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Abstract

AIM: To investigate the association of obesity and
elevated alanine aminotransferase with insulin resistance
and compare these factors with metabolic syndrome.

METHODS: We enrolled a total of 1308 male workers
aged from 22 to 63 years. Data was extracted from
the workers’ periodic health check-ups in hospitals. All
cases were from the community of northern Taiwan.
This was a cross-sectional observational study from July
to September in 2004. We grouped all cases into four
groups, based on the quartile of homeostasis model
assessment. The top fourth quartile group was defined
as the group with insulin resistance. We performed
multivariate logistic regression analysis for the odds ratio
of the risk factors for insulin resistance.

RESULTS: Compared with metabolic syndrome, the
coexistence of both factors had a 4.3-fold (95% CI:
2.7-6.8) increased risk, which was more than metabolic
syndrome with a 3.6-fold (95% CI: 2.6-5.0) increased
risk. The two factors had a synergistic effect. The
synergistic index of obesity and elevated alanine
aminotransferase (ALT) was 2.1 (95% CI: 1.01-4.3).

CONCLUSION: Obesity and elevated ALT are associated

with insulin resistance. The effects are synergistic.
Coexistence of them is better than metabolic syndrome
in predicting insulin resistance.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Insulin resistance is a key feature of type 2 diabetes mellitus
and it plays an important role in cardiovascular diseases!".
Predicting insulin resistance is useful in preventing
diabetes or cardiovascular disease. Insulin resistance can
be directly measured with a hyperinsulinemic euglycemic
clamp?. In addition, several parametets from less invasive
methods have been demonstrated to be related to, or
to predict, insulin resistance, such as obesity??, alanine
aminotransferase (ALT) level®, metabolic syndrome,
chronic inflammation status?, nonalcoholic fatty liver
disease (NAFLD)", and adiponectin level®. Some of
these factors are easily measured (e.g. body weight and
ALT) and the others are more complex (e.g. metabolic
syndrome), not available in most laboratories (e.g.
adiponectin), or are technique-dependent (e.g. sonographic
NAFLD).

In Taiwan, the national health program provides
a periodic examination for every adult older than
forty. The program includes measurements of body
height/weight, and ALT level. Measurement of insulin
resistance, however, is not included in the program
because of its inconvenience, although it is important
for preventing cardiovascular disease.

Obesity is a ongoing problem in Taiwan and world-
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wide!""". Tt is associated with several conditions, of
which insulin resistance might be the most importantm}.

Alanine aminotransferase (ALT) is a widely used
laboratory test and abnormal ALT levels are common!™*'4.
Elevated ALT has also been noted to be related to
insulin resistance.

Besides being non-invasive, both obesity and ALT
measurements are easily obtained and are inexpensive.
Our purpose was to confirm the belief that that obesity
and elevated ALT are important parameters of insulin
resistance. We reported that the coexistence of both
factors has a synergistic effect and the coexistence might
be better than metabolic syndrome for predicting insulin
resistance. The possible mechanism will be explored
in the article. This result is helpful for preventing
cardiovascular disease in public health.

MATERIALS AND METHODS

Data from a total of 1308 male workers’ health check-
up records were analyzed. Data were collected via a
questionnaire, including age (years), smoking status
(packs per day), and alcohol consumption status (times
per week). Anthropometrical data collected included
systolic and diastolic blood pressure (mmHg), body
weight (kg), height (cm), calculated body mass index,
BMI (kg/m?), and waist circumference (cm). The
laboratory measurements were conducted by Beckman
Coulter auto-analyzer (model DxC 800 Synchron), and
included triglyceride (mg/dL), high-density lipoprotein
(HDL, mg/dL), aspartate aminotransferase (AST, U/L),
alanine aminotransferase (ALT, U/L), and fasting
plasma glucose (mg/dL). The insulin level (U/mL) was
measured by the Abbott autoanalyzer (model AxSym).
Insulin resistance was defined as the top quartile of
HOMAR (homeostasis model assessment)?. Obesity
was defined as BMI = 27 according to the modified
criteria in Taiwan!". Abdominal obesity (or central
obesity) was defined as a waist circumference = 90 cm
in men, according to the modified criteria from ATPII
for Asia subjects!"™. Elevated blood pressure, elevated
triglyceride, low high-density lipoprotein, and elevated
fasting glucose were defined based on previous ATPII
criteria for metabolic syndrome as systolic blood pressure
= 130 mmHg or diastolic blood pressure = 85 mmHg,
triglyceride = 150 mg/dL, high density lipoprotein <
40 mg/dL, and fasting glucose = 100 mg/dL. Elevated
ALT was defined as ALT > 40 U/L (according to
our laboratory and any cause, such viral hepatitis ot
alcoholism, was not ruled out). Smoking was defined
as smoking more than one pack per day. Alcohol
consumption was defined as drinking more than once
per week. The Student’s 7 test and chi-square test were
used for analyzing continuous variables and categorical
variables, respectively. Multivariate logistic regression
was used to evaluate the relationship between insulin
resistance and the risk factors. We introduced three
models for multivariate logistic regression analysis for
the odds ratio of the risk factors for insulin resistance.
Model 1 showed the odds ratio of the risk factors

among which metabolic syndrome is regarded as five
separate components. Metabolic syndrome is regarded
as a single factor in model 2. Elevated ALT and obesity
are regarded as two separate risk factors in model 1 and
model 2. The coexistence of the two factors is regarded
as a single factor and is compared with metabolic
syndrome in model 3. To understand the synergistic
effect of the risk factors, we introduced the synergistic
index to see if the synergistic effect of obesity and
elevated ALT was statistically significant!'. This
analytical study, limited to health check-up data, followed
all the ethical criteria for human research!"”l. The study
protocol (TYGH09702108) was reviewed and approved
by the Ethics Committee of the Taoyuan General
Hospital.

RESULTS

A total of 1308 male examinees wete enrolled in the
present study. The baseline characteristics of the study
population stratified by HOMA g are presented in Table 1.
The mean age of the total population was 38.7 years
(ranging from 22-63 years); increasing age with the
higher HOMA g was noted. A similar increasing trend
was also presented in the other parameters except that
a decreasing trend was noted in the HDL parameter.
We also examined the significance of the trend of the
increasing ALT level with insulin resistance through
ANOVA analysis.

The abnormality prevalence of the four stratified
categories according to the HOMA quartile, and the
whole samples, are shown in Table 2. Similarly, the
abnormality prevalence rates of all parameters (except
smoking and drinking) increase with the higher HOMAy.

In Table 3, after controlling for age, metabolic
syndrome, hypercholesterolemia, elevated low-density
lipoprotein, drinking, and smoking status, obesity has
a 2.5-fold (95% CI: 1.7-3.6) and elevated ALT has a
2.1-fold (1.4-3.0) increased risk of insulin resistance
in model 1. Each of these is more than at least three
components of metabolic syndrome (abdominal obesity,
elevated blood pressute, and hypo-HDL cholesterolemia).
In model 2, obesity has a 3.0-fold (2.1-4.2) and elevated
ALT has a 2.1-fold (1.5-2.9) increased risk of insulin
resistance. Metabolic syndrome has a 2.6-fold (1.8-3.7)
increased risk. On their own, both risk factors are similar
to, or even more significant than metabolic syndrome.
In model 3, we compared the coexistence of obesity and
elevated ALT with metabolic syndrome. The coexistence
of the two factors has a 4.3-fold (2.7-6.8) increased risk,
far more than metabolic syndrome that has a 3.6-fold
(2.6-5.0) increased risk. To examine the relationship
between obesity and elevated ALT, we presented the
synergistic effect of both factors in Table 4. It showed
the synergistic index is 2.1 and it is statistically significant
(95% CI: 1.0-4.3). Ditferent odds ratios of obesity
and elevated ALT in Tables 3 and 4 were noted due to
different controlling factors.
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Table 1 Basic characteristics of subjects, stratified by HOMARr (mean + SD)

The four sub-groups stratified by HOMAR' Total
Q1 (327, 25%) Q2 (326, 25%) Q3 (328, 25%) Q4 (327, 25%) (1308, 100%)

Age (yr) 38.1+10.0 38.5+9.7 38.7+10.0 39.7+10.3 38.7+10.0
Systolic blood pressure (mmHg) 1244 +139 1258 +14.7° 128.0+15.1° 132.5+16.0° 127.7+15.2
Diastolic blood pressure (mmHg) 77.3£10.0 77.6 £10.4° 79.6 £11.2° 821+11.7° 79.1+11.0
Body mass index (kg/m?) 08+25 28725 25127 27.0£34° 24733
Waist circumference (cm) 83.6+6.6 85.8+6.1° 889+6.7 92.6 £7.5" 87.7+75
ALT (U/L) 224+16.1 25.5+18.1° 36.1+48.4" 402 +26.4" 31.0+31.0
AST (U/L) 239+11.1 242+16.0° 27.6 +£20.2° 28.0+11.5" 259+15.3
Fasting glucose (mg/dL) 95.1+7.6 97.9+7.9" 99.4+7.9" 102.5 + 8.5 98.7+8.4
Fasting insulin (U/mL) 3.6+1.0 6.1+0.9° 89+11° 158 £6.5" 8.6+5.7
HOMAR 0.8+0.2 15+0.2° 21+02° 39+1.7° 2115
Triglyceride (mg/dL) 113.9 £ 86.8 127.6 +86.2° 157.9 +105.7° 202.8 +156.9° 150.6 +117.6
HDL (mg/dL) 528 £12.5 50.2+9.8" 474 +10.7° 444+89° 48.7+11.0

"The subjects were stratified into four groups according to HOMA; Q1 means the 1st quartile, Q2 means the 2nd, etc. ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; HDL: High-density lipoprotein; HOMAk: Insulin resistance assessed by homeostasis model assessment = fasting insulin
(U/mL) x glucose (mmol/L)/22.5.°P < 0.05 vs Q1.

Table 2 Abnormality prevalence distribution, stratified by HOMARr 7 (%)

The four sub-groups stratified by HOMAr Total
Abnormality' Q1 327 (25) Q2 326 (25) Q3 328 (25) Q4 327 (25) 1308 (100)
Obesity 20 (6.1) 29 (8.9) 81 (24.7)° 153 (46.8)" 283 (21.6)
Elevated ALT 25 (7.6) 36 (11.0) 74 (22.6)" 118 (36.1)" 253 (19.3)
Metabolic syndrome components
Abdominal obesity 45 (13.8) 74 (22.7)° 126 (38.4)° 188 (57.5)" 433 (33.1)
Elevated blood pressure 110 (33.6) 118 (36.2) 136 (41.5)° 187 (57.2)* 551 (42.1)
Elevated fasting glucose 16 4.9) 22 (6.7) 37 (11.3)° 62 (19.0)° 137 (10.5)
Elevated triglyceride 58 (17.7) 83 (25.5)" 132 (40.2)* 195 (59.6)" 468 (35.8)
Hypo-HDL cholesterolemia 39 (11.9) 47 (14.4) 71 (21.6)" 108 (33.0)* 265 (20.3)
Alcohol consumption 83 (25.4) 56 (17.2) 74 (22.6) 73 (22.3) 286 (21.9)
Cigarette smoking 122 (37.3) 118 (36.2)* 108 (32.9) 109 (33.3) 457 (34.9)

'Obesity: Body mass index = 27 kg/m’; Elevated ALT: ALT > 40 U/L; Abdominal obesity: waist circumference = 90 cm in male adults; Elevated blood
pressure: blood pressure = 130/85 mmHg; Elevated fasting glucose: fasting glucose = 100 mg/dL; Elevated triglyceride: triglyceride = 150 mg/dL; Hypo-
HDL cholesterolemia: HDL cholesterol < 40 mg/dL; Hypercholesterolemia: total cholesterol = 200 mg/dL; Elevated LDL: LDL cholesterol = 130 mg/dL;
Alcohol consumption: more than once per week; Cigarette smoking: more than one pack per day. 'P < 0.05 vs Q1 (y” test).

Table 3 OR of risk factors, presented as OR (95% CI) Table 4 Synergistic effect of obesity and elevated ALT on
insulin resistance’

Model' Model 1 Model 2 Model 3

Both obesity and elevated ALT - - 43 (2.7-6.8) OR (95% CI) | 95% CI
Obesity 2.5 (1.7-3.6) 3.0°(2.1-4.2) - Neither obesity nor elevated ~ 1.0 Reference  No risk -
Elevated ALT 217 (1.4-3.0) 2.1%(1.5-2.9) - ALT

Metabolic syndrome - 2.6 (1.8-3.7) 3.6 (2.6-5.0) Obesity only 23 (1.5-3.5) Onerisk only -
Abdominal obesity 1.6% (1.2-2.2) - - Elevated ALT only 1.8 (1.1-2.9) Onerisk only -
Elevated blood pressure 1.7° (1.2-2.4) - - Obesity plus elevated ALT 55 (3.2-9.3) 21 (1.01-4.3)
Elevated fasting glucose 2.8 (1.8-4.4) - -

Elevated triglyceride 22°(1.6:3.1) - - 'Insulin resistance is defined as the 4th quartile of the HOMA. SI: Syner-
Hypo-HDL cholesterolemia 1.6% (1.1-2.2) - - gistic index.

Alcohol consumption 2(0.8-1.7) 1.2(0.8-1.6) 1.2(0.9-1.7)
Cigarette smoking 0.9 (0.7-1.2) 0.9(0.6-1.2) 0.9 (0.6-1.2)

. ) o obesity (defined as BMI = 27 in this article), surveyed
Risk factors of metabolic syndrome were regarded as five individual fac- . .

tor in model 1 and as a single factor in model 2; both obesity and elevated in 2000-2001 were 15.9% and 10.7% in men and women
ALT were regarded as a single factor in model 3; *Significant odds ratio separately, and the rate has progressively increased".
(OR), adjusted for age. The prevalence rate of obesity in our study, which was
conducted after 2001, is higher and is compatible with
the trend of increasing prevalence. Obesity is associated

DISCUSSION with several comorbidities!"”, including coronary heatt
Obesity is a worsening problem in Taiwan and disease, stroke, NAFLD, and type 2 diabetes mellitus.
wotldwide!"”. Due to the variety of definition criteria, the ~ Insulin resistance is present and important in the above
prevalence rate varies. In Taiwan, the prevalence rate of clinical problems.
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In our study, obesity alone is an important risk
factor of insulin resistance. Similar results have also
been published in other studies®!. In contrast, weight
reduction improves insulin resistance!®'), even if it is
achieved by surgery®l. Howevet, not all obese subjects
have insulin resistance!'. Although the exact mechanism
is still not fully understood, many factors have been
found to induce insulin resistance through different
pathways, such as increased non-esterified fatty acids
(NEFAs), adipocyte dysfunction, leptin, adiponectin,
chronic inflammatory status, tumor necrosis factor-o
(INF-q), intetleukin-6 (IL-6), monocyte chemoattractant
protein-1 (MCP-1), and fat distribution*'>*1. Among
these factors, NEFAs, released from dysfunctional
adipocytes, might be the single most critical factor in
modulating insulin sensitivity!'*'>*!.,

ALT level is a widely used laboratory test in Taiwan.
Elevated ALT is a common laboratory abnormality in
a healthy population. The statistical database from the
healthy population in the United States in 2003 showed
the prevalence rate of abnormal transaminase was
20.8%, similar to previous findings (19.3%)"). Another
study showed the prevalence rate in the male adolescent
population was 12.4%, which was lower, but the
population was younget!™.

Our results show elevated ALT is a risk factor of
insulin resistance, independent of metabolic syndrome.
This conclusion has been also proposed in previous
articles*). In Pima, in Indians with normal glucose
tolerance, elevated ALT was associated with a decline in
clamp-derived whole body insulin sensitivity, according
to longitudinal analysis, and it predicted the development
of type 2 diabetes in a prospective analysis'”. This was
extended to those with impaired glucose tolerance in an-
other study[zzl, in which a population of African-Ameri-
cans and white subjects were analyzed. Burgert e al™ also
noted a relationship between elevated ALT and reduced
insulin sensitivity in obese children. Our study showed a
similar result in Taiwanese adult males using community-
based data. A semi-quantified result was also noted in a
previous article™. Our study also showed the trend of a
significantly increasing level of ALT in the more severe
insulin-resistant group.

The causes of elevated ALT may be NAFLD, viral
hepatitis, alcohol, or medications?!. NAFLD is also a
common clinical problem, and it has been proven to
cause elevated ALT®). NAFLD was regarded as an
explanation of the association between elevated ALT and
insulin resistance in previous studies®*. It has also been
reported that hepatitis C induced insulin resistance.
This might be a partial explanation of the relationship
between elevated ALT and insulin resistance. In contrast,
alcohol intake in sufficient amounts can improve insulin
resistance. Many kinds of medication can induce
elevated ALT, but there is a lack of evidence that
medication leads to insulin resistance. One study in 1983
reported aspirin induced insulin insensitivity, but there
were only eight subjects in the study™. The C-reactive
protein (CRP) level might provide another explanation.
A previous study indicated that the CRP level was higher

in subjects with elevated ALT than those with normal
ALTP Another study showed a high CRP level was
related to insulin resistanceP!l. From these studies, we
might conclude that subjects with elevated ALT have a
higher CRP level and further, are more insulin-resistant.
The exact mechanism is, however, not well-understood.
Further evidence is required.

Interestingly, there is a dramatically higher risk of
insulin resistance in subjects with both elevated ALT
and obesity. This result has seldom been discussed in the
literature.

There are several studies concerning the association
between obesity and elevated ALT, but the role of
insulin resistance had not been identified in these
studiesP**?. In studies on the association between
ALT level and insulin resistance, there was no analysis
identifying the effect of obesity, but a significant
relationship between body weight and ALT level were
shown in the datal®®, Elevated ALT was associated with
insulin resistance in obese subjects in previous studies,
but it lacked comparative analysis between obese and
non-obese subjects™*.

What mechanism leads to the synergistic effect of
obesity and elevated ALT? As discussed eatlier, adipocyte
dysfunction is regarded as the link between obesity and
insulin resistance”", and its associated release of NEFAs
(or free fatty acids) was regarded as the single most criti-
cal factor modulating insulin sensitivity!™""'"**", In the
model, adipocyte dysfunction results in increased circu-
lating NEFAs, which further mediates insulin resistance.
The excessive build-up of NEFAs in the liver leads to
NAFLD, of which elevated ALT level is the best marker
even within the reference interval™. Obesity coexisting
with elevated ALT points to excessive NEFAs release
and adipocyte dysfunction. This shows the existence of
the link “from obesity to insulin resistance”. Besides,
in the cell module, TNF-q, and its effects on down-
regulation of the nuclear hormone receptor peroxisome
proliferator activated receptor-y (PPARy) strongly con-
tributed to the effects of inflammatory cytokines on
adipocytesm. Thus the inflammatory status results in
adipocyte dysfunction. As elevated ALT is a reflection of
systemic inflammation'”, we concluded that coexistence
of elevated ALT and obesity means the existence of in-
flammatory status, the excessive release of NEFAs, and
their result: adipocyte dysfunction connecting obesity to
insulin resistance.

Based on the models, most subjects with both obesity
and elevated ALT should have insulin resistance. In our
study, the actual prevalence rate of insulin resistance in
the sub-group with both obesity and elevated ALT was
almost 70% (not shown in table). This is compatible
with our hypothesis.

The limits of this study deserve mention. First,
insulin resistance was defined as the top quartile of
HOMAR (homeostasis model assessment), instead of
a direct measurement. This might be less representative
of insulin resistance, but more cases are available
because of the more simple classification. Secondly,
although our results showed a trend of increasing
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ALT level with more severe insulin resistance, it still
lacks an exact quantified relationship. More evidence is
needed to confirm if there is a better cutoff value of
ALT level or quantified relationship between ALT level
and insulin resistance. Thirdly, cigarette smoking and
alcohol consumption were recorded as more than one
pack per day/once per week, instead of exact quantified
data; therefore, it cannot be concluded that there was
no relationship between smoking/drinking and insulin
resistance based on our results.

In conclusion, obesity and elevated ALT have been
shown to be associated with insulin resistance. The
coexistence of both factors points to the existence
of a linking mechanism between obesity and insulin
resistance. The results suggest a synergistic effect on
insulin resistance. The coexistence of these parameters
might be better than metabolic syndrome for evaluating
insulin resistance in clinical practice.

COMMENTS

Background

Insulin resistance is a key feature of type 2 diabetes mellitus and it plays
an important role in cardiovascular diseases. Direct measurement of insulin
resistance with hyperinsulinemic euglycemic clamp is invasive and inconvenient.
For public health, less invasive methods are required. Many parameters have
been proposed. Metabolic syndrome is one of the most popularly-used parameter.

Research frontiers

This study proposed that obesity plus elevated alanine aminotransferase (ALT)
might be better than metabolic syndrome for predicting insulin resistance due to
its being non-invasive and convenience. This article also explored the mechanism
linking obesity, elevated ALT, and insulin resistance.

Applications
This study highlights the applications on public health since the measurements of
obesity and ALT are easily obtained.

Peer review

The content of the article will be interesting not only for the gastroenterologists,
but also for other specialists. For understanding the quantified relationship
between body weight or ALT level and insulin resistance, further investigations are
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