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Abstract
Aims  To evaluate pancreatic β-cell function (βf) in patients with normoglycemia (NG) and normal glucose tolerance (NGT) 
and related risk factors.
Methods  An observational and comparative study in 527 patients with NG and NGT that were divided by quartiles of βf 
according to the disposition index derived from OGTT. Anthropometrical, clinical, nutritional, and biochemical variables 
were measured and associated with βf.
Results  Quartiles of βf were Q1 = DI < 1.93 n = 131, Q2 = DI 1.93–2.45 n = 134, Q3 = DI 2.46–3.1 n = 133, and Q4 = DI > 3.1 
n = 129. There was a progressive reduction in pancreatic β-cell function and it is negatively correlated with age, weight, 
BMI, total body fat and visceral fat, waist circumference, total cholesterol, LDL, and triglycerides (p < 0.01). Glucose levels 
during OGTT had a negative correlation with βf; the product of fasting glucose by 1-h glucose had the best correlation with 
βf (r = 0.611, p < 0.001) and was the best predictor of βdf (AUC 0.816, CI 95% 0.774–0.857), even better than 1-h glucose 
(r = 0.581, p < 0.001). Energy, fat, and carbohydrate intake were negatively correlated with βf (p < 0.05). Glucose levels 
at 1-h OGTT > 110 mg/dl were positively associated with pancreatic βdf (OR 6.85, CI 95% 3.86–12.4). In the multivariate 
analysis, glucose levels during OGTT, fasting insulin, and BMI were the main factors associated with βf.
Conclusions  A subgroup of patients with NG and NGT may have a loss of 40% of their βf. Factors related to this βdf were 
age, adiposity, glucose during OGTT, and the product of fasting and 1-h glucose, as well as food intake.
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Introduction

Type 2 diabetes (T2D) is a worldwide health problem affect-
ing up to 18% in Mexico, and at least 50% of them are undi-
agnosed [1–4]. T2D is directly related to obesity, physical 
inactivity, and the coexistence of multiple risk factors [5–7]. 
Several pathophysiological abnormalities are involved in the 

development of hyperglycemia and T2D, including insulin 
resistance, impaired insulin secretion, and pancreatic β-cell 
dysfunction. At early stages, if the insulin resistance persists, 
pancreatic β-cells increase insulin secretion as an adaptive 
response to maintain normal glucose levels [7–12].

Progression from the NGT to T2D is related to several 
factors, but pancreatic β-cell function is one of the main 
factors involved in the development of prediabetes and T2D 
progression [13, 14]. Different factors have been involved in 
the development of pancreatic β-cell dysfunction: glycotox-
icity, lipotoxicity, insulin resistance, systemic inflammation, 
incretin defect, amyloid deposits, and age, among others [7, 
9, 12–17].

Previous studies have reported that pancreatic β-cell dys-
function appears at very early stages in the natural history of 
T2D [18, 19]. Normotolerant patients with obesity who were 
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in the upper tertile group of the 2-h OGTT glucose levels 
(120–139 mg/dl) have already lost two-thirds of their pan-
creatic β-cell function. Those patients, who were diagnosed 
with impaired glucose tolerance and are within the upper 
tertile group (180–199 mg/dl), have lost 80 to 85% of their 
pancreatic β-cell function. Thus, patients with T2D at the 
time of diagnosis have lost more than 80% of the pancreatic 
β-cell function [19].

There are different methods to evaluate pancreatic β-cell 
function. OGTT has been a reliable tool for the diagnosis of 
glucose abnormalities, and the shape of glucose levels dur-
ing the OGTT has been considered as an indicator of risk 
for the development of hyperglycemia [20]. β-Cells respond 
to an increase in glucose (ΔG) with an increase in insulin 
(ΔI); therefore, a better measure of the function of β-cells 
is the index ΔI/ΔG. However, β-cells are affected by the 
body’s sensitivity to insulin and adjusted its insulin secretion 
to maintain normoglycemia; thus, to take into considera-
tion whole-body insulin sensitivity, an improved method to 
measure β-cell function is insulin secretion/insulin resistance 
(I/G/IR), called the disposition index [21].

The goal of this work was to characterize the pancreatic 
β-cell function in normoglycemic and normotolerant sub-
jects and to evaluate the association/correlation of clinical, 
biochemical, and anthropometrical variables with β-cell dys-
function in these patients.

Materials and methods

Study design and participants

This was an observational, prospective, and comparative 
study performed in patients that were selected from a meta-
bolic cohort study performed at the Metabolic Research Lab-
oratory in the University of Guanajuato, México. For this 
particular study, 930 patients were screened with anthropo-
metrical, nutritional, biochemical, and metabolic evaluation, 
including oral glucose tolerance test. Patients were eligible 
for enrollment in the study according to the following crite-
ria: (1) normoglycemia and normal glucose tolerance [FG 
70 < 100 mg/dl, 2-h glucose < 140 mg/dl (< 7.8 mmol per 
liter)] during a single oral glucose tolerance test and (2) age 
between 18 and 65 years; exclusion criteria were (1) treat-
ment with drugs affecting glucose levels during the previous 
3 months, (2) previous pathological conditions affecting glu-
cose metabolism or body weight (thyroid disease, Cushing’s 
syndrome, Acromegaly), and (3) pregnancy.

Anthropometrical and body composition measurements 
Weight was measured while participants were barefoot 
and wearing minimal clothing. Height was obtained while 
the participants were standing barefoot with their shoul-
ders in a normal position. BMI (kg/m2) was obtained from 

standardized measurements of weight and height and was 
computed as a ratio of weight (kg) to height squared (m2). 
Waist circumference was measured at the high point of the 
iliac crest at the end of normal expiration to the nearest 
0.1 cm. Body composition was assessed with electrical bio-
impedance through a Tanita Scale SC-240.

Nutritional evaluation A 24-h recall food consump-
tion was applied to evaluate dietary intake in a subgroup 
of patients (n = 160), and it was analyzed with Nutrikcal® 
software version 4.0.

Oral glucose tolerance test (OGTT) All subjects were 
admitted to the Metabolic Research Laboratory at the Uni-
versity of Guanajuato the day of the study between 7 and 8 
a.m. After the intravenous catheter was placed and the first 
blood sample was drawn, the patients ingested 75 g of glu-
cose. Serum samples for glucose and insulin measurement 
were drawn at − 15 and 0 min and every 30 min thereafter 
for 2 h.

Measurements Glucose was measured by colorimetric 
glucose oxidase (Vitros 5600; Ortho Clinical Diagnostics). 
Lipid levels were measured by dry chemistry with colori-
metric method (Vitros 5600; Ortho Clinical Diagnostics). 
Insulin was measured at 0, 30, 60, 90, and 120 min during 
OGTT by chemiluminescent immunometric assay (IMMU-
LITE 2000 Immunoassay system, Siemens).

Calculations The incremental AUC for glucose and 
insulin during the OGTT were calculated according to 
the trapezoidal rule. Insulin secretion was calculated 
dividing the AUCinsulin0_120 by the AUCglucose0_120 and 
dividing the change in insulin from 0 to 30 min by the 
change in glucose from 0 to 30 min (AIR acute insulin 
response = ∆ins0_30/∆gluc0_30) during the OGTT. The 
insulin secretion/insulin resistance (IS/IR) index (disposi-
tion index = DI) during OGTT was calculated as (AUCin
sulin0_120/AUCglucose0_120)*Matsuda index and by AIR * 
Matsuda index; oral disposition index was calculated divid-
ing the AIR by 1/fasting insulin. Insulin sensitivity during 
OGTT was calculated from the Matsuda index and at fast-
ing with the homeostasis model assessment (HOMA-IR). 
According to the pancreatic β-cell function (DI), patients 
were divided in quartiles in order to have a similar sample 
size per group (Q1 DI: < 1.93 n = 131, Q2 DI: 1.93–2.45 
n = 134, Q3 DI: 2.46–3.1 n = 133, and Q4 DI: > 3.1 n = 129), 
and those who fall on the first quartile were considered to 
have pancreatic β-cell dysfunction.

Statistical analysis

Considering that we wanted to find a minimal correlation 
coefficient of 0.15 between pancreatic β-cell function with 
the rest of the variables, we needed at least 378 patients, 
with an alpha error of 0.05 and a β value of 0.10 (power 
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90%). Numerical variables were compared with analysis of 
variance (ANOVA) with a Tukey’s post hoc test between 
the groups divided by quartiles of pancreatic β-cell func-
tion. Non-numerical variables were compared between 
groups with the Chi-squared test. Pearson and Spearman 
correlation coefficients were determined to evaluate the 
relation between variables, and multiple regression analy-
sis was used to identify the main variables related to βf. 
Odds ratio (OR) was calculated to evaluate the association 
between different categorical variables with the pancre-
atic β-cell dysfunction (Q1). ROC analysis with sensitiv-
ity, specificity, and predictive values was performed to 
evaluate the usefulness of different metabolic variables to 
identify pancreatic β-cell dysfunction. A paired analysis 
by insulin sensitivity (Matsuda index) was used to verify 
the differences between the study groups independent of 
the degree of insulin sensitivity.

Statistical analyses and graphics were performed using 
SPSS version 21.0 (SPSS Inc) and GraphPad Prism 5.0. 

Statistical significance was considered when p value was 
less than 0.05.

Results

The study was performed between September 4, 2014, and 
August 30, 2018. A total of 930 patients were evaluated, but 
only 527 met the established inclusion criteria: 375 (71.1%) 
women and 152 (28.9%) men.

Pancreatic β-cell function was measured with the insulin 
disposition index, and four groups of patients were defined 
based on quartiles, going from the worst (Q1) to the best 
pancreatic β-cell function (Q4): Q1 DI < 1.93 (n = 131), Q2 
DI 1.93–2.45 (n = 134), Q3 DI 2.46–3.1 (n = 133), and Q4 
DI > 3.1 (n = 129). In Table 1, the characteristics and the 
comparisons between the study groups are shown.

As expected, there was a progressive reduction in pan-
creatic β-cell function as age, weight, BMI, total body fat, 
and visceral fat were increased (p < 0.001). Interestingly, 

Table 1   Characteristics between the study groups according to the quartiles of pancreatic β-cell function (DI)

WC waist circumference, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, OGTT​ oral glucose tolerance test, 
AUC​ area under the curve, HOMA homeostatic model assessment for insulin resistance, HDL high-density lipoprotein cholesterol, LDL low-
density lipoprotein cholesterol
a = p < 0.05 versus Q1, b = p < 0.05 versus Q2, c = p < 0.05 versus Q3

Variable Total (n = 527) Q1 (n = 131) Q2 (n = 134) Q3 (n = 133) Q4 (n = 129) P

Sex (M/F)
Age (years)

152/375 48/83 36/98 43/90 25/104 0.014
36 ± 11 40 ± 11 36 ± 11a 34 ± 12a 34 ± 11a  < 0.001

Weight (kg) 63 ± 13 76 ± 16 73 ± 15 70 ± 15a 63 ± 13abc  < 0.001
BMI (kg/m2) 26.4 ± 5.07 28.2 ± 4.8 27.2 ± 5.1 26.2 ± 4.7a 24.04 ± 4.5abc  < 0.001
WC (cm) 85.4 ± 13.5 90.7 ± 12.2 87.2 ± 13.7a 84.3 ± 13.7a 79.2 ± 11.6abc  < 0.001
Body fat (%) 32.07 ± 8.8 34.3 ± 8.8 33.3 ± 8.7 31.7 ± 8.3a 28.7 ± 8.5abc  < 0.001
Visceral fat (au) 6.9 ± 7.1 9.8 ± 12.1 7.05 ± 3.9a 6.4 ± 6.5a 4.7 ± 3.3ab  < 0.001
SBP (mmHg) 112 ± 13 116 ± 14 112 ± 11a 112 ± 13a 107 ± 10abc  < 0.001
DBP (mmHg) 74 ± 10 77 ± 10 74 ± 10a 75 ± 10a 71 ± 7abc  < 0.001
FG (mg/dl) 88 ± 6 92 ± 5 91 ± 5 87 ± 6ab 83 ± 6abc  < 0.001
Glucose 30 min (mg/dl) 130 ± 24 146 ± 23 135 ± 21a 125 ± 20ab 115 ± 21abc  < 0.001
Glucose 60 min (mg/dl) 123 ± 31 148 ± 31 128 ± 24a 113 ± 24ab 102 ± 25abc  < 0.001
Glucose 90 min (mg/dl) 107 ± 25 126 ± 25 114 ± 19a 99 ± 19ab 88 ± 18abc  < 0.001
Glucose 120 min (mg/dl) 100 ± 19 113 ± 15 108 ± 17a 93 ± 16ab 83 ± 14abc  < 0.001
AUCglucose OGTT (mg/dl/120 min) 13,677 ± 2359 15,759 ± 2129 14,337 ± 1712a 12,878 ± 1623ab 11,699 ± 1733abc  < 0.001
Pancreatic β-cell function 

(Matsuda*(AUCins0-120/AUC-
gluc0-120)

2.6 ± 0.9 1.57 ± 0.2 2.1 ± 0.1a 2.7 ± 0.1ab 3.9 ± 0.7abc  < 0.001

HOMA-β
Matsuda index

143 ± 116 199 ± 172 134 ± 82a 134 ± 94a 106 ± 68a  < 0.001
6.2 ± 3.8 4.5 ± 2.9 5.2 ± 2.9 6.6 ± 3.7ab 8.7 ± 4.1abc  < 0.001

HOMA-IR 2.1 ± 1.8 3.5 ± 2.7 2.2 ± 1.1a 1.8 ± 1.03ab 1.1 ± 0.6abc  < 0.001
Cholesterol (mg/dl) 180 ± 38 193 ± 37 181 ± 37a 176 ± 42a 170 ± 30ab  < 0.001
HDL (mg/dl) 45 ± 13 43 ± 16 44 ± 13 45 ± 12 47 ± 11a  < 0.001
LDL (mg/dl) 108 ± 35 118 ± 35 108 ± 36a 108 ± 37a 100 ± 30a  < 0.001
Triglycerides (mg/dl) 131 ± 65 154 ± 75 140 ± 66 118 ± 56ab 112 ± 50ab  < 0.001
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blood pressure was also inversely related to the pancreatic 
β-cell function (p < 0.001). Regarding glucose levels during 
OGTT, it is important to note that only patients from Q4 
had a 2-h glucose value similar to the fasting glucose value, 
and in patients from Q3 to Q1, all glucose levels during the 
OGTT as well as the AUCglucose0_120 min were progres-
sively increasing (p < 0.001), with the worst OGTT profile 
in Q1 group. HOMA-β was inversely correlated with βf by 
the disposition index, showing the lowest level in Q4 and 
the highest in Q1 of βf. In addition, total cholesterol, LDL, 
and triglycerides were significantly higher in the lowest 

quartiles (p < 0.001), while HDL levels were lower in these 
quartiles (p < 0.001). In most of the variables, the post hoc 
analysis showed a difference between Q1 and Q3–4. Insu-
lin levels were higher in Q1 and Q2 (Fig. 1a, p  < 0.05); 
incremental and AUC for insulin during OGTT tended to be 
also higher in Q1 and Q2 (Fig. 1b, c, p NS); however, when 
insulin levels were adjusted by glucose levels during OGTT 
(Fig. 1d, e), it was lower in Q1 and Q2, as well as the first 
phase insulin secretion when measured by AIR, oral dispo-
sition index, and AIR * Matsuda index (Fig. 1f–h, p < 0.05).

Fig. 1   Insulin levels (a), 
incremental AUC (b), AUC for 
insulin during OGTT (c), insu-
lin secretion (d, e), acute insulin 
response (f), oral disposition 
index (g), and first phase dis-
position index (h) between the 
study groups. *p < 0.05 versus 
Q1, † p  < 0.05 versus Q2, ‡ 
p < 0.05 versus Q3
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On the other hand, the 24-h dietary recall showed that 
patients in Q1  had the highest consumption of energy 
(Fig. 2a, p for trend  < 0.05), saturated fat (Fig. 2b, p for 
trend  < 0.05), total cholesterol (Fig. 2c, p < 0.05 Q1 vs. 
Q4), and carbohydrates (Fig. 2d, p NS).

Correlation coefficient analysis showed a negative cor-
relation between pancreatic β-cell function and age, body 
weight, BMI, waist circumference, body fat, visceral fat, 
blood pressure, total cholesterol, LDL and triglycerides 
(Suppl. Table 2, p < 0.01), and a positive correlation with 

Fig. 2   Total energy (a), satu-
rated fat (b), cholesterol (c), 
and carbohydrate (d) intake in a 
subgroup of patients according 
to quartiles of pancreatic β-cell 
function (Q1 n = 34, Q2 n = 45, 
Q3 n = 42, Q4 n = 39)

Fig. 3   Correlation coefficient 
between fasting glucose (a), 
60 min (b), and 120 min (c) 
with the pancreatic β-cell func-
tion, as well as the correlation 
between the product of fasting 
glucose by 60-min glucose with 
the pancreatic β-cell function 
(d). OGTT: oral glucose toler-
ance test 
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Matsuda index and HDL (Suppl. Table 1, p < 0.01). As 
expected, glucose levels during OGTT had a negative cor-
relation with pancreatic β-cell function; the best correla-
tion was with the 1-h glucose (r = 0.581, p < 0.001, Fig. 3); 
however, there was an even stronger negative correlation 
between the product of fasting glucose and 1-h glucose and 
β-cell function (r = − 0.611 p < 0.001, Fig. 3D). Energy and 
fat intake were negatively correlated with pancreatic β-cell 
function (Suppl. Table 1, p < 0.05), and there was also a 
negative correlation between quartiles of pancreatic β-cell 
function and carbohydrate intake (Spearman rho − 0.156, 
p 0.049).

Male sex, age over 45  years, high blood pressure, 
BMI > 27  kg/m2, and high waist circumference were 
positively associated with pancreatic β-cell dysfunction 
(Table 2). Fasting glucose ˃ 90 and ˃ 95 mg/dl were also asso-
ciated with a higher risk of pancreatic β-cell dysfunction 
(OR 3.53 IC 95% 2.28–5.46), and values above 90 mg/dl 
had a sensitivity and specificity of 65 and 61%, respectively, 
to predict pancreatic β-cell dysfunction (Fig. 4b). Glucose 
levels at 1-h OGTT above 110 mg/dl were positively associ-
ated with an increased risk of > 6 times of pancreatic β-cell 
dysfunction (OR 6.85, CI 95% 3.86–12.4). Again, the prod-
uct of fasting glucose and 1-h glucose (Gluc0 × Gluc60) had 
the best AUC to predict pancreatic β-cell dysfunction (AUC 
0.816, CI 95% 0.774–0.857), in comparison with the other 
glucose values during the OGTT, even better than glucose at 
1 h (AUC 0.791, CI 95%, 0.747–0.835, Fig. 4). Of note, glu-
cose levels at 1-h OGTT > 155 mg/dl had a sensitivity and 
specificity of 42 and 92%, respectively, while a 1-h glucose 

value > 125 mg/dl had a sensitivity and specificity of 78 and 
65%, respectively, and a better negative predictive value 
(Fig. 4e, f). A Gluc0 × Gluc60 value > 11,000 mg/dl had a 
sensitivity and specificity of 82 and 65% and an acceptable 
negative predictive value (Fig. 4k, l).

Of note, insulin sensitivity, measured by the Matsuda 
index, was directly related to the pancreatic β-cell function 
(p < 0.001), which could partially explain the differences 
in pancreatic βf; to control the effect of insulin sensitivity 
between the study groups, we performed a paired analysis 
by insulin sensitivity, and we found that most of the differ-
ences persisted after controlling insulin sensitivity (Suppl. 
Table 2); the only differences that disappear after the insu-
lin sensitivity paired analysis were in sex, blood pressure, 
HOMA-β, and cholesterol levels. In the multiple regres-
sion analysis, only glucose and insulin levels during OGTT 
and BMI were associated with pancreatic βf (R2 0.795, 
p < 0.001, Suppl. Table 3); after removing glucose and 
insulin at 30, 60, 90, and 120 min from the analysis, fasting 
glucose, BMI, and triglyceride levels were the main factors 
associated with pancreatic βf (R2 0.414, p < 0.001, Suppl. 
Table 3).

Discussion

In this study, we have characterized the pancreatic β-cell 
function in Hispanic patients with normoglycemia and nor-
mal glucose tolerance by dividing the groups in quartiles of 
pancreatic β-cell function and showing that there is a sub-
group of patients (Q1) who have lost around 40% of their 
pancreatic β-cell function and the first phase insulin secre-
tion besides having normal glucose levels. Furthermore, dif-
ferent clinical, nutritional, and biochemical variables were 
associated with this pancreatic β-cell dysfunction, including 
glucose at 1 h and the product of fasting glucose and 1-h 
glucose, regardless of the degree of insulin sensitivity.

It has been shown that age is related to pancreatic β-cell 
function and that this function decreases with time [18], 
which is consistent with what was found in our study, since 
the group with the lowest pancreatic β-cell function was 
older than the other groups and there was a negative cor-
relation between age and pancreatic β-cell function. How-
ever, patients in Q1 were around 40 years of age, which is in 
agreement with the early starting of the physiopathology of 
hyperglycemia, although age was not related to pancreatic 
βf in the multivariate analysis in our population.

Body weight and BMI inversely correlated with the pan-
creatic β-cell function, as it has been previously reported in 
normoglycemic subjects with obesity, who have only 50% 
of their pancreatic β-cell function compared to lean patients; 
in our study, besides that patients do not reach the obesity 
range by the BMI, there was a clear reduction in pancreatic 

Table 2   Variables associated with pancreatic β-cell dysfunction

BMI body mass index, MS metabolic syndrome criteria, OGTT​ oral 
glucose tolerance test

Variable Odds ratio (OR) CI 95%

Male 1.61 1.06–2.46
Age > 45 years 1.63 1.06–2.51
Hypertension 2.36 1.14–4.85
BMI > 27 kg/m2 2.07 1.39–3.10
Hypertension MS 2.07 1.39–3.10
Waist circumference 2.56 1.66–3.96
Fasting glucose > 90 mg/dl 3.53 2.28–5.46
Fasting glucose > 95 mg/dl 2.96 1.92–4.59
Glucose 60-min OGTT > 110 mg/dl 6.85 3.86–12.40
Glucose 60-min OGTT > 120 mg/dl 7.25 4.36–12.05
Glucose 60-min OGTT > 125 mg/dl 6.81 4.25–10.90
Glucose 60-min OGTT > 130 mg/dl 5.90 3.82–9.12
Glucose 60-min OGTT > 135 mg/dl 6.44 4.18–9.90
Glucose 60-min OGTT > 140 mg/dl 6.11 3.97–9.39
Glucose 60-min OGTT > 145 mg/dl 6.22 3.99–9.69
Glucose 60-min OGTT > 150 mg/dl 7.15 4.48–11.41
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β-cell function [19, 22–25]. However, more than body 
weight, body fat and visceral fat are variables directly related 
to greater insulin resistance, lipotoxicity, and greater pan-
creatic β-cell dysfunction, as well as to an increase in waist 
circumference that has been associated with an increased 
risk of developing T2DM [26, 27]. Here, we found that nor-
moglycemic patients with pancreatic β-cell dysfunction had 
a greater waist circumference, body fat, and visceral fat, in 
comparison with the patients with a better pancreatic β-cell 
function (Q2–Q4), and BMI was one of the significant vari-
ables associated with βf in the multivariate analysis [6, 16, 
23, 24, 26].

A significant difference in the systolic and diastolic blood 
pressure was found between Q1 and Q4, and a slight nega-
tive correlation was observed between them with pancreatic 
β-cell function. Several studies have studied and integrated 
the relationship between blood pressure and insulin resist-
ance [28, 29], and in our study, patients in Q1 were less 
insulin sensitive.

Lipotoxicity plays an important role in the pathophysi-
ology of β-cell dysfunction [16, 18, 26]. Here, we found 
higher levels of total cholesterol, LDL, and triglycerides, 
while HDL was lower in Q1, and all of them were corre-
lated with pancreatic β-cell function. Interestingly, after 
removing non-fasting glucose and insulin levels from the 
multivariate analysis, triglyceride levels were significantly 
associated with βf.

Interestingly, HOMA-β was negatively correlated with 
βf, demonstrating that HOMA-β is not that useful to meas-
ure pancreatic β-cell function in patients with normoglyce-
mia and normal glucose tolerance, since it is based only on 
fasting measurements; in this way, patients with pancreatic 
β-cell function (Q1) showed the highest HOMA-β level, 
which could be indicating a stressed β-cell instead of a 
better β-cell function.

Of note, most of the differences between the study 
groups persisted after controlling insulin sensitivity pair-
ing the groups by the Matsuda index, and one of the main 

Fig. 4   Area under the curve (AUC), sensitivity, specificity, and pre-
dictive values for glucose at fasting (a, b), 30 min (c, d), 60 min (e, 
f), 90 min (g, h), 120 min (i, j), and the product of fasting glucose by 

glucose at 60 min (k, l) to diagnose and predict pancreatic β-cell dys-
function in normoglycemic and normotolerant patients
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alteration was observed in parameters related to the first 
phase insulin secretion, as it has been reported to be one 
of the first physiopathological abnormalities observed in 
early stages of hyperglycemia [8, 13, 14, 18, 19].

As expected, glucose concentrations during OGTT 
and area under the glucose curve were the main variables 
that presented a significant difference between the studied 
groups, with a high correlation with pancreatic β-cell func-
tion. From the different times at the OGTT, glucose at 1 h 
showed the highest difference and the strongest correlation 
coefficient as compared with the other glucose measure-
ments. Moreover, glucose at 1 h during OGTT showed a 
moderate usefulness to predict pancreatic β-cell dysfunc-
tion, since glucose at 1 h > 55 mg/dl had a sensitivity and 
specificity of 42 and 92%, respectively, which would bring 
to the conclusion that more than 50% of the patients as “nor-
mal” pancreatic β-cell function; glucose at 1 h > 125 mg/dl 
had a better sensitivity and specificity (78 and 65%) with an 
accepted negative predictive value; and even 1-h glucose 
values above 110 already increase the probability of pancre-
atic β-cell dysfunction for more than 6 times. This highlights 
the definition of a cutoff level in 1-h glucose to identify sub-
jects with high risk of T2D in patients with normoglycemic 
and normal glucose tolerance; perhaps the cutoff level of 1-h 
glucose > 155 mg/dl that has been previously suggested [30, 
31] would be a good option to identify patients with certain 
degree of hyperglycemia (prediabetes), but in normoglyce-
mic patients, 155 mg/dl at 1 h would be less sensitive to 
predict pancreatic β-cell dysfunction; furthermore, this cut-
off level should be lower, in order to have a better screening 
capacity. Here, we are reporting also a novel measurement 
to predict pancreatic β-cell dysfunction, the product of fast-
ing glucose by 1-h glucose (Gluc0 × Gluc60) that showed a 
better capacity to predict pancreatic β-cell dysfunction, even 
better than 1-h glucose; a Gluc0 × Gluc60 value ˃ 11,000 mg/
dl showed a sensitivity and specificity of 82 and 65% and 
a good negative predictive value. The best use of this vari-
able could be because it integrates the fasting state and the 
dynamic response to a glucose challenge. This value could 
be also useful as a screening test to define in which patients 
we should focus for an early T2D prevention; it could be 
calculated from the 1-h OGTT.

To our knowledge, no previous studies have reported data 
about food consumption in patients with normogycemia and 
pancreatic β-cell dysfunction; interestingly, we found a nega-
tive correlation between energy, saturated fat, and choles-
terol intake with pancreatic β-cell function, showing that 
patients in Q1 had the highest energy, fat, cholesterol, and 
carbohydrate intake per day. We did not find an association 
between sedentary lifestyle and pancreatic β-cell function 
(data not shown), which highlights the role of food intake 
and its connection mainly with lipotoxicity.

In conclusion, our data characterize a subgroup of 
patients with normoglycemia and normal glucose tolerance, 
around 40 years of age, who are overweight, that have a 
relative pancreatic β-cell dysfunction with a loss of approxi-
mately 40% of their pancreatic β-cell function and the first 
phase insulin secretion, and identify different clinical and 
biochemical variables associated with pancreatic β-cell dys-
function in these patients. The product of fasting and 1-h 
glucose during OGTT showed the best discriminatory abil-
ity to identify pancreatic β-cell dysfunction, showing also 
an inverse relationship between food intake and pancreatic 
β-cell function, for the first time. This study highlights also 
the need of a different cutoff level in 1-h glucose to predict 
early physiopathological abnormalities in normoglycemic 
patients and perhaps the validation of different surrogate 
measurements considering fasting and 1-h glucose.
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