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ABSTRACT

HbAlc is the gold standard for monitoring the control of DM and the prevalence of NAFLD has been linked to
uncontrolled T2DM. Many studies done in the past have found out a link between T2DM and alterations in liver
functions, particularly enzymes among which ALT is more pronounced. The purpose of this study is to link
HbAlc to ALT in a selected number of T2DM in comparison with controls. Very good associations were found
between HbAlc and ALT both within control and patient groups as well as between controls and patients for these

analytes. Hence this study strongly recommends evaluation of liver enzymes for T2DM patients.
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INTRODUCTION

It has been established by many studies that all
uncontrolled Type 2 Diabetes Mellitus (T2DM) patients
are subjected to alterations in liver functions as predicted
by elevation in liver enzymes, particularly ALT. As
HbAlc is a predictor of diabetic control, ALT elevation
predicts the liver function alterations. This study is
primarily to establish the association between HbAlc
and ALT for controls, patients and between controls &
patients for the above two analytes.

REVIEW OF LITERATURE

The liver plays a major role in the pathogenesis of
T2DM. Moderately elevated liver enzymes are found in
T2DM. Glucose, HbAlc, AST, ALT and GGT were
estimated on base line and after 90 days. The participants
in the test group showed statistically significant results.™
The prevalence of Non Alcoholic Fatty Liver Disease
(NAFLD) was significantly higher in subjects with
increased serum glycated haemoglobin (HbAlc) level
than in those with normal range of serum HbAlc level,
and the prevalence increased along with progressively
higher serum HbA1c levels. Stepwise logistic regression
analysis showed that serum HbAlc level was
significantly associated with the risk for NAFLD,
suggesting that serum HbAlc level is associated with
NAFLD and increased serum HbAlc level is an
independent risk factor for NAFLD in elderly Chinese.
Key features of the Metabolic Syndrome (MetS) are
Insulin Resistance (IR) and diabetes. The liver as central
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metabolic organ is not only affected by MetS as NAFLD,
but may contribute to IR and metabolic alterations.
Alanine  Transaminase  (ALT) and  Aspartate
Transaminase (AST) values were significantly higher in
males than in females. Adiponectin and vitamin D both
correlated inversely with Body Mass Index (BMI). ALT,
AST, and y - Glutamyl Transaminase (GGT) correlated
with BMI, C-Reactive Protein (CRP) and HbAlc and
inversely correlated with adiponectin levels. Logistic
regression models using HbAlc and adiponectin or
HbAlc and BMI were able to predict diabetes with high
accuracy. Transaminase levels within normal ranges
were closely associated with the BMI and diabetes risk.
Transaminase levels and adiponectin were inversely
associated. Re-assessment of current normal range limits
should be considered, to provide a more exact indicator
for chronic metabolic liver injury, in particular to reflect
the situation in diabetic or obese individuals.?!

T2DM is characterized by hyperglycemia and is
associated with dyslipidemia and disturbed liver
function. All the glycemic control parameters, lipid
profile parameters except HDL-C and liver enzymes
were found increased in diabetes group and significantly
differ from non-diabetes group. ALT showed significant
positive correlation with fasting glucose, post prandial
glucose, HbAlc, Total Cholesterol (TC), Triacylglycerol
(Tg), LDL-C and GGT at p > 0.05. AST showed very
weak relation with all parameters while GGT was
positively associated with fasting glucose, post prandial
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glucose, HbAlc, TC, Tg, LDL-C and ALT at p<0.05.
T2DM incline to elevate liver enzymes, especially ALT
and GGT were of significance. Routine screening of
ALT and GGT in T2DM patients may assists early
detection of liver abnormalities and to arrest the progress
of disease."

Associations between HbAlc and liver enzymes and
hepatic steatosis in adjusted models, HbAlc, 4.0% was
strongly associated with elevated ALT and AST. Low
HbAlc values were associated with liver enzymes and
steatosis in the U.S. population. Liver disease may
partially explain the association of HbAlc with mortality
and other long-term outcomes.® ALT was elevated in
patients, who tended to be older, heavier and more likely
to be male, with higher Tg and lower HDL-C. There
were no statistically significant differences in HBA1c or
TC. In a well-defined population of newly diagnosed
people with T2DM, there is a high incidence of abnormal
ALT levels, which is associated with features of the
mets, but not glycemic control.!®! There was association
between liver enzymes and development of T2DM in a
general Korean population. After adjusting for
comprehensive diabetes risk factor, the risk of T2DM
was significantly higher in the highest ALT quartile than
in the lowest quartile. Similar results were observed for
GGT quartiles, but in the fully adjusted analysis, the OR
for the highest versus lowest quartiles was significant
only for females. The results suggest that serum ALT
concentrations were independently associated with
T2DM in both sexes, and that GGT was also
independently associated but only in females./! In T1DM
an elevated ALT was associated with worse glycaemic
control, age > 55 years and elevated Tg. Investigation of
these patients revealed a cause in 43.6% of patients,
predominantly NAFLD. Elevated ALT is not
uncommon in T1DM and is associated with NAFLD-
related risk factors. Patients with TIDM and elevated
ALT should be investigated as significant abnormalities
may be found which are amenable to interventions.®!

The risk of Chronic Liver Disease is higher in diabetics
and serum ALT is a sensitive predictor of mortality from
liver disease. Elevated ALT was found in 9.5% of
patients with TIDM and 12.1% of those with T2DM.
The risk of elevated ALT in patients with T2DM
increased with increasing BMI and was lower in those
taking insulin. The prevalence of elevated ALT is 34
times higher in patients with either TLDM or T2DM than
in the general population. ! Associations of ALT and
GGT with fasting glucose and HbAlc and of ALT with
fasting insulin are stronger in women with diabetes
compared to women without diabetes. GGT is associated
with fasting insulin and HOMA to the same extent in all
women, irrespective of diabetes status. Elevation of liver
enzymes and hepatic IR as reflected by fasting insulin
occur in the early stages of IR and highlight the central
role of the liver in IR in the general population.'! The
occurrence of liver disease and raised liver enzymes is
common in T2DM and may be multifactorial in origin.
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The high prevalence of elevated liver enzymes in T2DM
is in keeping with the well-demonstrated risk of
progressive liver disease. A large amount of diabetes
patients may require a thorough clinical, laboratory and
histological investigation.!*!

A study shows that serum AST, ALT, ALP, GGT
significantly increase in T2DM patients when compared
to T1IDM subjects. No association was observed in
values of serum total bilirubin, total protein and albumin
of type T2 DM subject when compared to type T1 DM.
Thus the emerging evidence suggests the abnormal LFTs
may be marker for diagnosis and prognosis of diabetes
mellitus.” MetS and T2DM are associated with IR and
hepatic steatosis, which are common causes of ALT
elevation. Individuals with elevated ALT had higher
BMI, fasting glucose and higher HbAlc levels and ALT
values correlated with HbAlc. In patients with TIDM,
elevated ALT values are associated with BMI, fasting
glucose and HbA1c.*!

In stepwise regression, incorporating ALT and CRP
together with MetS criteria, elevated ALT and CRP
predicted incident diabetes, but not the low HDL-C and
hypertension.

Thus, elevated ALT levels within the "normal” range
predict incident diabetes.'! The liver enzymes (ALT,
AST, and ALP) have shown higher activity with T2DM
patients than individuals who do not have DM. The most
common abnormality seen among these liver enzymes is
elevated AST activity." Idiosyncratic liver toxicity
observed with troglitazone is unlikely to be a
thiazolidinedione or a PPAR- agonist class effect. Poorly
controlled patients with T2DM may have moderate
elevations of serum ALT that will decrease with
improved glycemic control during treatment with
rosiglitazone or other antihyperglycemic agents. !

Age of the patient did not seem to have definite influence
on effect of diabetes on liver function tests. But, the
duration of diabetes did seem to have some influence on
effect of diabetes on the functions of liver. These results
show that poor the glycemic control, the frequency of
abnormal liver function increases.'”? Liver function tests
might predict the risk of T2DM. Liver function tests
modestly improve prediction for medium-term risk of
incident diabetes above basic and extended clinical
prediction models, only if no HbAlc is incorporated.™*®

MATERIALS AND METHODS

A total of 100 patients and an equal number of controls
in the age group of 30-80 years were selected for this
study. For controls, patients attending Master Health
Check-up (MHC) were enrolled and for patients, those
attending the Diabetic Clinic were selected. The main
objective of this study was to find out the association
between HbAlc and ALT both for Controls and Patients
with T2DM.
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Diuri CS 1300 B analyser and Dialab reagents were used
to measure ALT and Biorad D10 analyser and the kit
supplied by that company was used to measure HbAlc.
The accuracy of these analytes were validated by the use
of Bio-Rad accuracy controls at two levels.

Inclusion criteria

Patients who attended the Endocrine Clinic and whose
HbAlc >6.5% were included. 100 patients who attended
the routine Master Health Check-up and whose HbAlc
levels were < 6.0 served as controls.

Exclusion criteria

Patients who attended the Diabetic Clinic and whose
HbAlc values <6.5% were excluded.

For statistical analysis of data, a software downloaded
from the website http://www.graphpadquickcalcs.com
was used to calculate, students ‘t’ distribution (t) and
probability (p) between the group of analytes studied for
both controls and between controls and patients.
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Table IV
Controls (between Analytes)
S.No. | Groups t P
C.HbAlc Vs C. ALT
1| (n=100) 20.817 | 0.0001
C.HbAlc Vs C. ALT
2 (Male; n=50) 17.2049 | 0.0001
C.HbAlc Vs C. ALT
8 (Female; n=50) 14.2906 | 0.0001
Table V
Patients (between Analytes)
S.No. | Groups t P
P. HbAlc Vs P.
L | ALT (n=100) 17.7476 | 0.0001
P. HbAlc Vs P.
2 ALT (Male; n=50) 12.1227 0.0001
P. HbAlc Vs P.
3 ALT (Female: n=50) 15.1958 | 0.0001

Table | and Il shows the mean and SD values for control

RESULTS . - -
and patient groups. Table Il gives the statistical
Table | parameters, viz., t and p between controls and patients
Controls with HbALe <6.0 when HbAlc and ALT for all controls, males and
.HbAlc ALT females were compared. It is clear from these Tables
S.No | Groups v SD v D that the correlation between controls and patients in
AllC I €an €an highly significant for HbAlc (p< 0.0001) and moderate
1 _10%””0 S| 584 | 036 | 25.88 | 9.62 significance for ALT (p<0.05), predicting that significant
(n=100) difference always exists for HbAlc between controls and
2 MEISQS 5.89 0.32 | 29.48 | 9.69 patients. Tables IV and V give similar data for controls
(n=50) and patients between analytes. All the comparison
3 Fe_n;%les 579 | 039 | 22.28 | 8.15 shows highly significant correlations (p<0.0001). These
(n=50) observations confirm that HbAlc and ALT show good
correlation suggesting the inclusion of ALT assay for all
Table 11 T2DM patients.
Patients with HbAlc > 6.5
HbAlc ALT DISCUSSION
S.No | Groups . . N .
up Mean | SD | Mean | SD Many previous studies have highlighted the importance
All Patients of ALT in T2DM patients linking the association of the
! (n=100) 914 | 1491 287 | 1092 enzyme to HbAlc (3). The present study was done to
2 Males (n=50) 9.06 | 1.52 | 31.38 | 12.93 confirm earlier observations and age matched controls
3 Females (n=50) | 9.22 | 1.46 | 26.02 | 7.68 were included to compare such associations. Other
enzymes such as AST and GGT have been linked to
T2DM (4,5), but majority of the studies did not link ALT
Table 111 to HbAlc and in this study we have established very
Controls Vs Patients good correlation of HbAlc to ALT not only among
Analytes controls, but for patients with T2DM. Good correlations
S:No. | Groups Compared t P were also found. Previous studies have linked other
All Controls HbALc 21528 | 0.0001 analytes like GGT, BMI and inflammatory markers (7,
Vs All 8), but we have solely selected to link HbAlc to ALT
1 Patients ALT 1.9377 | 0.0541 since majority of uncontrolled T2DM patients showed
(n=100) some mild elevation in ALT only.
C. Male Vs P. HbAlc 14.43 | 0.0001
2 Male CQNCLUSlON .
(n=50) ALT 0.8315 | 0.4077 This study was done with a reasonable number of
C. Female Vs HbALC 16.049 | 0.0001 patients and controls and the outcome of this study has
3 P Female given very good association between HbAlc and ALT
(n=50) ALT 2.3616 | 0.0202 both for controls and patients and between controls and

patients. More such studies have to be done in future to
link HbAlc to other liver enzymes such as AST, GGT
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and also to inflammatory markers like TNF-o. and CRP
and to select a set of liver enzymes to use them
occasionally to predict the control of T2DM patients
based on liver enzyme levels.
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