest
Youden Index,” was ~2.0% at the interval between Q1 and
Q2. Using only the cut-off value, the regression model
detected only 26% of participants who developed T2DM
and 81% of participants who did not develop T2DM.
However, using covariates as well as the cut-off value, the
regression model could detect 67% of participants who
developed T2DM and 75% of participants who did not
develop T2DM.

Combination of amylase at entry and change rate of amylase
and T2DM risk

Table 2C shows the association of combinations of
amylase at entry and change in amylase with the inci-
dence of T2DM. In model 9 with full adjustment for
covariates, the OR (95% CI) for low amylase at entry (Q1)
and no decreased annual rate of amylase values (Q2-Q5)
was 1.18 (0.95 to 1.45). However, the OR for T2DM for
a decreased annual rate of amylase values (<-2.0%) was
significant for amylase at entry (OR (95% CI) 3.37 (2.81

to 4.03) for Q2-0Q5; 3.98 (2.85 to 5.55) for Q1) compared
with Q2-0Q5 for the annual amylase change rate and Q2—
Q5 for amylase at entry.

Sensitivity analysis

Online supplemental table 1 shows the association of the
combination of amylase at entry and the annual amylase
change rate with the incidence of T2DM according to
baseline age, BMI, and HbAlc. However, the results
were similar to the overall analysis as shown in table 2C.
Compared with Q2-Q5 for the annual amylase change
rate and Q2-Q5 for amylase at entry, the ORs for low
amylase at entry (Q1) and no decreased annual rate of
amylase values (Q2-Q)) were comparable or slightly
higher. However, the ORs for T2DM for a decreased
annual rate of amylase values (Ql) were significantly
higher throughout the sensitivity analysis.

DISCUSSION

In our study, low serum amylase was not associated with
incident T2DM after adjustment for several confounders,
although when incident T2DM was adjusted only for age
and sex the association was significant. Thus, not low but
previously decreased serum amylase was a risk factor for
T2DM, suggesting the significance of periodic examina-
tions of serum amylase values for identifying individuals
at high risk of T2DM.

The relationship between low levels of serum amylase
and T2DM could be explained by classic T2DM risk
factors. Actually, the HRs of T2DM for family history of
diabetes, HbAlc, and obesity indicators such as BMI and
fatty liver were significant (table 2A). In addition, these
confounders were found to be associated with serum
amylase levels in our cohort (online supplemental table
2).

With regard to obesity, its association with low levels
of amylase was previously reported.'” Serum amylase
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may seem to become elevated because the volume of
the pancreas increases with obesity.'" However, obesity-
induced hyperinsulinemia paradoxically impairs amylase
secretion. When pancreatic acinar cells, which are
responsible for exocrine functions, are continuously
exposed to high concentrations of insulin, changes in
their functions occur. In fact, it was reported that insulin
modulates insulin receptors on pancreatic atria in mouse
experiments (in vivo) and that elevated insulin secretion
and/or severe insulin resistance resulted in downregu-
lation of insulin receptor expression and inhibition of
insulin signaling in pancreatic atrial cells.'” Of note, we
need data on serum insulin to support this mechanism,
but such data were unfortunately not available.

The second finding was that reduced serum amylase
was significantly associated with T2DM risk when adjusted
for age and sex and several additional confounders.
Furthermore, this finding was consistent, regardless of
baseline amylase levels and their combinations with age,
BMI, and/or HbAlc, which indicated that the associa-
tion of decreased amylase with T2DM risk was indepen-
dent of classic T2DM risk factors. It was reported that the
pancreas is atrophic in patients with T2DM compared
with healthy individuals."" ' A plausible explanation is
that the decreased serum amylase reflects decreased
pancreas volume leading to declines in insulin secretion
and hyperglycemia, even though individuals who develop
diabetes are most often obese and their pancreases have
been previously enlarged, although those with obesity
who do not develop diabetes maintain their pancreatic
volume.

The strength of this study is that this is the first cohort
study to include a large number of participants to
examine whether there is an association of previously
lowered levels of serum amylase with the incidence of
type 2 diabetes. Several limitations must be mentioned.
First, we did not discriminate serum amylase derived
from the pancreas from that derived from salivary glands.
Although a previous study reported that pancreatic serum
amylase secretion was decreased in the presence of hyper-
glycemia, the actual level of pancreatic amylase in study
participants with low total serum amylase is unknown
and should be determined.’® Second, information was
not available to distinguish between type 3c (pancreato-
genic) diabetes mellitus and T2DM. Testing for exocrine
pancreatic insufficiency, imaging studies, and a history
of underlying pancreatic diseases were not available. In
particular, chronic pancreatitis, one of the underlying
diseases of the pancreas, is known to progress to diabetes
mellitus and may be a confounding factor in the present
results. In addition, although the cut-off for the serum
amylase level in this study was <30or >200IU/L, the
results did not change even after exclusion of partici-
pants who fell outside that range during the follow-up
period. Therefore, the possibility of the influence of
chronic pancreatitis on the results was considered to be
very small. Third, we had no information on abdominal
obesity indicators such as waist circumference, visceral

fat area, and fatty pancreas that are potentially associ-
ated with low serum amylase values.'*™'® Thus, the T2DM
risk in relation to amylase could be overestimated. Simi-
larly, we had no demographic data such as on education,
marital status, occupation associated with shift work and
long working hours, socio-economic status, and amount
of alcohol consumption that have been associated with
prevalent T2DM.' 1 F. ourth, this cohort included partic-
ipants who had to be excluded from the analysis because
of missing data. Furthermore, there were statistically
significant differences in several characteristics between
participants that were excluded because of missing data
and those included in the analysis, although the inci-
dence of T2DM did not differ (online supplemental table
3). The effect of missing data on study results is likely to
be small considering that the proportion of participants
excluded from the analysis was small (3.3%=237/7154).
In addition, the differences across the two groups were
not extremely unbalanced, even if statistically significant.
However, a potential selection bias could not be ruled
out.

In conclusion, results of this retrospective cohort
study suggested that not low serum amylase levels but
decreased amylase from previous values is a risk factor for
T2DM. The finding urges health examinations to include
periodical examinations of serum amylase for identifying
individuals at high risk of T2DM. Further studies are
needed to elucidate the underlying mechanisms of the
finding.
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Supplementary Table 1. Sensitivity analysis of logistic regression for combining amylase at entry [E] and annual

change rate of amylase [R] regarding the odds ratio (OR) for type 2 diabetes mellitus according to baseline age,

HbAlc, and BMI

A : Age (year) =48 >49

n event OR(95%CI) n event OR(95%CI)
E<57and R <-2.0 138 54 4.18(2.68-6.5) 81 34 3.84(2.28-6.46)
E<57and R >-1.9 717 104 1.41(1.06-1.9) 550 78 0.97(0.72-1.32)
E >58 and R <-2.0 603 164 3.48(2.66-4.55) 637 176 3.34(2.61-4.27)
E>58 andR >-1.9 1859 168 1.00(ref.) 2332 243 1.00(ref.)
B : HbAlc (%) =55 >5.6

n event OR(95%CI) n event OR(95%CI)
E <57 and R <-2.0 140 46 4.19(2.7-6.5) 79 42 3.57(2.09-6.1)
E<57andR >-1.9 892 95 1.35(1.02-1.79) 375 87 1.02(0.74-1.4)
E>58 and R <-2.0 913 202 3.89(3.08-4.9) 327 138 2.66(1.97-3.57)
E>58 andR >-1.9 3060 200 1.00(ref.) 1131 211 1.00(ref.)
C : BMI (kg/m?) =249 >25.0

n event OR(95%CI) n event OR(95%CI)
E <57 and R <-2.0 120 37 3.57(2.26-5.64) 99 51 4.85(2.91-8.08)
E<57andR >-1.9 871 114 1.19(0.93-1.54) 396 68 1.19(0.81-1.75)
E>58 and R <-2.0 997 252 3.16(2.58-3.89) 243 88 4.3(2.91-6.35)
E>58 and R >-1.9 3504 327 1.00(ref.) 687 84 1.00(ref.)

ORs were adjusted for age, sex, BMI, SBP, eGFR, fatty liver, current smoking, current physical activity, current

drinking habits, diabetes family history, and HbAlc
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Supplementary Table 2.

rate of serum amylase

Characteristics of participants according to serum amylase at entry and annual change

A: Baseline serum amylase (IU/L) Ql: <57 Q2:58-67  Q3:68-78  Q4:79-94 Q5:295 P for
n 1486 1285 1389 1439 1318 trend
T2DM (%) 270(18.2) 190(14.8) 203(14.6) 213(14.8) 145(11)  <0.001
Male sex (%) 1182(79.5) 977(76)  1008(72.6) 1013(70.4) 875(66.4) <0.001
Age (year) 48+8 48+8 49+9 50+9 53+9 <0.001
Diabetes family history (%) 225(15.1)  204(15.9) 202(14.5) 231(16.1) 212(16.1)  0.494
BMI (kg/m?) 24+3.1 23.242.9  22.742.7  22.4+2.8 21.7+£2.6  <0.001
<18.5 29(2) 54(4.2) 68(4.9) 95(6.6) 118(9) <0.001
>25.0 495(33.3) 310(24.1) 251(18.1) 240(16.7)  129(9.8)  <0.001
Systolic blood pressure (mmHg) 125+16 125+16 123+15 124+15 122+15 <0.001
HbA1lc (%) 5.4+0.3 5.3+0.3 5.4+0.3 5.4+0.3 5.3+0.3 0.023
(mmol/mol) 35+4 35+4 35+4 35+4 354 0.023
Fasting plasma glucose (mg/dL) 97+8 969 95+8 95+8 93+8 <0.001
Fatty liver (%) 589(39.6)  383(29.8) 330(23.8) 317(22) 203(15.4) <0.001
ALT (IU/L) 28+21 26x16 24+15 24+26 23+16 <0.001
v-GTP (IU/L) 57+60 51+57 47+56 44457 38+44 <0.001
non-HDL cholesterol (mg/dL) 151+33 149+33 147+£33 14632 148+33 0.002
¢GFR (mL/min/1.73m?) 7715 74415 73+15 72+15 68+14 <0.001
Serum amylase at censor (IU/L) 52+13 65+11 75+14 86+16 111+29 <0.001
Annual change rate of amylase (%) 1.4+5.9 0.6+3.8 0.5+4 0.0+4.9 -0.5+4.6  <0.001
Current smoking (%) 424(28.5)  293(22.8) 248(17.9) 198(13.8) 146(11.1) <0.001
Current physical activity (%) 686(46.2) 623(48.5) 697(50.2) 712(49.5) 680(51.6)  0.005
Current drinking habits (%) 1293(87) 1064(82.8) 1099(79.1) 1110(77.1) 942(71.5) <0.001
B: Annual change rate of amylase (%) Ql: <20 Q2:-19~ Q3:-05~ Q4:09~ Q5:2>2.7 P for
-0.6 0.8 2.6 trend
n 1459 1357 1434 1347 1320
T2DM (%) 428(29.3) 136(10) 103(7.2) 108(8) 246(18.6) <0.001
Male sex (%) 1035(70.9) 986(72.7) 1038(72.4) 1014(75.3) 982(74.4)  0.011
Age (year) 49+9 50+9 49+9 50+9 50+9 0.003
Diabetes family history (%) 325(22.3) 211(15.5) 214(14.9) 165(12.2) 159(12) <0.001
BMI (kg/m?) 23+3.1 22.8429  22.842.8 22.842.8 22.843 0.166
<18.5 68(4.7) 80(5.9) 72(5) 73(5.4) 71(5.4) 0.590
>25.0 342(23.4)  260(19.2) 300(20.9) 269(20) 254(19.2)  0.023
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Systolic blood pressure (mmHg) 124+£15 124+16 124+16 12315 124+16 0.854
HbAlc (%) 5.4+0.4 5.340.3 5.3+0.3 5.3+0.3 5.4+0.3 <0.001

(mmol/mol) 35+4 3544 35+4 35+4 36+4 <0.001
Fasting plasma glucose (mg/dL) 95+9 95+8 95+8 95+8 97+9 <0.001
Fatty liver (%) 439(30.1) 348(25.6)  337(23.5) 350(26) 348(26.4)  0.044
ALT (IU/L) 26+26 25415 25416 24416 25421 0.019
v-GTP (IU/L) 49+63 46+46 46+46 47+52 52467 0.923
non-HDL cholesterol (mg/dL) 149+33 150+32 148+32 148+33 146+33 0.001
eGFR (mL/min/1.73m?) 75+15 72415 72+15 72+15 74+15 0.408
Serum amylase at entry (IU/L) 83+26 79+24 75+£23 73+£22 7122 <0.001
Serum amylase at censor (IU/L) 69+21 73+22 76+23 81+24 90+35 <0.001
Current smoking (%) 295(20.2)  232(17.1)  257(17.9)  257(19.1)  268(20.3)  0.580
Current physical activity (%) 654(44.8) 657(48.4) 741(51.7) 664(49.3) 682(51.7) <0.001
Current drinking habits (%) 1126(77.2) 1078(79.4) 1149(80.1) 1093(81.1) 1062(80.5) 0.014
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Supplementary Table 3. Comparison of characteristics between participants included and excluded in the

analysis because of missing data

Participants Excluded
included from the analysis
in the analysis because of missing data
Characteristics 6917 n p value
Incident T2DM (%) 1021(14.8) 237 34(14.3) 0.859
Age (year) 50+9 237 54+10 <0.001
Male sex (%) 5055(73.1) 237 130(54.9) <0.001
Diabetes family history (%) 1074(15.5) 237 9(3.8) <0.001
BMI (kg/m?) 22.842.9 237 22.542.8 0.082
<18.5 364(5.3) 237 15(6.3) 0.471
>25.0 1425(20.6) 237 48(20.3) 0.896

Systolic blood pressure (mmHg) 124+16 237 123+15 0.264
HbAlc (%) 5.4+0.3 237 5.5+0.3 <0.001

(mmol/mol) 35+4 237 36+4 <0.001
Fasting plasma glucose (mg/dL) 95+8 237 95+8 0.837
Fatty liver (%) 1822(26.3) 233 51(21.9) 0.128
ALT (IU/L) 25+19 237 22+11 <0.001
y-GTP (IU/L) 48+55 237 37435 <0.001
Non-HDL cholesterol (mg/dL) 148+33 237 153+33 0.026
¢GFR (mL/min/1.73m?) 73+15 237 75415 0.048
Serum amylase level at entry (IU/L) 7624 237 74+24 0.136
Serum amylase level at censor (IU/L)* 77+27 237 77124 0.727
Annual change rate of amylase (%) 0.4+4.8 236 1.3+4.2 0.004
Current smoking (%) 1309(18.9) 30 13.3) 0.029
Current physical activity (%) 3398(49.1) 41 31(75.6) 0.001
Current drinking habits (%) 5508(79.6) 58 41(70.7) 0.093

*7at censor” means serum amylase level at the end of the study period in non-T2DM controls or when T2DM was

ascertained in T2DM cases.
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Supplemental figure 1. The receiver operating characteristic curve to determine the cut-off value for the annual

change in amylase, a predictor of T2DM.
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