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When discussing insulin resistance and insulin sensitivity, data from literature focuses on obese and
overweight patients. In our study on, 110 patients with normal body-mass index with newly diagnosed
type 2 diabetes mellitus, with the help of glucose tolerance test, we explored insulin resistance,
sensitivity, early insulin secretion and β-cell function assessed by using the following indexes: HOMAIR, ISI, IGI and HOMA-β. We compared the results from our reference group with a control group of
109 overweight patients with newly diagnosed type 2 diabetes mellitus. Normal weight patients had a
statistically significant lower HOMA-IR index than overweight patients (2.65 vs. 3.55, p<0.01), however
in both groups HOMA-IR was above the cut-off value of 2.5. HOMA-β was statistically significant lower
in normal weight patients than in overweight patients (55.08 vs 65.36, p<0.01). ISI index was in an
inverse proportional relationship with HOMA-IR, statistically significant higher in normal weight
individuals (5.97 vs.3.48, p<0.01). IGI index was not statistically significant lower in normal weight
patients (3.63 vs.3.95, p=0.07). It is important to observe that although they have a normal BMI these
patients are insulin-resistant confirming the hypothesis of metabolic obese normal weight patients that
develop type 2 diabetes mellitus. The indexes that correlate with HbA1c in normal weight patients,
predicting glucose status, are HOMA-β (negative correlation), ISI (positive correlation) and IGI index
(negative correlation).
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Although the pathophysiological modifications of insulin action have been intensely studied in obese and overweight
patients that develop type 2 diabetes mellitus (T2DM), these modifications have been less explored in normal weight
individuals. The explanation is the increased prevalence of T2DM in obese or overweight individuals; more than 80% of
newly diagnosed cases appear in persons with a body-mass index (BMI) > 25kg/m2. It is not a surprise that the scientific
data regarding T2DM pathophysiology are less abundant regarding normal body weight individuals. T2DM appears when
β cells are not capable to produce enough insulin to compensate insulin resistance [1]. In obese and overweight individual,
fat tissue is responsible for the production of certain substances named adipokines, such as leptin, TNF-α, resistin, MCP-1
that block the insulin signaling pathway [2]. As a result, the β cells are forced to produce more insulin, it has been
demonstrated that plasmatic levels of insulin are 4 times greater in obese T2DM patients than in individuals with normal
weight [3]. An inverse relationship exists between insulin secretion and insulin sensitivity in these individuals [4-9].
In normal weight individuals the reasons why T2DM appears are more complex and there are many theories regarding
this subject [10-13]. The early theories state that in these individuals the β cell dysfunction is the main factor that leads to
hyperglycemia as opposed to overweight patients where the main factor is insulin resistance [14]. This theory is supported
by the fact that in normal weight T2DM patients, insulin therapy is initiated early and insulin predominates in their treatment
[15]. The risk factors that predispose to this early β cell failure, were identified in some studies: low birth weight,
malnutrition in childhood, smoking, alcoholism and pancreatitis [16]. These predisposing factors could alter the structure
and capacity of insulin secretion of the β-cell. Another theory is that normal weight patients with T2DM develop the disease
because every individual has a personal fat threshold and if this limit is exceeded T2DM appears even if the BMI is normal
[17].
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In the context of such complexity regarding the mechanism that leads to T2DM development in normal weight
individuals, we wanted to explore the insulin secretion and insulin resistance behavior in a cohort of new-onset T2DM
patients where these processes have not been altered by any administered drug that influences insulin resistance or β-cell
secretion capacity.
Experimental part
Material and method
This study included patients with newly diagnosed T2DM, from the Clinical County Emergency Hospital of Oradea,
each patient signing an informed-consent form before inclusion; Our research was approved by the Ethics Commission of
the Council of the Faculty of Medicine and Pharmacy, University of Oradea, and conducted in accordance with the World
Medical Association Code of Ethics (Declaration of Helsinki, 1967).
The patients were distributed in two groups: a reference group and a control group, according to their BMI. The reference
group included normal weight newly diagnosed T2DM patients and the control group included overweight newly diagnosed
T2DM patients. The following inclusion criteria were used for selection: patients’ ages between 18-65 years; BMI of the
patients between 18.5-24.9 kg/m2 for the reference group and BMI between 25-29.9 kg/m2 for the control group; patients
diagnosed with T2DM based on the diabetes diagnosis criteria; patients with negative glutamic acid decarboxylase (GAD)
antibodies specific for type 1 diabetes mellitus patients; interval between diabetes diagnosis and laboratory work-up
(specific for our study) shorter than 1 week; patients that did not receive any antidiabetic medication before the laboratory
work-up, in order not to influence the results of the study; patients that gave their written consent for the participation in the
study. Exclusion criteria were: patients that from the moment of diagnosis to the moment of selection received antidiabetic
medication; patients with BMI<18.5 kg/m2 or with BMI>29.9 kg/m2, patients with any disease that modifies the metabolic
state and can influence insulin resistance or insulin-sensitivity (autoimmune diseases, hyperthyroidism, hypothyroidism,
neoplastic diseases, etc.)
Patients that were diagnosed with T2DM in the Ambulatory of the Clinical County Emergency Hospital of Oradea in
the period 01 April - 01 July 2018 were considered for the inclusion in the study. The inclusion method was the following:
we included every 4th patient diagnosed with T2DM that was overweight and every 2nd patient diagnosed with T2DM that
had normal weight. In the beginning were selected 118 normal weight patients and 120 overweight patients. All patients
were explained the content of the study and signed a written consent. The research was conducted according to the principles
of the Helsinki Declaration and with the approbation of the Ethics Commission of the Faculty of Medicine and Pharmacy
of Oradea.
After the patients were selected at Visit 1, they were evaluated clinically. Information was collected regarding: age, rural
or urban area, education, medical history, treatment for the comorbidities. The BMI was calculated after determining the
weight and the height of the patient, the waist circumference was also measured. Patients were instructed to present two
days later at the Diabetes Clinic from the Clinical County Emergency Hospital of Oradea for the laboratory work-up. After
the end of visit 1, 4 patients from the reference group and 10 patients from the control group were excluded from the study.
At visits 2, laboratory tests were effectuated. We performed the oral glucose tolerance test (OGTT). The test was
performed in the morning after 8 hours of fasting. The patient drank 75g of oral glucose solution. We determined the plasma
glucose and insulin at 0, 30, 60, 120 and 180 minutes. These results were noted for every patient. The symbols for the
glucose results at every moment were: GLU0, GLU30, GLU60, GLU120 and GLU180 and for insulin were: INS0, INS30,
INS60, INS120 and INS180. The level of glycaemia GLU0 was considered as fasting plasma glucose (FPG) and the level
of glycaemia GLU120 was considered as 2-h plasma glucose (2-h PG).
Also, the following analyses were effectuated: plasma GAD antibodies, HbA1c, total cholesterol, LDL-cholesterol,
triglycerides, HDL-cholesterol. The indexes specific for the evaluation of insulin action were determined based on the G0180 and INS0-180 results [18]:





HOMA-IR – the index for evaluation insulin resistance:
𝐻𝑂𝑀𝐴 − 𝐼𝑅 = 𝑓𝑎𝑠𝑡𝑖𝑛𝑔 𝑖𝑛𝑠𝑢𝑙𝑖𝑛 (𝐼𝑁𝑆0) (𝜇𝑈/𝐿) 𝑥 𝑓𝑎𝑠𝑡𝑖𝑛𝑔 𝑔𝑙𝑢𝑐𝑜𝑠𝑒 (𝐺𝐿𝑈0) (𝑚𝑚𝑜𝑙/𝐿)/22.5.
HOMA-β – the index for evaluation of β cell function:
𝐻𝑂𝑀𝐴 − 𝛽 = 20 𝑥 𝑓𝑎𝑠𝑡𝑖𝑛𝑔 𝑖𝑛𝑠𝑢𝑙𝑖𝑛 (𝐼𝑁𝑆0) (µ𝑈/𝐿) / (𝑓𝑎𝑠𝑡𝑖𝑛𝑔 𝑔𝑙𝑢𝑐𝑜𝑠𝑒 (𝐺𝐿𝑈0) (𝑚𝑚𝑜𝑙/𝐿) − 3.5).
ISI - insulin sensitivity index:
𝐼𝑆𝐼 = 10000/√(𝐼𝑁𝑆0)(𝜇𝑈𝐼/𝐿) ∗ (𝐺0)(𝑚𝑚𝑜𝑙/𝐿) ∗ 𝑚𝑒𝑎𝑛 (𝐺0 − 𝐺120) ∗ 𝑚𝑒𝑎𝑛(𝐼𝑁𝑆0 − 𝐼𝑁𝑆12)
IGI – early insulin secretion:
𝐼𝐺𝐼 = (𝐼𝑁𝑆30(𝜇𝑈𝐼/𝐿) − 𝐼𝑁𝑆0(𝜇𝑈𝐼/𝐿))/(𝐺𝐿𝑈30)(𝑚𝑚𝑜𝑙/𝐿) − 𝐺𝐿𝑈0(𝑚𝑚𝑜𝑙/𝐿))
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Analyzing the results of the laboratory tests conducted, the patients with positive plasma GAD antibodies were excluded
from the study. At the end, 110 normal weight patients and 109 overweight patients remained in the study. Data extracted
from these patients were further analyzed in order to explore the relationship between the above indexes and glycated
hemoglobin.
The statistical analysis was performed using Biostat software. A value of p<0.05 was considered statistically significant.
For comparison of variables with normal distribution t-test was used and for comparison of variables that were not normal
distributed Mann-Whitney u-test was used. Variables with normal distribution were expressed as mean values and standard
deviations while variables without normal distribution were expressed as mean values and quartiles.
Results and discussions
In the normal weight patients and in overweight patients with newly diagnosed diabetes mellitus we observe that the
level of HbA1c is similar (7.35% vs. 7.36%, p=0.29) meaning that the glycemic misbalance in the past three months and
the mean glycaemia are very close. After the administration of 75g of glucose in the two groups and the measurement of
glycaemia at 0, 30, 60, 120 and 180 minutes we observe that the level of glucose in plasma is similar at every interval; there
is not any statistically significant difference between the two groups at the moments when we determined the glycaemia
(Table 1, Figure 1). However, when we assessed the insulin level at 0, 30, 60, 120 and 180 from the moment of
administration of 75 g glucose in the two groups, we observed that the level of plasmatic insulin is statistically significant
higher in overweight patients that in normal weight patients (Table 2, Figure 2). Other differences between the two groups
are: the level of triglycerides is statistically significant higher in overweight patients (2.00 mmol/L vs 1.56 mmol/L, p<0.01),
the level of HDL cholesterol is statistically significant higher in normal weight patients (1.41 mmol/L vs. 1.27 mmol/L,
p=0.01), systolic blood pressure is statistically significant higher in overweight patients (134.60 mmHg vs. 129.40 mmHg,
p=0.01) and diastolic blood pressure is statistically significant higher in overweight patients (83.88 mmHg vs. 79.28 mmHg,
p<0.01).

Table 1
CLINICAL AND BIOCHEMICAL CHARACTERISTICS OF THE INCLUDED PATIENTS

Parameter

Normal Weight
(n=110)
Mean Values and Standard
deviation/(Quartile1/Quartile 3)

Overweight
(n=109)
Mean Values Standard
deviation/(Quartile1/Quartile 3)

Statistical
Significance
(p-value)

Sex (% Men)

52.72%

52.29%

0.94

Age (years)

56.08 ±11.43

56.25±10.65

0.90

BMI (kg/m2)
WC (cm)
GLU0 (mmol/L)
GLU30 (mmol/L)
GLU60 (mmol/L)
GLU120 (mmol/L)
GLU180 (mmol/L)
INS0 (μIU/L)
INS30 (μIU/L)
INS60 (μIU/L)
INS120 (μIU/L)
INS180 (μIU/L)
HbA1c (%)
TC (mmol/L)
TG (mmol/L)
HDL (mmol/L)
LDL (mmol/L)
SBP (mmHg)
DBP (mmHg)

21.50±2.02
79.53±6.91
7.16 (6.1, 7.8)
11.32 (9.85, 13.05)
14.64 (12.60, 16.25)
14.56 (11.80, 17.05)
10.96 (7.45, 14.70)
8.29 (5.56, 9.49)
21.46 (10.17, 23.84)
34.78 (16.25, 42.8)
46.45 (21.52, 64.50)
26.93 (14.18, 32.96)
7.35 (6.4,7 .9)
5.04 (4.28, 5.66)
1.56 (0.89, 1.96)
1.41 (1.14, 1.56)
3.12 (2.52, 3.55)
129.40±16.97
79.28±10.74

26.23±2.52
89.97±5.86
7.38 (6.3, 8.3)
11.39 (9.79, 12.80)
14.70(12.55, 16.65)
14.30 (11.90,1 6.57)
10.20 (7.25, 13.05)
10.85 (6.99, 13.22)
28.25 (12.46, 37.35)
46.52 (21.60, 64.48)
57.51 (28.36, 78.58)
34.74 (17.52, 46.81)
7.36 (6.2, 8.12)
5.02 (4.38, 5.53)
2.00 (1.20, 2.40)
1.27 (1.04, .41)
3.15 (2.63, 3.53)
134.60±14.73
83.88±8.83

<0.01
<0.01
0.83
0.72
0.91
0.71
0.26
<0.01
<0.01
<0.01
0.01
0.01
0.29
0.72
<0.01
0.01
0.36
0.01
<0.01
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Glycaemia (mmol/L) at different intervals from glucose (75g) load
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Fig. 1. Glycaemia of the normal weight and overweight patients, at different intervals after 75 g glucose administration

Insulinemia (μIU/L) at different intervals after glucose load
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Fig. 2. Insulinemia of normal weight and overweight patients at different intervals after 75g glucose administration

Table 2
INDEXES FOR INSULIN SECRETION, INSULIN RESISTANCE, INSULIN SENSITIVITY AND β CELL FUNCTION

In

Parameter
HOMA-IR
HOMA-β
ISI
IGI

Normal Weight
(n=110)
Mean Values and Standard
deviation/(Quartile1/Quartile 3)
2.65 (1.53, 3.14)
55.08 (27.88, 64.16)
5.97 (0.40, 1.06)
3.63 (0.76, 3.74)

Overweight
(n=109)
Mean Values and Standard
deviation/(Quartile1/Quartile 3)
3.55 (2.27, 4.17)
65.36 (31.29, 77.31)
3.48 (0.21, 0.77)
3.95 (0.91, 5.65)

Statistical
Significance
(p-value)
<0.01
0.02
<0.01
0.07

In overweight patients diagnosed with T2DM, insulin resistance assessed by HOMA-IR index was statistically
significant more increased than in patients with normal weight (2.65 vs. 3.55, p<0.01). Individuals with increased BMI had
a mean value of insulin secretion or a β cell function assessed by HOMA-β index, statistically significantly higher than
individuals with normal BMI (65.36 vs. 55.08, p=0.02). Normal weight patients diagnosed with T2DM had a mean value
of insulin sensitivity as assessed by ISI index, statistically significantly higher than in the case of overweight patients (5.97
vs. 3.48, p<0.01). In overweight individuals, early insulin secretion as assessed by IGI index was not statistically
significantly higher than in normal weight individuals (3.95 vs. 3.63, p=0.07).
Both in normal weight patients and overweight patients with newly diagnosed diabetes mellitus (NODM) there is not
any correlation between HbA1c and HOMA-IR (p=0.62 for normal weight individuals and p=0.40 for overweight
individuals) (Figure 3a and b).
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Fig. 3. Correlation between HbA1c and HOMA-IR in normal weight (a) and overweight patients (b)

There is a statistically significant correlation between HOMA-β representing the insulin secretion of β cells and HbA1c
in both normal weight (p=0.001) and overweight (p=0.0001) individuals with NODM (Figure 4a and b), as well as between
insulin sensitivity assessed by ISI index and HbA1c both in normal weight NODM patients (p<0.01) and overweight NODM
patients (p<0.01) (Figure 5a and b). In normal weight NODM patients there is a statistically significant correlation between
early insulin secretion assessed by IGI index and HbA1c (p=0.01), but in overweight NODM patients there is no statistically
significant correlation between IGI index and HbA1c (p=0.05) (Figure 6 a and b).
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We observed that the level of HbA1c and the values of glycaemia in the two groups were comparable but in overweight
patients in order to achieve almost the same HbA1c and GLU0, GLU30, GLU60, GLU120 and GLU180 the levels of insulin
values INS0, INS30, INS60, INS120 and INS 180 have to be maintained at levels that are statistically significant higher
than in normal weight patients with NODM. The reason why β cells need to produce more insulin in overweight T2DM
patients is the increased insulin resistance of these individuals [19]. In our study overweight T2DM patients had a mean
value of HOMA-IR of 3.55, significantly higher than the cut-off value of HOMA-IR of 2.5 suggestive for the presence of
insulin resistance in Caucasian population [20]. Interestingly the mean value of HOMA-IR in normal weight NODM patients
was 2.65 also above the HOMA-IR cut-off value of 2.5 specific for insulin resistance, although we would expect normal
weight individuals to be non-insulin resistant. These findings confirm early results from literature regarding the existence
of metabolic unhealthy normal weight individuals that develop T2DM and who are characterized by insulin resistance, lipid
anomalies, high blood pressure and increased risk of cardiovascular diseases [21-25]. In both groups the β cell function
determined by the calculation of HOMA-β was decreased compared to the cut-off values of 72.6 in non-diabetic individuals
[26].
Lower values of insulin secretion in patients recently diagnosed with T2DM reveal the depletion of insulin in these
individuals, but this depletion is more pronounced in normal weight NODM patients where HOMA-β index was statistically
significant lower than in overweight NODM patients. β cell dysfunction is an important element of T2DM development,
data from literature showing that normal weight individuals tend to have a high frequency of impaired β cell function [27].
In our study between ISI index and HOMA-R there was an inverse proportional relationship, normal weight NODM
individuals who had a lower HOMA-IR index had a higher value of ISI index, while overweight NODM individuals who
had a higher level of HOMA-IR had a lower value of ISI index. This association between an increased BMI, an increased
insulin resistance and decreased insulin sensitivity has been reported by previous studies [28-30].
Also, the decreasing in insulin sensitivity is a proven factor for deteriorating glucose metabolism [31]. In the overweight
group, the value of ISI index was significantly lower than the cut-off value of 4.5, values below this value representing
decreased insulin sensitivity [32]. IGI index that represents the early insulin secretion, was significantly above the cut-off
value of 0.5 [33], the insulin secretion response was higher in overweight individuals, but not statistically significant; both
groups had a good insulin secretion early response after glucose administration.
In our study, β-cell function correlated statistically significant with HbA1c, a good level of β-cell function corresponded
to lower values of HbA1c. Similar findings have been reported in other studies [34], where a decreased glucose control was
associated to substantial reduction in β cell function. Insulin resistance did not correlate with HbA1c in our study, as in other
studies where HOMA-IR higher values were not associated with a decreased glucose status [35]. HbA1c correlated with
insulin sensitivity assessed by ISI index, interestingly low values of HbA1c corresponded to low values of ISI index. Data
from literature report exactly the opposite, a negative correlation between HbA1c and ISI index, but the correlation was
modest [36]. IGI index correlated with HbA1c in normal weight NODM patients but not in overweight NODM patients.
Previous studies report that islets secretory capacity assessed by IGI index correlates significantly with HbA1c but ISI does
not correlate with HbA1c [37].
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Conclusions
The presence of normal BMI in the moment of T2DM diagnosis is associated with a significantly decreased level of
insulin resistance, a significantly increased level of insulin sensitivity, a significantly worse β cell function and a nonsignificantly decreased early insulin secretion when compared with overweight patients.
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