
J Med Assoc Thai Vol. 92 No. 7  2009 961

Correspondence to: Jiamjarasrangsi W, Department of
Preventive and Social Medicine, Faculty of Medicine,
Chulalongkorn University, Pathumwan, Bangkok 10330,
Thailand. E-mail: wjiamja@gmail.com

Type 2 Diabetes, Impaired Fasting Glucose, and Their
Association with Increased Hepatic Enzyme Levels

among the Employees in a University Hospital
in Thailand

Wiroj  Jiamjarasrangsi MD, PhD*, Somrat  Lertmaharit MMed*,
Somkiat  Sangwatanaroj MD, FRCP**, Vitool  Lohsoonthorn MD, PhD*

* Department of Preventive and Social Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand
** Department of Internal, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

The purpose of the present study was to examine the association between abnormal hepatocellular
functions and abnormal fasting glucose level in the employees in a university hospital in Bangkok, Thailand.
A cross-sectional data analysis was conducted among 2,790 workers who were 35-60 years old and participated
in both the annual fasting plasma glucose(FPG) examination and the baseline questionnaire survey during
2001-2005. The prevalence rates (95% confidence interval; CI) of impaired fasting glucose (IFG) were
10.4(9.1-11.7) and 20.3(17.0-23.9) percent respectively for women and men, while those of type 2 diabetes
were 3.1(2.4-3.9) and 6.5 (4.6-8.9) respectively. After controlling for conventional risk factors, only the
alanine aminotransferase (ALT) level was significantly associated with increased abnormal FPG. This
association was particularly obvious for the DM. In conclusion, the present study demonstrated that the
type 2 diabetes and ALT association was also evident in the Thai population.
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There is growing evidence about the associa-
tion between abnormal hepatocellular functions and
type 2 diabetes. A number of studies have found that
high levels of hepatic enzymes, including alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), and γ-glutamyltranspeptidase (GGT) are
associated with the development of diabetes(1-10).
These enzymes, particularly ALT, are elevated in non-
alcoholic fatty liver disease (NAFLD)(11). Recent studies
suggested that hyperinsulinemia and insulin resistance
may play a role in the pathogenesis of both type 2
diabetes and NAFLD. However, the association patterns
between elevated liver enzymes and type 2 diabetes
are complex and not consistent across different

studies(12). Furthermore, the majority of the evidence
arose from Western countries, and relatively little
evidence was available for the Asian population(6,7).

The purpose of the present study was to
examine the association between abnormal hepato-
cellular functions and type 2 diabetes among the Thai
population. Its specific aims were: (a) to determine the
prevalence of type 2 diabetes and impaired fasting
glucose and; (b) their association with conventional
cardiovascular risk factors and biochemical parameters.

Material and Method
Study population

The present study was a cross-sectional part
of a longitudinal study on the health of the employees
in a university hospital in Bangkok, Thailand. This
hospital contained 1,200 beds and employed totally
5,000 workers in 2001. As the annual fasting plasma
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glucose was offered only for workers who were 35 years
of age or older, the target population for this analysis
was those who were 35+ years old during 2001-2005.

Survey procedure
Personal demographic data (such as gender,

date of birth, educational level) were obtained from the
computerized database of the hospital. Additional
information about the individual’s personal and family
history of disease, cigarette smoking and alcoholic
consumption was obtained by a questionnaire survey
which was conducted once in 2003.

Baseline health examination was conducted
during 2001-2005. Totally 494 (17.4 percent), 1,307
(46.0 percent), 371 (13.1 percent), 459 (16.1 percent),
and 159 (5.6 percent) employees were first examined
consecutively during this period. After an overnight
fast, the participants underwent the anthropometric
measurements and blood samples. Weight, height,
and blood pressure (in the sitting position) were
measured by staff nurses. Fasting plasma glucose,
serum total cholesterol, triglycerides, uric acid, blood urea
nitrogen (BUN), creatinine, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and alkaline
phosphatase (ALP) were measured in a standardized
manner at the biomedical laboratory of the hospital.

Definitions
Diagnosis of diabetes was defined according

to the American Diabetic Association (ADA) criteria,
i.e. when FPG level was > 126 mg/dl (7.0 mmol/l) or
having a history of physician diagnosed diabetes or
those who were on treatment, For impaired fasting
glucose (IFG) or pre-diabetes was defined as those
with FPG levels > 100 mg/dl (5.6 mmol/l) but < 126 mg/dl
(7.0 mmol/l)(13).

Body mass index (BMI) was calculated as
(weight in kg)/(height in meters)2. Physical status of
individuals was classified based on the BMI as:
underweight for BMI < 18.5 kg/m2; normal for BMI
18.5-22.9 kg/m2; overweight for BMI 23.0-27.5 kg/m2,
and; obesity for BMI > 27.5 kg/m2(14).

Blood pressure was classified as normal
(systolic blood pressure or SBP < 120 mmHg and
diastolic blood pressure or DBP < 80 mmHg), pre-
hypertension (SBP = 120-139 or DBP = 80-89 mmHg),
stage 1 hypertension (SBP = 140-159 or DBP = 90-99
mmHg), or stage 2 hypertension (SBP > 160 or DBP >
100 mmHg) according to the Joint National Committee
on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure (JNC-7)(15). Total serum

cholesterol level was categorized into desirable (< 200
mg/dl), borderline high (200-239 mg/dl), or high (> 240
mg/dl); and triglyceride was categorized into normal
(< 150 mg/dl), borderline (150-199 mg/dl), high (200-499
mg/dl), and very high (> 500 mg/dl) according to the
Third Report of the National Cholesterol Education
Program Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (ATP
III)(16). Serum uric acid, BUN, creatinine, AST, ALT and
ALP were classified into normal or high by using the
cut points of 7,20,1.3,38,38 and 117 mg/dl respectively
for these biochemical parameters. In addition, the
normal ranges of these parameters were further
categorized into quartile to facilitate detailed examina-
tion about the associations between these parameters
and abnormal plasma glucose levels.

Statistical analysis
Age-group specific prevalence rates of type

2 diabetes and IFG, as well as their corresponding 95%
confidence intervals (CIs) were calculated seperately
for both gender. In the comparison among the normal,
IFG and type 2 diabetes groups, means (95% CIs),
medians (5th and 95th percentiles), or proportions (95%
CIs) were calculated for continuous variables with
normal or skewed distributions, or categorical variables
respectively. The test for trend described by Cuzick
was then used to assess the significant difference for
these variables across the ordered FPG groups (normal,
IFG, and diabetes)(17). Separated multivariable logistic
regression models were used to assess the associations
of abnormal fasting plasma glucose status (normal
versus IFG or type 2 diabetes; dependent variables)
and anthropometric measures, physiological and
biochemical parameter (independent variables).
Backward selection procedures were used in the
statistical modeling. Variables with p-value < 0.2 were
eligible for addition into the modeling procedures, and
p-value of < 0.05 was the cut-off for the statistically
significant level(18). Adjusted odds ratios (95% CI)
were presented for the final models.

Results
Subject characteristics

Of all 3,243 workers who were 35-60 years old
and eligible for the annual fasting glucose examination
during 2001-2005, only 2,097 workers (64.7 percent)
participated in both the health examination and
baseline questionnaire survey, while 693 workers (21.4
percent) participated only in the baseline health
examination. These two worker groups were included
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in this analysis and amounted to 86.0 percent of the
target population. Among all these 2,790 workers,
2,239 (80.3 percent) were women and 551(19.7 percent)
were men. Their mean age was 42.7 + 7.6 years with
average working duration of 18.1 + 7.7 years.

Prevalence of abnormal plasma glucose
Table 1 shows the prevalence of abnormal

FPG levels stratified by age-group and gender. The
overall prevalence rates of IFG and type 2 diabetes
were approximately twice higher among men than
women. Increased IFG and type 2 diabetes prevalence
rates according to increased age were more obvious
among women (except for the lowest and highest age-
groups), probably due to larger sample size.

Cardiovascular risk profile
There were significant trends in the increases

of almost all demographic, physiological, and biochemi-
cal parameters across the ordered FPG groups (normal,
IFG, and diabetes) in both genders, except for the se-
rum creatinine level in women and serum BUN, creati-
nine, uric acid and ALP levels in men (Tables 2 and 3
respectively for both genders). The frequencies of dia-
betes history in the family were significantly increases
across the FPG groups in both genders. There also
seemed to be the inverse relationship between educa-
tional levels and abnormal FPG levels.

Among the hepatic enzymes, although the
trends of increases across the FPG groups were statis-
tically significant for all enzymes, those for the ALT
level were most obvious in both genders, while those
trends for the AST and ALP were obvious only in
women.

Prevalence of increased hepatic enzyme levels
Table 4 shows that the prevalence rates of

abnormally high hepatic enzyme levels increase in
stepwise manner across the FPG groups except for the
prevalence of high ALP levels in men, probably due to
the small sample size in the group of type 2 diabetes
men. Results also showed that the prevalence rates of
abnormal ALT and AST were approximately 2-5 times
higher among men than women. The highest differ-
ence was the prevalence rates of abnormal ALT in the
normal FPG groups, which was 4.7 times higher for men
than women. The gender difference in the prevalence
rates of abnormal ALP levels was not consistent.

Association between hepatic enzyme levels and ab-
normal FPG status

After controlling for conventional risk factors,
only the ALT significantly was associated with
increased abnormal FPG. This association was
particularly obvious for the DM, although the dose-
response pattern seemed to occur for both the IFG and
diabetes risk (Table 5).

Besides, the multivariable analytical results
also showed that the hypertension status significantly
associated with abnormal FPG in both the IFG and
diabetes groups (Table 5). Men had significantly
increased risk only for IFG, but not for diabetes.
Increased abnormal FPG risks according to age were
obvious, although the statistical significance had been
attained only in the 50-59 age range. Significantly
increased risk due to family history of diabetes was
shown only for the diabetes but not for the IFG. Con-
cerning the BMI, only the obese status was signifi-
cantly associated with diabetes risk.

Age-group                                   Female Male
(yr)

Total             IFG       Diabetes Total             IFG Diabetes
  (n)   (n)

  % (95% CI)  % (95% CI)   % (95% CI)   % (95% CI)

35-39    737   4.3 (2.9-6.1) 1.4 (0.7-2.5)  182 16.5 (11.4-22.7)   0.6 (0.0-3.1)
40-44    563   8.0 (5.9-10.5) 2.1 (1.1-3.7)  141 20.6 (14.2-28.2)   5.7 (2.5-10.9)
45-49    360 10.8 (7.8-14.5) 3.1 (1.5-5.4)    96 17.7 (10.7-26.8) 13.5 (7.4-22.0)
50-54    355 19.2 (15.2-23.6) 5.9 (3.7-8.9)    75 30.7 (20.5-42.4)   8.0 (3.0-16.6)
55-59    199 22.1 (16.5-28.5) 7.0 (3.9-11.5)    49 22.4 (11.8-36.6) 10.2 (3.4-22.2)
60+      25 16.0 (4.5-36.1) 4.0 (0.1-20.4)      8 25.0 (3.2-65.1) 37.5 (8.5-75.5)
Total 2,239 10.4 (9.1-11.7) 3.1 (2.4-3.9)  551 20.3 (17.0-23.9)   6.5 (4.6-8.9)

Table 1. Prevalence of abnormal plasma glucose according to age and gender

IFG = impaired fasting plasma glucose
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Concerning the lipid levels, the total
cholesterol was only significantly associated with
IFG risk, while the triglyceride level was significantly
associated with the diabetes risk in the dose-response
manner.

Discussion
In the present study, the authors showed

the rates of abnormal fasting plasma glucose and
type 2 diabetes and their cross-sectional association
with ALT among predominantly female employees
in a university hospital in Bangkok, Thailand.
The definition of both IFG and diabetes among
this worker group were described based on the
most up to date diagnostic criteria according to the
ADA.

Comparing to the recent national survey, the
authors’ reported IFG and diabetes prevalence rates
were significantly lower than the surveyed Bangkok
population, except for the IFG prevalence rate of 20.3
percent among the male employees, which was slightly
higher than the national survey result (the diabetes
prevalence rates among male and female Bangkok
population in 2003-2004 were 12.4 and 14.6 percent,
and the IFG prevalence rates among these population
subgroups were 17.4 and 14.6 percent respectively)(19).
This might be due to the studied employees being
healthier than the survey population.

Concerning to the association between liver
enzymes and abnormal FPG, the present study showed
a significant association between the ALT and type 2
diabetes with an obvious dose-response pattern,

Parameters      Normal (n = 1,938)             IFG (n = 232) Type 2 diabetes (n = 69) Test
for

 Mean 95% CI  Mean 95% CI  Mean 95% CI trend

Age (yr)�    42 (35-56)    49.5 (36-58)    50 (36-59) <0.05
BMI (kg/m2)    23.3 (23.2-23.5)    25.5 (24.9-26.1)    27.6 (26.4-28.8) <0.05
SBP (mmHg)  118.6 (117.9-119.3)  129.8 (127.4-132.2)  134.6 (129.5-139.6) <0.05
DBP (mmHg)    69.8 (69.3-70.3)    74.0 (72.5-75.5)    78.3 (75.4-81.2) <0.05
Cholesterol (mg/dl)  209.5 (207.8-211.2)  230.3 (224.3-236.3)  229.6 (218.3-240.8) <0.05
Triglyceride (mg/dl)�    81 (41-192)  101 (46-295)  143 (70-347) <0.05
BUN (mg/dl)    11.7 (11.6-11.9)    12.2 (11.7-12.6)    12.4 (11.7-13.2) <0.05
Cr (mg/dl)      0.7 (0.7-0.7)      0.7 (0.7-0.7)      0.7 (0.7-0.8) ns
Uric acid (mg/dl)      4.4 (4.4-4.5)      4.9 (4.8-5.1)      5.1 (4.8-5.5) <0.05
AST (U/l)*    19 (14-33)    20 (14-45)    21 (14-47) <0.05
ALT (U/l)*    15 (8-39)    20 (10-65)    25 (11-69) <0.05
AST to ALT ratio      1.2 0.7-2.1)      1.0 (0.6-2.0)      0.9 (0.6-1.6) <0.05
ALP (U/l)*    61 (38-98)    70 (41-119)    72 (51-119) <0.05

Percent 95%CI Percent 95%CI Percent 95%CI

Smoking      0.3 (0.1-0.6)      0.9 (0.1-3.1)      0.0 (0.0-0.0) ns
Alcohol drinking    29.2 (27.2-31.3)    29.7 (23.9-36.1)    31.9 (21.2-44.2) ns
Family history of DM    17.6 (16.0-19.4)    23.3 (18.0-29.3)    26.1 (16.3-38.1) <0.05
Education

Primary    14.6 (13.1-16.3)    23.7 (18.4-29.7)    21.7 (12.7-33.3) <0.05
Secondary    27.0 (25.1-29.1)    22.0 (16.8-27.9)    36.2 (25.0-48.7) ns
Professional    33.1 (31.0-35.3)    36.2 (30.0-42.8)    31.9 (21.2-44.2) ns
Bachelor+    22.1 (20.3-24.1)    14.2 (10.0-19.4)      7.2 (2.4-16.1) <0.05
Undefined      3.1 (2.4-4.0)      3.9 (1.8-7.2)      2.9 (0.4-10.1) ns

Table 2. Baseline clinical and metabolic parameters according to plasma glucose levels (women)

* Median + interquartile range was shown instead of mean + standard deviation
ns = not statistically significance
BMI = body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure, BUN = blood urea nitrogen, Cr =
creatinine, AST = aspartate aminotransferase, ALT = alanine aminotransferase, ALP = alkaline phosphatase, IFG = impaired
fasting plasma glucose
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Parameters Normal (n = 403) IFG (n = 112) Type 2 diabetes (n = 36) Test
for

 Mean (95% CI)  Mean (95% CI)  Mean (95% CI) trend

Age (yr)*    42 (35-56)    44 (35-58)    48 (40-62) <0.05
BMI (kg/m2)    24.1 (23.7-24.4)    24.9 (24.2-25.7)    26.9 (25.6-28.2) <0.05
SBP (mmHg)  126.1 (124.5-127.7)  135.2 (131.6-138.9)  138.9 (133.1-144.6) <0.05
DBP (mmHg)    76.4 (75.3-77.5)    81.6 (79.1-84.0)    81.7 (78.2-85.2) <0.05
Cholesterol (mg/dl)  213.1 (209.4-216.8)  227.3 (219.8-234.7)  221.2 (208.3-234.2) <0.05
Triglyceride (mg/dl)�  120 (52-347)  154 (65-399)  175 (48-369) <0.05
BUN (mg/dl)    13.3 (13.0-13.7)    14.2 (13.5-14.9)    12.7 (11.6-13.7) ns
Cr (mg/dl)      1.0 (0.9-1.0)      0.9 (0.9-1.0)      0.9 (0.9-1.0) ns
Uric acid (mg/dl)      6.3 (6.1-6.4)      6.5 (6.3-6.8)      5.8 (5.4-6.3) ns
AST (U/l)*    24 (16-50)    26.5 (16-89)    26 (17-57) <0.05
ALT (U/l)*    26 (13-77)    30.5 (14-101)    37.5 (17-103) <0.05
AST to ALT ratio      0.9 (0.5-1.7)      0.9 (0.4-1.7)      0.7 (0.4-1.8) <0.05
ALP (U/l)*    69 (47-107)    65 (44-120)    78 (49-114) ns

Percent 95% CI Percent 95% CI Percent 95% CI

Smoking    18.4 (14.7-22.5)    24.1 (16.5-33.1)    11.1 (3.1-26.1) ns
Alcohol drinking    73.2 (68.6-77.5)    76.8 (67.9-84.2)    61.1 (43.5-76.9) ns
Family history of DM      8.4 (5.9-11.6)      9.8 (5.0-16.9)    30.6 (16.3-48.1) <0.05
Education

Primary    43.9 (39.0-48.9)    52.7 (43.0-62.2)    61.1 (43.5-76.9) <0.05
Secondary    34.5 (29.9-39.4)    24.1 (16.5-33.1)    11.1 (3.1-26.1) <0.05
Professional    15.1 (11.8-19.0)    18.8 (12.0-27.2)    25.0 (12.1-42.2) ns
Bachelor+      4.5 (2.7-7.0)      1.8 (0.2-6.3)      0.0 (0.0-0.0) ns
Undefined      2.0 (0.9-3.9)      2.7 (0.6-7.6)      2.8 (0.1-14.5) ns

Table 3. Baseline clinical and metabolic parameters according to plasma glucose levels (men)

* Median + interquartile range was shown instead of mean + standard deviation
ns = not statistically significance
BMI = body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure, BUN = blood urea nitrogen, Cr =
creatinine, AST = aspartate aminotransferase, ALT = alanine aminotransferase, ALP = alkaline phosphatase, IFG = impaired
fasting plasma glucose

Hepatic enzyme level              Normal                 IFG       Type 2 diabetes Test
for

Percent (95% CI) Percent (95% CI) Percent (95% CI) trend

Men
AST > 36 mg/dl 10.7 (7.8-14.1) 17.0 (10.5-25.2)   25.0 (12.1-42.2) <0.05
ALT > 36 mg/dl 23.9 (19.8-28.4) 38.4 (29.4-48.1)   47.2 (30.4-64.5) <0.05
ALP > 117 mg/dl   2.2 (1.0-4.2)   5.4 (2.0-11.3)     2.8 (0.1-14.5) ns

Women
AST > 36 mg/dl   2.6 (1.9-3.4)   7.8 (4.7-12.0)   10.1 (4.2-19.8) <0.05
ALT > 36 mg/dl   5.1 (4.2-6.2) 17.3 (12.7-22.8)   18.8 (10.4-30.1) <0.05
ALP > 117 mg/dl  1.6 (1.1-2.2)   5.6 (3.0-9.4)     5.8 (1.6-14.2) <0.05

Table 4. Prevalence rates of abnormal hepatic enzymes according to fasting plasma glucose groups, stratified by gender

ns = not statistically significance
AST = aspartate aminotransferase, ALT = alanine aminotransferase, ALP = alkaline phosphatase, IFG = impaired fasting
plasma glucose
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while the ALT and IFG association was obvious only
in the group with highest ALT compared to the lowest
quartile group. The authors found no significant
association between AST or ALP and abnormal FPG
levels. This was consistent with studies conducted
by Vozarova et al in Pima Indians(10), Nannipieri et al

Mexico(5), Wannamethee et al in the United Kingdom(3),
and other studies conducted recently(20,21).

Some limitations, however, needed to be
mentioned in the present study. The authors did not
collect information about hepatitis B and C infection,
alcohol consumption, and physical activity from the

Characteristics                    Normal vs. IFG Normal vs. diabetes

OR (95% CI) p-value OR (95% CI) p-value

Gender
Female 1.0
Male 1.6 (1.2-2.1) <0.005 1.1 (0.7-1.9) ns

Age (yr)
30-34 0.6 (0.1-2.8)     ns 2.8 (0.3-23.4) ns
35-39 1.0
40-44 1.4 (1.0-2.1)     ns 1.8 (0.8-4.0) ns
45-49 1.4 (1.0-2.2)     ns 2.7 (1.2-6.0) <0.05
50-54 2.7 (1.9-4.0) <0.001 3.3 (1.5-7.3) <0.005
55-59 2.9 (1.8-4.5) <0.001 3.7 (1.6-8.7) <0.005
60-64 2.4 (0.9-6.4)     ns 6.2 (1.7-22.9) <0.01

Family history of diabetes
No 1.0
Yes 1.3 (0.9-1.8)     ns 2.2 (1.4-3.6) <0.005

BMI(kg/m2)
< 18.4 1.3 (0.7-2.6)     ns 0.9 (0.1-7.1) ns
18.5-22.9 1.0
23.0-27.4 1.0 (0.8-1.4)     ns 1.8 (1.0-3.5) ns
> 27.5 1.4 (1.0-2.1)     ns 3.2 (1.6-6.4) <0.001

SBP and/or DBP (mmHg)
< 120 & < 80 1.0 1.0
120-139 or 80-89 1.7 (1.2-2.3) <0.005 3.0 (1.4-6.3) <0.005
140-159 or 90-99 2.4 (1.6-3.5) <0.001 3.4 (1.5-7.6) <0.005
> 160 or > 100 3.1 (1.8-5.3) <0.001 5.4 (2.1-13.9) <0.001

Total cholesterol (mg/dl)
< 200 1.0 1.0
200-239 1.6 (1.2-2.2) <0.005 0.7 (0.4-1.2) ns
> 240 2.0 (1.4-2.8) <0.001 1.1 (0.6-1.9) ns

Triglyceride (mg/dl)
<150 1.0 1.0
150-199 0.9 (0.6-1.3)     ns 1.6 (0.9-2.8) ns
200-499 1.4 (1.0-2.1)     ns 2.0 (1.1-3.6) <0.05
> 500 3.4 (1.0-11.5)     ns 5.5 (1.1-27.9) <0.05

ALT quartile (mg/dl)
Quartile 1 (1-12) 1.0 1.0
Quartile 2 (13-16) 1.1 (0.7-1.6)     ns 1.0 (0.3-3.5) ns
Quartile 3 (17-22) 1.1 (0.7-1.7)     ns 3.1 (1.1-8.4) <0.05
Quartile 4 (23-38) 1.4 (0.9-2.1)     ns 3.9 (1.4-10.5) <0.01
High (> 38) 2.4 (1.5-3.8) <0.001 5.5 (2.0-15.6) <0.005

Table 5. Adjusted odds ratios (ORs) for impaired fasting glucose (IFG) and type 2 diabetes

ns = not statistically significance
BMI = body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure, ALT = alanine aminotransferase,
IFG = impaired fasting plasma glucose
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subjects. So confounding effects of these factors
could not be excluded from the presented interpretation.
However, as the present findings were consistent
with many other studies conducted previously, their
confounded effect might be minimal.

In conclusion, the authors reported IFG and
diabetes prevalence rates among a university
hospital in Bangkok were significantly lower than
the surveyed Bangkok population. In addition, the
authors demonstrated that the type 2 diabetes and
ALT association was also evidenced in the Thai
population.

Acknowledgements
This project was supported by Chulalongkorn

Memorial Hospital and Chulalongkorn University.

References
1. Sattar N, McConnachie A, Ford I, Gaw A,

Cleland SJ, Forouhi NG, et al. Serial metabolic
measurements and conversion to type 2 diabetes
in the west of Scotland coronary prevention study:
specific elevations in alanine aminotransferase and
triglycerides suggest hepatic fat accumulation as
a potential contributing factor. Diabetes 2007; 56:
984-91.

2. Schindhelm RK, Dekker JM, Nijpels G, Stehouwer
CD, Bouter LM, Heine RJ, et al. Alanine amino-
transferase and the 6-year risk of the metabolic
syndrome in Caucasian men and women: the
Hoorn Study. Diabet Med 2007; 24: 430-5.

3. Wannamethee SG, Shaper AG, Lennon L, Whincup
PH. Hepatic enzymes, the metabolic syndrome, and
the risk of type 2 diabetes in older men. Diabetes
Care 2005; 28: 2913-8.

4. Andre P, Balkau B, Born C, Royer B, Wilpart E,
Charles MA, et al. Hepatic markers and develop-
ment of type 2 diabetes in middle aged men and
women: a three-year follow-up study. The D.E.S.I.R.
Study (Data from an Epidemiological Study on the
Insulin Resistance syndrome). Diabetes Metab
2005; 31: 542-50.

5. Nannipieri M, Gonzales C, Baldi S, Posadas R,
Williams K, Haffner SM, et al. Liver enzymes, the
metabolic syndrome, and incident diabetes: the
Mexico City diabetes study. Diabetes Care 2005;
28: 1757-62.

6. Lee DH, Silventoinen K, Jacobs DR Jr, Jousilahti P,
Tuomileto J. gamma-Glutamyltransferase, obesity,
and the risk of type 2 diabetes: observational
cohort study among 20,158 middle-aged men and

women. J Clin Endocrinol Metab 2004; 89: 5410-4.
7. Nakanishi N, Suzuki K, Tatara K. Serum gamma-

glutamyltransferase and risk of metabolic syndrome
and type 2 diabetes in middle-aged Japanese men.
Diabetes Care 2004; 27: 1427-32.

8. Sattar N, Scherbakova O, Ford I, O’Reilly DS,
Stanley A, Forrest E, et al. Elevated alanine
aminotransferase predicts new-onset type 2
diabetes independently of classical risk factors,
metabolic syndrome, and C-reactive protein in
the west of Scotland coronary prevention study.
Diabetes 2004; 53: 2855-60.

9. Hanley AJ, Williams K, Festa A, Wagenknecht LE,
D’Agostino RB Jr, Kempf J, et al. Elevations in
markers of liver injury and risk of type 2 diabetes:
the insulin resistance atherosclerosis study.
Diabetes 2004; 53: 2623-32.

10. Vozarova B, Stefan N, Lindsay RS, Saremi A,
Pratley RE, Bogardus C, et al. High alanine amino-
transferase is associated with decreased hepatic
insulin sensitivity and predicts the development
of type 2 diabetes. Diabetes 2002; 51: 1889-95.

11. Marchesini G, Brizi M, Bianchi G, Tomassetti S,
Bugianesi E, Lenzi M, et al. Nonalcoholic fatty
liver disease: a feature of the metabolic syndrome.
Diabetes 2001; 50: 1844-50.

12. Schindhelm RK, Dekker JM, Nijpels G, Heine RJ,
Diamant M. No independent association of
alanine aminotransferase with risk of future type 2
diabetes in the Hoorn study. Diabetes Care 2005;
28: 2812.

13. American Diabetes Association. Diagnosis and
classification of diabetes mellitus Diabetes Care
2005; 28 (Suppl 1): S37-42.

14. WHO Expert Consultation. Appropriate body-mass
index for Asian populations and its implications
for policy and intervention strategies Lancet 2004;
363: 157-63.

15. Chobanian AV, Bakris GL, Black HR, Cushman WC,
Green LA, Izzo JL Jr, et al. Seventh report of the
Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure.
Hypertension 2003; 42: 1206-52.

16. Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults.
Executive Summary of The Third Report of The
National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults (Adult
Treatment Panel III). JAMA 2001; 285: 2486-97.

17. Cuzick J. A Wilcoxon-type test for trend. Stat Med



968 J Med Assoc Thai Vol. 92 No. 7  2009

1985; 4: 87-90.
18. Greenland S. Modeling and variable selection in

epidemiologic analysis. Am J Public Health 1989;
79: 340-9.

19. Ministry of Public Health, Thailand. The report of
Thailand population health examination survey III,
2003-2004. Nonthaburi: Health Systems Research
Institute, Bureau of Health Policy and Strategy
Ministry of Public Health Thailand; 2006.

20. Hickman IJ, Whitehead JP, Prins JB, Macdonald

โรคเบาหวานชนิดท่ี 2, ระดับพลาสมากลูโคสเม่ืออดอาหารผิดปกติ และความสัมพันธ์กับระดับ
เอนไซม์ของตับสูงข้ึนในลูกจ้างโรงพยาบาลมหาวิทยาลัยแห่งหน่ึงในประเทศไทย

วิโรจน์  เจียมจรัสรังษี, สมรัตน์  เลิศมหาฤทธ์ิ, สมเกียรติ  แสงวัฒนาโรจน์, วิฑูรย์  โล่ห์สุนทร

การศึกษานี้มีวัตถุประสงค์เพื่อหาความสัมพันธ์ระหว่างระดับเอ็นไซม์ตับผิดปกติและระดับน้ำตาลใน เลือด
ผิดปกติในเจ้าหน้าที ่โรงพยาบาลมหาวิทยาลัยแห่งหนึ ่งในกรุงเทพมหานคร โดยทำการศึกษาภาคตัดขวาง
ในเจ้าหน้าที่จำนวน 2,790 คนที่มีอายุระหว่าง 35-60 ปีที่ร่วมในการตรวจระดับน้ำตาลในเลือดและตอบแบบสำรวจ
ในช่วงปี พ.ศ. 2544-2548 พบว่าอัตราชุก (ค่าความเชื่อมั่นที่ร้อยละ 95) ของภาวะก่อนเบาหวานในหญิงและชาย
เท่ากับร้อยละ 10.4 (9.1-11.7) และ 20.3 (17.0-23.9) ตามลำดับ ขณะที่อัตราชุก (ค่าความเชื่อมั่นที่ร้อยละ 95)
ของโรคเบาหวานชนิดที่ 2 ของกลุ่มตัวอย่างทั้งสองเพศเท่ากับร้อยละ 3.1 (2.4-3.9) และ 6.5 (4.6-8.9) ตามลำดับ
หลังจากควบคุมตัวกวนแล้วพบว่ามีเพียงระดับเอ็นไซม์ Alanine aminotransferase (ALT) เท่านั้นที่มีความสัมพันธ์
อย่างมีนัยสำคัญทางสถิติกับระดับน้ำตาลในเลือดผิดปกติ โดยเฉพาะกับโรคเบาหวาน โดยสรุป การศึกษานี้แสดง
ให้เห็นความสัมพันธ์ระหว่างระดับ ALT ผิดปกติกับโรคเบาหวานชนิดที่ 2 ในประชากรไทยเช่นเดียวกับการศึกษา
ในเช้ือชาติอ่ืน ๆ

GA. Raised alanine transaminase and decreased
adiponectin are features of the metabolic syndrome
in patients with type 2 diabetes. Diabetes Obes
Metab 2007; 9: 438-40.

21. Schindhelm RK, Diamant M, Dekker JM,
Tushuizen ME, Teerlink T, Heine RJ. Alanine
aminotransferase as a marker of non-alcoholic
fatty liver disease in relation to type 2 diabetes
mellitus and cardiovascular disease. Diabetes
Metab Res Rev 2006; 22: 437-43.


