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Abstract

Objective: To evaluate the relationship between alanine transaminase (ALT) level and biphasic

insulin secretion (BPIS) in healthy elderly Han Chinese individuals.
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Methods: This cross-sectional study enrolled healthy elderly participants aged �60 years that

were part of a health examination programme. In order to explore the correlation and severity of

the clinical condition, those with any possible confounding factors known to affect insulin secre-

tion or liver function were excluded from the study. BPIS was calculated using an equation

developed previously by this research team.

Results: This study enrolled 39 845 healthy elderly individuals (19 058 males and 20 787

females). Participants were stratified into four quartile groups according to their ALT level. In

both males and females, the increasing ALT quartiles (ordinal variable) were associated with

greater values of log-transformed first-phase insulin secretion (FPIS) and second-phase insulin

secretion (SPIS). The correlation and the linear regression model showed that increasing ALT

level was significantly correlated with higher log-transformed FPIS and SPIS.

Conclusions: ALT was positively correlated with BPIS in a healthy elderly population in both

men and women. Elevated ALT may serve as an indicating factor for developing metabolic syn-

drome and type 2 diabetes mellitus in healthy elderly individuals.
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Introduction

Type 2 diabetes mellitus (T2DM) is charac-

terized by hyperglycaemia resulting from

defects in insulin secretion and insulin sensi-

tivity.1 Over the past few decades, the prev-

alence of ‘diabesity’ (i.e. diabetes-related to

obesity) has increased considerably because

of the global obesity epidemic.2 Among the

population of elderly people, it increases the

risk for atherosclerotic cardiovascular dis-

ease, the leading cause of morbidity and

mortality in T2DM.3 Thus, to understand

the underlying pathophysiology of T2DM

is of major concern to healthcare providers

and governments.
It should be noted that under intravenous

glucose administration, there are two phases

of insulin secretion.4 The first-phase insulin

secretion (FPIS) is the initial burst of insulin,

released in the first 5 to 10min in response

to a rapid increase in glucose level.4

The second-phase insulin secretion (SPIS)
comes later, which elevates gradually and
becomes a sustained component of blood
insulin level.4 The FPIS response is benefi-
cial not only because it ensures a prompt
supply of insulin in response to glucose,
but also because it inhibits hepatic glucose
production.5 A previous study validated the
different roles of the two phases of insulin
secretion.6 By using a sophisticated method,
the pancreatic clamp, the study induced a
‘selective deficiency of SPIS’ in dogs.6 The
authors concluded that, although the FPIS
was important, diminished SPIS resulted in
a continuous and dramatic increase of blood
glucose.6 In the early stages of T2DM, it is
commonly noted that FPIS is impaired
despite an increasing SPIS.7,8 The loss of
FPIS results in a prolonged postprandial
hyperglycaemia, which is associated with
increased all-cause and cardiovascular mor-
tality.9 In contrast, restoration of the FPIS
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may improve blood glucose stability. For
example, studies have shown that insulino-
tropic agents, such as repaglinide and piogli-
tazone, enhance FPIS and achieve better
blood glucose control.10,11

Abnormal liver function, commonly seen
in clinical practice, is estimated to have a
prevalence of approximately 10–21%
worldwide.12 The leading cause is nonalco-
holic fatty liver disease (NAFLD), which
accounts for 50–90% of all abnormal liver
function.13 NAFLD can either be simple
steatosis without inflammation, nonalco-
holic steatohepatitis and/or advanced fibro-
sis.14 Research published in early 1946
demonstrated a positive relationship
between higher liver enzymes and the occur-
rence of diabetes mellitus.15 After this first
publication, many other studies confirmed
the earlier results.16,17 NAFLD is now gen-
erally considered to be the hepatic manifes-
tation of metabolic syndrome (MetS), a
condition that includes insulin resistance,
obesity and dyslipidaemia.18 In addition,
elevated liver enzymes are a risk factor for
T2DM, which suggests a potential role of
increased hepatic gluconeogenesis and/or
inflammation in the pathogenesis of
T2DM.17 Among all of the liver enzymes,
alanine aminotransferase (ALT) is the most
indicative of hepatocellular damage.19,20

Although the strong association between
NAFLD and all components of MetS and
cardiovascular diseases in the general pop-
ulation is well known,18,21 there are few
studies focusing on the relationship between
liver function and biphasic insulin secretion
(BPIS; FPIS and SPIS). The aim of this cur-
rent study was to investigate the relation-
ship between liver enzymes and BPIS in a
population of healthy elderly individuals
without any cardiovascular disease that
were not receiving medications known to
affect insulin secretion or liver function.
The reason for not including individuals
that were receiving drug treatments for
underlying diseases was that the laboratory

data might be affected by the medications
and the findings would then not reflect the
true severity of the clinical condition.
Furthermore, as the prevalence of T2DM
increases with age and global populations
are increasing in age,22 it was considered
important to investigate an elderly target
population in the current study.

Patients and methods

Study participants

This cross-sectional study enrolled consecu-
tive healthy adult participants from the Han
Chinese population aged �60 years from a
standard health examination programme at
the Tri-Service General Hospital (TSGH)
and Cardinal Tien Hospital (CTH) between
January 1999 and December 2019. TSGH is
a north Taiwan medical centre and CTH is a
north Taiwan district hospital. Participants
were identified via their medical records.
The process of selection was under meticu-
lous criteria to exclude any potential con-
founders. The inclusion criteria were as
follows: (i) aged �60 years; (ii) Han
Chinese population. The exclusion criteria
were as follows: (i) a history of significant
major medical diseases, including hyperten-
sion and diabetes mellitus; (ii) hepatitis B or
C virus carrier; (iii) participants that were
receiving medications for major diseases;
(iv) participants with an acute illness, such
as fever, cholecystitis, recent hepatitis A
virus infection; (v) abnormal hydration
status; (vi) participants with a history of cur-
rent or past excessive alcohol consumption
(>20 g/day for men and >10 g/day for
women on average); (vii) participants with
incomplete information (either question-
naire, anthropometric measurements or lab-
oratory data). The categories of medications
considered to potentially alter insulin con-
centration included corticosteroids, diu-
retics, b-blockers, second-generation
antipsychotics, anticonvulsants and
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hormone replacement therapy. Medications
that might potentially cause liver damage
were statins, antifungal agents, herbal med-
icines and antibiotics.

The study protocol was approved by the
institutional review boards of TSGH (no.
TSGHIRB-100-05-246) and CTH (no.
CTH-100-2-5-036). Written informed consent
was obtained from all participants. Data
were recorded in an anonymous form and
information related to the identification of
individuals was removed. The reporting of
this study conforms to STROBE guidelines.23

Anthropometric measurements and
laboratory data

Participants visited the clinic at 08.00 h
after at least a 10-h overnight fast.
Information about medical history, life-
style, alcohol intake, smoking and physical
exercise were obtained through an interview
by a well-trained senior nursing staff
member and were recorded in a question-
naire. Complete physical examinations were
conducted. All participants were measured
wearing light clothing and no shoes. Body
mass index (BMI) was calculated as weight
(kg) divided by the square of the height (m)
(kg/m2). Waist circumference (WC) (cm)
was measured in a horizontal plane at a
level midway between the inferior margin
of the last rib and the crest of the ilium.
Systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were measured by the
nursing staff using mercury sphygmoman-
ometers with appropriately sized cuffs on
the right arms of the participants after
they had rested for at least 5min in a sitting
position. Two measurements were taken
more than 1min apart and the mean value
was recorded. Blood pressure measure-
ments conformed to the recommendations
of the American Heart Association.24,25

Venous blood samples were drawn from
the antecubital vein for biochemical analy-
ses. Biochemical blood tubes and

ethylenediaminetetra-acetic acid blood
tubes were used. Plasma and serum were
separated from whole blood within 1 h of

collection and stored at –70�C until used
for analyses. Fasting plasma glucose (FPG)
was determined using the glucose oxidase

method (YSI 2300 STAT Plus Glucose and
Lactate Analyzer; YSI Life Sciences, YSI
Incorporated, Yellow Springs, OH, USA).
Both total cholesterol and triglyceride

(TG) levels were measured using the dry,
multi-layer analytical slide method
(Fujifilm DRI-CHEM SLIDE; FUJIFILM

Corporation, Tokyo, Japan). Serum high-
density lipoprotein cholesterol (HDL-C)
and low-density lipoprotein cholesterol
(LDL-C) concentrations were determined

using an enzymatic assay following dextran
sulphate precipitation (Model 7150; Hitachi
Corporation, Tokyo, Japan). The LDL-C

levels were directly measured instead of
using the traditional Friedewald equation.

Calculation of biphasic insulin secretion

To quantify the BPIS, the equations devel-

oped and published by our research groups
were used (International Units).26,27 When
performing these studies, approximately

75% of the participants were used to build
the equation and the remaining 25% were
used for external validation.26,27 Thus, the
accuracy of the equations could be exam-

ined. In addition to validation, the correla-
tions between measured and calculated
BPIS were shown to have statistical signif-

icance. These two equations have been used
in other studies that have investigated the
relationship between BPIS and clinical
characteristics and blood tests.28–30

Accordingly, the equations for calculating
FPIS and SPIS listed below are reliable:26,27

FPIS ¼ 10ð1:477�0:119�FPGþ 0:079�BMI�0:523�HDL-CÞ

SPIS ¼ 10ð�2:4� 0:088�FPGþ 0:072�BMIÞ
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Statistical analyses

All statistical analyses were performed
using the SAS statistical package, version
9.4 (SAS Institute Inc., Cary, NC, USA).
First, the participants were equally divided
into four quartile groups according to their
ALT level. Data were tested for normal dis-
tribution with the Kolmogorov–Smirnov
test and for homogeneity of variance with
the Levene’s test. Continuous variables are
expressed as mean�SD. The linear trend of
the continuous variables and categorical
variable (regular exercise) across ALT
quartiles (an ordinal variable) was assessed
using linear contrast in general linear model
and Cochran–Armitage test, respectively.
The distribution of FPIS and SPIS was
highly variable (SD was almost near to
the mean value); therefore, these two dia-
betic factors were natural log-transformed.
The linear trend of FPIS and SPIS across
ALT quartiles was tested using the
Jonckheere-Terpstra test. Secondly, the
relationship between continuous ALT level
and BPIS was further analysed. The corre-
lations were evaluated using Pearson corre-
lation coefficient. The association between
ALT level and BPIS was evaluated using a
linear regression model with adjustments
made for age, exercise, C-reactive protein
(as a marker of inflammation) and mean
arterial pressure (calculated as one-third of
SBP plus two-thirds of DBP). The regres-
sion model was not adjusted for FPG, BMI
and HDL-C because they were components
of BPIS. A two-sided P-value <0.05 was
considered statistically significant.

Results

This cross-sectional study initially obtained
a total of 111 826 records of potential par-
ticipants (Figure 1). Those (n¼ 69 159) with
a history of significant major medical dis-
eases, including hypertension, diabetes mel-
litus, hepatitis B or C virus carrier or those

that were receiving medications for these dis-
eases were excluded. Potential participants
(n¼ 1503) on medications known to affect
insulin secretion or liver function were also
excluded. Potential participants (n¼ 12) with
acute illness, such as fever, cholecystitis,
recent hepatitis A virus infection or abnor-
mal hydration status, were excluded.
Potential participants with a history of cur-
rent or past excessive alcohol consumption
were also excluded (n¼ 1275). Potential par-
ticipants (n¼ 32) with incomplete informa-
tion were excluded. A total of 39 845
participants (19 058 men and 20787
women) were eligible for analysis.

The clinical characteristics of the study
population are shown in Table 1. In both
the male and female populations, the results
demonstrated that an increasing ALT level
was correlated with a younger age, higher
BMI and WC, higher blood pressure,
higher FPG level, higher total cholesterol
level, lower HDL-C level, higher triglycer-
ide level and higher c-glutamyl transpepti-
dase level. In terms of the BPIS, the results
showed that an increasing ALT level was
correlated with greater values of log-
transformed FPIS and log-transformed
SPIS, in both sexes (Table 1 and Figure 2).

Regarding the continuous ALT level and
BPIS, the correlations between ALT and
log-transformed FPIS and log-transformed
SPIS all reached statistical significance in
both male and female participants
(P< 0.001). In the linear regression model,
the results showed that the ALT level was
significantly associated with higher log-
transformed FPIS and log-transformed
SPIS, in both male and female participants
(Table 2).

Discussion

Nonalcoholic fatty liver disease and T2DM
are of high clinical relevance and the link
between them is complex and worth inves-
tigating. The liver plays a key role in the
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pathophysiology of T2DM and research

has shown that NAFLD is associated with

an approximate two-fold higher risk of

developing T2DM.31,32 The current study

explored the correlation between liver func-

tion and BPIS. Participants with any possi-

ble confounding factors known to affect

insulin secretion or liver function, including

underlying medical problems or personal

history, were excluded. The laboratory

data shown were thereby not corrected

and reflected the true severity of their clin-

ical condition. To the best of our knowl-

edge, a literature search was not able to

find any similar studies that used criteria

as strict as those used in the present study

Figure 1. Flow chart showing the progress through enrolment, exclusion and analysis of the healthy elderly
participants without any cardiovascular disease that were enrolled in a study to investigate the relationship
between liver enzymes and biphasic insulin secretion (BPIS). ALT, alanine aminotransferase; FPIS, first-phase
insulin secretion; SPIS, second-phase insulin secretion.
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Table 1. Demographic characteristics, laboratory data and diabetes mellitus factors of the healthy elderly
participants (n¼ 39 845) without any cardiovascular disease that were enrolled in a study to investigate the
relationship between liver enzymes and biphasic insulin secretion (BPIS) stratified according to the alanine
aminotransferase (ALT) level quartiles.

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4

Statistical

analysisa

Males, n5 19 058 n¼ 4997 n¼ 4479 n¼ 4951 n¼ 4631

ALT range, U/l 1–17 18–22 23–31 > 31

ALT, U/l 14.2� 2.5 20.0� 1.4 26.4� 2.5 53.9� 33.8 P< 0.001

Age, years 67.8� 6.5 66.3� 5.7 65.5� 5.4 65.1� 5.3 P< 0.001

Regular exerciseb 2279 (45.6) 2143 (47.8) 2403 (48.5) 1971 (42.6) P¼ 0.015

Body mass index, kg/m2 22.8� 2.9 23.7� 2.9 24.4� 2.9 24.9� 3.1 P< 0.001

Waist circumference, cm 82.2� 8.7 84.3� 8.5 86.0� 8.5 87.8� 8.9 P< 0.001

Systolic blood pressure, mmHg 132.1� 20.7 132.6� 20.0 133.6� 19.0 134.2� 19.4 P< 0.001

Diastolic blood pressure, mmHg 75.6� 11.7 76.9� 11.5 78.1� 11.4 78.5� 11.4 P< 0.001

Fasting plasma glucose, mg/dl 106.9� 30.6 108.2� 30.7 109.3� 29.1 113.4� 33.0 P< 0.001

Total cholesterol, mg/dl 196� 35 202� 35 204� 36 201� 38 P< 0.001

HDL-C, mg/dl 50.7� 13.8 50.5� 13.6 49.9� 13.5 47.5� 13.7 P< 0.001

LDL-C, mg/dl 122.4� 31.4 126.7� 31.6 126.9� 33.0 124.0� 34.1 P¼ 0.006

Triglyceride, mg/dl 113.4� 58.2 122.3� 62.1 133.8� 69.6 146.8� 76.8 P< 0.001

Log c-glutamyl transpeptidase 1.23� 0.21 1.31� 0.22 1.39� 0.24 1.57� 0.32 P< 0.001

C-reactive protein, mg/dl 0.38� 0.95 0.29� 0.76 0.28� 0.60 0.37� 1.07 NS

FPIS, mU/min 105.7� 94.6 123.1� 105.8 137.0� 118.9 158.2� 140.8 P< 0.001

Log-transformed FPIS 1.88� 0.38 1.95� 0.38 2.00� 0.37 2.05� 0.39 P< 0.001

SPIS, pmol/mmol 0.061� 0.037 0.070� 0.043 0.077� 0.049 0.082� 0.054 P< 0.001

Log-transformed SPIS –1.28� 0.25 –1.22� 0.25 –1.18� 0.24 –1.16� 0.26 P< 0.001

Females, n5 20 787 n¼ 5063 n¼ 5713 n¼ 4743 n¼ 5268

ALT range, U/l 1–15 16–20 21–27 > 27

ALT, U/l 12.8� 2.0 17.9� 1.4 23.5� 2.0 49.7� 34.0 P< 0.001

Age, years 66.2� 6.0 65.2� 5.4 64.8� 5.1 64.8� 5.0 P< 0.001

Regular exerciseb 2123 (41.9) 2632 (46.1) 2025 (42.7) 2139 (40.6) P¼ 0.011

Body mass index, kg/m2 23.3� 3.2 24.0� 3.2 24.7� 3.3 25.4� 3.5 P< 0.001

Waist circumference, cm 76.7� 8.2 77.8� 8.2 79.3� 8.5 81.1� 8.7 P< 0.001

Systolic blood pressure, mmHg 134.9� 21.3 134.8� 20.6 136.3� 20.4 137.0� 20.0 P< 0.001

Diastolic blood pressure, mmHg 74.9� 11.6 75.3� 11.7 76.4� 11.7 76.8� 11.4 P< 0.001

Fasting plasma glucose, mg/dl 103.9� 26.7 105.5� 26.6 108.6� 30.4 114.3� 36.3 P< 0.001

Total cholesterol, mg/dl 212� 37 215� 36 216� 38 214� 40 P¼ 0.004

HDL-C, mg/dl 59.1� 15.4 59.6� 15.5 58.5� 15.4 56.0� 14.8 P< 0.001

LDL-C, mg/dl 128.5� 33.6 130.5� 32.9 130.9� 34.1 129.0� 35.4 NS

Triglyceride, mg/dl 120.9� 60.5 126.3� 63.2 135.0� 67.3 144.2� 70.9 P< 0.001

Log c-glutamyl transpeptidase 1.11� 0.18 1.20� 0.20 1.29� 0.23 1.49� 0.30 P< 0.001

C-reactive protein, mg/dl 0.31� 0.66 0.28� 0.55 0.29� 0.56 0.36� 0.93 P¼ 0.001

FPIS, lU/min 97.7� 97.6 106.4� 105.7 120.9� 121.0 137.3� 140.2 P< 0.001

Log-transformed FPIS 1.83� 0.39 1.87� 0.39 1.92� 0.40 1.97� 0.41 P< 0.001

SPIS, pmol/mmol 0.070� 0.048 0.077� 0.054 0.086� 0.065 0.092� 0.073 P< 0.001

Log-transformed SPIS –1.23� 0.26 –1.19� 0.25 –1.15� 0.27 –1.13� 0.29 P< 0.001

Data are expressed as mean� SD, median (interquartile range) or n of participants (%).
aThe linear trend of the continuous variables and categorical variable (regular exercise) across ALT quartiles (an ordinal

variable) was assessed using linear contrast in general linear model and Cochran–Armitage test, respectively. The distribution

of FPIS and SPIS was highly variable so these two factors were natural log-transformed. The linear trend of FPIS and SPIS

across ALT quartiles was tested using the linear contrast in general linear model; NS, no significant association (P� 0.05).
bTaking exercise >3 h per week.

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPIS, first-phase insulin secre-

tion; SPIS, second-phase insulin secretion.
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Figure 2. The distribution of first-phase insulin secretion (FPIS) (a) and second-phase insulin secretion
(SPIS) (b) in the male and female participants according to the alanine aminotransferase (ALT) quartile levels.
The linear trend of the continuous data across the ALT quartiles was assessed using linear contrast in
general linear model and Cochran–Armitage test. The heavy central black horizontal lines indicate the
median. The lower and upper extremities of the boxes indicate the 25th and 75th percentiles, respectively.
The error bars indicate the limit of outliers.
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for selecting healthy elderly participants.

Hence, the results in the current study are

accurate and representative of clinical

practice.
As described in the introduction, it is

well-known that there are two phases of

insulin secretion under rapid glucose stimu-

lus.5,33 A biphasic response of insulin secre-

tion is observed that is composed of a sharp

increase with a peak, followed by an inter-

peak nadir and then a slower increasing
phase. A previous study showed that the

roles of the FPIS and SPIS are different.6

By using the pancreatic clamp, the previous

study found that FPIS is crucial to ensure

an insulin burst and suppress the rise of

glucose.6 In a subsequent study, the same

authors showed that FPIS curbs hepatic
glucose production through reducing gluco-

neogenesis.34 Although both phases of insu-

lin release are crucial to regulating serum

glucose, their presenting factors and biolog-

ical pathways are distinctive. Another study

demonstrated that an impairment in the
early insulin response leads to hyperglycae-

mia, causing longer b-cell stimulation and

compensatory second phase hyperinsulinae-

mia.35 It has been suggested that the cas-

cade involved in the FPIS is different from

the SPIS.36 As mentioned above, the loss of

FPIS and increase of SPIS are common in
patients with early diabetes mellitus. Even

though FPIS and SPIS are important, there

is a limited number of publications related

to this area. This might be due to the com-

plexity involved in quantifying FPIS and

SPIS. The hyperglycaemic glucose clamp

is the gold standard method, but it requires
long-term training of research staff, which

makes its implementation difficult in a large

cohort study.
It is well established that a high BPIS is

associated with obesity. For example, in
1967, it was first reported that obese sub-

jects had higher insulin secretion.37 Another

study further corroborated this relation-

ship.38 The same authors also found that

after a glucose challenge, a higher acute

insulin rise could be noted in obese subjects

compared with normal weight subjects.39

Since the study subjects had no impairment

of insulin clearance, the authors concluded

that this increase in the insulin response

must be due to higher insulin secretion.39

Many studies thereafter have demonstrated

the same findings.40–43 Research has sug-
gested that obese subjects have a more

prominent b-cell response because they pos-

sess greater cell mass than lean sub-

jects.40–42 It has also been suggested that

long-term high insulin secretion may lead

to insulin resistance, which is possibly

more noticeable in obese subjects and in
those with MetS.43 These previous findings

Table 2. The linear relationship between the alanine aminotransferase (ALT) level and biphasic insulin
secretion.

Males Females

Outcome (�10�3)/Model b (95% CI) P-value b (95% CI) P-value

Log-transformed FPIS

Unadjusted 1.52 (1.28, 1.76) P< 0.001 1.51 (1.27, 1.75) P< 0.001

Adjusteda 1.30 (1.05, 1.54) P< 0.001 1.40 (1.16, 1.64) P< 0.001

Log-transformed SPIS

Unadjusted 0.92 (0.76, 1.08) P< 0.001 0.96 (0.80, 1.13) P< 0.001

Adjusteda 0.75 (0.59, 0.91) P< 0.001 0.88 (0.72, 1.05) P< 0.001

aAdjusted for age, regular exercise, C-reactive protein and mean arterial pressure.

b, regression coefficient; CI, confidence interval; FPIS, first-phase insulin secretion; SPIS, second-phase insulin secretion.
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suggest that there may be a positive corre-
lation between BPIS, obesity, insulin resis-
tance and MetS.

Abnormal liver function may be the final
piece to complete the link between BPIS and
obesity. NAFLD is one of the leading causes
of abnormal liver function worldwide.44 It is
strongly associated with obesity and has
been regarded as a manifestation of MetS
and diabesity.2,13,14,18 The presentations of
NAFLD range from simple steatosis, non-
alcoholic steatohepatitis, to cirrhosis.44 It is
reported that around 80% of obese subjects
and 70% of patients with T2DM have
NAFLD, respectively.45,46 Obese individuals
experience more inflammatory processes
than lean individuals, including liver inflam-
mation.47 In summary, the association
among elevated liver enzymes, obesity,
MetS and T2DM can be established.

The major merit of the current study was
the stringent design with a high quality of
statistical analysis. The exclusion criteria
comprised many aspects of the potential
confounding factors, including medical dis-
ease, medications and excessive alcohol
consumption (one of the lifestyle factors
potentially influencing liver function). The
large number of study participants also
strengthened the current results. However,
there were several limitations. First, the
enrolled study cohort was only from a
single ethnic group. Therefore, generalizing
or extrapolation of the results to other
ethnic groups should be done with caution.
Verifying the analyses in different popula-
tions and age groups may be considered in
future studies. Secondly, this was a cross-
sectional study, which has a lower evidence
level than longitudinal studies. Further
research design for the association between
long-term level of BPIS and ALT in a lon-
gitudinal study may be suggested. Thirdly,
the BPIS in the present study was calculated
by the equation developed from our previ-
ous research. Even if the accuracy of the
equation was less than the hyperglycaemic

clamp test, the correlations between mea-
sured and calculated BPIS were proved to
be of statistical significance. In addition,
this method has been validated and pub-
lished. Verifying analysis in the validation
group provided additional evidence for the
generalization of the results, which were
obtained from the training group.
Moreover, the hyperglycaemic glucose
clamp would have been very difficult to use
in this current study due to the large number
of participants. Thus, these current results
are considered to be reliable in such a large
cohort. Finally, several potential confound-
ers were not available in the current data,
such as smoking and socioeconomic factors.
The observed associations in this study may
be attenuated when considering the unavail-
able confounders. Therefore, the findings
derived from the results of this current
study should be taken more conservatively.

In conclusion, ALT was positively corre-
lated with BPIS in a healthy elderly popu-
lation in both men and women. NAFLD,
accounting for up to 90% of all cases dem-
onstrating raised liver function test, should
play a vital role in the pathophysiological
mechanisms.44,47 Elevated ALT may impli-
cate high FPIS and SPIS, and may serve as
an indicating factor for developing MetS
and T2DM in the healthy elderly Han
Chinese population.
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