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ABSTRACT

Glycemic index (GI) is the ranking of food based on the post prandial blood glucose after
consuming a carbohydrate rich diet whereas glycemic load (GL) or glycemic stack of sustenance
is a number that evaluates how much the food would raise a person’s blood glucose level after
consumption. Very little is known about the effects of carbohydrates, specifically any association
between glycemic index/glycemic load and diseases. The Carbohydrates which are slowly
digested, absorbed and metabolized in the human body are classified as low GI foods (55 or less)
leading to slow rise in the blood glucose and therefore insulin whereas carbohydrates with a high
GI (>70) value leads to hyperglycemia. The constructive and destructive health effects of dietary
carbohydrates are of concern to both scholars as well as shoppers. Many supportive evidences have
been discussed which highlights the significant link between GI/GL and risk for diabetes mellitus,
cardiovascular disease, retinal disorders and the recent being acute macular degeneration. The
intent of this review is to critically analyze the scientific evidence on the role of GI in human body
and how is it interconnected to several metabolic diseases such as CVD’s, cancer, diabetes
mellitus, retinal disorders. GI may serve as a practical criterion to assist peoplein order to opt
healthy choices.
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INTRODUCTION

In the modern era, people are very much dependent upon fast food, processed food and packaged
material. Fast food are not only easy to make but are also —fastll to our body’s digestive system
and can directly or indirectly disturb our metabolism leading to decrement in the chances of weight
loss and ultimately damages overall health (. A balanced diet comprises of many nutritious
elements such as carbohydrates, proteins, fats and fibers. Each component performs different
functions which are directly or indirectly involved in the growth and maintenance of thebody ).

The consumption of carbohydrate based diet is a widely accepted practice. Carbohydrate
consumption has increased in the last few years in western countries following to the advice of
consuming minimal fats especially the saturated one . Carbohydrates serve as energy sources
(starch and glycogen), they are the components of coenzymes and the part of nucleic acids ©). It
is a form of glucose which acts as a fuel for the body and provides energy leading to smooth
functioning of all the metabolic activities taking place in the body. It is a major macronutrient
contributing to 65-70% of the total energy . It is not only used for satisfying hunger but also to
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fulfill the nutritional requirements of the individual and to optimize the performance ©.

Dietary starches have been subjected to negative exposure after the growing popularity and huge
demand of high protein diets for weight reduction; the recent findings suggest that starches might
be more terrible than immersed fats for cardiovascular disease (CVD) hazard (V. People who desire
to experience permanent, healthy weight loss or those affected with diabetes mellitus can get
benefit from consuming food stuffs according to a system of ranking called glycemic index ®.
Foods with high glycemic index are known as fast carbohydrates as they break down in the body
quickly, leading to sudden hike in blood sugar levels. Some foods have high carbohydrate content
(pasta, pizza etc.) whereas other food stuffs (maize, red gram, peas etc.) have low level of
carbohydrates ©).

These carbohydrates release glucose after the complete absorption. The released glucose is used
up for the metabolic processes and the remaining glucose is stored in the form of glycogen in the
liver. Excessive consumption of carbohydrates leads to hyperglycemia i.e. increased glucose level
in the blood and blood insulin depending upon the type of carbohydrate consumed i.e. complex or
simple, amount, processing method and presence of other nutrients 1. The concept of glycemic
index (GI) was evolved by Jenkins and his colleagues in 1981 for management of glycemic
control in patients with Diabetes Mellitus type 2 (DM2) ~“Glycemic index is a ranking of foods
based on the postprandial blood glucose response compared with the reference food (!V'It is a
method of classifying and arranging the carbohydrate content of the individual food according to
their postprandial glycemic effects and their after effects on blood insulin levels (% 12 1319 GJ
has proved to be applicable nutritional notion, providing new cognizance into the relationship
between the food consumed and its after effect. GI would also develop the interrelation between
food and chronic diseases 1% 1316171819 GT is calculated by area coveredby blood glucose within
2 hours of post consumption of 50g available carbohydrate divided by the amount of control
food(white bread), multiplied by 100 % 2!). GI is a property of the sustenance itself. Sustenances
having sugar that is processed, retained and utilized rapidly are viewed as high GI sustenances
(GI=70 on the glucose scale) while those that are utilized, ingested and processed gradually are
viewed as low GI sustenances (GI<55 on the glucose scale).

GI = area covered by blood glucose(2 hours of consumption)

100
amount af contral food

According to Ray et al., (2011) Glycemic Load is a result of GI and the aggregate accessible sugar

Glycemic load = glycemic record X total sugars accessible = 100
content in a given measure of sustenance (GL = GI x accessible starch/given measure of

sustenance). ??
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Glycemic record and glycemic stack changes from nourishment to sustenance. For instance
watermelon has a high GI and low GL esteem !4 Table 1 indicates the classification of GI and
GL on the basis of their post prandial glucose release. A similarity has been noted between the
lifestyle risk factors for insulin resistance like obesity, lack of physical activity, high intakes of
refined carbohydrates and the major chronic diseases, signifying the hypothesis that
hyperinsulinemia may be one of the encouraging factors for conditions such as cancer, diabetes
etc. ¥, Epidemiological evidence suggests direct associations between GI and risk of diabetes ¥,
CHD (7 as well as obesity and CVD . Evidences also highlighted the possible link with cancers
of the colon @® breast @” and pancreas ®®. The blood glucose may also be affected by other
physiological and nutritional factors, which include the digestibility of the starch, interactions of
the starch with protein, the amounts and kinds of fat, sugar and fiber, the presenceof other
constituents, such as molecules that bind starch, and the level and type of the food processing
@9 A wide range of food processing methods and cooking methods is being used for different
food materials. These methods influence the food structure and nutritional properties of food
including starch digestibility, resistance starch, glycemic load and glycemic index % 3. The intent
of this review is to critically analyze the scientific evidence on the role of glycemic index (GI) in
human body and how is it interconnected to several metabolic diseases such as CVD’s, cancer,
diabetes mellitus etc.

Starch digestibility and starch composition

Starch which is a major contributor in normal diet contributes approximately 70-80% of the total
carbohydrates in the diet regardless of therapeutic diets %39, Starch is structurally composed of
2 major units (amylose and amylopectin). Amylose consists of 15-20% of starch whereas
amylopectin consists of 75-80%. Amylose is a linear polymer of a-D glucose units possessing a-
1, 4 glycosidic bonds whereas amylopectin is a branch chain polymer of a-D glucose units linked
by a-1, 4 and a-1, 6 glycosidic linkages ®¥. Processing condition (explosion, puffing, extrusion
and instantiation) along with the state of starch strongly influence the nutritional quality of the
same. Instantisation increases digestibility even in high amylose starches whereas puffing
increases digestibility due to gelatinization, weakened and porous structure ®*. The capacity of
the starch to release glucose and the time required for its digestion are the major physiological
properties of starch **). Amylose (linear starch): amylopectin (complex starch) ratio significantly
affects the starch digestibility ®*®. On the basis of their rate and degree of digestion, starch can be
classified into 3 categories namely rapidly digestible starch (RDS), slowly digestible (SDS) and
resistant starch (RS) ?%37- 3839 Hypothetical mechanism of RDS, SDS and RS has been explained
in Figure 1.
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Starch
Description: Physically protected
Food sources: Whole or partially
milled grams and seeds, legumes, 1
pasta h 4 h 4
Methods: Iilling, chewing RS1 Restricied Starch Slowly Digestihle Rapidly digested
Starch
* Description: Ungelatinized resistant
gratniles with B-type aystalinity and
are hydrolyzed slowly by o-amylase v v
+ Food sowrces: Low potatoes, green Mot digested Slowly digested doand Rapidly digEStEd and
hararas,  some  legumes,  high ahzorbed ahsorhed
amylose starch
* Methods: Food processang and RS
cookdtg
Y Y
— Colomnic bacterial Sustained elevation of Fapid elevation of
* Description:  Retrograded Sta_“h’ fermentation glucose release blood glucose
noti-granulated  starch  derdwed
materials
* Food sources: Cooked and roasted
potatoes, breads, cornflakes RS; ¥ ¥
+ Methods: Processing conditions Short chain Fatty acid Low insulin response ‘ Highinsulin secretion
formmation
* Description: Chemically modified s
starches due to cross bonding with | Hungry feeling
chemical reagents, ethers etc o
« Food sources: Some fibres-rich Increased Satiety level Continmous satiety I
foods in which modified starches Level Lack of energy intake
have been used RSy control
+ Methods: Lesz suzceptible l l l
Energy intake control Energy intake control Overconmumption

Figure 1- Hypothetical mechanism of slowly digestible starch (SDS), rapidly digestible starch
(RDS), resistant starch (RS) along with resistant starch 1,2,3,4 and the methods affecting their
resistance.

RDS is the measure of glucose discharged during hydrolysis after 20 min in mouth and small
digestive tract. The structure of this starch is formless, fast wellspring of vitality and thus is the
most quickly absorbed %,

SDS is the measure of glucose discharged during the process of hydrolysis in the vicinity of 20 to
120 min in small digestive system. Structure of this starch is undefined and it gives moderate and
sustained vitality and also controls the measure of glucose. Examples of this starch are local maize
starch, millet, vegetables and so forth as these gradually increase the blood glucose level. Thus it
is also known as gradually absorbable starch ¢* 49,

RS is acquired from the hydrolyzed starch subtracted from the aggregate starch within 120 minutes
of consumption in the digestive tract. Due to its crystalline structure it has a solid impacton gut

along with its anti-carcinogenic functions. Examples are crude potato, staled bread and so on (40)

RS = TS — (RDS + 5DS)
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Resistance of starch

Resistant starch refers to the sum of starch and product of its degradation undigested in the small
intestine of human beings. Ungelatinized granules from potatoes, high amylose maize and green
bananas are ineffectively processed. Starch made impervious to amylase because of new covalent
ties, shaped at warm treatment or present in starch subsidiaries utilized as nourishment added
substances, may likewise be pretty much indigestible “!. Amylose-lipid complexes appearto be
totally caught up notwithstanding their imperviousness to amylase debasement in vitro. There are
4 types of resistant starches “?) such as Type 1, 2, 3 and 4 resistant starches. Type 1 resistant starch
is the one which is at the point when the amylolytic chemicals have no entranceto starch
aggregation in the undamaged plant cells prompting physically inaccessible starch. It is because
of the fact that the GI tract needs compounds which are equipped for debasing the parts of plant
cell dividers but human gut lacks these enzymes. Type 2 resistant starch is the crude starch of some
plant species (potato). Type 3 resistant starch is retrograded starch which is framed by the
procedure of amylose substance of starch increments while Type 4 resistant starch is essentially a
changed type of starch. It can be framed through the methods for compound or onthe other manual
physical change “. There are various factors which affects the starch digestibility, GI and GL of
the food commodity. Major being particle size, fiber content-soluble and insoluble, nature of
monosaccharide components (fructose, sucrose etc.), B glucan content, amylose content, cooking
methods and ripeness “¥). Various factors affecting rate of glucose reabsorption from starchy foods
in blood has been discussed in Table 2 along with the approach in which they could increase or
decrease their release rate.

Tahle 2: recent studies on the incidents of Diabetes mellitus

Sample Sex Age Placeof Diagnosis Oh sexvations References
size (1) (vears) swrvey method
8529 Both 45-64 America Self- 1447 incidents of DIV 2 were diagnosed in 9 years of study.  Stevenet
Examination al 00
Australi
36757 Both 40-69 & Self- 365 cases of DIVIZ werereported in the time duration of 4 Hodge et
EXamination years. aof. 79
Biochemica
91249 Female 24-44 America 1 741 incidents of DIW2 were diaghosed in 8 yearsof cohort Schulze et
test study. af. 7
13110 Female 24-44 America Self- 1428 women with gestational diabetes were diagnosed in Fhang et
exarmnination 10 years study process. al B
Biochemica
75512 Buoth 45-75 Hawmi 1 8587 cases of diabetes were detected in 14 years long study  Hopping et
test with regular follow ups. al B
Biochermica
64227 Female 40-70 China 1 1608 cases of diabetes were diagnosed in 5 years of follow
test up cohort study. Dietary CHO was solely related with the Willegas et
chances of developing DI al E2
Biochemica
40078 Female 21-69  Ameria 1 1938 cases of D2 were detected in average 8 years follow
test up study. Gl was directly related with the incidence of Krizhnan
developing D2, at el 83)
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DIET-DISEASE RELATIONSHIP

GI and Weight loss

Weight reduction is known to be associated with broad changes in blood lipids and other fiery
biomarkers such as Triglyceride’s levels, elevated Renal Function Tests (RFT’s) etc. 4 49,

Gogebakan et al., (2011) carried out a DiOgenes (Diet, Obesity and Genes) ponder configuration
isolate impacts from weight reduction from those because of various dietary admissions in weight
upkeep period. The connection among GI, GL and body weight is an important factor. Weight gain
and weight loss may require distinctive dietary methodologies as some weight reduction regimes
have low or no starch as basic eating regimen column while others permit carbohydrates only if
carbs are low GI/GL . Many studies confirm that the more prominent weight reduction happens
for the time being when calorie counters utilize a low GI and GL technique contrasted with other
eating regimen methodologies (!> 49 Insulin affectability and weight reduction go hand in hand
and thus these are independent of diet composition. In short, bringing down the glycemic stack
and glycemic list of weight lessening diets does not give any additional advantage to vitality
confinement in advancing weight reduction in overweight subjects. But when calories are entirely
controlled, the GI or GL of the acting routine has no effect 7. Low GI nourishments are possibly
helpful for weight control. They incorporate the capacity to advance satiety and defer hunger,
lessen changes in glycaemia, insulinaemia, advances the rates of fat oxidation(increases )and limit

decreases in metabolic rate amid vitality limitation 4549,

GI and Diabetes

In sedentary middle-aged men with one or more traditional cardiac risk factors, a high-GI, high
carbohydrate diet was associated with the least favorable postprandial profile, whereas the low GI,
high-carbohydrate diet had the most favorable profile ©?. In another study conducted by Steven et
al., (2002) for over a time span of 9 years 1447 incidents of diabetes were observedand after low-
GI diet, improvement in glycemic control, glucose use, some lipid profiles, and the capacity for
fibrinolysis in type 2 diabetes were observed. Results of a 2004 meta-analysis support the use of
the GI as a scientifically based tool to enable selection of carbohydrate- containing foods to reduce
total cholesterol levels in order to improve overall metabolic control of diabetes °V. In summary,
a low GI diet has been found to help with weight management, to improve insulin sensitivity and
glycated hemoglobin level, and to reduce the overall risk of type2 diabetes. According to Chiasson
et al., (2002) use of acarbose also reduces diabetes risk. Both here and now and in long haul
considerations indisputably show that low GI diets enhance glycemic control in individuals with
diabetes % 52 53 Thus, Low-GI foods tend to delay glucoseabsorption by increasing the transit
time thereby resulting in reduced peak insulin concentrations and overall insulin demand by the
human body ”. Recent studies based on GI diets and incidents of the same have been discussed
in Table 3.
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Table 3. recent studies showing the prevalence of CVD around the world on the basis of self-examination, biochemical test and |

medical history.
Sample Sex Age Place of Sample used Diagnosismethod  Ohservations References
size (1) range SUrvey
(Years)

646 Ilale 64-84 Hethetland wheat bread Dledicalhistory Fopulation based study; a high dietary Wandam et
cooked potatoes dvcemic index was not associated with an o7 ©%)
frait, milk, sugar increasedrisk of coronary heart disease

1209 Both 40-65 £ Eutopean Low G wersus Self-examination T onsum ption of low 31 and energy restricted  Gogebakan

countries High GI protein anid biochemical diet with high protein lead to decrease in et gl %
test initial weight and CRP

18137 Female 45-56 America Low Gl andHigh Biochemicaltest GL and GI had direct link with the Lewvitanet
Gl foods concentrations of lipids in blood such as g 9

HDL, LDL, VLDL and CREFP (C reactive
proteit).

82802 Female 30-55 Agnetica Low O  versus DMedicalhistory This study mainly suggested that with the Haltonef ol
High G1 foods intake of high fiber diet the chances of CV¥D (87

canbereduced

47749 Both 3574 Ttaly High ©I foods DMledicalhistory Therisk of cardiovascular diseaseswasmote SHeri af &l
bread, sagar and prominent in  women hawing high ‘1%
jam, tice, pizza and catbohydrate diet asthat of Ivlen
low GI foods
pasta, froit

3050 Both 30-70 Dienm atlk Fye bread, Dledicalhistory Gl had inverse relation heart problems i Grauer af.
potatoes,  pasrty, men Howewer, in women there was no o0
beer, soft drink, significant relation between GI and heart
white bread diseases

121700 Female 30-533 Atn etica Low andHigh G  IIedicalhistory 1020 wom en had incident stroke, 515 had Ohet @l
foods ischemic attack and 270 were identified with  #°!

hem otthagie stroke.

17357 Female 49-70 Hetherlands Low G1 and High DMedicalhistory High Gl foodsleadto atotalof 356 medical  Beulenset

GI foods casesCHD and 243 casesof OV A, i 90

Hypothetical mechanism of high sugar levels and diabetes has been discussed in Figure 2.
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Hyperglycemia decreases the insulin efficiency by downcasting the insulin receptors resulting to
insulin resistance. This condition actsas fatal by increasing the glucose concentrations in blood
leading to more insulin secretions .

GI and CVD

In cardiovascular disease, dietary fats and lipids tend to receive the majority of attention.
Carbohydrates having high GI, however, may not be the ideal alternative when fats are restricted
9 Effects of a low-GI, low-GL diet on cholesterol appear to be most dramatic on triglycerides
because there is less need for the liver to make this cholesterol to bind excessive glucose in the
blood to be stored as fat®>. Mixed meals containing slowly digestible carbohydrate that induce
low glycemic and insulin responses reduce the postprandial accumulation of both hepatically and
intestinally derived triacylglycerol rich lipoproteins in obese subjects with insulin resistance. In a
study comparing a low-GI diet with legumes and fiber to a healthy American diet with no legumes
and less fiber, the GI diet was associated with lower fasting total cholesterol and low density
lipoprotein levels ©9. Postprandial hyperglycemia tends to elevate the risk of CVD by leading to
oxidative stress ®7. GL appears to be an important independent predictor of high- density
lipoprotein cholesterol in youth. Findings suggest that high intake of refined carbohydrates is
associated with risk for hemorrhagic stroke, particularly among overweight or obese women. In
addition, high consumption of cereal fiber was associated with lower risk of total and hemorrhagic
stroke V. An ad libitum low-GL diet may be more efficacious than a conventional, energy
restricted, low-fat diet in reducing cardiovascular disease risk ®®. When saturated fats were
replaced with carbohydrates with a low GI, there was a lower risk ofmyocardial infarction, but if
saturated fat was replaced with carbohydrates possessing high GI, the risk was increased. A
retrospective analysis of cardiovascular deaths in Denmark found that men who ate a high-GI diet
were more likely to die of heart disease. In an Italian cohort (The EPICOR study), a high-GL diet
increased the overall risk of cardiovascular disease in women but not in men.

Gogebakan ef al., (2011) examined the effect of low GI and protein diet in reduction the risk of
cardiovascular disease. It is found in the study that low GI diet has effect on lowering the low
density lipoproteins and triglycerides and low level of hsCRP (C reactive protein). He related the
high level of C reactive protein as a mark of cardiovascular disorders and low grade
inflammation. Study was designed for 26 weeks in 932 overweight adults with high protein and
low glycemic index diet *¥. Various epidemiological proofs have been discussed in Table 4 which
kept high v/s low GI diet as the baseline.
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Table 4: Studies based onlowand high GI diet in context to various types of Cancer.

Sampl Sex Age Placeof Samplk Typeof Diagnosis Ohservations References
size range survey used cancer method
[13)] (years)
10786  Female 3470 Ttaly Low3l and Breasg Biochemical 5 yearsof prospective study whichresulted  Sieri of @i PO
High GI cancer test thathigh GI dietis inkedwith breast cancer
foods inwomenhawvingBRMI <25 and 289 were
diagnosedwith breast canecer.
11576  Female 3466 Denmatk LowGland Bread Anthropometry  This studyindicatedthat the highGL and Gl Romieuet al.
High GI cancer & biochemical diethasrelationwithincreasedinthe risk of 9%
foods test producingestrogenreceptorin
postin enstrial wom en
632307 Female 40-87 America Low3land Bread Mledicalhistory Accordingto thisstudy dycemicindex and  Jonaset? of (%)
High GI cancer loadwere not related with elesated the risk
foods of postin enopausal breast cancet rate.
12270 Fetrale 40-692 Australia Low Gl and BEreasg Medicalhistory  This study suggested the association of CGHles af i, &9
HighGI CAncer fiber, CHO andlow grade estrogenreceptor
foods tum ofs.
496132 Female 40-39 Canada Low QI and Breas Medicalhistory Owerall glycemic index is not related with Silvera af af.
HighGl cancer the breast cancer, high Gl is directly (95
foods proportionalto breast cancer risk
2569 Female 23-73 Ttaly Eread, EBreast Medicalrecord  This study showedtheinterm ediaterelation  Augustinet ol
cakes cancer of 31 and BL with breast cancerandrole of 9%
swreetefruoits high lewel of itsulin it bloodin breast
vegetakles catcet,
62739 Female 40.-74 America  LowGland Breag Iledicalhistory This study documented 1812 casesof breast Lajj ousal ol
HighGI CAncer carcinogensin® years of follow up study, o7
foods
39227  Female 30-60 Jweden  LowGland Bread Medicalhistory 2932 casesofbreastcancer were ascertained Larssonet @l
High GI Cancer ity this studsy. (s8]
foods
1166 Female 35-79 America  Saltyand Breas Medicalhistory WomenhavingBMI =25 arem ore proneto WeCannet af.
refined cancer developm ent of risk of breast cancer. 99
products
4154 Both 19-74 Ttaly Low Gl and  Colon- Medicalhistory  Accordingto this study G and GL of Franceschiel
High 31 rectum refined CHOswere directly associated with 5 400
foods cancet the ik of colorectal cancer.
40124 Female 40-39 Canada Low 3 and Colon- Medicalhistory Inthis16.5 yearsof data studyé 16 casesof  Terryel e
High GI rectum colorectal cancerwere diagnosed which
foods cancer included 436 colon cancer andl 80 rectal
Cancet.
152536 Female 50-79 America  Low Gl and Colon- Self- Accordingto average of 11.3 yearsof study  Tabunget ol
High1 rechum ex amination 1920 casesof colorectal cancer were (102)
foods cancer diagnosed which composed of 1 559 colon
cancer and361 rectum cancer cases.
131349 Eoth Lale Aametica  Low GI Colon— Medicalhistory 1809 caseswere detectadwith colorectal Mlichaud et
40-75 versusHigh rectum cancet. o 1103)
Female GI foods cancer
30-35
35197 Female 55-69 America  LowGland Colome Medicalhistory &n average 15 yearsof followup 954 cases  McCarlet ol
High GI recham wete diagnosed with colorectal cancer (104}
foods CANCEr included 737 cases of colonand 209 casesof
rectum cancer.
45561  Female America Lowdland Colone Medicalhistory 490 caseswere diagnosedwith colorectal Staryeret al.
High GI techum cancer. {103y
foods cancer
61433 Female 40-Ta Sweden  Salty Colone Mledicalhistory Inthisstudw870 casesof colorectal cancer Larssonet cl.
products recham were identified. (106}
refined cancer
Srains
124907 Female 50-74 America  LowGland  Pancreatic Medicallistory In® yearsof follow up study 401 caseswere  Patelat ol
HighGI cancer indentified with pancreatic cancer. (107}
foods
162150 Eoth 4575 America LowO3land Fancreatic Medicalhistory An average Eyearsoffollowup 434 casesof  Mothlings ot o,
HighGl cancer patientswere detectedwith pancreatic (108)
foods Cancer.
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23335  Female 5360 Gwedenn  LowGland Endometial Medieallistory 415 casesofthistype of cancerwere Folsom et ql.
High G1 carcer identified through 1 5 years of eohort study. {109)
foods

288428 Female 4255 Euwope Low(Gland Endometial Medicalhistory 710 incidentswere diagnosed asendometrial  Custet of 19
HighGI cancet carcinoma
foods

36369 Female 34-34 Swedenn LowGland Endometrial Medicalhistory 602 casesof endometrial cancer were Larssonet @l
HighGI cancet detected accordingto this studyin 15 .4 Y
foods years of cohort study.

2411 Female 18-79 [taly LowGl and  Owatian Medicalhistory 1031 casesof ovariancancerwere detected  Augustinet
High Gl Cancet in7 yearsof case control study. gl 1T
foods

49613  Female 40-39 Canada  Lowand Crratian IMedicalhistory  [n16.4 yearsof study264 caseswere Sitveraet ol
High Gl cancet dia gnosed with ovatian cancer. {11%)

GI and Cancer

In this strenuous way of life, individuals experience the ill effects of different various ailments
because of unbalanced dietary patterns and absence of physical activity. High dietary GI is related
with expanded danger of colorectal tumor, and that high dietary GL is related with increased risk
of bosom and endometrial disease, leading to direct or little hazard increment 9. High GI is
observed to be associated with expanded danger of different tumors among men then ladies, while
high GL was related with diminished danger of malignancy in both men and ladies. Subgroup
examinations found that the expanded all malignancy chance related with high GI was restricted
to men and ladies with high body mass file; and the lessened all-tumor hazard related with high
GL was kept to men and ladies with low body mass file ®. Sieri and Krogh revealed that the
dangers of creating different diseases don't seem, by all accounts, to be affected by dietary GI or
GL 9. However, low GI diets have a few other wellbeing points of interest and have a tendency
to be rich in dietary fiber, micronutrients and phytochemicals (e.g. plant sterols) that are vital
components in a solid eating regimen and way of life !9, Silvera et al., (2004) reported that
elevated plasma insulin levels and postprandial glucose maybe related with the risk of pancreatic
cancer. Researcher adjusted the quartiles value of energy to glycemic load and observed the results
from the BMI, eating habits, lifestyle, total fiber, glycemic index and glycemic load “?. In a study
conducted by Nothlings et al., (2017) no significant result was found related to pancreatic cancer
but she suggested that high glycemic index diet has possibility in relation to the risk of pancreatic
cancer ®®. Lajous et al., (2005) researched the danger of bosom growth among postmenopausal
ladies is more in contrast with premenopausal ladies with admission of high starches and high
glycemic file abstain from food. Quickly retained starches raise the level of insulin and glycemic
reaction. Plasma insulin manages the IGF restricting proteins (globulins) which additionally
influence IGF-1(controls cell multiplication and apoptosis) availability. The individual with
troubled glucose digestion has higher danger of bosom malignant ¢V, Different studies in Table 5
have explained that two third causes of cancer are due to the life style and eating patterns of
population.
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GI and Retinal disorders

The retina is the most metabolically dynamic tissue in the human body, with double blood supplies
and fast utilization of glucose and oxygen 2. It is not astonishing that glucose homeostasis in
retina assumes a vital part in retinal wellbeing and sickness. People suffering from diabetes
undergoes through biochemical changes in cells and tissues.in severe cases it may also lead to
Necrosis of the tissues. Necrosis refers to the death of tissue. According to Fong et al., (2004)
Diabetic retinopathy (DR) is most common micro vascular complication ¢¥. High sugar glucose
levels can deteriorate and harm the blood vessels of the retina. Hyperglycemia actsas the base
cause for DR 469 [t may also lead to hemorrhages, exudates or even swelling of the retina. Due
to the differences in the duration of hyperglycemic exposure and the related metabolic
abnormalities such as blindness, early staged lesions (abnormal damage or change) and advanced
lesions, the range of pathologic retinal lesions differ between diabetic and non- diabetic age related
lesions %),

GI and Age Related Macular Degeneration (AMD)

Naturally, one may expect an epidemiological relationship between two illnesses which share a
typical hazard factor. Specifically one may expect a relationship between chance for diabetes and
AMD since they both offer expending high GI and consuming fewer calories as a typical hazard
factor. Data showing association between diabetes and AMD have been unreliable. Some major
studies show a positive association between these two hazardous diseases ¢7> % 6% 70 whereas
others deny these associations ! 72737 There are 5 well-developed hyperglycemic pathways
out of which four are glycolysis associated and one is mitochondria associated pathway ©®. All
these pathways could prompt a typical intracellular or extracellular affront i.e. oxidative stress.
Hypoxia inducible factors (HIF) whichis necessary for maintaining functional homeostasis seems
to get elevate under hyperglycemic conditions leading to enhanced expressions of HIF-inducible
genes 7. Thus, it is also known as -Hyperglycemia Induced Factorll as it can affect the oxidative
stress responses, inflammations and various mechanisms which are directly or indirectly involved
in the pathogenesis of AMD. The stage of oxidative stress occurs in human figure when the body
is unable to balance free radical production and anti-oxidant capacity thus making the organ more
prone towards damage ”. Figure 3 depicts series of events leading to diabetic retinopathy due
to various factors suchas oxidative stress, weakening of muscles etc.
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Figure 3- series of events leading to diabetic retinopathy which may cause permanent impairment in vision (blindness).

Conclusion and Future Prospects

It can be concluded that the present studies provide evidence for inter-relationship between GI and
chronic diseases such as AMD, DM, CVD’s, cancer as well as weight loss. In almost all the
conditions hyperglycemia acts as the base factor leading to these metabolic disorders. Similar to
other dietary factors, GI should not be the sole factor upon which food choices should be made.
Rather, the concept of GI should be applied wisely and low GI alternatives should be provided so
as to reduce the incidence of chronic diseases. Also, these low GI diets are convenient to opt in
our daily lives as these do not demand any kind of peculiar restrictions in the diet either in the fat
content or in the protein. But on the other hand, the research on GI is yet to gain importance in
India. It is mandatory that the deep relationships between GI and various chronic and acute diseases
should be highlighted. More studies are needed to validate the mechanisms of GI/GL with other
body organs and its long term effects. Various starches and its correlation with heat, temperature,
pressure, kinetics isyet to be done. Several puzzling questions are unanswered such as biomarkers
for the indication of hyperglycemia etc. Further research on the cheap sources of low GI foods to
make handy snacks could be done so as to increase commercialization and thereby, making a
contribution in the economic sector.
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Figure caption:

Figure 1: flow chart depicts the hypothetical mechanism of RDS, SDS and RS. Also the food sources

along with various cooking methods affecting RS 1, 2, 3 and 4 have also been discussed
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Figure 2: Hypothetical mechanism of high glycemic load and diabetes. When high glycemic index diet
is consumed then the production of free fatty acid increases leading to increased insulin resistance
which either would increase insulin demand or would increase glucose tolerance leading to

diabetes.
Table 2: recent studies on the incidents of Diabetes mellitus
Sample Sex Age Flace of Diagnosis Oh=sexrvations References
size (n) (vears) survey method
0529 Both 45-64 Amnerica Belf- 1447 incidents of DIV 2 wetre diaghosed in 9 wears of study.  Steven of
examination al ™7
Anstrali
36787 Both 40-69 a Self- 365 cases of DIWVZ werereported in the tirne duration of 4 Hodge er
examination years. al. 8
Biochemica
91249 Female 24-44 America 1 741 incidents of DIVIZ were diagnosed in 8 years of cohort Schulze et
test sty al. 7
13110 Fernale 24-44 Arnerica Self- 1428 wormnen with gestational diabetes were diagnosed in Fhato et
exatnination 10 years study process. al. B
Biochemica
75512 Both 45-75 Hawmai 1 2587 cases of diabetes were detected in 14 vears long study Hopping et
test with regular follow ups. al B
Biochemica
64227 Female 40-70 China 1 1605 cazes of diabetes were diagnosed in 5 years of follow
test up cohort study. Dietary CHO was solely related with the Willegas et
chances of deweloping DL a2
Biochemica
40075 Female 21-69 America 1 1938 cases of DI2 were detected in average 5 vears follow
test up study. Gl was directly related with the incidence of Krishnan
deweloping DN, ot . 183]
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Figure 3: complications due to high GI diet. Uncontrolled glucose level acts as an underlying cause for
ocular complications which in turn increases the oxidative stress. In the initial phase the protective
layer (endometrial) is damaged which when uncontrolled may lead to retinal dysfunction, complete
blindness.

Tahle 3: recent studies showing the prevalence of CVD around the world on the basis of self-examination, biochernical test and |

medical history.

Sample Sex Age Place of Sample used Diagnosismethod Ohservations References
size (1) range SUrvey
(Years)

646 Ivlale ad-54d Hetherland wheat bread, Medicalhistory Population based study, a high dietary Van dam et
cooked potatoes dyeemic index was not associated with an o, 8%
fruit, milk, sugar increasedtisk of coronaty heart disease

1209 Both  40-65 2 European Low Gl  wversus Self-examination  Consumptionoflow Gl and energy restricted  Gogebakan

coutries High G protein andbiochemical diet with high protein lead to decrease in et ol @
test indtial weight and CRP

18137 Female 45-36 A erica Low GI andHigh Biochemicaltest GL and G had direct link with the Levitanea
GI foods concentrations of lipids in blood such as of (#8)

HDL, LDL, VLDL and CREP (C reactive
proteits).

82802 Female 30-35 Aty erica Low Gl wersus DMedicalhistory This study m ainly suggested that with the  Haltonet al.
High G foods intake of high fiber diet the chances of C¥VD 1¥7

canbereduced

47749 Both 3574 Ttaly High Gl foods Dedicalhistory The risk of cardiovascular diseaseswasmore  Sieri et al.
bread, sugar and prominent in  women having high 1
jam, rice, pizza atud catbohydrate diet asthat of Iien
low Gl foods
pasta froit

3050 Both  30-70 Detum ark Rye bread, Medicalhistory GI had inverse relation heart problems in  Grauet &l
potatoes,  pasty, men. However, in wotmen thete was no (82
heer, soft deink, sipnificant relation between 31 and heart
white bread diseases

121700 Female 30-35 Ath etica Low and High GI  Medicalhistory 1020 wom en had incident strake, 515 had  Ohetal.
foods ischemic attack and 279 were identified with  ®)

hem orthagie stroke
17357 Female 49-70 Nethetlands Low G andHigh DMledicalhistory High Gl foodsleadto atotal of 556 medical Beulenser

Gl foods

casesCHD and243 casesof CVA.
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