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Effect of Insulin
• Carbohydrate
• Facilitates the transport of glucose into muscle and adipose cells
• Facilitates the conversion of glucose to glycogen for storage in the liver and

muscle.
• Decreases the breakdown and release of glucose from glycogen by the liver

 
• Protein
• Stimulates protein synthesis
• Inhibits protein breakdown; diminishes gluconeogenesis

 
• Fat
• Stimulates lipogenesis- the transport of triglycerides to adipose tissue
• Inhibits lipolysis – prevents excessive production of ketones or ketoacidosis

 رسكا ردقب كيه ناشع هزارفا متي حر ان insulin لا مدلاب  glu يف ناك ام اذا
 muscleلل حورب liverلاب لضام اذاو liverلاب دوجو<ا glycogenلا

 اصوصخ(protienلا رسكت عنميو protienلا ينبي حر anabolic hormion هنا امب
)gluconeogenisisلا هيلمع

ketonلا جتنت حر ام مدلاب Sلوسنا يف هنا امب سب fatty acidلا رسكت نم جتنت keton body لا
 علطيو حوري ناكم همادق يفام مسجلاب نزخم glycogen يف نوكي حرام  يركسلا ىضرم دنع اصوصخ Sلوسنا يفام اذا
 مزتلا ام اذا ketoacidosis هدنع ريصي نكموو ketonلا جاتنا ديزي حر كيه ناشع fatty acidلا ريغ gluلا هنم
ريثك فاعض لوaا عونلاونم يركسلا ىضرم شيل رسفي اذهو insulinلاب
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Introduction

Type 1 diabetes
 

● Most frequently affects children and adolescents.
● Symptoms include excessive thirst, excessive urination, weight loss

and lack of energy.  
● Daily insulin injections required for survival.

 
Type 2 diabetes
 

● Occurs mainly in adults.
● Usually people have no early symptoms.
● People may require oral hypoglycaemic drugs and may also need

insulin injections.      



Diabetes mellitus

• Disease in which the body doesn’t produce or properly use insulin,
leading to hyperglycemia

 



 

 



Hypoglycemia
• Hypoglycemia involves decreased plasma glucose levels
• The plasma glucose concentration at which glucagon and other

glycemic factors are released is between 65 and 70 mg/dL; at
about 50 to 55 mg/dL, observable symptoms of hypoglycemia
appear all related to the central nervous system.

• The release of epinephrine into the systemic circulation and of
norepinephrine at nerve endings of specific neurons act in
unison with glucagon to increase plasma glucose.

• Glucagon is released and inhibits insulin.
• Epinephrine is released, increases glucose metabolism and

inhibits insulin.
• In addition, cortisol and growth hormone are released and

increase glucose metabolism
 

 

 يعيبطلا دحلا تحت مدلاب ركسلل ضافنا نع ةرابع hypoglycemia لا
 هنم جتنيو glycogenلا رسكي حر يلا glucagonلا جاتنا زفحي حر mg/di)70-65( ىوتس> gluلا لزني ا>و

glu مدلاب ركسلا عفريو 
 خلاو نايثغ هدنع خياد نوكبCNSلاب نوكتب ضارعMاو )55-50( ا> رهظت symptomلا سب
 يف نوكي ا> ملسMا رايخلا كيه ناشع hyperglycemiaلا ضارعا اهسفن hypoglycemiaلا ضارعا فسTل
 عفترم ناك اذا هنM؟شيل hpglycemia ضارعا اهنا ساسا ىلع هعم لماعتا ينا وه هيلع ضارعMا ياه رهظت ادح
 Tثم ليلق هدنع ناك اذا اما ادج يلاع عافترا نوكي حر ام سب عفتري حر حص ركسو يم يز ولح يشا هتيطعاو

 ام يزو ةيلاع ةروطخلا نركت حر ام  hypo لدب hyper علطو تطبرخ اذاف هتايح تذقنا نوكتب كيه 70لل هتعفرو50
 رطخا hypoلا هنا فرعنب

glycogenلا ورسكيو هعم ولغتشب يلا epinephrineلل زارفا ريصي حر glucagonلل زارفا ريصيو hypo هدنع ريصي  صخشلا ا>





Laboratory Testing in Diabetes

• Fasting morning venous glucose is the best initial test
for diagnosing diabetes.  

• An oral glucose tolerance test is reserved for people
with equivocal fasting glucose results.

• Patients with impaired glucose tolerance  or impaired
fasting glucose benefit from lifestyle intervention and
annual review.

• HbA1C is the best test of glycaemic control in
diabetes.

• Patients with diabetes benefit from aggressive
monitoring and management of all cardiovascular risk
factors.

 اهيدعبو يشا لقا 12hr ةد> مياص نوكي مزM ضير>ا ثيح  fasting لا وه صحف لوا
 شم gluلاو ةاكشم يف ينعي عفترم ناك اذاف veinلا نم ةنيعلا ذخايبو صحفلا لمعب حبصلا
 ايTخلل لخدي رداق شم هنM ديكا؟ gluلا اذه اجا نيو نم مياص هنا امب cell لل لخدي رداق
مدلاب مكارتب

 اذه مهلا لمعنب fasting testلاب ةلكشم مهدنع علط يلا سانلا
a aو diabete يف اذا دكاتا ناشع صحفلا

 يركس ضيرم هنا هنع يكحن يلا دحلا نم لقا سب يعيبطلا نم ىلعا تعلط ركسلا ةءارق ينعي  impaird يكحنا<
 اذا وديفتسب سانلا لوذه impaired fasting glucose وا impaired glucose toleranc مهدنع علاط ناك اذاف
 صحف لمعي عجري مزa ةنس لكو يعيبطلا اهعضول gluلا تاءارق عجرت نكمم life styleلا وريغ

 ةطبتر<ا ركسلا ةيمك سايق نع ةرابع وهو صحف قدا
رهشا3لا لrخ hemoglobinلاب



People at high risk of diabetes

Unfortunately the risk factors for diabetes, unlike those forcardiovascular disease, have not been quantified.
 
Factors associated with increased risk for diabetes include:  

● Pacific or Indian ethnicity
● Increasing age
● Metabolic syndrome
● Impaired glucose tolerance
● Polycystic ovary syndrome
● History of gestational diabetes or having a baby over 4 kg
● Family history of diabetes
● Physical inactivity
● Increased BMI
● Central obesity
● Hypertension
● Adverse lipid profile
● Elevated LFTs
● Patients taking some drugs e.g. prednisone or anti-psychoticdrugs (haloperidol, chlorpromazine, and newer atypical anti-psychotics).





Three or more of the following risk factors listed below are required for
a diagnosis of metabolic syndrome.

 
Risk Factor Defining Level

Waist
circumference*

Men ≥ 100 cm
Women ≥ 90 cm

Triglycerides ≥ 150 mg/dL

HDL cholesterol Men < 40 mg/dL
Women < 50
mg/dL

Blood pressure SBP ≥ 130 or
DBP ≥ 85

Fasting glucose ≥ 100 mg/dL

People with the metabolic syndrome are
at increased risk of diabetes,
cardiovascular disease, sub-fertility
and gout despite only moderate
elevation in individual risk factors.

 
*It is likely that people of Indian

ethnicity will have features of the
metabolic syndrome at lesser waist
circumferences than people of
European or Pacific ethnicity.

People at high risk of diabetes

lipid ,glycogen ,protienلل metabolismلاب هلكشم؟metabolic syndrom لا وش



Prevention and identification

Opportunities for prevention

Both impaired glucose tolerance (IGT) and impaired fasting glucose (IFG)
refer to metabolic stages intermediate between normal glucose homeostasis
and diabetes, in which there is an increased risk of progressing to diabetes.

Who to test
Asymptomatic people without other known risk factors, Men (45 years) and
women (55 years)
People with one or more risk factors, Men (35 years) and women (45 years)
Testing for diabetes

•Fasting morning blood glucose is the best initial test.

•Urine glucose should not be used for diagnosis while HbA1C can be used
according to the new protocols

55لا قوف تاديسلاو 45لا قوف مهرمع يلا لاجرلا

  risk factor هدنع اذا
 رمع ىلع لاجرلا صحفب
45تاديسلاو 35لا



People with symptomatic hyperglycaemia

Symptomatic hyperglycaemia may have an acute onset, usually in younger
people with type 1 diabetes, or a more insidious onset, usually in older
people with type 2 diabetes. The usual symptoms of hyperglycaemia are
thirst, polyuria and weight loss but hyperglycaemia can also cause fatigue,
lack of energy, blurring of vision or recurrent infections, such as candida.

 

For  people  with   symptomatic hyperglycaemia,
a single fasting glucose of ≥ 126 mg/dl

OR
a random glucose of ≥ 200 mg/dl

is diagnostic of diabetes.



Action following fasting venous plasma glucose

Criteria have been recommended by ADA for the diagnosis of
diabetes, IGT and IFG.

                                 Normal                                
                                                                           

Diabetes  

Fasting glucose
result

< 110 110-125 ≥ 126 mg/dl

Interpretation Normal result IFG Diabetic

Action

Retest in five
years or
three years for
those at risk.    

Assess with
OGTT.
Re-test annually
those with IFG or
IGT

Two results > 126 on two
different days are diagnostic
of diabetes.
OGTT is not required.



Gestational diabetes mellitus

Gestational diabetes mellitus (GDM) increases the risk of many fetal and
maternal complications in pregnancy and the development of type 2
diabetes later in life. Screening is currently recommended for all women
between 24 - 28 weeks gestation.
 
Screening for GDM using 50 gram load
If the one hour blood glucose is ≥ 190 mg/dL, a two hour OGTT is
performed.  
 
OGTT for diagnosis of GDM
A fasting glucose ≥ 105 and/or a 2 hour value  ≥ 165 mg/dL is diagnostic
of GDM.

 ينعي a اذه سب ، يداع عضولا نوكب لمحلا يركس لناحلا ةديسلا دنع راص اذا حص
 ريصي نكمم( Sنجلا وا اهسفن ةديسلا يذأي نكمم هنa ركسلل control لمعن ام هنا
)ضاهجا
diabete t اهدنع ريصي ريبك ريثك لامتحا 50لا دعب وا 40لا رمع دعب نكمم ةديسلاو

type 2ل روطتبو بضبو لمحلا يركس حورب ام دلوت ام دعب تاديسلا ضعب

aب لمحلا ركس نع صحفت لماحلا ةديسلا مزS اa؟فيك 28-24لا عوبس
 ةرم صحفلا لمعت  اهيلخب ىلعا وا 190 اهدنع علط اذا gluلل صحف اهلا لمعب ةعاس دعبو ركس 50g اهيف  يم برشت ةديسلا يلخب
)OGTT( ي>اب هبوذم ركس 75g اهئاطعا نم }تعاس دعب سب يناث مويب ةيناث

 يركس اهعم  اهعم اذا رثكا وا OGTT ( 165(}تعاسلا دعب ركسلا اهدنع علط اذا
GDMلمحلا
 لمح يركس اهعم يه اذا ىلعا وا  105لا علطو fasting glu test لا تلمع اذاو

GDM

 اهدنع ركسلا مaا هن4kga نم رثكا هنزو لفط دلوت ريبك لامتحا لمحلا يركس اهدنع راص اذا
 ريصي حرو Sلوسنrل ريثك زارفا ريصي حرف لمحلا لrخ مaا نم ركسلا ذخايب وهو ريثك يلاع
حصان دلونيو ريثك ءانب تايلمع هدنع
ةريثك ركس تايمك ىلع دوعتم هنhypoglycemia a هدنع ريصي حرر دلوني سبو



Interpretation of the glucose tolerance test

A 75 gram oral glucose tolerance test (OGTT) is used to follow up people with
equivocal results who may have diabetes, IFG or IGT.

Fasting
mg/dL

2 hours post load
mg/dL

Normal < 110 and < 140

IFG 110-125 and < 140

IGT < 126 and 140-200

Diabetes mellitus ≥ 126 and/or ≥ 200

GDM ≥ 105 and ≥ 165

 يطعا ا< Sتعاس دعب gluلا سيقب
 Sبوذم ركسلا نم 75g صخشلا
 ي<اب



Target level for HbA1C

• Any sustained reduction of HbA1C is worthwhile because there
appears to be a direct relationship between cardiovascular risk and
HbA1C.

• The goal is to achieve an HbA1C as low as possible, preferably less
than 7.0%, without causing unacceptable hypoglycaemia.

• HbA1C > 7% is a sign of inadequate control for most people.
• HbA1C targets need to be individualised, taking into consideration

the patient’s age and co-morbidities.

  

Stable
diabetes Test six monthly

Changes in
treatment

Test no more than
three monthly



Self monitoring blood glucose (SMBG)

•People who take insulin should regularly self monitor blood glucose (3-
4 times daily according to ADA).
 
•For people with non-insulin treated type 2 diabetes testing is most
useful if patients use the results to learn and alter behaviour, or
medication.   

aلكا هيدق طبزلاب فرعي ضير<ا مز
 حر ةدايز ذخا اذا ٨نa دقلا ىلع Sلوسنaا ذخاي ناشع
 هدنع ريصي حر لقا ذخا اذاو hypoglycemia هدنع ريصي

hyperglycemia  وaيلا ةعرجلا بسحي فيك فرعي مز aمز 
اهدخا

ةيودaاب مظتنب امو يلاع ريثك ركسلا اذا dianete type 2لا ضيرمو diabete type1لا ضيرم ؟ Sلوسنا ذخايب يلا Sم
 ذخاي حر ةدحو مك بسحي مزa ةريبك هبجو لكاي هدب rثم  ذخاي مزS aلوسنا هدحو مك فرعي ضير<ا مزaو مويلاب تارم 4-3  مدلاب ركسلا وسيقي مرa ىضر<ا لوذه

 لكايب ام عفترم اك اذا ةفانك وا rثن هتrكوش لكاي ام لبق ركسلا وصحفيب type 2 مهدنع يلا سانلا
 صحفي ةلزانلاو ةعلاطلا ىلع شم ينعي a aو ركسلاب عافترا لمعب له وفيشي مهدبو cortisone لا يز ديدج اود وذخا اذا وا



Methods of glucose measurement

• Glucose oxidase method:
●   

 
 

 
• Hexokinase method (more accurate than GO):
●  Glucose + ATP    Hexokinase    Glucose-6-P +ADP
● Glucose-6-P +NADP   G-6-PD    NADPH + Phosphogluconate

 
• Clinitest
●  Reducing substance + Cu +2        CuO

 

Β-D-Glucose + H2O + O2 D-Gluconate +  H2O2

GOD

H2O2

POD
4-AA + Phenol                           Quinoneimine + H2O

Β-D-Glucose + H2O + O2 D-Gluconate +  H2O2

GOD

H2O2

POD
4-AA + Phenol                           Quinoneimine + H2O



Methods of glucose measurement

• The patient should be on a normal-to high carbohydrate diet and
fasting for at least 10 hrs and not more than 16 hrs

 
• The test should be performed in the morning because of the

hormonal diurnal effect on glucose
• The preferred specimen for glucose analysis is fluoride oxalate

plasma
 

• Before and during performance of OGTT, the patient should not
exercise, eat, drink (only water), or smoke

• In OGTT, the adult dose of glucose solution is 75 g and children
receives 1.75 g/kg of glucose to a maximum dose of 75 g

 مزcarbohydrate )aلا عطاقو تياد لماع نوكي ام مزa صحفلا لمعي هدب صخشلا اذا
normal or high carb(ةعاس 16 ل تاعاس 10 نم مياص نركيو a و رثكاa لقا 

 حر gluلا ىلع تانومرهلا ريثأت هنa حبصلا نوكي مزاب صحفلا
 لقا نومي



Measurement of glucosylated hemoglobin

• The specimen required is EDTA whole blood sample
 

• Method based on structural differences
● Immunoassay (antibodies against the glycated N-terminal of Hb)
● Affinity chromatography (separated based on chemical structure using borate

to bind glycosylated proeins.
 

• Methods based on charge differences:
● Ion exchange Chromatography (positive charge resin bed)
● Electrophoresis (difference in charge)
● Isoelectric focusing (method uses isoelectric point for separation)
● HPLC (ion exchange column)





Ketones

• They increase in case of DM, starvation/fasting, high-fat diet,
prolonged vomiting and glycogen storage disease

 
• Measurement of ketones:
● Nitroprusside: with acetoacetic acid and alkaline pH gives purple colour

 
● Enzymatic: NADH + acetoacetic acid     B-HBD          NAD+ +  B-

hydroxybutarate

 



Laboratory tests to prevent and delay
complications of diabetes

People with diabetes usually die from macrovascular
complications of their diabetes; namely
cardiovascular disease. This is influenced by all of
the commonly recognised risk factors for
cardiovascular disease as well as glycaemic control.
Fasting lipid levels are measured three monthly until
stable and then 6 - 12 monthly thereafter.  
 
It is important that management should be
individualised

 

Parameter Optimal value

Total cholesterol< 4 mmol/L

LDL cholesterol < 2.5 mmol/L

HDL cholesterol > 1 mmol/L

TC:HDL ratio < 4.5

Triglycerides < 1.7 mmol/L

HbA1C < 7 %



Diabetic renal disease

The best way of testing for diabetic renal disease is by urinary
albumin:creatinine ratio (ACR) and serum creatinine with estimated
glomerular filtration rate (eGFR). These tests are performed on
everyone with diabetes at diagnosis and repeated at least annually –
more frequently if there is proteinuria, microalbuminuria  or reduced
eGFR.
Albumin:creatinine ratio  

● ACR provides an estimate of daily urinary albumin excretion.
● Microalbuminuria cannot be detected on a conventional urinary

protein dip stick.    
● Microalbuminuria is urinary albumin excretion between 30 and

300 mg/day; above 300mg/day represents proteinuria.
● ACR is best measured in the laboratory using a first morning

urine sample where possible when the patient is well.
● An abnormal initial test requires confirmation by testing on two

further occasions. If at least one of these tests is positive
microalbuminuria has been confirmed.

 



Renal testing in diabetes

*Non-diabetic renal disease is suspected when there is absence of diabetic
retinopathy in a person with renal disease, there are urinary abnormalities such as
haematuria or casts, or when there is renal disease without microalbuminuria or
proteinuria.

ACR
mg/mmol
(confirmed)

eGFR
mL/min/1.732

Risk Management

men < 2.5
women < 3.5

and > 60
2 - 4% per year progress
to microalbuminuria.

Annual ACR and eGFR. Good diabetes &
BP management.

men ≥ 2.5
women ≥ 3.5

or < 60
One third progress to
overt nephropathy.
CVD risk doubled.

Review ACR and eGFR at each visit.
Intensive management of glycaemia and
CVD risk factors.
Use ACE inhibitor and low-dose aspirin.
Avoid nephrotoxic drugs.
Investigate if suspicious of causes other
than diabetes*

> 30 or < 30

Almost all proceed to
end stage renal disease
or die prematurely of
CVD.

Overt nephropathy
Refer specialist



Other tests

Testing of LFTs is recommended for people with diabetes:
● at diagnosis,
● at the start of antidiabetic drug therapy, and
● at any other time indicated by clinical judgement

 
Other laboratory tests
In patients with type 1 diabetes, intermittent checks for other
autoimmune conditions may be useful. This could include testing
for thyroid dysfunction or coeliac disease.

 هلا ببس<ا وه rصا هنautoimmune disease aلا تاصوحف لمعي مزtype 1 a ضيرم ناك اذا
coelic disease وا thyeoid dysfunctioلا يز ةيعانم ضارما مهدنع اذا وصفحبف






















