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Abstract: Obesity is highly prevalent in the modern world and it is associated with the development of a
number of serious medical complications, like type 2 diabetes and cardiovascular diseases. Earlier, type
2 diabetes mellitus (T2DM) was regarded as a disease occurring in adults, while type 1 diabetes mellitus
(T1DM) occurs in children and adolescents. This is true that T2DM is still more prevalent in adults, but
there is increasing evidence that onset of type 2 diabetes in youth is frequently observed. Obesity
increases the risk of T2DM by causing insulin resistance and directly or indirectly affecting the ability of
the pancreas to secrete adequate amount of insulin. However, several risk factors have been identified
as contributors to the development of type 2 diabetes in adolescents. These factors include ethnicity,
genetic, unhealthy diet, inadequate sleep, physical inactivity and increased body fat and abdominal fat.
There is no clear explanation of how these factors increase risk, but they appear to act in an additive
fashion and create problems during the critical period of adolescent development. So efforts should be
done to reduce the obesity will lower the risk of type 2 diabetes in children and adolescents.
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Introduction: Obesity is associated with
adolescents. This is due to increase prevalence
significant health problems in adults have been
of obesity6.
well recognized but little attention has been
paid to childhood and adolescent obesity.
A study indicates that the conversion into
Obesity has been a rapidly developing medical
diabetes from prediabetic conditions is
and public health problems over the past few
enhanced by low thresholds for the risk factors
decades and excess body weight is the sixth
such as age, BMI and upper body adiposity.
most important risk factor contributing to the
Indians have a genetic phenotype characterized
overall burden of disease worldwide1. Obese
by low BMI, but with high upper body adiposity,
and overweight population has been increased
high body fat percentage and high level of
more dramatically in economically developed
insulin resistance7. With this low BMI, but with
countries and in urbanized populations.
high body fat percentage, there is increased
prevalence rate of metabolic perturbations and
Developing countries, like India, undergoing a
DM, which is one of the cardiovascular risk
rapid nutritional transition, from prevalence of
factors.
underweight children to overweight children
due to changes in quality of food, availability of
Risk Factors For Type 2 Diabetes Mellitus: The
high calorie food and sedentary life style2. As
prevalence of overweight8 and central
the prevalence of childhood obesity increases,
adiposity9 in childhood and adolescence has
its health implications are becoming more
increased dramatically in recent years. Excess
evident3,4. Childhood obesity frequently persists
adiposity is considered a major risk factor for
into adulthood. Many of the metabolic and
development of type 2 diabetes in youth10,11.
cardiovascular complications of obesity are
Cross-sectional, longitudinal and experimental
already present during childhood and are
studies conducted in human populations across
closely related to the presence of insulin
the world identified the various risk factors for
resistance/hyperinsulinemia, the most common
youth type 2 diabetes mellitus. The important
5
abnormality of obesity . Over the past 20 years,
risk factors are listed below:
Pediatric diabetologists and other health
workers have recognized an emerging epidemic
A. Non-Modifiable Risk Factors
of type 2 diabetes among children and
1. Age
2. Ethnicity
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3. Genetic Influence and family history
B. Modifiable Risk Factors
1. Unhealthy Life Style
- Unhealthy Diet
- Sleep Disorders/ Inadequate Sleep
- Physical Inactivity
2. Obesity
3. Hypertension
Influence of age on blood glucose level: Not
long ago, type 2 diabetes mellitus (T2DM) was
regarded as a disease of adulthood, with type 1
diabetes (T1DM) accounting for almost all cases
seen in children and adolescents12. While it is
true that T2DM is still more prevalent in adults,
there is increasing evidence that onset in youth
is frequently observed13. This relatively new
phenomenon, strongly associated with the
escalating prevalence of obesity, brings a
serious new aspect to the diabetes epidemic.
Ethnic influence of blood glucose level: The
highest incidence of T2DM in youth in the USA
is evident in African-Americans, Native
Americans, especially Pima Indians, and
Hispanics14,15,17. Studies have shown that Black
children
and
Hispanic
youth
are
hyperinsulinemic
and
insulin-resistant
compared with their white peers18,19. These
racial differences could be attributable to
genetic
differences20
or
to
environmental/cultural
differences18.
Moreover, differences in adiponectin levels,
lower in Blacks, may be a biological marker
which predisposes them to a greater risk of
insulin resistance21,22. In the presence of such
racial differences in risk of T2DM, it remains to
be determined if the natural history and the
progression to T2DM differ between different
racial groups.
Genetic influence on blood glucose
level:Although few susceptibility genes have
been identified so far, a very recent finding
points towards a gene locus that dramatically
increases the risk of T2DM in Icelanders, Danes
and a US cohort, specifically a variant of
transcription factor 7-like 2 (TCF7L2) gene23.
The genetic component of T2DM is evidenced
by the strong heritability of the disease24. A
strong family history of T2DM is present in most
IJBAP Vol. 2 Issue 1

pediatric patients regardless of ethnic
background25. The studies demonstrated that
black African-American children with a family
history of type 2 diabetes have 25% lower
insulin-stimulated glucose disposal compared
with black children without a family history of
type 2 diabetes26. White children who do not
have diabetes, but have a positive family history
of the disease, have lower insulin sensitivity
with inadequate β cell compensation in insulin
secretion compared with youngsters without a
family history of diabetes27.
Unhealthy diet and blood glucose level:
Adoption of a western lifestyle is strongly
associated with type 2 diabetes. Obesity and
lack of physical activity are known to be major
determinants, but evidence also suggests that
dietary factors play a role in the development of
type 2 diabetes28. People eat meals mixing
different foods, instead of isolated nutrients,
giving several nutrients a chance to interact.
These interactions between nutrients may
potentially confound dietary studies. Several
epidemiological studies conducted in relatively
homogenous populations (predominantly white
cohorts) have evaluated associations between
dietary patterns and type 2 diabetes29-33.
Generally, studies show that dietary patterns
characterized
by
high
whole
grain,
fruit/vegetable and low-fat dairy intake are
inversely associated with type 2 diabetes risk.
Analogously, dietary patterns characterized by
high intake of red or processed meats, refined
grains, fried foods and foods containing high
amounts of added sugars are associated with
greater type 2 diabetes risk. Study of Nettleton
JA using participants from the Multi-Ethnic
Study of Atherosclerosis (MESA) has evaluated
that multiple food groups collectively influence
type 2 diabetes risk beyond that of the
individual food groups themselves34.
Sleep duration and blood glucose level:The
experimental study by Spiegel et al.35 showed
that restricted sleep in 11 healthy young men to
4 h per night for 6 nights and then allowed
them to have a sleep recovery period of 6
nights. Despite the short duration of partial
sleep deprivation, the subjects in that study
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demonstrated impaired glucose tolerance,
higher cortisol levels, increased sympathetic
nervous system activity. Another study
demonstrated that there was a reduction in
leptin secretion in the sleep-deprived
individuals versus the recovery state36. The
Nurses Health Study in 200337 showed that Long
and short sleep durations were associated with
an increased risk of diabetes. Community
based prospective study by Gottlieb DJ et al.
showed metabolic effects of habitual sleep
restriction. A sleep duration of 6 hours or less
and long sleep duration of 9 hours or more,
both are associated with increased prevalence
of diabetes and impaired glucose tolerance38. A
prospective cohort study of middle-aged and
elderly men by Yaggi HK in 200639 observed that
there is a significant U-shaped relationship
between self-reported sleep duration and
incidence of type 2 diabetes. Men reporting
either short (≤5 or 6 h of sleep per night) or long
(>8 h of sleep per night) sleep duration were at
significantly increased risk of developing
diabetes. These elevated risks remained after
adjustment for age, hypertension, smoking
status, self-rated health status, and education.
Short and long sleep durations increase the risk
of developing diabetes, independent of
confounding factors. Thus sleep duration may
represent a novel risk factor for diabetes.
These results suggest that habitually short sleep
results in a reduction in insulin sensitivity, and
therefore, could be a risk factor for the later
development of diabetes. In contrast to that
our study indicates that inadequate sleep
duration at night (< 7 hrs) does not affect the
blood glucose level of the Gujarati Indian
adolescents40. The studies also indicate a
possible association between sleep duration
and risk of being overweight or obese in
adolescents. Short sleep could lead to weight
gain, but overweight or obesity could also lead
to an inability to obtain sufficient amounts of
sleep. Another study by us indicates that the
sleep deprivation affects the body composition
of the Gujarati adolescents and predisposes
them to overweight and obesity41. So probable
mechanism may be that the sleep deprivation
leads to overweight and obesity and
IJBAP Vol. 2 Issue 1

subsequently leads to diabetes. As another
study by us in 2009 showed that body fat
percentage affects the blood glucose level in
adolescents42.
Nurses health study observed that short selfreported sleep duration was significantly
associated with the diagnosis of diabetes until
BMI is controlled but, once BMI was added into
the model, the association between diabetes
diagnosis and short sleep was no longer
significant. This finding could be due to two
reasons. First, short sleep may lead to diabetes
due to weight gain, as a high BMI may worsen
sleep quality by creating a prediabetic state
with increasing urination. Second, sleep
restriction may directly lead to the
development of diabetes through its effects on
weight. Hypothesis behind this is that, if chronic
self-imposed sleep restriction occurs that leads
to reductions in leptin, so appetite and weight
gain may be increased. This could thus
represent a physiologic mechanism whereby
sleep restriction may predispose to weight gain
and
subsequently
contribute
to
the
development of diabetes37.
Physical activity and blood glucose level:
Obesity and physical inactivity are well-known
risk factors for the development of type 2
diabetes43-45. However Rana JS et al. found that
obesity and physical inactivity independently
contribute to the development of type 2
diabetes; however, the magnitude of risk
contributed by obesity is much greater than
that imparted by lack of physical activity46.
Epidemiologic studies and clinical trials suggest
a strong association between physical inactivity
and incident type 2 diabetes45,47,48.
The Da Qing Impaired glucose tolerance (IGT)
and Diabetes Study47 was the first randomized
trial evaluating lifestyle interventions for the
prevention of type 2 diabetes. In this study, 577
people with IGT from 33 clinics were
randomized, by clinic, to diet only, exercise
only, diet plus exercise, or control. After 6 years
of follow-up, cumulative incidence of type 2
diabetes was 68% in control, 44% in diet only,
41% in exercise only, and 46% in diet plus
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exercise groups. This study provides evidence
that both diet and exercise can be effective
diabetes prevention modalities, although their
effects were not additive.
More evidence for the effectiveness of lifestyle
interventions comes from two randomized
controlled trials: the Finnish Diabetes
Prevention Study49.50 and the U.S. Diabetes
Prevention Program (DPP)51,52. In the Finnish
Diabetes Prevention Study49,50, 522 overweight
subjects, aged 40–65 years, with IGT were
randomly assigned to a lifestyle intervention or
control group. The goals were to reduce weight
by at least 5%; perform moderate-intensity
exercise at least 30 min/day; limit total and
saturated fat intake to <30 and <10%,
respectively, of energy consumed; and increase
fiber intake to ≥15 g/1,000 kcal. Intervention
group subjects had 1-h meetings with a dietitian
seven times in the first year and every 3 months
subsequently. Subjects in the intervention
group were also offered an individualized
exercise plan, thrice-weekly supervised facilitybased aerobic and resistance exercise for 6–12
months free of charge. The cumulative
incidence of type 2 diabetes was 11% in the
intervention group and 23% in the control
group.
Obesity and poor physical fitness constitute a
health problem affecting an increasing number
of children also. The Diabetes Prevention
Program demonstrated a reduction in the
incidence of diabetes in high-risk adults with
lifestyle intervention. For children, the most
successful programs are those that incorporate
additional exercise or promoting healthy
nutritional changes into the children’s lifestyles,
such as within the family or the school
environment. Carrel AL showed that children
who enrolled in fitness-oriented gym classes
showed greater loss of body fat, increase in
cardiovascular fitness, and improvement in
fasting insulin levels than control subjects53.
The study by Ferguson MA54 on 79 obese, but
otherwise healthy children to determine the
effect of exercise training (ET) on components
of the insulin resistance syndrome (IRS) in
IJBAP Vol. 2 Issue 1

obese children found that Plasma triglycerides,
fasting insulin and percentage body fat of the
IRS are improved as a result of 4 months of ET
in obese children. However, the benefits of ET
are lost when obese children become less
active. The cross sectional study on 421 black
and white high school students55 to observe
how moderate and vigorous intensities of
physical activity (PA) are associated with
cardiovascular fitness (CVF) and percentage of
body fat (%BF) showed that a higher index for
CVF was associated with higher amounts of
moderate and vigorous PA. Lower %BF was
associated with higher amounts of vigorous PA
but not with the amount of moderate PA. This
suggests that adolescents who engaged in
relatively large amounts of vigorous exercise
were likely to be fit and lean and so there
consequences like diabetes become also less.
Obesity and blood glucose level: Globalization
has profound effects on health worldwide and
we face huge public health challenge from both
obesity and type 2 diabetes, from childhood to
old age. Obesity has reached epidemic
proportions globally. There is a strong
association between obesity and type 2
diabetes mellitus, in both genders and all ethnic
groups. Body composition especially the
amount of adipose tissue has a significant effect
on type 2 diabetes. The risk of diabetes
increases with increasing BMI values in men and
women. Data from the Nurses’ Health Study
showed an age-adjusted relative risk of 40 for
diabetes in women with a BMI 31 kg/m2,
compared with women with a BMI <22 kg/m2,
56
). A similar risk was shown for men in the
Health Professionals Follow-up Study: a BMI of
35 kg/m2 was associated with an age-adjusted
relative risk for diabetes of 60.9, compared with
a BMI of <23 kg/m2, 43. In addition, weight gain
appears to precede the development of
diabetes.
The importance of obesity as a risk factor for
diabetes in the presence of other risk factors is
underlined by a recent report from Israel. In a
cohort of relatively young men in the Israel
Defence Forces who were subjected to regular
physical examinations, the combination of a
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fasting plasma glucose in the high-normal range
(91–99 mg/dl) and a BMI of >30 kg/m2 was
associated with a hazard ratio of 8.29 for
developing diabetes, compared to those men
with a BMI <25 kg/m2 and a fasting plasma
glucose <86 mg/dl57. Increases in abdominal fat
mass, weight gain since young adulthood, and a
sedentary lifestyle are additional obesityrelated risk factors for diabetes56,58.
The CAD and coronary risk factors
hypercholesterolemia, hypertension, diabetes
mellitus and sedentary life style were
significantly associated with high and moderate
body fat percent despite low body mass index59.
Another studies suggested that insulin
sensitivity has gender dependent changes
during puberty. It is, thus, possible that these
pubertal changes in insulin sensitivity relate to
changes in body composition60.
Obesity and blood glucose level in
Adolescents: Overweight/obesity continues to
increase in children and adolescents.
Overweight children and adolescents are now
being diagnosed with impaired glucose
tolerance and type 2 diabetes, and they show
early signs of the insulin resistance syndrome
and cardiovascular risk. Several risk factors have
been identified as contributors to the
development of type 2 diabetes and
cardiovascular risk in youth and one of these
factors include increased body fat and
abdominal fat. National Health and Nutrition
Examination Study (NHANES) 1999–2000 data
suggest that the prevalence of overweight was
15.5% among 12 to 19-year-olds, 15.3% among
6 to 11-year-olds, and 10.4% among 2 to 5-yearolds, compared with 10.5%, 11.3%, and 7.2%,
respectively, in 1988-1994 (NHANES)61. Other
studies show steady increases in overweight
and obesity over the period 1986–1998,
especially in Hispanic and African-American
children62. By 1998, the prevalence of a BMI
above the 85th percentile for age and gender
had risen to 35% in Hispanic and AfricanAmerican children and just over 20% in
Caucasian children62. Although no national data
are available, the prevalence of risk of
overweight is also widespread in India. The
IJBAP Vol. 2 Issue 1

overall prevalence of obesity and overweight
was 11.1% and 14.2% respectively. The
prevalence of obesity as well as overweight was
higher in boys as compared to girls (12.4% vs
9.9%, 15.7% vs 12.9%). Prevalence of obesity
decreased significantly with age, from 18.5% at
9 years to 7.6% at 14 years, rising at 15 years to
12.1%. Significantly more children from higher
socio-economic status were obese and
overweight than those from lower socioeconomic status groups63.
Of even greater concern is the fact that type 2
diabetes has now emerged as a critical health
issue in overweight children, especially within
minority overweight African-American, Hispanic
American, and Native American adolescents64.
Several clinical observations suggest a large
increase in the incidence of type 2 diabetes in
children and adolescents11, with one study
reporting a 10-fold increase between 1982 and
199414.
Many population-based studies conducted in
high-risk pediatric populations estimated the
prevalence of type 2 diabetes. The prevalence
estimates of type 2 diabetes were 5% (CI 3.2–
6.9) for Pima Indians aged 15–19 living in
Arizona16. From 1966–1976 to 1987–1996, the
prevalence increased fourfold for Pima Indian
children aged 10 to 14 years and sixfold for
children aged 15 to 19 years. The Third National
Health and Nutrition Examination Survey
(1988–1994) examined a representative sample
of the U.S. population, which included
adolescents aged 12–19 years who had serum
glucose measured and estimated prevalence of
diabetes. The estimated prevalence of diabetes
per 100 adolescents ages 12–19 years was
0.41% , the prevalence of impaired fasting
glucose was 1.76% and the prevalence of
elevated HbA1c was 0.39%65.
The clearest factor contributing to increased
risk of type 2 diabetes and cardiovascular
disease in children and adolescents is increased
body fat, and possibly specific depots of body
fat. Some of the earliest evidence for this came
from the Bogalusa Heart study that showed
weak, but significant correlations (r = 0.3–0.4) in
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children between central body fat (measured by
skinfolds) and fasting insulin66. Later work67
using more precise measures of body fat found
higher correlations in 10-yr-old children
between percentage body fat and fasting insulin
(r = 0.78). Additional studies using other
measures, in addition to fasting insulin, showed
that insulin and the insulin-to-glucose ratio
were significantly higher in obese versus control
group boys during a oral glucose tolerance
test68. The study by Gower BA in 1999 showed
that visceral fat has unique metabolic effects on
fasting insulin but not insulin sensitivity and
that this effect was independent of other fat
compartments and also has shown high inverse
correlations between insulin sensitivity and
body fat mass across the spectrum of lean and
obese prepubertal boys and girls20. Another
study was done by Goran MI to examine
whether total body fat in general or visceral fat
in particular was associated with greater
metabolic risk in Caucasian and AfricanAmerican children69. The influence of total body
fat and visceral fat on insulin parameters was
examined by comparing subgroups of children
with high or low fat vs. high or low visceral fat
and showed that body fat in general is the
predominant
factor
influencing
insulin
sensitivity, but visceral fat may have additional
effects on fasting insulin. Similar effects were
shown in a later longitudinal study70. These data
tend to support the hypothesis that in children,
total body fat mass may influence insulin
sensitivity, whereas visceral fat may influence
fasting insulin.
Summary: Overweight/obesity continues to
increase in children and adolescents.
Overweight children and adolescents are now
being diagnosed with impaired glucose
tolerance and type 2 diabetes, and they show
early signs of the insulin resistance syndrome
and cardiovascular risk. Several risk factors have
been identified as contributors to the
development of type 2 diabetes and
cardiovascular risk in youth. These factors
include ethnicity (with greater risk in AfricanAmerican, Hispanic, and Native American
children), genetic, unhealthy diet, inadequate
sleep, physical inactivity and increased body fat
IJBAP Vol. 2 Issue 1

and abdominal fat. There is no clear explanation
of how these factors increase risk, but they
appear to act in an additive fashion. We
hypothesize that the constellation of these risk
factors may be especially problematic during
the critical period of adolescent development,
especially in individuals who may have
compromised-cell function and an inability to
compensate for severe insulin resistance.
Efforts to reduce childhood obesity could play
an important role in preventing the spread of
type 2 diabetes mellitus in the pediatric
population. Government and communities
should take care to cultivate environments
where children are encouraged to make healthy
lifestyle choices. Children should be educated
on appropriate diet and exercise habits from
preschool through high school. In-school
intervention efforts may include 30 to 45
minutes of vigorous physical activity two or
three times per week. Serious long-term
approaches for primary prevention are needed
to address this growing problem.
References:
1. Haslam DW, James WP. Obesity. Lancet.
2005; 366(9492):1197-209.
2. Wasir JS, Misra A. The Metabolic syndrome
in Asian Indians: Impact of Nutritional and
Socio-economic Transition in India. Metab
Syndr Relat Disord. 2004; 2(1): 14-23.
3. Sinha R, Fisch G, Teague B, Tamborlane WV,
Banyas B, Allen K, Savoye M, Rieger V,
Taksali S, Barbetta G, Sherwin RS, Caprio S.
Prevalence of impaired glucose tolerance
among children and adolescents with
marked obesity. N Engl J Med. 2002;
346:802–810.
4. Daniels S. The consequences of childhood
overweight and obesity. Future Child. 2006;
16: 47–67.
5. M Lee JM, Okumura MJ, Davis MM, Herman
WH,
Gurney
JG.
Prevalence
and
determinants of insulin resistance among
U.S. adolescents. A population-based study.
Diabetes Care. 2006; 29:2427–2432.
6. Glaser NS. Non-insulin-dependent diabetes
mellitus in childhood and adolescence.
Pediatr Clin North Am. 1997; 44:307–337.

IC Value 4.24

Page 263

International Journal of Basic and Applied Physiology
7. Ramchandran A. Epidemiology of diabetes in
India – three decades of research. J Assoc.
Physicians India. 2005; 53: 34-8.
8. Thompson
D.R., Obarzanek
E., Franko
D.L., Barton
B.A., Morrison
J., Biro
F.M., Daniels S.R., Striegel-Moore R.H.
Childhood overweight and cardiovascular
disease risk factors: The National Heart,
Lung, and Blood Institute Growth and Health
Study. J Pediatr. 2007; 150: 18-25.
9. Li C., Ford E.S., Mokdad A.H., Cook S. Recent
trends in waist circumference and waistheight ratio among US children and
adolescents. Pediatrics. 2006; 118: 13901398.
10. Libman I.M., Arslanian S.A.. Prevention and
treatment of type 2 diabetes in youth.
Horm Res. 2007; 67: 22-34.
11. Vikram N.K., Tandon N., Misra A., Srivastava
M.C., Pandey
R.M., Mithal
A., Sharma
S., Ajmani A., Madhu S.V., Batra C.M., Gupta
N. Correlates of type 2 diabetes mellitus in
children, adolescents and young adults in
north India: A multisite collaborative casecontrol study. Diabet Med.2006; 23: 293298.
12. Libman I, Arslanian S. Type 2 diabetes
mellitus: no longer just adults. Pediatr Ann.
1999; 28: 589-593.
13. Fagot-Campagna A, Pettitt D, Engelgau MM,
Burrows NR, Geiss LS, Valdez R, Beckles GL,
Saaddine J, Gregg EW, Williamson DF,
Narayan KM. Type 2 diabetes among North
American children and adolescents: an
epidemiologic review and a public health
perspective. JPediatr. 2000; 136: 664-672.
14. Pinhas-Hamiel O, Dolan LM, Daniels SR,
Standiford D, Khoury PR, Zeitler P: Increased
incidence of non-insulin-dependent diabetes
mellitus among adolescents. J Pediatr. 1996;
128:608–615.
15. Neufeld ND, Raffal LJ, Landon C, Chen YDI,
Vadheim CM. Early presentation of type 2
diabetes in Mexican-American youth.
Diabetes Care. 1998; 21:80–86.
16. Dabelea D, Hanson RL, Bennett PH, Roumain
J, Knowler WC, Pettitt DJ. Increasing
prevalence of type 2 diabetes in AmericanIndian children. Diabetologia. 1998; 41: 904910.
IJBAP Vol. 2 Issue 1

17. Pihoker C, Scott C, Lensing SY, Cradock MM,
Smith J. Non-insulin-dependent diabetes
mellitus in African-American youths of
Arkansas. Clin Pediatr (Phila). 1998; 37: 97102.
18. Arslanian S, Saad R, Lewy V, Danadian K,
Janosky J. Hyperinsulinemia in AfricanAmerican
children:
decrease
insulin
clearance and increased insulin secretion
and its relationship to insulin sensitivity.
Diabetes. 2002; 51: 3014-3019.
19. Goran MI, Bergman RN, Cruz ML, Watanabe
R. Insulin resistance and associated
compensatory
responses
in
AfricanAmerican and Hispanic children. Diabetes
Care. 2002; 25: 2184-2190.
20. Gower BA, Nagy TR, Goran MI. Visceral fat,
insulin sensitivity, and lipids in prepubertal
children. Diabetes. 1999; 48: 1515-1521.
21. Bacha F, Saad R, Gungor N, Arslanian SA.
Does adiponectin explain the lower insulin
sensitivity and hyperinsulinemia of AfricanAmerican children? Pediatr Diabetes. 2005;
6: 100-102.
22. Lee S, Bacha F, Gungor N, Arslanian SA.
Racial differences in adiponectin in youth:
relationship to visceral fat and insulin
sensitivity. Diabetes Care. 2006; 29: 51-56.
23. Grant SFA, Thorleifsson G, Reynisdottir I,
Benediktsson R, Manolescu A, et al. Variant
of transcription factor 7-like 2 (TCF7L2) gene
confers risk of type 2 diabetes. Nat Genet.
2006; 38(3): 320-3.
24. Hansen L, Pedersen O. Genetics of type 2
diabetes mellitus: status and perspectives.
Diabetes Obes Metab. 2005; 7: 122-135.
25. American Diabetes Association. Type 2
diabetes in children and adolescents.
Diabetes Care. 2000; 23: 381-389.
26. Danadian K, Balasekaren G, Lewy V, Mesa
MP, Robertson R, Arslanian SA. Insulin
sensitivity in African-American children with
and without family history of type 2
diabetes. Diabetes Care. 1999; 22: 13251329.
27. Arslanian S, Bacha F, Saad R, Gungor N.
Family history of type 2 diabetes is
associated with decreased insulin sensitivity
and impaired balance between insulin

IC Value 4.24

Page 264

International Journal of Basic and Applied Physiology

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

sensitivity and insulin secretion in white
youth. Diabetes Care. 2005; 28: 115-119.
Hu FB, Van Dam RM, Liu S. Diet and risk of
Type II diabetes: the role of types of fat and
carbohydrate. Diabetologia. 2001; 44 (7):
805-17.
Fung TT, Hu FB, Pereira MA, Liu S, Stampfer
MJ, Colditz GA, Willett WC. Whole-grain
intake and the risk of type 2 diabetes: a
prospective study in men. Am J Clin Nutr.
2002; 76: 535–540.
Van Dam RM, Willett WC, Rimm EB,
Stampfer MJ, Hu FB. Dietary fat and meat
intake in relation to risk of type 2 diabetes in
men. Diabetes Care. 2002; 25: 417–424.
Gittelsohn J, Wolever TM, Harris SB, HarrisGiraldo R, Hanley AJ, Zinman B. Specific
patterns of food consumption and
preparation are associated with diabetes and
obesity in a Native Canadian community. J
Nutr. 1998; 128: 541–547.
Montonen J, Knekt P, Harkanen T, Jarvinen R,
Heliovaara M, Aromaa A, Reunanen A.
Dietary patterns and the incidence of type 2
diabetes. Am J Epidemiol. 2005; 161: 219–
227.
Hodge AM, English DR, O'Dea K, Giles GG.
Dietary patterns and diabetes incidence in
the Melbourne Collaborative Cohort Study.
Am J Epidemiol. 2007; 165: 603–610.
Nettleton JA, Steffen LM, Ni H, Liu K, Jacobs
DR. Dietary patterns and risk of incident type
2 diabetes in the Multi-Ethnic study of
Atherosclerosis (MESA). Diabetes Care. 2008;
31(9): 1777 – 1782.
Spiegel K, Leproult R, Van Cauter E. Impact of
sleep debt on metabolic and endocrine
function. Lancet. 1999; 354(9188): 1435-9.
Copinschi G. Metabolic and endocrine effects
of
sleep
deprivation.
Essent
Psychopharmacol. 2005; 6(6): 341-7.
Ayas NT, White DP, Al-Delaimy WK, Manson
JE, Stampfer MJ, Speizer FE, Patel S, Hu FB. A
prospective study of self-reported sleep
duration and incident diabetes in women.
Diabetes Care. 2003; 26: 380–384.
Gottlieb DJ, Punjabi NM, Newman AB,
Resbucj HE, Redlinen S, Baldwin CM, Nieto
FJ. Association of Sleep Time With Diabetes

IJBAP Vol. 2 Issue 1

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

IC Value 4.24

Mellitus and Impaired Glucose Tolerance.
Arch Intern Med. 2005; 165: 863-867.
Yaggi HK, Araujo AB, McKinlay JB. Sleep
duration as a risk factor for the development
of type 2 diabetes. Diabetes Care. 2006;
29(3): 657-61.
Minal Patel, Wasim Shaikh, S.K. Singh.
Association of sleep duration with blood
glucose level of Gujarati Indian Adolescents.
Ind J. Physiol Pharmacol. 2012; 56(3): 229233.
Wasim Shaikh, Minal Patel, S.K. Singh. Sleep
deprivation predisposes Gujarati Indian
Adolescents to Obesity. Indian Journal of
Community Medicine. July 2009; 34(3): 192194.
Minal Patel, Wasim Shaikh, S.K. Singh.
Relation of body fat percentage and fasting
blood sugar level in Gujarati adolescents.
Biomedicine. 2009; 29(4): 370-372.
Chan JM, Rimm EB, Colditz GA, Stampfer MJ,
Willett WC. Obesity, fat distribution, and
weight gain as risk factors for clinical
diabetes in men. Diabetes Care. 1994;
17:961–969.
Koh-Banerjee P, Wang Y, Hu FB, Spiegelman
D, Willett WC, Rimm EB. Changes in body
weight and body fat distribution as risk
factors for clinical diabetes in US men. Am J
Epidemiol. 2004; 159:1150–1159.
Hu FB, Sigal RJ, Rich-Edwards JW, Colditz GA,
Solomon CG, Willett WC, Speizer FE, Manson
JE. Walking compared with vigorous physical
activity and risk of type 2 diabetes in
women: a prospective study. JAMA. 1999;
282:1433–1439.
Rana JS, Li TY, Manson JE, Hu FB. Adiposity
compared with physical inactivity and Risk of
Type 2 Diabetes in women. Diabetes care.
2007; 30(1): 53-58.
Pan XR, Li GW, Hu YH, Wang JX, Yang WY, An
ZX, Hu ZX, Lin J, et al. Effect of diet and
exercise in preventing NIDDM in people with
impaired glucose tolerance: the Da Qing IGT
and Diabetes Study. Diabetes Care. 1997;
20(4): 537–544.
Folsom AR, Kushi LH, Hong CP. Physical
activity and incident diabetes mellitus in
postmenopausal women. Am J Public Health.
2000; 90(1):134–138.
Page 265

International Journal of Basic and Applied Physiology
49. Tuomilehto J, Lindstrom J, Eriksson JG, Valle
TT, Hamalainen H, Ilanne-Parikka P,
Keinanen-Kiukaanniemi S, Laakso M,
Louheranta A, Rastas M, Salminen V,
Uusitupa M. Prevention of type 2 diabetes
mellitus by changes in lifestyle among
subjects with impaired glucose tolerance. N
Engl J Med. 2001; 344:1343–1350.
50. Lindstrom J, Louheranta A, Mannelin M,
Rastas M, Salminen V, Eriksson J, Uusitupa
M, Tuomilehto J. The Finnish Diabetes
Prevention Study (DPS): lifestyle intervention
and 3-year results on diet and physical
activity. Diabetes Care. 2003; 26: 3230–3236.
51. Diabetes Prevention Program Research
Group. Reduction in the incidence of type 2
diabetes with lifestyle intervention or
metformin. N Engl J Med. 2002; 346: 393–
403.
52. Diabetes Prevention Program Research
Group. The Diabetes Prevention Program
(DPP): description of lifestyle intervention.
Diabetes Care. 2002; 25: 2165–2171.
53. Carrel AL, Clark RR, Peterson SE, Nemeth BA,
Sullivan J, Allen DB. Improvement of fitness,
body composition, and insulin sensitivity in
overweight children in a school-based
exercise program: a randomized, controlled
study. Arch Pediatr Adolesc Med. 2005;
159(10): 963-8.
54. Ferguson MA, Gutin B, Le N-A, Karp W,
Litaker M, Humphries M, Okuyama T, Riggs S
and Owens S. Effects of exercise training and
its cessation on components of the insulin
resistance syndrome in obese children. Int J
Obes Relat MetabDisord.1999; 23(8): 88995.
55. Gutin B. Relations of moderate and vigorous
physical activity to fitness and fatness in
adolescents. Am J Clin Nutr. 2005; 81(4):
746-50.
56. Colditz GA, Willett WC, Rotnitzky A, Manson
JE. Weight gain as a risk factor for clinical
diabetes mellitus in women. Ann Intern Med.
1995; 122: 481–6.
57. Tirosh A, Shai I, Tekes-Manova D, Israeli E,
Pereg D, Shochat T, et al. Normal fasting
plasma glucose levels and type 2 diabetes in
young men. N Engl J Med. 2005; 353: 1454–
62.
IJBAP Vol. 2 Issue 1

58. Carey VJ, Walters E,1 Colditz GA, Solomon
CG, Willett WC, Rosner BA, Speizer FE,
Manson JE. Body Fat Distribution and Risk of
Non-lnsulin-dependent Diabetes Mellitus in
Women. American Journal of Epidemeology.
1997; 145(7): 614-619.
59. Alvarez GG, Ayas NT. The impact of daily
sleep duration on health: a review of the
literature. Prog Cardiovasc Nurs. 2004; 19(2):
56-9.
60. Kristen L. Knutson. Impact of Sleep and Sleep
Loss on Glucose Homeostasis and Appetite
Regulation. Sleep Medicine Clinics. 2007;
2(2).
61. Ogden CL, Flegal KM, Carroll MD, Johnson
CL. Prevalence and trends in overweight
among US children and adolescents, 1999–
2000. JAMA. 2002; 288:1728–1732.
62. Strauss RS, Pollack HA. Epidemic increase in
childhood overweight, 1986–1998. JAMA.
2001; 286: 2845–2848.
63. Chhatwal J, Verma M, Riar SK. Obesity
among pre-adolescent and adolescents of a
developing country (India). Asia Pac J Clin
Nutr. 2004; 13(3): 231-5.
64. American Diabetes Association. Type 2
diabetes in children and adolescents.
Pediatrics. 2000; 105: 671–680.
65. Campagna Anne Fagot , Saaddine Jinan B.,
Flegal KM, Beckles Gloria L.A. Diabetes,
Impaired Fasting Glucose, and Elevated
HbA1c in U.S. Adolescents: The Third National
Health and Nutrition Examination Survey .
Diabetes care. 2001; 24(5): 834-837.
66. Freedman DS, Srinivasan SR, Burke GL, Shear
CL, Smoak CG, Harsha DW, Webber LS,
Berenson GS. Relation of body fat
distribution to hyperinsulinemia in children
and adolescents: the Bogalusa Heart Study.
Am J Clin Nutr. 1987; 46: 403–410.
67. Gutin B, Islam S, Manos T, Cucuzzo N, Smith
C, Stachura ME. Relation of percentage of
body fat and maximal aerobic capacity to risk
factors for Athero sclerosis and diabetes in
black and white seven- to eleven-year-old
children. J Pediatr. 1994; 125: 847–852.
68. Legido A, Sarria A, Bueno M, Garagorri J,
Fleta J, Ramos F, Abos MD, Perez-Gonzalez J.
Relationship of body fat distribution to
metabolic
complications
in
obese

IC Value 4.24

Page 266

International Journal of Basic and Applied Physiology
prepubertal
boys:
gender
related
differences. Acta Paediatr Scand. 1989; 78:
440–446.
69. Goran MI, Bergman RN, Gower BA. Influence
of total vs. visceral fat on insulin action and
secretion in African American and white
children. Obe Res. 2001; 9: 423–431.
70. Huang T-K, Johnson MS, Gower BA, Goran
MI. Effect of changes in fat distribution on
the rates of change of insulin response in
children. Obes Res. 2002; 10: 9
Source Of Financial Support-Nil
Conflict Of Interest-None

IJBAP Vol. 2 Issue 1

IC Value 4.24

Page 267

