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Abstract

Back ground: A cross sectional comparative study of one year was designed to find out blood
parameters for screening the first degree relatives of diabetes who may be at risk of developing
diabetes. Material and Methods: Patients with positive family history (n = 50) were selected by
consecutive patients sampling from 14-50 years old people. 30 age matched subjects with no history of
any disease were taken as controls. On the basis of age, patients were divided into 3 groups i.e. group
A with age range 14-25 year, group B with age range 26-35 and group C with age range 36-50 year. All
participants were interviewed for general demographic characteristics and current use of medications.
Blood sample was collected from all participants to measure fasting plasma glucose and HbA1c. In
order to confirm the diagnosis of diabetes an oral glucose tolerance test was performed. Results
showed that the increased BMI, fasting blood sugar and blood sugar after 30 min and increased insulin
may be an early predictor of diabetes in group A with age range 14-25 years. In group B with age range
26-35 year it was observed that significant increased fasting blood sugar, HbA1c and insulin with
impaired glucose tolerance or IGT was a good prediction of developing diabetes in FDR. In group C age
range 36-50 years showed that significantly increased BMI, HbA1c, serum insulin IFG and IGT are the
good predictor of T2DM in FDR of diabetes. An inter group comparison between group A, B and C
showed that aberrant release of insulin in young age may be responsible for normal HbA1c and OGTT.
In later ages, release of insulin was decreased which may increased the level of HbA1c and impaired
the OGTT. Conclusion: It is therefore concluded that screening of diabetes in first degree relatives
should be carried out in all age groups i.e. adolescent, middle age and older age. Oral glucose tolerance
test alone is not a single predictor of diabetes in first degree relatives but there is need to examine the
level of insulin, HbA1c along with OGTT to reach on better conclusion.
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INTRODUCTION

Family history of diabetes is a major risk factor for tolerance, and the early stages of diabetes (Valdez,

developing diabetes in the first degree relatives (FDR) of
diabetics. It includes a variety of tools designed to detect
either people at risk of diabetes or people with
undiagnosed diabetes. Screening of diabetes is important
as it has a prolonged asymptomatic phase, which
includes impaired fasting glucose, impaired glucose
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2009).

There has been a marked increase in the
global prevalence of diabetes mellitus during the
last two decades. The prevalence of type 2
diabetes is expected to increase faster than the other
types. Incidence of type 2 diabetes was highest
among American Indian individuals aged 15-19
years. Second and third highest incidence belonged
to Asian-Pacific Islander and black individuals
aged 15-19 years respectively (Dabelea et al., 2007).



Approximately 35-50% of FDR of type 2 diabetic patients
are asymptomatic and unaware of their condition
(Powers, 2005). The incidence of type 2 diabetes in
children and adolescents has markedly increased to the
point that it accounts for as many as one third of all the
new cases of diabetes diagnosed in adolescents
(Lieberman, 2003). The American Diabetes Association
recommends that younger people and individuals aged
above 45 years with positive family history of diabetes
recommends for diabetes screening (American Diabetes
Association, 2006).

Longitudinal studies have demonstrated that, during
the transition between normal glucose tolerance to
diabetes, 31% of the person's insulin-mediated glucose
disposal capacity is lost, whereas 78% of the acute
insulin response is also lost during the same period
(American Diabetes Association, 2000).

Type 2 diabetes spans a continuum from impaired
glucose tolerance and impaired fasting glucose to frank
diabetes that results from progressive deterioration of
both insulin secretion and action (Weyer et al., 1999). In
parallel, as a result of decreased insulin sensitivity in the
liver, endogenous glucose output increase adds to the
already hyperglycemic milieu, worsening both peripheral
insulin resistance and beta-cell function. Failure of the
beta cell to keep up with the peripheral insulin resistance
is the basis for the progression from impaired glucose
tolerance to overt clinical type 2 diabetes (Matthews et
al., 1998; Grinstein et al., 2003).

The prevalence of type 2 diabetes (T2DM) was 9.2%
by OGTT-defined diabetes and 7.9% by HbA;. 26.5
(Janghorbani M and Amin, 2010). HbA1c is a more
sensitive screening test than OGTT, but lacks specificity.
OGTT is more specific (Raman and Mitra, 2000).
However a meta-analysis by Peters et al., 2000
suggested that a single measurement of glycated
hemoglobin could be used in place of the OGTT.

It is therefore a need of screening of different age
groups of FDR of diabetics which may be prone to T2DM.
This may be helpful in preventing diabetes, a major
health problems in a sizable portion of the population.
This study examined the level of parameters include
fasting glucose, glucose tolerance test, serum insulin and
HbA1c for screening and emphasizes the use of a family
history of diabetes as a screening tool.

METHODS
Subjects

The present study was performed at the Fatima Jinnah
Medical College, Lahore, Pakistan from 2008 to 2009.
Subjects with positive family history (n = 50) were
enrolled. They were selected by consecutive first degree
relative sampling from 14-50 years old people. 30 age
matched subjects with no history of any disease were
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taken as controls. On the basis of age, first degree
relatives (FDR) were divided into 3 groups i.e. group A
with age range 14-25 year included 16 FDR, group B with
age range 26-35 included 16 FDR and group C with age
range 36-50 year included 23 FDR. All participants were
interviewed for general demographic characteristics and
current use of medications. The patients with T2DM,
normal oral glucose tolerance, pregnant women and
those who were taking corticosteroids were excluded
from the study,

A questionnaire on demographics, history, clinical
examination and laboratory tests was filled out for each
patient. Blood sample was collected from all participants
to measure fasting plasma glucose (FPG) and HbA1c. In
order to confirm the diagnosis of diabetes an oral glucose
tolerance test (OGTT) was performed. The study was
approved by the Medical Ethics Committee Fatima
Jinnah Medical College, Lahore, Pakistan and all
participants gave written consent.

Anthropometric and Laboratory Measurements

All Participants underwent a 75 g oral glucose tolerance
test after 10-12 hours of overnight fasting. Venous
sampling was done after 0, 30, 60 and 120 minutes of
glucose taking. The American Diabetes Association
(ADA) criteria were used for definition of prediabetes'.
Isolated IFG was considered as fasting plasma glucose
(FPG) between 100-125 mg/dl and 2 hour plasma
glucose after glucose load = < 140 mg/dl. Isolated IGT
was defined as FPG < 100 mg/dl. Body mass index (BMI)
was calculated by weight in kilograms divided by the
square of height in meters'®. Plasma glucose was
measured by GOD-PAP and HbA1C by ion-exchange
chromatography methods. Serum insulin level was
estimated by ELIZA technique.

Statistical analysis of the data was performed using
SPSS 17 for windows. Data was expressed as mean and
standard deviation (SD). Independent t student test was
used for the comparison of quantitative variables (age,
BMI, blood glucose, HbA1C, insulin), between FDR
subjects and their controls. P values less than 0.05 were
considered statistically significant.

Table 1: Blood glycosylated hemoglobin and serum
insulin in relation to oral glucose tolerance test in the first
degree relatives age range 14-25 year of type 2 diabetics
and comparison with their controls.

RESULTS

Glucose tolerance test in first degree relatives’ age
ranged 14-25 years of diabetics (group A) as compared
to their controls was tabulated (Table 1). It was observed
that the BMI of first degree relatives of male was
significantly greater (P<0.001) as compared to controls.
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Table 1. Values are expressed as mean+SD

Parameters Subjects(n=16) Controls(n=10)
Age 19.00+2.24 21.4+4.77
(years)

BMI 30.48+5.34** 23.20+1.30
(Kg/m?)

Blood HbA1c 4.91+1.5 4.010.7
(%)

Serum insulin 25.45+23.59** 6.51+2.1
(nIU/mlI)

Fasting blood glucose 112.40+£18.12** 70.0+10.0
(mg/dL)

I/2 hr blood glucose 143.80+7.36™* 100.0+28.28
(mg/dL)

1hr blood glucose 123.0+15.95+ 107.0£14.83
(mg/dL)

1and1/2 hr blood glucose 109.0+16.73 104.0£29.56
(mg/dL)

2 hr blood glucose 100.80£14.60 89.0+15.97
(mg/dL)

Legend: **P<0.001= Highly significant difference

Table 2. Blood glycosylated hemoglobin and serum insulin in relation to oral
glucose tolerance test in the first degree relatives age range 26-35 year of
type 2 diabetics and comparison with their controls.

Parameters Subjects(n=16) Controls(n=10)
Age (years) 30.20+2.86 34.40+7.79
BMI (Kg/m?) 30.44+5.36 26.10+2.60
Blood Hb Aic (%) 6.28+1.26** 4.020.7
Serum insulin (ulU/ml) 14.16+13.79" 6.51+2.1
Fasting blood glucose(mg/dL) 112.20£28.78** 73.20+8.51
/2 hr blood glucose (mg/dL) 144.20#22.71*  116.90+16.15
1hr blood glucose (mg/dL) 139.20£19.27 127.70£14.55
1and1/2 hr blood glucose(mg/dL) 122.80+£18.78 116.90£16.15
2 hr blood glucose (mg/dL) 108.201£29.14 101.50+8.83

Legend:**P<0.001= Highly significant difference, Values are expressed as

mean+SD

Level of fasting sugar and sugar after 2 hour is
significantly greater (P<0.001) as compared to their
controls. On the other hand level of blood glucose after 1,
1;30min and 2hr was although raised in first degree
relatives but this showed no significant difference. Level
of both blood HbA1c and serum insulin were increased
but significant different (P<0.001) was only observed in
case of serum insulin when compared with controls.
Glucose tolerance in first degree relatives age ranged
26-35 years of diabetics (group B) as compared to their

controls was tabulated (table 2). It was observed that the
BMI of first degree relatives of male was significantly
greater (P<0.001)as compared to control. Level of the
fasting blood sugar was more as compared to control and
it showed a highly significant difference (P<0.001). Level
of blood sugar after Yzhr, 1hr, 1;30min, 2 hr was although
raised in first degree relatives but this showed no
significant difference. Level of both blood HbA1c and
serum insulin were significantly increased (P<0.001,
P<0.05) respectively when compared these levels with
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Table 3. Blood glycosylated hemoglobin and serum insulin in relation to oral glucose
tolerance test in the first degree relatives age range 36-50 year of type 2 diabetics and
comparison with their controls.

Parameters Subjects(n=22) Controls(n=10)
Age (years) 41.80+5.67 34.40+7.79
BMI (Kg/m?) 34.40+3.65** 26.10+2.60
Blood HbA1c (%) 7.1941.76** 4.020.7
Serum insulin (ulU/ml) 10.17+9.12* 6.51+2.1
Fasting blood glucose(mg/dL) 123.0+£3.32** 73.20+8.51

I/2 hr blood glucose(mg/dL)

1 hr blood glucose (mg/dL)
1and1/2 hr blood glucose(mg/dL)
2 hr blood glucose (mg/dL)

171.0£14.09**

151.80+7.89**
124.0+8.22

134.0+7.06™"

116.90+£16.15
127.70+14.55
116.90+16.15
101.50+8.83

19

Legend:* P<0.05 = Significant difference, **P<0.001= Highly significant difference

Values are expressed as mean+SD

Table 4. Comparison of diabetic related parameters in different groups of FDR based on

their ages
Parameters Group A (40) Group B (50) Group C (60)
(age 14-25 yrs) (age 26-35 yrs) (age 36-50 yrs)
Age (years) 19.00+2.24 30.20+2.86 41.80+5.67
BMI (Kg/m?) 30.48+5.34 30.44+5.36 34.40+3.65
Blood HbA1c (%) 4.914+1.5 6.28+1.26 7.19+1.76*
Serum insulin (ulU/ml) 25.45+23.59** 14.16+13.79* 10.17+9.12
Fasting blood glucose 112.40+18.12 112.204+28.78 123.0+3.32

(mg/dL)

I/2 hr blood glucose
(mg/dL)

1 hr blood glucose
(mg/dL)

1and1/2 hr blood
glucose (mg/dL)

2 hr blood glucose
(mg/dL)

143.80+7.36

109.0+16.73

123.0+15.95+

100.80+14.60

144.20+22.71 171.0£14.09**

139.20+19.27* 151.80+7.89**
122.80+18.78 124.0+8.22

108.20+29.14 134.0+7.06™*

Legend:* P<0.05 = Significant difference, **P<0.001= Highly significant difference

their controls.

Glucose tolerance in first degree relatives age ranged
36-50 years of diabetics (group C) as compared to their
controls was tabulated (table 3). It was observed that the
BMI of first degree relatives of male was more as
compared to control and it showed a highly significant
difference (P<0.001) .Level of the fasting blood sugar and
sugar after 2, and 1 hour was more as compared to
control and it showed a highly significant difference
(P<0.001). Level of blood sugar aftertand 2 hour was
significantly greater (P<0.001)as compared to control. On
the other hand level of blood sugar after 1 and1/2 was
although increased but it showed no significant

difference. Level of both blood HbA1c and serum insulin
were  significantly  increased (P<0.001, P<0.05)
respectively when compared these levels with their
controls.

Table 4 showed the comparison of diabetic
related parameters in different groups of FDR
based on their ages. An increased BMI was observed in
all groups of FDR. A level of HbA1c was
significantly higher in group B and C. On the other hand
the levels of insulin was significantly higher in
group A as compared to other groups. Values of OGTT
showed a normal profile or curve. While an impaired
OGTT was more prevalent in group C than group B.
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DISCUSSION

First-degree relatives (FDRs) of patients with type2
diabetes develop diabetes at a greater rate than the
normal population, Warram et al., 1990 and have been
used to uncover early abnormalities that may be
important in the development of type 2diabetes. This may
include disturb circadian cycles of insulin secretion rate
i.e. rising in the early morning, peaking in the afternoon,
and declining during the night, and plasma insulin levels
(Boden et al., 2000).

Present study was observed that the increased BMI,
fasting blood sugar and blood sugar after 30 min (an
impaired glucose tolerance test) and increased insulin
may be an early predictor of diabetes in group A with age
range 14-25 years. A study also reported that higher BMI
and elevated fasting plasma glucose are of the main
predictors of progression to T2DM (Fonseca et al., 2009).
However study in contrast to studies who observed that
in glucose-tolerant FDRs, defects in insulin action
precede defects in insulin secretion (Eriksson et al.,
1990; Lillioja et al., 1988). Others, however, have shown
the opposite: namely, defects in insulin secretion
preceding defects in insulin action (Pimenta et al., 1995).

Aberrant insulin signaling and glucose metabolism in
skeletal muscle from type 2 diabetic patients may arise
from genetic defects and an altered metabolic milieu
(Karlsson et al., 2006) and a constellation of features,
including hyperglycemia, hyperlipidemia,
hyperinsulinemia, and excessive cytokine production,
develop. These secondary factors are known to influence
insulin sensitivity and may obscure efforts to identify the
primary cause of type 2 diabetes (Rossetti et al., 1999).
First-degree relatives of type 2 diabetic patients with
impaired glucose tolerance may exhibit metabolic
abnormalities characteristic of overt type 2 diabetes, such
as insulin resistance and excessive hyperglycemia
(Henriksen et al., 1994).

We observed that in group B with age
range 26-35 year there is no relationship of diabetes
prediction with BMI. However it was observed
that significant increased fasting blood sugar, HbA1c
and insulin with impaired glucose tolerance or IGT
was a good prediction of developing diabetes in
FDR. A non significant increase in HbA1c and BMI
showed that these may be weak predictor of T2DM.
Some studies are in line of our study. According
to a study, first degree relatives of T2DM with isolated
impaired fasting glucose are definite. Study suggested
that IFG should be included in the primary preventive
program for diabetes (Iraj et al., 2010). A study stated
that diabetes screening is an effective means of detecting
unknown cases of diabetes, improving glycemic
control and mitigating CVD risk factors (Amini et al.,
2008). Another study observed that disturbance in
insulin release is a primary event in the development
of type 2 diabetes in FDR (Van Haeften et al., 1998).

These findings highlight the fact that more marked
alterations in both insulin sensitivity and 8 cell function
must exist for impaired glucose tolerance or diabetes to
exist, and emphasize the importance of insulin-
independent glucose disposal to glucose tolerance (Kahn
et al., 1994; Best et al., 1996). A study found that FDRs
with normal glucose tolerance had defects in insulin
action and secretion. The newly recognized insulin
secretory defect consisted of disruption of the normal
circadian ISR cycle, which resulted in reduced insulin
secretion (and glucose uptake) during the ascending part
of the 24 hour insulin secretion rate (Boden et al., 1999).

First degree relatives with group C age range 36-50
years showed that significantly increased BMI, HbA1c,
serum insulin IFG and IGT is the good predictor of T2DM
in FDR of diabetes. Our study is in accord with a number
of studies who observed that impaired glucose tolerance
(IGT) and impaired fasting glucose (IFG) were initially
recognized as conditions with increased risk of T2DM
development (Rao et al., 2004). However, they are now
considered to be the independent cardiovascular risk
factors (Shaw et al., 2002; Unwin et al., 2002). A study
proposed that IFG and IGT have different
pathophysiological mechanism. The main defects in
subjects with IFG are the increased hepatic glucose
output production and early insulin secretion dysfunction.
Subjects with IGT have moderate to severe insulin
resistance in level of muscles (Unwin et al., 2002).

An inter group comparison between group A, B and C
showed that in group A, there was an aberrant release of
insulin which may normalize the OGTT and HbA1c. On
the other hand in group B the insulin release was less
aberrant so this may impair the OGTT and level of
HbA1c. While in group C, there is a mild increase release
of insulin which may impair OGTT and level of HbA1c
more than group B.

Our study is in contrast with a study who reported that
first-degree relatives of young-onset type 2 patients
(diagnosed at <45 years of age) have a higher rate of
diabetes when compared with relatives of diabetic
patients diagnosed after 45 years of age®. Some studies
confirmed our results and suggested a need of primary
prevention programs for T2DM in subjects with IFG IGT
(Unwin et al., 2002; Nathan et al., 2007)

It is thought that overt type 2 diabetes mellitus (T2DM)
is preceded by two major asymptomatic indicators of
imbalance in the metabolism of glucose: impaired
glucose tolerance (IGT) and impaired fasting glucose
(IFG). These two indicators, collectively labeled as pre
diabetes, are correlated but they may also appear
separately. This indicates that early stages of T2DM are
asymptomatic and people with the disease may go
undiagnosed for prolonged periods. In the continuum of
plasma glucose distributions (fasting or 2 hour), the
escalation from pre diabetes to T2DM is marked by a
sharp increase the risk of complications, which, in the
long run, can seriously affect a variety of organs and



tissues, such as eyes, kidneys, nerves, and blood
vessels (American Diabetes Association, 2009; Valdez,
2009).

CONCLUSIONS

It is therefore concluded that screening of diabetes in first
degree relatives should be carried out in all age groups
i.e. in adolescent, middle age and old age. Oral glucose
tolerance test alone is not a good predictor of diabetes in
FDR but there is need to examine the level of insulin,
HbA1c along with OGTT to reach on better conclusion.
However, this research has some limitations. One of the
limitations is its cross sectional nature which cannot find
a cause and effective relationship. Another limitation is
that it was not a multicenter study number of subjects are
also small.

REFERENCES

American Diabetes Association (2000). Type 2 diabetes in children and
adolescents. Pediatrics. Mar;105(3 Pt 1):671-80.

American Diabetes Association (2006). Standards of Medical Care in
Diabetes. Diabetes Care 29(Suppl 1):S5-S10

American Diabetes Association (2009). Standards of medical care in
diabetes-. Diabetes Care. 2009; 32 Suppl 1:513-61.

Amini M; Timori A, Aminorroava A (2008). Quality of Care for First-
Degree Relatives of Type 2 Diabetes Patients Diagnosed with
Diabetes at a Screening Program One Year After Diagnosis Rev.
Diabet. Stud. , 5(1):52-58

Best JD, Kahn SE, Ader M,Watanabe RM, Ni TC, Bergman RN (1996).
Role of glucose effectiveness in the determination of glucose
tolerance. Diabetes Care.; 19:1018-1030

Boden G, Chen X and Polansky M (1999). Disruption of Circadian
Insulin Secretion Is Associated With Reduced Glucose Uptake in
First-Degree Relatives of Patients With Type 2 Diabetes. Diabetes.;
48 :2182-2188

Boden G, Ruiz J, Urbain J-L, Chen X. (2000). Evidence for a circadian
rhythm of insulin secretion. Am. J. Physiol.; 271:E246-E252

Dabelea D, Bell RA, D'Agostino RB (2007).. Incidence of diabetes in
youth in the United States. JAMA. ; 297(24):2716-24.

Emerson P, van Haeften TW, Pimenta W (2009). Different
Pathophysiology of Impaired Glucose Tolerance in First Degree
Relatives of Individuals with Type 2 Diabetes. Metabolism.; 58(5):
602-607.

Eriksson J, Franssila-Kallunki A, Ekstrand A, Saloranta C, Widen E,
Schalin C, Groop L (1990). Early metabolic defects in persons at
increased risk for non-insulin-dependent diabetes mellitus. N. Engl. J.
Med.; 321:337-343

Fonseca VA (2009). Defining and characterizing the progression of type
2 diabetes. Diabetes Care. 2009;32(Suppl 2):S151-6.

Grinstein G, Muzumdar R, Aponte L (2003). Presentation and 5-year
follow-up of type 2 diabetes mellitus in African-American and
Caribbean-Hispanic adolescents. Horm Res.;60(3):121-6

Henriksen JE, Alford F, Handberg A, Vaag A, Ward GM, Kalfas Beck-
Nielsen H (1994). Increased glucose effectiveness in normoglycemic
b insulin-resistant relatives of patients with non-insulin-dependent
diabetes mellitus: a novel compensatory mechanism. J. Clin. Invest.
94:1196-1204

Iraj B, Taheri N, Amini M, Amini P and Aminorroaya A (2010).. Should
the first degree relatives of type 2 diabetic patients with isolated
impaired fasting glucose be considered for a diabetes primary
prevention program? J Res Med Sci.; 15(5): 264—269.

James C, Bullard KM, Rolka DB, Geiss LS, Wililams DE (2011).
Implications of Alternative Definitions of Prediabetes for Prevalence

Raana and Khurshid 21

in U.S. Adults Diabetes Care.; 34(2): 387-391.

Janghorbani M and Amini M (2010). Comparison of body mass index
with abdominal obesity indicators and waist-to-stature ratio for
prediction of type 2 diabetes: The Isfahan diabetes prevention study.
Obesit.Res. Clin. Pract., 4(1)e25-e32

Kahn SE, Prigeon RL, McCulloch DK, Boyko EJ, Bergman RN,
Schwartz MW, Neifing JLWardWK, Beard JC, Palmer J, Porte D
(1994). The contribution of insulin dependent and insulin independent
glucose uptake to intravenous glucose tolerance in healthy human
subjects. Diabetes.; 43: 587-592

Karlsson HKR, Ahlse M, Zierath JR, Wallberg-Henriksson H and
Koistinen HA (2006). Insulin Signaling and Glucose Transport in
Skeletal Muscle From First-Degree Relatives of Type 2 Diabetic
Patients. Diabetes.; 55:1283-1288

Lieberman LS (2003). Dietary, Evolutionay and Modernizing influences
on the prevalence of type 2 diabetes. Annual Review of Nutrition.;
23:347-377

Lillioja S, Mott DM, Howard BV, Bennett PH, Yki-Jarvinen H, Freymond
D Nyomba BL, Zurlo F, Swinburn B, Bogardus C (1988) Impaired
glucose tolerance as a disorder of insulin action. N. Engl. J. Med.;
318:1217-1225

Matthews DR, Cull CA, Stratton IM, Holman RR, Turner RC
(1998). UKPDS 26: Sulphonylurea failure in non-insulin-dependent
diabetic patients over six years. UK Prospective Diabetes Study
(UKPDS) Group. Diabet. Med.;15(4):297-303

Nathan DM, Davidson MB, DeFronzo RA, Heine RJ, Henry RR, Pratley
R (2007). Impaired fasting glucose and impaired glucose tolerance:
implications for care. Diabetes Care.;30(3):753-9.

Owen K, Ayres S, Corbett S, Hattersley A (2002). Increased Risk of
Diabetes in First-Degree Relatives of Young-Onset Type 2 Diabetic
Patients Compared With Relatives of Those Diagnosed Later.
Diabetes Care.; 25(3): 636-637

Pimenta W, Korytkowski M, Mitrakou A, Jenssen T, Yki-Jarvinen H,
Evron W, Dailey G, Gerich J (1995). Pancreatic beta-cell dysfunction
as the primary genetic lesion in NIDDM: evidence from studies in
normal glucose-tolerant individuals with a first-degree NIDDM
relative. JAMA. 273:1855-1861

Powers AC (2005). Diabetes mellitus. In: Kasper DL, Fauci AS, Longo
DL, Braunwald E, Hauser SL, Janieson JL (ed.). Harrison's principles
of internal medicine, chapter 323:2153-2154

Raman PG and Mitra S (2000). A comparative study of oral glucose
tolerance test and glycated hemoglobin in high risk patients for
diabetes mellitus. Int J Diab Dev Countries, 20:23-27

Rao SS, Disraeli P, McGregor T (2004). Impaired glucose tolerance and
impaired fasting glucose. Am. Fam. Physician.; 69(8):1961-8.

Rossetti L, Giaccari A, DeFronzo RA (1999). Glucose toxicity. Diabetes
Care.; 13:610-630

Shaw JE, Zimmet PZ, Hodge AM, de Courten M, Dowse GK, Chitson P
(2002). Impaired fasting glucose: how low should it go? Diabetes
Care.; 23(1):34-9.

Unwin N, Shaw J, Zimmet P, Alberti KG (2002).. Impaired glucose
tolerance and impaired fasting glycaemia: the current status on
definition and intervention. Diabet Med.;19(9):708-23

Valdez R (2009). Detecting Undiagnosed Type 2 Diabetes: Family
History as a Risk Factor and Screening Tool. J. Diabet. Sci.
Technol.;3(4):722-726

Van Haeften TW, Dubbeld S, Zonderland ML, Erkrirns DW (1998).
Insulin Secretion in Normal Glucose-Tolerant Relatives of Type 2
Diabetic Subjects Assessments using hyperglycemic glucose clamps
and oral glucose tolerance tests. Diabetes Care.; 21(2):278-282

Warram JH, Martin BC, Krolewski AS, Soeldner JS, Kahn CR (1990).
Slow glucose removal rate and hyperinsulinemia precede the
development of type 2 diabetes in the offspring of diabetic patients.
Ann. Intern. Med.;113:909-915

Weyer C, Bogardus C, Mott DM, Pratley RE (1999).. The natural history
of insulin secretory dysfunction and insulin resistance in the
pathogenesis of type 2 diabetes mellitus. J. Clin.
Invest. Sep;104(6):787-94.



