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VOIM�« qzU½ —u²	b�« ÂuŠd*« l�

 vKŽ q�U(« œ«d� —u�O�Ëd³�« s� wLKŽ Y×Ð qC�√ Ÿ—œ

VDK� qÐu½ …ezUł

 w½«uš≈Ë wzö�“  l�

 ‰ö¼ ÆœË —b³�« nODK�« b³Ž ÆœË ÍbMJ�« dOH��« l�

ÍuÝu*« ÍbN� ÆœË d¹U��«
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 fOz—Ë VD�« WOK	 bOLŽË W�_« fK−� fOz— l�
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Æ X¹uJ�« WF�Uł ≠ VD�« WOK� ≠ WŠ«d'« r�	 —u�O�ËdÐ ∫ w�U(« e	d*«æ

X¹uJ�« WF�Uł ≠ VD�« WOK� ≠ `¹dA²�« r�	 fOz— ∫

∫WIO	b�«  UUB²šô«Ë ’UB²šô« æ

X¹uJ�« WF�Uł ≠ VD�« WOK� ≠ WŠ«dł –U²Ý√ ≠±

…—œUM�« ÊœUF*« w� lO�— hB
ð ≠≤

WO²¹uJ�« WO³D�« WOFL'« uCŽ ≠≥

b¹u��UÐ b½u� WF�U−Ð wLKŽ YŠUÐ ≠¥

 r�ł w� …—œUM�« ÊœUF*« sŽ WO�Ëb�« WOFL'« w� fÝR� uCŽ ≠μ

ÊU�½ô«
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∫ «œUNA�« æ

©bMN�«® ÍU³�uÐ WF�Uł ±π∑μ WŠ«dłË VÞ ”u¹—u�UJÐ ≠±

Æb¹u��« ±π∏∂ b½u� WF�Uł VD�« w� Á«—u²�œ ≠≤

ÆWO*UF�« 5Š«d'« WOK� qO�“ ≠≥

ÆWOJ¹d�_« 5Š«d'« WOK� qO�“ ≠¥

∫ UO�«bO*«Ë ez«u'« æ

 ‰U−� w� UÐd²ÝU� WF�Uł s� WO³¼c�«  UO�bO*«Ë …ezU'« vKŽ qUŠ ≠±

Æ ±ππ∂ WMÝ ÊUÞd��« sŽ Y×³�«

 rIF�UÐ ©p½e�« ® ÊœUF*« W	öF� «d�¹uÝ s� wLKŽ Y×Ð s�Š√ …ezUł ≠≤

Æ±ππ∏ WMÝ

Æ±ππ¥ WMÝ wLKF�« ÂbI²K� X¹uJ�« W�ÝR� s� wKLF�« ÃU²½ù« …ezUł ≠≥

Æ±πππ WMÝ u¹U� WO³D�« ÂuKF�« w� —e²¹«uý  d³�√ …ezUł vKŽ qUŠ ≠¥
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ÆVD�«

 ©dBF�«® ‰U????????−� s?????� W????×B�«Ë  VD�« w� eOOL²�« …ezUł vKŽ qUŠ ≠∏

Æ≤∞∞μ d³L�u½ ±∂

∫WDA½_«Ë …d³)« æ

Æ±π∑μ WMÝ ÍU³�uÐ WF�Uł s� Ãd
ð ≠±

Æb¹u��UÐ b½u� WF�Uł s� …«—u²�œ ≠≤

Æ±π∑μ WMÝ ÍdO�_« vHA²�� w� ÎUŠ«dł ÎU³O³Þ qLŽ ≠≥

Æ±π∑∑ WMÝ WŠ«d'« r�	 w� q−�� ≠¥

ÆWŠ«d'« r�	 ≠ ±π∏∏ WMÝ X¹uJ�« WF�Uł w� ”—b� ≠μ

ÆWŠ«d'« r�	 ≠ VD�« WOK� ≠ ±ππ≥ WMÝ w� bŽU�� –U²Ý√ ≠∂

Æ±ππ∏ π¥ WO�U*«Ë W¹—«œù« ÊËRAK� bŽU�� bOLŽ ≠∑

Æ±ππ¥ WMÝ WŠ«dł Í—UA²Ý« ≠∏

Æ≤∞∞≤ ≠±ππ∏ WO�U*«Ë W¹—«œù« ÊËRAK� bŽU�� bOLŽ ≠π

Æ≤∞∞μ d³L�¹œ ≠ ≠≤∞∞± d¹UM¹ cM� WO²¹uJ�« WO³D�« WK−*« fOz— ≠±∞

Æ±ππ∑ cM� VD�« WOK� ≠ WŠ«d'« r�	 w� —u�O�ËdÐ ≠±±

ÆX¹uJ�« WF�Uł ≠ VD�« WOK� ≠ `¹dA²�« r�	 fOz— ≠±≤

≤∞∞∏ WO*UF�« WO1œU�ô« VzU½ ≠±≥
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 July  - 1988-1993           Senior Registrar, Surgical Unit,                  
               Salmiya Clinic.

 Feb.  -  1988-1993  Assistant Professor, Department of 
    Surgery,  Faculty of Medicine, Kuwait
     University.
 
 April 1993-1997 Associate Professor, Department of Surgery,  
    Faculty of Medicine, Kuwait University.

 June 1997  Professor, Department of Surgery,
    Faculty of Medicine, Kuwait University.

C.   CLINICAL WORK IN THE PRESENT POSITION :

 April 1993  -  Present Consultant Surgeon, Salmiya Clinic.
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3.  ACADEMIC RECORD:   

A. PRESENT POSITION: 
A. Vice-Dean Administration,  Faculty of Medicine,  Kuwait    
    University - 8/10/94
B.Associate Professor,   Department of Surgery,  

Faculty of Medicine,   April 1993-1997
Kuwait University

C. Consultant Surgeon  Surgical Department 
     Salmiya Clinic, Kuwait
     -April  1993

D.  Head of Research   Health  Department,
     Hawaly District,    Ministry of Public Health.  - May 1990
E.Chairman   Department of Surgery
     Faculty of Medicine - 1996 – 1998

F.Professor   Department of Surgery, Faculty of   
    Medicine, Kuwait University    
    -June 1997

G. Vice-Dean Administration Faculty of Medicine, Kuwait University
 & Finance    January 2001 - present

B.   PROFESSIONAL  EXPERIENCE  

1975 - 1977      House Resident, Kuwait Training Programme.

 A. General Surgery 6 months  (Amiri Hospital).
B. General Medicine ٦ months (Sabah  Hospital).
C. Paediatric 3 months (Sabah Hospital).
D. Psychiatric ٣ months (Psychiatric Hospital).
 E. Gynaecology & Obstetric 6 months (Sabah Hospital) 

 1977 - 1979 Assistant Registrar in Surgery (Amiri) Hospital).
 Jan.1979 - Nov. 1982    Registrar in Surgery (Amiri & Farwaniya)       
          Farwaniah).
         Jan.1987 - Feb. 1988               Registrar (Farwaniah Hospital).
 Feb.1988     Acting Senior Registrar,  Surgical 
                             Department,  Salmiya  Clinic.
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2.   ACADEMIC QUALIFICATIONS :

A.   EDUCATION:

1. M.D., Ph.D.  University of Lund, Sweden
     December 1986.
2. M.B., B.S.    G.S. Medical College, Bombay University,
    Bombay, India.
    April 1975.

3. F.I.C.S.  Fellow of International College of  Surgeons   
    Chicago, U.S.A.
    October, 1989.

4. F.A.C.S.  Fellow of the American College of Surgeons
    Chicago, U.S.A.
    September, 1995.

   
FIELDB.  OF SPECIALIZATION :  

Structural and Functional studies of the liver diseases with special references to 
surgical aspects. (Clinical and Experimental approach).
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CURRICULUM   VITAE

PROF. HUSSEIN DASHTI
MD., Ph.D., FICS., FACS

Department of Surgery
Faculty of Medicine
Kuwait University

P.O.Box 24923, 
13110 Safat

Kuwait.

ملخص السيرة الذاتية باللغة ا	نجليزيةملخص السيرة الذاتية باللغة ا	نجليزية
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في المجالت الطبية في المجالت الطبية 

المحكمة المحكمة 
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and the Perigastric Approach. Med Princ Pract 2007;16:110-
113.

126. Al- Zaid NS, Dashti H, Mathew TC, Juggi JS. Low carbohydrate 
ketogenic diet enhances cardiac tolerance to global ischemia. 
Acta Cardiol, 2007: 62 (4): 381-389.

127. Abdeen S, Mathew TC, Khan I, Dashti H, Asfar S. Fasting-
induced intestinal damage is mediated by oxidative and 
inflammatory responses. Br J Surg. 2009; 96 (5):552-9.
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H. Therapeutic Role of Low Carbohydrate Ketogenic Diet in 
Diabetes Nutrition 2009: 25: 1177–1185

129. Dashti, H.M., Mathew, T.C. Prevention of obesity using low 
carbohydrate ketogenic diet. Kuwait Medical Journal 2009: 
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130. Abdeen S, Mathew TC, Khan I, Dashti H, Asfar S. Effect of 
green tea on cellular proliferation and antioxidant status of 
the intestinal mucosa in ischemia/reperfusion injury. 2010: 
(Nutrition, In press) 

131. Al-Khalifa A, Mathew TC, Al- Zaid NS, Mathew E, Dashti 
H. Low carbohydrate ketogenic diet prevents the induction of 
diabetes using streptozotocin in rats. 2010: (Experimental and 
Toxicologic Pathology, In press)
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Drinking green tea after fasting induces cellular proliferation 
and the expression of TGF- b in the intestinal mucosa of rat 
(Submitted for publication in Br J Surg.)
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H. Slippage of Gastric Banding According to the Pars Flaccida 
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110. Safar H, Shawa N, Al-Ali j, Al-Nassar M, Dashti H, Asfar S.  
Is there a  need for Dopler vascular examination for the diagnosis 
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112. Safar H, Shawa N, Al-Ali J, Al-Nassar M, Dashti H, Asfar S.Is 
there a need for Doppler vascular examination for the diagnosis 
of varicose vein? A prospective study. Med Princ Pract. 2004; 
13(1):43-6.

113. Dashti HM, Mathew TC, Hussein T, Asfar SK, Behbehani AI, 
Al-Sayer HM, Al-Zaid NS. Long term effects of ketogenic diet 
in obese subjects. Experimental and clinical cardiology, 2004; 9 
(3): 200-205.

114. Al- Sayer H, Mathew TC, Asfar SK, Behbehani AI, Hassan 
A, Dashti H. (2004) Level of trace elements in patients with 
chronic lower limb ischemia based on their smoking habits. 
Trace Elements and Electrolytes.  2004; 21 (4): 269-273.

115. Al- Sayer H, Mathew TC, Asfar SK, Behbehani AI, Hassan A, 
Dashti H. Level of trace elements in patients with chronic lower 
limb ischemia based on their smoking habits. Trace Elements 
and Electrolytes.  2004; 21 (4): 269-273.

Al-Zaid NS, Mathew TC, Al-Bader M, Bou-Resli MN and 116. 
Dashti H M    Zinc status of different organs in rat pups following 
maternal zinc supplementation. Trace Elements and Electrolytes 
2005: 22: 277-281.



∂≥

w²ýœ —u²�b�« …UOŠ sŽ …c³½ ∫ ‰Ë_« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

100.  H. Abdul, T.C. Mathew, H.M. Dashti and A. Al-Bader (2001) 
Level of superoxide dismutase, glutathione peroxidase and uric 
acid in thioacetamide induced cirrhotic rats. Anat Histol Embryol. 
2002 31(2):66-71. 

101:   Khoursheed M, Mathew TC, Makar RR, Sonia L, Abul H, Asfar 
S, Al-Sayer H, Dashti HM, Al-Bader A. Expression of CD44s in 
human colorectal cancer. Pathol Oncol Res. 2002;8(3):170-4. 

102. R.L. Bang, A. A. Al-Bader, P. N. Sharma, A. Mattapallil, A. 
Behbehani and H. Dashti. Trace Elements content in serum, 
normal skin and scar tissues of keloid and normal scar patients. 
Journal of Trace Elements in Experitmental Medicine 15-57-66 
(2002). 

103. Nandakumaran M, Dashti HM, Al-Zaid NS. Maternal-fetal 
transport kinetics of  copper, selenium, magnesium and iron 
in perfused human placental lobule: in  vitro study.Mol Cell 
Biochem. 2002; 231(1-2):9-14.

104.  Al-Behbehani B, Mathew TC, Dashti HM. Ultrastructral studies 
on the tegument of  Dicrocoelium dendriticum (Rudolphi, 1819) 
Looss 1899. J Egypt Soc Parasitol. 2003 33(1):31-40. 

Asfar105.  S, Abdeen S, Dashti H, Khoursheed M, Al-Sayer H, 
Mathew T, Al-Bader A.  Effect of green tea in the prevention 
and reversal of fasting-induced intestinal mucosal damage. 
Nutrition. 2003 19(6):536-40.

Nandakumaran106.  M, Dashti HM, Al-Saleh E, Al-Zaid NS. 
Transport kinetics of zinc, copper, selenium, and iron in perfused 
human placental lobule in vitro.Mol Cell Biochem. 2003; 252(1-
2):91-6. 

107. Dashti HM, Bo-Abbas YY, Asfar SK, Mathew TC, Hussein 
T, Behbahani A, Khoursheed MA, Al-Sayer HM, Al-Zaid NS. 
Ketogenic diet modifies the risk factors of heart disease in obese 
patients.
Nutrition. 2003; 19(10):901-2. 

108. Al-Sayer H. Mathew TC, Asfar S, Khourshed M, Al-Bader A, 



∂¥

w²ýœ —u²�b�« …UOŠ sŽ …c³½ ∫ ‰Ë_« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

91. Wigderowitz CA, Paterson CR, Dashti H, McGurty D, Rowley 
DI. Prediction of bone strength from cancellous structure of 
the distal radius: can we improve on DXA? Osteoporos Int. 
2000;11(10):840-6.

92. Khoursheed MA, Al-Asfoor M, Al-Shamali M, Ayed AK, Gupta 
R, Dashti HM, Behbehani AI. Effectiveness of laparoscopic 
fundoplication for gastro-oesophageal reflux. Ann R Coll Surg 
Engl. 2001; 83(4):229-34.

93. M.N. Bou-Resli, T.C. Mathew, H.M. Dashti and N.S. Al-Zaid. 
(2001) Brain selenium accumulation in rat pups of selenium 
supplemented mothers. Anat Histol Embryol. 2002 (4):228-31. 

94. M.N. Bou-Resli, T.C. Mathew, H.M. Dashti and N.S. Al-Zaid. 
(2001) Selenium status of different organs in rat pups following 
maternal selenium supplementation.  Journal of Electrolytes and 
Trace Elements. 19 (3): 195-199.

95. Omu A.E., al-Bader AA, Dashti H, Oriowo A.M. Magnesium 
in human semen: possible role in premature ejaculation. Arch. 
Androl. 2001; 46;59-66.

96. Omu A.E., Al-Bader AA, Dashti H, Oriowo A.M. Effect of 
varying extracellular magnesium concentration on electrically 
induced contractions of the rat vas deferens in vitro. Arch. 
Androl. 2001; 46:159-167.

97. M.N. Bou-Resli, H.M. Dashti, T.C. Mathew and N.S. Al-Zaid. 
Pre and postnatal tissue selenium of the rat in the growing state. 
Biology of the Neonate 80: 169-172, 2001.

98. H. Abul, T.C. Mathew, F. Abul, H. Al-Sayer and H. Dashti  Trace 
element levels in the testes of thioacetamide induced cirrhotic rats 
Journal of Trace Elements in Experimental Medicine. 2001;14: 
383-392

99. H. Abul, T.C. Mathew, F. Abul, H. Al-Sayer and H. Dashti 
Antioxidant enzymes level in the testes of cirrhotic rats. Nutrition. 
2002 18(1):56-9. 



∂μ

w²ýœ —u²�b�« …UOŠ sŽ …c³½ ∫ ‰Ë_« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

83. Al-Bader A.A, Omu A.E. and Dashti H; Chronic cadmium toxicity 
to sperm  of heavy cigarette smokers: Immuno-modulation 
by zinc. J. of Archives of  Andrology. 1999;43:135-140.

84. Al-Bader A, Mathew T.C. Khoursheed M, Asfar S, Al-Sayer H 
 and 

Dashti H.M; Thiocetamide toxicity and spleen: Histological and 
biochemical  studies. Anatomia, Histologia, Embryologia 
2000;29:1-6.

85. Al-Bader A, Mathew T.C., Abul H, Al-Sayer H, Dashti H and 
Singal P.K.:  Cholangiocarcinoma and liver cirrhosis in 
relation to changes due to thiocetamide. Molecular and Cellular 
Biochemistry. 2000;208:1-9.

86. Bang R.L. Mattappallil A.B., Dashti H.M. and Al-Bader A.A., 
Thermal injury  and changes in the trace elements. J. Trace 
Elements in Experimental  Medicine 2000;13:255-264. 

87. Al-Sayer H: Al-Bader A; Khoursheed M, Asfar S; Hussain T, 
Behbehani A, Mathew A; and Dashti H: Serum values of Copper, 
Zinc and Selenium in adults resident in Kuwait. Med. Princ. and 
Pract. 9 (2000) 139-146.

88. Asfar S, Safar H, Khoursheed M, Dashti H, and Al-Bader AA: 
Would measurement of C-reactive protein reduce the rate of 
negative exploration for  acute appendicitis? J. of the Royal 
College of Surgeons of Edinburgh 4 (2000)  21-25.

89. Omu A.E., Al-Bader AA, Dashti H.  Essentiality of trace elements 
in human semen: Immunological mechanisms. Mineralstoffe 
Mengen, Spuren and Ultraspurenelemente In der Pravention. 
Jena 1 and 2. 2000: 259-2664.

90. Omu A.E., Dashti H, Al-Bader A. Effect of Seminal infection on 
seminal zinc, copper and ceruloplasin and superoxide dismutase: 
Correlation with immune response.  Proceedings of the “2nd 
International Symposium on Trace Elements in humans: New 
perspective”. Athens, Greece 7-9/10/1999. S. Ermidou-Pollet, s. 
Pollet eds. 2000: 851-8706.



∂∂

w²ýœ —u²�b�« …UOŠ sŽ …c³½ ∫ ‰Ë_« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

73. F.M. Al-Awadi, I. Khan, H.M. Dashti  & T.S. Srikumar; 
 Colitis- Induced Changes in the level of Trace elements in Rat 
 Colon and other  tissues. Ann. Nutr. Metab. 1998;42:304-310.

74. Omu A.E., Dashti H, Al-Bader AA: Zinc modulation of 
spermatozol function: Is this a T Helper 2 phenomenon? J. Trace 
elem. Experiment. Med 1998; 11(4):44.

75. Khoursheed M, Sobhi W, Al-Sharaf K, Dashti H, Aman S, 
Behbehani A. The  introduction of laparoscopic 
appendectomy in a teaching hospital.  Medical Principles and 
Practice 1999;8 138-144.

76. Khoursheed M, Fuad M, Safar H, Dashti H, Behbehani A. 
Laparoscopic closure of perforated duodenal ulcer. Surg Endosc 
1999. Accepted for publication.

77. Khoursheed M, Hayati H, Al-Sahlawi KS, Al-Asfoor M, Dashti 
H, Behbehani  A. Prediction of recurrent bleeding in patients 
with bleeding peptic ulcer after  endoscopic therapy. KMJ 1998; 
30: 307-311.

78. Al-Tamami M, Al-Naqeeb N, Kovacs A, Dashti H and Patrick 
 J.M. Sonographic features of Salivary gland tumours. Medical 
 Principles and  Practice 1999;8:201-212.

79. Mathew T.C, Al-Bader A, Abul H and Dashti H: Reissner’s fibre 
 in rats,  Medical Principles and Practice (1999) 8:201-212.

80. Khoursheed M, Safar H, Dashti H, Behbehani A. Inguinal hernia: 
review of cases from Mubarak Hospital. KMJ 1999; 307:18-21.

81. Al-Bader A.A., Mathew T.C., Abul H, Al-Mosawi M, Dashti 
H.M. Kumar D.and Singal P.K.; Thiocetamide induced changes 
in trace elements and kidney  damage. J. of Trace elements in 
Exp. Medicine (1999) 12:1-14.

82. Al-Sayer H, Al-Bader A, Hussein T, Mathew A, Behbehani A, 
Dashti H, Farghaly M, Khoursheed M and Van Dalen A: A profile 
of tumour markers in  a population of Kuwait.  Anticancer 
Res. (1999);19:2369-2372.



∂∑

w²ýœ —u²�b�« …UOŠ sŽ …c³½ ∫ ‰Ë_« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

and Dashti H.  Selenium and Liver Cirrhosis.  Accepted in the 
Journal of Molecular and Cellular Biochemistry 185:1-6, 1998.

66. A. Omu, Dashti H, A. Mohammed and Alice B. Mattappallil.  
Cigarette smoking causes impairment of spermatozoal quality: 
Andrological and biochemical evaluation. Medical Principles 
and Practice, 1998; 47-53 Vol. 7, 

67. Al-Bader, T.C. Mathew, H. Abul, M. Al-Mosawi, Dashti H.M., 
D. Kumar and P.K. Singal. Thiocetamide Induced Changes in 
Trace Elements and Kidney Damage.  Journal of Trace Elements 
in Experimental Medicine 11:000-000 (1998)

68. Alexander E. Omu, H. Dashti  and Saed Al-Othman.  Treatment 
of Asthenozoospermia with zinc sulphate: andrological, 
immunological and obstetric outcome. European Journal of 
Obstetrics  & Gynaecology and Reproductive Biology 000 
(1998) 79:179-184.

69. A.E. Omu, H. Dashti,  A. Al-Bader; Immuno-modulation of 
sperm quality by zinc is T Helper 2 phenomenon. Metal Ions 
in Biology and Medicine, vol. 5. Eds Ph. Collery, P. Bratter, V. 
Negretti de Bratter, L. Khassanova, J.C. Etienne. John Libbey 
Eurotext, Paris, 1998, pp. 449-453.

70. C.I. Ezeamuzie, M. Al-Mousawi, H. Dashti, A. Al-Bashir, M. Al-
Hage, A. Al-Ali.. Prevalence of allergic sensitization to inhalant 
allergens among blood donors in Kuwait - a desert country. 
Allergy 1997:52:1194-1200.

71. A. Al-Bader, J.T. Christenson, F. Simonet, H. Abul, H. Dashti  
and M.Schmuziger.Inflammatoryresponseandoligo-element 
alterations following cardiopulmonary bypass in patients 
undergoing coronary artery bypass grafting. Cardiovascular 
Surgery, Vol. 6. No. 4, pp. 406-414, 1998.

72. A. A. Al-Bader, T.C. Mathew, H. Abul, M. Al-Mousawi, D.
  Panigrahi and 

H. Dashti.  Bacterial translocation in thiocetamide induced liver 
cirrhosis in rats. J.R. Coll. Surg. Edinb. 43, August 1998, 278-
282.



∂∏

w²ýœ —u²�b�« …UOŠ sŽ …c³½ ∫ ‰Ë_« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

and cytological outcome.  Assisted Reproductive Technology/
Andrology, Volume VIII, issues; 3 & 4, 159-163, 1996.

57. Al-Saffar A.M., Mathew T.C., Dashti H., Lincoln D., Raju P. 
and  Behbehani, A..  Immunohistochemical localization of S-100 
protein in carcinomatous and normal colorectal tissues. Surg. 
Res. Comm. 1997.

58. Abul H.T., Abul A.T., Dashti H.M.,  Behbehani A.E., Hussain T., 
Al-Athary E.A.. Comparison of Local and Systemic Production 
of Interleukin-8 in Smoking and Non-Smoking patients with 
infectious lung disease. Med Principles Pract. 1996; 5 : 19-24.

59. Rajacic N. and Dashti H.  Reconstruction of the lateral malleolus 
using a reverse-flow vascularized fibular head : A case report. 
Microsurgery 1996; 17: 158-161.

60. Dashti H., Mathew T.C., Jaadaon M.M., Ashkanani E. Zinc and 
Liver Cirrhosis: Biochemical and Histopathological Assessment. 
Nutrition Journal 13:206-212, 1997. 

61. Farghaly M., Khoursheed M., ,Dashti H . and Thulesius 
O..  Gallbladder Motility in Laparoscopic Cholecystectomy 
Specimens. Digestion 1997: 58(4): 368-72.

62. A.A. Al-Bader, M.H. Mosawi, T.A. Hussain and Dashti H.M.  
Effect of dietary selenium, zinc and allopurinol supplements on 
plasma and tissue manganese level in rats with thiocetamide-
induced liver cirrhosis. Journal of Molecular and Cellular 
Biochemistry, 173:121-125, 1997.

63. A. A. Al-Bader, T. Hussain,  M. Al-Mousawi, M. Otaibi, H. Abul, 
D. Khalifa and Dashti H.  Serum Zinc and Copper Concentrations 
in Pregnant women from Kuwait. The Journal of Trace Elements 
in Experimental Medicine 10: 209-215 (1997).

64. D. Kumar, A.A.Al-Bader, H. Abul, N. Ganguly and Dashti H. 
Molecular concepts in rheumatic fever and rheumatic heart 
disease. Exp. Clin. Cardiol. (1997) 2:155-160.

65. Al-Bader, Abul H, Hussain T,  Al-Mousawi M, Mathew T.C. 



∂π

w²ýœ —u²�b�« …UOŠ sŽ …c³½ ∫ ‰Ë_« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

48. El-Hifnawi., L. David., and Dashti H,., Effects of Vitamin E 
on the Retina and Retinal Pigment Epithelium of IRCS Rats.  
Nutrition supplement, 1995;  11 (5) pgs. 576-581.

 
49. Behbehani A.E., Dashti H,  Talib H. and Szymendera J.J.. Five 

year Survival Versus Initial Concentrations and Longitudinal 
Serum CEA Patterns in patients with Colorectal Carcinoma. 
Nutrition supplement, 1995; 11 (5): pgs. 614-618.

50. L. David., M. Al-Jarallah., Dashti H.,, et al: Primary Ki-1 
lymphoma of the Skin: Expression of Growth Hormone 
Receptors., Nutrition supplement, 1995; 11 (5) 

 pages 627-631.

51. Lincoln D.T., Temmin A.L., Al-Jarallah M.A.,  Sinowatz F, 
Gabius H, El-Hifnawi E.S. and Dashti  H.,,: Potential Usefulness 
of Biotinylated Neoglycoproteins as Tumour markers.  Nutrition 
supplement, 1995, 11, (5): pages: 632-637.

52. El-Sayed., L. David., and Dashti H,  Nutritionally Induced 
Retinal Degeneration in Rats.  Nutrition supplement, 1995 11 
(5); pages: 705-707.

53. Dobardzid AM, Dashti H, Dobardzic R. Antibiotic prescriptions in 
surgical and medical departments and urine culture susceptibility 
reports. J Chemother 1995, Nov. 7, Suppl 4:170-2

54. Dashti  H.M.,  Abul H., Behbehani A., Hussain T., Madda J. P. 
Interleukin-8 and Trace Element Alterations in Experimentally 
induced Liver Cirrhosis: The influence of Zinc, Selenium, 
and Allopurinol treatment.  The Journal of Trace Elements in 
Experimental Medicine. 1996, 9: 27-40.

55. Omu AE., Dashti H., Fatinnikum T., The significance of zinc: 
cadium ratio in semen of infertile men: Relationship with 
Seminal T helper Cytokines and Spermatozoal quality.  Assisted 
Reproductive Technology/Andrology, Volume VIII, issues; 3 & 
4, 18-21, 1996.

56. Omu AE., Dashti H., Adenyanju M., et al.  Treatment of astheno-
oligozoospermia with zinc sulphate: andrological, obstetric 



∑∞

w²ýœ —u²�b�« …UOŠ sŽ …c³½ ∫ ‰Ë_« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

39.  Behbehani A., Dashti, H., Shaltoot, A.  Fibroadenosis and 
Alteration of Trace Elements.  Surg. Res. Comm.,  1994, Vol.  
15: 291 - 296

40.  Behbehani A. and Dashti  H.  Alteration in the  plasma Amino 
Acids level in Benign breast  Disease. Surg. Res. Comm., 1994; 
16:73 - 80

41.  Dashti  H., Behbehani  A., Abul  H., Hussein T. Amino Acids 
in Experimental liver Cirrhosis: Influence of Scavengers. Surg. 
Res.Comm., 1994; 16: 65 - 72

42. Rajacic N., Gang R.K., Dashti  H.,  Behbehani, A. Treatment 
of ischial pressure sores with an inferior gluteus maximus 
musculocutneous  island flap: an analysis of 31 flaps. British 
Journal of Plastic Surgery   1994;   47: 431-434.

43. Dashti H., Behbehani  A., Abul  H., Hussain  T.,  Madda  P.  
Alterations of trace elements in  Kidney, spleen and lungs in 
treated and untreated  Experimental liver cirrhosis. J. R. Coll. 
Surg. Edinb., 1995, 40 : 173-179.

44. Abul   H.T., Abul  A. T., Al-Athary  E.A., Behbehani  A.E., 
Khadadah  M.E. and Dashti H., Interleukin-1 alpha (IL-1alpha) 
production by alveolar macrophages in patients with acute lung 
diseases : the influence of zinc supplementation. Molecular and 
Cellular  Biochemistry, 1995, 146: 139-145.

45. Dashti H., and A. Behbehani. Alteration in the Plasma level of 
amino acids in Bilharzial liver fibrosis and experimental liver 
cirrhosis : Influence of zinc treatment. Surg. Res. Comm, 1995,  
17: 93-103.

46. Omu, A.E., Dashti H.,,, Mohamed, A,T., Mattappallil A.B.. 
Significance of Trace elements in Seminal Plasma of Infertile 
men. Nutrition supplement, 1995; 11 (5): pgs. 502-505

47. B. Rameshwar., and Dashti H., Keloid and Hypertrophic scars: 
Trace element Alteration.  Nutrition supplement, 1995; 11 (5) 
pgs. 527-531.



∑±

w²ýœ —u²�b�« …UOŠ sŽ …c³½ ∫ ‰Ë_« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

J.T., Al-Adnani, M.S.. The role of zinc sulphate in normalizing 
superoxide dismutase activity in the experimented liver cirrhosis 
(Surg. Res. Comm.) 1992, 11 : 261-269.

32. El-Salfiti, J.I., Christenson, J.T., Dashti, H., Junaid, T.A.. 
Increased renal and hepatic subcapsular pressures following 
resuscitation from haemorrhagi shock in an experimental model. 
Surg. Res. Com, 1991, Vol. 10, pp. 81-87.

33. Dashti, H., Salfiti, J., Hayat, l., Khalifa, D., Christenson,  J.T.. 
Alterations of trace elements during haemorrhagic shock and 
after retransfusion, Surg. Res. Comm., 1991,  Vol. 10, pp. 89-
94.

34. D. Khalifa, H. Youssef, H. Al-Sayer, N. Al-Awadi, M.  Abdulla, 
J.T. Christenson and Dashti H., Alterations in the level of 
trace elements in acute appendicitis versus appendictomy. 
“Trace Elements in Man and Animals”  TEMA 7, Monography, 
Proceedings - Zagreb, 1991, pgs. 294-295. Eds. Berislav 
Momcilovic).

  
35.   M. Abdulla., A. Behbehani and Dashti H.,   Dietary  requirement 

and intake of trace elements. In Essential  Tr ace  Elements in 
Gastroenterology and Clinical  Medicine (ed. Giascomo Carlo., 
Craig, McClain., M.   Abdulla). Smith Gordon - Nishiumra,  
1991 PP 27 -34.

36. Dashti H., B. Jeppsson, A. Fakhro, I. Hagerstrand,  U. Srinvas, 
M. Abdulla and S. Bengmark. Experimental Liver Cirrhosis 
Trace Elements Pattern. Surg. Res. Comm., 1992, Vol. 12, pp. 
191-196.

37. A.R.A.Lari, R.L. Bang, M.K.H. Ebrahim and Dashti H.,  An 
analysis of Childhood burns in Kuwait. Burns (1992),  18, (3), 
224-227.

38. Dashti, H.,  Vallgren, S., Hyat, L, Vallgren, M., Elhag,  K.M., 
Christenson, J.T..  Gram negative septicemia and trace elements 
alterations in tissue and plasm : Effects of superoxide dismutase 
(SOD) and allopurinol.  Medical Principle and Practice, 1993; 
3:77-83.   



∑≤

w²ýœ —u²�b�« …UOŠ sŽ …c³½ ∫ ‰Ë_« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

value of pre-operative fine needle aspiration biopsy in planning 
the management of parotid gland tumour. Medical Principles and 
Practice  2: 27-34, 1990.

24. N. Al-Naqeeb, A. Behbehani, Dashti H., J. Ahmed, A.A. Al-
Mubarak. Post-cricoid carcinoma : Results after  visceral 
transposition and pattern of recurrence in 28  patients. Medical 
Principles and Practice. 1990-91;  148-155.

25. A.Al-Taweel, Dashti H., A. Behbehani, W. Olszewski, S. Atia 
and N. Al-Naqeeb. Value of clinical examination,  scintigraphy 
and fine-needle aspiration cytology in diagnostic of solitary 
thyroid nodules. Medical Principles and Practice, 1990-1991 2 : 
167-171.

26. Mohammad Abdulla, Abdulla Behbehani and Dashti H.,  
Marginal Deficiency of Magnesium and  suggested treatment. 
Magnesium in Health and Disease (Eds. Y. Itokawa and J. 
Duriach) pp. 111- 117, 1989. John  Libbey & Company Ltd..

27. Dashti H., Bengt Jeppsson, Hilal Al-Sayer, U. Aslund, Dawood  
Khalifa, Jan Christenson. Trace Elements in bilharzial liver 
fibrosis and alcoholic liver cirrhosis with special reference to 
alcoholic hepatic  encephalopathy.  Surg. Res. Comm., 1990, 
Vol. 9,  pp. 31-40. 

28. A. Al-Mohanna, K.A. Abu Chra, Dashti H., A. Behbehani  and 
N. Al-Naqeeb. Thyroid lebectomy for removal of a fish bone. 
The Journal of laryngology and Otology. 1990; 104: 511 - 512

29. N. Al-Naqeeb, Dashti H., A.Al-Mohana and A. Behbehani. 
Parotid gland tumours. A 15 year experience. J. R. College 
Edinb. 37, 1992, 89-93.

    
30.   Dashti, H.,  Behbehani, A., Al-Sayer, H., Madda, J.,  Christenson, 

J.T..Liver cirrhosis induced by carbon tetra chloride  and the effect 
of superoxide dismutase (SOD) and xanthine oxidase inhibitor 
treatment. Royal College of  Surgeons, Edinburgh. 1992; 37:23 
28.

31. Behbehani, A., Simsek, M., Dashti, H., Lari, A.,  Christenson, 



∑≥

w²ýœ —u²�b�« …UOŠ sŽ …c³½ ∫ ‰Ë_« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

15. Dashti, H., Jeppsson, B., Hagerstrand, I., Hultberg, B.,  Srinivas, 
U., Abdulla, M. and Bengmark, S.. Early biochemical and 
histological changes in rate exposed to a single injection of 
thioacetamide. Pharmacology & Toxicology, 1987, 60: 171-
174.

16. Dashti, H., Jeppsson, B., Hagerstrand, I., Srinivas, U.,  Abdulla, 
M. and Bengmark, S.. Serial hepatic resections in cirrhotic rats. 
Surgical Research Communications, 1987, Vol. 1, pp. 139-146.

17. Dashti, H., Pero, R., Johsson, B., Jeppsson, B. and Bengmark, 
S.. The role of free radicals in the pathogenesis of alcohol, carbon 
tetrachloride and thioacetamide induced cell injury. Biochem. 
(Life Sci. Adv.) 1987, 6 : 195-198.

18. Dashti H.,  B. Jeppsson, G.G. Jonsson, I. Hagerstrand, R.W. 
Pero, T. Strohmeyer, B.,  Hultberg, S., Bengmark. The role of 
superoxide dismutase in the prevention of  CC14 - induced liver 
injury.  Biochem (Life Sci. Adv. ). 7 : 95- 98, 1988.

19. Abdulla, M., Behbehani, A. and Dashti, H.. Dietary intake and 
bioavailability o trace element, 1988. Biological Trace Element 
Research, 21 : 173-178, 1989.

    
20. Behbehani, A., Dashti, H., Hyat, L., Abu-Ainas, S.  Christenson, 

J.T., Al-Naqeeb, N. and Abdulla, M..  Alteration of trace elements 
in the plasma of patients with the cancer of head and neck. 
Minerals and Trace Elements in Human Diseases, 1989. Smith-
Gordon, London,  England, pp. 45-48.

21. Lari, A., Al-Rabah, N.  and Dashti, H.. Acrobatic ears, A cause 
of petrified auricles. British Journal of Plastic Surgery, 42 : 719-
721, 1989.

22. Dashti H.,  B., Jeppsson, I. Hagerstrand, B. Hultberg, U., 
Srinivas, M. Abdulla, S. Bengmark. Thioacetamide and Carbon 
Tetrachloride-induced liver  Cirrhosis. (European Surgical 
Research) 21 : 83-91, 1989.

23. A. Behbehani, Dashti H., El-Shawi, M., Awwad, A.,  Woyke, 
S., Olzewski, W., Christenson, J.T. and Na’il Al- Naqeeb. The 



∑¥

w²ýœ —u²�b�« …UOŠ sŽ …c³½ ∫ ‰Ë_« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

∑¥

w²ýœýœ — u²�b�« …UOŠ sŽ …c³c³½ ½ ∫ ‰Ë_« qBH�«

WML���U� Ð WIKF²*« ÷«d�_« ÃÃöFö � wz«cG�« ÂUEM�«

∑¥

w²ýœ —u²�b�« …UOŠ sŽ …c³½ ∫ ‰Ë_« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

elements in the plasma of patients with myocardial infarction. 
In : Trace Elements in Man and Animals. Eds. C.F. Mills,  I. 
Bremner and J.K. Chesters, Commonwealth Agricultural 
Bureaux, 1985, pp. 772-773.

8. Christenson, J.T. Arvidsson, D., Qvaford, P., Dashti, H.,  Olsson, 
P.I., Strand, S.E. and Sjoberg, T. (1985). The early uptake and 
distribution of platelet in small-diameters polytetrafluoroethylene  
(PTEE) vascular grafts. Eur. J. Nucl. med. 10 : 160-164.

9. Srinivas, U., Bugge, M. Bentsson, J.F., Herlin, P., Dashti,  H., 
Abdulla, M. (1986). Concentration of trace elements in the plasma  
after total hepatectomy. Acta Pharmacologica et Toxicologica, 
Vol. 59, Supp. VII, pp. 229-232.

10.  Srinivas, U., Bugge, M., Bengtsson, F., Herlin, P., Dashti H., 
Abdulla, M.  (1986).  Concentration of trace elements in the 
plasma after devascularization of liver. Acta Pharmacologica et 
Toxicologica, Vol. 59, Supp. VII,  pp. 211-214.

11. Alrowaih, A., Thorngren, K.G., Abdulla, M., Jorning, S. and 
Dashti, H. (1986). Alteration of trace elements in  plasma of 
patients with traumatic bone injury. Acta Pharmacologica et 
Toxicologica, Vol. 59, Supp. VII, pp. 296-299.

12. Dashti, H., Jeppsson, B., Hultberg, B., Hagerstrand, I.,  Abdulla, 
M., Srinivas, U. and Bengmark, S.. Changes in the plasma 
levels of copper, zinc, calcium, magnesium and selenium in 
thioacetamide induced liver cirrhosis. Acta Pharmacologica et 
Toxicologica, Vol. 59, Supp. VII, pp.  219-222, 1986.

13. Dashti, H.. Thesis : “Liver Injury and liver Cirrhosis” An 
experimental and Clinical Study. Bulletin No. 64 from the 
Department of Surgery, Lund University, Sf221 85, Lund, 
Sweden, 1986.

14. Srinivas U, Bugge M, Bengtsson F, Herlin P, Dashti H.  and 
Abdulla M. Concentrations of trace elements in the plasma after 
total hepatectomy in the rat. Acta Pharmacol  Toxicol (Copenh.) 
(Denmark) 1986, 59 Suppl., 7, p229-32  ISSN : 0001-6683.



∑μ

w²ýœ —u²�b�« …UOŠ sŽ …c³½ ∫ ‰Ë_« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

∑μ

w²ýœ —u²�b�« ……UOUOŠ sŽ …c³½ ∫ ‰Ë_« qqBBH�«

WML��UÐ WIKF²*« ÷÷«d�_« ÃöF� wz«cG�« « ÂUÂUEEM�«

∑μ

WLJ;« WO³D�«  ö−*« w� …—uAM�  ôUI�Ë ÀU×Ð√ ∫ w½U¦�« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

4)     PUBLICATIONS  : 

1. Abdulla, M.  and Dashti, H. (1983). Nutritional  significance 
of inorganic   chemical elements. pp 109-119.  Proceedings of 
the First  International Conference in  Health   and Disease (Ed. 
Arora, R.B., Bohora, S.B.,  Khan, M.S.Y.), Hamdard Nagar, 
New Delhi,  India.

2. M. Abdulla, Dashti H., A. Mathur (1983). The role of Zinc  and 
Copper in Neoplasia. PP 197 - 205. Proceeding of  International 
Conference on Elements in Health and  Disease. (Ed. Hakim 
Mohammed Said).

3.  Abdulla, M. and Dashti, H. (1984). Selenium levels in  prepared 
meals and blood of vegans, lactovegans,  pensioners and teenagers 
in Sweden. Proceedings of the Third International Symposium 
on Industrial Uses of Selenium and Tellurium. 1984 (STDA) pp. 
522-527.

4. Dashti, H., Abdulla, M., Srinivas, U., Hultberg, B., Hagerstrand, 
I., Joelsson, B. and Bengmark, S.. Carbon tetrachloride and 
alcohol induced liver injury inorganic chemical elements pattern. 
In : Trace Elements in Man and Animals.  Eds.  C.F.  Mills, I. 
Bremner and J. K. Chesters, Commonwealth  Agricultural, 
Bureau, 1985, pp 557-559.

5. Dashti, H., Abdulla, M., Srinivas, U., Hultber, B., Hagerstrand, 
I., Joelsson, B. and Bengmark, S.. Influence of thioacetamide-
induced liver injury on inorganic chemical elements. In : Trace 
Elements in Man and Animals. Eds. C.F. Mills, I. Bremner and 
J.K. Chesters. Commonwealth Agricultural Bureaux, 1985, pp 
554-556.

6.  Dashti, H.,  Abdulla, M., Hultberg, B., Srinivas, U.,  Ockerman, 
P. A., Joelsson, B and Bengmark, S.. Trace elements and amino 
acid in liver cirrhosis. In : Trace Elements in Man and Animals. 
Eds. C.F. Mills, I. Bremner and J.K.  Chesters, Commonwealth 
Agricultural Bureaux, 1985, pp 837-839.

7. Srinivas, U., Abdulla, M. , Ockerman, P.A., Sjogren, A.,  
Ahremark, U. and Dashti, H..  Levels of inorganic chemical 

ا�بحاث المنشورة للدكتور حسين دشتي من عام 1983 - 2010 م 



∑∂

w²ýœ —u²�b�« …UOŠ sŽ …c³½ ∫ ‰Ë_« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

w??z«cG�« ÂU??EM�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF�

 wðdC×Ð  Ór K Ôþ  ÂuKE� s�  pO�≈  —c²Ž√  w½≈  rNK�«

 s�Ë ¨ÁdJý√ rK� w�≈ ÓÍ b ÚÝ
Ô√ ·ËdF� s�Ë ¨ÁdB½√ rK�

 wM�QÝ W�U� Í– s�Ë ¨Á—cŽ√ rK� Òw�≈ —c²Ž« Ì¡w ��

 ¨Ád�Ë√ rK� s�R* wM�e� oŠ Í– oŠ s�Ë ¨ÁdŁƒÔ√ rK�

 rŁ≈ q	 s�Ë ¨Ád²Ý√ rK� w� dNþ s�R� VOŽ s�Ë

 sNM�  wN�≈  U¹  pO�≈  —c²Ž√  ¨Ád−¼√  rK�  w�  ÷dŽ

 5Ð  U*  ÎUEŽ«Ë  ÊuJ¹  W�«b½  —«c²Ž«  s¼dzUE½  s�Ë

 qFł«Ë t�¬Ë  bL×� vKŽ ÒqB� ¨sN¼U³ý√ s� Íb¹

 vKŽ w�eŽË  ôe�« s� tO� XF�Ë U� vKŽ w²�«b½

 w�  Vłuð  WÐuð   U¾O��«  s�  w�  ÷dF¹  U�  „dð

Æ5Ð« Òu²�« V×� U¹ p²³×�

5�(« sÐ wKŽ ÂU�ù«

©Ÿ® s¹bÐUF�« s¹“



∑∑

WLJ;« WO³D�«  ö−*« w� …—uAM�  ôUI�Ë ÀU×Ð√ ∫ w½U¦�« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

ابحاث أ.د/حسين دشتي
والمقاالت المنشورة في 
المجالت الطبية المحكمةالمجالت الطبية المحكمة

w??z«cG�« ÂU??EM�«w??z«cG�« ÂU??EM�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF�WML��UÐ WIKF²*« ÷«d�_« ÃöF�

w½U¦�« qBH�«w½U¦�« qBH�«



∑∏

WLJ;« WO³D�«  ö−*« w� …—uAM�  ôUI�Ë ÀU×Ð√ ∫ w½U¦�« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

Please cite this article in press as: Al-Khalifa A, et al. Low carbohydrate ketogenic diet prevents the induction of diabetes using
streptozotocin in rats. Exp Toxicol Pathol (2010), doi:10.1016/j.etp.2010.05.008

ARTICLE IN PRESSG Model
ETP-50494; No. of Pages 7

A. Al-Khalifa et al. / Experimental and Toxicologic Pathology xxx (2010) xxx–xxx 7

Hodge AM, English DR, O’Dea K, Giles GG. Glycemic index and dietary fiber and the
risk of type 2 diabetes. Diabetes Care 2004;28(7):1839–40.

Kerstens PJ, Lamers CB, Jansen JB, de Jong AJ, Hessels M, Hafkenscheid JC. Physio-
logical plasma concentrations of cholecystokinin stimulate pancreatic enzyme
secretion and gallbladder contraction in man. Life Sci 1985;36:565–9.

Kettelhut IC, Foss MC, Migliorini RH. Glucose homeostasis in a carnivorous animal
cat; and in rats fed a high-protein diet. Am J Physiol Regul Integr Comp Physiol
1980;239:R437–44.

Kreitzman SN, Coxon AY, Kalman FS. Glycogen storage: illusions of easy weight loss,
excessive weight regain, and distortions in estimates of body composition. Am
J Clin Nutr 1992;56:292S–3S.

Lazarys SS, Shapiro SH. Streptozotocin-induced diabetes and islet cell alterations in
rabbits. Diabetes 1972;21:129–37.

Lewis C, Barbiers AR. Streptozotocin, a new antibiotic in vitro and in vivo evaluation.
Antibiot Ann 1960;22:247–54.

Ludwig DS. The glycemic index: physiological mechanisms relating to obesity, dia-
betes, and cardiovascular disease. JAMA 2002;287(18):2414–23.

Maalouf M, Sullivan PG, Davis L, Kim DY, Rho JM. Ketones inhibit mitochondrial
production of reactive oxygen species production following glutamate excito-
toxicity by increasing NADH oxidation. Neuroscience 2007;1451:256–64.

Malecki MT. Type 2 diabetes mellitus and its complications: from the molecular
biology to the clinical practice. Rev Diabet Stud 2004;1:5–8.

Mathew TC, Al-Bader M, Bou-Resli MN, Dashti HM, Al-Zaid NS. Alteration of brain
zinc level in rat pups of zinc supplemented mothers. Trace Elements Electrolytes
2006;23(4):231–6.

McNeill J. Experimental models of diabetes. 1st ed. Florida: CRC Press LLC; 1999. p.
3–17.

Mythili MD, Vyas R, Akila G, Gunasekaran S. Effect of streptozotocin on the ultra-
structure of rat pancreatic islets. Microsc Res Technol 2004;63:274–81.

Nazarewicz RR, Ziolkowski W, Vaccaro PS, Ghafourifar P. Effect of short-term
ketogenic diet on redox status of human. Rejuvenation Res 2007;10(4):
435–9.

Pari L, Satheesh MA. Antidiabetic activity of Boerhaavia difusa L. effect on hepatic
key enzymes in experimental diabetes. J Ethnopharmacol 2004;91:109–13.

Peterson SJ, Tangney CC, Pimentel-Zablah EM, Hjelmgren B, Booth G, Berry-Kravis
E. Changes in growth and seizure reduction in children on the ketogenic diet as
a treatment for intractable epilepsy. J Am Diet Assoc 2005;105: 718–25.

Phinney SD, Bistrian BR, Wolfe RR, Blackburn GL. The human metabolic response
to chronic ketosis without caloric restriction: physical and biochemical adapta-
tions. Metabolism 1983;32:757–68.

Schmidt FH, Siegel EG, Trapp VE. Metabolic and hormonal investigations in long-
term streptozotocin diabetic rats on different dietary regimens. Diabetologia
1980;18(2):161–8.

Shihabi ZK, Schwartz RP, Pugia MJ. Decreasing the variability observed in urine
analysis. Ann Clin Lab Sci 2001;31(1):99–102.

Siegel EG, Trapp VE, Wollheim CB, Renold AE, Schmidt FH. Beneficial effects of
low-carbohydrate—high protein diets in long-term diabetic rats. Metabolism
1980;29(5):421–8.

Szkudelski T. The mechanism of alloxan and streptozotocin action in B cells of the
rat pancreas. Physiol Res 2001;50:537–46.

Torregrossa AM, Smith GP. Two effects of high-fat diets on the satiating potency of
cholecystokinin-8. Physiol Behav 2003;78:19–25.

Ugochukwu NH, Figgers CL. Modulation of the flux patterns in carbohydrate
metabolism in the livers of streptozoticin-induced diabetic rats by dietary
caloric restriction. Pharmacol Res 2006;54(3):172–80.

Veech RL, Chance B, Kashiwaya Y, Lardy HA, Cahill Jr GF. Ketone bodies, potential
therapeutic uses. IUBMB Life 2001;51(4):241–7.

Willi SM, Oexmann MJ, Wright NM, Collop NA, Lyndon L. The effects of a
high-protein, low-fat, ketogenic diet on adolescents with morbid obesity:
body composition, blood chemistries, and sleep abnormalities. Pediatrics
1998;101:61–7.

Yancy WS, Olsen MK, Guyton JR, Bakst RP, Westman EC. A low-carbohydrate, keto-
genic diet versus a low-fat diet to treat obesity and hyperlipidemia. Ann Intern
Med 2004;140(10):769–77.



∑π

WLJ;« WO³D�«  ö−*« w� …—uAM�  ôUI�Ë ÀU×Ð√ ∫ w½U¦�« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

Please cite this article in press as: Al-Khalifa A, et al. Low carbohydrate ketogenic diet prevents the induction of diabetes using
streptozotocin in rats. Exp Toxicol Pathol (2010), doi:10.1016/j.etp.2010.05.008

ARTICLE IN PRESSG Model
ETP-50494; No. of Pages 7

6 A. Al-Khalifa et al. / Experimental and Toxicologic Pathology xxx (2010) xxx–xxx

an increase in lipogenesis, rather than oxidation, leading to fat
deposition and obesity.

Several mechanisms are involved in the reduction of body
weight using LCKD. There is a greater loss of glycogen and water in
this diet compared to the other diets that leads to an initial rapid
weight loss. This occurs during the depletion of glycogen storage
as each gram of glycogen is stored in 3 g of water (Kreitzman et
al., 1992). Also, due to ketosis, there is energy loss in the form of
ketones in urine, sweat or feces. Ketones have a diuretic effect and
therefore lead to an even greater water loss, which has been mea-
sured from 4.5 to 15 lbs (Phinney et al., 1983). Further reduction
in weight results from thermogenesis and increased fat loss, with
preserved lean body mass (Willi et al., 1998). In contrast to our
results other investigators (Kettelhut et al., 1980; Siegel et al., 1980)
showed an increase in the body weight of LCKD fed rats. However,
the LCKD composition used in these studies were different from
what we used in our studies.

Consumption of high glycemic index diet (ND and HCD) was
associated with a higher risk of diabetes (Hodge et al., 2004). How-
ever, the results presented here shows that STZ injected LCKD
group showed no substantial change in the blood glucose level and
remained within the normal range of 100 mg/dL. Previous studies
from other investigators have also shown the protective effect of
high-protein, CHO-free diet in the induction of diabetes using STZ
(Eizirik and Migliorini, 1984; Eizirik et al., 1985). They found that
rats adapted to a high-protein, CHO-free diet for period of 15–21
days prior STZ injection, showed decrease in the severity of diabetes
and reduced the diabetogenic effect of STZ.

Although the LCKD group showed the least food intake and body
weight gain comparing to other groups, all the diets used were
approximately isocaloric. This is believed to be due to regulation of
food intake through the action of a number of peptides. One of them
is cholecystokinin (CCK), which is a satiation signal that is released
predominantly from I-cells in the small intestine in response to the
presence of fat or protein, which have a high satiety value (Kerstens
et al., 1985). Plasma CCK concentrations are elevated in response
to fat digestion, not by carbohydrates digestion (Torregrossa and
Smith, 2003).

Other peptides that affect food intake are peptide YY (PYY), neu-
ropetide Y (NPY) and leptin. PYY is shown to reduce food intake in
high-fat fed rodents and also elevate fat oxidation (Adams et al.,
2006). On the other hand, leptin can modulate energy expendi-
ture, appetite and sympathetic nervous activity (Haynes, 2005). It
can directly inhibit NPY and enhance melanocortin action which
is responsible for suppression of feeding, which means that leptin
can promote weight loss (Haynes, 2005).

Beside these peptides, ketone bodies in LCKD also play a role in
the regulation food intake. In a study involving 3-hydroxybutyrate
(3-OHB) infusions in Sprague–Dawley and Osborne–Mendel rats,
which were fed low-fat or high-fat diets, it has been found that both
groups exhibited reduced food intake and body weight, indicating
that increased circulating levels of 3-OHB act as a satiety signal
(Arase et al., 1988).

After STZ injection, the diabetic groups of ND and HCD showed
polyphagia as expected while the food intake remained constant
in LCKD group, which was in agreement with the studies of other
investigators (Yancy et al., 2004). Also, polydipsia was observed
in diabetic rats that were fed with normal and high carbohydrate
diet, but the water intake of LCKD diabetic rats remained constant.
Similarly, rats fed on ND and HCD showed a significant increase in
urine output and the STZ injected rats fed on LCKD did not show a
significant increase in urine output. In support to the data presented
in this study, other studies using CHO restricted diet (Schmidt et al.,
1980) or CHO-free diet (Eizirik and Migliorini, 1984; Eizirik et al.,
1985) also showed similar results in water intake, urine excretion
and food consumption.

Urine glucose analysis showed the presence of glucose in ND-
D and HCD-D groups while glucose was absent in the LCKD-D
group. The presence of glucose in the urine also correlated with
the polyurea condition in these groups since it has a diuretic effect
(Shihabi et al., 2001).

In our studies, STZ injection showed a decrease in the number
of � cells in rats belonging to the ND and HCD groups as demon-
strated by other investigators (Lazarys and Shapiro, 1972; Mythili
et al., 2004). However, there was no difference between LCKD con-
trol and diabetic groups as well as between LCKD control and
control of ND and HCD. Based on these observations, we suggest
that LCKD, specifically ketone bodies functions as antioxidants that
prevent the diabetogenic effect of STZ. In this regard, it has been
shown that inducing ketosis either by the administration ketone
bodies or LCKD, elevates the antioxidative capacity in the cen-
tral nervous system, and improves the conditions of patients with
neurologic disorders (Peterson et al., 2005; Maalouf et al., 2007).
Veech et al. (2001) also suggested that ketones might reduce oxida-
tive stress in cardiac tissue. Nazarewicz and his colleagues (2007)
found that ketone bodies, particularly beta-hydroxybutyrate, sig-
nificantly increased the redox status of healthy human blood.

In conclusion, this study suggests that LCKD prevents the devel-
opment of streptozotocin in duced diabetes and its complication
in rats. However, further studies are necessary to understand the
underlying cellular mechanisms. Further studies on the therapeutic
role of LCKD in diabetes are in progress in our laboratory.
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Fig. 8. Sections of the pancreas from control and diabetic rats of pre-fed experiment stained with Gomori’s Chrome Alum Haematoxylin–Phloxine stain. � cells with blue
and located interior, � cells with red found at periphery and � cells pink to red located among � cells. Magnification 40×. (For interpretation of the references to color in the
figure caption, the reader is referred to the web version of the article.)

(Fig. 7a and b). In the diabetic groups of ND and HCD, the islet mor-
phology was altered with vacuoles and only a few islets were seen in
the tissue sections (Fig. 7d and e). On the other hand, the islets were
normal and intact in both the control and the diabetic group of LCKD
(Fig. 7c and f). Gomori’s Chrome Alum Haematoxylin–Phloxine
stain was used to distinguish the endocrine cells of pancreas and to
highlight the blue stained insulin producing � cells from the red �
and the pink to red � cells (Fig. 8). The data showed a decrease in the
number of � cells in diabetic rats of ND and HCD with p = 0.022 and
p = 0.012, respectively, compared to their control groups. There was
no difference, however, between LCKD control and diabetic groups
(p = 0.981) as well as between LCKD control and control of ND and
HCD (Fig. 9).

5. Discussion

Diabetes mellitus (DM) is a common endocrine disorder world-
wide and its occurrence continues to increase. It has been widely
accepted that dietary components have a significant role in the clin-
ical management of DM. Various studies from our laboratory have
shown that ketogenic diet is effective in achieving weight loss and
may have beneficial effects on glycemic control, triglyceride levels,
and high-density lipoprotein cholesterol levels in diabetic patients.
(Dashti et al., 2003, 2004, 2006, 2007). The results of the animal
experiments presented in this study clearly shows that the rats
fed on LCKD had remarkable tolerance to STZ and did not develop
diabetes.

In this study, diabetes was induced in rats using STZ injection.
STZ selectively destroys pancreatic � cells (insulin producing cells)
by inducing DNA methylation and DNA damage, causing activa-
tion of poly(ADP-ribose) polymerase (PARP). This results in the
reduction of cellular NAD+, severe ATP depletion and eventually
cell death (Bolzán and Bianchi, 2002). The rats on LCKD showed
greater resistance to the diabetogenic action of the drug. This was
proven by measuring the metabolic parameters, including changes

in body weight, blood glucose, food and water intake and urine
output.

The tendency to put on weight are higher in the normal and high
carbohydrate diets fed animals as compared to LCKD. The mecha-
nisms by which ND and HCD increase and LCKD reduce body weight
were explained in several studies (Ludwig, 2002; Ebbeling et al.,
2003). ND and HCD with high carbohydrate (CHO) contents, have
high glycemic index. CHO is considered as the major stimulus for
insulin secretion. This induces a more rapid insulin response which
leads to a hypoglycemic postprandial period, that causes appetite
stimulation and increase in caloric intake. Secondly, insulin is an
anabolic hormone and with continued hyperinsulinemia there is

Fig. 9. The effect of different diets: normal diet (ND), high carbohydrate diet (HCD),
and low carbohydrate ketogenic diet (LCKD) on number of � cells in control (C) and
diabetic rats (D). The values are mean ± SEM (n = 42). * = p < 0.05, ND-C compared
to ND-D. + = p < 0.05, HCD-C compared to HCD-D. ¤¤ = p < 0.01, ND-D compared to
LCKD-D. �� = p < 0.01, HCD-D compared to LCKD-D.
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Fig. 5. The effect of different diet: normal diet (ND), high carbohydrate diet (HCD),
and low carbohydrate ketogenic diet (LCKD) on water intake (mL) of control (C) and
diabetic rats (D). The values are mean ± SEM (n = 42). ** = p < 0.01, ND-C compared
to ND-D. ++ = p < 0.01, ND-D compared to LCKD-D. ∂∂ = p < 0.01, HCD-D compared to
LCKD-D. ¤¤ = p < 0.01, HCD-C compared to HCD-D.

the experiment except for the diabetic ones (ND-D and HCD-D).
There was a sudden increase in the urine output (polyurea) in the
ND-D and HCD-D groups reaching about 165 mL/day at the end of
the study (Fig. 6).

4.7. Effect of different diets on urine glucose level

The urine was tested for the presence of glucose, which is usu-
ally negative in normal conditions. Before week 8, all the groups
showed negative glucosuria. After STZ injection, there was a sig-

Fig. 6. The effect of different diet: normal diet (ND), high carbohydrate diet (HCD),
and low carbohydrate ketogenic diet (LCKD) on urine output (mL) of control (C) and
diabetic rats (D). The values are mean ± SEM (n = 42). ** = p < 0.01, ND-C compared
to ND-D. ++ = p < 0.01, ND-D compared to LCKD-D. ∂∂ = p < 0.01, HCD-D compared to
LCKD-D. ¤¤ = p < 0.01, HCD-C compared to HCD-D.

nificant appearance of glucose in the diabetic ND and HCD only,
above 1000 mg/dL (past stage 4) indicating the development of a
diabetic state. However, the diabetic group of LCKD continued to
show negative glucosuria.

4.8. Histological assessment of islets of Langerhans

H&E staining showed the presence of several round to elongated
islets distributed throughout the pancreas in all the control groups

Fig. 7. Sections of the pancreas from control and diabetic rats of pre-fed experiment stained with H&E. Circles shows islets of Langerhans. Arrows shows vacuoles. Magnification
10×.
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Fig. 1. Effect of different diets: normal diet (ND), high carbohydrate diet (HCD),
and low carbohydrate ketogenic diet (LCKD) on body weight (g) in control (C) and
diabetic rats (D). The values are mean ± SEM (n = 42). ¤ = p < 0.05, ND-D compared to
LCKD-D. � = p < 0.05, HCD-D compared to LCKD-D.

intake comparing to the other groups. There was little increase in
the food intake within the first 4 weeks, after that it decreased and
remained constant during the whole experiment (Fig. 3).

4.4. Calories intake of different diet

The caloric content of the different diets was calculated form
the combustion values for CHO, fats, and proteins, which are 4, 9
and 4 kcal/g, respectively. This amounted to 4.65 kcal/g in the ND,
4.5 kcal/g for HCD, and 5.5 kcal/g for LCKD. All the groups ingested
about the same number of calories in the first few weeks until
week 5. There was a significant increase in the caloric intake for ND
and HCD compared to LCKD. This difference increased sharply with
p < 0.001 after STZ administration in the diabetic groups of ND and
HCD compared to LCKD-D as calorie intake was ranging between
600 and 800 kcal/g to reach up to 1600 kcal/g. This result was with-

Fig. 2. The effect of different diets: normal diet (ND), high carbohydrate diet (HCD),
and low carbohydrate ketogenic diet (LCKD) on blood glucose level (mg/dL) in con-
trol (C) and diabetic rats (D). The values are mean ± SEM (n = 42). ** = p < 0.01, ND-C
compared to ND-D. ++ = p < 0.01, ND-D compared to LCKD-D. ¤¤ = p < 0.01, HCD-C
compared to HCD-D. �� = p < 0.01, HCD-D compared to LCKD-D.

Fig. 3. The effect of different diets: normal diet (ND), high carbohydrate diet (HCD),
and low carbohydrate ketogenic diet (LCKD) on food intake (g/week) in control (C)
and diabetic rats (D). The values are mean ± SEM (n = 42). * = p < 0.05, ** = p < 0.01,
ND-C compared to ND-D. + = p < 0.05, ++ = p < 0.01, HCD-C compared to HCD-D.
∞ = p < 0.05, ∞∞ = p < 0.01, HCD-C compared to LCKD-C. ∂ = p < 0.05, ∂∂ = p < 0.01,
HCD-D compared to LCKD-D. ¤ = p < 0.05, ¤¤ = p < 0.01, ND-D compared to LCKD-D.

out subtracting the energy lost as urinary glucose or ketone bodies
(Fig. 4).

4.5. Changes in water intake in different groups

In the first 8 weeks, there was no difference in water intake
between the groups. However, after 8 weeks, as polydipsia is a
characteristic feature of diabetes, the HD-D and HCD-D groups
showed an increase in water intake. The LCKD-D group on the other
hand showed a constant water intake throughout the experimental
period (Fig. 5).

4.6. Effect of different diets on urine output

The amount of urine excreted was monitored weekly and it was
between the range of 15 and 35 mL/day in all the groups throughout

Fig. 4. The calories intake of different diets: normal diet (ND), high carbohydrate
diet (HCD), and low carbohydrate ketogenic diet (LCKD) in control (C) and diabetic
rats (D). The values are mean ± SEM (n = 42). ** = p < 0.001, ND-C compared to ND-D.
++ = p < 0.001, HCD-C compared to HCD-D. ¤¤ = p < 0.001, ND-D compared to LCKD-D.
�� = p < 0.001, HCD-D compared to LCKD-D.
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through methylation, the release of free radicals, or by the forma-
tion of nitric oxide (McNeill, 1999; Szkudelski, 2001). Due to these
mechanisms, STZ is selectively cytotoxic to the � cells of pancreatic
islets and a single intravenous or intraperitoneal injection of STZ
(40–60 mg/kg body weight) can lead to type 1 diabetes in exper-
imental animals (Bolzán and Bianchi, 2002). Using this molecule,
hyperglycemia and insulin deficiency is provoked within 48 h of
administration.

Although, a wide variety of drugs are used for diabetes manage-
ment, there is still no satisfactory/effective therapy available for
its cure. Furthermore, these drugs are either unaffordable due to
socio-economic conditions or have undesirable side effects (Pari
and Satheesh, 2004). It has been shown that changes in the dietary
habits, especially a reduction in the carbohydrate content is quite
effective and safer in diabetes management. The carbohydrate
content of the diet is the most important factor that influences
the glycemic level. Low carbohydrate diets appear to improve
glycemic control and lessen the need for exogenous insulin and
hypoglycemic medication (Arora and McFarlane, 2005). These diets
have been found to significantly improve insulin sensitivity by up
to 75% (Boden et al., 2005).

Low carbohydrate ketogenic diet (LCKD) is a diet that is low in
carbohydrates (<100 g/day) causing ketosis, mimicking the physio-
logical state of fasting (Freeman et al., 2006). It was first introduced
as an epilepsy treatment at the beginning of the 20th century and
with time LCKD became important in the treatment of several other
conditions such as obesity, cardiovascular disease, and type 2 dia-
betes (Dashti et al., 2003, 2004, 2006, 2007; Freeman et al., 2006).
This study, therefore, is aimed at investigating the protective role
of LCKD in the development of diabetes in an experimental animal
model of diabetes.

2. Materials and methods

2.1. Animals and experimental design

A total of 63 male Wistar rats, weighing 150–200 g, were
used in this study. Animals were housed singly, under controlled
environmental conditions of temperature 22.3 ± 0.3 ◦C, 31.2 ± 0.8%
humidity, and a 12-h light/dark cycle in the Animal Care Facility
at Kuwait University. This study was approved by the Animal Pro-
tection Ethical Committee of Kuwait University. The animals were
divided into three groups: normal diet (ND) of regular commer-
cial rat food (Mathew et al., 2006), Low carbohydrate ketogenic
diet of 30% fat, 10% carbohydrate and 60% protein (LCKD), and high
carbohydrate diet of 70% carbohydrate, 10% fat and 20% protein
(HCD) as described previously (Al-Khalifa et al., 2009). Specific diets
ad libitum were given to each group of animals for a period of 8
weeks. Each group was subdivided into normal control, sham con-
trol and diabetic groups. After 8 weeks, diabetes was induced using
an intraperitoneal injection of STZ (S-0130, Sigma, Ronkonkoma,
NY, USA), 55 mg/kg in saline, while the animals in the sham control
group were given only saline.

On the day of injection, the blood glucose level was mea-
sured from the tail using a glucometer (One touch ultra, Lifescan,
Tokyo, Japan; Ugochukwu and Figgers, 2006). For the first 48 h
after STZ injection, the animals were kept in metabolic cages and
development of diabetes was confirmed using Keto-Diabur test
strips (Accu-chek, Roche, Selangor Darul Ehsan, Malaysia; McNeill,
1999). Daily measurements of food and water intake as well as
weekly measurements of body weight were taken during the whole
experiment. In addition, blood glucose level (diabetic ≥ 250 mg/dL;
Ugochukwu and Figgers, 2006) and urine output were taken once
a week starting from the 8th week till the end of the experiment at
the 12th week.

3. Preparation of specimen

At the end of the 12th week, animals were sacrificed and the rat’s
abdomen was opened with a midline incision, where the pancreas
was taken for histological analysis by routine H&E and Gomori’s
Chrome Alum Haematoxylin–Phloxine staining methods.

Gomori’s Chrome Alum Haematoxylin–Phloxine stain was used
to distinguish endocrine cells of the pancreas and to highlight
insulin producing cells (� cells) from � and � cells (Drury and
Wallington, 1980) as previously described (Al-Khalifa et al., 2009).
Briefly, the staining method is as follows. Sections fixed in 10% for-
malin were treated with Bouin’s fluid for 16–24 h. The slides were
then washed in tap water to remove picric acid and then treated for
1 min with and an equal mixture of 0.3% potassium permanganate
and 0.3% sulphuric acid. The tissues were decolourized with 2–5%
solution of sodium bisulphate and washed well in running water.
The slides were then stained in haematoxylin solution for 15 min
until � cells become deep blue and rinsed in water and differen-
tiated in acid alcohol for about 1 minute to remove background
staining. They were washed well for about 10 min in running tap
water until the sections were clear blue. After that, the slides were
stained in 0.5% aqueous phloxine for 5 min and rinsed in water. The
slides were then treated with 5% phosphotungstic acid for 1 min,
washed in running tap water for 5 min so that sections become red
colour and differentiated in 95% alcohol. Finally, the slides were
dehydrated, cleared and mounted with a cover slip using a mixture
of distyrene (a polystyrene), a plasticizer (tricresyl phosphate), and
xylen (DPX). The tissue sections were examined using a light micro-
scope (Zeiss, Hamburg, Germany) and images were captured with
a Zeiss digital camera using Axiovision software (Zeiss, Hamburg,
Germany).

3.1. Statistical analysis

For statistical analysis of the data Student’s t-test and analysis
of variance with Bonferroni correction were performed. A value
of p < 0.05 was considered to be significant for the comparisons
between the animals fed the normal, high carbohydrate, and low
carbohydrate ketogenic diets.

4. Results

4.1. Effect of different diets on body weight

In the first 8 weeks, the body weight increased gradually in all
groups, but significantly higher in ND and HCD compared to LCKD
groups. After administration of STZ, there was significant drop in
body weight in both groups ND-D and HCD-D as a characteristic fea-
ture of diabetic status. While in the LCKD-D group the body weight
remained increasing constantly (Fig. 1).

4.2. Effect of different diets on blood glucose level

The blood glucose level was measured weekly using a glu-
cometer with the blood collected from the rat’s tail. After the
administration of STZ the blood glucose level in ND-D and HCD-
D groups were increasing from 105 mg/dL upto 650 mg/dL at
the end of study except in the LCKD-D group where the blood
glucose level remained within the normal range of 100 mg/dL
(Fig. 2).

4.3. Changes in food intake in different groups

The food intake was almost constant in ND and HCD groups in
the first 8 weeks. After that, the diabetic groups ND and HCD were
in a state of polyphagia. The LCKD groups showed the least food
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a b s t r a c t

Diabetes continues to be an overwhelmingly prevalent endocrine disorder that leads to several micro-
and macrocomplications. It has been widely accepted that changes in dietary habits could induce or
prevent the onset of diabetes. It is shown that low carbohydrate ketogenic diet (LCKD) is effective in the
amelioration of many of the deleterious consequences of diabetes. However, its role in preventing the
onset of diabetes is not understood. Therefore, this study is focused on the effect of LCKD in preventing
the induction of diabetes using streptozotocin (STZ) in rats by biochemical and histological methods.
Forty-two Wistar rats weighing 150–250 g were used in this study. The animals were divided into three
groups: normal diet (ND), low carbohydrate ketogenic diet (LCKD), and high carbohydrate diet (HCD).
Specific diets ad libitum were given to each group of animals for a period of 8 weeks. Each group was
further subdivided into normal control, sham control and diabetic groups. Animals in the diabetic group
were given a single intraperitoneal injection of STZ (55 mg/kg). All the animals were sacrificed 4 weeks
after the injection of STZ. Daily measurements of food and water intake as well as weekly measurement of
body weight were taken during the whole 12 weeks of the experiment. After injecting with STZ, the blood
glucose level of all the groups increased significantly except for the group fed on LCKD (p value < 0.01).
Also, food intake, water intake and urine output were significantly increased in all groups except for the
LCKD group (p value < 0.01). There was also a significant decrease in the weight gain of the animals that
were fed on a LCKD as compared to other groups (p value < 0.05). Although, substantial decrease in the
number of � cells was noticed in diabetic rats, there were no change in the number of � cells in the
LCKD treated diabetic animals as compared to LCKD control group. The results presented in this study,
therefore, suggests that LCKD prevents the development of diabetes using streptozotocin in rats.

© 2010 Elsevier GmbH. All rights reserved.

1. Introduction

Diabetes mellitus (DM) is characterized by hyperglycemia
which results from the defects in insulin secretion and/or insulin
action. It is one of principal cause of morbidity and mortality in
human population due to the development and progression of
micro- and macrovascular complications including neuropathy,
nephropathy, cardiovascular and cerebrovascular diseases (Altan,
2003). It has been estimated that diabetic patients exceed over 200
million worldwide and its prevalence is rapidly increasing (Malecki,
2004). Similarly, in the Gulf region, especially in Kuwait, diabetes

∗ Corresponding author at: Department of Medical Laboratory Sciences, Faculty
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Kuwait. Tel.: +965 24984875.

E-mail address: tcmkwt@gmail.com (T.C. Mathew).

is widely spreading and is considered as a major health problem
(Abdella et al., 1999).

Several chemical agents can alter �-cell function leading to dia-
betes. One important chemical agent which can cause diabetes
in experimental animals is streptozotocin (STZ). STZ is produced
by Streptomycetes achromogenes and was originally identified as
an antibiotic (Lewis and Barbiers, 1960). It is composed of a glu-
cose molecule with a nitrosourea side chain. Upjohn Laboratories
accidentally discovered that STZ could produce hyperglycemia,
but the exact mechanism was not known until it was described
how a single dose of streptozotocin (STZ) in dogs and rats can
lead to �-cell death and results in the diabetic state (McNeill,
1999).

The glucose moiety of STZ binds to the glucose transporter
GLUT2 present on the pancreatic �-cell membrane and enters the
cell while the nitrosourea moiety is the part responsible for its
cytotoxic effects. After STZ enters the � cells, cell death can occur

0940-2993/$ – see front matter © 2010 Elsevier GmbH. All rights reserved.
doi:10.1016/j.etp.2010.05.008
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and a standard control diet in subjects with type 2 DM, it was

shown that both diabetic-specific diets produced significantly

lower blood glucose and insulin responses and higher levels

of glucagonlike peptide-1 as compared with the standard diet

[43].

Urine glucose and other analysis

Urine analysis showed that the glucose level in the ND-D

and HCD-D was above 1000 mg/dL throughout the experi-

mental period. However, in the LCKD-D group, high-level

glucose was present only during the first 3 wk. Thereafter,

the level of glucose in the urine of the LCKD-D group be-

came almost normal. These results further suggest the bene-

ficial effects of LCKD in the regulation of diabetes. Levels of

ketones and proteins in the urine of experimental rats were

consistent with the diabetic state of the animals.

Histologic assessment of the islets of Langerhans

Histologic studies showed a decrease in the number of is-

lets as well as the number of b cells in all diabetic groups as

compared with their respective controls. The histologic

changes observed in this study correspond to the ultrastruc-

tural changes observed in the islets of Langerhans of mice

in response to STZ [44]. Electron microscopic observation

revealed early chromatin aggregation and cytoplasmic vesic-

ulation in the central b cells during the first 2 h of STZ treat-

ment. In addition, nuclear shrinkage and pyknosis with

swelling of mitochondria and endoplasmic reticulum were

observed [44]. Lysis of b cells occurred after 12 h of treat-

ment. However, other cell types of the islets of Langerhans

did not show any ultrastructural alteration. Macrophage infil-

tration and the presence of clear and large phagocytic vacu-

oles were observed among lytic b cells after 24 h of STZ

administration. No features of apoptosis were observed,

and the pancreatic tissue remained unaffected from the effect

of STZ [44].

As shown by the metabolic parameters studied, during 8

wk of this experiment, diabetic rats on ND and HCD main-

tained a high glucose level throughout the experiment; in

contrast, LCKD maintained the blood glucose level at near

normal levels. These results are similar to the studies of other

investigators [45,46] who used a low-carbohydrate diet in the

treatment of diabetes. Recently various studies have been car-

ried out on glycated hemoglobin (HbA1c), which is consid-

ered as an index of blood glucose control and the degree of

oxidative stress in diabetes [47,48]. It has been shown that

administration of LCKD decreases the level of glycated he-

moglobin in diabetic patients [12,23], suggesting a reduction

in the generation of reactive oxygen species and an improve-

ment in the oxidative status. All these studies suggest that

LCKD may play a beneficial role in the amelioration of oxi-

dative stress in diabetic patients. In support of this view, Falk

and his collaborators [49] have shown that ketone bodies

function as antiinflammatory agents through the reduction

of reactive oxygen species and increase of glutathione perox-

idase activity. Furthermore, according to Freeman and asso-

ciates [50], the anticonvulsant role of a ketogenic diet could

be due to the antioxidant mechanisms activated by fatty acids

and ketones.

In conclusion, the histologic and biochemical data pre-

sented in this study support the view that the LCKD has a sig-

nificant beneficial effect on ameliorating the diabetic state and

helping to stabilize hyperglycemia and could result in im-

proved b-cell function. Although the underlying mechanism

of this protective effect is not understood, it is possible that,

as mentioned above, the LCKD (fatty acids and ketone bod-

ies) may have a significant role in reducing oxidative stress

in STZ-induced diabetes in rats. Therefore, the LCKD may

be effective in diabetes management by improving glycemia

and reducing the need formedication in patientswith diabetes.
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Effect of diets on body weight and food intake

As expectedwith the diabetic condition, there was a signif-

icant (P< 0.01) reduction in the body weight and an increase

in the food and caloric intake of the diabetic groups except for

the LCKD group, confirming the beneficial effect of LCKD

on the diabetic status. These results are similar to the studies

of other investigators [36].

Effects of diets on water intake and urine output

As polydipsia and polyuria are conditions that are con-

comitant with the diabetic state, water intake and urine vol-

ume were markedly increased in the diabetic groups of ND

and HCD. On the other hand, water intake in the LCKD-D

group was within the normal range, whereas urine volume

during the first 2 wk was considerably above the normal

range due to glucose excretion. Gradually urine volume in

the LCKD-D group returned to the normal level.

These results showing the general improvement in weight

gain and polyuria condition were similar to the studies in

which a low-carbohydrate diet [35–37] and carbohydrate-

free diet [38] were used.

Contrary to our findings and other recent studies men-

tioned above, a few studies [39–42] showed that the low-

carbohydrate, high-fat diet had worsened the diabetic state.

Although the studies of Chisholm and O’Dea [42] were sim-

ilar to our studies and the composition of LCKD and HCD

used were similar, the exact reason why their results contra-

dict the findings presented in this study is not understood.

However, in a recent study evaluating the response of two

lower-carbohydrate diets that were rich in slowly digested

carbohydrate and monounsaturated and omega-3 fatty acids
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Fig. 7. The effect of different diet: normal diet (ND), high-carbohydrate diet

(HCD), and low-carbohydrate ketogenic diet (LCKD) on number of b cells in

control (C), and diabetic rats (D). The values are mean6 SEM (n¼ 42).

**P< 0.01, ND-C compared with ND-D; þþ, P< 0.01, HCD-C compared

with HCD-D; ¤, P< 0.05, ND-D compared with LCKD-D; A, P< 0.05,

HCD-D compared with LCKD-D; F, P< 0.05, LCKD-C compared with

LCKD-D.

Fig. 6. Sections of the pancreas for control and diabetes rats of postfed experiment stained with Gomori’s chrome alum hematoxylin-phloxine stain. Black arrows

show a cells. White arrows show b cells. V, vacuoles. b cells with blue and located interior, a cells with red found at periphery, and d cells pink to red are located

among a cells. Magnification 403.
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and only a few islets were present in tissue sections (Fig. 5).

Furthermore, Gomori’s chrome alum hematoxylin-phloxine

staining showed the presence of only very few necrotic b cells

in the islets. However, a and d cells of the islets were not af-

fected by STZ (Fig. 6). Macrophage infiltration and the pres-

ence of vacuoles were observed among lytic b cells.

Statistical analysis showed a significant decrease in the num-

ber of b cells (Fig. 7) in all diabetic groups as compared with

the respective control groups (P< 0.01).

Discussion

The data presented in this study clearly indicate the bene-

ficial effects of LCKD in improving the diabetic status in

terms of body weight, blood glucose, urine output, and

food and water intake. In this study, after STZ injection,

the rats were randomly assigned to the three diet groups to en-

sure that the results were due to the dietary effects rather than

any other factors. Also, it is important to emphasize that this

experiment was carried out without the usage of any hypo-

glycemic medication.

Effect of diets on blood glucose levels

After STZ administration, there was a significant increase

in the blood glucose levels of all the diabetic groups as com-

pared with their controls. However, the blood glucose level of

the LCKD-D group was significantly lower (P< 0.005 and

P< 0.01) than the other groups. As shown in Figure 2, there

was a decrease in the blood glucose level in response to

the LCKD diet from week 1, which reached almost normal

levels (<200 mg/dL) at week 6. On the other hand, the rats as-

signed to the other two diets showed continuous increase in

the blood glucose levels, reaching approximately 650 mg/

dL. Therefore, the data presented in this study suggest that

even short-term use of the LCKDhas significant beneficial ef-

fects in STZ-treated diabetic rats. Several studies in which

LCKDwas administered in parallel with insulin and hypogly-

cemicmedication, either for short or long periods, have shown

the therapeutic effect of LCKD in improving the glycemic

level as well as reducing the need for such medications [23–

26]. This improvement in the glycemic level was achieved

with a low-carbohydrate, high-protein diet [27,28] as well

as with a low-carbohydrate, high-fat diet [29,30]. These stud-

ies suggest that reducing the amount of dietary carbohydrate is

important in regulating diabetes. Moreover, our results on the

metabolic improvement were similar when a 6% carbohy-

drate diet was given 11 days after the induction of diabetes

[31], as well as with a carbohydrate-free diet given after 6

wk for spontaneously diabetic BB Wistar rats [32]. In 1990,

Henry and his colleagues [33] showed that the improvement

in the blood glucose levels is also due to the direct effect of

the ketone bodies on the hepatic glucose output. Similarly,

Müller and his colleagues [34] found that infusion of ketone

bodies caused a decrease in hepatic glucose production, blood

glucose, and glucose utilization.

Fig. 5. Sections of the pancreas from control and diabetes rats of postfed experiment stained with hematoxylin and eosin. Circles show islets of Langerhans.

Arrows show vacuoles. a, b, c and e: Magnification 203; d and f: magnification 103.
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Changes in Food Intake in Different Groups
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Fig. 3. The effect of different diets: normal diet (ND), high-carbohydrate diet (HCD), and low-carbohydrate ketogenic diet (LCKD) on food intake (g/wk) in

control (C) and diabetic rats (D). The values are mean6 SEM (n¼ 42). ¤¤, P< 0.01, ND-C compared with ND-D;A, P< 0.05,AA, P< 0.01, HCD-C com-

pared with HCD-D; *P< 0.05, **P< 0.01, ND-D compared with LCKD-D; þ, P< 0.05, þþ, P< 0.01, HCD-D compared with LCKD-D.
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¤¤, P< 0.001, ND-D compared with LCKD-D; AA, P< 0.001 HCD-D compared with LCKD-D.

A. Al-Khalifa et al. / Nutrition 25 (2009) 1177–1185 1181



π∞

WLJ;« WO³D�«  ö−*« w� …—uAM�  ôUI�Ë ÀU×Ð√ ∫ w½U¦�« qBH�«

WML��UÐ WIKF²*« ÷«d�_« ÃöF� wz«cG�« ÂUEM�«

Changes in food intake in different groups

After STZ administration, as expected, the diabetic groups

of ND and HCD showed an increase in food consumption.

On the other hand, the LCKD groups showed the least food

intake (P< 0.01) as compared with other groups (Fig. 3).

Calorie intake of different groups

All the control groups and LCKD-D ingested almost the

same number of calories throughout the experiment. How-

ever, the diabetic groups of ND and HCD showed a signifi-

cant (P< 0.001) high-calorie intake (Fig. 4).

Changes in water intake in different groups

The ND-D and HCD-D groups showed a significant in-

crease (P< 0.01) in water intake as compared with the

LCKD-D group throughout the experimental period.

Effect of different diets on urine output

Excretion of urine was monitored weekly. After STZ ad-

ministration, there was a significant increase (P< 0.01) in the

urine output in ND-D and HCD-D compared with their con-

trol groups and with LCKD-D. At the end of the study, the

increase in urine output in the ND-D and HCD-D groups

reached up to 250 mL/d. Although there was a slight differ-

ence in urine output between the control and diabetic groups

of LCKD during the first fewweeks, the urine excretion in the

LCKD-D groups decreased constantly throughout the entire

study period.

Effect of different diets on urine glucose and other analysis

The glycosuria was negative throughout the experiment in

LCKD control (LCKD-C) and LCKD-D groups. In the

LCKD-D group, trace to 250 mg/dL glucose was present

during the first 3 wk. For the diabetic ND and HCD groups,

there was a significant increase in the level of glucose in the

urine (above 1000 mg/dL). Compared with LCKD-C, the

control group of HCD showed trace to 250 mg/dL glycosuria

during the whole experiment. Although urine did not show

the presence of ketones in the normal state, the urine levels

of ketones and proteins in the experimental rats were consis-

tent with the diabetic state of the animals in different diet

groups.

Histologic assessment of islets of Langerhans

Hematoxylin and eosin staining showed the presence of

several round to elongated, normal islets of Langerhans in

the control groups (Fig. 5). On the other hand, in all the dia-

betic groups, the islet morphology was altered with vacuoles
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Fig. 2. Effect of different diets: normal diet (ND), high-carbohydrate diet (HCD), and low-carbohydrate ketogenic diet (LCKD) on body weight (g) in control (C)
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rinsed in water and differentiated in acid alcohol for about

1 min to remove the background staining. Again the slides

werewashed for 10 min in running tapwater until the sections

were clear blue. After that, the slides were stained in 0.5%

aqueous phloxine for 5 min, rinsed in water, and then treated

with 5% phosphotungstic acid for another min. The slides

were washed in running tap water for 5 min so that sections

became red and then differentiated in 95% alcohol. Finally,

the slides were dehydrated, cleared and mounted with a cover

slip using a mixture of distyrene (a polystyrene), a plasticizer

(tricresyl phosphate), and xylene (DPX).

The tissue sections were examined using a light micro-

scope (Zeiss, Hamburg, Germany) and images were captured

with a Zeiss digital camera using Axiovision software (Zeiss,

Germany).

Statistical analysis

The Student’s t test and analysis of variance with Bonfer-

roni correction were performed for the comparisons between

animals fed the normal, high-carbohydrate, and low-carbohy-

drate ketogenic diets. A value of P< 0.05 was considered to

be significant.

Results

There were no significant differences between the control

group and the sham control for each diet group. Therefore,

the control group and the sham control were combined to

make the ‘‘control’’ group for each diet.

Effect of different diets on blood glucose level

The non-fasting blood glucose level was measured weekly

from the tail vein of rats using a glucometer. After the admin-

istration of STZ, the blood glucose level was significantly in-

creased in all diabetic groups compared with their control at

all time points, except baseline. But the increase in the blood

glucose level of LCKD diabetic (LCKD-D) group was signif-

icantly lower (P< 0.005 and P< 0.01) than the other dia-

betic groups. From the 6th wk onward, the blood glucose

level of the diabetic groups of LCKD was almost similar to

the control group (Fig. 1). Weekly comparison (using analy-

sis of variance with Bonferroni correction) of LCKD-D with

ND-D and HCD-D showed that starting from week 4 of the

experiment, there were significant differences in the level

of blood glucose between LCKD-D and ND-D as well as

LCKA and HCD-D.

Effect of different diets on body weight

With STZ administration, there was a significant decrease

(P< 0.01) in the body weight in both ND-D and HCD-D

groups. On the other hand, there was no significant difference

in body weight between the control and LCKD diabetic

group (Fig. 2).
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DNA damage, severe adenosine triphosphate depletion, and

eventually necrosis of the b cells [7]. Hence, a high dose of

STZ severely impairs insulin secretion, mimicking type 1 di-

abetes [7]. However, specific STZ doses cause a partial de-

struction of b-cell mass. Therefore, administration of

calculated doses of STZ can be used to produce type 2 DM

[8]. But it is quite difficult to judge the appropriate dosage

to create stable type 2 DM without either gradual recovery

or deterioration into type 1 DM. STZ reliably produces

many of the signs such as increased intake of water and

food, failure to gain weight, and increased blood glucose con-

centrations and several symptoms of chronic human diabetes,

in particular, diastolic cardiac dysfunction, cataracts, and

neuropathy.

Maintaining blood glucose levels within the normal range

is of utmost importance in the management of diabetes. Diet

is one factor that can have a great impact upon stabilizing

blood glucose levels in diabetic patients. Recent studies

have reintroduced the concept of using a ketogenic diet

with low-carbohydrate content in a variety of disease states,

such as epilepsy [9], obesity [10], cardiovascular diseases

[11], and diabetes [12].

A low-carbohydrate ketogenic diet (LCKD) is a high-fat,

low-protein, low-carbohydrate (<100 g/d) diet that has been

employed as a treatment for intractable epilepsy and obesity

[13]. It consists of long-chain saturated triglycerides in a 3:1–

4:1 ratio of fats to carbohydrates þ protein (by weight).

LCKD mimics the physiologic state of fasting [13].

It is generally believed that a high-fat diet causes obesity.

As fat has a higher caloric density than carbohydrate, it is

assumed that consumption of a high-fat diet will be accompa-

nied by a higher energy intake [14]. On the contrary, current

studies quite evidently show that a ketogenic diet can cure

obesity [10] and obesity-associated diseases [11,12,15].

This concept that fat can be eaten ad libitum and still induce

weight loss in obese subjects is actually quite old [16].

The extent of blood glucose level is determined by the

amount and rate of glucose absorption from the gut and also

by the rate of its utilization or storage when it enters the circu-

lation [17]. In diabetes, as ingested carbohydrates are ab-

sorbed mainly as glucose, there is an immediate rise in the

blood glucose level. The contents of an LCKD are mainly ab-

sorbed as triglycerides and proteins rather than glucose, so

this would alleviate one of the major factors in diabetes.

Due to the above-mentioned reasons, this study is aimed at

investigating the therapeutic effects of LCKD in diabetic rats

as compared to normal and high-carbohydrate diets.

Materials and methods

Animals and experimental design

A total of 63 male Wistar rats, weighing 250–300 g, were

used in this study. Animals were housed singly, under con-

trolled environmental conditions of temperature

22.36 0.3�C, 31.26 0.8% humidity, and a 12-h light/dark

cycle in the Animal Care Facility at Kuwait University.

This study was approved by the Animal Protection Ethical

Committee of Kuwait University.

The animals were randomly assigned to the three diet

groups: (1) normal diet (ND) of regular commercial rat

food [18]; (2) high-carbohydrate diet (HCD) of 70% carbo-

hydrate, 10% fat, and 20% protein; and (3) LCKD of 60%

fat, 10% carbohydrate, and 30% protein. Each group was fur-

ther subdivided into three subgroups: control, sham, and di-

abetic rats (each group consisting of seven rats). All the

groups had free access to water and food based on the type

of diet. Each group of rats was fed with the specific type of

diet for 8 wk.

Diabetes was induced first in rats by the intraperitoneal in-

jection of STZ (S-0130, Sigma, Ronkonkoma, NY, USA),

freshly prepared [19], at a concentration of 55 mg/kg in sa-

line, and the animals in the sham control group were given

only saline.

Before STZ injection, rats were caged singly in metabolic

cages for 24 h to collect urine for analysis and for measuring

the urine output. On the day of STZ injection, the level of

blood glucose was measured from the rat tail using a glucom-

eter (One touch ultra, Lifescan, Tokyo, Japan) [20]. After

STZ injection and the development of diabetes, which was

confirmed using Keto-Diabur test strips (Accu-chek, Roche,

Selangor Daral Ehsan, Malaysia) [21], the animals were

transferred into normal cages.

Daily measurements of food and water intake as well as

weekly measurement of body weight were taken during the

whole experiment. In addition, blood glucose level (diabe-

tic� 250 mg/dL) [20] and urine output were measured

once a week.

Preparation of specimen

At the end of 8 wk, animals were anesthetized using ether,

and blood was collected in vacutainer tubes (Vacutainer

Brand, 5181548, BDDiagnostics, NJ, USA) by cardiac punc-

ture. After the collection of blood samples, the animals were

sacrificed, the abdomen opened with a midline incision, and

the pancreas taken for histologic analysis by routine hema-

toxylin and eosin and Gomori’s chrome alum hematoxylin-

phloxine staining methods.

Gomori’s chrome alum hematoxylin-phloxine stain was

used to distinguish endocrine cells of pancreas and to high-

light insulin-producing b cells froma and d cells [22]. Briefly,

the Gomori’s chrome alum hematoxylin-phloxine staining

method is as follows. Sections after their initial fixation in

10% formalin were treated with Bouin’s fluid for 16–24 h.

The slides were then washed in tap water to remove picric

acid and then treated for 1 min with a mixture containing an

equal amount of 0.3% potassium permanganate and 0.3% sul-

furic acid. The tissueswere decolorizedwith 2–5% solution of

sodium bisulphate and washed well in running tap water. The

slides were then stained with hematoxylin solution for 15 min

until the b cells became deep blue. The slides were further

A. Al-Khalifa et al. / Nutrition 25 (2009) 1177–11851178
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Abstract Introduction: Changes in dietary habits influence the glycemic level. Preliminary studies using the

low-carbohydrate ketogenic diet (LCKD) were found to be quite promising in controlling diabetes

mellitus. Therefore, the objectives of this study are to investigate the therapeutic effects of LCKD

in experimental diabetic rats following the administration of streptozotocin (STZ).

Materials andmethods: Adult rats were divided into three groups: normal diet, LCKD, and high-car-

bohydrate diet. Each group was subdivided into normal, sham, and diabetic groups. Diabetes was in-

duced by a single intraperitoneal injection of STZ (55 mg/kg). Specific diets were given to each group

of animals for a period of 8 wk and then the animals were sacrificed. The rats were monitored daily for

food and water intake, whereas body weight, urine output, and blood glucose levels were monitored

weekly. The histology of the islets of Langerhans was studied by histochemical methods.

Results: The results showed that LCKDwas effective in bringing blood glucose level close to normal

(P< 0.01). Food and water intake and urine output were increased in all groups except the LCKD

group (P< 0.01). The body weight was significantly reduced in all diabetic animals except in the

LCKD group (P< 0.01). Histologic studies showed significant decrease in the islet size and number

of b cells in all the diabetic groups.

Conclusion: This study indicates that LCKD has a significant beneficial effect in ameliorating the

diabetic state and helping to stabilize hyperglycemia. � 2009 Elsevier Inc. All rights reserved.

Keywords: Diabetes mellitus; Low-carbohydrate ketogenic diet; Streptozotocin; Biochemistry; Histology

Introduction

Diabetes mellitus (DM) is a serious universal health prob-

lem. The prevalence of this condition is rapidly increasing in

the world. Similarly, in the Gulf region and especially in Ku-

wait, DM is spreading widely. Changes in lifestyle and die-

tary habits, in conjunction with genetic susceptibility, have

resulted in a remarkable increase in the incidence and preva-

lence of diabetes in the world [1,2].

Type 1 diabetes, or insulin-dependent diabetes (IDDM), is

caused by the autoimmune destruction of pancreatic b cells

leading to insulin deficiency. Hence, the administration of in-

sulin is essential for the metabolism and survival of these pa-

tients. Type 1 diabetes accounts for only 5–10% of all the

diabetic cases [3]. Type 2 diabetes, on the other hand, is

due to impaired insulin secretion and/or insulin resistance.

This type of insulin-independent diabetes is much more

widespread and accounts for almost 90–95% of the DM cases

[4,5].

Recently several animal models have been used in the

study of diabetes. Streptozotocin (STZ) is commonly used

to alter pancreatic b-cell function leading to diabetes in ex-

perimental animals. STZ is a nitrosourea derivative [(2-de-

oxy-2-(3-(methyl-3-nitrosoureido)-D-glucopyranose)], iso-

lated from Streptomyces achromogenes, which selectively

destroys pancreatic b cells [6]. It causes DNA methylation,
*Corresponding author. Tel.: 965-498-4875; fax: 965-498-3835.
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reduction in the number of mitochondria in the car-
diac muscle of rats fed a high carbohydrate diet as
compared to those fed normal rat chow. Furthermore,
the cardiac muscle of rats in the LCKD group showed
an increase in the number of mitochondria as com-
pared to the ND and HCD groups. This is a clear indi-
cation of the metabolic efficiency of rats fed an LCKD
as compared to the ND and HCD groups.

In order to understand further the mechanisms
through which such an improvement in cardiac func-
tion works, we are planning further experimental work
in order to explore the biochemical and functional
changes at cellular level in rats subjected to different
diets in order to elucidate the mechanisms involved.
In conclusion, the reported results proved that a low
carbohydrate ketogenic diet is cardio-protective func-
tionally and the mechanism at the cellular level remains
to be explored. Furthermore, we contend that dietary
therapy with LCKD, in addition to other therapeutic
measures may have a significant improvement on the
clinical outcome of coronary artery disease patients.
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Micrograph showing the ultra-structure of the rat cardiac
muscle following the administration of a low carbohydrate keto-
genic diet (LCKD) at low (a) and high (b) magnification. There
is an increase in the number of mitochondria in rats fed with a
LCKD as compared to those belonging to the ND and HD
groups. Bar = 1μm.
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systolic function of the hearts obtained from the low
carbohydrate ketogenic diet group indicates better
preservation of the myofilament functions. This bene-
ficial effect may be due to the limitation of the acti-
vation of harmful proteases by the ketogenic diet with
additive protection from improved post-ischaemic
recovery in the coronary flow.

Rats on (LCKD) compared to the groups on (HC)
and (NC) diets showed remarkable tolerance to
ischaemia and the recovery of cardiac function after
reperfusion was significantly faster. The improvement
in cardiac function as indicated by the significant
increase in the reperfusion recovery from induced
ischaemia on the (Pmax) and (LVEDP) parameters are
significantly improved compared to the control group
and the group on a high carbohydrate diet. The areas
under the curve for Pmax% and CF% were maximal
for the LCKD group. Although the area under the
curve for LVEDP% for the LCKD group was higher
than normal, it was lower than that of the HC group.
It should be noted that there was a rise in LVEDP%

during the initial period of reperfusion, which could
account for the increase in area under the curve as
compared to the ND group. The overall results we are
reporting, although limited, adds substantial experi-
mental evidence that (LCKD) is advantageous.

It has been shown that LCKD increases the level
and activity of the mitochondrial uncoupling protein
(UCP) leading to an increase in proton conductance.
The UCP-mediated protein conductance in turn dimin-
ishes the reactive oxygen species (ROS) production by
reducing the electron transport through the mito-
chondrial respiratory chain. Furthermore, it has been
shown that a ketogenic diet modifies the signal trans-
duction mechanisms in neurons by altering the basal
status of protein phosphorylation21.

Further ultra-structural analysis of the cardiac mus-
cles from the three different groups of animals further
supports our view on the efficiency of LCKD in the
faster recovery of cardiac function after reperfusion
as compared to the groups on HC and NC diets in
their tolerance to ischaemia. There was a significant

6 N.S. Al-Zaid et al.

Fig. 3. – Micrograph showing the ultra-structure of the rat
cardiac muscle at low (a) and high (b) magnification. Note the
normal distribution of mitochondria in the cardiac muscle of
adult rat that were fed normal rat chow. Bar = 1μm.

Fig. 4. – Micrograph showing the ultra-structure of the rat
cardiac muscle following the administration of a high carbohy-
drate diet at low (a) and high (b) magnification. There is a
decrease in the number of mitochondria in rats fed with a high
carbohydrate diet (HCD) as compared to those fed with normal
rat chow. Bar = 1μm.
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LDL to a less atherogenic form22. On the other hand,
several recent studies show a direct association of a
diet with high glycaemic load and the development of
cardiovascular disease, type II diabetes and certain
forms of cancer23-28. A ketogenic diet, as compared to
the traditional low fat diet has favourably improved
glycaemic control, insulin sensitivity and dyslipidaemia
of diabetes22,29,30-36.

Additionally, animal experiments showed several
advantages of (LCKD) in both normal and pathologi-
cally induced conditions4,8,37. The understandable con-
cern about the long-term effects of LCKD on vital car-
diac functions is mainly due to the scarcity of literature
that concentrates on functional parameters in order to

understand the mechanisms that operate at cellular
level38,39. A recent review40 explained the underlying cel-
lular mechanisms of LCKD, however, many questions
remain to be answered in this regard. The ketogenic diet
is an adaptational process at cellular level leading to
reliance on ketosis as an alternative source of energy
through fatty acids oxidation instead of glucose.

Our result is in agreement with several reports that
changes in body weight were not significant between
the groups tested41,42. Therefore energy input and out-
put, as explained in the results section, would elimi-
nate body weight as an influencing factor in the out-
come of the results of post-ischaemic recovery.

Myocardial ischaemic-reperfusion injury is well
characterized43 and is catalogued under those meta-
bolic, functional and structural consequences of restor-
ing coronary arterial flow in the ischaemically com-
promised heart. Both the length of the ischaemic insult
and the speed and the pressure of reperfusion deter-
mine whether the cellular reperfusion damage can be
reversible or irreversible. The reversible phase lasts for
approximately 15 to 20 minutes during reperfusion and
is followed by progressive irreversible injury that lasts
for 30 to 90 minutes with extensive structural and func-
tional damage. This irreversible phase results into
depletion of the glycogen stores of the myocardium,
mild mitochondrial swelling, increase in diastolic pres-
sure, exaggerated release in enzymes and intracellular
calcium, depletion of ATP and increase in myocardial
infarct size44,45. Two major intracellular mechanisms
have been reported to contribute to reperfusion injury:
(i) the development of intracellular Ca2 + overload and
(ii) oxidative stress due to increase in oxygen-derived
free radicals46-50. The functional consequences for these
mechanisms result in modified sensitivity of myofila-
ments to calcium through the activation of proteases
that degrade myofilament proteins such as the troponin
regulatory complex leading to a decrease in systolic
pressure and an increase in end diastolic pressure51,52.
From the results of the present study it can be visual-
ized that the reperfusion functional recovery of the
hearts obtained from normal diet (ND) and high car-
bohydrate diet (HCD) groups are in conformity with
the classical description of the irreversible injury. How-
ever, significant preservation of the left ventricular
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Fig. 2. – Time course of reperfusion recovery in (A) Pmax,
(B) LVEDP and (C) CF after reperfusion in the normal diet
(ND), high carbohydrate diet (HCD), and low carbohydrate
ketogenic diet (LCKD) groups.

*Values significantly different from high carbohydrate diet
(HCD) group, P< 0.05

Table 3. – Effect of experimental diets on the post-ischaemic recovery in coronary vascular dynamics.

Coronary flow Coronary vascular resistance
Control Reperfusion %R Control Reperfusion

ND (n = 6) 14.5 + 0.4 6.7 + 0.6 * 46 3.2 + 0.2 10.0 + 1.3*
HCD (n = 5) 14.7 + 0.5 7.3 + 0.2 * 50 3.1 + 0.2 10.3 + 0.8*
LCKD (n = 5) 15.9 + 0.6 9.1 + 0.6 *# 58# 2.7 + 0.1 8 + 0.8*

The data was computed at 30 min reperfusion at 37°C and expressed as mean + SEM. % R, % recovery (ratio of reperfusion over
control).* P < 0.05 when compared with respective control; # P < 0.05 when compared with HCD group.
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CORONARY VASCULAR HAEMODYNAMICS

Table 3 shows the mean (± SE) values for the reper-
fusion recovery of CF and CVR. Significant improve-
ment in the reperfusion recovery of CF occurred only
in the rats placed on a low carbohydrate ketogenic diet
(LCKD) diet regime. Reperfusion recovery in the CF
was 58 ± 2% in the LCKD group as compared to
47 ± 4% in the HCD group and the difference was sig-
nificant (P < 0.05). However, no significant difference
in the reperfusion recovery of CVR occurred and a 3-
fold increase in CVR was observed in both experi-
mental groups.

Figure 2 shows the time course for the 30 minutes
reperfusion recovery of Pmax, LVEDP and CF. Ini-
tial recovery in Pmax was similar in all groups. How-
ever, after 10 minutes a faster recovery occurred in both
the experimental groups. Whereas the recovery of
Pmax in the HCD group plateaued at 15 min, the
momentum for faster recovery in the LCKD group
was maintained after 15 min and was significantly
(P < 0.05) higher when compared with the HCD group.
Reperfusion recovery in the CF essentially occurred in
tandem with the recovery of Pmax in the LCKD
group, and this recovery was significantly higher
(P < 0.05) when compared with the HCD group. Areas
under the curve for the 30 min reperfusion recovery of

Pmax, LVEDP and CF in figure 2 were also calculated
for the ND, HCD and LCKD group of animals. For
Pmax the area under the curve for ND, HCD and
LCKD were 1120, 1355 and 1360, respectively. For
LVEDP, the area under the curve for ND was 24432.5,
29242.5 for HCD, and 26815 for LCKD. For CF the
areas under the curve for ND, HCD and LCKD were
1550, 1620 and 1645, respectively.

ULTRA-STRUCTURAL STUDIES OF THE CARDIAC MUSCLE

The cardiac muscles from the three different groups
did not show any pathological changes at the ultra-
structural level. The banding pattern of the myofibrils
was similar in all three groups (figures 3-5). However,
there was a significant reduction in the number of
mitochondria in the cardiac muscle of rats fed a high
carbohydrate diet (figures 4a, b) as compared to those
fed with normal rat chow (figures 3a, b). Interestingly,
the cardiac muscle of rats in the LCKD group (figures
5a, b) showed an increase in the number of mito-
chondria as compared to the ND and HCD groups.
There was about 20% reduction in the number of mito-
chondria in the HCD group, while there was about
50% increase in the number of mitochondria in the
LCKD group as compared to the control group.

Discussion

A low carbohydrate-ketogenic diet (LCKD) is cur-
rently appraised as a safe diet for the treatment of over-
weight and obesity in human subjects10-12. Further-
more, several reports13-16 proved its efficiency as a
treatment for type II diabetes and in reducing coro-
nary heart disease risk factors.

In our previous studies, we have shown that long-
term administration of a ketogenic diet, further to
reducing body mass index (P< 0.0001), significantly
decreased the level of triglycerides, LDL cholesterol
and blood glucose, whereas there was an increase in
the level of HDL cholesterol11,12 and modification of

4 N.S. Al-Zaid et al.

Table 2. – Effect of experimental diets on the post-ischaemic recovery in global contractility

Pmax LVEDP +dp/dt -dp/dt
(mm Hg) %R (mm Hg) %R (mm Hg. sec-1) (mm Hg. sec-1)

Control Reperfusion Control Reperfusion Control Reperfusion Control Reperfusion

ND (n = 6) 113 + 4 54 + 4* 48 5.1 + 0.1 33.3 + 3.3* 649 3684 + 103 1828 + 105* 2920 + 61 1372 + 102*
HCD (n = 5) 113 + 11 60 + 8* 52 5.0 + 0.1 42 + 6* 825 4037 + 209 1888 + 146* 3131 + 165 1404 + 113*
LCKD (n = 5) 117 + 14 74 + 7* 64** 5.0 + 0.2 35 + 4* 687 3617 + 220 2088 + 150* 2798 + 122 1617 + 81*

The data was computed at 30 min reperfusion at 37°C and expressed as mean + SEM. Con, control; Rep, reperfusion; Pmax, left ven-
tricular developed pressure; LVEDP, left ventricular end diastolic pressure; + dp/dt, positive derivative of pressure; -dp/dt, negative
derivative of pressure; % R, % recovery (ratio of reperfusion over control)., P < 0.05 when compared with respective control; **,
P < 0.05 when compared with HCD group.

Fig. 1. – Time course of changes in the total body weight in
the control and experimental groups.
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followed. In brief, the method is as follows: the ani-
mals were anaesthetized with sodium pentobarbital
(40 mg/kg) and perfused transcardially with a brief
wash of 0.9% oxygenated saline, followed by 3% gluter-
aldehyde in Sorenson’s buffer (0.1 M at pH 7.2). The
hearts were dissected out and the cardiac tissues were
post-fixed in the same fixative overnight. After dehy-
dration in ethanol, the tissues were treated with propy-
lene oxide for about 30 minutes. The tissues were then
embedded in graded araldite mixture and blocks were
prepared. Serial ultrathin sections were cut by a
DuPont diamond knife. Some of the sections were
stained with uranyl acetate followed by lead citrate.
The ultrastructure of the stained sections was studied
by Jeol 1200 transmission electron microscope. For his-
tological studies and topgraphical identification 1 μm
semithin sections stained with toluidene blue-borax
solution were used.

Results

BODY WEIGHT

Changes in the body weight were monitored over
the 19 weeks of the dietary regime for all the groups
of the study. The body weight showed a progressive

increase from the mean base-line weight of
210.8 ± 7.3 g, 210.4 ± 3.2 g and 203.8 ± 14.6 g, to the
mean weight of 525.0 ± 26.8 g, 551.8 ± 21.3 g and
542.5 ± 28.2 g for the rats of the ND, HCD and LCKD
groups respectively (figure 1). There were no signifi-
cant differences between the groups at any time period
of measurement of body weight.

LEFT VENTRICULAR GLOBAL CONTRACTILE FUNCTIONS

Table 2 shows the mean (±SE) values for the Pmax
and LVEDP for the ND and the experimental groups
of rats. There was a significant increase in the reper-
fusion recovery of Pmax of the rats put on a low car-
bohydrate ketogenic diet regime (LCKD), while the
rats put on a high carbohydrate diet (HCD) regime
showed no significant change in the reperfusion recov-
ery of Pmax when compared with their respective con-
trols. Reperfusion recovery of Pmax of the low car-
bohydrate ketogenic diet group (LCKD) was 64.2 ± 7%
and was significantly (P < 0.05) more pronounced when
compared with the high carbohydrate diet (HCD)
group. LVEDP increased 7-fold in the low carbohy-
drate ketogenic diet (LCKD) group as compared to 8
fold in the high carbohydrate diet (HCD) group but
the difference was not significant.

Cardio-protective effects of low carbohydrate diet 3

Table 1. – Diet formulation and specification data for low carbohydrate
ketogenic diet (LCKD) and high carbohydrate diet (HCD)

LCKD HCD
Fresh 10% H20 Fresh 10% H20

Total % 100.00 100.00 100 100
Moisture % 10.04 10.00 12.54 10.00
Crude oil % 12.65 12.66 3.46 3.56
Crude protein % 57.50 57.53 16.29 16.76
Crude fibre % 4.78 4.78 4.26 4.38
ASH % 5.75 5.75 5.45 5.61
NFE % 9.45 9.45 57.75 59.43
Pectin % 0.91 0.91 1.48 1.52
Hemicellulose % 1.96 1.96 10.86 11.18
Cellulose % 5.55 5.55 4.19 4.31
Lignin % 0.26 0.26 1.25 1.29
Starch % 2.76 2.76 41.83 43.04
Sugar % 1.48 1.48 3.68 3.79

Gross energy MJ/kg 18.49 18.50 16.15 16.62
Digestible energy MJ/kg 16.19 16.20 12.74 13.11
Metabolisable energy MJ/kg 15.02 15.03 11.48 11.81

AT water fuel energy (AFE) 

AF energy MJ/kg 15.95 15.96 13.68 14.08
AFE from oil MJ/kg 30 30 10 10
AFE from protein MJ/kg 60 60 20 20
AFE from MJ/kg 10 10 70 70
carbohydrate
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as early as the beginning of the 20th century1-3. It is
believed that the forced use of ketone bodies by the
brain in a low carbohydrate scenario could be the plau-
sible mechanism for the beneficial effect of ketogenic
diets in epilepsy. It is also shown that LCKD is bene-
ficial in the treatment of attention deficit/hyperactiv-
ity disorders4, infantile spasms, bipolar illness5-8,
Alzheimer’s disease9 and brain tumour10. In contrast
to the normal brain tissues that can derive energy from
glucose and ketone bodies, tumour cells lack the meta-
bolic versatility and are solely dependent on glucose
for their energy requirements.

Several studies from our laboratory and other lab-
oratories have convincingly shown the beneficial effects
of a ketogenic diet in reducing weight among over-
weight and obese human subjects10-18. In addition,
contrary to common belief, a ketogenic diet is found
to be quite effective in reducing the risk of cardiovas-
cular disease10 and type II diabetes19.

In rats, there were no histological changes in the
muscle and brain after the administration of a keto-
genic diet for 2 to 3 months20, suggesting that long-
term treatment with a ketogenic diet is not likely to
develop lipid myopathy or neural inclusions20,21.
Although various studies have shown the beneficial
effects of LCKD on the health status of humans and
animals, there are still some concerns about its car-
diovascular risks. However, as far as we are aware of,
studies dealing with the long-term effects of LCKD
on cardiac muscle function are lacking. Therefore, the
current study is focussed on animal models to under-
stand the long-term effects of LCKD in preserving
cardiac function from ischaemia/reperfusion-induced
injury of isolated rat hearts as compared to rats fed
on normal rat chow and high carbohydrate diets.

Materials and methods

ANIMALS AND EXPERIMENTAL DESIGN

Eighteen male Wistar rats weighing 190-250 g were
used in this study. The animals were fed on a standard
laboratory diet (France Nutris Co. S.A.) and were pro-
vided water ad libitum. The animals were divided into
control and experimental groups, consisting of 6 con-
trol animals (group I) and 12 experimental animals
(groups II and III). Before the experiment all the rats
consumed ad libitum a standard rodent diet. At the
beginning of the experiment the animals were distrib-
uted randomly into three groups and assigned to nor-
mal (ND), LCKD and high carbohydrate diet (HCD)
as follows:

group I: normal diet (ND),
group II: low carbohydrate ketogenic diet (LCKD;

table 1),
group III: high carbohydrate diet (HCD; table 1).

The micronutrient composition of different diets is
shown in tables 1-3. Food and water were given ad libi-
tum throughout the experimental period. The amount
of food and water intake by the different groups of
animals was monitored.

HEART PERFUSION

Rats were anaesthetized with intraperitoneal
sodium pentobarbital (60 mg/kg) and heparinized
intravenously (1000 μg/kg) through the femoral vein.
Hearts were immediately isolated and mounted on the
perfusion apparatus and perfused retogradely with
freshly prepared Kerbs-Hensleit solution (in mM:
NaCl 117.9, KCI 5.59, CaCl2.2H2O 2.4, NaHCO3 20,
KH2PO4 1.19, MgCl2 6H2O 1.2, Glucose 12.11; Osmo-
larity 300 mOsm, pH: 7.35). The perfusate was satu-
rated with a mixture of 95% O2 and 5% CO2 at 37oC.
An alcohol-filled latex balloon was introduced into the
left ventricle and connected to a Statham pressure
transducer (P23Db) and balloon volume was adjusted
to give the baseline end diastolic pressure (LVEDP) of
5 mm Hg. Left ventricular developed pressure (Pmax)
and its positive and negative derivatives (+dp/dt,-dp/dt)
were monitored continuously. Coronary flow (CF) was
measured by means of an electromagnetic flow probe
positioned in the inflow tubing immediately above the
aortic perfusion cannula. The perfusion pressure was
kept constant at 50 mm Hg by means of a perfusion
pressure control module of the perfusion assembly
(Module ppcm type 671, HugoSachs Electronics, Ger-
many). Coronary vascular resistance along with other
haemodynamic data was computed every 10 seconds.

Hearts obtained from the control and the experi-
mental groups were perfused for 30 minutes to obtain
the baseline haemodynamic data. Thereafter they are
subjected to 30 minutes of global ischaemia followed
by 30 minutes of reperfusion (R) at 37oC. Myocardial
temperature was monitored by a needle thermistor
probe (Thermalert, Physitemp, USA), inserted at the
apex of the heart of each perfused heart.

Post-ischaemic reperfusion left ventricular con-
tractility and haemodynamics were recorded and com-
pared. Reperfusion values were compared with their
respective baseline controls using a two tailed paired t-
test. Comparison between different experimental
groups was done by a general factorial analysis of vari-
ance. Comparison of the time-course of changes in
reperfusion recovery of Pmax, LVEDP and CF was
done by a two tailed t-test for each time period. Com-
puterized statistical analysis was done with SPSS for
window (version 6.0.1. SPSS Inc., Evanston, IL, USA).

Ultra-structural studies of the cardiac muscle
Three animals from each group (ND, LCKD and

HCD) were used for this study. For transmission elec-
tron microscopic studies, the routine procedure was

2 N.S. Al-Zaid et al.
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ORIGINAL ARTICLE

Low carbohydrate ketogenic diet enhances cardiac tolerance to global ischaemia

Naji AL-ZAID1, Hussein DASHTI2, Thazhumpal MATHEW3, Jaspir JUGGI1

1Departments of Physiology, 2Surgery, 3Faculty of Medicine and Faculty of Allied Health Sciences,
Kuwait University, Kuwait.

Summary — The cardio-protective effects of a low carbohydrate ketogenic diet following global
ischaemic injury as compared to rats fed a normal and high carbohydrate diet for a period of
19 weeks, were investigated.The reperfusion recovery of coronary flow was highly significant in the
low carbohydrate ketogenic diet group.Although the initial reperfusion recovery of the pressure devel-
oped in the left ventricle, Pmax was similar in all groups, after 15 minutes, the momentum for faster
recovery was maintained in the low carbohydrate ketogenic diet group. Ultrastructural observa-
tions of the cardiac muscles have shown that there was a decrease in the number of mitochondria
in rats fed a high carbohydrate diet and an increase in the number of mitochondria in those fed a
low carbohydrate ketogenic diet as compared to the normal diet group. This study demonstrates
that a low carbohydrate ketogenic diet is cardio-protective functionally.
Introduction — Ischaemia and reperfusion lead to cell death. These pathways are regulated and
hence are subjected to therapeutic intervention. Previously, we have shown that a low carbohydrate
ketogenic diet (LCKD) reduces the risk factors for heart disease in obese patients.This study is aimed
at understanding the cardio-protective effects of LCKD following global ischaemic injury in rats.
Materials and methods — Rats weighing 190-250 g were divided into normal diet (ND), LCKD
and high carbohydrate diet (HCD) groups consisting of six animals in each group. Specific diets were
given to each group for a period of 19 weeks. Changes in body weight, ultrastructure of the cardiac
muscles and the cardio-protective effects of the LCKD group as compared to the ND and HCD
groups were investigated in rats following global ischaemic injury.
Results — Electron microscopic studies have shown that there was a decrease in the number of
mitochondria in rats fed a high carbohydrate diet and an increase in the number of mitochondria
in those fed a low carbohydrate ketogenic diet as compared to the normal diet group. Rats on
LCKD had a remarkable tolerance to ischaemia and a faster recovery of cardiac function following
reperfusion. The initial reperfusion recovery of the pressure developed in the left ventricle, Pmax
was similar in all groups. However, after 15 minutes, the momentum for faster recovery was signifi-
cantly maintained in the LCKD group (P < 0.05).The reperfusion recovery of coronary flow was highly
significant (P < 0.05) in the LCKD regime.The increase in left ventricle end diastolic pressure, coro-
nary vascular resistance and the changes in body weight were not significant between the experi-
mental groups.
Discussion and conclusion — This is a unique study showing ultrastructural variation in cardiac
muscle in relation to cardio-protective function in rats fed a low carbohydrate ketogenic diet.This
study suggests that the LCKD is cardio-protective functionally.The underlying mechanism of the car-
dio-protective effect of an LCKD needs to be elucidated.

Keywords: obesity – low carbohydrate ketogenic diet – ischaemia – reperfusion – cardiac tolerance – vas-
cular haemodynamics.

Introduction

A low carbohydrate ketogenic diet (LCKD), a rev-
olutionary form of diet therapy for obesity, was intro-
duced as an effective treatment for intractable epilepsy
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CONCLUSION
The data presented from the various studies 

conducted at the Faculty of Medicine, Kuwait 
University, in a population comprising of Kuwaiti 
and non-Kuwaiti subjects and the results of several 
investigators mentioned in this review show that a 
ketogenic diet (consisting of 30 gms carbohydrate, 
1 gm/kg body weight protein, 20% polysaturated, 
80% polyunsaturated and monounsaturated fat) 
induces a miraculous weight loss in normal obese 
subjects as well as obese subjects with diabetes 
and hyperlipidemia. In addition to weight loss, 
there was a significant decrease in the level of
triglycerols, total cholesterol, LDL-cholesterol 
and glucose whereas there was an increase in the 
level of HDL in these patients. Also, recent studies 
have shown that LCKD may actually be cardio- 
protective. All these studies clearly indicate that it 
is a safe to administer ketogenic diet for a diet for 
a relatively long period. 
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is the most important factor that influences the
glycemic level. LCKD appear to improve glycemic 
control and lessen the need for exogenous insulin 
and hypoglycemic medication[67,72]. Furthermore, 
LCKD significantly improved the insulin
sensitivity by up to 75%[54,73]. In a recent study on 
experimental rats from our laboratory, we have 
demonstrated that LCKD ameliorated the diabetic 
state and helped to stabilize hyperglycemia. In 
addition to its therapeutic effect, LCKD had a 
significant protective role against the diabetogenic
action of streptozotocin (STZ) [74]. STZ is selectively 
cytotoxic to the ß-cells of pancreatic islets. 
Therefore it is commonly used to induce diabetes 
in experimental animals[74].  

Osteoporosis
A link between low fat diet and osteoporosis has 

been suggested. Very-low-fat diets are considered 
to be low in calcium content. Women on low-fat 
diets excrete most of the calcium they consume. 
Therefore, they are more prone to osteoporosis. 
On the other hand recent studies indicate that a 
high fat diet can rectify this situation[75].  

Cancer
The relation between high fat diet and cancer is 

close to reality now. It has been found that altered 
energy metabolism and substrate requirements of 
tumor cells can provide a target for cancer therapy. 
Two major metabolic alterations found in cancer 
cells are the increase in glucose consumption and 
aerobic glycolysis, the conversion of glucose to 
lactic acid via the reduction of pyruvate even in 

the presence of oxygen.  In addition, there are 
defects in ketone body metabolism[71,76]. These 
metabolic changes in cancer cells may  provide  a  
rationale  for  therapeutic  strategies  that  inhibit  
tumor  growth  by LCKD. It has been shown 
that cancers, specifically brain tumors grow
minimally on a LCKD[77]. These studies suggest 
that treatment with LCKD is a safe and effective 
alternative therapeutic option for malignant brain 
cancer. In addition, ketone bodies function as 
anti-inflammatory agents through the reduction
of reactive oxygen species and increase of 
glutathione peroxidase activity[78]. 

SIDE EFFECTS OF KETOGENIC DIET
It is noticed that some individuals on ketogenic 

diet may experience a bad breath. However, vast 
majority of individuals do not develop medical 
problems. As in the case of any form of diet with 
restricted caloric intake, ketogenic diet is also 
deficient in minerals and water-soluble vitamins
[79]. In order to overcome the side effect, subjects on 
ketogenic diet are given multi vitamin and mineral 
supplements daily to avoid such deficiencies.

Another criticism of ketogenic diet is the 
reduction of fruits, vegetables and whole grains, 
which are considerd to be healthy foods. However, 
it should be noted that LCKD can include a wide 
range of healthy vegetable as mentioned in Table 
2. It has been suggested that chances of having 
increased formation of kidney stones could 
be another side effects of LCKD. Factors that 
could enhance the stones formation could be the 
restricted fluid intake and increased production
and the decreased excretion uric acid. Also, similar 
to suppression of food intake, ketone bodies are 
involved in the suppression of thirst leading to the 
reduction in the fluid intake. Thus hyperuricemia
gives rise to urate stone formation. It is suggested 
that with 5% carbohydrates composition in the 
diet this situation can be prevented[80]. It should 
be noted that, in our studies we have observed a 
decrease in serum level of urea (Tables 3, 4).

Constipation is also a noted side effect of LCKD. 
This could be due to the decreased fiber content and
as mentioned above the suppression of thirst by 
ketones leading to dehydration. Also, with increased 
absorption / digestion of foods, there is a decrease 
in the stool volume. This situation can be easily 
avoided by increasing the fiber content by taking in
vegetables in the diet, increasing fluid intake and
using sugar-free laxatives[34,81]. Apart from these, the 
data presented in this review from our laboratory 
and from the studies of various investigators show 
that chronic ketosis without caloric restriction poses 
no danger to maintaining a healthy body.

Total (n = 66)
Group I (n 
= 35) High 
cholesterol

Group II (N 
= 31) Normal 
cholesterol)

Weight 
(kg)

< 0.0001 < 0.0001 < 0.0001

BMI (kg/
m2)

< 0.0001 < 0.0001 < 0.0001

Total chol 
(mmol/l)

< 0.0001 <0.0001 0.0170

HDL 
(mmol/l)

< 0.0001 < 0.0001 < 0.0001

LDL 
(mmol/l)

< 0.0001 < 0.0001 < 0.0001

TG 
(mmol/l)

< 0.0001 < 0.0001 0.0002

Glucose 
(mmol/l)

< 0.0001 < 0.0001 0.0034

 Table 7: Statistical significance between week 1 and week 56
observation of various parameters studied in group I (high 
cholesterol) and group II (normal cholesterol) subjects[66].
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with high cholesterol level and obese diabetic 
subjects were treated with LCKD for longer 
period, suggesting that it is safe to use ketogenic 
diet in both diabetic subjects (Table 3, 4) and in 
subjects with high cholesterol level (Table 5, 6). 
Further studies revealed that despite the increase 
of cholesterol intake with ketogenic diet, there is 
no significant increase in the total cholesterol or
LDL[53,64-67]. This may be due to the low insulin level 
which will activate HMG CoA lyase, the enzyme 
responsible for ketone formation and inhibit 
HMG CoA reductase, the enzyme responsible for 
cholesterol formation[68]. In a recent study from 
our laboratory on experimental rats, we have 
convincingly shown that LCKD enhances cardiac 
tolerance to global ischemia as compared to rats 
fed on a high carbohydrate diet [69]. In addition, 
ultra structural studies have shown that there was 
a decrease in the number of mitochondria in rats 
fed a high carbohydrate diet and an increase in 
the number of mitochondria in those fed a LCKD 
as compared to the normal diet group, confirming
the physiological observations on cardio-
protective function of LCKD[69]. It should be noted 
that pre-historic diets were high in dietary protein 

and fat. However, these pre-historic societies were 
relatively free of several cardiovascular diseases 
that exist today in our society[35].  

Diabetes mellitus and insulin resistance 
In the pre-insulin era LCKD has been used 

for diabetes treatment instead of medications[70]. 
The results from our laboratory show that LCKD 
has significant beneficial effects in obese diabetic
subjects following its long-term administration 
(Table 3, 4). The blood glucose level decreased 
significantly from the start until the 56th week. A
similar situation was found when obese subjects 
with high cholesterol level were treated with 
LCKD for longer period, suggesting that it is safe 
to use ketogenic diet in both obese diabetic subjects 
and subjects with high cholesterol level (Table 
5, 6). Furthermore, LCKD may be effective for 
improving glycemia and reducing medications in 
patients with type II diabetes. Insulin resistance is a 
characteristic feature of Type 2 diabetes[71]. Insulin 
resistance is defined as the inability of insulin to
produce its usual response at concentrations that 
are effective in normal individuals. As mentioned 
earlier, the content of carbohydrate in the diet 

Total
Group I (n=35)

(High cholesterol)
Group II (n=31)

(Normal cholesterol)
p-value

Age (years) 42.9+10.8 45.5+9.2 39.9+11.8 0.0731

Weight (kg) 106.9+18.3 112.3+19.3 100.7+15.3 0.0168

BMI (kg/m2) 39.1+6.1 40.1+6.1 38.0+6.1 0.1385

Tot.chol. (mmol/l) 6.1+1.4 7.0+0.9 5.0+0.8 <0.0001

HDL (mmol/l) 1.1+0.3 1.1+0.3 1.2+0.3 0.0076

LDL (mmol/l) 4.6+ 1.2 5.4+0.8 3.6+0.7 <0.0001

TG (mmol/l) 3.2+2.3 4.3+2.6 2.0+1.1 <0.0001

Glucose (mmol/l) 7.7+3.4 9.4+3.7 5.7+1.5 <0.0001

HDL = high density lipoprotein; LDL = low density lipoprotein; TG =Triglyceride ; Tot.Chol.= Total cholesterol
Data is expressed as mean + standard deviation

Table 5: Baseline values of different physical and biochemical parameters monitored in persons (high cholesterol / normal cholesterol) 
subjected to low carbohydrate diet (ketogenic diet) [66] 

Total (n = 66)
Group I (n = 35)
High cholesterol

Group II (n=31)
Normal cholesterol

p-value

Weight (kg) -25.9+6.3 -25.8+6.7 -26.0+5.8 0.9065

Total chol (mmol/l) -19.3+17.0 -29.2+9.4 -6.2+16.2 0.0005

HDL (mmol/l) 52.3+43.8 63.7+52.7 37.1+20.6 0.1778

LDL (mmol/l) -28.2+20.1 -33.5+19.5 -21.3+19.1 0.1331

TG (mmol/l) -59.0+32.1 -69.8+32.6 -44.7+25.7 0.0537

Glucose (mmol/l) -31.0+25.0 -44.0+22.6 -12.8+15.1 0.0004

Table 6: Percentage changes in the various parameters observed at week 56 in persons (high cholesterol / normal cholesterol) subjected 
to ketogenic diet[66]

HDL=high density lipoprotein; LDL=low density lipoprotein; TG=Triglyceride ; Tot.chol.= Total cholesterol
Data is expressed as mean + standard deviation. Statistical significance between Group I and Group II are given.
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loss of energy in the form of heat[46] and in the form 
of ketones in urine, sweat, and feces. 

In addition to the weight loss observed, 
very-low-carbohydrate ketogenic diets alter 
the metabolic rate by preserving more lean 
body mass[47]. Following the administration of 
ketogenic diet there is a preferential loss of fat 
mass and preservation of more lean body mass[47-

49]. As mentioned earlier, ketone bodies especially 
BHB, has an effect on appetite suppression[50]. In 
addition, the high fat content in LCKD delays the 
digestion providing a sense of fullness[51]. Above 
all, the utilization of fat as body fuel, promote fat 
loss and therefore weight loss[52]. In addition to 
studies from our laboratory, several other studies 
have shown that low carbohydrate diets compared 
to low fat diets have a significant long term effect
on the reduction of body weight[53-55].

OTHER BENEFICIAL EFFECTS OF 
KETOGENIC DIET

Although, the main focus of this review is on 
the beneficial effects of ketogenic diet on obesity,
we know that this review will not be complete, if 
some of the other beneficial effects of ketogenic
diets are not mentioned. Therefore, we give here 
below, some well known beneficial effects of
ketogenic diet on neuronal and cardiac efficiency
and its therapeutic role in diabetes, heart diseases, 
cancer etc.

Brain function
In humans, ketone bodies are the only additional 

brain energy source after glucose[56,57]. Hepatic 
generation of ketone bodies during fasting is a 
protective mechanism that spares the destruction 
of muscle from glucose synthesis. Historically, it 
is known that ketogenic diet is quite effective in 
antiepileptic treatments. However, how this diet 

works is still unclear? Several mechanisms that 
contribute to the anticonvulsant role of LCKD 
have been suggested. It is found that ketogenic 
diet increases the synthesis of the inhibitory 
neurotransmitter XY-aminobutryric acid (GABA) 
in the brain, which may be involved in the 
suppression of the seizure activity[58]. Furthermore, 
LCKD increases the level of polyunsaturated fatty 
acids (PUFAs), which functions as modulators 
of neuronal membrane excitability by inhibiting 
the sodium and calcium ion channels[59]. It is 
suggested that free radicals contribute to the 
development and progression of epilepsy. Thus, 
the anticonvulsant role of ketogenic diet could 
also be through the antioxidant mechanisms 
activated by fatty acids and ketones[60]. It has also 
been found that a ketogenic diet affects signal 
transduction in neurons by inducing changes in 
the basal status of protein phosphorylation[61]. 
Furthermore, ketogenic diet has beneficial
influence on the brain energy metabolism[62].This 
is quite significant, as cerebral hypometabolism is
a characteristic feature of those who suffer from 
depression or mania[62]. Interestingly, it is shown 
that a ketogenic diet reduces amyloid beta 40 and 
42 in a mouse model of Alzheimer’s disease[63].

Cardiovascular Diseases
The common notion is that a ketogenic diet will 

cause high cholesterol, TAG, and cardiovascular 
disease because of the high fat it contains. In 
our previous studies and recent studies using 
ketogenic diet it is shown that LCKD decreased 
the level of triglycerol and LDL cholesterol and 
increased the level of HDL cholesterol[53,64-67]. 
Furthermore, administering a ketogenic diet for 
a relatively longer period of time did not show 
any significant side effects in the patients. A
similar situation was found when obese subjects 

(n = 31; Diabetic subjects)

Week 1 Week 56 p-Value

Weight (kg) 105.273+15.377 74.923+11.384 <0.0001

Total chol (mmol/l) 5.479+1.293 4.650+0.495 0.0020

HDL (mmol/l) 1.237+0.270 1.621+0.177 <0.0001

LDL (mmol/l) 4.030+1.148 2.807+0.496 <0.0001

TG (mmol/l) 1.827+0.981 0.861+0.179 0.0001

Glucose (mmol/l) 5.127+0.440 4.726+0.529 0.0069

Urea (μmol/l) 5.563+1.299 4.419+0.743 <0.0001

Normal subjects (n=33)

Week 1 Week 56 p-Value

Weight (kg) 108.081+21.245 83.536+18.030 <0.0001

Total chol (mmol/l) 6.755+1.086 4.878+0.533 <0.0001

HDL (mmol/l) 1.033+0.264 1.586+0.211 <0.0001

LDL (mmol/l) 5.160+0.892 3.379+0.608 <0.0001

TG (mmol/l) 4.681+2.468 1.006+0.205 <0.0001

Glucose (mmol/l) 10.481+3.026 4.874+0.556 <0.0001

Urea (μmol/l) 5.778+0.905 4.972+1.050 <0.0111

Table 3: Statistical significance between week 1 and week 56
observation of various parameters studied in normal subjects[67].

HDL=high density lipoprotein; LDL=low density lipoprotein; 
TG=Triglyceride 
Data is expressed as mean + standard deviation.

Table 4: Statistical significance between week 1 and week 56
observation of various parameters studied in diabetic subjects[67].

HDL=high density lipoprotein; LDL=low density lipoprotein; 
TG=Triglyceride 
Data is expressed as mean + standard deviation.
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But these two conditions are quite different and 
virtually opposite. Diabetic ketoacidosis has high 
blood sugar while ketosis has a high blood level of 
ketone bodies. Is ketosis safe? If ketosis was bad for 
health, why does nature switch on to a situation 
similar to that of administering a ketogenic diet?  
Well, everyone approaches ketogenesis during the 
sleep portion of the diurnal cycle. Above all, who 
can ignore the fact that mother’s milk, which has 
a high fat content, is the best natural food formula 
taken in during human development? It is also 
interesting to note that no species could have 
survived millions of years, if its members could 
not tolerate occasional brief periods of natural 
starvation, which results in ketosis. 

WHAT ARE KETONE BODIES?
Ketone bodies result from the partial oxidation 

of free fatty acids and are synthesized only in the 
mitochondria of liver cells. There are three types 
of ketone bodies. They are: acetoacetate (AcAc), ß-
hydroxybutyrate (BHB), and acetone. Ketone bodies 
are always being produced under normal dietary 
conditions but in amounts that are too small to cause 
any metabolic effects[37]. Triacylglycerol (TAG) stored 
in fat tissue breaks down into glycerol and three 
fatty acid molecules. This process is lipolysis and is 
regulated by hormones like glucagon, epinephrine 
etc. These hormones activate the hormone-sensitive 
lipase (HSL) that hydrolyzes fatty acid from carbon 
atom 1 and / or 3 of TAG. The remaining fatty acids 
are removed by other lipases that are specific for
diacylglycerol or monoacylglycerol[38]. 

Fatty acids are classified into short-medium
chain fatty acids consisting of 12 carbons or less and 
long chain fatty acids. Medium chain fatty acids are 
found in the maternal milk and in medium chain 
fatty acid oils. The free fatty acids that diffuse from 
adipose cells either bind with albumin in the blood or 
remain as free fatty acids. The albumin bound fatty 
acids are transported to other tissue to be oxidized 
and the unbound free fatty acids present in the blood 
reach the liver[38, 39]. The medium chain fatty acids 
enter the liver without any transporter whereas 
the long chain fatty acids, the major precursor for 
ketone bodies, need a special transporter called 
carinitine to enter the mitochondrial matrix and 
become oxidized[40].

The medium chain fatty acids become activated 
to fatty acyl CoA and undergo ß-oxidation to form 
fatty acetyl CoA whereas the long chain fatty 
acids become activated into fatty acyl CoA in the 
liver cytosol. The carinitine acyltransferase system 
moves the acyl CoA to the mitochondrial matrix 
where they undergo ß-oxidation to form acetyl 

CoA[40]. When there is an excess of acetyl CoA, more 
than that is required for providing energy through 
Kerb’s cycle, the liver converts the extra acetyl CoA 
into ketone bodies[41,42].

The formation of ketone bodies occurs as follows. 
Two molecules of acetyl CoA are condensed to 
form a molecule of acetoacetyl CoA. Then a third 
molecule of acetyl CoA is added to acetoacetyl 
CoA to form 3-hydroxy-3-methylglutaryl CoA 
(HMG CoA). Formation of HMG CoA is catalyzed 
by the hepatic enzyme, HMG CoA synthase. 
HMG CoA is then cleaved into acetyl CoA and 
acetoacetate by the action of another enzyme, 
HMG CoA lyase. Acetoacetate is either reduced 
to ß-hydroxybutyrate (BHB) through the action of 
BHB dehydrogenase or undergoes spontaneous 
decarboxylation to acetone which is excreted in the 
breath and urine[41,42]. 

Ketone bodies are used as an energy source in 
the body including the brain. BHB is converted 
to acetoacetate by the reversal reaction of BHB 
dehydrogenase, producing nicotinamide adenine 
dinucleotide phosphate (NADH). The acetoacetate, 
in turn, will bind to coenzyme A (CoA) provided 
from succinyl CoA molecules through thiophorase 
reaction producing acetoacetyl CoA. The acetyl CoA 
is further converted into two molecules of acetyl 
CoA, which will enter the Kreb cycle for production 
of energy[42]. 

EFFECT OF KETOGENIC DIET IN 
PREVENTING OBESITY

Recent studies from our laboratory have 
shown that the ketogenic diet is a natural therapy 
for obesity even in diabetic subjects. The weight 
and body mass index of the patients decreased 
significantly (p < 0.0001) from week 1 to 56 (Table
3). A similar significant (p < 0.0001) weight loss
was observed in diabetic subjects who were on a 
LCKD diet (Table 4). 

Several possible mechanisms on the role of very-
low carbohydrate diet in reducing body weight 
have been suggested[43]. It is thought that major part 
of the weight loss following the administration of 
ketogenic diet can be attributed to the loss of water. 
Each 1 g of glycogen is stored in 3 gms of water. 
This means that the initial weight loss could be 
due to glycogen depletion and water excretion in 
urine. The weight lost in this manner will be gained 
immediately after stopping the ketogenic diet.  
Glycogen stores replenishes again with retention of 
a large amount of water as mentioned above[44,45]. 
Ketones have a diuretic effect and hence lead to an 
even greater water loss[44]. Furthermore, there is a 
decrease in metabolic efficiency resulting in greater
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improve the lipid disorders that are characteristic 
of atherogenic dyslipidemia[32]. Furthermore, high 
insulin levels lead to increased risk of breast cancer 
and polycystic ovarian syndrome[6,19,33]. In addition, 
other evidence indicates that consumption of a 
high–glycemic-index diet is associated with a higher 
risk of diabetes.

Excess sugar in the bloodstream also leads to the 
production of free radicals. Free radicals increase 
significantly one hour after sugar consumption
and more than double after two hours. It has been 
proven that disrupting the oxidant-antioxidant 
status of the cell will lead to various diseases of the 
body[33]. Furthermore, increased sugar decreases the 
blood levels of vitamin E, which leads to a decrease 
in the natural ability of the body to fight against free
radical damage.  

Carbohydrates increase levels of triglycerol, total 
cholesterol, and low density lipoprotein (LDL) and 
decreases HDL cholesterol. High ratio of triglycerol 
to HDL has a 16-fold greater incidence of coronary 
events than those with the low ratio[10.19,22,32]. In 
several studies, insulin, insulin-like growth factors 
and carbohydrates were identified as risk factors
for cancer. It is quite reasonable to believe that 
sugar contributes to the growth and metastasis 
of cancer since cancer cells utilize sugar as their 
energy source. In other studies it was found that 
sugar is a causative factor in kidney disease, liver 
disease and shortened life span. Although there is 
cumulative scientific evidence to show that high
carbohydrate diets can cause more harm than 
previously thought, we are still unwilling to accept 
this fact. 

Since the 1980’s calories from fat intake dropped 
from 34 to 8%. However, no change in the trend of 
obesity has been noticed. Interestingly, even after 
all this; the negative image of fat is still in our 
mind. In fact, contrary to the common belief, high 
fat diet has certain therapeutic values. Since 1921, 
high fat diet was used as an effective alternative 
therapy to control intractable seizures[34]. In some 
cases, high fat diet was found to be far better than 
modern anticonvulsants. The common argument 
against the consumption of high-fat diet is that it 

causes obesity. However, recent studies show that 
the high fat diet can cure obesity. Since obesity 
results from genetic and environmental influences,
an individualized approach probably is the 
best solution for tackling the obesity problems. 
Therefore, a low-carbohydrate diet combined with 
an exercise program, in our experience, can help 
selected patients to safely achieve weight loss and 
overcome several obesity associated diseases. As 
mentioned earlier, since lower insulin levels and 
less hunger are the physiologic effects of consuming 
foods with low–glycemic-index, persons who take 
in low-carbohydrate diets could successfully lose 
their weight. Furthermore, there is an increased 
calorie use via ketogenesis. Therefore, LCKD is 
a reasonable alternative for body weight loss for 
persons who are willing to adhere to this diet. Table 
2 gives a brief list of recommended and restricted 
food in ketogenic diet.

Low carbohydrate ketogenic diets
LCKD is not new to our society. Even early man’s 

prehistoric diets may have been low carbohydrate 
ketogenic diets[35]. Prior to its use as a diet for 
obesity, LCKD have been used in the treatment of 
diabetes[36] and pediatric epilepsy[34]. Also, studies 
on the therapeutic role of LCKD in obesity are not 
new at all. Since 1955, scientists were experimenting 
on the concept that fat can be eaten ad libitum and 
still induce weight loss in obese subjects. A high-
fat diet changes the body’s metabolism to a new 
direction. Incomplete oxidation of fatty acids by the 
liver, results in the accumulation of ketone bodies in 
the body. The condition in which ketone bodies are 
formed in excess of the body’s ability to metabolize 
them is called ketosis. Since high-fat diet causes 
ketosis, they are generally called as ketogenic diets. 
Ketosis has a significant influence on suppressing
hunger. Thus, a ketogenic diet is a good regulator 
of the body’s calorie intake and it is the body’s 
natural adaptation to starvation. However, this 
mild ketosis has been always confused by the 
general public with the dangerous ketoacidosis 
which is associated with untreated type I diabetes.  
Ketosis is often confused with diabetic ketoacidosis. 

Recommended Food Fully Restricted Food

Proteins Vegetables/Fruits Oil Carbohydrates Fruits/drinks

Fish:Tuna,Sardine 
Prawns, Shrimps. 
Lobster 
Meat: Kababs, 
Sausages, Minced 
Poultry: Chicken, Eggs 
Cheese: Full fat cheese

Spinach, Watercress, Eggplant, 
Parsley, Mulberry, Coriander, Mint, 
Artichoke, Okra, Cabbage, Mushroom, 
Avocado, Leek, Carrot, Radish, Celery, 
Cauliflower, Green pepper, Lettuce,
Cucumber, Tomato, 10-15 olives/day,  
Lemon, Strawberry -6/day, Avocado, 
Berries-10/day

Olive oil (5 
tablespoon, 
added to the 
salad) Flax seed 
oil

Flour, Potato, Macaroni 
Spaghetti, Noodles, 
Bread, Rice, Sugar, 
Sweets, Honey, Cakes

All fruit juices
All soft drinks

Table 2: Recommended and restricted food in ketogenic diet[66]
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achieving a sustainable health service. Along with 
the appropriate measures taken to prevent obesity, 
priority should be given to the treatment of obesity 
related diseases. The health consequences of obesity 
can be categorized into mild, moderate and severe 
types depending on the risk involved (Table 1).

CONTRIBUTING FACTORS TOWARDS 
OVERWEIGHT AND OBESITY

Obesity results from the interplay between 
genes and environment. Both genes and behavior 
may be needed for a person to become overweight. 
Other factors that regulate body weight are the diet 
preferences and the number of calories consumed. 
One of the genetic components of obesity is insulin 
resistance which is the probable common pathway 
for metabolic syndrome. It has been shown that 
diet choices and physical activity are the major 
contributing factors towards overweight and 
obesity. Caloric intake must be equal to the caloric 
expenditure to maintain a healthy body weight. 
Calorie, the unit of energy is defined as the amount
of heat needed to raise the temperature of one gram 
of water by one degree Celsius at sea level. By 
eating roughly the same number of calories that the 
body requires, the body weight can be maintained 
in a stable condition. Obviously, weight gain 
occurs when more calories are taken than the body 
requires. The extra calories taken in are stored as 
fat within the body. However, this fact is true only 
when eating a lot of carbohydrate along with fat. 
On a diet with controlled amounts of carbohydrate, 
the body will switch from using glucose to fat for 
producing energy. This means that a person on 
low carbohydrate ketogenic diet (LCKD) can take 
in as much calories and still loose weight. In other 
words, a person while consuming 3,000 calories 
on LCKD will loose weight whereas taking in the 
same calories on a low-fat high carbohydrate diet 
will gain weight. So the assumption that the only 
way to lose weight is to strictly control the intake 
of calories needs to rewritten based on the type of 
diet. Furthermore, while on LCKD diet the appetite 
is usually diminished and a person will eat only 
fewer calories. Hence persons on LCKD will have 
to burn more fat for producing energy, which will 

lead to more weight loss. 
Another factor that needs to be mentioned is 

the outcome of certain diet programs that restrict 
calorie intake. In such circumstances where diets 
with restricted calories are taken, so as to conserve 
energy, the overall metabolism in the body shifts 
into a slow survival mode. But after certain period, 
when it becomes inevitable for the person on the 
low calorie diet to go back to a higher-calorie diet, 
the body metabolism will still remain in its slow 
survival mode of burning calories slowly. Hence 
it becomes quite difficult to continue or maintain
weight loss in such situations.

OBESITY IN RELATION TO DIET PREFERENCES
Since obesity is the accumulation of excess of 

body fat, excessive fat intake has been discouraged. 
Less fat and exercise had become the slogan against 
obesity to be fit physically and maintain a healthy
body. Well, for generations people have tried 
this recipe of low fat diet, yet they still get obese. 
Therefore, what we blindly believe about high 
carbohydrate diet could be completely baseless. 

Various researchers have pointed out the bad effects 
of a high carbohydrate diet. It is the root cause of various 
chronic diseases. Several studies[7-18] have shown that 
a diet with a high glycemic load is independently 
associated with accelerated aging, development of 
cardiovascular diseases, type II diabetes and certain 
forms of cancer[7-9].  

The glycemic index is a rating system for foods 
based on their ability to raise the level of blood 
glucose within two hours of their consumption[19]. 
When foods of higher glycemic index are eaten there 
is a rapid release of glucose into the bloodstream.  
The glycemic index of pure glucose or white bread 
is arbitrarily scored as 100[20]. Foods with high 
glycemic index induce a rapid release of insulin[19]. 
Thus eating foods with a high glycemic index lead to 
higher levels of circulating insulin. This rapid surge 
in insulin release can cause a relative hypoglycemic 
period within the postprandial period. The 
reactive hypoglycemia thus developed with foods 
of lower fat and higher carbohydrate content 
stimulates the appetite and thus leads to obesity[21]. 
The hyperinsulinemia developed following the 
consumption of foods with high glycemic index 
has been implicated in creating atherosclerotic 
plaques, that can lead to heart disease[22]. Insulin 
increases salt and water retention, a mediator 
of high blood pressure and correlates with high 
levels of triglycerol and low levels of high density 
lipoprotein (HDL) cholesterol. Now it is evident 
that high carbohydrate diets increase fasting 
plasma triglycerol concentrations[23-27] and decrease 
HDL cholesterol concentrations[28-30]. These changes 
are associated with enhanced atherogenesis[31]. 
However, it is found that short-term ketogenic diets 

Mild risk Moderate risk Severe risk

• Low back pain
• Impaired fertility
• Increased 

risk during 
anesthesia

• fetal defects due 
to Maternal 
obesity 

• Cancer

• Coronary heart 
disease 

• Hyperuricaemia 
• Gout
• Osteoarthritis 
• Complications 

of pregnancy

• Diabetes
• Dyslipidaemia
• Hypertension
• Gall bladder 

disease 
• Sleep apnoea
• Breathlessness

Table 1: Obesity associated risks
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INTRODUCTION
Although, historically obesity has been 

considered as a sign of a prosperous and wealthy 
society, today obesity has become a major health 
problem in both developed and developing 
countries. Obesity has been described as a disease 
entity since 1700s. Currently obesity levels are 
increasing at a remarkable level all over the world. 
Data from a recent survey by the US Center for 
Disease Control indicates that 66% of the US 
population are overweight, with 32.3% having a 
body mass index (BMI) of more than 30 kg/m2[1]. 
It is estimated that about 300,000 people die each 
year from obesity related diseases[1]. A similar 
trend is observed in Kuwait and other Middle East 
countries[2]. 

CLASSIFICATION OF OBESITY
Obesity has been defined by body mass index

(kg/m2) and waist circumference. According to 
the current classification of the World Health
Organization (WHO), body mass index (BMI) 
greater than 25 is considered overweight[3]. An 

ABSTRACT

This review focuses on the effect of low carbohydrate 
ketogenic diet on obese subjects presenting with 
various metabolic syndromes. Here, we provide 
data from our laboratory and from various other 
investigators on the therapeutic effectiveness of 
ketogenic diet on obese subjects. In this review 
we provide the rationale behind using ketogenic 
diet as a treatment of obesity and its beneficial role

in neurodegenerative / neurological disorders, 
diabetes, hyperlipidemia, coronary diseases, cancer 
etc. Administering ketogenic diet for a relatively 
longer period did not produce any significant side
effect.  Therefore, based on the data presented in 
this review, it is recommended that it is safe to use 
ketogenic diet for a longer period of time for obesity 
and associated disorders.
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adult who has a BMI of 30 or higher is considered 
obese. Obesity is further classified into Class I (BMI
> 30), Class II (BMI > 35) and Class III (BMI > 40) 
obesity. In addition to BMI, increased risk of obesity 
associated metabolic disorders is found in men with 
waist circumferences greater than or equal to 102 cm 
and in women with 88 cm[1]. This classification of
obesity is primarily based on a Western population 
perspective[4]. Therefore, it is necessary to redefine
obesity from an Asian or Middle Eastern viewpoint. 
In Asians, overweight has been suggested to start at 
BMI 23 and also lower waist circumference cut-offs 
for men and women have been recommended[4].

HEALTH CONSEQUENCES OF OBESITY
Problems related to obesity affects almost 

every aspect of life[5-6]. The rise in obesity and 
its complications is a threat to global healthcare 
system. The obesity epidemic of the world is out of 
control and none of the current measures show any 
improvement in reversing this global crisis. Early 
measures to curb obesity and public awareness on 
obesity associated diseases are the only way towards 
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Mediterranean diet [35]. It has a protective role in car-

diovascular diseases, and various cancers, as well as to

diminish the age-related cognitive decline [35–37]. Olive

oil is rich in monounsaturated fatty acids and antioxidant

substances. The health benefits of olive oil are attributed to

these factors. Furthermore, it is shown that olive oil may

have protective role for the dynamic blood cholesterol

levels in a healthy population [37]. Although olive oil has

several beneficial effects, it should be noted that in our

previous study [16], we have not included olive oil in the

diet and the decrease in weight in obese subjects was

similar in both the studies.

A meta-analysis compared the effects of low-carbohy-

drate diets (maximum carbohydrate intake 60 g daily) with

those of low-fat, energy-restricted diets on weight loss [38,

39]. In this meta-analysis, five randomized controlled trials

were analyzed, with 6–12 months’ duration. It is found that

after 6 months, the subjects on a low-carbohydrate diet had

lost more weight than those on a low-fat diet. We have

noticed a severe weight loss during the initial period as

compared to other time points. The overall decrease in

weight during the study period (56 weeks) was quite sig-

nificant. It should be noted that in this study only 20 grams

of carbohydrate is given initially and after 12 weeks an

additional 20 grams is added to the diet. On the other hand

in the above studies [38, 39] the carbohydrate intake was

about 60 grams daily. In addition, genetic nature of the

population may have influenced these variations.

This study also compared the effect of a low-carbohy-

drate diet and low-fat diet on the risk factors for cardio-

vascular disease. It is found that after 6 months, more

favorable changes in the level of triglyceride and HDL-

cholesterol were observed in the low-carbohydrate group.

However, total cholesterol and LDL-cholesterol level

changes were more favorable in the low-fat group. In our

study, total cholesterol, LDL-cholesterol and triglycerides

showed a significant decrease from week 1 to week 56

(P < 0.0001), whereas the level of HDL-cholesterol

increased significantly (P < 0.0001). This again may be

due to the difference in carbohydrate intake and the general

food habits of the population studied. Furthermore, as

mentioned above genetic factors may affect the lipid pro-

file. However, further studies are required to understand the

exact mechanisms of the results observed in this study.

Several possible mechanisms on the role of very-low-

carbohydrate have been suggested. It is thought that major

part of the weight loss following the administration of

ketogenic diet could be due to the loss of water. It is also

shown that very-low-carbohydrate ketogenic diets may

alter the metabolic rate by preserving more lean body mass

[40]. There is a greater loss of energy in the form of heat

[41] and in the form of ketones in urine, sweat, and feces.

Studies that have assessed body composition on a very-

low-carbohydrate ketogenic diet have shown that there is a

preferential loss of fat mass and preservation of lean body

mass following the administration of ketogenic diet [40,

42, 43]. Prolonged administration of very-low carbohydrate

diets did not cause any chronic dehydration [44]. It is

generally thought that very-low-carbohydrate diets,

especially if high in saturated fat, might lead to insulin

resistance. However, contrary to this belief recent studies

indicate that very-low carbohydrate diets do not have an

adverse effect on glucose metabolism or insulin resistance

[45–47].

In conclusion, the data presented in this study shows the

beneficial effects of ketogenic diet in obese diabetic sub-

jects following its long-term administration. Furthermore,

low-carbohydrate, ketogenic diet (LCKD) may be effective

for improving glycemia and reducing medications in pa-

tients with type II diabetes.
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Table 4 Percentage changes in the various parameters after the administration of ketogenic diet for 56 weeks

Change at week 56 (%) Total (n = 64) Group I (n = 31)

High glucose

Group II (n = 33)

Normal glucose

P-value

Weight (kg) –25.8 ± 6.4 –24.4 ± 6.7 –27.2 ± 6.0 0.3167

Tot. Chol. (mmol/l) –19.3 ± 17.0 –28.5 ± 11.1 –9.0 ± 16.7 0.0096

HDL (mmol/l) 52.3 ± 43.8 63.4 ± 51.1 39.8 ± 30.0 0.9522

LDL (mmol/l) –28.2 ± 20.1 –33.0 ± 20.4 –22.9 ± 18.7 0.5467

TG (mmol/l) –59.0 ± 32.0 –40.8 ± 38.0 –40.8 ± 38.0 0.0039

Glucose (mmol/l) –31.0 ± 25.0 –50.9 ± 12.5 –7.4 ± 11.9 <0.0001

HDL = high density lipoprotein; LDL = low-density lipoprotein; TG = Triglyceride BMI = body mass index

Data are expressed as mean ± standard deviation. Statistical significance between Group I and Group II are given
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ketosis may offer therapeutic potential in a variety of

different common and rare disease states.

There is an urgent need for identifying effective thera-

pies for obesity, as obesity and obesity associated meta-

bolic disorders have become a serious burden on the health

care systems of various countries. Substantial evidence

from various studies indicates that very-low-carbohydrate

diets are effective for weight loss. As mentioned above,

ketogenic diet has been around in the medical literature for

well over 70 years [16, 17]. However, several research

teams are revisiting very-low-carbohydrate diets to confirm

the beneficial claims of ketogenic diet using the current

research methodologies and techniques.

This study shows the beneficial effects of ketogenic diet

following its long-term administration in obese diabetic and

non-diabetic subjects. It significantly reduces the body

weight and body mass index. The level of total cholesterol

decreased significantly after week 1 until the end of the

study. As per the Friedewald formula for LDL cholesterol:

LDL-cholesterol = Total cholesterol–(triglycerides/5)–

HDL-cholesterol. Thus, Total cholesterol = LDL-choles-

terol + HDL-cholesterol + (triglycerides/5) Furthermore, it

decreases the level of triglycerides, and LDL-cholesterol.

The level of HDL-cholesterol increased significantly in

both the groups. The level of triglycerides significantly re-

duced after. Glucose level decreased significantly. The level

of urea showed significant decrease in both the groups. No

significant alteration was noticed in renal function test. In

this study the HDL/LDL ratio showed a significant increase

in both the groups. The LDL/HDL or HDL/LDL ratio is

actually a more pure ratio than total cholesterol/HDL. Since

LDL is a measure of bad cholesterol and HDL is a measure

of good cholesterol, whereas the total cholesterol is the sum

of HDL, LDL, and the VLDL.

Most of the studies that dealt with the effect of different

diet on obesity [29–33] have clearly shown that people lost

more weight on very-low-carbohydrate diets than on diets

that contained the same number of calories but more carbo-

hydrates. The only study, to our knowledge that did not

demonstrate greater weight loss with the very-low-carbo-

hydrate diet, the energy content of the dietwas low (600 kcal/

day) and the subjects were >45 kg of body weight [34].

As mentioned in the materials and methods section, most

of the subjects were following at least a daily walk of 45 min

before participating in this program. However, they have not

experienced any reduction in the body weight. In this study,

we just allowed them to continue with their routine exercise

habits. Thus, we have not introduced a new pattern of exer-

cise together with this diet and obviously, the observed

beneficial effects were not related to exercise.

In this study, polyunsaturated and monounsaturated

fats (5 tablespoons olive oil) were included in the diet.

Olive oil is one of the most characteristic components of
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anti-convulsants at controlling seizures. In a recent study

[28], ketone bodies have been used as therapeutic agents

for the treatment of: (a) diseases of substrate insufficiency

or insulin resistance, (b) diseases resulting from free radical

damage, and (c) disease resulting from hypoxia. These

studies on ketone body metabolism suggest that mild

Table 3 Statistical significance between week 1 and week 56 observation of various parameters studied in total, group I (high glucose level) and

group II (normal glucose level) subjects

Group I (n = 31; High Glucose) Group II (n = 33; Normal Glucose)

Week 1 Week 56 P-Value Week 1 Week 56 P-Value

Weight (kg) 108.081 ± 21.245 83.536 ± 18.030 <0.0001 105.273 ± 15.377 74.923 ± 11.384 <0.0001

Tot. Chol. (mmol/l) 6.755 ± 1.086 4.878 ± 0.533 <0.0001 5.479 ± 1.293 4.650 ± 0.495 0.0020

HDL (mmol/l) 1.033 ± 0.264 1.586 ± 0.211 <0.0001 1.237 ± 0.270 1.621 ± 0.177 <0.0001

LDL (mmol/l) 5.160 ± 0.892 3.379 ± 0.608 <0.0001 4.030 ± 1.148 2.807 ± 0.496 <0.0001

TG (mmol/l) 4.681 ± 2.468 1.006 ± 0.205 <0.0001 1.827 ± 0.981 0.861 ± 0.179 0.0001

Glucose (mmol/l) 10.481 ± 3.026 4.874 ± 0.556 <0.0001 5.127 ± 0.440 4.726 ± 0.529 0.0069

Urea (lmol/l) 5.778 ± 0.905 4.972 ± 1.050 0.0111 5.563 ± 1.299 4.419 ± 0.743 <0.0001

HDL = high density lipoprotein; LDL = low-density lipoprotein; TG = Triglyceride BMI = body mass index

Data are expressed as mean ± standard deviation
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cheese. The subjects in this study were not consuming any

kind of alcoholic beverages. Polyunsaturated and monoun-

saturated fats (5 tablespoons olive oil) were included in the

diet. A list of recommended and restricted food in ketogenic

diet is given in Table 2. Twelve weeks later an additional

20 g of carbohydrates was given. Micronutrients (vitamins

andminerals) in the form of 1 capsule/daywere given to each

subject throughout the study period.

Fasting blood tests were carried out in all the subjects.

The subjects were subjected to liver and renal function

tests, complete blood count, total cholesterol, high density

lipoprotein (HDL), low density lipoprotein (LDL; directly

measured), triglycerides (TG), urea and creatinine in the

beginning after 8, 16, 24, 32, 40, 48 and 56 weeks. Bio-

chemical analysis of lipid, liver, renal profiles and elec-

trolytes were performed by Beckman CX 5 C E and

complete blood count was carried out by Coulter MD II.

The body mass index (the weight in kilograms divided by

square of the height) was determined initially and after 8,

16, 24, 32, 40, 48 and 56 weeks. We standardized our re-

sults with daily internal and external quality control pro-

gram with ‘‘Lab quality Finland.’’ During each visit,

enquiries were made regarding their adherence to the diet,

exercise habits and any side effects or uncomfort-

able feelings they felt.

Most of the subjects as advised by their General Prac-

titioners were following at least a daily walk of 45 min

before participating in this program and we allowed them

to continue with their routines.

Statistical differences between different parameters be-

fore and after the administration of ketogenic diet were

analyzed by student-t test using a computer software

package (Stat view 4.02). Age, weight and all biochemical

parameters were expressed as mean ± standard deviation.

Results

Statistical significance between week 1 and week 56

observation of various parameters studied in total, group I

(high blood glucose level) and group II (normal blood

glucose level) subjects is given in Table 3. There was a

significant reduction in the body weight (Fig. 1) in Group I

(high blood glucose) and Group II (normal blood glucose)

throughout the program. The effect of gender in body

weight was not significant. The level of total cholesterol

decreased significantly after week 1 until the end of the

study (Fig. 2). HDL-cholesterol increased significantly

(Fig. 3), whereas LDL-cholesterol decreased significantly

(Fig. 4). The level of triglycerides significantly decreased

from the start till the end of the study (Fig. 5). The blood

glucose level of both the groups decreased significantly

from the start until the 56th week (Fig. 6). HDL/LDL ratio

(Fig. 7) showed a significant increase in both the groups

(P < 0.0001). The data in Figs. 1–7 are expressed as

mean ± standard error. Percentage changes at the end of

the study (56 weeks) in the various parameters observed

are given in Table 4. There was a significant decrease in

urea at week 1 and week 56 (Table 3). The changes in the

level of creatinine were not statistically significant.

Discussion

Ketosis is a natural phenomenon that occurs in man during

fasting and lactation. Administration of this diet mimics the

effects of starvation. Ketogenic diet has been around in the

medical literature for well over 70 years [16, 17], espe-

cially as an effective treatment for controlling seizures. In

some instances it is actually better than the modern

Table 2 Recommended and restricted food in ketogenic diet

Recommended food Fully restricted food

Proteins Vegetables/Fruits Oil Carbohydrates Fruits/

drinks

Fish: Tuna,
Sardine

Prawns,

Shrimps.

Lobster

Spinach, Watercress, Eggplant, Parsley, Mulberry,

Coriander, Mint, Artichoke, Okra, Cabbage,

Mushroom, Avocado, Leek, Carrot, Radish,

Celery, Cauliflower, Green pepper, Lettuce,

Cucumber, Tomato, 10–15 olives/ day, Lemon,

Strawberry -6/day, Avocado, Berries-10/day

Olive oil (5

tablespoon) added

to the salad, Flax

seed oil

Flour, Potato, Macaroni

Spaghetti, Noodles, Bread,

Rice, Sugar, Sweets, Honey,

Cakes

All fruit

juices,

all soft

drinks

Meat: Kababs,
Sausages,

Minced

Poultry: Chicken,
Eggs

Cheese: Full fat
cheese
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II diabetes and obesity to occur together [6–9]. Type II

diabetes is characterized by impaired insulin sensitivity

(resistance) coupled with the inability of the pancreatic b-
cells to produce adequate amount of insulin depending on

the increased demand. Obesity is known to aggravate

insulin resistance and is an early metabolic defect in nearly

all individuals with type II diabetes [10]. Type I diabetes

on the other hand is developed by the deficiency of insulin

due to destruction of pancreatic b-cells. High blood glucose
level leads to complications of vasculopathy, retinopathy,

nephropathy, neuropathy, and cardiomyopathy [11, 12].

Although the exact molecular mechanism that link

obesity to diabetes needs to be elucidated, one of the causes

of metabolic syndrome may be the ectopic accumulation of

lipids. Although, adipose tissue is the primary organ of

lipid storage, in obese subjects, lipid is deposited into other

non-adipose organs, such as liver, skeletal muscle, b-cells,
and cardiac tissue. The ectopic lipid deposited in the liver

leads to the commonly observed hepatic steatosis or fatty

liver. Lipid deposition in skeletal muscle and b -cells leads

to insulin resistance, impaired insulin secretion, and

eventually type II diabetes [13].

Various studies have shown that reducing weight in

obese patients with glucose intolerance, have beneficial

effects in delaying or even preventing the progression to

diabetes. Thus, effective management of body weight and

changes to nutritional habits have beneficial effects in ob-

ese diabetic subjects [14, 15]. However, the ideal nature of

weight reducing diet program for patients with impaired

insulin sensitivity is quite debatable and needs careful

monitoring.

Recent studies from our laboratory [16–18] have shown

the beneficial effects of ketogenic diet in which the daily

consumption of carbohydrate is less than 20 g, regardless

of fat, protein, and caloric intake, in overweight and obese

patients. We have shown that in addition to reducing the

weight in overweight and obese individuals, it reduces

the risk factors for cardiovascular diseases even in

hyperlipidemic obese subjects [16–18] as compared to

other diet programs [19–25].

It is quite logical to assume that excessive intake of

carbohydrate may be harmful to individuals with insulin

resistance. Following the consumption of a large amount of

carbohydrate, there was an obvious increase in the level of

blood glucose, insulin, and serum triglycerides in insulin-

resistant individuals. In addition, a high carbohydrate diet

raises triglyceride levels and reduces HDL-cholesterol

along with insulin resistance [26, 27].

Considering the above-mentioned disorders associated

with the intake of a high-carbohydrate diet in obese sub-

jects, the purpose of this study was to monitor the changes

in body weight, lipid profile, glucose, urea, and creatinine

following the administration of a low-carbohydrate,

ketogenic diet (LCKD) in overweight and obese diabetic

subjects as compared to non-diabetic obese subjects for a

period of 56 weeks.

Materials and methods

In this study, 64 healthy obese subjects with body mass

index (BMI) greater than 30, having blood glucose level

>6.1 mmol/l (Group I; n = 31) and those subjects with

normal blood glucose level (Group II; n = 33) were se-

lected. Subjects with other complex medical histories were

not included in this study. The body weight, blood glucose

level, total cholesterol, LDL-cholesterol, HDL-cholesterol,

triglycerides, urea, and creatinine were determined before

and at 8, 16, 24, 48, and 56 weeks after the administration

of the ketogenic diet. Their average age, body weight, and

base line parameters of other biochemical parameters are

given in Table 1. All the subjects included in this study

were Kuwaitis, with similar dietary habits.

All 64 subjects were instructed to follow a ketogenic diet

consisting of less than 20 g of carbohydrates and 80–100 g

of proteins in the form ofmeat, fish, fowl, eggs, shellfish, and

Table 1 Baseline values of different physical and biochemical parameters monitored in persons subjected to low-carbohydrate diet (ketogenic

diet)

Group I (n = 31)

High glucose

Group II (n = 33)

Normal glucose

P-value

Age (years) 46.4 ± 9.4 40.0 ± 11.4 0.1197

Weight (kg) 108.1 ± 21.2 105.3 ± 15.4 0.5349

Tot. Chol. (mmol/l) 6.8 ± 1.1 5.5 ± 1.3 0.0003

HDL (mmol/l) 1.0 ± 0.3 1.2 ± 0.3 0.0552

LDL (mmol/l) 5.2 ± 0.9 4.0 ± 1.1 0.0002

TG (mmol/l) 4.7 ± 2.5 1.8 ± 1.0 <0.0001

Glucose (mmol/l) 10.5 ± 3.0 5.1 ± 0.4 <0.0001

HDL = high density lipoprotein; LDL = low-density lipoprotein; TG = Triglyceride

Data are expressed as mean ± standard deviation
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Abstract

Objective Obesity is closely linked to the incidence of

type II diabetes. It is found that effective management of

body weight and changes to nutritional habits especially

with regard to the carbohydrate content and glycemic index

of the diet have beneficial effects in obese subjects with

glucose intolerance. Previously we have shown that keto-

genic diet is quite effective in reducing body weight.

Furthermore, it favorably alters the cardiac risk factors

even in hyperlipidemic obese subjects. In this study the

effect of ketogenic diet in obese subjects with high blood

glucose level is compared to those with normal blood

glucose level for a period of 56 weeks.

Materials and methods A total of 64 healthy obese sub-

jects with body mass index (BMI) greater than 30, having

high blood glucose level and those subjects with normal

blood glucose level were selected in this study. The body

weight, body mass index, blood glucose level, total cho-

lesterol, LDL-cholesterol, HDL-cholesterol, triglycerides,

urea and creatinine were determined before and at 8, 16,

24, 48, and 56 weeks after the administration of the keto-

genic diet.

Results The body weight, body mass index, the level of

blood glucose, total cholesterol, LDL-cholesterol, trigly-

cerides, and urea showed a significant decrease from week

1 to week 56 (P < 0.0001), whereas the level of HDL-

cholesterol increased significantly (P < 0.0001). Interest-

ingly these changes were more significant in subjects with

high blood glucose level as compared to those with normal

blood glucose level. The changes in the level of creatinine

were not statistically significant.

Conclusion This study shows the beneficial effects of

ketogenic diet in obese diabetic subjects following its long-

term administration. Furthermore, it demonstrates that in

addition to its therapeutic value, low carbohydrate diet is

safe to use for a longer period of time in obese diabetic

subjects.

Keywords Obesity � Blood glucose � Cholesterol �
LDL � HDL � Triglycerides � Low-carbohydrate diet �
Ketogenic diet

Introduction

Obesity is a serious universal health problem [1, 2]. In the

United States, two of every three adults are either over-

weight (BMI of 25–29.9 kg/m2) or obese (BMI of 30 and

above; [3]). Similarly, there is a tremendous increase in the

rate of obesity in Kuwait and other Gulf countries. During

the last decade there is a high prevalence of obesity in

Kuwait [4, 5].

Obesity substantially increases the risk of morbidity

from various chronic diseases. There is a tendency for type
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Fig. 12. Total cholesterol/ HDL ratio in obese subjects with hypercholes-
terolemia as compared to those with normocholesterolemia following treat-
ment with ketogenic diet in obese subjects at 8, 16, 24, 32, 40, 48 and 56
weeks. The levels of triglycerides are expressed as mean ± SEM. LOCF;
Last observation carried forward. ∗p Value <0.0001 compared with week 1.

and risk factors associated with various chronic diseases
[1, 25–29].

These studies show the beneficial effects of ketogenic diet
following its long term administration. It significantly re-
duces the body weight and body mass index. Furthermore,
it decreases the level of triglycerides, and LDL-cholesterol
[26–29].

The data presented in this study shows that both high and
normal cholesterol groups showed reduction of LDL, how-
ever, there was no significant alteration between genders. The
level of triglycerides significantly reduced after 8 weeks and
showed a further gradual decrease in both groups till the end
of the year. Similar changes occurred in males and females.
Glucose level decreased significantly in both groups in males
and females. As there were no significant differences in male
and female subjects in all the parameters examined, the data
of males and females in each group are pooled and presented
together.

Majority of the subjects who attended the Consultation and
training office in the Faculty of Medicine, Kuwait University,
suffered from metabolic syndrome (visceral obesity, athero-
genic dyslipedemia (i.e low level of high density lipoprotein
and elevation of total cholesterol and triglyceride) and eleva-
tion of blood sugar. Various investigators have convincingly
shown that triglyceride-rich lipoprotein plays a major role
in atherogenesis [30–34] and fasting triglyceride is directly
related to cardiovascular disease [35, 36], myocardial infarc-
tion, hypertension and diabetes mellitus [37, 38].

Ratio of total cholesterol/HDL and LDL/HDL are used as
predictors of cardiac disease. Recent studies have shown that
an increase in one unit in the LDL/HDL ratio and an increase
in total cholesterol /HDL ratio is associated with a 53% [39,
40] and 49% [27], increase in the risk of myocardial infarc-

tion, respectively. In another study it is found that an increase
in the ratio of LDL to HDL by one unit may even contribute
to a 75% increase in the risk of myocardial infarction [38].

Unfortunately, one of the limitations of this study was that
we were unable to estimate the fasting insulin level in these
subjects. However, there was obvious improvement in their
blood sugar level. In a similar study with low carbohydrate
diet, Noakes et al. [41] have shown a 33% decrease in fasting
insulin level along with improvement of fasting glucose level,
blood pressure and reduction in body weight.

Other investigators have also shown that low carbohydrate
diet had an influence in decreasing fasting triglyceride as well
as the ratio of triglyceride to high density lipoprotein and im-
provement in blood sugar along with reduction in body weight
[42–44]. Although, these studies did not compare the effects
of ketogenic diet in subjects with hypercholesterolemia to
those with normocholesterolemia, these studies collectively
indicate that a low carbohydrate diet had more favourable
outcomes with regard to weight and lipid profile than those
who were on a conventional diet.

Regarding exercise most of the subjects as advised by their
General Practitioners were following at least a daily walk of
45 min before participating in this program. However, they
have not experienced any reduction in body weight. Thus, we
have not introduced a new pattern of exercise together with
this diet. On the other hand we just allowed them to con-
tinue with their routines. It should be noted that we have
included about 5 tablespoons olive oil in the diet recom-
mended to the participants in this programme. Historically,
olive oil is one of the most characteristic components of
Mediterranean diet [45]. It has a protective role in cardio-
vascular diseases, and various cancers, as well as to diminish
the age-related cognitive decline [45–47]. Olive oil is rich
in monounsaturated fatty acids and antioxidant substances.
The health benefits of olive oil are attributed to these factors.
Furthermore, it is shown that olive oil may have protective
role for the dynamic blood cholesterol levels in a healthy
population [47]. It should be noted that in our previous study
[1], we have not included olive oil in the diet and the de-
crease in weight in obese subjects was similar in both the
studies.

Administering ketogenic diet for a relatively longer period
did not produce any significant side effects in subjects with
high level of total cholesterol. Therefore, this study suggests
that it is safe to use ketogenic diet for a longer period of time
regardless of the total cholesterol level of the subjects.
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Table 6. Statistical significance between week 1 and week 56 observation
of various parameters studied in total, group I and group II subjects

Group I (n = 35; Group II (n = 31;
Total High cholesterol) Normal cholesterol)

Weight (Kg) <0.0001 <0.0001 <0.0001

BMI (Kg/m2) <0.0001 <0.0001 <0.0001

Tot.Chol. (mmol/l) <0.0001 <0.0001 0.0170

HDL (mmol/l) <0.0001 <0.0001 <0.0001

LDL (mmol/l) <0.0001 <0.0001 <0.0001

TG (mmol/l) <0.0001 <0.0001 0.0002

Glucose (mmol/l) <0.0001 <0.0001 0.0034

Fig. 8. Changes in the level of urea in obese subjects with hypercholes-
terolemia as compared to those with normocholesterolemia following treat-
ment with ketogenic diet in obese subjects at 8, 16, 24, 40, 48 and 56 weeks.
The levels of triglycerides are expressed as mean ± SEM. LOCF; Last
observation carried forward. ∗p Value <0.0001 compared with week 1 in
hypercholesterolemic subjects. ∗∗p Value 0.0131 compared with week 1 in
normocholesterolemic subjects.

Fig. 9. Changes in the level of creatinine in obese subjects with hyperc-
holesterolemia as compared to those with normocholesterolemia following
treatment with ketogenic diet in obese subjects at 8, 16, 24, 40, 48 and 56
weeks. The levels of triglycerides are expressed as mean ± SEM. LOCF;
Last observation carried forward.

Fig. 10. Triglyceride/HDL ratio in obese subjects with hypercholes-
terolemia as compared to those with normocholesterolemia following treat-
ment with ketogenic diet in obese subjects at 8, 16, 24, 40, 48 and 56 weeks.
The levels of triglycerides are expressed as mean ± SEM. LOCF; Last
observation carried forward. ∗p Value <0.0001 compared with week 1 in
hypercholesterolemic subjects. ∗∗p Value 0.0001 compared with week 1 in
normocholesterolemic subjects.

Fig. 11. LDL/HDL ratio in obese subjects with hypercholesterolemia as
compared to those with normocholesterolemia following treatment with ke-
togenic diet in obese subjects at 8, 16, 24, 32, 40, 48 and 56 weeks. The
levels of triglycerides are expressed as mean ± SEM. LOCF; Last observa-
tion carried forward. ∗p Value <0.0001 compared with week 1.

is associated with a variety of chronic diseases. It is es-
timated that in United States alone about 300,000 people
die each year from obesity related diseases. There is a grad-
ual increase in the number of obese people in United States
[21–24]. A similar trend is observed in Kuwait and other
Middle East countries. The different attempts for reducing
weight by reduced calorie and fat intake combined with ex-
ercise have failed to show a sustained long term effect. Re-
cent studies from various laboratories, including ours have
shown that a high fat diet rich in polyunsaturated fatty acids
(ketogenic diet) is quite effective in reducing body weight
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Table 5. Percentage changes in the various parameters observed at week 56 in persons subjected to ketogenic diet

Total Group I (N = 35; Group II (N = 31;
(N = 66) High cholesterol) Normal cholesterol) p-value

Weight (Kg) −25.9 ± 6.3 −25.8 ± 6.7 −26.0 ± 5.8 0.9065

Tot.Chol. (mmol/l) −19.3 ± 17.0 −29.2 ± 9.4 −6.2 ± 16.2 0.0005

HDL (mmol/l) 52.3 ± 43.8 63.7 ± 52.7 37.1 ± 20.6 0.1778

LDL (mmol/l) −28.2 ± 20.1 −33.5 ± 19.5 −21.3 ± 19.1 0.1331

TG (mmol/l) −59.0 ± 32.1 −69.8 ± 32.6 −44.7 ± 25.7 0.0537

Glucose (mmol/l) −31.0 ± 25.0 −44.0 ± 22.6 −12.8 ± 15.1 0.0004

HDL: High density lipoprotein; LDL: Low density lipoprotein; TG: Triglyceride BMI: Body mass index; Tot.Chol.: Total cholesterol.
Data is expressed as mean ± standard deviation. Statistical significance between Group I and Group II are given.

Fig. 4. Changes in the level of HDL-cholesterol expressed as mean ± SEM,
following treatment with ketogenic diet in obese subjects with hypercholes-
terolemia as compared to those with normocholesterolemia for a period of
56 weeks. LOCF; Last observation carried forward. ∗p Value <0.0001 com-
pared with week 1.

Fig. 5. Changes in the level of LDL-cholesterol following treatment with
ketogenic diet at 8, 16, 24, 32, 40, 48 and 56 weeks in obese subjects with high
level of cholesterol as compared to those with normal level of cholesterol.
The levels of LDL-cholesterol are expressed as mean ± SEM. LOCF; Last
observation carried forward. ∗p Value <0.0001 compared with week 1.

Fig. 6. Changes in the level of triglycerides in obese subjects with hyperc-
holesterolemia as compared to those with normocholesterolemia following
treatment with ketogenic diet in obese subjects at 8, 16, 24, 32, 40, 48 and
56 weeks. The levels of triglycerides are expressed as mean ± SEM. LOCF;
Last observation carried forward. ∗p Value <0.0001 compared with week 1.

Fig. 7. Decreased levels of glucose expressed as mean ± SEM following the
administration of ketogenic diet in obese subjects with hypercholesterolemia
as compared to those with normocholesterolemia at 8, 16, 24, 40, 48 and
56 weeks. LOCF; Last observation carried forward. ∗p Value <0.0001 com-
pared with week 1.
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Table 4. Baseline values of different physical and biochemical parameters
monitored in persons subjected to low carbohydrate diet (ketogenic diet)

Group I Group II
Total (n = 35) (n = 31) p-value

Age (years) 42.9 ± 10.8 45.5 ± 9.2 39.9 ± 11.8 0.0731

Weight (Kg) 106.9 ± 18.3 112.3 ± 19.3 100.7 ± 15.3 0.0168

BMI (Kg/m2) 39.1 ± 6.1 40.1 ± 6.1 38.0 ± 6.1 0.1385

Tot.Chol. (mmol/l) 6.1 ± 1.4 7.0 ± 0.9 5.0 ± 0.8 <0.0001

HDL (mmol/l) 1.1 ± 0.3 1.1 ± 0.3 1.2 ± 0.3 0.0076

LDL (mmol/l) 4.6 ± 1.2 5.4 ± 0.8 3.6 ± 0.7 <0.0001

TG (mmol/l) 3.2 ± 2.3 4.3 ± 2.6 2.0 ± 1.1 <0.0001

Glucose (mmol/l) 7.7 ± 3.4 9.4 ± 3.7 5.7 ± 1.5 <0.0001

HDL: High density lipoprotein; LDL: Low density lipoprotein; TG: Triglyc-
eride BMI: Body mass index; Tot.Chol.: Total cholesterol.
Data is expressed as mean ± standard deviation.

Fig. 1. Reduction in body weight at 8, 16, 24, 32, 40, 48 and 56 weeks
following the administration of ketogenic diet in obese subjects with hy-
percholesterolemia as compared to those with normocholesterolemia. The
weights are expressed as mean ± SEM. LOCF; Last observation carried
forward. ∗p Value <0.0001 compared with week 1.

and females in both Group I (high cholesterol) and Group II
(normal cholesterol) throughout the program (Fig. 2).

There was a significant change (P < 0.0001) in the lipid
profile of the subjects during the entire study period. The
level of total cholesterol decreased significantly after week 1
until the end of the study (Fig. 3). HDL-cholesterol increased
significantly (Fig. 4), whereas LDL-cholesterol decreased
significantly (Fig. 5). The level of triglycerides significantly
decreased from the start till the end of the study (Fig. 6).
The blood glucose level of males and females decreased sig-
nificantly (P < 0.0001) from the start until the 56th week
(Fig. 7).The percentage changes in the various parameters
observed at the end of the study and the statistical signifi-
cance between week one and week 56 observations in total,
group I and group II subjects are given in Tables 5 and 6 re-

Fig. 2. Reduction in body mass index (BMI) at 8, 16, 24, 32, 40, 48 and
56 weeks following the administration of ketogenic diet in obese subjects
with hypercholesterolemia as compared to those with normocholesterolemia.
The BMI are expressed as mean ± SEM. LOCF; Last observation carried
forward. ∗p Value <0.0001 compared with week 1.

Fig. 3. Decreased levels of total cholesterol expressed as mean ± SEM, in
obese subjects with hypercholesterolemia as compared to those with nor-
mocholesterolemia at 8, 16, 24, 32, 40, 48 and 56 weeks following the
administration of ketogenic diet. LOCF; Last observation carried forward.
∗p Value <0.0001 compared with week 1.

spectively. The changes in the level of urea and creatinine at
week 1 and week 56 are given in Figs. 8 and 9 respectively.
The changes in the levels of urea were statistically significant
while changes in the levels of creatinine were not significant.
The ratio of triglyceride/HDL, LDL/HDL and total choles-
terol/HDL at week 1 and week 56 are given in Figs. 10, 11
and 12 respectively.

Discussion

Obesity has become a serious chronic disease in both de-
veloping and developed countries [21–24]. Furthermore, it
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Table 1. Recommended and restricted food in ketogenic diet

Recommended food Fully restricted food

Proteins Vegetables/Fruits Oil Carbohydrates Fruits/drinks

Fish: Tuna, Sardine Prawns,
Shrimps. Lobster

Spinach, Watercress, Eggplant,
Parsley, Mulberry, Coriander,
Mint, Artichoke, Okra, Cabbage,
Mushroom, Avocado, Leek,
Carrot, Radish, Celery,
Cauliflower, Green pepper,
Lettuce, Cucumber, Tomato,
10–15 olives/day, Lemon

Olive oil (5
tablespoon, added to
the salad

Flour, Potato, Macaroni Spaghetti,
Noodles, Bread, Rice, Sugar,
Sweets, Honey, Cakes

All fruit juices

Meat: Kababs, Sausages, Minced Strawberry-6/day, Avocado Flax seed oil All soft drinks

Poultry: Chicken, Eggs Berries-10/day

Cheese: Full fat cheese

Table 2. Composition of the capsule containing micronutrients

Vit. A 1000 IU

Beta-Carotene 3000 IU

Vit E 75 IU

Vit C 90 mg

Folic Acid 0.6 mg

Vit. B1 2.25 mg

Vit. B2 3.2 mg

Niacinamide 15 mg

Vit. B6 8 mg

Vit. B12 25 mg

Vit D 400 IU

BIOTIN 45 mcg

Pantathenic acid 10 mg

Minerals

Calcium 200 mg

Phosphorus 125 mg

Iodine 0.15 mg

Iron 4 mg

Magnesium 50 mg

Copper 2 mg

Manganese 5 mg

Pottassium 80 mg

Chlorine 72 mg

Chromium 100 mcg

Malybdenum 25 mcg

Selenium 25 mcg

Zinc 15 mg

Nickel 5 mcg

Tin 0.010 mg

Vanadium 10 mcg

Silicon 0.010 mg

Other Ingredients

Lutein 250 mg

Source: Centrum Select, Canada.

visit, enquiries were made regarding their adherence to the
diet, exercise habits and any side effects or uncomfortable
feelings they felt.

Statistical differences between parameters before and af-
ter the administration of ketogenic diet were analyzed by
ANOVA and student- t test using a package (Stat view 4.02).
Age, body mass index and all biochemical parameters were
expressed as mean ± standard error.

Results

Among the 66 subjects who were included in this study, 35
subjects belonged to group I and 31 to group II. Their age
ranged from 17 to 67. Only 49 subjects (74%) completed 56
weeks successfully. At 56 weeks, there were 26 subjects in
group I (with high cholesterol level) and 23 in group II (with
normal cholesterol level). Among the 49 subjects who com-
pleted the study, 25 were male and 24 were female subjects
(Table 3).

The average age, weight, BMI and the baseline values
of other biochemical parameters examined in this study are
given in Table 4. There was a significant reduction (P <

0.0001) in the body weight (Fig. 1) and the BMI of males

Table 3. Number of patients at different stages of the study

Group I (High Group II (Normal Total
Cholesterol) N (%) Cholesterol) N (%) N (%)

Week-1 35 (100) 31 (100) 66 (100)

Week-24 34 (97.1) 28 (90.3) 62 (93.9)

Week-32 32 (91.4) 27 (87.1) 59 (89.4)

Week-40 30 (85.7) 26 (83.9) 56 (84.8)

Week-56 26 (74.3) 23 (74.2) 49 (74.2)
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In this study a low carbohydrate diet (Ketogenic diet) in
which the daily consumption of carbohydrate is less than 20 g,
regardless of fat, protein and caloric intake is used. In sub-
jects with ketogenic diet, the metabolic energy requirements
are obtained from the adipose tissue and/or from dietary fat
consumed by the subject. The ketone bodies, acetoacetic
acid, β-hydroxybutyrate and acetone produced during the
fat metabolism substitute for glucose in subjects with keto-
genic diet. Furthermore, 1 g of protein can give away 0.5 g
of glucose whenever patient is on ketogenic diet [4], thus it
sustains positive nitrogen balance and ultimately preserves
the lean body mass [5].

Currently, there is a wide popularity about ketogenic diet,
prompting concerns regarding the use of ketogenic diet in
weight reductions programs. However, very few studies eval-
uated their effect in cardiac risk factors [6, 7]. These studies
indicated that application of ketogenic diet results in sig-
nificant decrease in serum triglycerides, small increase in
total and LDL cholesterol and moderate increase in HDL
cholesterol in subjects with normal lipid profile. In another
study it is shown that for every kilogram of weight loss,
HDL cholesterol increases 0.009 and triglycerides decrease
0.015 mmol/L [8]. Elevated fasting triglyceride is found to
be an independent risk factor for cardiovascular diseases [9].
On the other hand, numerous studies suggest that a high
carbohydrate diet raise triglyceride levels and reduce HDL
cholesterol along with insulin resistance [10, 11]. Interest-
ingly, these changes in triglyceride and HDL levels were
reversed by replacing saturated fat instead of carbohydrate
[12, 13].

Considering the complications caused by high cholesterol
level in the blood, the usual tendency is to modify the diet
so as to eliminate cholesterol and unsaturated fat. In this re-
gard, it is reasonable to believe that the best alternative in
such a situation is to enable the cells to use excess lipids
to produce energy, which also reduces obesity. The cells
can be primed to this type of metabolism by using a high
fat diet and by not providing carbohydrate, which is the
usual source of fuel for the energy requirements in the body.
Various studies have convincingly shown the beneficial ef-
fects of ketogenic diet in reducing weight in obese subjects
as compared to other diet programs [14–20], its long term
effect on the lipid profile of obese subjects with high to-
tal cholesterol as compared to obese subjects with normal
cholesterol level is lacking. Therefore, the present study was
carried out to demonstrate the changes in body weight, lipid
profile, glucose, urea and creatinine that might occur after
the administration of ketogenic diet throughout the period
of study (56 weeks), in healthy obese subjects with hyper-
cholesterolemia as compared to those obese subjects with
normocholesterolemia.

Materials and methods

Obese subjects (BMI greater than 30) who attended the
Consultation and training office in the Faculty of Medicine,
Kuwait University, were included in the study. Medical his-
tory and clinical examination were carried out on all the sub-
jects during each visit. Among the 997 obese subjects who
attended the Consultation and training office, only 66 sub-
jects (34 males and 32 females) were included in this study.
119 subjects refused to participate in this study, whereas 812
subjects who were suffering from other health related prob-
lems such as heart diseases, hepatic diseases, serum creatinine
above 120 μmol/L and with history of weight loss medica-
tion were excluded from the study. All the subjects who were
included in this study were Kuwaitis. The subjects were di-
vided into two groups: Group I (21 males and 14 females),
subjects with high cholesterol level above 6 mmol/L (normal
3.4–6.00 mmol/L); and Group II (13 males and 18 females),
subjects with normal cholesterol level less than 6 mmol/L.
Among the 66 subjects included in the study, 35 subjects
belonged to Group I and 31 to Group II.

All 66 subjects received a ketogenic diet consisting of less
than 20 g of carbohydrates in the form of green vegetables
and salad and 80–100 g of proteins in the form of meat, fish,
fowl, eggs, shellfish and cheese. Polyunsaturated and mo-
nounsaturated fats (5 tablespoons olive oil) were included
in the diet. Gradually, the amount of carbohydrate is raised
from the original 20 to 40 g in order to supply sufficient glu-
cose to sustain the cells with few or no mitochondria such as
erythrocytes, cornea, lens, renal medulla and leukocytes [4].

A list of recommended and restricted food in ketogenic
diet is given in Table 1. In addition, micronutrients (vitamins
and mineral; Centrum Select, Canada) in the form of 1 cap-
sule/day were given to each subjects (Table 2). Twelve weeks
later an additional 20 g of carbohydrate was given. During
each visit, participants were asked regarding the adherence
to the diet and adverse effects. All participants were asked to
perform exercise in the form of 45 min walking daily.

Fasting blood tests were carried out in all the subjects. The
subjects were subjected to liver and renal function tests, com-
plete blood count, total cholesterol, high density lipoprotein
(HDL), low density lipoprotein (LDL; directly measured),
triglycerides (TG), urea and creatinine in the beginning after
8, 16, 24, 32, 40, 48 and 56 weeks. Biochemical analysis of
lipid, liver, renal profiles and electrolytes were performed by
Beckman CX 5 C E and complete blood count was carried
out by Coulter MD II. The body mass index (the weight in
kilograms divided by square of the height) was determined
initially and after 8, 16, 24, 32, 40, 48 and 56 weeks. We stan-
dardized our results with daily internal and external quality
control program with “Lab quality Finland”. During each
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Abstract

Objective: Various studies have convincingly shown the beneficial effect of ketogenic diet (in which the daily consumption of
carbohydrate is less than 20 grams, regardless of fat, protein and caloric intake) in reducing weight in obese subjects. However,
its long term effect on obese subjects with high total cholesterol (as compared to obese subjects with normal cholesterol level)
is lacking. It is believed that ketogenic diet may have adverse effect on the lipid profile. Therefore, in this study the effect of
ketogenic diet in obese subjects with high cholesterol level above 6 mmol/L is compared to those with normocholesterolemia
for a period of 56 weeks.

Materials and methods: In this study, 66 healthy obese subjects with body mass index (BMI) greater than 30, having high
cholesterol level (Group I; n = 35) and those subjects with normal cholesterol level (Group II; n = 31) were selected. The body
weight, body mass index, total cholesterol, LDL-cholesterol, HDL-cholesterol, urea, creatinine, glucose and triglycerides were
determined before and after the administration of the ketogenic diet. Changes in these parameters were monitored at 8, 16, 24,
32, 40, 48 and 56 weeks of the treatment.

Results: The body weight and body mass index of both groups decreased significantly (P < 0.0001). The level of total
cholesterol, LDL cholesterol, triglycerides and blood glucose level decreased significantly (P < 0.0001), whereas HDL
cholesterol increased significantly (P < 0.0001) after the treatment in both groups.

Conclusion: This study shows the beneficial effects of ketogenic diet following its long term administration in obese subjects
with a high level of total cholesterol. Moreover, this study demonstrates that low carbohydrate diet is safe to use for a longer
period of time in obese subjects with a high total cholesterol level and those with normocholesterolemia. (Mol Cell Biochem
286: 1–9, 2006)

Key words: blood glucose, cholesterol, HDL, ketogenic diet, LDL, low carbohydrate diet, obesity, triglycerides

Introduction

Ketogenic diet has been around in the medical literature
for well over 70 years [1]. It has been known that fasting
has beneficial effects on seizure control. For many years,
it was used as an anti-convulsant for controlling seizures.

Address for offprints: H.M. Dashti, Department of Surgery, Faculty of Medicine, P.O. Box 24923, 13110, Safat, Kuwait (E-Mail: info@drdashti.com)

In some cases it is actually better than the modern anti-
convulsants at controlling seizures. Mild ketosis is a natu-
ral phenomenon that occurs in man during fasting and lac-
tation. Post-exercise ketosis is a well known phenomenon
in mammals, the diet mimics the effects of starvation
[1–3].

البحث الثالثالبحث الثالث
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selective antineoplastic therapy. The supply of substrates for

tumour energy metabolism can be reduced by dietary manipula-

tion (eg, ketogenic diet) or by pharmacological means at the

cellular level (eg, inhibitors of glycolysis or oxidative phospho-

rylation). Both of these techniques are nontoxic methods for

controlling tumour growth in vivo (61). Sugar consumption is

positively associated with cancer in humans and test animals

(58-61). This observation is quite logical because tumours are

known to be enormous sugar absorbers. It has also been found

that the risk of breast cancer decreases with increases in total

fat intake (16). Further studies on the role of a ketogenic diet in

antineoplastic therapy are in progress in our laboratory.

A link between low fat diets and osteoporosis has been sug-

gested. Very low fat diets are considered to be low in calcium

content. Women on low fat diets excrete most of the calcium

they consume; therefore, they are more prone to osteoporosis.

However, a high fat diet can rectify this situation (62).

In the present study, a control population on a low fat diet

was not included due to the difficulties in recruiting subjects

for a control group. However, several studies (63,64) with

appropriate control groups that compared the effect of a low fat

diet with a low carbohydrate ketogenic diet have recently been

published. In this regard, these two recent studies are compara-

ble with the present study. Brehm et al (23) showed that obese

women on a low carbohydrate ketogenic diet lost 8.5 kg over

six months compared with 4.2 kg lost by those in the low fat diet

group (P<0.001). Twenty-two subjects from the low carbohy-

drate ketogenic diet and 20 subjects from the low fat diet com-

pleted the study, with both groups reducing their energy

intake by approximately 450 kcal from the baseline level. In

another study performed in 132 severely obese subjects for six

months (24), there was greater weight loss in the low carbohy-

drate ketogenic diet group than in the low fat diet group (5.8 kg

versus 1.9 kg, P=0.002). Both of these studies support the find-

ings presented in the present paper.

CONCLUSIONS

The data presented in the present study showed that a keto-

genic diet acted as a natural therapy for weight reduction in

obese patients. This is a unique study monitoring the effect of

a ketogenic diet for 24 weeks. There was a significant decrease

in the level of triglycerides, total cholesterol, LDL cholesterol

and glucose, and a significant increase in the level of HDL

cholesterol in the patients. The side effects of drugs commonly

used for the reduction of body weight in such patients were not

observed in patients who were on the ketogenic diet.

Therefore, these results indicate that the administration of a

ketogenic diet for a relatively long period of time is safe.

Further studies elucidating the molecular mechanisms of a

ketogenic diet are in progress in our laboratory. These studies

will open new avenues into the potential therapeutic uses of a

ketogenic diet and ketone bodies.
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syndrome and pyruvate dehydrogenase deficiency, which are

both associated with cerebral energy failure and seizures (26).

One argument against the consumption of a high fat diet is

that it causes obesity. The major concern in this regard is

whether a high percentage of dietary fat promotes weight gain

more than a low percentage of fat intake. Because fat has a

higher caloric density than carbohydrate, it is thought that the

consumption of a high fat diet will be accompanied by a higher

energy intake (31). On the contrary, recent studies from our

laboratory (12) and many other laboratories (24,32-34) have

observed that a ketogenic diet can be used as a therapy for

weight reduction in obese patients.

It has been found that a sugary diet is the root cause of var-

ious chronic diseases of the body. A recent study (35) showed

that sugar can accelerate aging. Several recent studies (36,37)

have pointed to the fact that a diet with a high glycemic load

is independently associated with the development of cardio-

vascular diseases, type II diabetes and certain forms of cancer.

Glycemic load refers to a diet of different foods that have a

high glycemic index. Glycemic index is a measure of the ele-

vation of glucose levels following the ingestion of a carbohy-

drate. The classification of a carbohydrate based on its

glycemic index provided a better predictor of risk for coronary

artery diseases than the traditional method of classification of

carbohydrate into simple or complex forms (38). In other stud-

ies (38-46), it was shown that the risk of dietary glycemic load

from refined carbohydrates was independent of other known

risk factors for coronary diseases.

It is now evident that high carbohydrate diets increase fast-

ing plasma triglyceride concentrations (47-51) and decrease

HDL cholesterol concentrations (52-55). These changes are

associated with enhanced atherogenesis (55). However, it has

been shown that short-term ketogenic diets improve the lipid

disorders that are characteristic of atherogenic dyslipidemia

(56). It has also been found that sugary drinks decreased blood

levels of vitamin E, thus reducing the amount of antioxidants

in the body. It has been proven, beyond a doubt, that disrupt-

ing the oxidant-antioxidant status of the cell will lead to vari-

ous diseases of the body (57).

The relation between a high fat diet and cancer is not con-

clusive. Recent epidemiological studies (17,58-60) could not

explain a specific causal relationship between dietary fat and

cancer. It has been found that altered energy metabolism and

substrate requirements of tumour cells provide a target for
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Figure 6) Changes in the level of triglycerides in obese patients during

treatment with a ketogenic diet over a period of 24 weeks. The values

are expressed as mean ± SEM
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Figure 8) Changes in the level of urea in obese patients during a 24-week

ketogenic diet. The level of urea is expressed as mean ± SEM
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Figure 7) Decreased levels of blood glucose (expressed as mean ± SEM)

in obese patients at eight, 16 and 24 weeks during the administration of

a ketogenic diet
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Figure 9) Changes in the level of creatinine in obese patients during a

24-week ketogenic diet. Values are expressed as mean ± SEM
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The level of triglycerides decreased significantly after 24 weeks

of treatment. The initial level of triglycerides was

2.75±0.23 mmol/L, whereas at week 24, the level decreased to

1.09±0.08 mmol/L (Figure 6). The level of blood glucose signif-

icantly decreased at week 24. The initial blood glucose level

and its level at the eighth, 16th and 24th week were

7.26±0.38 mmol/L, 5.86±0.27 mmol/L, 5.56±0.19 mmol/L and

5.62±0.18 mmol/L, respectively (Figure 7). The changes in the

levels of urea (Figure 8) and creatinine (Figure 9) were not sta-

tistically significant.

DISCUSSION

Until recently, ketosis was viewed with apprehension in the

medical world; however, current advances in nutritional

research have discounted this apprehension and increased pub-

lic awareness about its favourable effects. In humans, ketone

bodies are the only additional source of brain energy after glu-

cose (23,24). Thus, the use of ketone bodies by the brain could

be a significant evolutionary development that occurred in

parallel with brain development in humans. Hepatic genera-

tion of ketone bodies during fasting is essential to provide an

alternate fuel to glucose. This is necessary to spare the destruc-

tion of muscle from glucose synthesis.

A ketogenic diet is clinically and experimentally effective

in antiepileptic and antiobesity treatments; however, the

molecular mechanisms of its action remain to be elucidated. In

some cases, a ketogenic diet is far better than modern anticon-

vulsants (25). Recently, it has been shown that a ketogenic

diet is a safe potential alternative to other existing therapies

for infantile spasms (27). It was further shown that a ketogenic

diet could act as a mood stabilizer in bipolar illness (28).

Beneficial changes in the brain energy profile have been

observed in subjects who are on a ketogenic diet (28). This is a

significant observation because cerebral hypometabolism is a

characteristic feature of those who suffer from depression or

mania (28). It has also been found that a ketogenic diet affects

signal transduction in neurons by inducing changes in the

basal status of protein phosphorylation (29). In another study

(30), it was shown that a ketogenic diet induced gene expres-

sion in the brain. These studies provide evidence to explain

the actions of a ketogenic diet in the brain.

One of the mechanisms of a ketogenic diet in epilepsy may

be related to increased availability of beta-hydroxybutyrate, a

ketone body readily transported through the blood-brain barrier.

In support of this hypothesis, it was found that a ketogenic diet

was the treatment of choice for glucose transporter protein
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Figure 2) Decrease in body mass index at eight, 16 and 24 weeks dur-

ing the administration of a ketogenic diet in obese patients. The values

are expressed as mean ± SEM
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Figure 4) Changes in the level of high density lipoprotein (HDL) cho-

lesterol in obese patients during treatment with a ketogenic diet for a

period of 24 weeks. Data are expressed as mean ± SEM
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Figure 3) Decreased levels of total cholesterol (expressed as mean ± SEM)

in obese patients at eight, 16 and 24 weeks during the administration of a

ketogenic diet
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lesterol during treatment with a ketogenic diet in obese patients at eight,

16 and 24 weeks. The values are expressed as mean ± SEM
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was to investigate the long-term effects of a ketogenic diet on

obesity and obesity-associated risk factors in a large population

of obese patients.

PATIENTS AND METHODS

Patients and biochemical analysis

The prospective study was carried out at the Academic

Department of Surgery, Consultation and Training Centre,

Faculty of Medicine, Kuwait University (Jabriya, Kuwait) in

83 obese subjects (39 men and 44 women). The body mass index

(BMI) of men and women was 35.9±1.2 kg/m
2

and

39.4±1.0 kg/m
2
, respectively. The mean age was 42.6±1.7 years

and 40.6±1.6 years for men and women, respectively. The mean

age, initial height, weight and BMI for all patients are given in

Table 1. Fasting blood tests were carried out for all of the subjects.

Initially, all patients were subjected to liver and renal function

tests, and glucose and lipid profiles, using fasting blood samples,

and a complete blood count. Thereafter, fasting blood samples were

tested for total cholesterol, high density lipoprotein (HDL) choles-

terol, low density lipoprotein (LDL) cholesterol, triglycerides,

blood sugar, urea and creatinine levels at the eighth, 16th and

24th week. In addition, weight and height measurements, and

blood pressure were monitored at each visit.

Protocol for ketogenic diet-induced body weight reduction

All 83 subjects received the ketogenic diet consisting of 20 g to 30 g

of carbohydrate in the form of green vegetables and salad, and 80 g

to 100 g of protein in the form of meat, fish, fowl, eggs, shellfish and

cheese. Polyunsaturated and monounsaturated fats were also

included in the diet. Twelve weeks later, an additional 20 g of car-

bohydrate were added to the meal of the patients to total 40 g to

50 g of carbohydrate. Micronutrients (vitamins and minerals) were

given to each subject in the form of one capsule per day (Table 2).

Statistical analysis

Statistical differences between body weight, total cholesterol,

HDL cholesterol, LDL cholesterol, triglycerides, level of fasting

blood sugar, and urea and creatinine levels before and after the

administration of the ketogenic diet were analyzed using a paired

Student’s t test using the Stat-view version 4.02 (Abacus Concepts

Inc, USA). Weight, BMI and all biochemical parameters are

expressed as mean ± SEM.

RESULTS

The mean initial weight of the subjects was 101.03±2.33 kg. The

weight decreased significantly during all stages of the treatment

period. The body weights at the eighth, 16th and 24th week

were 91.10±2.76 kg, 89.39±3.4 kg and 86.67±3.70 kg, respec-

tively (Figure 1). Similar to the loss in body weight, a significant

decrease was observed in the BMI of the patients following the

administration of the ketogenic diet. The initial BMI, and the

BMI after the eighth, 16th and 24th week were

37.77±0.79 kg/m
2
, 33.90±0.83 kg/m

2
, 33.24±1.00 kg/m

2
and

32.06±1.13 kg/m
2
, respectively (Figure 2).

The level of total cholesterol showed a significant decrease

from week 1 to week 24 (Figure 3). The level of HDL choles-

terol significantly increased (Figure 4), whereas LDL choles-

terol levels significantly decreased with treatment (Figure 5).

Ketogenic diet and obesity
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TABLE 1

Patient data at baseline before treatment with the

ketogenic diet

Age Height Weight Body mass index

n (years) (m) (kg) (kg/m
2
)

Men 39 42.6±1.7 1.7±0.01 102.4±3.7 35.9±1.2

Women 44 40.6±1.6 1.6±0.01 99.8±2.9 39.4±1.0

All data are mean ± SEM

TABLE 2

Composition of the capsule*

Para-aminobenzoic acid (PH) 30 mg

Vitamin B
1

(thiamin mononitrate) (BP) 15 mg

Vitamin B
2

(riboflavin) (BP) 3 mg 

Vitamin B
5

(nicotinamide) (BP) 25 mg

Vitamin B
3

(calcium pantothenate) (PH) 3 mg

Vitamin B
6

(pyridoxine HCI) (BP) 5 mg

Vitamin B
12

(cyanocobalamin) (BP) 10 μg

Biotin (PH) 5 μg

Folic acid (BP) 100 μg

Vitamin C (ascorbic acid ) BP 60 mg

Vitamin A (retinol) (USP; 2000 IU) 0.6 mg

Vitamin D (calciferol) (INN; 200 IU) 5 μg

Vitamin E (tocopherol acetate) (USNF) 10 mg

Lecithin (PH) 40 mg 

Wheat germ oil 100 mg

Lysine (FP) 40 mg

Methionine (DAB) 60 mg

Rutin (DAB) (rutoside) (INN) 10 mg

Iron (as fumarate; BP) 12 mg

Calcium (as dicalcium phosphate) (BP) 52 mg

Phosphorus (as dicalcium phosphate) (BP) 40 mg

Potassium (as KCl) (BP) 2 mg

Zinc (as ZnSO
4
) (BP) 8 mg

Copper (as CuSO
4
) (BP) 1 mg

Manganese (as MnSO
4
) (BP) 2 mg

Iodine (as potassium iodide) (BP) trace

Ginseng (Siberian) (5:1 concentrated extract) 4 mg

*Net weight 45 g. BP British Pharmacopoeia; DAB German Pharmacopoeia;

FP French Pharmacopoeia; INN International nonpropietary names; 

IU International units; PH Swiss Pharmacopoeia; USNF United States

National Formulary; USP United States Pharmacopoeia

Figure 1) Reduction in body weight at eight, 16 and 24 weeks follow-

ing the administration of the ketogenic diet in obese patients. The

weights are expressed as mean ± SEM
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BACKGROUND: Although various studies have examined the

short-term effects of a ketogenic diet in reducing weight in obese

patients, its long-term effects on various physical and biochemical

parameters are not known. 

OBJECTIVE: To determine the effects of a 24-week ketogenic diet

(consisting of 30 g carbohydrate, 1 g/kg body weight protein,

20% saturated fat, and 80% polyunsaturated and monounsaturated

fat) in obese patients.

PATIENTS AND METHODS: In the present study, 83 obese

patients (39 men and 44 women) with a body mass index greater than

35 kg/m
2
, and high glucose and cholesterol levels were selected. The

body weight, body mass index, total cholesterol, low density lipopro-

tein (LDL) cholesterol, high density lipoprotein (HDL) cholesterol,

triglycerides, fasting blood sugar, urea and creatinine levels were

determined before and after the administration of the ketogenic diet.

Changes in these parameters were monitored after eight, 16 and

24 weeks of treatment.

RESULTS: The weight and body mass index of the patients decreased

significantly (P<0.0001). The level of total cholesterol decreased from

week 1 to week 24. HDL cholesterol levels significantly increased,

whereas LDL cholesterol levels significantly decreased after treatment.

The level of triglycerides decreased significantly following 24 weeks of

treatment. The level of blood glucose significantly decreased. The

changes in the level of urea and creatinine were not statistically signif-

icant.

CONCLUSIONS: The present study shows the beneficial effects of  a

long-term ketogenic diet. It significantly reduced the body weight and

body mass index of the patients. Furthermore, it decreased the level of

triglycerides, LDL cholesterol and blood glucose, and increased the

level of HDL cholesterol. Administering a ketogenic diet for a relatively

longer period of time did not produce any significant side effects in the

patients. Therefore, the present study confirms that it is safe to use a

ketogenic diet for a longer period of time than previously demonstrated.

Key Words: Diet; Ketosis; Obesity

O
besity has become a serious chronic disease in both devel-

oping and developed countries. Furthermore, it is associated

with a variety of chronic diseases (1-4). It is estimated that in the

United States alone approximately 300,000 people die each year

from obesity-related diseases (5,6). Different methods for reduc-

ing weight using reduced calorie and fat intake combined with

exercise have failed to show sustained long-term effects (7-9).

Recent studies from various laboratories (10,11), including our

own (12), have shown that a high fat diet rich in polyunsatu-

rated fatty acids (ketogenic diet) is quite effective in reducing

body weight and the risk factors for various chronic diseases.

The ketogenic diet was originally introduced in 1920 (13). In

this diet, the fat to carbohydrate ratio is 5:1. While there was a

significant decrease in the weight of obese patients who were on

a ketogenic diet (12), the reverse occurred when the diet

changed to one high in carbohydrates (14).

It should be noted that the concept that fat can be eaten

ad libitum and still induce weight loss in obese subjects is not

a recent one (13-33). Ketosis occurs as a result of the change

in the body’s fuel from carbohydrate to fat. Incomplete oxida-

tion of fatty acids by the liver results in the accumulation of

ketone bodies in the body. A ketogenic diet maintains the

body in a state of ketosis, which is characterized by an eleva-

tion of D-b-hydroxybutyrate and acetoacetate.

Mild ketosis is a natural phenomenon that occurs in

humans during fasting and lactation (19,20). Postexercise

ketosis is a well-known phenomenon in mammals. Although

most of the changes in the physiological parameters induced

following exercise revert back to their normal values rapidly,

the level of circulating ketone bodies increases for a few hours

after muscular activity ceases (21). It has been found that in

trained individuals, a low blood ketone level protects against

the development of hypoglycemia during prolonged intermit-

tent exercise (22). In addition, ketosis has a significant influ-

ence on suppressing hunger. Thus, a ketogenic diet is a good

regulator of the body’s calorie intake and mimics the effect of

starvation in the body.

It is generally believed that high fat diets may lead to the

development of obesity and several other diseases such as coro-

nary artery disease, diabetes and cancer. This view, however, is

based on studies carried out in animals that were given a high fat

diet rich in polyunsaturated fatty acids. In contrast, our labora-

tory has recently shown that a ketogenic diet modified the risk

factors for heart disease in obese patients (12).

Although various short-term studies examining the effect of

a ketogenic diet in reducing the weight of obese patients have

been carried out (10), its long-term effects in obese subjects are

not known (15). Therefore, the purpose of the present study

©2004 Pulsus Group Inc. All rights reserved
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increase fasting plasma triacylglycerol concentration4 and decrease
HDL cholesterol concentrations.5

The data presented in this study showed that a ketogenic diet,
in addition to acting as a natural therapy for weight reduction in

obese patients, significantly decreases the level of triacylglycerols,
total cholesterol, LDL cholesterol, and glucose and increases the
level of HDL. These results, therefore, indicate that the adminis-
tration of a ketogenic diet for a relatively long period is safe and
favorably modifies the risk factors of heart disease in obese
patients.
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TABLE I.

CHANGES IN THE LEVEL OF VARIOUS PHYSICAL AND
BIOCHEMICAL PARAMETERS AT THE END OF THE

TREATMENT PERIOD (WEEK 12)

Physical and biochemical
parameters Week 1* Week 12* P

Weight (kg) 99.2 � 2.1 85.9 � 2.6 �0.0001
Body mass index 37.4 � 0.7 33.0 � 0.8 �0.0001
Cholesterol (mM/L) 5.4 � 0.1 4.9 � 0.1 0.0022
HDL (mM/L) 1.2 � 0.04 1.3 � 0.04 0.0022
LDL (mM/L) 4.0 � 0.1 3.5 � 0.1 0.0160
Triacylglycerols (mM/L) 2.4 � 0.2 1.2 � 0.01 �0.0001
Glucose (mM/L) 7.0 � 0.3 5.4 � 0.1 0.0009

* Data are expressed as mean � standard error.
HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein
cholesterol
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INTRODUCTION

It is generally believed that high-fat diets may lead to the devel-
opment of obesity and several other diseases such as coronary
heart disease, diabetes, and cancer. This view is based on studies
carried out in animals that were given a high-fat diet rich in
polyunsaturated fatty acids. However, various recent epidemio-
logic studies have not explained a specific causal relation between
dietary fat and obesity or obesity-associated diseases.1

Further, contrary to the common notion, a high intake of
carbohydrates was found to increase the levels of triacylglycerols,
total cholesterol, and low-density lipoprotein (LDL) cholesterol
and decrease the level of high-density lipoprotein (HDL) choles-
terol. Elevated levels of triacylglycerols and low levels of HDL
were associated with hyperinsulinemia. Also, an elevated triacyl-
glycerol level, particularly a high ratio of triacylglycerols to HDL,
is an important predictor of heart attack.2

Recent studies have quite evidently shown that the ketogenic
diet is a natural therapy for obesity and obesity-associated dis-
eases. However, there are very few studies that have addressed the
long-term influence of a ketogenic diet in modifying various
obesity-associated diseases. Hence, the purpose of this study was
to investigate the long-term effect of a ketogenic diet on the
activation and modification of heart disease risk factors in obese
patients.

MATERIALS AND METHODS

A prospective study was carried out at the Academic Department
of Surgery, Consultation and Training Center, Faculty of Medi-
cine, Kuwait University in 102 (42 male and 60 female) obese
subjects whose body mass index was 37.4 � 0.7. Mean age was
40.8 � 1.0 y (58.8% female and 41.2% male). Fasting blood tests
were carried out for all the subjects. Initially all the patients were
subjected to liver and renal function tests. Their glucose and lipid
profiles from fasting blood samples and complete blood count
were performed. Thereafter, their fasting blood samples were
tested for total cholesterol, HDL cholesterol, LDL cholesterol,
triacylglycerol, and blood sugar at 4, 8, and 12 wk.

All 102 subjects received a ketogenic diet consisting of 20 to
30 g of carbohydrate in the form of green vegetables and salad and

80 to 100 g of proteins in the form of meat, fish, fowl, eggs,
shellfish, and cheese. Polyunsaturated and monounsaturated fats
were included in the diet. Twelve weeks later, an additional 20 g
of carbohydrate was added to the meal, for a total of 50 g of
carbohydrate. Micronutrients (vitamins and minerals) in the form
of 1 capsule/d were given to each subject.

Statistical differences between various parameters before and
after the administration of the ketogenic diet were analyzed by
paired Student’s t test with Statview 4.02. Weight, body mass
index, and all biochemical parameters are expressed as mean �
standard error.

RESULTS

The changes in the level of the various physical and biochemical
parameters examined are shown in Table I. The level of triacyl-
glycerols showed a significant decrease from before treatment to
12 wk after treatment. The initial level of triacylglycerol was 2.4
mM/L � 0.2; at 12 wk the level decreased to 1.2 mM/L � 0.1. The
level of total cholesterol decreased from week 1 to week 12. HDL
cholesterol increased significantly, whereas LDL cholesterol de-
creased significantly.

The changes in various other physical and biochemical param-
eters observed before and after the treatment period with the
corresponding P values are given in Table I. There was a signif-
icant reduction in body weight. The level of fasting blood sugar
decreased significantly. In conclusion, consuming a ketogenic diet
for 12 wk is safe, and it favorably modified the risk factors of heart
disease in obese patients.

DISCUSSION

One argument against the consumption of a high-fat diet is that it
causes obesity. Because fat has a caloric density higher than that of
carbohydrate, it is thought that consumption of a high-fat diet will
be accompanied by a higher energy intake. On the contrary, recent
studies including those from our laboratory have confirmed that
the ketogenic diet is a natural therapy for obesity.

In contrast, several current studies have pointed to the fact that
a diet with a high glycemic load is independently associated with
developing cardiovascular diseases, type 2 diabetes, and certain
form of cancers.1 Another study carried out in the United States
showed that the risk of dietary glycemic load from refined carbo-
hydrates is independent of other known risk factors of coronary
diseases.3 Now it is quite evident that high-carbohydrate diets
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