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Prevalence of diabetes mellitus and glucose metabolism disorders
in the first degree relatives of type 2 diabetic patients
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Abstract: Background and objectives: We designed this study to observe the DM prevalence, insulin resis-
tance, beta cell reserve and the interaction of these parameters in the first degree relatives of Type 2 diabetic
patients in Turkish population.

Methods: 125 subjects were included in the study. 25 subjects without the first degree diabetic relatives were
selected as the control group; they were matched by age, BMI, socio-economical, cultural and environmental
factors. (OGTT), (IVGTT), (GST), and (ITT), were performed on all subjects and controls.

Results: 12 (9.6 %) DM and 23 (18. 4 %) impaired glucose tolerance (IGT) cases of 125 subjects were diag-
nosed according to OGTT results. The mean BMI of diabetic subjects was significantly higher than of controls
and subjects with normal glucose tolerance (p<0.05). When compared to the control group, the mean AUCinsulin
levels were significantly lower in diabetic subjects (p<0.05). To observe the correlation between HOMAIR and
KITT values, a statistically significant correlation was found (p<0.05, r: 0.222). There was a deficiency in the C-
peptide response to glucagon stimulation in diabetic relatives (p<0.05, F: 4.59 One Way ANOVA).

Conclusion: We demonstrated that the first degree relatives of Type 2 diabetic patients constitute a high risk
group for DM, IGT and insulin resistance by using four different tests in Turkish population.

The significant finding(s) of the study: We demonstrated a high prevalence of glucose metabolism disorders in
the relatives of type 2 diabetic patients.

This study adds our knowledge; insulin resistance and decreased beta cell reserve occur before diabetes mel-

litus begin in relatives (Tab. 5, Ref. 42). Full Text in PDF www.elis.sk.
Key words: diabetes mellitus, first degree relatives of type 2 DM, insulin resistance.

Type 2 diabetes mellitus is the most common type of diabe-
tes and is characterized by variable degrees of insulin deficiency
and resistance. Many patients with type 2 diabetes lose beta cell
function over time and require insulin for glucose control. The
prevalence of type 2 diabetes has risen alarmingly in the past
decade linked in large part to the trends in obesity and sedentary
lifestyle in the world (1).

Understanding the pathogenesis of type 2 diabetes is compli-
cated by several factors (2). Patients present with a combination
of varying degrees of insulin resistance and relative insulin defi-
ciency, and it is likely that both contribute to type 2 diabetes (3).
Furthermore, each of the clinical features can arise through genetic
or environmental influences, making it difficult to determine the
exact cause in an individual patient. Moreover, hyperglycemia it-
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self can impair pancreatic 3-cell function and exacerbate insulin
resistance, leading to a vicious cycle of hyperglycemia causing a
worsening metabolic state (4). Type 2 diabetes most likely repre-
sents a complex interaction among many genes and environmen-
tal factors. Monogenic causes of type 2 diabetes represent only a
small fraction of cases and commonly inherited polymorphisms
individually contribute to only small degrees of risk for, or protec-
tion from, diabetes. Most of the genetic risks for type 2 diabetes
results from complex polygenic risk factors. First-degree relatives
of patients with type 2 diabetes frequently have impaired nonoxi-
dative glucose metabolism (indicative of insulin resistance) long
before they develop type 2 diabetes (5). In addition, they may have
beta-cell dysfunction, as evidenced by decrease in insulin and
amylin release in response to glucose stimulation (6). Although
many studies have been conducted in other countries, there is no
study about relatives in Turkish population and there is no study
that four different tests were done to the relatives in literature.

Aim

We designed the present study to observe the DM prevalence,
insulin resistance, beta cell reserve and the interaction of these
parameters in the first degree relatives of Type 2 diabetic patients
in Turkish population with four different tests.
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Subjects and methods

Subjects

This study was performed in Erciyes University School of
Medicine Department of Endocrinology and Metabolism. 125 first-
degree relatives of type 2 diabetic patients who were admitted to
the hospital were enrolled in the study. Age and socio-economic
matched 25 control subjects without any family history of diabetes
mellitus participated in the study. The two groups were matched
with respect to age, gender, BMI, social and economical environ-
ment. All subjects were healthy and taking no medication. There
was no family history of any other endocrinological and metabolic
disorders except DM. The pertinent clinical data of the two groups
is shown in Table 1. The study protocol was approved by the Eth-
ics Committee of the Erciyes University, School of Medicine. In-
formed patient consent was taken from the subjects.

Design

Body mass index (BMI) was calculated as weight (kg) divided
by height (m) squared. An oral glucose tolerance test (OGTT), in-
travenous glucose tolerance test IVGTT), glucagon stimulation
test (GST) and insulin tolerance test (ITT) were administered to
all subjects. All tests were performed with an interval of one or
two weeks for each subject. One-way ANOVA test, regression
analysis was used as a statistical procedure. p<0.05 was assessed
as significant.

OGTT: After a 10-12 h overnight fast, the subjects ingested a
solution containing 75 grams of glucose, and venous blood samples
were obtained at 0, 30, 60, 90, and 120 minute for determination
of plasma glucose, plasma insulin and C-peptide. Criteria for the
diagnosis of diabetes, impaired fasting glucose, and impaired glu-
cose tolerance (IGT) were made according to ADA criteria (7).
HOMA ., HOMA _, AUC values were also calculated with

IR’ INg Glucose

data obtained from the OGTT results (8, 9, 10).

HOMA : [75000+ (Gluy-Glu, ) x 1.15x 0.19 x 180 x weight]
120xlog,, xMGC

Weight: Kg

Glu,,, 120th minute glucose concentration of OGTT (mg/dL)
Glu, : Oth minute glucose concentration of OGTT (mg/dL)
MGC: Mean glucose concentration of OGTT (mg/dL)
log,, .- Mean insulin concentration logarithm

HOMA : fasting plasma glucose x fasting plasma insulin
22.5

Fasting plasma glucose: mmol/L
Fasting plasma insulin: pIU/mL

Tab. 1. Demographic data of control and study groups.

Patients Control

Male Female Male Female

n:46 n:79 n:12 n:13
Age (year) 34.2+6.6 34.0+£6.4 34.8+£3.3 33.2+1.1
BMI (kg/m2) 27.8+4.1 27.8+5.6 28.5+2.0 25.442.5
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AUC, - (Glu0+Glu30) x 15+ (Glu30+Glu60) x15+

(Glu60+Glu90) x15+ (Glu90+Glu120) x15

Glu 0, 30, 60, 90,120: Oth, 30th, 60th, 90th, 120th minutes
glucose concentration of OGTT

Glucagon stimulation test: After a 10—12 h overnight fast,
baseline blood sample was taken. After injection of 1 mg gluca-
gon intravenously, blood sample was taken at the sixth minute to
determine C-peptide levels (11, 12)

Insulin tolerance test: The aim of this test is to evaluate insu-
lin resistance. After a 10—12 h overnight fast and after 0.1 IU/Kg
regular insulin was injected intravenously, we took blood samples
at3,6,9, 12, 15, 20th minutes. 200 mL 20 % dextrose was given
to subjects intravenously and the test was ended after symptom-
atic or measured hypoglycemiaoccurred. Using 0.693/t/2 formula,
the falling speed of plasma glucose was calculated. This value is
called K, .. /2 shows the half time of plasma glucose from the
beginning. Higher K represents lower insulin resistance (13).

Intravenous glucose tolerance test: This test is used to distin-
guish type 1 and type 2 DM. If the baseline insulin level was high,
the first phase insulin response was reduced and second phase in-
sulin response was normal, we considered type 2 DM (13, 14, 15).

After a 10-12 h overnight fast, two different vascular accesses
were obtained. We injected 0.5 g/kg (maximum 35 g) 30 % dex-
trose for 3-4 minutes. After infusion of dextrose, blood samples
were collected to measure the plasma glucose level at 1, 3, 5, 10,
12, 15, 20, 30th minutes. KgluwSe values were calculated according
to the formula below. The K cose value shows the glucose sent
away from the plasma per minute (16). t/2 shows the half time of
plasma glucose from the beginning. This is calculated with SPSS
regression analysis.

K 0= 0.693%100
(t2)

The total of 1stand 3rd minutes insulin levels show the first
phase insulin response. Fewer than 40 pIU/mL values show the
first phase insulin deficiency and preclinical DM (15, 17). We
calculated the AUC of 1, 3 and 5th minutes insulin levels, and
statistically analyzed them between groups (18).

Glucose measurement was performed with the Konelab-60i
auto analysis instrument, the insulin and C-peptide measurements
were made by the RIA procedure in the Erciyes University School
of Medicine Central Laboratory. Intraassay for insulin 80+2.8
plU/mL (C.V.: 3.5 %), interassay 95+4.7 plU/mL (C.V.: 4.9 %).
intrassay for C-peptide 7.9+0.24 ng/mL (C.V.: 3.0 %), interassay
8.85£0.17 ng/mL (C.V.: 1.9 %). Statistical analysis was conducted
with “SPSS 11.0” software.

Results

A total of 150 subjects participated in the study. 79 female
(63.2 %), 46 male (36 %) subjects were in the study group and
13 (52 %) female and 12 (48 %) male people were in the control
group. All the groups underwent OGTT, IVGTT, ITT and GST.



Tab. 2. Age and BMI data of groups.
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95%CI
Group n Mean Standard deviation Standard error  Lower limit Upper limit Minimum Maximum
BMI 1* 12 315 6.0 1.74 27.65 35.35 22.6 40.4
2 23 27.9 3.8 0.79 26.28 29.59 18.4 35.1
3* 90 27.4 5.1 0.54 26.36 28.52 17.4 46.4
4* 25 26.8 2.7 0.54 25.76 28.02 214 33.6
AGE 1 12 37.8 5.9 1.70 34.07 41.59 29.0 45.0
2 23 354 5.6 1.17 32.98 37.88 25.0 45.0
3 90 333 6.5 0.69 31.94 34.70 22.0 45.0
4 25 34.0 2.5 0.50 32.94 35.05 31.0 42.0
*: p<0.05, F: 2.926, One-Way ANOVA
Tab. 3. HOMA ., HOMA , AUC, . AUC, ., K., Baseline c-peptide, 6th minute c-peptide values of groups.
Parameters Groups
1 (n:12) 2 (n:23) 3 (n: 90) 4 (n: 25)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
HOMAR 3.40(2.99) 2.44 (1.79) 2.28 (2.06) 0.91 (0.64)
HOMAs 195.5 (42.86) 295.6 (81.07) 400.2 (167.44) 455.1 (167.44)
AUCGlucose 26242.5 (3165.16) 18052.1 (2177.33) 14639.4 (2513.18) 12955.8 (2429.35)
AUCrnsulin 138.35 (96.18) 165.69 (107.70) 342.49 (346.47) 459.23 (191.56)
Kirr 0.93 (0.38) 1.21 (0.38) 1.42 (0.40) 1.56 (0.20)
Baseline c-peptide 2.23 (0.69) 2.84 (1.01) 2.51(0.96) 2.11 (0.40)
6th minute c-peptide 3.26 (1.07) 6.51(2.96) 6.28 (2.33) 6.66 (1.40)
Tab. 4. Correlation analysis.
Statistical AUC, e AUC, GST GST GST IVGTT
analysis 0 to 6th minute Baseline 6th minute First phase
C-peptide C-peptide C-peptide insulin secretion
AUC o r 1.0 -0.35 -0.42 0.09 -0.337 0.462
p — 0.001 0.000 0.433 0.005 0.000
AUC, .. r -0.350 1.000 0.165 -0.081 0.088 -0.347
p 0.001 — 0.237 0.562 0.532 0.001
GST r -0.426 0.165 0.000 0.094 0.929 0.020
0 to 6 minute c-peptide p 0.000 0.237 — 0.446 0.000 0.887
GST T 0.096 -0.081 0.094 1.000 0.456 0.247
Baseline c-peptide p 0.433 0.562 0.446 — 0.000 0.068
GST r -0.337 0.088 0.929 0.456 10.000 0.122
6™ minute c-peptide p 0.005 0.532 0.000 0.000 - 0.381
IVGTT r 0.462 -0.347 0.020 0.247 0.122 10.000
First phase insulin secretion p 0.000 0.001 0.887 0.068 0.381 -

Mean ages of the subjects were 34.1+£6.5 years; the BMI was
27.8+5.1 kg/m? (Tab. 1). We found DM 6.9 %, 14.3 %, 33.3 %
and IGT 18.4 %, 14.3 %, 66.7 % in relatives whose mothers, fa-
thers, siblings had type 2 DM respectively. All participants were
evaluated according to OGTT results in four groups:

Group 1: Relatives diagnosed DM in the study.

Group 2: Relatives diagnosed IGT.

Group 3: Relatives diagnosed normal glucose tolerance

Group 4: Control group with normal glucose tolerance

Mean age and BMI are shown in Table 2. Group 1 had sig-
nificantly higher mean BMI values than the group 3 and 4 (p<
0.05) (Tab. 2).

According to OGTT results: 12 of 125 relatives (9.6 %) have
DM and 23 of them (18.45 %) have IGT, 6 of them (4.8 %) have
impaired fasting glucose (IFG).

HOMA , HOMA,, AUCglucose values were calculated as
shown in the subjects and method section. HOMA , values were

found 3.442.9, 2.4+1.8, 2.3+£2.1 and 09+0.6 in the groups 1,2,3,4
respectively. The statistical analysis of these results showed that
HOMA,, value of the control group was significantly lower than
the others (p< 0.005, Dunnet — test) (Tab. 3).

HOMA , values were found 195.5+42.8, 295.6+81,
400.2+150.7, 455.1+ 67.4 in the groups 1,2,3,4 respectively. In
the statistical analysis, HOMA  values were lower significantly
in the group 1 than in the group 3 and 4. HOMA ¢ values were
also significantly lower in the group 2 than in the group 3 and 4
(p<0.005 F: 11.38 One Way — ANOVA) (Tab. 3).

AUCglmse values were measured 26242+3165, 18052+2177,
14639+2513, 1295542419 in the groups 1, 2, 3, 4 respectively.
There was a significant difference in all groups (Tab. 3) (p<0.05).

According to IVGTT, we found an early insulin secretion (first
phase) insufficiency in 21 subjects of 125 (16.8 %), and we deter-
mined 5 subjects (23.8 %) with DM, 6 subjects (28.6 %) with IGT
out of 21 subjects. If K values were below 1 %, they showed

glucose
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a definite diagnosis of DM (10, 16, 35). We diagnosed DM in 9
patients (7.2 %) by IVGTT. We found 3 DM (33.3 %) and 3 IGT
(33.3 %) in the 9 patients by using OGTT.

We calculated AUC of the insulin level at first, third and fifth
minutes after glucose infusion in IVGTT. The measured insulin
level, which appears after calculating the under curve area, is an
indicator of the acute insulin response of beta cells. Group’s AU-
C, .uin @verages are shown in the table 8. When these results were
compared to the control group, AUC, . level averages were
much lower in the diabetic and IGT relatives (p<0.05) (Tab. 3).

ITT results: K values were calculated according to ITT data
and show in unit time the glucose amount that is kept away from the
environment. K, values and statistical analysis can be seen in the
table 9. Between the group 1 and the groups 3, 4 and between the
group 2 and 4 significant differences were found (p<0.05) (Tab. 3).

GST results: Sixth minutes C-peptide levels of the diabetic
relatives were above 0.0513 ng/mL. Within the patients diagnosed
with diabetes, the same level and above values were assessed as
type 2 diabetes (12, 16) (Tab. 3). When 6th minute c-peptide av-
erages were compared between the first group and other groups,
there was a significant statistical difference. The 6th minute C-
-peptide averages of diabetic relatives were much lower than the
other groups (Tab. 3). When the average increase from the base-
line to 6th minute C-peptide levels were compared, there was a
significant statistical difference between the groups and there was
a deficiency in the C-peptide response to glucagon stimulation in
diabetic relatives (p<0.05, F: 4.59 One Way ANOVA).

Correlation analysis: To establish whether there is a correla-
tion between HOMA , and K, a non-parametric Pearson test
was carried out and a significant statistical correlation was seen
(p<0.05 r: 0.222). There is a statistically significant correlation
between HOMA ¢, and K, values (p<0.05 r: 0.333). Based on
GST, a statistically significant correlation was found between the
average increase from baseline to 6th minute C-peptide levels and
6th minute C-peptide measurements (Tab. 4).

Discussion

Diabetes Mellitus is a group of metabolic deficiencies in which
insulin secretion and action or both leads to hyperglycemia. It is
known that type 2 DM frequently shows a resistance to the effect
of insulin (19, 20). Although the aetiology is not clear, there is no
autoimmune destruction of the beta cell in type 2 DM. Researches
carried out on family members with diabetes and twins with diabe-

tes confirmed that hereditary factors play a role in type 2 DM. Due
to the latest developments in molecular biology in recent years,
genetics have provided a higher clarity, especially in type 2 DM.

The effects of genetic factors in type 2 DM is more evident
than in type 1 DM. The concordance in monozygotic twins is
60—80 %. Obesity (especially truncal obesity), lifestyle, IGT and
having a diabetic relative are some of the risk factors for type 2
DM. The first degree relatives of diabetic patients with IGT have
a 30—40 % risk of diabetes mellitus development (21, 22, 23).

Many studies have been carried out on the relationship between
type 2 DM and genetics. However, in Turkey, published studies of
patients with type 2 DM and other glucose metabolism disorders
are scarce. In our study, we tried to clarify this. Apart from this,
various tests were carried out in this study, giving patients infor-
mation concerning their insulin resistance and beta cell reserve;
these factors were compared to each other. Similar studies have
been carried out previously, but in our study we went one step
further; each patient underwent four tests and correlation analy-
ses were carried out.

At the same time, patients were put into subgroups and inves-
tigated according to relatives with DM. Subjects whose siblings
and fathers were diabetic had a higher risk for developing DM.
However, for glucose metabolism assessments to be carried out,
further studies with more patients are required. When compared,
subjects whose fathers had DM had a significantly higher risk of
DM (p<0.005, One Way ANOVA).

Our study examines different factors than those in the litera-
ture. First, when compared to previous studies, this study was
carried out on a younger group and previous studies have limited
data about glucose metabolism dysfunction. The second different
point is that Pontirolli et al examined only the siblings of patients
with diabetes (24). Grill et al examined only brothers of patients
with diabetes, but we choose a much wider relative group: siblings
in some, mothers in some and fathers in some came across with
diabetes (14). We found a much higher percentage of diabetes in
siblings compared to both Grill and Pontirolli’s studies. However,
we found that BMI is much higher in diabetic relatives compared
to non-diabetic groups.

Studies show that there is an insulin resistance in the first de-
gree relatives of diabetic patients although they were not obese
(25). The existence of the association between Type 2 diabetes
and obesity has been known for many years, and as the body fat
percentage rises, the development of diabetes also rises. In this
study, BMI of relatives with diabetes was higher compared to non-

Tab. 5. Studies about the first degree relatives of type 2 diabetic patients.

n Tests were done DM IGT BMI Age
(Diabetic relatives) (Diabetic relatives)
Karaman 125 OGTT, IVGTT, 12 (9.6%) 23 (18.4%) 27.8 34.1
GST, ITT

Pontirolli 130 OGTT 24 (18.4%) 31(23.8%) 29.6 57.2
(only siblings)
Grill 162 OGTT 52 (3.2%) 121 (7.5%) 26.5 46.6
(only male relatives)
Costa 209 OGTT 21 (10.2%) 49 (20.5%) 28.2 50.0
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diabetic relatives. Volk et al. carried out a study on 154 healthy
immediate family members of patients with Type 2 diabetes, of
which 97 had no immediate family members with diabetes as a
control group. Volk et al, performed OGTT and hyperinsulin-
emic — euglycemic clamp test in each case. They determined that
insulin secretion had increased, yet, in the early phase, insulin
secretion decreased in immediate family members. They found
hyperinsulinemia and a decreased or delayed early insulin secre-
tion was determined in family members who were obese (26). In
our study, when we compared relatives with diabetes and relatives
with normal glucose tolerance and the control group, BMI values
significantly increased in the diabetic group.

In our study, we found the AUC,, values of the study groups
(whether the glucose metabolism is distorted or not) were signifi-
cantly higher than of the control group (p<0.005, One Way ANO-
VA). Therefore it can be said that distortion of glucose metabolism
can occur whether clinical diabetes or IGT is diagnosed or not in
the the first degree relatives of type 2 diabetic patients. Previous
studies reported that high DM, IGT percentages, increased insulin
resistance and lessened insulin sensitivity are seen in immediate
relatives of diabetic patients (25, 27, 28). It has been reported that
in normoglycemic relatives, insulin resistance has an increased
cardiovascular risk (29). In this study we determined that there is a
high glucose load in the area under the curve in relatives although
their OGTT results are normal. This high glucose load causes glu-
cose toxicity, insulin resistance and DM in relatives. As mentioned
above, our study shows that relatives with DM have significantly
higher HOMA , values in their IGT and normal glucose tolerance
compared to the control group. It shows that increased glucose
load causes insulin resistance. In previous studies, the existence
of insulin resistance in some relatives with normal glucose toler-
ance was deduced (20, 26, 30), but the escalated glucose load, that
we discovered in this study, was never mentioned before. This is a
very important point since even in relatives with normal glucose
tolerance compared to the control group, the glucose load is quite
high and their insulin resistance (valued using the HOMA method)
is increased. These individuals may appear as though their OGTT
and glucose tolerance are normal, but it can be predicted that in
later life they carry the risk of developing diabetes.

When a statistical analysis is made for groups, HOMA  aver-
age, a significant increase was seen in the groups 1, 2 and 3 com-
pared to the control group (p<0.05, Dunnet-test) (Tab. 5). Insulin
resistance was higher in all groups whether glucose tolerance was
normal or not. Insulin resistance raises two important clinical
concerns: First, dysfunction as a result of deficient insulin effect
(DM, IGT, delayed growth and lipoatrofia). And second, condi-
tions that develop as a result of excessive insulin effect (acantho-
sis nigricans, ovarian hyperandrogenism) (31, 32, 33, 34). Insulin
resistance can be seen in many situations such as, stress, hunger,
ketoacidosis, cirrhosis, uremia, hyperglycemia (glucose toxicity),
obesity, type 2 DM, atherosclerotic heart diseases, dyslipidemia,
polycystic ovary syndrome. Apart from those cases, in 25 % of
healthy people insulin resistance can occur, and in a high percent-
age of these people it is believed that they can also develop type
2 DM, hypertension, dyslipidemia and cardiovascular diseases.

HOMA  values calculated by using OGTT data show the in-
sulin sensitivity of tissues (9). Differences among HOMA  values
of the groups show that insulin sensitivity of tissues is decreased
in the first degree relatives (p<<0.005 F; 11.38 One Way —ANOVA)
(Tab. 3). Some genetic mutations (in the insulin receptor gene and
post receptor signal transmission) and environmental factors cause
insulin resistance by affecting insulin sensitivity. Besides this,
malnutrition, obesity, ageing, pregnancy, hyperglycemia, autoan-
tibody develops against the insulin receptors causing decreased
insulin sensitivity.

When K values were evaluated, significant differences were
found between the group 1 and group 3, between the group 1 and
group 4 and between the group 2 and group 4 p<0.05) (Tab. 3).
This result shows that there was insulin resistance, and that this is
one of the most important factors in the beginning stages of diabe-
tes in the first degree relatives of type 2 diabetic patients. Schmitz
et al evaluated 15 relatives of type 2 diabetic patients and 13 sub-
jects as a control group. They determined that serum insulin con-
centrations of relatives were significantly higher when compared
to the control group. When insulin sensitivity was compared to
the control group, they determined that the sensitivity was 20 %
lower in relatives (30). Although they found similar results to our
study, we found the first phase insulin secretion deficiency along
with insulin resistance in relatives.

According to our GST result, baseline C-peptide levels were
higher than 0.0513 ng/mL (0.17 pmol/L) and increased C- pep-
tide level in the 6th minute was higher than 0.0211 ng/mL (0,07
pmol/L) in patients with DM. Because C-peptide response to gluca-
gon stimulation over a certain level (0.0211 ng/nL), we concluded
that all the patients with diabetes also had type 2 DM in our study
(12) When the groups, 6th minute C-peptide mean values were
compared between the first and other groups, the diabetic group’s
values were significantly lower than in the other groups. The GST
is one of the bests test to determine the first phase insulin secretion
dysfunction and beta cell reserve in pathogenesis of type 2 DM.

We found a correlation between AUCgImSe and 6th minute
C-peptide levels of glucagon test (Tab. 4). These and previously
mentioned correlations showed that an increased glucose load and
C-peptide response stimulated by glucagon (shows beta cell re-
serve) were associated with each other. Basic insulin levels of type
2 diabetic patients can be increased, decreased or normal. However,
in the early stages of illness, loss of the first phase insulin secretion
almost always occurs. It was suggested that in the development of
type 2 DM, the first finding is supposed to be early phase insulin
secretion malfunction (16, 17, 22, 23). We found that the average
of AUC, . levels was statistically lower compared to the control
group (p<0.05 One Way ANOVA) (Tab. 3). The patient whose
total insulin level measurement in the first and third minutes was
under 40 pIU/mL is 16.8 % of all relatives. That means that the
first phase insulin secretion decreased in 16.8 % of all relatives in
our study. We found 5 clinical DM (23.8 %) and 6 IGT (28.6 %)
in 21 patients with the first phase insulin secretion deficiency.
As the tables show, we found a distortion of glucose metabolism
in 52.4 % (the total of DM and IGT percentage) of patients who
have the first phase insulin secretion deficiency. Galvin et al (18)
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reported that there was a latent period in the pathogenesis of type
1 DM. In this period before hyperglycemia, beta cell damage and
progressively decreasing first phase insulin response is seen and
a similar mechanism can be seen in type 2 DM. We show in our
study that the assessment of insulin resistance HOMA ; values
can be used instead of ITT; this process can be carried out much
more easily and without risk.

Coifman et al (36) reported that there is a real hyperinsulinemia
and hyperproinsulinemia, which is an evidence of insulin resistance
and there is no structural defect in beta cells in the first degree rela-
tives of type 2 diabetic patients. Bogardus et al (15) reported thata
major risk factor for diabetes is a relatively decreased acute insulin
response in Pima Indians in the State of Arizona, USA. Starting
from this point, not only in the Pima Indians, but all individuals
whose relatives are diabetic, we can say have an increased risk of
a decreased acute insulin response OR risk of insulin resistance
and distorted first phase insulin secretion.

Although some studies showed a high DM prevalence, beta
cell dysfunction and impaired glucose metabolism in the first de-
gree relatives of type 2 diabetic patients, we showed a high rate
of DM, increased glucose load, increased insulin resistance and
distorted first phase insulin secretion by using four different tests
(37, 38, 39) (Tab. 5). We also showed that this defect appeared in
younger age when compared to previous studies.

Some population differences (genetic, environmental or some
dietary factors) may cause the variation on DM, IGT and IFG
prevalence. For example; prevalence of IFG is too low compared
tolGT prevalence in Turkey opposite to findings from Anglo-Saxon
European population.

Satman et al (40) and Kelestimur et al (41) reported the preva-
lence of DM with TURDEP study but there is no study about the
relatives of diabetic patients in Turkey. One of the main aims of our
study was to determine the glucose metabolism of the first degree
relatives of type 2 diabetic patients in Turkey, and we saw these
people were under a high risk of DM and IGT. This people, even
though they have normal glucose tolerance, may develop diabe-
tes due to an increased glucose load, increased insulin resistance
and distorted first phase insulin secretion. These people need to
be monitored to prevent diabetes in the future.
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