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Helicobacter pylori infection among type 1 diabetic children in 

Gaza strip 

Abstract 

Background: Diabetes is one of the leading causes of death in the world and type 1 diabetes 

usually strikes children and young adults. Over 17 new cases of type 1 diabetes were 

identified per 100 000 children worldwide annually.  Helicobacter pylori (H. pylori) infection 

is believed to be associated with Type 1diabetes. 

Objective: To assess H. pylori infection among type 1 diabetic patients in Gaza strip. 

Materials and methods: This case-control study comprised 60 type 1 diabetic children and 

60 healthy controls. Questionnaire interview was applied. Blood samples were collected, 

processed and analyzed for H. pylori IgG, glucose, insulin, cholesterol, triglycerides, low 

density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), 

aspartate aminotransferase (AST), alanine aminotransferase (ALT), urea and creatinine were 

determined. Blood glycated hemoglobin (HbA1c) was measured. White blood cell (WBC), 

red blood cell (RBC), hemoglobin (Hb), hematocrit (Hct) and platelet (PLT) were determined. 

Data were analyzed using SPSS version 18.0. 

Results: Type 1 diabetes was more prevalent among families with higher income as well as 

among individuals with family history of the disease. Three quarters of cases were not on diet. 

However, the majority of cases were found to be compliance of medication. Almost two-

thirds of patients had diabetes since less than 5 years. Neuropathy and gastritis were 

significantly more frequent among cases compared to controls. The BMI was significantly 

increased in cases compared to controls (18.6±3.8 versus 17.3±3.3 Kg/m
2

, P=0.047). Blood 

HbA1c and serum glucose and insulin levels were significantly higher in cases compared to 

controls (9.8±1.8%, 169.6±111.9 mg/dl and 26.7±17.0 mlU/ml versus 5.0±0.5%, 77.7±7.0 

mg/dl and 10.6±4.7 mlU/ml, respectively, P=0.000). Serum AST and ALT activities were 

significantly higher in cases compared to controls (32.1±7.8 and 26.5±12.4 U/L versus 

22.0±10.5 and 19.5±7.5U/L, respectively, P=0.000). White blood cell count was significantly 

increased in cases compared to controls (7.5±2.4 versus 6.7±1.8 x 10
9
/L, P=0.030). 

Conversely RBC count and hemoglobin content showed significant decreases in cases than 

controls (4.5±0.4 and 11.7±1.2 versus 4.7±0.5 x 10
12

/L and 12.4±1.3 g/dl, P=0.016 and 0.005 

respectively). The prevalence of H. pylori among diabetic patients 24 (40.0%) was 

significantly higher than controls 13 (21.7%) with P=0.030. When related to H. pylori, BMI 

showed significant increase in positive cases compered to negative cases (21.0±3.8 versus 



 

V 
 

17.8±3.5, P=0.003). Blood HbA1c and serum glucose and insulin levels were significantly 

higher in positive than in negative cases (10.5±1.7%, 233.8±145.2 and 34.2±21.7 versus 

9.5±1.7%, 146.3±87.9 mg/dl and 23.9±14.2 mlU/ml, P=0.046, 0.006 and 0.037 respectively). 

Serum cholesterol, triglycerides and LDL-C were significantly increased in H. pylori positive 

cases than in negative cases (186.2±35.0, 135.5±44.2 and 107.9±32.9 mg/dl, versus 

157.8±19.4, 99.5±29.4 and 83.4 ±18.6 mg/dl, P=0.001, P=0.001 and P=0.001, respectivily), 

whereas HDL-C was significantly lower in positive cases (51.3 ±3.7 versus 54.6±2.6 mg/dl, 

P=0.001). The activity of ALT was significantly higher in positive compared to negative 

cases (29.1±8.5 versus 24.5±7.3U/L, P=0.045). The WBC count was also singnificantly 

elvated in H. pylori positive cases (7.8±1.5 versus 6.7±1.9 ×10
9
/L, P=0.041). Conversely, 

RBC and Hb were significantly decrease in positive cases than negative cases (4.6±0.5 and 

11.9±1.1 versus 4.9±0.4×10
12

/L and 13.0±1.4 g/dl, P=0.023 and 0.012 respectivily).  

Conclusions: H. pylori infection was significantly higher in type 1 diabetic patients compared 

to controls. H. pylori infection was positively associated with BMI, blood HbA1c, serum 

glucose and insulin, serum cholesterol, triglycerides, LDL-C, ALT, and WBC and nigatively 

associated with HDL-C, RBC count and Hb content.  

Keywords: Helicobacter pylori, Type 1 diabetes, Gaza Strip. 
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 العذوي ببكتريا الملىيت البىابيت بين الاطفال المصابين بالسكري النىع 

 الاول في قطاع غزة

 

 ملخص الذراست

 

ٕع الأٔل عبدح يب : يشع انغكش٘ ْٕ ٔاحذ يٍ الأعجبة انشئٛغٛخ نهٕفبح فٙ انعبنى، ٔداء انغكش٘ انُمقذمت

نكم  1حبنخ خذٚذح يٍ يشع انغكش٘ يٍ انُٕع  17ٚظٛت الأؽفبل ٔطغبس انجبنغٍٛ. ٔقذ رى رحذٚذ أكثش يٍ 

غكش٘ ث. ٔ ٚعزقذ ثأٌ انعذٖٔ ثبندشثٕيخ انًهٕٚخ انجٕاثٛخ يشرجطخ عُٕٚب ؽفم فٙ خًٛع أَحبء انعبنى 100 000

 انُٕع الأٔل.

بثخ ثبندشثٕيخ انًهٕٚخ انجٕاثٛخ ثٍٛ الاؽفبل انًظبثٍٛ ثبنغكش٘ انُٕع رٓذف انذساعخ إنٗ رقٛٛى الإطالهذف: 

 الأٔل فٙ قطبع غضح.

يٍ يشػٗ  ؽفم 60عهٗ  ػبثطخ يدًٕعخ ٔ يشػٛخ يدًٕعخاشزًهذ ْزِ انذساعخ الطرق والأدواث: 

جٛبَبد، يٍ الأطحبء كعُٛبد ػبثطخ، ٔقذ رى عًم يقبثلاد رى فٛٓب رعجئخ الاعز ؽفم 60عكش٘ انُٕع الأٔل  ٔ

كزنك خًعذ عُٛبد انذو ثى رى يعبندزبْب ٔرحهٛهٓب، كًب رى قٛبط كم يٍ اندهٕثٕٛنٍٛ انًُبعٙ ج نهدشثٕيخ انًهٕٚخ 

انجٕاثٛخ، اندهٕكٕص، الأَغٕنٍٛ، انكٕنغزشٔل، انذٌْٕ انثلاثٛخ، كهغزشٔل انجشٔرٍٛ انشحًٙ خفٛغ انكثبفخ، 

انُبقم نلأعجبسربد أيٍٛ،الإَضٚى انُبقم نلألاٍَٛ أيٍٛ، انٕٛسٚب كهغزشٔل انجشٔرٍٛ انشحًٙ يشرفع انكثبفخ،الإَضٚى 

كم يٍ خلاٚب انذو رعذاد كزنك رى قٛبط  .A1Cٔانكشٚبرٍُٛٛ، ثبلإػبفخ نزنك رى قٛبط انًٕٓٛخهٕثٍٛ انغكش٘ 

 ٔانظفبئح انذيٕٚخ. ، انًٓٛبرٕكشٚذانجٛؼبء، خلاٚب انذو انحًشاء، انًٕٓٛخهٕثٍٛ

 نزحهٛم انجٛبَبد ٔانُزبئح. SPSS-18.0ٙ اعزخذو انجشَبيح الإحظبئ 

أظٓشد انُزبئح ثأٌ عكش٘ انُٕع الأٔل ٚعزجش أكثش اَزشبسا ثٍٛ انعبئلاد الأكثش دخلا ثبلإػبفخ إنٗ النتائج: 

ثلاثخ أسثبع انحبلاد لاٚزجعٌٕ حًّٛ غزائّٛ  الأشخبص رٔ٘ انزبسٚخ انعبئهٙ نهًشع، كًب أظٓشد انُزبئح ثأٌ

عُٕاد.  5انحبلاد انًشػٛخ كبَٕا حبيهٍٛ نًشع انغكش٘ يُز أٌ كبَذ أعًبسْى أقم يٍ ٔيبٚقبسة يٍ ثهثٍٛ 

كًب أظٓشد انذساعخ ثأٌ انزعقٛذاد انُبردخ عٍ انًشع ْٙ اعزلال انلأعظبة. كًب أظٓشد انُزبئح ٔخٕد اسرفبع 

ٔأظٓشد  نخ إحظبئٛخ.فٙ اَزشبس انزٓبة انًعذح عُذ انحبلاد انًشػٛخ يقبسَخ ثبلأطحبء، ْٔزِ انُزٛدخ راد دلا

 بءــخ ثبلأطحـبسَــٛخ يقـبلاد انًشػــذ انحـعُ خـٛـبئــخ إحظـبدح راد دلانــٕد صٚـٔخى ـهّ اندغـش كزــّ يؤشــَزٛد

ٔأٔػحذ انُزبئح ٔخٕد صٚبدح راد دلانخ ،                                                                                      

، اندهٕكٕص ٔالأَغٕنٍٛ عُذ انحبلاد انًشػٛخ A1Cظبئٛخ فٙ يغزٕٚبد كم يٍ انًٕٓٛخهٕثٍٛ انغكش٘ إح

  يقبسَخ ثبلأطحبء

 3.3 ± 17.3يقبثم  3.8 ± 18.6) 
2KG/M  ٔقًٛخP  =0.047 ) 

                     (9.8 ± %1.8 ، 169.6 ± 11.9 MG/DL  ،26.7 ± 17.0 MLU/ML  0.5 ± 5.0يقبثم،% 

77.7 ± 7.0 MG/DL  ،10.6± 4.7 MLU/ML  ٔقًٛخP   =0.000  . )بدح رادـٕد صٚـكًب ثُٛذ انُزبئح ٔخ 
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دلانخ إحظبئٛخ فٙ َشبؽ كم يٍ الإَضٚى انُبقم نلأعجبسربد أيٍٛ ٔالإَضٚى انُبقم نلألاٍَٛ أيٍٛ فٙ انحبلاد 

 انًشػٛخ يقبسَخ ثبلأطحبء

 

  يقبسَخ ثبلأطحبء

انحبلاد  فٕٙد اَخفبع فٙ أعذاد كشاد انذو انحًشاء ٔيحزٕٖ انًٕٓٛخهٕثٍٛ راد دلانخ إحظبئٛخ ٔخ انٗ

 بلأطحبءيقبسَّ ثانًشػٛخ 

 

يع ثٍٛ انًزغٛشاد ٔعُذ عًم علاقخ                                             ءيقبسَخ ثبلأطحب24(%40.0) ش٘ــانغك 

ٔخذَب ثأٌ يؤشش كزهّ اندغى أعهٗ عُذ انحبلاد انًشػٛخ بلاد انًشػّٛ فٙ انحاندشثٕيخ انًهٕٚخ انجٕاثٛخ 

 ثبندشثٕيخ انًهٕٚخ انجٕاثٛخ بثٍٛثبندشثٕيخ انًهٕٚخ انجٕاثٛخ يٍ رهك انحبلاد انًشػٛخ انغٛش يظ بثٍٛانًظ

 يقبسَّ ثبنغٛش يظبثٍٛ ظبثٍٛٔالأَغٕنٍٛ ْٙ أعهٗ عُذ انحبلاد انً

 

أكثش يٍ انحبلاد انغٛش  بثٍٛشحًٙ خفٛغ انكثبفخ عُذ انحبلاد انًشػٛخ انًظانجشٔرٍٛ ان انثلاثٛخ، ٔكهغزشٔل

 ، ْٔزِ انُزٛدخ راد دلانخ إحظبئٛخيظبثٍٛ

 نشحًٙ يشرفع انكثبفخ عُذ انحبلادرٔ دلانخ إحظبئٛخ فٙ يغزٕٖ كهغزشٔل انجشٔرٍٛ ا ثًُٛب ٔخذ اَخفبع

فٙ َشبؽ الإَضٚى انُبقم نلألاٍَٛ أيٍٛ عُذ انحبلاد  ثبندشثٕيخ. ٔأشبسد انُزبئح نٕخٕد صٚبدح بثٍٛانًشػٛخ انًظ

 يظبثٍٛثبندشثٕيخ انًهٕٚخ انجٕاثٛخ يقبسَخ يع انغٛش  بثٍٛانًشػٛخ انًظ

ذد كشاد انذو ـخ فٙ عـٛـْٔزِ انضٚبدح راد دلانخ إحظبئٛخ. كزنك ٔخذ اسرفبع رٔ دلانخ إحظبئ،                         

                                                                         ثبندشثٕيخ بثٍٛخ انًظانجٛؼبء عُذ انحبلاد انًشػٛ

كزنك اَخفبع فٙ أعذاد كشاد انذو انحًشاء ٔيحزٕٖ انًٕٓٛخهٕثٍٛ رٔ دلانخ إحظبئٛخ عُذ انحبلاد انًشػٛخ 

 يظبثٍٛثبندشثٕيخ يقبسَخ يع انغٛش  بثٍٛانًظ

ح ثأٌ يعذل الإطبثخ ثبندشثٕيخ انًهٕٚخ انجٕاثٛخ أعهٗ عُذ يشػٗ عكش٘ انًُؾ أشبسد انُزبئالاستنتاجاث: 

ثبنًقبسَخ يع الأطحبء، ْٔزِ انُزٛدخ راد دلانخ إحظبئٛخ، ٔأظٓشد انُزبئح ثأٌ الإطبثخ ثبندشثٕيخ انًهٕٚخ  لأٔلا

اندهٕكٕص يغزٕٚبد  ،A1Cانًٕٓٛخهٕثٍٛ انغكش٘ يؤشش كزهّ اندغى، كم يٍ  يشرجطّ اسرجبؽ ؽشد٘ يع انجٕاثٛخ 

كهغزشٔل انجشٔرٍٛ انشحًٙ خفٛغ انكثبفخ، الإَضٚى ٔكزنك يغزٕٚبد انكٕنغزشٔل، انذٌْٕ انثلاثٛخ، ، ٔالأَغٕنٍٛ

كهغزشٔل انجشٔرٍٛ انشحًٙ . كزنك رشرجؾ اسرجبؽ عكغٙ يع كم يٍ عذد كشاد انذو انجٛؼبءٔانُبقم نلألاٍَٛ أيٍٛ 

 ٔيحزٕٖ انًٕٓٛخهٕثٍٛ. عذد كشاد انذو انحًشاءٔيشرفع انكثبفخ، 

 اندشثٕيخ انًهٕٚخ انجٕاثٛخ، عكش٘ انًُؾ الأٔل ، قطبع غضح.الكلماث المفتاحيت: 

                               ( 32.1 ± 7.8  ٔ26.5 ± 2.4 U/L   7.5 ±19.5ٔ 10.5 ± 22.0يقبثم U/L  ٔقًٛخP  =

 بسَخـبلاد انًشػٛخ يقـبء عُذ انحـكًب ٔخذ اسرفبع رٔ دلانخ إحظبئٛخ فٙ أعذاد كشاد انذو انجٛؼ ( 0.000

 x 1.8 ± 6.7يقبثم  2.4 ± 7.5 )
9
10/L ±  ٔقًٛخP  =0.030 )  ،انُزبئح بسدـعكظ أشـٔثبن 

 0.5x ± 4.7يقبثم    1.2 1.7±ٔ   0.4  ± 4.5 )                                
12

10/L     ٔ12.4 ±  1.3G/DL  

 ٍ يشػٗ ــخ ثٛـخ انجٕاثٛـخ انًهٕٚـٕيـشثـشبس اندـبدح فٙ اَزـبئح صٚـزـشد انُـٔأظٓ (P  =0.016  ٔ0.005ٔقًٛخ 

 P  =0.030% ( ٔقًٛخ 21.7)13

                                                                                                                              ( 21.0 

 ، اندهٕكٕص  A1C، كزنك يغزٕٚبد انًٕٓٛخهٕثٍٛ انغكش٘  ( P   =0.003ٔ قًٛخ   3.5 ± 17.8يقبثم  3.8 ± 

                                                                                 (10.5± 1.7 %ٔ233.8± 145.2MG/DL  

=  Pٔقًٛخ   MG/DL   ٔ23.9 ± 14.2 MLU/ML 87.9 ± 146.3ٔ% 1.7 ± 9.5يقبثم  21.7 ± 34.2ٔ 

 ٌٕ ـشٔل، انذْـبد كم يٍ انكهغزـبدح فٙ يغزٕٚـٕد صٚـح ٔخـ، كًب أظٓشد انُزبئ ( 0.037ٔ  0.006ٔ  0.046

                                                     ( 186.2± 35.0    ٔ135.5 ±  44.2  ٔ107.9 ± 32.9 MG/DL  

  ( P  =0.001 ٔ0.001ٔ0.001ٔقًٛخ   MG/DL 18.6 ± 83.4ٔ  29.4 ± 99.5ٔ 19.4 ± 157.8يقبثم 

 2.6MG/DL±54.6يقبثم 51.3±3.7)                                                                                       

  (P =0.001ٔقًٛخ 

x 1.9 ± 6.4يقبثم 1.5 ± 7.8)                                                                 
9
10/L  ٔقًٛخP =0.041)  

0.4x10 ± 4.9يقبثم  1.1 ± 11.9ٔ  0.5  ± 4.6)                                                           
12

/L ٔ13.0 ± 

1.4 G/DL ٔ قًٛخP  =0.023  ٔ0.012 ) . 
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Chapter 1 

 Introduction 

1.1 Overview 
Diabetes mellitus is a multifactorial disorder characterized by presence of chronic 

hyperglycemia accompanied by greater or lesser impairment in the metabolism of 

carbohydrates, lipids and proteins. The origin and etiology of diabetes mellitus can 

vary greatly but always include defects in either insulin secretion or response or in 

both at some point in the course of the disease (Conget, 2002). The high blood sugar 

produces the classical symptoms of diabetes mellitus including polyuria, polydipsia 

and polyphagia (American Diabetes Association, ADA, 2010). 

 

Two major types of diabetes were identified; type 1 and type 2. Lack of or severe 

reduction in insulin secretion due to autoimmune or viral destructions of β cells is 

responsible for type 1 diabetes, which accounts for 5-10% of diabetic patients 

(Harjutsalo et al., 2006). Patients with type 1 diabetes usually required insulin 

injection ( Von Bell et al., 2011). Type 2 diabetes accounts for about 90% of cases 

and usually begins as insulin resistance, a disorder in which the cells do not use 

insulin properly (Carrera Boada and Martínez-Moreno, 2013). 

 

The autoimmune destruction of pancreatic β-cells, leads to a deficiency of insulin 

secretion which results in the metabolic derangements associated with type 1 diabetes. 

In addition to the loss of insulin secretion, the function of pancreatic α-cells is also 

abnormal and there is excessive secretion of glucagons irrespective of hyperglycemia 

(Raju and Raju, 2010). The resultant inappropriately elevated glucagons exacerbate 

the metabolic defects. The most pronounced example of this metabolic disruption is 

that patients with type 1 diabetes rapidly develop diabetic ketoacidosis. Insulin 

deficiency leads also to uncontrolled lipolysis and elevated levels of free fatty acids in 

plasma, which suppresses glucose metabolism in peripheral tissues (Raju and Raju, 

2010 and Ozougwu et al., 2013). 

 

Helicobacter pylori (H. pylori), is a gram negative spiral shaped bacterium that is 

found in the gastric mucous layer or adherent to the epithelial lining of the stomach. 
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The presence of H. pylori confers a six fold increased risk of gastric adenocarcinoma, 

account for half of all gastric cancers and strongly implicated in the development of 

gastric B cell mucosa associated lymphoid tissue (MALT) lymphomas as well as it 

causes peptic ulcer disease (Morgner et al., 2000; Lehours and Yilmaz., 2007; 

Mehmood et al., 2010 and Kate et al., 2013). 

 

Recent reports suggested that H. pylori might have linked to diabetes mellitus. An 

increased prevalence of H. pylori infection among type 1 diabetic patients was 

documented in developed and developing countries (EI-Eshmawy et al., 2011; 

Candelli et al., 2012; Wang et al., 2013 and  Fayed et al., 2014). In Gaza strip, only 

three recent studies assessed H. pylori infection in type 2 diabetic patients as well as 

in coronary artery disease patients (Abu Jabal, 2012; Mansour, 2014 and Yassin et 

al., 2014). No previous study linked H. pylori to type 1 diabetes. Therefore, the 

present study is the first to assess H. pylori infection among type 1 diabetic children in 

Gaza strip. 

 

1.2 General objective 

To assess H. pylori infection among type 1 diabetic children in Gaza strip. 

 

1.3 Specific objectives 

1. To determine the prevalence of H. pylori infection among cases compared with 

controls. 

2. To assess the level of blood glycated hemoglobin (HbA1c) and, serum glucose and 

insulin in cases and controls. 

3. To measure lipid profile including cholesterol, triglycerides, Low density 

lipoprotein cholesterol (LDL-C) and high density lipoprotein cholesterol (HDL-C) in 

cases versus controls. 

4. To estimate liver function through determination of aspartate aminotransferase 

(AST) and alanine aminotransferase (ALT) as well as kidney function through 

determination of urea and creatinine. 

5. To evaluate blood parameter including white blood cells (WBCs), red blood cells 

(RBCs), hemoglobin, hematocrite and platelets in cases compared to controls. 
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6. To verify the relationship between H. pylori and the studied parameters in diabetic 

children. 

 

1.4 Significance 

1. Diabetes mellitus is the fifth leading cause of death in Palestine (Palestinian 

Ministry of Health, 2011.). 

2. The present study is the first to assess H. pylori infection among type 1 diabetic 

patients in Gaza strip. 

3. Understanding the role of H. pylori in diabetes mellitus could be useful in the 

management of the disease. 
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Chapter 2 

 
Literature Review 

 

2.1 Definition of diabetes mellitus 

World health organization (WHO, 2011) described the term diabetes mellitus as a 

metabolic disorder with heterogenous etiologies which is characterized by chronic 

hyperglycaemia and disturbances of carbohydrate, fat and protein metabolism 

resulting from defects in insulin secretion, insulin action, or both. The long-term 

relatively specific effects of diabetes include development of retinopathy, 

nephropathy and neuropathy. People with diabetes are also at increased risk of 

cardiac, peripheral arterial and cerebrovascular disease. American Diabetes 

Association (2014) defined diabetes mellitus as a group of metabolic diseases 

characterized by hyperglycemia resulting from defects in insulin secretion, insulin 

action, or both. The chronic hyperglycemia of diabetes is associated with long-term 

damage, dysfunction, and failure of different organs, especially the eyes, kidneys, 

nerves, heart, and blood vessels.  

 

2.2 Types of diabetes 

The most common types of diabetes mellitus are: 

2.2.1 Type 1 diabetes  

This form of diabetes, which accounts for 5-10% of those with diabetes, previously 

encompassed by the terms insulin dependent diabetes or juvenile-onset diabetes, 

results from a cellular mediated autoimmune destruction of the β-cells of the 

pancreas. In this form of diabetes the rate of β-cell destruction is quite variable, being 

rapid in some individuals mainly infants and children and slow in others mainly adults 

(Ozougwu et al., 2013 and ADA, 2014). 

 

2.2.2 Type 2 diabetes 

Type 2 diabetes accounts for about 90-95% of all diagnosed cases of diabetes. It is 

previously referred to as non–insulin dependent diabetes or adult-onset diabetes. The 

causes of type 2 diabetes are multi-factorial and caused by a group of both genetic and 
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environmental factors. Type 2 diabetes is characterized by insulin resistance, a 

disorder in which the cells do not use insulin properly (Defronzo et al., 2012; 

Hassan, 2013 and ADA, 2014).  

 

 

2.2.3 Gestational diabetes 

Gestational diabetes mellitus refers to glucose intolerance with onset or first 

recognition during pregnancy (Goldenberg and Punthakee, 2013). The risk for 

developing type 2 diabetes within the first decade following pregnancy in gestational 

diabetes cases ranges between 35% and 60% (Seniuk et al., 2009). Similarly, children 

of women with gestational diabetes are known to be at risk for obesity and diabetes 

mellitus in their later life (Bánhidy et al., 2011). 

 

2.3 Type 1 diabetes 

2.3.1 Definition and etiology 

Type 1 diabetes develops from a cellular-mediated autoimmune destruction of 

pancreatic B cells resulting in insulin deficiency. The immune system incorrectly 

manufactures antibodies and inflammatory cells that are directed against and cause 

damage to patients' own body tissues. It is believed that the predisposition to develop 

these abnormal antibodies in type 1 diabetes mellitus is, in part, genetically inherited, 

though the details are not fully understood (Kantarova and Buc, 2007; Bluestone et 

al., 2010 and Zhao et al., 2012). Exposure to certain viral infections or other 

environmental toxins may serve to trigger abnormal antibody responses that cause 

damage to the pancreatic cells where insulin is made. These antibodies can be 

measured in the majority of patients, and may help determine which individuals are at 

risk for developing type 1 diabetes (Achenbach et al., 2005 and Aljabri et al., 

2013). In type 1 diabetes, the rate of B-cell destruction is quite variable, being rapid in 

some individuals (mainly infants and children) and slow in other (mainly adults). 

Some patients, particularly children and adolescents, may present with ketoacidosis as 

the first manifestation of the disease. Others have modest fasting hyperglycemia that 

can rapidly change to severe hyperglycemia and/or ketoacidosis in the presence of 

infection or other stress (Van Belle et al., 2011 and ADA, 2014). 
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2.3.2 Prevalence and mortality rate of type 1 diabetes 

Over 17 new cases of type 1 diabetes were identified per 100 000 children worldwide 

annually. The prevalence rate is particularly high in Finland, Sweden and Norway, 

with over 25 new cases detected every year per 100 000 children (Organization for 

Economic Co-operation and Development, OECD, 2013). In Mexico and Korea, 

the rate is less than five new cases per 100 000 children. While type 1 diabetes 

currently accounts for only 10-15% of all diabetes cases, there is evidence that 

incidence rates are rising strongly in some countries. Between 2005 and 2020, new 

cases of type 1 diabetes for children are expected to double in Europe (Patterson et 

al., 2009). In 2011 there were almost 660 000 diabetes related death worldwide, and 

the 2010 Global Burden of disease study showed that diabetes was the ninth leading 

cause of death in the world (international Diabetes Federation, IDF, 2011 and 

Lozano et al., 2012). In Palestine, there is under diagnosis and under reporting of 

diabetes mellitus. This is due to lack of proper hospital and clinic recording system 

(Ministry of Health, MOH, 2005). In 2011, the total number of new reported cases 

of diabetes mellitus in West bank was 3984 with incidence rate 154.4 per 100,000 of 

population (MOH, 2012). The mortality rate of diabetes mellitus among Palestinians 

constituted 9.5 per 100,000 population in the year 2013 (MOH, 2014), and this figure 

raised to 11.2 per 100,000 population in the year 2014 (MOH, 2014). In Gaza strip 

the incidence rate of diabetes mellitus 15.4 per 100,000 of population in the year 

2014. 14.2 per 100,000 of population for diabetes type 2 and 1.2 per 100,000 of 

population for diabetes type1 (MOH, 2014). 

 

2.3.3 Carbohydrate metabolism in type 1 diabetes 

Uncontrolled type 1 diabetes leads to increased hepatic glucose output. First, liver 

glycogen stores are mobilized then hepatic gluconeogenesis is used to produce 

glucose. Insulin deficiency also impairs non hepatic tissue utilization of glucose. In 

particular in adipose tissue and skeletal muscle, insulin stimulates glucose up take. 

This is accomplished by insulin mediated movement of glucose transporters proteins 

to the plasma membrane of these tissues. Reduced glucose uptake by peripheral 

tissues in turn leads to a reduced rate of glucose metabolism. In addition, the level of 

hepatic glucokinase is regulated by insulin. Therefore, a reduced rate of glucose 

phosphorylation in hepatocytes leads to increased delivery to the blood. The 
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combination of increased hepatic glucose production and reduced peripheral tissues 

metabolism leads to elevated plasma glucose level (Ozougwu et al., 2013). When the 

capacity of the kidneys to absorb glucose is suppressed, glycosuria ensues (Maori et 

al., 2014). Glucose is an osmotic diuretic and an increase in renal loss of glucose is 

accompanied by loss of water and electrolyte. The result of the loss of water leads to 

the activation of the thirst mechanism (polydipsia). The negative caloric balance, 

which results from the glycosuria and tissue catabolism leads to an increase in 

appetite and food intake that is polyphagia (Raju and Raju, 2010). 

 

2.3.4 Lipid metabolism in type 1 diabetes 

In uncontrolled type 1 diabetes where insulin is lacked there is a rapid mobilization of 

triglycerides leading to increased level of plasma free fatty acids. The free fatty acids 

are taken up by numerous tissues (except the brain) and metabolized to provide 

energy. In the absence of insulin , malonyl COA  levels fall, and transport of fatty 

acyl-COA into the mitochondria increases. Mitochondrial oxidation of fatty acids 

generates acetyl COA that can be further oxidized in the tricarboxylic acid cycle 

(TCA cycle). However, in hepatocytes the majority of the acetyl COA is not oxidized 

by the TCA cycle but is metabolized into the ketone bodies (acetoacetate and b 

hydroxybutyrate). These ketone bodies are used for energy production by the brain, 

heart and skeletal muscle (Dashty, 2014). In type 1 diabetes, the increased availability 

of free fatty acids and ketone bodies exacerbates the reduced utilization of glucose, 

furthering the ensuing hyperglycemia. Production of ketone bodies in excess of the 

body's ability to utilize them leads to ketoacidosis (Sumathi and Kalaiselvi, 2014). A 

spontaneous breakdown product of acetoacetate is the acetone that is exhaled by the 

lungs, which gives a distinctive odor to the breath. Normally, plasma triglycerides are 

acted upon by lipoprotein (LPL) that requires insulin. LPL is a membrane bound 

enzyme on the surface of the endothelial cells lining the vessels, which allows fatty 

acids to be taken from circulating triglycerides for storage in adipocytes (Raju and 

Raju, 2010). The absence of insulin results in hypertriglyceridemia. 
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2.4 Helicobacter pylori 

2.4.1 Definition and general characteristics 

Helicobacter pylori is a spiral or slightly curved gram negative rod with 2-6 

characteristic unipolar flagella (Figure 2.1). The bacterium has bluntly rounded ends 

and measures 2.5-4.0 μm in length and 0.5-1.0 μm in width. The cell wall is smooth 

and may be coated with a prominent glycocalyx with a thickness of up to 40 nm 

(Goodwin et al., 1989). The flagella measure 2.5 μm in length and around 30 nm in 

thickness, and have a distinctive terminal bulb (Goodwin and Worsley, 1993). The 

bacterium displays remarkable motility in viscous solutions, and the flagella play a 

central role in this motility (Suerbaum et al., 1993). H. pylori is a microaerophilic 

and under certain circumstances it can be U- shaped or coccoid (Enroth et al., 1999). 

It resides naturally in the gastrointestinal tract of humans and animals (Fox, 2002). In 

the stomach, the majority of H. pylori can be found in the gastric mucosa; however a 

few are found adhered to the gastric mucosal epithelium. The bacterium is highly 

adapted to survive in the hostile environment of the stomach where few other 

organisms can survive. Although, H. pylori is considered to be an extra cellular 

bacteria, there is evidence suggesting that the bacteria has a mechanism for 

intracellular invasion (Kusters et al., 2006 and Chu et al., 2010). 

 

 
 

Figure 2.1 Helicobacter pylori. The curved bacillus with unipolar flagella is 

visualized by a scanning electron microscope (Charles and Janeway, 2005). 

 

 

2.4.2 Taxonomy of Helicobacter pylori 

The scientific classification of the H. pylori (Marshall & Warren, 1984) is: 
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Kingdom: Bacteria 

Phylum: Proteobacteria 

Class: Epsilon Proteobacteria 

Order: Campylobacterales 

Family: Helicobacteraceae 

Genus: Helicobacter 

Species: Helicobacter pylori 

 

2.4.3 Prevalence of Helicobacter pylori infection 

Infection with H. pylori has been recognized as a public health problem worldwide 

affecting approximately 50% of the world population (Bender et al., 2007 and Sachs 

and Scott, 2012). In developing countries the prevalence of H. pylori antibodies was 

found more than 70% in the populations (Nurgalieva et al., 2002 and Stasi et al., 

2008). On the contrary, in developed countries, H. pylori infection is less common in 

young children and increases with age and reaches 50% by adulthood (Lane et al., 

2006 and Zhou et al., 2012). In the Gaza strip, Abu-Mughesieb (2007) and Abu 

Jabal (2012) showed that the rate of H. pylori infection in Gaza strip was 48.3% and 

70.5%, respectively. In a recent study focused on H. pylori infection and type 2 

diabetes in Gaza strip, Yassin et al. (2014) reported that the prevalence of H. pylori 

among type 2 diabetic patients was 72.2 % compared to 36.7% in controls. 

 

2.4.4 Transmission of Helicobacter pylori 

A) Person-to-person route 

Humans are the only known significant reservoir of H. pylori (Collazo, 2012). Person 

to- person contact is believed to be the primary route of transmission in developed 

countries, and is also important in developing countries. Close personal contact, 

particularly within the family including mother/parents to child, sibling to sibling and 

spouse to spouse, has been consistently demonstrated as a risk factor for transmission 

of infection (Escobar and Kawakami, 2004 and Khalifa et al., 2010). 

 

B) Oral-oral route 

Helicobacter pylori deoxyribonucleic acid (DNA) has been detected in the saliva of 

H. pylori positive subjects by polymerase chain reaction (PCR) (Khalifa et al., 2010 

and Collazo, 2012). H. pylori organisms have also been successfully detected from 
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the dental plaque of infected persons (Sousa et al., 2006 and Rasmussen et al., 

2010). In general, isolation has not been uniformly successful, however, perhaps as a 

result of the transient presence of H. pylori in the oral cavity or poor detection 

capability resulting from the co-occurrence of many other bacteria in the oral cavity. 

 

C) Fecal-oral route 

Fecal- oral is the main route of H. pylori transmission, H. pylori has been detected in 

faeces by culture and its DNA by PCR (Delport et al., 2007; Mishra et al., 2008 and 

Momtaz et al., 2012), although other investigators have failed to replicate this (Van 

Zwet et al., 1994). These data, together with those from Silva et al. (2009), 

documented the possible role of fecal shedding of H. pylori into the environment. 

 

D) Iatrogenic transmission 

Endoscopes used routinely in upper gastrointestinal procedures may be the source of 

iatrogenic infection as a result of improper disinfection between procedures (Brown, 

2000). 

 

2.4.5 Signs and symptoms of Helicobacter pylori infection 

Most people with H. pylori infection are asymptomatic, but a proportion of infected 

individuals develop severe gastro duodenal diseases, including reflux esophagitis, 

duodenal ulcer, gastric ulcer, gastric adenocarcinoma and MALT lymphoma (Peek, 

2004; Chen et al., 2013; Shiota et al., 2013 and Witkowska and Smolewski, 2013). 

Acute H. pylori infection in adults is accompanied by mild to moderate dyspeptic 

symptoms and occasional vomiting, which appear few days after challenge, peak 

during the second week and then resolve. The clinical course of chronic H. pylori 

infection is highly variable and influenced by microbial, host and environmental 

factors. In virtually all infected individuals H. pylori causes chronic inflammation in 

the gastric mucosa. Gastritis develops rapidly after acquisition of H. pylori infection 

and persists through several years of the infection, chronic gastritis may gradually 

progress to atrophic gastritis (Oona et al., 2004 and Vale and Vítor, 2010). 

 

2.4.6 Diagnosis of Helicobacter pylori infection 

Diagnosis of infection is usually made by checking for dyspeptic symptoms and by 

tests which can indicate H. pylori infection (Stenström et al., 2008). The diagnostic 

tools for H. pylori are serology, rapid urease test (RUT), urea breath test (UBT), 
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endoscopy and biopsy/histopathology, PCR, for DNA of H. pylori and H. pylori stool 

antigen (HpSA) (Tiwari et al., 2005). The simplest test of H. pylori is serologic, 

including the assessment of specific IgG level in serum (Suerbaum et al., 2002). 

 

2.4.7 Pathogenic mechanisms of Helicobacter pylori which predispose 

to diabetes mellitus 

In addition to its association with severe gastrointestinal pathologies (Nguyen et al., 

2010 and Türkay et al., 2011), H. pylori is associated with other conditions such as 

atherosclerosis, insulin resistance, diabetes mellitus and some autoimmune diseases 

(Manco et al., 2010 and Assal et al., 2013). Several hypotheses were presented for 

confirmation of higher prevalence of H. pylori infection in diabetic patients such as 

immune system impairment, reduction of both gastrointestinal motility and acid 

secretion and higher secretion of pro-inflammatory cytokines related to the H. pylori 

gastric infection itself (Bener et al., 2007). Inflammation and activated innate 

immunity have been implicated in pathogenesis of diabetes through insulin resistance, 

for example, elevated levels of inflammatory cytokines may lead to phosphorylation 

of serine residues on the insulin receptor substrate, which prevents its interaction with 

insulin receptors, inhibiting insulin action (Wellen et al., 2005 and Manco et al., 

2010).  

 

2.5 Related studies 

 

Oldenburg et al. (1996) assessed the prevalence of H. pylori in diabetes mellitus. A 

serological test was used to detect antibodies to H. pylori in patients. Within six 

months, 45 type 1, 98 type 2 diabetes, and a control group of 159 outpatients were 

enrolled in the study. In diabetic patients, the frequency of H. pylori infection was 

higher than in control subjects in nearly all age groups. In this context, De Luis et al. 

(1997) found that the seroprevalence of H. pylori among type 1 diabetic patients aged 

less than 24 years was significantly higher than among control subjects. In addition, 

Salardi et al. (1999) concluded that diabetic children show an H. pylori  

seroprevalence tendentially higher than that of controls of the same age. 

 

Arslan et al. (2000) assessed the seroprevalence of H. pylori in 88 type 1 diabetic 

children and 42 healthy controls using a serological test for H. pylori (anti- H. pylori 
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IgG with ELISA). Anti- H. pylori IgG was positive in 49/88 (55.6%) of diabetics and 

13/42 (30.9%) of controls (p<0.01). Diabetic children were divided into two groups 

according to H. pylori status: H. pylori (+) and H. pylori (-). The two groups were 

compared for age, gender, duration of diabetes, diabetic control (HbA1c), height and 

gastric emptying time. Seroprevalence of H. pylori was higher in type 1 diabetic 

patients than in healthy controls. Duration of diabetes was the only factor which 

correlated significantly with H. pylori status.  

 

The incidence of H. pylori re-infection after a successful therapy in type 1 diabetic 

patients was investigated (Ojetti et al., 2002). A total of 74 subjects previously 

infected by H. pylori were enrolled including 34 type 1 diabetic subjects and 40 

nondiabetic controls. They found a significantly higher incidence of H. pylori re-

infection in type 1 diabetic patients compared with nondiabetic controls. In particular, 

13 of 34 (38%) type 1 diabetic patients compared with 2 of 40 (5%) control subjects 

were re-infected with H. pylori one year after successful eradication (P<0.001). In 

addition, Shamsi et al. (2004) found that sera were positive for anti-H. pylori in 

22.7% of type 1 diabetics versus 17.3% in controls. 

 

Toporowska et al. (2007) reported high prevalence of Helicobacter pylori infection 

among type 1 diabetic patients. HbA1c concentration was significantly higher in 

patients with Helicobacter pylori infection (7.87+/-1.51 vs. 7.17+/-1.46%; p<0.05). In 

this context, Al-Bayati and Yas (2010) indicated that H. pylori infection is more 

common in type 1 and type 2 diabetic patients particularly those with poor glycemic 

control.  

 

In his study entitled "Helicobacter pylori infection might be responsible for the 

interconnection between type 1 diabetes and autoimmune thyroiditis", El-Eshmawy 

et al. (2011) measured Anti- H. pylori IgG and IgA in 162 euthyroid patients with 

type 1 diabetes and 80 healthy controls matched for age, sex and socioeconomic 

status. Seroprevalence of H. pylori was significantly higher in patients with type 1 

diabetes than in healthy controls; 79% vs. 51.2%, p<0.001. Anti H. pylori IgG was 

positive in 61.1% of patients with type 1 diabetes and 30% of controls, p<0.001, anti- 

H. pylori IgA was positive in 74% of patients with type 1 diabetes and 32.5% of 

controls, p<0.001.  
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Candelli et al. (2012) evaluated the reinfection rate of H. pylori three years after a 

standard eradicating treatment in 69 type 1 diabetic patients and 99 controls. The 

prevalence of H. pylori infection was higher in type 1 diabetic patients than in 

controls (17/69, 24% vs 7/99, 7%, P<0.005, OR: 1.96 [1.67-11.04]) of similar age, 

gender and socioeconomically status after three years of follow-up. The reinfection 

rate was higher in type 1 diabetic patients than in controls. In addition, Talebi-Taher 

et al. (2012) found that prevalence of H. pylori infection was significantly higher in 

diabetics than in nondiabetics (P=0.001). 

 

The prevalence of H. pylori among 50 type1 and type 2 diabetic patients compared to 

50 nondiabetics was determined (Mohamady et al., 2013). Positive cases for H. 

pylori infection by (HpSAg) test was 61.1% in type 1 diabetic patients and 65.6% in 

type 2 diabetic patients compared to 50% of the non-diabetic group. Glycosylated Hb 

was higher among positive cases. In their meta-analysis of 39 studies involving more 

than 20,000 participants, Wang et al. (2013) reported that H. pylori was associated 

with an increased risk of type 1 and type 2 diabetes mellitus. In addition, Zekry et al. 

(2013) pointed out that the seroprevalence rate of H. pylori was significantly higher in 

type 1 diabetic patients than controls, and the duration of diabetes was significantly 

longer in H. pylori-positive patients with higher levels of HbA1c and insulin 

requirement. 

 

Fayed et al. (2014) evaluated H. pylori infection and virulent strain in 53 type 1 

diabetic children. Fifty three normal volunteers were included as controls. All studied 

children were subjected to assessment of HbA1, Anti- H. pylori antibodies (IgA, IgG, 

IgM), Anti-cytotoxin associated gene A antibodies (Anti Cag A IgG). Anti H. pylori 

antibodies IgA, IgG, total antibodies and anti Cag A IgG were significantly higher in 

diabetics. Diabetic patients with positive anti Cag A IgG had a lower age of onset of 

diabetes, higher age of patients, body mass index (BMI) and HbA1. 
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Chapter 3 

 
Materials and Methods 

 
 

3.1 Study design 

The present study is a case control-study. Case-control studies are often used to 

identify factors that may contribute to a medical condition by comparing subjects who 

have that condition/disease (the "cases") with subjects who do not have the 

condition/disease but are otherwise similar (the "controls"). Case-control studies are 

quick, widely used, relatively inexpensive to implement, require comparatively fewer 

subjects, and allow for multiple exposures or risk factors to be assessed for one 

outcome (Mann, 2003 and Song and Chung, 2010). 

   

3.2 Study population 

The study population comprised type 1 diabetic children aged up to 18 years  

attending various diabetic Units at Al-Ranteesy Hospital and Palestinian Medical 

Relief Center in Gaza strip. Control group was non-diabetic apparently healthy 

children.  

 

3.3 Sample size and sampling 

Non probability accidental sample of type 1 diabetic children, previously diagnosed 

according to the World Health Organization diagnostic criteria for diabetes (WHO, 

2006), were selected as cases from Diabetic Units at Al-Ranteesy Hospital and 

Palestinian Medical Relief Center in Gaza strip. Controls were apparently healthy non 

diabetic children selected from the general population. Cases and controls were age 

and gender matched. The sample size calculations were based on the formula for case-

control studies. EPI-INFO statistical package version 3.5.1 was used with 95% CI, 

80% power and 50% proportion as conservative and OR > 2. The sample size in case 

of 1:1 ratio of case control was found to be 54:54. For a no-response expectation, the 

sample size was increased to 60 patients. The controls also consisted of 60 non 

diabetic individuals. 
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3.4 Exclusion criteria 

 Cases and controls whose aged above 18 years old. 

 Type 2 diabetic patients. 

 Patients with other chronic diseases. 

 Patients who take hormone replacement therapy or corticosteroid 

therapy. 

3.5 Ethical Consideration 

An official letter of request was sent from the Palestinian Ministry of Health to 

Medical Center Administrations in different Gaza hospitals to facilitate the 

conduction of the study (Annex 1). The participants were given a full explanation 

about the purpose of the study and assurance about the confidentiality of the 

information and the participation was optional. In addition, the necessary approval to 

conduct the study was obtained from Helsinki committee in the Gaza Strip (Annex 2). 

Helsinki committee is an authorized professional body for giving permission to 

researchers to conduct their studies with ethical concern in the area.  

 

3.6 Limitation of the study 

1. The number of patients who frequently visiting the diabetic clinics was relatively 

low. 

2.  Many patients and their family refused to supply blood sample.  

 

3.7 Data collection 

3.7.1 Questionnaire interview 

A meeting interview was used for filling in a questionnaire which designed for 

matching the study need for both cases and controls (Annex 2). All interviews were 

conducted face to face by the researcher herself. During the survey the interviewer 

explained any of the questions that were not clear. The questionnaire was based on 

recent studies conducted on diabetes melitus in Gaza Strip with some modifications 

(Elhamalawi, 2015). Most questions were the yes/no questions which offer a 
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dichotomous choice (Backestrom and Hursh-Cesar, 2012). The validity of the 

questionnaire was tested by six specialists in the fields of endocrinology, 

epidemiology, public health and biochemistry. The questionnaire was piloted with 8 

patients not included in the study. The questionnaire included questions on the 

socioeconomic data of the study population (Age, gender, family income/month and 

family history of diabetes), diet and compliance of medication, and clinical data 

including duration of diabetes, self-reported complications, gastritis and peptic ulcer.  

 

3.7.2 Body mass index 

Body mass index was calculated as the ratio of body weight in Kg/height in square 

meter. Patients were asked to remove heavy clothes and shoses before measurement 

of weight and height. Medical balance (Seca Model 762, Germany) was used for 

weight measurement. children with BMI=15.0-20.0Kg/m
2
 were considered to have 

normal weight, and children with BMI≥30.0 were classified obese (CDC, 2000). 

  

3.7.3 Specimen collection and biochemical analysis 

Twelve hours fasting overnight venous blood samples were collected from 60 type 1 

diabetic children and 60 healthy non diabetic controls. Blood samples (6 ml each) 

were drawn by a well-trained nurse into vacutainer and plastic tubes. About 2 ml 

blood was placed into ethylene diamine tetra acetic acid (EDTA) vacutainer tube to 

perform HbA1c and complete blood count (CBC) for cases and controls. The 

remainder quantity of blood (4 ml) was placed in plastic tube and left for a while 

without anticoagulant to allow blood to clot. Serum samples were obtained by 

centrifugation at 3000 rpm for 10 minutes for determination of glucose, insulin, 

cholesterol, triglycerides, LDL-C, HDL-C, AST, ALT, urea and creatinine. H. pylori 

IgG was determined in serum by ELISA kit. 

 

3.8 Biochemical analysis 

3.8.1 Determination of Helicobacter pylori 

Serum H. pylori IgG was determined by competitive ELISA for the quantitative 

determination of H. pylori IgG in human serum Catalog number 1425-300 IgG Size: 

96 wells, Monobind, USA (Warren and Marshall, 1983). 
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Principle 

A Sequential ELISA Method (type 1): 

The reagents required for the sequential ELISA assay include immobilized antigen, 

circulating autoantibody and enzyme-linked species-specific antibody. In this 

procedure, the immobilization takes place during the assay at the surface of a 

microplate well through the interaction of streptavidin coated on the well and 

exogenous added biotinylated H. pylori antigen. 

Upon mixing biotinylated antigen, and a serum containing the antibody, reaction 

results between the antigen and the antibody to form an immune-complex. The 

interaction is illustrated by the following equation: 
 

                                                    Ka 

h-Ab(X-H. pylori) + 
Btn

Ag(H. pylori)                       h-Ab(X-H. pylori) - 
Btn

Ag(H. pylori) 

-a 

Btn
Ag(H. pylori) = Biotinylated Antigen (Constant Quantity) 

h-Ab(X-H. pylori)= Human Auto-Antibody (Variable Quantity) 

Ab(X-H. pylori)-
Btn

Ag(H. pylori) = Immune Complex (Variable Quantity) 

ka = Rate Constant of Association 

k-a = Rate Constant of Disassociation 

Simultaneously, the complex is deposited to the well through the high affinity 

reaction of streptavidin and biotinylated antigen. This interaction is illustrated below: 

h-Ab(X-H. pylori)-
Btn

Ag(H. pylori)+StreptavidinCW            immobilized complex (IC) 

StreptavidinCW = Streptavidin immobilized on well 

Immobilized complex = sandwich complex bound to the solid surface 

After the incubation time, the well is washed to separate the unbound components by 

aspiration and/or decantation. The enzyme linked species-specific antibody (anti-h-

IgG, M or A) is then added to the microwells. This conjugates binds to the immune 

complex that formed. 

IC (h- IgG,M or A) + 
ENZ

Ab(X-h-IgG, M or A) ⇒ 
ENZ

Ab(X-h-IgG, M or A) - IC (h- IgG, M or A) 

IC (h- IgG, M or A) = Immobilized Immune complex (Variable Quantity) 

ENZ
Ab(X-h-IgG, M or A) = Enzyme-antibody Conjugate (Constant Quantity) 

ENZ
Ab(X-h-IgG, M or A) - I.C. (h- IgG, M or A) = Ag-Ab Complex (Variable) 
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The anti-h-IgG, IgM or IgA enzyme conjugate that binds to the immune  complex in a 

second incubation is separated from unreacted material by a wash step. The enzyme 

activity in this fraction is directly proportional to the antibody concentration in the 

specimen. By utilizing several different serum references of known antibody activity, 

a reference curve can be generated from which the antibody activity of an unknown 

can be ascertained. 

Reagents 

A. Anti-Helicobacter pylori Calibrators – 1ml/vial 

Five (5) vials of references for anti-H. pylori at levels of 0(A), 10(B), 25(C), 50(D), 

and 100(E) U/ml of the IgG, IgM or IgA type. Store at 2-8°C. A preservative has been 

added. 

B. Helicobacter pylori Biotin Reagent – 13ml/vial 

One (1) vial of biotinylated inactivated H. pylori (IgG, IgM or IgA) in a buffering 

matrix. A preservative has been added. Store at 2-8°C. 

C. Helicobacter pylori Enzyme Reagent – 13ml/vial 

One (1) vial of anti-human IgG, IgM or IgA-horseradish peroxides (HRP) conjugate 

in a buffering matrix. A preservative has been added. Store at 2-8°C. 

D. Streptavidin Coated Plate – 96 wells 

One 96-well microplate coated with streptavidin and packaged in an aluminum bag 

with a drying agent. Store at 2-8°C. 

E. Serum Diluent – 20ml 

One (1) vial of serum diluent containing buffer salts and a dye. Store at 2-8°C. 

F. Wash Solution Concentrate – 20ml 

One (1) vial containing a surfactant in buffered saline. A preservative has been added. 

Store at 2-8°C. 

G. Substrate A – 7ml/vial 

One (1) bottle containing tetramethylbenzidine (TMB) in buffer. Store at 2-8°C. 

H. Substrate B – 7ml/vial 

One (1) bottle containing hydrogen peroxide (H2O2) in buffer. Store at 2-8°C. 
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I. Stop Solution – 8ml/vial 

One (1) bottle containing a strong acid (1N HCl). Store at 2-8°C. 

Specimen collection and preparation 

The specimens shall be blood; serum in type and the usual precautions in the 

collection of venipuncture samples should be observed. For accurate comparison to 

established normal values, a fasting morning serum sample should be obtained. The 

blood should be collected in a plain redtop venipuncture tube without additives or 

anti-coagulants (for serum) or evacuated tube(s) containing EDTA or heparin.. Allow 

the blood to clot for serum samples. Centrifuge the specimen to separate the serum or 

plasma from the cells.  

Samples may be refrigerated at 2-8C
o
 for a maximum period of five (5) days. If the 

specimen(s) cannot be assayed within this time, the sample(s) may be stored at 

temperatures of -20C
o
 for up to 30 days. Avoid use of contaminated devices. Avoid 

repetitive freezing and thawing. 

Test procedure 

Before proceeding with the assay, bring all reagents, serum references and controls to 

room temperature (20-27°C). 

1. Format the microplates wells for each serum reference, control and patient 

specimen to be assayed in duplicate. 

2. Pipette 25μl of the appropriate serum reference, control or diluted patient specimen 

into the assigned well for IgG determination.  

3. Add100μl of H. pylori Biotin Reagent Solution. 

4. Swirl the microplate gently for 20-30 seconds to mix and cover. 

5. Incubate 60 minutes at room temperature. 

6. Discard the contents of the microplate by decantation or aspiration. If decanting, 

blot the plate dry with absorbent paper. 

7. Add 350μl of wash buffer, decant (blot) or aspirate. Repeat two additional times for 

a total of 3 washes.  

8. Add100μl of H. pylori Enzyme Reagent to all wells. 

9. Cover and incubate for 30 minutes at room temperature. 

10. Repeat steps (6 & 7) as explained above. Add 100μl of Working Substrate 

Solution to all wells.  
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11. Incubate at room temperature for 15 minutes. 

12. Add 50μl of stop solution to each well and swirl the microplate gently for 15-20 

seconds to mix. 

13. Read the absorbance in each well at 450nm (using a reference wavelength of 620-

630nm to minimize well imperfections) in a microplate reader. 

Calculation of results 

A reference curve is used to ascertain the concentration of anti-H. pylori in unknown 

specimens. 

1. Record the absorbance obtained from the printout of the microplate. 

2. Plot the absorbance for each duplicate serum reference versus the corresponding 

anti-H. pylori activity in U/ml on linear graph paper (do not average the duplicates of 

the serum references before plotting). 

3. Draw the best-fit curve through the plotted points. 

4. Presence of H. pylori IgG Confirmed by IgG ≥20U/ml. 

 

3.8.2 Determination of glycated hemoglobin in whole blood 

Glycated hemoglobin was determined by the colorimetric determination of glycated 

hemoglobin in whole blood using Stanbio Kit, Texas-USA (Trivelli et al., 1971). 

Principle 

A preparation of hemolyzed whole blood is mixed with a weakly binding cation 

exchange resin. The non-glycosylated hemoglobin (HbA0) binds to the resin, leaving 

HbA1c free to be removed by means of a resin separator in the supernate. The percent 

of HbA1c is determined by measuring the absorbance values at 415 nm of the HbA1c 

fraction and of the total Hemoglobin fraction, calculating the ratio of absorbance's 

(R), and comparing this ratio to that of a HbA1c standard carried through the same 

procedure. Results are expressed as HbA, but can be converted or derived as HbA1c 

by using a conversion factor or when using HbA1c value for the standard. 
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Reagents 

Glycated hemoglobin lon Exchange Resin. Each tube contains 3.0 mL cation 

exchange resin 8 mg/dL. pH 6.9 

Glycated hemoglobin Lysing Reagent 

Contains potassium cyanide 10 mmol/L and surfactants. 

Glycated hemoglobin Standard (Lyophilized) (1 vial) 

Prepared from packed human erythrocytes. 

 

Procedure 

Hemolysate preparation 

1. Pipette 500 µl Lysing reagent into tubes labeled Standard (S), 

Unknown (U) and Control (C). 

2. Pipette100 µl of each well-mixed blood sample into appropriately 

labeled tube and mix. 

3. Allow to stand for 5 minutes at room temperature (15-30°C) to complete 

hemolysis. 

Glycated hemoglobin separation and assay 

1. Label resin tubes Standard (S), Unknown (U) and Control (C). 

2. Pipette I00 µl of the prepared hemolysate into appropriately labeled resin tube. 

3. Position a resin separator in the tube so rubber sleeve is approximately 1-2 

cm above liquid level. 

4. Mix tubes on a hematology rocker for 5 minutes. Alternatively tubes may be 

mixed by hand if held above the resin. 

5. At the end of the 5 minute mixing, push resin separator into tube until resin is 

firmly packed in bottom of the 13mm tube. 

6. Pour each supernate directly into separate cuvettes for absorbance measurements. 

7. Read absorbance (Agly) of Standard, Unknown and Control vs. water at 415 nm 

within 60 minutes. 

Total hemoglobin assay 

1. Pipette 5.0 mL deionized water into tubes labeled Standard (S), Unknown (U) and 

Control (C). 

2. Pipette 20 µl of hemolysate into appropriately labelled tube. 
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Mix well and transfer to cuvette for absorbance reading. 

3. Read absorbance (Atot) of Standard, Unknown and Control vs. water at 

415nm within 60 minutes. 

Calculation 

For each Standard and Unknown calculate the ratio (R) of the glycated hemoglobin 

absorbance to the hemoglobin absorbance as follows: 

                                            (R) = Agly / Atot 

 

Hemoglobin (%) = (R) Unknown x Hemoglobin Standard (%) 

                                             (R) Standard 

Results may also be reported as HbA1c when compared to the reference A1c method, 

the Stanbio method showed a 98% correlation with an equation of: 

                   Y (A1c value) = 0.838 x (Stanbio value) - 0.732 

 

The value obtained by the Stanbio method may be converted to Calculated A1c value 

by use of this formula. For a direct calculated A1c value, the value of the standard 

may be changed to 7.6% in lieu of the 10.0% and the results will be A1c values. 

 

3.8.3 Determination of serum glucose 

Serum glucose is determined by glucose-oxidase procedure (Trinder, 1969) using 

Dialab reagent kits. 

Principle 

Determination of glucose after enzymatic oxidation by glucose oxidase. The 

colorimetric indicator is quinoneimine, which is generated from 4-aminoantipyrine 

and phenol by hydrogen peroxide under the catalytic action of peroxidase. 

 

 

Glucose + O2→ Gluconic acid + H2O2 

 

 

2 H2O2 + 4-Aminoantipyrine + Phenol  →Quinoneimine + 4 H2O 

 

 

 

 

 

GO

POD 
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Reagents 

 

Concentration Reagent 

250 mmol/l 

5 mmol/l 

0.5 mmol/l 

≥ 15 ku/l 

≥ 1 ku/l 

Phosphate buffer (pH 7.5) 

Phenol   

4-Aminoantipyrine 

Glucose oxidase (GOD) 

Peroxidase (POD)   

100 mg/dl Standard 

 

Assay procedure 

Wavelength:   500 nm 

Optical path:  1 cm 

Temperature: 37 
º
C 

Measurement: Against reagent blank. 

 10 µl of standard (sample or control) was added to 1ml of the reagent and 

mixed well. 

 The mixture was incubated for 10 min at 37 ºC.  

 The absorbance was measured within 60 min.  

 

 

Calculation 

Glucose [mg / dl] = ∆A sample X concentration of standard 

 

 

 

Reference value (fasting glucose) 

(Palestinian Clinical Laboratory Tests Guide, PCLTG, 2005) 

60 – 100 mg/dl Child 

70 – 110 mg/dl Adult 

 

 

∆A standard 
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3.8.4 Determination of serum insulin 

Serum insulin is determined by microparticle enzyme immunoassay (MEIA), using 

Abbott IMx Insulin assay, following the instruction manual (Travis, 1980 and 

National Committee for Clinical Laboratory Standards, 2001).  

Biological principles of the procedure: 

The IMx insulin assay was used. It is based on the MEIA technology. The IMx insulin 

reagents and sample are added to the reaction cell in the following sequence: 

1. The probe/electrode assembly delivers the sample, anti-insulin (mouse, 

monoclonal) coated microparticles and the assay buffer to the incubation well of 

the reaction cell forming an antibody-insulin complex. 

2. An aliquot of the reaction mixture containing insulin bound to the anti-insulin 

coated microparticles is transferred to the glass fiber matrix. 

3. The matrix is washed to remove unbound materials. 

4. The anti-insulin: alkaline phosphatase conjugate is dispensed onto the matrix and 

binds to the antibody-antigen complex. 

5. The matrix is washed to remove unbounded materials. 

6. The substrate, 4-methylumbelliferyl phosphate, is added to the matrix and the 

fluorescent product is measured by the microparticle enzyme immunoassay optical 

assembly. 

Reagents 

Reagent pack 

IMx Insulin Reagent Pack, 100 tests (2A10-20) 

 1 bottle (7ml) anti-insulin (mouse, monoclonal) coated microparticles in buffer 

with protein stabilizers. Preservative: contain sodium azide and antimicrobial 

agents. 

 1bottle (9ml) Anti-Insulin (Mouse, Monoclonal): alkaline phosphatase conjugate in 

buffer with protein stabilizers. Minimum concentration: 3μg/ml.  

 1 bottle (10ml) 4-methylumbelliferyl phosphate, 1.2mM, in buffer. 

 1 bottle (14ml) assay buffer in calf serum.  

Preservative: All of the above mentioned reagents are contain sodium azide and 

antimicrobial agents. 
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Calculation 

To convert control ranges to the alternate units, perform the following calculations: 

Concentration in μIU/ml = Concentration in μU/ml x 1.0 

                     Concentration in pmol/L = Concentration in μU/ml x 7.175 

3.8.5 Determination of serum cholesterol 

Enzymatic colorimetric method for the quantitative determination of total cholesterol 

in serum or plasma, using Diasys Diagnostic Systems, Germany (Meiattini et al., 

1978). 

Principle 

Determination of cholesterol after enzymatic hydrolysis and oxidation. The 

colorimetric indicator is quinoneimine which is generated from 4-aminoantipyrine 

and phenol by hydrogen peroxide under the catalytic action of peroxidase. 

 CHE 

Cholesterol ester + H2O   →   cholesterol + fatty acid 

 

 

Cholesterol + O2→   cholesterol-3-one + H2O2 

 

 

H2O2 + 4- aminoantipyrine + Phenol→ Quinoneimine + 4 H2O 

 

Reagents 

Concentrations are those in the final test mixture. 

Concentration Reagent 

50 mmol/l 

5 mmol/l 

0.3 mmol/l 

≥ 200 u/l 

≥ 100 u/l 

≥ 3 ku/l 

Good’s buffer (pH 6.7)   

Phenol 

4- Aminoantipyrine 

Cholesterol esterase (CHE) 

Cholesterol oxidase (CHO) 

Peroxidase (POD) 

200 mg/dl                           Standard 

  

Assay procedure 

Wavelength: 500 nm 

Optical path: 1cm 

CHO 

POD 
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Temperature: 37 ºC 

Measurement: against reagent blank. 

 Ten µl of standard (sample or control) was added to 1ml of working reagent 

and mixed well. 

 The mixture was incubated for 5 min at 37 ºC.  

 The absorbance was measured within 60 min. 

 

Calculation 

Cholesterol (mg/dl) =  

 

 

Reference value 

Child (desirable)      < 170 mg/dl 

Adult (desirable)     <200 mg/dl 

 

3.8.6 Determination of serum triglycerides 

Enzymatic colorimetric method for the quantitative determination of triglycerides in 

serum or plasma, using Diasys Diagnostic Systems, Germany (Bucolo and David, 

1973). 

Principle 

Determination of triglycerides after enzymatic splitting with lipoprotein lipase. 

Indicator is quinoneimine which is generated from 4-aminoantipyrine and 4-

chlorophenol by hydrogen peroxide under the catalytic action of peroxidase.  

 

Triglycerides →Glycerol + fatty acid 

 

Glycerol + ATP→  Glycerol-3-phosphate + ADP 

 

 

 

Glycerol-3-phosphate    + O2 →Dihydroxyaceton  phosphate + H2 O2 

 

2H2O2 + Aminoantipyrine + 4-Chlorophenol→Quinoneimine + HCI + 4H2O 

 

GK 

LPL 

GPO 

POD 

A ∆ A sample X concentration of standard∆

standard 
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Reagents 

Concentrations are those in the final test mixture. 

Reagent Concentration 

Cood's buffer          (pH  7.2) 

4-Chlorophenol 

ATP 

Mg
2+

 

Glycerokinase   (GK)   

Peroxidase    (POD) 

Lipoprotein lipase   (LPL) 

4-Aminoantipyrine 

Glycerol-3-phosphate-oxidase (GPO) 

50  mmol/l 

4   mmol/l 

2   mmol/l 

15 mmol/l 

≥ 0.4 KU/I 

≥  2  KU/I 

≥  2  KU/I 

0.5 mmol/l 

≥ 0.5 KU/I 

Standard 200 mg/dl 

 

Assay procedure  

Wavelength:   500 nm 

Optical path:  1 cm 

Temperature: 37 
º
C 

Measurement: Against reagent blank. 

 Ten µl of standard (sample or control) was added to 1ml of working reagent 

and mixed well. 

 The mixture was incubated for 5 min at 37 ºC.  

 The absorbance was measured within 60 min. 

 

 

Calculation 
 

Triglycerides [mg / dl] =  

 

 

 

Reference value  

30 - 150 mg/dl Child (desirable) 

40 - 160 mg/dl 

35  - 135 mg/dl 

Adult (desirable)    M 

                               F 

A ∆ A sample X concentration of standard∆

standard 
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3.8.7 Determination of serum high density lipoprotein cholesterol  

Liquid HDL-C precipitant for the determination of HDL-C Cholesterol using Diasys 

Diagnostic Systems, Germany (Grove, 1979). 

Principle 

Chylomicrons, VLDL-C and LDL-C were precipitated by adding phosphotungstic 

acid and magnesium ions to the sample. Centrifugation leaves only the HDL-C in the 

supernatant, their cholesterol content is determined enzymatically using cholesterol 

reagent. 

 

Reagents 

Concentration Reagent 

1.4 mmol/l 

8.6 mmol/l    

Monoreagent contain: Magnesium chloride 

                                    Phosphotungstic acid 

200 mg/dl Choesterol standard 

 

Assay procedure  

1- Precipitation  

 Two hundred µl of standard (sample or control) were added to 500 µl of the 

precipitation reagent and mixed well. 

 The mixture was allowed to stand for 15 min at room temperature, and then 

centrifuged for 20 min at 4000 rpm.  

2- Cholesterol determination 

Wavelength: 500 nm 

Optical path: 1cm 

Temperature: 37 ºC 

Measurement: against reagent blank. 

 One hundred µl of the supernatant of standard (sample or control) was added 

to 1ml of the cholesterol reagent and mixed well. 

 The mixture was incubated for 5min at 37 ºC.  

 The absorbance was measured within 45 min.  
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ASAT 

MDH 

Calculation 

 

HDL-C (mg/dl) =  

 

 

 Reference value  

 

 

 

 

 

 

3.8.8 Determination of serum low density lipoproteins cholesterol  

LDL-C can be calculated using the empirical relationship of Friedewald (Grove, 

1979). 

Principle 

The ultracentrifugal measurement of LDL-C is time consuming and expensive and 

requires special equipment. For this reason, LDL-C is most commonly estimated from 

quantitative measurements of total and HDL-C and plasma triglycerides (TG) using 

the empirical relationship of Friedewald. 

 

The Equation 

LDL-C = Total Cholesterol - HDL-C - TG/5 

      

3.8.9 Determination of aspartate aminotransferase  

Serum AST activity is measured by using optimized ultraviolet-test according to 

International Federation of Clinical Chemistry and Laboratory Medicine (Thomas, 

1998) using DiaSys reagent kit.  

 

Principle 

L- Asprtate + 2-Oxoglutarate                                 L- Glutamate + Oxalacetate 

  

37 – 75 mg/dl Child 

35 – 65 mg/dl 

35 – 80 mg/dl 

Adult: M 

           F 

A ∆ A sample X concentration of standard∆

standard 
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Oxalacetate + NADH + H
+
                                    L - Malate + NAD

+ 

 

Reagents 

Reagent Components Concentrations 

Reagent 1 

TRIS pH 7.65 

L- Aspartate 

MDH (Malate dehydrogenase) 

LDH (lactate dehydrogenase) 

80 mmol/l 

240 mmol/l 

≥ 600 U/l 

≥ 900 U/l 

Reagent 2 
2-Oxoglutarate 

NADH 

12 mmol/l 

0.18 mmol/l 

 

Substrate start 

The reagents are ready to use.  

Sample start 

Mix 4 parts of R1 with 1 parts of R2, (e.g. 20 ml R1 + 5 ml R2) = monoreagent. 

Stability: 4 weeks at 2-8 
o
C & 5 days at 15-25 

o
C. The monoreagent must be protected 

from light. The reagent mixture is only prepared just prior to use. 

Procedure 

Substrate start 

Sample  100μl 

Reagent 1 1000μl 

Mix, incubate for 5 min., then add: 

Reagent 2 250μl 

Mix, read absorbance after 1 min. and start stopwatch. Read absorbance 

again 1, 2 and 3 min thereafter, at wavelength 340 nm. 

 

Sample start 

Sample  100μl 

Monoreagent  1000μl 

Mix, read absorbance after 1 min. and start stopwatch. Read absorbance 

again 1, 2 and 3 min thereafter, at wavelength 340 nm. 
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ALAT 

Calculation 

From absorbance readings calculate ∆A/min and multiply by the corresponding factor 

from table below: 

∆A/min x factor = ASAT activity [U/L] 

 Substrate start Sample start 

340 nm 2143 1745 

334 nm 2184 1780 

365 nm 3971 3235 

 

3.8.10 Determination of alanine aminotransferase  

Serum ALT activity is measured by using optimized ultraviolet-test according to 

International Federation of Clinical Chemistry and Laboratory Medicine (Thomas, 

1998) using DiaSys reagent kit. 

Principle: 

L- Alanine + 2-Oxoglutarate                                   L- Glutarate + Pyruvate 

 

Pyruvate + NADH + H
+
                                        D - Lactate + NAD

+ 

 

Reagents 

Reagent Components Concentrations 

Reagent 1 

TRIS pH 7.5 

L- Alanine 

LDH (lactate dehydrogenase) 

100 mmol/l 

500 mmol/l 

≥ 1700 U/l 

Reagent 2 
2-Oxoglutarate 

NADH 

15 mmol/l 

0.18 mmol/l 

 

Substrate start 

The reagents are ready to use.  

 

 

 

LDH 
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Sample start 

Mix 4 parts of R1 with 1 parts of R2, (e.g. 20 ml R1 + 5 ml R2) = monoreagent. 

Stability: 4 weeks at 2-8 
o
 C & 5 days at 15-25 

o
 C. The monoreagent must be 

protected from light. The reagent mixture is only prepared just prior to use. 

 

Procedure 

Substrate start 

Sample  100 μl 

Reagent 1 1000μl 

Mix, incubate for 5 min., then add: 

Reagent 2 250μl 

Mix, read absorbance after 1 min. and start stopwatch. Read absorbance 

again 1, 2 and 3 min thereafter, at wavelength 340 nm. 

Sample start 

Sample  100 μl 

Monoreagent  1000μl 

Mix, read absorbance after 1 min. and start stopwatch. Read absorbance 

again 1, 2 and 3 min thereafter at wavelength 340 nm. 

 

Calculation 

From absorbance readings calculate ∆A/min and multiply by the corresponding factor 

from table below: 

∆A/min x factor = ALT activity [U/L] 

 

 Substrate start Sample start 

340 nm 2143 1745 

334 nm 2184 1780 

365 nm 3971 3235 
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3.8.11 Determination of serum urea 

Serum urea is determined by using colorimetric test (Fawcett and Scott, 1960) using 

DiaSys reagent kits.   

Principle 

Urea + 2H2O         →     2NH4 + H2CO 

2-Oxoglutarate + NH4 + NADH   →       L-Glutamate + NAD
+
 + H2O 

Reagents 

Concentrations are those in the final test mixture. 

Concentration Reagent 

120 mmol/l 

7 mmol/l 

0.6 mmol/l 

≥ 0.6 ku/l 

≥ 1 ku/l 

R1: TRIS 

2- Oxoglutarate 

ADP 

Urease 

GLDH 

0.25 mmol/l R2: NADH 

50 mg/dl Standard 

 

 

Assay procedure 

The working solution was prepared by mixing 4 parts of R1 with 1 part of R2.  

Wavelength: 340 nm 

Optical path: 1cm 

Temperature: 37 ºC 

Measurement: against distilled water. 

 Ten microlitters of standard (sample or control) was added to 1ml of working 

reagent and mixed well. 

 The mixture was incubated for 30 sec then absorbance (A1) was recorded. 

 After exactly further 60 sec the absorbance (A2) was measured. 

Urease 

GLDH 
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Calculation 

∆A = (A1 –A2) sample or standard 

 

 

Urea (mg/dl) =  
 

 

 

Reference value  

(PCLTG, 2005) 

Child 5 - 30 mg/dl 

Adult 13 - 43 mg/dl 

 

3.8.12 Determination of serum creatinine  

Serum creatinine was determined by using kinetic test without deproteinization 

according to Newman and Price method (Newman and Price, 1999) using DiaSys 

reagent kits. 

Principle 

Creatinine forms a colored orange-red complex in an alkaline picrate solution. The 

difference in absorbance at fixed times during conversion is proportional to the 

concentration of creatinine in the sample. 

Creatinine + Picric acid → creatinine picrate complex 

Reagents 

Concentrations are those in the final test mixture. 

Concentration Reagent 

0.16 mol/l R1: Sodume hydroxide (pH approx. 13) 

4.0 mmol/l R2: Picric acid (pH approx. 1.2) 

2.0 mg/dl Standard 

 

Assay procedure 

The working solution was prepared by mixing 4 parts of R1 with 1 part of R2.  

A ∆ A sample X concentration of standard∆

standard 
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Wavelength: 490 nm 

Optical path: 1cm 

Temperature: 37 ºC 

Measurement:  against distilled water. 

 Fifty microlitters of standard (sample or control) was added to 1ml of working 

reagent add and mixed well. 

 The Mixture was incubated for 60 sec then absorbance(A1) was recorded. 

 After exactly further 120 sec the absorbance (A2) was measured. 

 

Calculation 

∆A = (A1 –A2) sample or standard 

 

Creatinine (mg/dl) =  

 

 

Reference value (in serum) (PCLTG, 2005) 

Infant 0.2 – 0.4 mg/dl 

Child 0.3 - 0.7 mg/dl 

Adolescent 0.5 - 1.0 mg/dl 

Adult:  M 

            F 

0.6 - 1.2 mg/dl 

0.5 -1.1 mg/dl 

 

3.9 Hematological parameters 

A complete system of reagents of control and calibrator, Cell-Dyne 1700 was used to 

determine the following hematological parameters: white blood cell (WBC) count, red 

blood cell (RBC) count, hemoglobin (Hb), hematocrit (Hct) and platelet (PLT) 

content. 

3.10 Statistical analysis 

Data were computer analyzed using SPSS/ PC (Statistical Package for the Social 

Science Inc. Chicago, Illinois USA, version 18.0) statistical package. 

A ∆ A sample X concentration of standard∆

standard 
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 Simple distribution of the study variables and the cross tabulation were 

applied.  

 Chi-square (
2
) was used to identify the significance of the relations, 

associations, and interactions among various variables. Yates’s 

continuity correction test, 
2

(corrected), was used when not more than 

20% of the cells had an expected frequency of less than five and when 

the expected numbers were small.  

 The independent sample t-test procedure was used to compare means 

of quantitative variables by the separated cases into two qualitative 

groups such as the relationship between cases and controls insulin 

hormone. 

 The results in all the above mentioned procedures were accepted as 

statistical significant when the p-value was less than 5% (P<0.05). 

 Range as minimum and maximum values was used.  

 The percentage difference was calculated according to the formula: 

Percentage difference equals the absolute value of the change in value, 

divided by the average of the 2 numbers, all multiplied by 100. 

Percent difference = (| (V1 - V2) | / ((V1 + V2)/2)) * 100. 

 Microsoft Excel program version 11.0 was used for graph 

plotting. 
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Chapter 4 

 Results 

 

4.1 Sociodemographic data of the study population 

The present study is a case control design. The study population comprised 60 type 1 

diabetic children who represent cases (30 males and 30 females) and 60 apparently 

healthy controls (30 males and 30 females). Cases and controls are age matched (≤18 

years). Table 4.1 illustrates sociodeogrphic data of the study population. Age 

classification showed that 5 (8.3%) cases and 5 (8.3%) controls were <6 years old. 

Age group 6-12 years comprised 30 (50.0%) cases and 31 (51.7%) controls. Cases 

and controls aged >12 years old were 25 (41.7%) and 24 (40.0%), respectively. The 

difference between controls and cases in term of age distribution was not significant 

(2=0.037 P=0.982). The mean ages of cases and controls were 11.1±3.9 and 11.2±3.8 

years old. The independent sample t-test also showed no significant difference 

between mean ages of cases and controls (t=0.118, P=0.907). Family income\month 

showed that the number of cases with high income was higher than that of controls. 

The difference between the two groups was significant (2
 (corrected)=6.617, P=0.037), 

implying that family income is associated with diabetes. Regarding family history of 

diabetes, 37 (61.7%) cases and 22 (36.7%) controls reported that they have family 

history of the disease, whereas 23 (38.3%) cases and 38 (63.3%) controls did not. The 

difference between the two groups was significant (
2
=7.502, P=0.006) indicating that 

family history is associated with diabetes. 
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Table 4.1 Sociodemographic data of the study population 

 

Sociodemographic data 

Cases 

(n=60) 

Controls 

(n=60) 

Test P- 

value 

n  % n %    

Age (Year) 

<6 

6-12 

>12 

 

5 

30 

25 

 

8.3 

50.0 

41.7 

 

5 

31 

24 

 

8.3 

51.7 

40.0 

 


2
 

 

0.037 

 

0.982 

Mean±SD 11.1±3.9 11.2±3.8 t 0.118 0.907 

Gender 

Male 

Female 

 

30 

30 

 

50.0 

50.0 

 

30 

30 

 

50.05

0.0 

 


2 

 

0.000 

 

 

1.000 

 

Family income/month (NIS)
* 

<1000 

1000-2000 

>2000 

 

27 

24 

9 

 

45.0 

40.0 

15.0 

 

18 

39 

3 

 

30.0 

65.0 

5.0 

 


2
 

 

6.617 

 

 

0.037* 

Family history of diabetes 

Yes 

No 

 

 37 

23 

 

61.7 

38.3 

 

22 

38 

 

36.7 

63.3 

 


2
 

 

7.502 

 

0.006 

*P-value of 
2
 (corrected) test. P<0.05: Significant, P>0.05: Not significant.  

 

  

4.2. Diet and compliance of medication among cases 

Table 4.2 illustrates diet and compliance of medication among cases. Fifteen cases 

(25.0%) were reported to be on diet whereas 45 (75.0%) were not. However, the 

majority of cases 57 (95.0%) were found to be compliance of medication.  

 

Table 4.2 Diet and compliance of medication among cases  

Item n % of cases 

Diet 

  Yes 

  No 

 

15 

45 

 

25.0 

75.0 

Compliance of medication 

  Yes 

  No 

 

57 

3 

 

95.0 

               5.0  

n: number of diabetic patients. 
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4.3. Distribution of diabetic patients by the duration of the 

disease 

Distribution of diabetic patients by disease duration is demonstrated in Table 4.3. 

Patients with diabetes since less than 5 years were 40 (66.7%), whereas those with 

diabetic duration of 5-10 years were 17 (28.3%). The rest of patients 3 (5.0%) had 

diabetes for more than 10 years. 

 

Table 4.3. Distribution of diabetic patients (n=60) by the duration of the 

disease. 

Duration of diabetes (Year) n %  

< 5 40 66.7 

5-10 17 28.3 

>10 3 5.0 

n: number of diabetic patients. 

 

4.4 Self-reported complications of the study population 

Table 4.4. provides the main self-reported complications among the study 

population. Although the percentage of retinopathy was higher in cases than 

controls, the difference between the two groups was not significant (10.0% versus 

3.3%, 2
 (corrected)=1.205, P=0.272). However, significant difference was found for 

neuropathy with higher percentage among cases (18.3% versus 1.7%, 2
 

(corrected)=7.500, P=0.006). Cardiovascular disease was not self-reported among cases 

and controls. 
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Table 4.4 Self-reported complications among the study population. 

 

Self-reported complication 

cases 

(n=60) 

controls 

(n=60) 


2
 P- 

value* 

n % n %   

Retinopathy 

Yes 

No 

 

6 

54 

 

10.0 

90.0 

 

2 

58 

 

3.3 

96.7 

 

1.205 

 

 

0.272 

 

Neuropathy 

Yes 

No 

 

11 

49 

 

18.3 

81.7 

 

1 

59 

 

1.7 

98.3 

 

7.500 

 

 

0.006 

 

*P-value of 
2
 (corrected) test. P<0.05: Significant, P>0.05: Not significant.  

 

4.5 Gastritis and peptic ulcer among the study population 

Table 4.5 demonstrates the distribution of gastritis and peptic ulcer among the study 

population. Gastritis was found in 8 (13.3%) cases versus one control (1.7%), with 

significant difference between the two group (2
 (corrected)=4.324, P=0.038). In addition, 

peptic ulcer was found in 3 (5.0%) cases compared to 1 (1.7%) controls (2
 

(corrected)=0.259, P=0.611). 

 Table 4.5  Gastritis and peptic ulcer among the study population. 

 

Item 

cases (n=60) controls 

(n=60) 


2
 P- 

value* 

n % n %   

Gastritis 

Yes 

No 

 

8 

52 

 

13.3 

86.7 

 

1 

59 

 

1.7 

98.3 

 

4.324 

 

0.038 

Peptic ulcer 

Yes 

No 

 

3 

57 

 

5.0 

95.0 

 

1 

59 

 

1.7 

98.3 

 

0.259 

 

0.611 

*P-value of 
2
 (corrected) test. P<0.05: Significant, P>0.05: Not significant.  

  

4.6 Body mass index of the study population 

The BMI of the study population is pointed out in Table 4.6. The mean weight of 

cases was 37.9±16.1 Kg compared to 36.7±15.4 Kg of controls (% difference = 3.2% 

and P=0.685). In addition, the mean height of cases was 1.39±0.21 m compared to 

1.42±0.22 m of controls (% difference=2.1 and P=0.486). Therefore, BMI was 
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significantly increased in cases compared to controls (18.6±3.8 versus 17.3±3.3, % 

difference=7.2% and P=0.047). 

Table 4.6. Body mass index of the study population. 

Anthropometric 

measurement 

Case 

(n=60) 

Mean ±SD 

control 

(n=60) 

Mean ±SD 

% 

difference 

t P-value 

Weight (kg)* 
(min-max) 

37.9±16.1 
(13-77) 

36.7±15.4 
(13-70) 

3.2 0.406 0.685 

Height (m)** 
(min-max) 

1.39±0.21 
(84-174) 

1.42±0.22 
(98-175) 

-2.1 0.699 0.486 

BMI*** 
(min-max) 

18.6±3.8 
(11.8-29.3) 

17.3±3.3 
(12.2-26) 

-7.2 2.007 0.047 

*Kg: kilogram, ** m: meter. ***BMI: Body Mass Index (Kg/m
2
):  Normal=15.0-20.0, 

Obese≥23.0 (CDC, 2000). P<0.05: Significant, P>0.05: Not significant.  

 

 

 

4.7 Glycated hemoglobin, glucose and insulin levels of the 

study population  

As indicated in Table 4.7, the mean levels of  blood HbA1c was significantly higher 

in cases than controls (9.8±1.8% versus 5.0±0.5%, % differences=64.8 and P=0.001). 

Similarly, the levels of serum glucose and insulin were significantly higher in cases 

(169.6±111.9 mg/dl and 26.7±17.0 mlU/ml) compared to controls (77.7±7.0 mg/dl 

and 10.6±4.7 mlU/ml) with % differnces= 74.3 and 86.3 and P=0.001, respectively. 

 

Table 4.7. Blood HbA1c, glucose and insulin levels among the study population. 

Parameter Case (n=60) 

Mean ±SD 

Control 

(n=60) 

Mean ±SD 

% 

difference 

t P-value 

HbA1c (%)* 
(min-max) 

9.8±1.8 

(6.2-13.7) 

5.0±0.5 

(4.1-5.9) 

-64.8 20.315 0.001 

glucose (mg/dl) 
(min-max) 

169.6±111.9 

(62-530) 

77.7±7.0 

(68-96) 

-74.3 6.355 0.001 

Insulin (mlU/ml) 
(min –max) 

26.7±17.0 

(4.6-67.7) 

10.6 ± 4.7 

(2.3-28) 

-86.3 7.082 0.001 

*HbA1c: Glycated hemoglobin. P<0.05: Significant. 
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4.8 Serum lipid profile of the study population 

Table 4.8 illustrates serum lipid profile of the study population including cholesterol, 

triglycerides, LDL-C and HDL-C. The mean levels of cholesterol, triglycerides and 

LDL-C showed no significant increases in cases with respect to controls (P>0.05). 

However, HDL-C displays no significant decrease in cases compered to controls 

(P>0.05). 

 

Table 4.8. Lipid profile of the study population. 

Lipid profile 

(mg/dl) 

Case 

(n=60) 

Mean ±SD 

Control 

(n=60) 

Mean ±SD 

% 

difference 

t P-value 

Cholesterol 
(min-max) 

171.3±26.9 
(140-288) 

164.0±18.4 
(125-210) 

-4.5 1.681 0.093 

Triglycerides 
(min-max) 

121.8±37.7 
(73-248) 

110.2±28.3 
(71-192) 

-10 1.894 0.064 

LDL-C * 
(min-max) 

95.0±25.5 
(61-199) 

88.3±18.4 
(63-148) 

-7.3 1.755 0.082 

HDL-C ** 
(min-max) 

53.7±3.3 
(41-59) 

54.6±2.5 
(50-60) 

1.6 1.758 0.080 

*LDL-C: Low density lipoprotein cholesterol, **HDL-C: High density lipoprotein 

cholesterol. P>0.05: Not significant. 

 

 

4.9 Liver and kidney functions of the study population  

The activities of serum AST and ALT as marker enzymes of liver function as well as 

the concentrations of serum urea and creatinine as indicators of kidney function are 

pointed out in Table 4.9. There were significant elevations in AST and ALT activities 

in cases compared to controls (32.1±7.8 and 26.5±12.4 U/L versus 22.0±10.5 and 

19.5±7.5 U/L, % difference=27.5 and 30.4 and P=0.000, respectively). On the other 

hand, urea and creatinine concentrations showed no significant difference between 

cases and controls (P> 0.05). 
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Table 4.9. Liver and kidney functions of the study population. 

Parameter 
 

Cases 

(n=60) 

Mean ±SD 

controls 

(n=60) 

Mean ±SD 

% 

Difference 

t P-value 

AST (U/L) 
(min-max) 

32.1±7.8 
(18-62) 

22.0± 10.5 
(10 -58) 

27.5- 6.005 0.000 

ALT (U/L) 
(min-max) 

26.5±12.4 
(12-85) 

19.5±7.5 
(10 -49) 

30.4- 3.754 0.000 

Urea (mg/dl) 
(min-max) 

26.6±4.5 
(21 -39) 

25.3± 3.9 
(20-36) 

-5.9 1.701 0.092 

Creatinine (mg/dl) 
(min-max) 

0.76±0.07 
(0.61-0.99) 

0.74±0.08 
(0.48-0.90) 

-2.6 

 

1.617 0.108 

AST: Aspartate aminotransferase,  ALT: Alanine aminotransferase. P<0.05: Significant, 

P>0.05: Not significant. 

 

4.10 Blood parameters of the study population  

Table 4.10 illustrates blood parameters of the study population. White blood cell 

count was increased in cases compared to controls (7.5±2.4 versus 6.7±1.8, % 

differences 11.3, t=2.200 and P=0.030). Similarly, blood platetes were increased in 

cases but such increase was not significant (319.2±90.6 versus 302.0±76.5, % 

differences 5.5, t=1.113 and P=0.268).  On the other hand, RBC count and 

hemoglobin content showed significant decreases in cases than controls (4.5±0.4and 

11.7±1.2 versus 4.7±0.5 and 12.4±1.3, % differences 4.7 and 5.8, P=0.016 and 0.005 

respectively. Hematocrit showed no significant differences between cases and 

controls (P=0.110). 

Table 4.10 Blood parameters of the study population. 

Blood parameter 
 

Cases 

(n=60) 

Mean ±SD 

controls 

(n=60)  

Mean ±SD 

% 

Difference 

t P-value 

WBC ×10
9
/L 

(min-max) 

7.5±2.4 

(4.3-17.4) 

6.7± 1.8 

(4.1-12.9) 
11.3 2.200 0.030 

RBCs ×10
12

/L 
(min-max) 

4.5±0.4 

(3.7-5.8) 

4.7± 0.5 

(2.4-5.6) 

4.7 2.447 0.016 

Hb (g/dl) 
(min-max) 

11.7±1.2 

(9.2-14.9) 

12.4±1.3 

(7.1-15.7) 

5.8 2.833 0.005 

Hct(%) 
(min-max) 

37.8±3.8 

(22-46.6) 

38.9±4.0 

(30.6-49.6) 

3.8 1.609 0.110 

PLT ×10
9
/L 

(min-max) 

319.2±90.6 

(181-602) 

302.0± 76.5 

(180-586) 

5.5 1.113 

 

0.268 
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WBC: White blood cell, RBC: Red blood cell, Hb: Hemoglobin, Hct: Hematocrite, PLT: 

Platelet. n: number of cases and controls. P<0.05: Significant, P>0.05: Not significant. 

 

 

4.11 Distribution of Helicobacter pylori IgG among the study 

population 

Distribution of H. pylori  IgG among the study population is presented in Table 4.11 

and Figure 4.1. Twenty four (40.0%) cases were positive for H. pylori IgG 

compared to 13 (21.7%) controls. The difference between the two groups was 

significant (
2
=4.728, P=0.030) with higher distribution of H. pylori IgG among 

cases. 

 

Table 4.11 Distribution of Helicobacter pylori IgG among the study population. 

 

Helicobacter pylori IgG     

Cases (n=60) Controls 

(n=60) 


2
 P- 

value 

n (%) n (%)   

Helicobacter pylori IgG     
Positive 

Negative 

 

24 (40.0) 

36 (60.0) 

 

13 (21.7) 

47 (78.3) 

 

 

4.728 

 

0.030 

Table 4. 1 

P<0.05: Significant. Presence of H. pylori IgG confirmed by IgG ≥20U/ml. 
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Figure 4.1. Distribution of Helicobacter pylori infection 

among the study population 
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4.12 Relations of Helicobacter pylori to different 

parameters 

4.12.1 Helicobacter pylori in relation to body mass index of cases. 

As indicated in Table 4.12, H. pylori positive cases showed significant increase in 

BMI compered to negative cases  (21.0±3.8 versus 17.8±3.5, P=0.003). 

 

Table 4.12 Helicobacter pylori in relation to body mass index of cases (n=60). 

Parameter Helicobacter pylori Cases 

(n=60) 

Mean ±SD t P-value 

BMI 

 

Positive 

Negative 

24 

36 

21.0±3.8 

17.8±3.5 

3.046 0.003 

BMI: Body Mass Index: Normal=15.0-20.0, Obese≥23.0 (CDC, 2000). P<0.05: Significant.  

 

4.12.2 Helicobacter pylori in relation to glycated hemoglobin, glucose 

and insulin of cases. 

Table 4.13 illustrated the relationship between H. pylori and blood HbA1c and serum 

glucose and insulin of cases. The mean level of blood HbA1c in positive cases was 

significantly higher than that in negative cases (10.5±1.7 versus 9.5±1.7, P=0.046). 

Similarly, serum glucose and insulin levels were significantly higher in positive than 

nigative cases (233.8±145.2 and 34.2±21.7 versus 146.3±87.9 and 23.9±14.2, 

P=0.006 and 0.037, respectively).  

   

Table 4.13 Helicobacter pylori in relation to glycated hemoglobin, glucose and 

insulin of cases. 

Parameter Helicobacter 

pylori 

Cases 

(n=60) 

Mean±SD t P- 

value 

HbA1c 

 (%) 

Positive 

Negative 

24 

36 

10.5±1.7 

9.5±1.7 

2.041 0.046 

glucose (mg/dl) Positive 

Negative 

24 

36 

233.8±145.2 

146.3±87.9 

2.836 0.006 

 

Insulin 

 /ml) 

Positive 

Negative 

24 

36 

34.2 ± 21.7 

23.9±14.2 

2.132 0.037 

HbA1c: Glycated hemoglobin. P<0.05: Significant. 
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4.12.3 Helicobacter pylori in relation to lipid profile of cases 

Helicobacter pylori in relation to lipid profile including cholesterol, triglycerides, 

LDL-C, and HDL-C is presented in Table 4.14. The mean levels of cholesterol, 

triglycerides and LDL-C in positive cases were significantly higher than that in 

negative cases (186.2±35.0, 135.5±44.2 and 107.9±32.9 mg/dl, versus 157.8±19.4, 

99.5±29.4 and 83.4 ±18.6 mg/dl, P=0.001, P=0.001 and P=0.001, respectivily). On 

the other hand the mean level of HDL-C was significantly lower in positive compared 

to negative cases (51.3 ±3.7 versus 54.6±2.6 mg/dl, P=0.001).      

 

Table 4.14 Helicobacter pylori in relation to lipid profile of cases. 

Lipid profile 

(mg/dl) 

Helicobacter pylori Cases 

(n=60) 

Mean ±SD t P-

value 

Cholesterol 

 

Positive 

Negative 

24 

36 

186.2±35.0 

157.8±19.4 

3.985 0.001 

Triglyceride 

 

Positive 

Negative 

24 

36 

135.5±44.2 

99.5±29.4 

3.643 0.001 

LDL-C* Positive 

Negative 

24 

36 

107.9±32.9 

83.4 ±18.6 

3.623 0.001 

HDL-C** Positive 

Negative 

24 

36 

51.3 ±3.7 

54.6±2.6 

3.891 0.001 

*LDL-C: Low density lipoprotein cholesterol, **HDL-C: High density lipoprotein 

cholesterol. P<0.05: Significant. 
 

4.12.4 Helicobacter pylori in relation to liver and kidney function of 

cases 

Table 4.15 indicates the relationship between H. pylori and the liver and kidney 

functions. The activity of ALT was significantly higher in positive compared to 

negative cases (29.1±8.5 versus 24.5±7.3U/L, P=0.045). However AST showed no 

significant difference between positive and negative cases (33.9 ±9.8 versus 

30.4±7.0U/L, P=0.123). In addition urea and creatinine concentrations showed no 

significant increases in positive compered to negative cases (26.9±4.6 and 0.77±0.06 

versus 25.0±3.7 and 0.75±0.07mg/dl, P=0.128 and 0.162, respectively).  
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Table 4.15 Helicobacter pylori in relation to liver and kidney function of cases. 

Parameter Helicobacter pylori Cases 

(n=60) 

Mean ±SD t P-

value 

AST 

(U/L) 

Positive 

Negative 

24 

36 

33.9 ±9.8 

30.4±7.0 

1.554 0.123 

ALT 

(U/L) 

Positive 

Negative 

24 

36 

29.1±8.5 

24.5±7.3 

2.028 0.045 

Urea 

(mg/dl) 

Positive 

Negative 

24 

36 

26.9±4.6 

25.0±3.7 

1.527 0.128 

Creatinine 

(mg/dl) 

Positive 

Negative 

24 

36 

0.77±0.06 

0.75±0.07 

1.447 0.162 

AST: Aspartate aminotransferase,  ALT: Alanine aminotransferase. P<0.05: Significant, 

P>0.05: Not significant. 

 

4.12.5 Helicobacter pylori in relation to blood parameters of cases 

The relationship between H. pylori and blood parameters including WBC, RBC, Hb, 

Hct and PLT is presented in Table 4.16. The WBC count was significantly higher in 

positive compared to negative cases (7.8±1.5 vs 6.7±1.9 ×10
9
/L, P=0.041). 

Conversely, RBC and Hb were significantly decrease in positive cases than negative 

cases (4.6±0.5×10
12

/L and 11.9±1.1 g/dl vs 4.9±0.4×10
12

/L and 13.0±1.4 g/dl, 

P=0.023 and 0.012, respectively). However, there were no significant differences in 

Hct and PLT between positive cases and negative cases (P>0.05).   

 

 

Table 4.16 Helicobacter pylori in relation to blood parameters of cases. 

Blood 

parameter 

Helicobacter pylori n Mean ±SD t P-value 

WBCs ×10
9
/L Positive 

Negative 

24 

36 

7.8±1.5 

6.7±1.9 

2.088 0.041 

RBCs ×10
12

/L Positive 

Negative 

24 

36 

4.6±0.5 

4.9±0.4 

2.343 0.023 

Hb (g/dl) Positive 

Negative 

  24 

36 

11.9±1.1 

13.0±1.4 

2.497 0.012 

Hct(%) 

 

Positive 

Negative 

24 

36 

37.4±4.1 

38.8±2.9 

1.525 0.135 

PLT ×10
12

/L Positive 

Negative 
  24 

36 

326.4±98.0 

294.3±61.2 

1.334 0.192 

WBC: White blood cell, RBC: Red blood cell, Hb: Hemoglobin, Hct: Hematocrit, PLT: 

Platelet. P<0.05: Significant, P>0.05: Not significant. 
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Chapter 5 
 

Discussion  

 

Type 1 diabetes mellitus is the most common metabolic disease among children, 

adolescents and young adults and its incidence rate is still rapidly increasing 

particularly in developing countries. Annually over 17 new cases of type 1 diabetes 

were identified per 100,000 children globally and there were about half million of 

diabetes-related deaths worldwide (Patterson et al., 2009 and International 

Diabetes Federation, IDF, 2011). In Palestine the mortality rate of diabetes mellitus 

constitutes 11.2 per 100,000 populations in the year 2014 (MOH, 2014). Despite that, 

there is a lack of a proper hospital and clinic recording system of diabetes mellitus in 

Palestine. In addition, most research in Gaza strip was focused on type 2 diabetes 

rather than type 1. Furthermore, to our best knowledge there was no previous study 

linked type 1 diabetes with H. pylori in Gaza Strip. Therefore, the present study is the 

first to assess H. pylori infection among type 1 diabetic children in Gaza strip.  

  

5.1 Sociodemographic data of the study population 

The present results demonstrated that type 1 diabetes was significantly more frequent 

among children's families with higher income than that with lower income. 

In general, socioeconomic status is accepted as a risk factor for type 1 diabetes 

(Galler et al., 2011). Regarding family history of diabetes, the number of cases who 

reported family history of type 1 diabetes was significantly higher than controls. This 

implies that family history is associated with type 1 diabetes. Such finding is in 

agreement with that reported by Bonifacio et al. (2004); Mehers and Gillespie 

(2008) and Parkkola et al. 2013). In this context, Alhonen et al. (2011) concluded 

that type 1 diabetes and autoimmune diseases not only cluster in the nuclear families 

of children with type 1 diabetes but are also overrepresented in their extended 

families.  
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5.2. Diet, compliance of medication and distribution of diabetic 

patients by duration of disease   

Data presented in this study indicated that three quarters of cases were not on diet. 

However, the majority of cases were found to be compliance of medication. Wolpert 

et al. (2013) suggested that dietary fat intake is an important nutritional consideration 

for glycemic control in individuals with type 1 diabetes. In addition, Rize et al. 

(2014) found that more than half of type 1 diabetic patients were non adherent to 

dietary advice. These findings necessitate launch of awareness programs on the 

importance of diet in the management of diabetes mellitus. Clinical data showed that 

almost two-thirds of patients had diabetes since less than 5 years. This implies that 

type 1 diabetes affected young individuals. Belle (2011) and Harjutsalo et al. (2013) 

reported that type 1 diabetes usually strikes children and young adults, although 

disease onset can occur at any age. 

 

5.3 Self-reported complications, gastritis and peptic ulcer among the 

study population  

Neuropathy was significantly more frequent among cases compared to controls, 

whereas retinopathy showed no significant difference between cases and controls. 

However, cardiovascular disease was not self-reported among cases and controls. 

Diabetic complications including neuropathy and retinopathy were reported among 

type 1 diabetic patients (Sun et al., 2011 and Cobuz and cobuz, 2012). Gastritis was 

significantly more prevalent among cases compared to controls. Similar result was 

obtained by Taher et al. (2012) who found that gastritis was significantly more 

frequent in diabetic patients compared to non-diabetics. However, no significant 

difference was found in peptic ulcer between the two groups. 

 

5.4 Distribution of Helicobacter pylori IgG among the study 

population 

The results of this study showed significantly higher positive H. pylori infection 24 

(40.0%) among diabetic patients compared to controls 13 (21.7%). The approximate 

two-fold increment in H. pylori infection in diabetic patients indicates that H. pylori is 

associated with type 1 diabetes. Higher prevalence of H. pylori was found among type 
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1 diabetics patients compared to non-diabetics (El-Eshmawy, 2011; Candelli et al., 

2012; Zekry et al, 2013 and Fayed et al., 2014). H. pylori infection was not 

associated with socio-demografic status, diet and compliance of medication, self-

reported complications or gastritis and peptic ulcer.  
 

5.5 Body mass index of the study population 

In the preset study BMI was significantly increased in cases compared to controls. 

Several studies generally indicated that cases with type 1 diabetes had higher body 

weight and BMI compared with non-diabetics (Bishop et al., 2014; Kapellen et al., 

2014 and Szadkowska et al., 2015). In particular, Fayed et al. (2014) revealed that 

BMI was significantly increased in children with type 1 diabetes compared to healthy 

children. When related to H. pylori infection, BMI showed significant increase in 

positive compared to negative cases. Such finding coincides with that obtained by 

Fayed et al. (2014) who reported high prevalence of H. pylori infection among type 1 

diabetic children with large BMI. However, Kayar et al. (2015) showed no 

significant association of BMI with H. pylori infection. The possible explanation of 

BMI association with H. pylori infection that, uncontrolled diabetic patients who 

constitute three quarters of our sample may had increase in insulin resistance leading 

to increase in BMI.  

5.6 Glycated hemoglobin, glucose and insulin level of the study 

population  

Data presented in this study pointed out that the mean levels of blood HbA1c, 

and serum glucose and insulin were significantly higher in cases than in 

controls. These results are in agreement with that found by AL-Suhaimi et 

al. (2012) and Hasan et al. (2013) in type 1 diabetes children compared to 

healthy controls. In addition, a comparative study showed significant 

elevations in the levels of blood glucose and HbA1c in type 1 and type 2 

diabetes as compared with normal healthy individuals (Siva et al., 2012). In 

diabetes, prolonged hyperglycemia superdrives nonenzymatic protein 

glycation, which forms reversible Schiff bases and Amadori compounds. A 

series of further complex molecular rearrangements then yield irreversible 

advanced glycosylated end-products (AGEs). AGEs accumulate in the 

circulating blood and in various tissues play an important role in the 
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pathogenesis of diabetic complications like retinopathy, nephropathy, and 

neuropathy (Furth, 1997 and Yassin et al., 2011). It is reported that the 

levels of HbA1c in the blood reflect the glucose levels to which the 

erythrocyte has been exposed during its lifespan (Goldstein, 2004). 

Therefore, the HbA1c test is attractive as it measures chronic glycemia, 

rather than instantaneous blood glucose levels. HbA1c has been used as an 

objective marker of average glycaemic control for many years, has an 

accepted place in the monitoring of patients with diabetes, and is relied on for 

significant management decisions, such as initiation of insulin therapy 

(d´Emden et al., 2012 and Phillips and Leow, 2014).  When related to H. 

pylori infection, blood HbA1c, serum glucose and insulin levels showed 

positive significant correlations with H. pylori. These results highlight the 

interaction between diabetes mellitus and H. pylori infection and are in 

agreement with that previously reported in diabetic children and adolescence 

(Fayed et al., 2014 and Kayar et al., 2015). In addition, Zekry and EL-

Wahid (2013) elucidated significant positive linear association between H. 

pylori infection, insulin requirements and HbA1c levels in type 1 diabetes 

mellitus. This association may be explained by the role of H. pylori infection 

in the induction of chronic inflammation and production of cytokines, leading 

to impaired secretion of insulin, increased anti-insulin activity, and altered 

carbohydrate metabolism. All these effects translate into decreased glycemic 

control and increased insulin requirement (Zekry and EL-Wahid, 2013). 

 

 5.7 Lipid profile of the study population 

Although the mean levels of cholesterol, triglyceride, and LDL-C levels was 

increased in cases compared with controls, no significant change was found. On the 

other hand, no significant decrease was found in HDL-C levels between cases and 

controls. The normal BMI recorded for cases and controls in the present study would 

expected such result rather than significant elevations of lipid profiles reported  in 

type 1 diabetic patients (Masram et al., 2012; and Meissner et al., 2014). When 

related to H. pylori, cholesterol, triglycerides and LDL-C levels were significantly 

higher in positive than in negative cases, However, HDL-C level was significantly 

lower in positive cases. Similar results was previously reported (Kayar et al., 2015). 
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The association between H. pylori infection and lipid profile may be explained on the 

basis that H. pylori trigger high amounts of interleukin- 6 and tumor necrosis factor-𝛼. 

An increase in these cytokines may 1) cause endothelial dysfunction and insulin 

resistance, 2) increase the production of hepatic gluconeogenesis and triglycerides and 

modify the lipid levels by inhibiting the lipoprotein lipase activity and activating 

hepatic lipogenesis, and 3) may cause inflammation secondary to H. pylori triggers 

the peroxidation of membrane lipids (Kumaran et al., 2014 and Kayar et al., 2015).  

 

5.8 Liver and kidney functions of the study population 

The mean activates of AST and ALT were significantly elevated in cases compared to 

controls, whereas there were no significant differences in urea and creatinine levels 

between cases and controls. These results are in accordance with other studies (West 

et al., 2006; Leeds et al., 2009; Siva et al., 2012 and Choudhary et al., 2014). 

Elevation of transaminases as biomarkers for liver function could be due to direct 

hepatotoxic effect of fatty acid on the liver when it is produced in excess as observed 

in the present study. Mechanisms for this may include cell membrane disruption at 

high concentration, mitochondrial dysfunction, toxin formation, and activation and 

inhibition of key steps in the regulation of metabolism (Cho et al., 2007 and Atiba et 

al., 2013). Other potential explanations for elevated transaminases in diabetes include 

oxidantive stress from reactive lipid peroxidation, peroxisomal beta-oxidation, and 

recruited inflammatory cells (Kayar et al., 2015). When related to H. pylori infection, 

only ALT was found to be significantly higher in positive compared to negative cases. 

This means that ALT activity is associated with H. pylori infection. In this context, 

Takuma (2011) demonstrated that H. pylori infection was one of the independent risk 

factors for the development of liver disease, which is manifested in elevation of ALT 

activity as specific preclinical and clinical biomarker of hepatotoxicity (Ozer et al., 

2008). 

5.9 Hematological profile of the study population 

White blood cell count was significantly increased in cases with respect to controls, 

whereas RBC count and hemoglobin content were significantly decreased in cases 

than controls. Leukocytosis and anemia were observed in type 1 diabetic patients 

compared to non-diabetic controls (Uko et al., 2013). In addition, AL-Muhammadi 
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and ALwash (2011) and Kothari and bokariya (2012) reported significant decrease 

in RBC count and hemoglobin level in young adolescents with type 1 diabetes. 

Elevation of WBC count observed in type 1 diabetic children could be a result of a 

stress response (Uko et al., 2013). Another possibility of Leukocytosis may reside in 

increase pro-inflammatory cytokines, which may contribute to leukocytosis (Kayar et 

al., 2015). While several factors contribute to the increased prevalence of anemia in 

diabetes, the failure of the kidney to increase erythropoietin in response to falling 

hemoglobin appears to be the dominant factor. Previous report indicated that the 

occurrence of anaemia in diabetes mellitus is due to the increased non-enzymatic 

glycosylation of RBC membrane proteins, which correlates with hyperglycemia 

(Thomas et al., 2004 and Oyedemi et al., 2011). It has also been suggested that 

autonomic degeneration as a result of diabetes may diminish erythropoietin release 

(Kothari and bokariya., 2012). This possibility is in concurrent with our result that 

neuropathy was significantly higher in type 1 diabetic patients than controls. 

When related to H. pylori, the WBC count was significantly higher in positive 

compared to negative cases. Conversely, RBC and Hb were significantly decrease in 

positive than negative cases. Leukocytosis and anemia were reported in H. pylori 

infection in diabetic patients (Tanriverd, 2011; Jafarzadeh et al., 2013 and Kayar 

et al., 2015). The elevation of WBC in H. pylori observed in infected cases may be 

attributed to increase production of inflammatory cytokines such as interleukin-8, 

interleukin-6, and TNF- 𝛼 from epithelial cells in the gastric mucosa (Iida et al., 

2012). In terms of anemia, association between B12 and iron levels among patients 

suffering from H. pylori infection was addressed (Affana, 2016).  
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Chapter 6 

Conclusions & Recommendations 

 

6.1 Conclusions 

1. Type 1 diabetes mellitus was more prevalent among families with higher income as 

well as among individuals with family history of the disease. 

2. Three quarters of cases were not on diet. However, the majority of cases were 

found to be compliance of medication. Almost two-thirds of patients had diabetes 

since less than 5 years. 

 

3. Neuropathy and gastritis were significantly more frequent among cases compared 

to controls. 

4. The BMI was significantly higher in cases than controls. 

5. The levels of blood HbA1c and serum glucose and insulin were significantly 

increased in cases compared to controls. 

6. There were non significant increase in serum cholesterol, triglycerides and LDL-C 

levels in cases than controls, whereas HDL-C was not significantly decreased. 

7. The activities of serum AST and ALT were significantly elevated in cases in 

comparison with controls. 

8. The WBC count was significantly higher in cases with respect to controls. 

Conversely, RBC count and Hb content were significantly lower in cases. 

9. The prevalence of H. pylori in diabetic patients was significantly higher than in 

controls.  

10. When related to H. pylori infection, BMI showed significant increase in positive 

compared to negative cases. 

11. When related to H. pylori, blood HbA1c levels, serum glucose and insulin were 

significantly higher in positive than in negative cases. 
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12. When related to H. pylori, serum cholesterol, triglycerides and LDL-C levels were 

significantly higher in positive than in negative cases, However, HDL-C level was 

significantly lower in positive cases.  

13. The activity of serum ALT was significantly increased in H. pylori positive cases 

compared to negative cases. 

14. The WBC count was singnificantly elevated in H. pylori positive cases compared 

to negative cases, whereas RBC count and Hb content were significantly decreased in 

positive cases. 

 

6.2 Recommendations 

1. Frequent monitoring of H. pylori infection among type 1 diabetes, is recommended. 

2. Estimation of lipid profile is needed to avoid the deleterious effect of H. pylori 

infection associated with diabetes. 

3. Regular visits to neurological clinics to take early steps to avoid and manage 

diabetic complications concerning diabetic neuropathy.  

4. Further research is highly recommended on H. pylori infection among other 

autoimmune diseases.  
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Annex 2: Helsinki committee an approval letter 
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Annex3: Questionnaire 

Helicobacter pylori infection among type 1 diabetic children in Gaza strip. 

أخٙ انًٕاؽٍ انكشٚى/أسخٕ يغبعذرُب فٙ ارًبو ْزِ انذساعّ )ثحث يبخغزٛش عهٕو حٛبرّٛ/اندبيعّ الاعلايّٛ(ٔانزٙ 

ٔرنك نهحذ يٍ  رخزض ثًشػٗ انُٕع الأل يٍ انغكش، حٛث اٌ ْذفُب انٕقٕف عهٗ يغججبرّ، ٔخبطّ 

 علاقزّ ثبندشثٕيّ انًهّٕٚ انجٕاثّٛ (Helicobacter pylori).يؼبعفبرّ.

 

Sociodemographic data 
 

Name …………………………………..  

 

Code number ………………… 

 

Age in years ……….  

 

Gender                        a. Male                           b. Female  

                                  

 

What is the average family income per month (shekel)? 

 a. Less than 1000       b. 1000-2000                  c. More than 2000 

 

 

Family history of diabetes 

                                                 Yes                       No 

 

Diet 

                                                 Yes                       No 

 

Compliance of medication 

Yes                       No 

    

Clinical data 

Duration of diabetes? 
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 Self-reported complications 

Cardiovascular disease          Yes                        No 

Retinopathy                            Yes                        No 

Neuropathy                             Yes                        No 

Gastritis                                   Yes                       No 

Peptic ulcer                             Yes                       No 

 

Anthrpometric measurement 

Height (cm):………..Weight (kg):………. 

Body Mass Index:……………………….. 

 

Agreement: 

I agree to complete this questionnaire concerning my health statement. 

 أَب يٕافق عهٗ رعجئّ ْزا الاعزجٛبٌ انز٘ ٚزعهق ثظحزٙ.

 انزٕقٛع:.....................................................

.....................................................انزبسٚخ:  

 شكشا نكى عهٗ حغٍ رعبَٔكى

 انجبحثّ/اعلاو ععٛذ انششٚف

 

 

 

 

 

 


