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Abstract

A case-control study conducted during the period from
January 2011 to December 2012, compared the plasma levels of
alanine  transaminase, aspartate transaminase, alkaline
phosphatase, bilirubin, total protein, albumin and HbA;. of 200
Sudanese patients with long standing Type2 diabetes mellitus ( as a
test group) and 100 apparently healthy volunteers (as a control
group).Participants in this study were from Jaber Abu Elez diabetic
center in Khartoum state, Sudan. Age and sex of the test group
were matched with the control group. The plasma levels of
ALT,AST, ALP, bilirubin, total protein, albumin and HbA;. were
measured using a semi automated methods. The means of the
plasma levels of ALT, AST,ALP,bilirubin and HbA;:% of the diabetic
group were significantly raised when compared to the control
group. The means of the plasma levels of total protein and albumin
of the diabetic group were significantly reduced when compared to
the control group. In the diabetic group the plasma levels of ALT,
AST, ALP and bilirubin show positive correlations with duration of
diabetes,HbA;. and BMI, whereas the plasma level of total protein
and albumin shows negative correlation with the duration of
diabetes , ,HbA;c and BMI. From the results of this study, it is
concluded that:in Sudanese patients, type2 diabetes mellitus is
associated with high plasma levels of ALT, AST, ALP and bilirubin
and low levels of total protein and albumin. In addition, there are
positive correlation between the plasma levels of ALT,AST,ALPand
bilirubin with the duration of diabetes,HbA;. and BMI. And negative
correlation between plasma levels of total protein and albumin
with duration of diabetes,HbA;cand BMI.



:\M\Jﬁ\ ualﬁm

ey 2011 il (e ol A (apiay Alls ) Al sda ol
Obland) G Hlual g Sailand) 3 WY Glglee 4 Hlae Gl dua 2012
O 58 sanell 48laWl (aasul¥) s (S (455 5l s s alall g il 8 VSIS
A g @l e Sl el Gubiadd) Guila gl oa jell (e (200) e SIal)
ac saneS) (5_Sadl ol ubadll e slaa¥) e shaiall e (100) g 21 Jysha
b AU Y g Sall s s 3Se (e ) S Al all 53 b (S Liall S ((adailis
G o Al 4y gl Al AS 8 (e LIS S A jall 8 alasiaal) Jalladl)
AT 3 gl lllin IS, ) 4 4By sl pasiily Shaall (58 sagel) Aot (S
Gt ¥l aibend] i ¥ adas sl Glbgiaadl JS 8 Asiaa adiliaal
@ Sl G 8 papell ABLLVL Gyl ilaw s GYSIYI ailes) 53
B e As gana (A GpesalVl s S g sl adagu sl Gl slsell JS 8 4y sine
Casi ¥l s Dpilend) 3 GEYY) Gl g G jlEe die | slaaWl A Hlie 5 Sl
3da & M\Jﬂ\ :\L}AM ‘59 umj)M aslayl ).13\.‘!.\;4}9 u.NLSSYU J.LL\M\JS
OEVY) el padl AES jdges Slaall Csligeglly (oSl (e ada)
aBle (s ulall 4LVl ilis g QYIS ailend) 5 Cud jlan) s aiilend) i
Gl e ga e Ble Cpanl¥ly IS g selil Laiy 4 4ulad
e O ) Gl A sall 53 il (e pusall ABS ey Shaall (8 pagl
Gt Hlu) g ailendl ) WY Gl gl gl ) ) gage SE & il e o Sl
S s Liw aal) L3Sl g s oalall aBliaYl lliu g VISV Sailens) i
Ble clltia @llly 1 48aVls, e sy JSU (gl o gine & JlE Gealiss)
Dalias b VISV g Sanlan) 5t jlanl s bl 5 WYY Ol e (g 484
L“QJSJ\ = P%Y alayl saa &= M\JJ.“ A.GJAM ‘53 u.uj).ﬂ.uﬂ aalayL
S G5 (st G AnSe 4ABle 5 anall AIS jlitey JSlaall (sl sanedl
L..QJSMS\UA)AJ‘\JLAY\DM&QM\JJ\‘\LW&U&A‘}L\SY\‘B



Contents

Dedication

Acknowledgments

1

Abstract il
Al aliiie iV
Contents Vv
Abbreviations iX
List of tables Xi
List of figures Xii
Chapter one
1 Introduction 1
1.1 Rationale 5
1.2 Objectives 6
Chapter two
2 Literature review 7
2.1 Diabetes mellitus 7
2.1.1 Classification of diabetes mellitus 7
2.1.1.1 | Type 1 diabetes 7
2.1.1.2 | Type 2 diabetes 7
2.1.1.3 | Gestational diabetes 7




2.1.1.4 | Other types of diabetes or secondary diabetes 8
2.1.2 Types 2 diabetes 8
2.1.2.1 | Pathogenesis and major risk factors 8
2.1.2.2 | Symptoms of type 2 diabetes 9
2.1.2.3 | Diagnosis of diabetes 10
2.1.2.4 | Complications of type 2 Diabetes 10
2.2 The liver 16
2.2.1 Functions of the liver 16
2.2.1.1 | General metabolic functions 16
2.2.1.2 | Synthetic function 17
2.2.1.3 | Excretion and detoxification 17
2.2.3 Liver Enzymes 18
2.2.4 Liver function tests 20
2.3 Impact of diabetes on the severity of 21
liver disease
2.3.1 Theories behind LFTs elevation in 21
types 2 diabetes
2.3.2 Non alcohol fatty liver disease in 22
types 2 diabetes
2.3.3 Cirrhosis in type 2 diabetes 24
2.3.4 Hepatocellular carcinoma in type 2 diabetes 24
2.3.5 Acute liver failure in type 2 diabetes 25

Vi




2.3.6 Hepatitis C in type 2 diabetes 25
Chapter Three
3 Materials and methods 27
3.1 Study design 27
3.2 Study area 27
3.3 Target population 27
34 Sample size 27
3.5 Data collection and analysis 27
3.5.1 Interview and questionnaire 27
3.5.2 Blood sample collection 28
3.5.2.1 | Procedure and specimen handling 28
3.5.2.2 | Biochemical measurements 28
3.5.2.2.1 | Measurement of liver Enzymes 28
()  Measurement of plasma 28
alanine aminotransferase activity
(i) Measurement of plasma
aspartate aminotransferase 29
(i) Measurement of plasma 30
alkaline phosphatase
3.5.2.2.2 | Measurement of plasma Bilirubin 30
3.5.2.2.3  Measurement of plasma Total protein 31
3.5.2.2.4 | Measurement of plasma Albumin 31
3.5.2.2.5  Measurement of Hemoglobin A, 32

Vi




3.6 Quality control: 32
3.7 Statistical analysis 32
Chapter four
4 Results 33
Chapter Five
5 Discussion 58
Chapter Six
6 Conclusion and Recommendation 60
6.1 Conclusion 60
6.2 Recommendation 60
References 61
Appendixes 73
Appendixes(1) QUESTIONNAIE ..........cccovvvvivriieeerie e 73

Appendixes (2) The method of measurement of plasma ALT.
Appendixes(3)The method of measurement of plasma AST.
Appendixes (4)The method of measurement of plasma ALP.

Appendixes(5)The method of measurement of plasma bilirubin.
Appendixes(6)The method of measurement of plasma T.protein
Appendixes(7)The method of measurement of plasma albumin.

Appendixes( 8 )The method of measurement of HbA;%.

viii




Abbreviations

ALT Alanine aminotransferase

ALP Alkaline phosphatase

AST Aspartate aminotransferase

BMI Body mass index

CvD Cardiac vascular disease

DKI Diabetic ketoacidosis

GGT v- glutamyltranspeptidase

GFR Glomerular filtration

HbAlc glycaitedhaemoglobin

HCV Hepatitis C virus

HDL High density lipoprotein

IRAS Insulin resistance atherosclerosis
LFTs Liver function tests

MODY Maturity- onset diabetes of the young
NAFL Nonalcoholic fatty liver

NASH Nonalcoholic steatohapatitis
SD Standard deviation

SREBP Sterol regulatory element binding protein

iX



TNF
T2DM
ULN
VA
VLDL

Tumor necrosis factor

Type 2 diabetes mellitus
Upper limit of normal
Veterans affairs

Very low density lipoprotein

WHO world health organization



List of tables

Table (4.1) Baseline characteristics of the test group and the
(o0 oA (0] Io | (0] U] AR ¥

Table (4.2) Comparison between the plasma levels of ALT,
AST, ALP and bilirubin of the test group and the control

8]0 o PG o

Table (4.3) Comparison between the plasma levels of total
protein,albumin, and HbAlc of the test group and the control
8]0 o PPN

Xi



List of figures
Fig(4.1) The relationship between the plasma levels of
ALT(U/L) and the duration of diabetes...............ccov e, 40

Fig(4.2) The relationship between the plasma levels of
AST(U/L) and the duration of diabetes................cccccevieenenn.. 41

Fig(4.3) The relationship between the plasma levels of
ALP(U/L) and the duration of diabetes.............ccovvvvvviiinnienn 42

Fig(4.4) The relationship between the plasma levels of
bilirubin(mg/dL) and the duration of diabetes.....................43

Fig(4.5) The relationship between the plasma levels of
T.Protein(g/L) and the duration of diabetes......................... 44

Fig(4.6) The relationship between the plasma levels of
albumin(g/L) and the duration of diabetes.............................. 45

Fig(4.7) The relationship between the plasma levels of
ALT(U/L) and the HbA1c% of the diabetic
PALIENTS. ..o e e e A6

Fig(4.8) The relationship between the plasma levels of
AST(U/L) and the HbA1c% of the diabetic patients.................. 47

Fig(4.9) The relationship between the plasma levels of
ALP(U/L) and the HbA1c% of the diabetic patients.................. 48

Xii



Fig(4.10) The relationship between the plasma levels of
bilirubin(mg/dL) and the HbAlc% of the diabetic
PALIENTS. ..o e e 49

Fig(4.11) The relationship between the plasma levels of plasma
T.protein(g/L) and the HbAlc% of the diabetic patients............. 50

Fig(4.12) The relationship between the plasma levels of
albumin(g/L) and the HbAlc% of the diabetic patients.............. 51

Fig(4.13) The relationship between the plasma levels of
ALT(U/L) and the BMI of the diabetic patients.......................52

Fig(4.14) The relationship between the plasma levels of
AST(U/L) and the BMI of the diabetic patients ...................... 53

Fig(4.15) The relationship between the plasma levels of
ALP(U/L) and the BMI of the diabetic patients ......................54

Fig(4.16) The relationship between the plasma levels of
bilirubin(mg/dL) and the BMI of the diabetic patients .............. 55

Fig(4.17) The relationship between the plasma levels of
T.protein(g/L) and the BMI of the diabetic patients .................. 56

Fig(4.18) The relationship between the plasma levels of
albumin(g/L) and the BMI of the diabetic patients ................... 57

Xii



