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Abstract

Aims: To identify the significance of liver function tests
and elevated lipid profile in south Indian diabetic
patients.

Method: This study is an observational study conducted
on 520 diabetic patients who visited the hospital for a
checkup in June-2022-Dec-2022. The patients were
observed and the data such as demographic details,
fasting glucose, postprandial, HbA1C, Duration of DM,
Weight (kgs), Height (cms), BMI, Aspartate trans
aminase (AST), Alanine trans aminase (ALT), Alkaline
phos phatase (ALP), Cholesterol, Triglycerides, High-
Density Lipo protein (HDL), and ultrasound were
observed, investigated, and the results were recorded.
Gender-based impact of clinical data was also analyzed
and tabulated.

Results: A total of 520 diabetic patients have selected for

this study among them males were higher, 51-60 years

was the highest age group present in this study. The
highest numbers of patients are with 6-10 years of
duration of diabetes and 44.4% of patients were obese.
Among the elevation of liver function tests, 55.4% of
patients showed elevation for AST, 54.6% of patients
showed elevation for ALT, and 98.1% showed elevation
for ALP.

Out of 520 diabetic patients, the abnormal levels of lipid
markers were (CH-10.8%, TGL-22.3%, HDL-males-
54.6%, females-30.2%). Fatty changes were found higher
in the study subject by ultrasound.

Among the 520-study population 51-60 years of males
(67.4%) were higher than females (32.6%) with statistical
significance of (Chi-square - 24.7, p-value<0.01) and
higher number of males (73.8%) patients were in 6-10
years of duration of diabetes than females. the higher

number of males were obese than females.
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All the markers of liver function test were elevated to
males (AST-61.8%, ALT-65.1%, ALP-69.2%) than
females (AST-38.2%, ALT-34.9%, ALP-30.8%) with
statistical significance of (Chi-square - 21.05, p-value <
0.01). All the markers of lipid profile were elevated to
males (CH-64.3%, TGL-83.6%, HDL-64.4%) than
females (CH-35.7%, TGL-16.4%, HDL-35.6%) with
statistical significance of (Chi-square - 19.08, p-value <
0.01).

The ultrasound done in the study patients showed a
higher number of male patients had fatty changes
(65.7%), and a higher number of female patients had
fatty liver (56.7%) with statistical significance of (Chi-
square - 30.02, p-value<0.01).

Conclusions: The results of this study clearly state that
liver function tests and elevated lipid profile tests have a
great significant impact on diabetic patients, as these tests
can reveal certain unknown hidden factors such as liver
diseases, fatty liver, fatty changes, high lipid,
cardiovascular diseases, and early diagnosis leads to
early treatment such as lipid-reducing interventions, or
best care giver-and care taker communication or early
prevention strategies, hence saving patients die due to
these diseases, hence reducing mortality occur due to
these diseases.

Keywords: Aspartate transaminase (AST), Alanine trans
aminase (ALT), Alkaline phosphatase (ALP), Non-
Alcoholic Fatty Liver Disease (NAFLD), Non-Alcoholic
Stea to-Hepatitis (NASH).

Introduction

Diabetes mellitus is a global health issue leading to high
morbidity and mortality of patientsl. Liver dys function
and lipid abnormality in an individual is typically
classified as an elevated level of liver enzymes, total
cholesterol, high level of trigly cerides, high-level LDL

particles, and reduced level of HDL-C cholesterol.
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As the liver plays a significant role in regulating glucose
homeostasis and diabetes mellitus often reduces the HDL
increases the LDL (bad)

cholesterol by increasing the lipolysis in the specialized

(good) cholesterol and

cells called adipocytes leading to the increase of fatty
acids, hence liver dysfunction and fatty liver have a high
significance in diabetic patients.

Significance of Liver Dysfunction in Diabetic Patients
De Silva, N. M. G et al study describes that the liver
function markers such as AST, ALT, and ALP are
positively, and strongly, associated with diabetes
mellitus, and increased levels of circulating AST, ALT,
and ALP are indicating that chronic liver diseases in
diabetic patients?.

The Liver has a direct effect on type 2 diabetic patients,
and NAFLD is one of the pathophysiological disorders
that every diabetic patient face. Gastaldelli, A et al
reported that NAFLD and diabetes are bidirectional
physiological and metabolic disorder that affects 55% of
diabetic patients, and Kanwal, F et al describes that
NAFLD requires a concomitant holistic approach to
treatment®>*. Chen, J et al found that the NR1C2 gene
situated on the 6" chromosome is responsible for
NAFLD®.

Along with NAFLD, liver damage also occurs due to
Non-Alcoholic Steatohepatitis (NASH). Franc que, S et
al explain that NASH is a tissue-specific expression and
involves pleiotropic functions that can induce a reduction
of hepatic steatosis®.

Yokote, K et al showed that glucose homeostasis,
significantly ALT, and ALP were found higher in
diabetic patients, but no significant change was found in
fat content’. Gaeini, Z et al describe that liver disease is
the biological marker and linkage to identify both liver

dysfunction and diabetes®.
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Shiba Baw, T et al found in their study, that there is a
significant increase of AST and ALT found in diabetic
patients®. Lu, J et al described that elevated ALT level
was positively and significantly correlated with glucose
level, especially in the fasting level®.

Singh, A et al describe that in India, the elevated LFTs
were found in 71.2% of diabetic patients, and this
prevalence of LFT makes the importance of testing liver
function tests in diabetic patients to detect fatty liver,
NAFLD, NASH, and liver damage in the diabetic
patientst?.

Teshome, G et al explained in their study, that the
elevated LFTs or abnormal levels of LFTs are found in
higher prevalence in diabetic patients than in non-
diabetic individuals®2.

Hence glycemic index and liver function are highly
interlinked, pathophysiological, and metabolic health
issues and as diabetes is in the half of population of the
globe, health care settings need to have significant,
specific, and sensitive liver function tests to identify liver
dysfunction in diabetic patients.

The above literature has made us

conduct this study to know the significance of liver
function tests, live damage, and changes in diabetic
patients.

Significance of Lipid Profile in Diabetic Patients

Van Laar, A. D et al reported that the risk factors of
T2DM are imbalanced diet, obesity, stress, sedentary life,
and increased fat leading to fatality due to high
cholesterol 2

Gudbijartsson, D. F et al also reported that there is an
increase in the bottom 10% of lipids in diabetic patients
increases the risk of cardiovascular diseases®.
Ormazabal, V et al describes that non-alcoholic liver
diseases such as fatty liver, and lipid disorders are

significantly due to the high triglycerides, and total
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cholesterol, and an important risk factor in diabetic
patients®®.

Markovic, R et al explain that higher lipids are found in
elderly diabetic patients above the age of 65 years'®. Oh,
Y. S,, et al found that high level of lipids mediates insulin
resistance in diabetic patients'’. Asghari, G., et al
reported that pediatric lipid abnormalities will predict
type 2 diabetes in adulthood, Wang, M., et al found that
lipid abnormalities surely lead to an individual with
increased blood sugar level (Diabetes)82°,

Feng, L., et al and Grundy, S. M et al conducted their
studies to know the answer to the complex association of
diabetes, dyslipidemia, and age 22!, Davison, G.W et al
com mented in their study that the dys regulating meta
bolism, dysregulating histone modification, dys
regulation of DNA methylation and another risk of
epigenetics are closely related and involved in the
association of onset of diabetes mellitus in an in
dividual?®.

With the above literature, it is very clear, the lipid profile
in diabetic patients is an essential marker, and hence we
conducted this study to find the significance of lipid
profile in diabetic patients.

Ethical clearance

This study is conducted in the study subjects after
approval of the ethical committee, and a consent form is
received from each patient to collect their data for this
study.

Inclusion criteria

e Diabetic patients

e  Patients visited the hospital for liver dysfunction

Exclusion criteria

Pregnant patients

Children below 1 year

Moribund patients
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Materials and methods

Methodology

Study Subijects:

The 520 diabetic patients who visited the hospital for
checkups were selected based on inclusion and exclusion
criteria from June-2022-Dec-2022 to conduct this study.
The patients were observed and the clinical data were
collected and recorded.

Data Collection

The 520 patient’s demographic details, fasting glucose?,
postprandial®*, HbA1C%, Duration of DM, Weight (kgs),
Height (cms), BMI?, Aspartate transaminase (AST)?
(units/ liter), Alanine transaminase (ALT)? (units/ liter),
Alkaline phosphatase?® (ALP) (ug/ ml), Cholesterol®
(mg/ dL), Triglycerides®® (mg/ dL), High-Density
Lipoprotein (HDL)* (mg/ dL), and Ultrasound*® were
observed, investigated, and the results were recorded.
Analysis

The 520-study patient’s demographic, and clinical details
were recorded, and the patients were categorized into 2
categories, based on gender the impact of clinical
conditions are analyzed and the results were tabulated.
Statistical analysis of data

Statistical analysis was done using the statistical package
SPSS wversion 21. The data were expressed as the
frequency for descriptive variables, and the associations
were expressed with a P value after the Chi-square test.
The P value of <0.05 was considered statistically
significant.

Results

A total of 520 diabetic patients were selected for this
study after fulfilling the inclusion criteria and the basic
characteristic of study patients tested for lipid profile
were plotted in Table 1. Males were higher (n= 363,
69.8%), and females were (n=157, 30.2%).

© 2023 IIMSIR, All Rights Reserved

Among the 520 diabetic patients <40 years of age were
(n= 28, 5.4%), 41-50 years were (n=138, 26.5%), 51-60
years were (n=285, 54.8%), and >61 years of age groups
were (n=69, 13.3%).

Table 1: Basic Characteristics of Lipid Profile in Diabetic

Subjects
Variables No (%)
Gender (n=520)
Males 363 (69.8)
Females 157 (30.2)
Age Categories (in years)
<40 years 28 (5.4)
41-50 years 138 (26.5)
51-60 years 285 (54.8)
>61 years 69(13.3)
Duration of DM (in years)
<5 37 (7.1)
6-10 294 (56.5)
>11 189 (36.4)
BMI
225 231 (44.4)
<24 289(55.6)
Liver Function test (Abnormal Value)
Aspartate transaminase (AST) (units/liter) 8- | 288 (55.4)
45
Alanine transaminase (ALT) (units/ liter) 7-56 | 284 (54.6)
Alkaline phosphatase (ALP)(jug/ml) 30-40 510 (98.1)
Lipid Profile Tests (Abnormal Value)
Cholesterol (mg/dL)>240 56(10.8)
Triglycerides (mg/dL)>200 116 (22.3)
High-Density Lipoprotein (HDL) (mg/dL)
Males<40 284(54.6)
Females<50 157(30.2)
Ultrasound
Cirrhosis 24 (4.6)
Fatty Liver 30 (5.8)
Fatty Change 239 (46.0)
Normal 227 (43.6)
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Among the 520 diabetic study patients, the duration of
Diabetes Mellitus (DM) was <5 years in 37 (7.1%)
patients, 6-10 years of DM were in 294 (56.5%)
patients, and >11 years of DM was found in 189
(36.4%) patients. The height and weight of the diabetic
patients were recorded to calculate the Body Mass Index
(BMI). In this study diabetic patients with >25 BMI were
231 (44.4%) of patients, and <24 BMI were 289 (55.6%)
(Table 1).

The lipid profile of this study's diabetic population was
done and the results were recorded. Out of 77520
diabetic study patients, the elevated level of liver enzyme
Aspartate transaminase (AST) was found in 288 (55.4%)
patients, the elevated Alanine transaminase (ALT) was
found in 284 (54.6%) of study patients, the elevated level
of Serum amyloid P (SAP) was found in 510 (98.1%) of
patients (Table 1).

High-level cholesterol (CH) was found in 56 (10.8%) of
patients in this study, the elevated level of Triglycerides
(TGL) was found in 116 (22.3%) of patients, and based
on the lipid profile guidelines, the elevated level of High-
Density Lipoprotein (HDL) was found in 284 (54.6%)
males and females, the elevated HDL was found in 157
(30.2%) of diabetic patients (Table 1).

As the higher percentage of diabetic patients showed
elevated liver enzymes, we also did an ultrasound in the
520 study patients to know the status of the liver, and we
found Cirrhosis in 24 (4.6%) of patients, Fatty Liver in
30 (5.8%) of patients, Fatty Change also was found in
239 (46.0%) of patients, and the 227 (43.6%) diabetic
study patient’s ultrasound was normal (Table 1).

We wanted to check the impact of age and duration of
diabetes in the diabetic study population based on gender,
and the results were described in Table 2. Out of 520
diabetic patients tested for lipid profile, males were 363

and females were 157, out of 363 males the age was
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categorized into 4 categories, in which <40 years of
males were 28 (100%), no females were found in <40
years of age group, in the age group of 41-50 years of
total males and females were 138, among them 106
(76.8%) were males and 32 (23.2%) were females. In the
age group of 51-60 years, both females and males were
285, among them males were 192 (67.4%), and females
were 93 (32.6%), and in the last category of >61 years of
age group, both males females were 69, among them
males were 37 (53.6%), and females were 32 (46.4%)
with statistical significance of (Chi-square - 24.7, p-value
<0.01).

Table 2: Gender-Based Impact of Age and Duration of
DM in Diabetic Patients Tested for Lipid Profile

Variables | Categories | Males Female | Chi- P value
(n=363) | s squar
% (n=157 | e
) %
Age <40 years | 28 0(0.0) | 247 <0.01*
Categorie | (n=28) (100.0)
S (in | 41-50 years | 106 32
years) (n=138) (76.8) (23.2)
51-60 years | 192 93
(n=285) (67.4) (32.6)
>61 years | 37 (53.6) | 32
(n=69) (46.4)
Duration | <5 (n=37) | 20 (54.1) | 17 0.0238
of DM (in (45.9) | 7.476 |1
years) 6- 217 77
10(n=294) | (73.8) (26.2)
>11(n=189 | 126(66.7 | 63
) ) (33.3)

* Statistically Significant

We also checked the impact of duration diabetes in the
diabetic study population tested for lipid profile and the
results are, among 520 study patients, <5 years of
duration of diabetes was found in both males and females

37 patients, among them 20 (54.1%) patients were males

and 17 (45.9%) of patients were females. The years of %

age
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duration of diabetes which was 6-10years was found
in 294 patients both males and females among
them males were 217 (73.8%), and females were 77
(26.2%), and the years of duration of diabetes which was
>11 years, both males and females were 189,
among them males were 126 (66.7%), and females were
63 (33.3%) (Table 2).

We wanted to check whether a higher BMI has got a
significant impact on the lipid profile of diabetic patients
hence we did analyses based on genders with BMI and
lipid profile as explained in Table 3. Out of 520 patients,
with>25 BMI were 231 patients, among them males 159
(68.8%) and females 72 (31.2%). In the study diabetic
patients with <24 BMI 289 patients among them males
204 (70.6%), and females were 85 (29.4%).

Table 3: Gender-Based Impact of Age and Duration of DM in Diabetic Patients Tested for Lipid Profile

Variables Categories Males (n=363) % | Females (n=157) % | Chi-square | P value
BMI >25 (n=231) 159 (68.8) 72 (31.2) 0.1881 0.6645
<24 (n=289) 204 (70.6) 85 (29.4)
Liver Function AST (units/liter) (n=288) 178 (61.8) 110 (38.2) 21.05 <0.01*
Test (Abnormal
Value) ALT (units/liter) (n=284) 185 (65.1) 99 (34.9)
ALP (pg/ml) (n=510) 353 (69.2) 157 (30.8)
Lipid Profile CH (mg/dL) (n=56) 36 (64.3) 20 (35.7) 19.08 <0.01*
(Abnormal Value) |1 ro/dl) (n=116) 97 (83.6) 19 (16.4)
HDL(n=441) 284 (64.4) 157 (35.6)

* Statistically Significant

In the lipid profile, out of 520 study diabetic patients,
elevated AST was found in 288 patients among them 178
(61.8%) were males and 110 (38.2%) were females. The
elevated Alanine transaminase (ALT) was found in 284
patients among them 185 (65.1%) were males and 99
(34.9%) were females. In the study diabetic patients with
elevated ALP were found in 510 patients among them
353 (69.2%) were males and 157 (30.8%) were females.
The elevated cholesterol level was found in 56 patients
among them 36 (64.3%) were males and 20 (35.7%) were
females. We have also done triglycerides and elevated
triglycerides were found in 116 patients among them 97
(83.6%) were males and 19 (16.4%) were females and
elevated HDL was found in 441 patients among them 284
(64.4%) were males and 157 (35.6%) were females with

© 2023 IIMSIR, All Rights Reserved

the statistical significance of (Chi-square - 21.05, p-value
- <0.01) (Table 3).

As the lipid profile variables showed significance in the
study of diabetic patients we also performed an
ultrasound in the study diabetic patients to know their
liver status and the results were described in Table 4.
From the ultrasound performed in the study of diabetic
patients, we found that out of 520 patients, Cirrhosis was
found in 24 patients among them 11 (45.8%) were males
and 13 (54.2%) were female. The Fatty Liver was found
in 30 patients among them 13 (43.3%) were males and 17
(56.7%) were females. In the ultrasound, Fatty Changes
were the highest observed liver status and 239 patients
had fatty changes among them 157 (65.7%) were males
82 (34.3%) were females. The ultrasound was normal in

227 patients among them 182 (80.2%) were males and 45
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(19.8%) were females with a statistical significance of
(Chi-square — 30.02, p-value - <0.01) (Table 4).
Table 4: Gender-Based Impact of Age and Duration of
DM in Diabetic Patients Tested for Lipid Profile

Ultrasound
Categories Males Females Chi- P
(n=363) % | (n=157) % | square | value
Cirrhosis(n=24) | 11 (45.8) | 13(54.2) | 30.02 | <0.01*
Fatty 13(43.3) | 17 (56.7)
Liver(n=30)
Fatty Change 157 (65.7) | 82 (34.3)
(n=239)
Normal 182 (80.2) | 45(19.8)
(n=227)

* Statistically Significant

Discussion

Diabetes mellitus is highly complicated with multiple
organ complications, where liver dys function and high
lipid profile makes diabetes even more complicated
leading to high mortality due to its complication.
Huebschmann, A. G et al study shows that women are
presumed to be presented with cardio-metabolic conserve
with their sex hormones, maybe this advantage gives
women protection over cardio vascular diseases due to
high-risk conditions such as diabetes, liver dysfunction,
high lipid profile, and our study also, we found that the
males were higher than females with diabetes, liver
dysfunction, and high-fat disorders®.

Perdana, A et al reported that the majority of patients
aged 46-55 years, in our study also, we found a higher
number of patients were in the age group of 51-60
years®, de Jong, M et al study also described that the
cut—off age was 60-65 years for their study in cardio
vascular risk management in diabetic patients*®.

The prevalence of liver dysfunction in diabetic patients is
high, and liver dysfunction leading to mortality is also

high and study by Islam, S et al reported the prevalence
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of liver function tests (ALT-19%, AST-34.1%, ALP-
36.8%), but did not report the gender prevalence, in our
present study, we reported the prevalence of liver
function tests as (ALT-54.6%, AST-55.4%, ALP-98.1%),
and we also reported the gender prevalence of liver
function tests in diabetic patients as (ALT-(males-61.8,
females-38.2%), AST(males-65.1, females-34.9%), ALP-
(males-69.2, females-30.8%)) with statistical significance
of Chi-square-21.05, P value-0.01%,

Noroozi Karima bad, M et al reported in their study, the
AST was elevated to 2.97, ALT was elevated to 8.92, and
ALP was elevated to 2.30, but they did not report in
gender, in our present study, AST was elevated at 61.8%
in males and females 38.2% in females, ALT was
elevated to 65.1% in males, and in females, 34.9%, and
ALP was elevated to 69.2% in male patients, and in the
female patient, the raise was 30.8%%,

Wan, J. Y et al study showed that their study, AST, and
ALT did not show a significant elevation in diabetic
patients, but ALP showed a significant elevation in their
study patients, in our present study, we found ALP was
elevated with 69.2% in male patients, and in the female
patient, 30.8%%.

Several studies reported the prevalence (overall) of
abnormal LFTs, but the study by Ni, L et al reported that
in their study, significant elevation of liver enzymes was
found higher in males than in females, and our present
study is compatible with their study*.

Alzahrani, S. H et al described that for lipid profile, BMI,
Glycated hemoglobin Alc (HbAlc), and smoking status
are the major confounders in diabetic patients'!, we
found higher elevated levels of lipid markers*.

Cao, Y et al reported that there is a significant association
between the increased level of non-HDL-C and the CVD
risk in diabetic patients*’, and Brunner, F. J et al showed
that in their study of 524 444 individuals, the strong
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association between the elevated level of non-HDL-C
and cardiovascular diseases®®, in our present study we
found CH-10.8, TGL-22.3, HDL-(males-54.6, females-
30.2)

In diabetic patients, 44% increased occurrence of
cardiovascular diseases is due to the increased levels of
TG and decreased levels of HDL-C explained in
Castafier, O. et al study, and our present study TG is
showing 22.3 elevation in diabetic patients*,
Gender-based prevalence of any disease is vital to treat
any disease, Wright, A. K et al reported that lipid profile
remains at a higher level in males than in females, our
present study is compatible with their study and we
report (CH-(males-64.3, females-35.7%), TGL - (males-
83.6, females-16.4%), HDL-(males- 64.4, females-
35.6%)) with statistical significance of Chi-square-19.08,
P value-0.01%,

Kumar, R et al explain in their study that the prevalence
of cirrhosis is high in the diabetic population than in the
non-diabetic, in our present study; we reported 4.65
elevated cirrhosis in diabetic patients®. Petroni, M. L et
al reports that high BMI in children may later risk them
for fatty liver-related liver failure and liver cancer, in our
present study, we found 5.8% of fatty liver in diabetic
patients, and 465 of fatty changes, we also reported the
gender-based prevalence of (Cirrhosis-(males-45.8%,
females-54.2%), Fatty liver- (males-43.3%, females-56.
7%, Fatty change- (males-80.2%, females-34. 3%) with
statistical significance of Chi-square-30.02, P value-
0.014.

Ference, B. A et al*® reported that still, there is a debate
that the causative factor for cardiovascular diseases in
diabetic patients is high levels of triglycerides, and
Taylor, R., et al*® raises the question in their study, what
is the unknown fact; whether liver dysfunction

contributes to type 2 diabetes or insulin resistance

induces liver enzymes and fat accumulation in the
diabetic patients?

As above recently published studies still shows that the
recent studies also show that there is an unknown fact
hidden in liver dysfunction in diabetic patients, we found
in our study, that highly elevated levels of liver function
tests and has a great significant impact on diabetic
patients, as these tests can reveal certain unknown hidden
factors such as liver diseases, fatty liver, and fatty
changes. The studies also show that there is a debate that
diabetes induces elevated triglycerides or triglycerides
induce diabetes, but we conclude in our present study
that elevated levels of lipid markers are found in diabetic
patients, hence testing lipid markers makes its signifi
cance in diabetic patients, hence early diagnosis leads to
early treatment such as lipid-reducing inter ventions, or
best care giver-and care taker communication or early
prevention strategies, saving patients die due to these
diseases.
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