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Is there a correlation between blood glucose curve and the insulin
resistance during oral glucose tolerance test in females suffering from

polycystic ovary syndrome?

Da li postoji korelacija oblika glikemijske krive i rezistencije na insulin u toku
testa oralnog opterec¢enja glukozom kod Zena obolelih od sindroma policisti¢nih

jajnika?
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Abstract

Background/Aim. Insulin resistance occuts in approxi-
mately 60—80% of women with polycystic ovary syndrome
(PCOS) and in 95% of obese women with PCOS. Previous
studies have shown that the shape of the glucose curve ob-
tained during an oral glucose tolerance test (OGTT) may be
useful as a metabolic screening parameter and could give in-
sight into the future risk of diabetes mellitus type II. The
aim of this study was to determine the frequency of insulin
resistance according to the Homeostasis model assessment
of insulin resistance (HOMA-IR) and indirect assessment
method of insulin resistance based on insulinemias during
the oral glucose tolerance test (OGTT) (here in after “insu-
linemias during the OGTT”), as well as, frequency of glu-
cose cutve shapes (monophasic, biphasic, triphasic) in pa-
tients with PCOS. Also, the aim of research was testing the
correlation between glucose curve shape and peak time of
glucose during the OGTT with presence of insulin re-
sistance in patients with PCOS. Methods. Patients were
observed according to the following parameters: presence
of insulin resistance, glucose curve shape and peak time of

Apstrakt

Uvod/Cilj. Ucestalost insulinske rezistencije u grupi
bolesnica sa sindromom policisti¢nih jajnika (PCOS) krece
se od 60% do 80%, dok u populaciji gojaznih Zena sa
PCOS iznosi ¢ak 95%. Ranija istrazivanja su pokazala da
oblik glikemijske krive u toku testa oralnog optereéenja
glukozom (OGTT) moze biti koristan metabolicki skrining
parametar za rizik od nastanka dijabetesa melitusa tip II.
Cilj rada bio je odrediti ucestalost insulinske rezistencije
prema homeostaznom modelu procene insulinske re-
zistencije (HOMA-IR) i metodom indirektne procene in-
sulinske rezistencije na osnovu insulinemija u toku OGTT

glucose and insulin during the OGTT. Results. The ob-
served prevalence of insulin resistance in the PCOS group
according to the HOMA-IR > 2.5 was 66.19% and accord-
ing to insulinemias during the OGTT was 78.42%. The
shape of the glucose curve was monophasic in 293
(70.26%), biphasic in 56 (13.43%) and triphasic in 68
(16.31%) of patients. There was statistically significant dif-
ference in the frequency of insulin resistance, according to
glucose curve shape, only when it was defined by insuline-
mias during the OGTT (p = 0.005). Conclusion. According
to results of the study, the most patients with PCOS have a
monophasic shape of glucose curve. When we take frequen-
cy of insulin resistance in account, we notice approximately
the same frequency in all types of curves, when it is defined
by the HOMA-IR. On the other hand, when insulin re-
sistance is defined by insulinemias during the OGTT, re-
sistant patients with PCOS mostly have triphasic glucose
curve shape.

Key words:
polycystic ovary syndrome; glucose tolerance test;
blood glucose, insulin resistance.

(u daljem tekstu “vrednosti insulinemija u toku OGTT”),
kao i ucestalost oblika glikemijske krive (monofazne, bi-
fazne, trifazne) u populaciji bolesnica sa PCOS. Takode,
cilj studije je bio ispitivanje povezanosti oblika glikemijske
krive, kao i vremena glikemijskog pika u toku OGTT sa
insulinemijama, sa prisustvom insulinske rezistencije u
populaciji Zena sa PCOS. Metode. Bolesnice smo posmat-
rali u odnosu na prisustvo insulinske rezistencije, oblik
glikemijske krive i u odnosu na vreme glikemijskog i insu-
linskog pika u toku OGTT. Rezultati. Ucestalost insu-
linske rezistencije na osnovu HOMA-IR > 25 iznosila je
66,19%, dok je na osnovu vrednosti insulinemija u toku
OGTT iznosila 78,42%. Monofazni oblik glikemijske krive
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u toku OGTT je imalo 293 (70,26%), bifazni 56 (13,43%),
a trifazni oblik krive 68 (16,31%) bolesnica. Statisticki
znacajna razlika u pogledu ucestalosti insulinske rezistenci-
je u odnosu na oblik glikemijske krive registrovana je kada
je insulinska rezistencija bila definisana na osnovu vred-
nosti insulinemija u toku OGTT (p = 0,005). Zakljucak.
Prema rezultatima studije, vecina bolesnica sa PCOS ima
monofazni oblik glikemijske krive. Kada govorimo o
ucestalosti insulinske rezistencije u odnosu na oblik krive,

uocava se priblizno ista ucestalost kada insulinsku re-
zistenciju definiSemo po HOMA-IR. S druge strane, kada
insulinsku rezistenciju definiSemo na osnovu vrednosti in-
sulinemija u toku OGTT, bolesnice sa insulinskom re-
zistencijom vecinom imaju trifazni oblik glikemijske krive.

Kljucne reci:
jajnik, policisti¢ni, sindrom; glukoza, test tolerancije;
glikemija; insulin, rezistencija.

Introduction

Polycystic ovary syndrome (PCOS) is a common endo-
crinopathy affecting 6-10% of reproductive-aged women -3,
Beside the reproductive dysfunction, androgenic excess and
polycystical structure of ovaries, which stands for the basic
parameters that define this syndrome, the special attention
should be paid to metabolic aspect of this complex disorder.
PCOS is a significant risk factor in the occurrence of glucose
intolerance (IGT), metabolic syndrome and diabetes mellitus
type 1l in females *®. The frequency of insulin resistance in a
group of patients with PCOS varies from 60-80%, while in a
group of obese women with PCOS it goes up to 95% 57.

The oral glucose tolerance test (OGTT) with determin-
ing the level of insulinemia is used as an accepted clinical
method in assessing the occurrence of insulin resistance. It is
most commonly used in patients suffering from PCOS. Ear-
lier studies showed that the shape of glucose curve during the
OGTT can be used as a useful metabolic screening parame-
ter ® for a risk of occurring diabetes mellitus type I1°. Mo-
nophasic glucose curve shape goes in favour of the worsen-
ing of insulin sensitivity and the damage of beta cells °,
while the more complex shapes of glucose curve are corre-
lated with the better glucose tolerance 1.

The aims of this study were: to determine the frequency
of insulin resistance in a population of females, suffering
from PCOS according to the Homeostasis model assessment
of insulin resistance (HOMA-IR) and according to indirect
assessment method of insulin resistance based on insuline-
mias during the OGTT (here in after “insulinemias during
the OGTT”); to determine the frequency of the shape of the
glucose curve (monophasic, biphasic and triphasic) in a pop-
ulation of females suffering from PCOS; to examine the
presence of the correlation between the glucose curve shape
and the insulin resistance during the OGTT with determining
the level of insulinemias in patients suffering from PCOS; to
examine the possible correlation between the time of the gly-
cemic peak during the OGTT with determining the level of
insulinemias and the presence of insulin resistance in popula-
tion of females suffering from PCOS.

Methods

Totally 417 female patients were included in this ret-
rospective study, that were hospitalized on the Depart-
ment of Gynecological Endocrinology, Clinic for Gyne-
cology and Obstretics, Clinical Center of Serbia, in a pe-

riod from January 1st, 2017 until December 31st, 2018.
Patients were hospitalized due to the plan, regarding the
further examination of irregular menstrual cycles or due
to the clinical signs of hyperandrogenism. During the
hospitalization patients were completely examined, in-
cluding physical examination, ultrasound examination and
laboratory analysis. The blood was taken from each pa-
tient in order to determine the basic hormonal status (fol-
licle stimulating hormone — FSH, luteinizing hormone —
LH, prolactin, estradiol, progesterone and testosterone)
and androgen  status  (androstendione,  17-OH-
progesterone, dehydroepiandrosterone sulfate — DHEA-S,
sex hormone binding globulin — SHBG). The OGTT with
determining the level of insulinemias was carried out. Pa-
tients’ data were collected from medical histories.

The diagnosis of PCOS was established based on the
Rotterdam criteria 2. For establishing the diagnosis two
out of the following three criteria were necessary to be
fulfilled: hyperandrogenism — clinical symptoms (hir-
sutismus and/or acne) and/or confirming biochemical
analysis (increased levels of testosterone and/or andros-
tenedione);  chronic  anovulation -  oligomenor-
rhea/amenorrhea; polycystic morphology of ovaries — at
least 12 follicles with diameter 2-9 mm and volume of at
least one ovary should be greater than 10 mL.

Patients, diagnosed with some other endocrinological
disease (hyperprolactinaemia, hyper/hypothireoidism,
Cushing syndrome, nonclassic adrenal hyperplasia) and
also the patients, who were using oral contraceptive ther-
apy or drugs that could affect the metabolism of glucose
and have an impact on insulin sensitivity were excluded
from this study. All stated data was collected from the
medical histories of patients.

The OGGT was performed as follows: first of all, the
basic sample for glycemia and insulin level was taken
from patients. Hereupon, patients drank a standard 75 g
glucose solution, and samples were taken for determining
glycemia and insulin at 0, 30, 60, 120 and 180 minutes.

Insulin resistance was defined in 2 different ways. The
first way of determining the insulin resistance was by using
the HOMA-IR. It was calculated using the following for-
mula: fasting glycemia (mmol/L) x fasting insulinemia
(uIU/mL)/22.5 B, The borderline of the HOMA-IR was
from 2.5 and it was taken from the basic research. Values
above mentioned one were defined as insulin resistance.

The second indicator of insulin resistance was de-
fined based on borderline values for insulin in 0 minute
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(10 > 22.1 plU/mL), 60 minute (160 > 130 pulU/mL) and
in 120 minute (1120 > 30 plU/mL), that were given in
Greenspan’s Basic & Clinical Endocrinology 4. We will re-
fer to this method in the text as “indirect assessment method
of insulin resistance based on insulinemias during OGTT”
(“insulinemias during OGTT”).

The glucose curve shape

Monophasic shape of the glucose curve is characterized
by the glycemic peak between the 30th and the 120th minute,
as well as the significant decrease in glycemia values from
minimum 0.25 mmol/L between the 120th and the 180th mi-
nute upon starting the OGTT (G180-G120 <-0.25
mmol/L) 8 (Figure 1a).
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Fig. 1 — The glucose curve shape: (a) Monophasic curve
shape; (b) Biphasic curve shape; (c) Triphasic curve
shape.

Biphasic shape of glycemic curve is characterized by
peak of glycemia in the 30th or the 60th minute, as well as
the significant increase in glycemia values between the 120th
and the 180th minute (G180-G120 > 0.25 mmol/L). If the
peak is reached in the 30th minute, one should have in mind
the significant increase of glycemia between 60th and 180th
minute (G180-G60 > 0.25 mmol/L) &3 (Figure 1b).

Triphasic shape curve is characterized by peaks in the
30th and 120th minute, as well as the negative peak in the
60th minute. The significant decrease in glycemia values be-
tween the 120th and the 180th minute criterion has to be ful-
filled (G180-G120 < -0.25 mmol/L) &5 (Figure 1c).

The shape of the curve that is described as unclassified oc-
curs when insignificant changes of glycemia values between
the 120th and the 180th minute (< 0.25 mmol/L) are noticed.

The patients with this glucose curve shape were excluded
from the study.

Statistical analysis

The database was created in Microsoft Office Excel.
Statistical data analysis was done using SPSS software 20.0
(Statistical Package for the Social Sciences) for Windows
(SPSS Inc., Chicago, IL, USA). For statistical data pro-
cessing, methods of descriptive and analytical statistics were
used. Relative numbers and arithmetic meanings were used
from descriptive statistical methods. To test the significance
of the difference in arithmetic meanings, the t-test and
ANOVA were used, while the y? test was used to test the
significance of the frequency difference. In case the neces-
sary condition for using the mentioned tests were not ful-
filled, the appropriate nonparametric tests were applied:
Kruskal-Wallis test and Mann-Whitney test.

Results

Study group consisted of 417 patients suffering from
polycystic ovary syndrome. Monophasic shape of glucose
curve obtained through the OGTT had 293 (70.26%), bipha-
sic 56 (13.43%) and triphasic shape of glucose curve had 68
(16.31%) patients. By comparing the mean values of body
mass index (BMI) in patients with monophasic (23.68 + 5.09
kg/m?), biphasic (22.12 + 3.55 kg/m?) and triphasic (22.41 +
4.6 kg/m?) shape of glucose curve we found the statistically
significant difference between these groups (p < 0.05). How-
ever, these correlations showed no signs of clinical signifi-
cance, due to the fact that the mean values of BMI in all
three groups of patients belong to a group of normally nour-
ished patients.

The frequency of insulin resistance based on the
HOMA-IR > 2.5 amounts to 66.19% (276 out of total 417
patients). The majority of women with insulin resistance had
a monophasic shape of glucose curve. Elaborately, 198 pa-
tients with insulin resistance had a monophasic glucose curve
shape, which represents 67.58% of the total number of pa-
tients with monophasic shape curve. Additionally, a triphasic
shape of glucose curve, that was noticed in 41 patients
(60.29% from a total number of patients with triphasic glu-
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cose curve shape) was on the second place. Finally, biphasic
glucose curve shape was seen in 37 patients with insulin re-
sistance (66.07% of patients with biphasic shape of glucose
curve obtained during OGTT). There was no statistically
significant difference in comparison between the frequency
of insulin resistance and the shape of glucose curve (p >
0.05) (Figure 2a).

The frequency of insulin resistance according to insu-
linemias during the OGTT amounts to 78.42% (327 out of to-
tal of 417 patients). The majority of patients with insulin re-
sistance had a monophasic shape of glucose curve. Elaborate-
ly, 231 patients had insulin resistance, which represented
78.84% from the total of patients with monophasic shape of
glucose curve. Triphasic glucose curve shape, that was noticed
in 60 patients (88.23% from a total number of patients with
triphasic shape of glucose curve) was on the second place. Fi-
nally, biphasic shape of glucose curve was determined in 36
patients with insulin resistance (64.28% of patients with bi-

phasic shape of glucose curve obtained during OGTT). There
was a statistically significant difference noticed in comparison
between the frequency of insulin resistance and the shape of
glucose curve (p = 0.005) (Figure 2b).

Regarding the time of the glycemic peak, from the total
number of 293 patients with monophasic curve, 146 (49.83%)
had a peak time in the 30th minute, 139 (47.44%) in the 60th
minute and 8 (2.73 %) in the 120th minute (Figure 3a). When
talking about patients with a biphasic curve, from the total
number of 56 patients, 44 (78.57%) had a peak time in the
30th minute, 11 (19.64%) had a peak in the 60th minute and 1
(1.79%) in the 180th minute (Figure 3b). As for patients with
triphasic glycemic curve, from a total number of 68, 66
(97.06%) patients had a peak time of the 30th minute and 2
(2.94%) in the 120th minute (Figure 3c). There was no statisti-
cally significant difference in the frequency of insulin re-
sistance compared to the glycemic time (p > 0.05). The same
holds true for all criteria of insulin resistance (Figure 3).
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Fig. 2 — The frequency of insulin resistance in the group of patients with monophasic,
biphasic and triphasic glucose curve shape, when the insulin resistance is defined
according to the homeostasis model assessment of insulin resistance (HOMA-IR) > 2.5
(a) and according to insulinemias during the oral glucose tolerance test (OGTT) (b).
(-)IR patients without insulin resistance; (+)IR patients with insulin resistance.
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Fig. 3 - The frequency of insulin resistance (IR) in patients with glycemic peak in the 30th, 60th,
120th, 180th minute, when insulin resistance is defined according to the homeostasis model
assessment of insulin resistance (HOMA-IR) > 2.5 and according to insulinemias
during oral glucose tolerance test (OGTT).

(-)IR patients without insulin resistance; (+)IR patients with insulin resistance.

There was no statistically significant difference regard-
ing the frequency of insulin resistance compared to the time
of insulin peak, when it was defined according to the
HOMA-IR > 2.5 (p > 0.05) (Figure 4a).

There was statistically significant difference regarding
the frequency of insulin resistance compared to the time of
insulin peak, when it was defined according to insulinemias
during the OGTT (p = 0.002) (Figure 4b).

When comparing the areas underneath the monophasic,
biphasic and triphasic glucose curves (AUCglu) no statistical

significance was found (p > 0.05). The same holds true for
comparing the areas underneath the AUCglu of patients that
were suffering from insulin resistance and the ones who were
not (especially for the HOMA-IR > 2.5 and according to in-
sulinemias during the OGTT) (p > 0.05).

When comparing the areas underneath the insulinemia
curve (AUCIins) of patients with monophasic, biphasic and
triphasic shapes of glucose curves no statistical significance
were calculated (p > 0.05). When compared the surface un-
derneath the AUCins of patients with insulin resistance and
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Fig. 4 — The frequency of insulin resistance (IR) in patients with insulin peak in the 30th,
60th, 120th and 180th minute, when insulin resistance is defined according to the
homeostasis model assessment of insulin resistance (HOMA-IR) > 2.5 (a) and according to
insulinemias during the oral glucose tolerance test (OGTT) (b).

(-)IR patients without insulin resistance; (+)IR patients with insulin resistance.

the ones without it and when insulin resistance was defined
according to the HOMA-IR > 2.5, no statistical significant
difference was found (p > 0.05). There was a statistically
significant difference in the AUCins in patients with insulin
resistance and the ones without insulin resistance, when insu-
lin resistance was defined according to insulinemias during
the OGTT (p = 0.003).

Discussion

The OGTT with determining the level of insulinemias
is widely used in clinical praxis, as the most useful method in

assessing the presence of insulin resistance. It is mostly used,
when patients are suffering from PCOS. Based on the previ-
ously acquired data, simple and more practical methods for
measuring insulin resistance have been developed. Among
them stands homeostasis model assessment of insulin re-
sistance (HOMA-IR) that was used in our current study.

Beside this parameter, in our investigation we used con-
solidated reference values for insulin in the Oth, 60th, 120th
minute of OGTT defined by Greenspan’s Basic and Clinical
Endocrinology, as indicator of insulin resistance 4.

Due to the fact that there is no consistent method of the
OGTT interpretation and that there is no precise way of de-
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fining insulin resistance, we wanted to see if the glucose
curve shape and the time of glucose peak could be a useful
tool in detecting insulin resistance in patients suffering from
polycystic ovary syndrome. As far as it is known, based on
studying available literature, correlation between glucose
curve shape and insulin resistance in women with PCOS is
an original idea of this study and it is published in this article
for the first time.

Previous research that was performed on this topic, has
shown that there is an increased risk of the occurrence of
prediabetes in adults with the following morphological char-
acteristics of the glucose curve: the time of glycemic peak af-
ter the 30th minute, the glucose concentration in the 60th
minute > 8.6 mmol/L and monophasic shape curves ° 16-18,

It has been observed that most people with normal glu-
cose values and normal insulin sensitivity have peak glyce-
mia in the 30th minute or earlier 1> 1%2° while on the other
hand, the delayed glycemic time (> 60 minutes) is observed
in adults who are suffering from type 11 diabetes mellitus °.

When talking about the time of the glycemic peak of
the monophasic curve, an equal number of patients with in-
sulin resistance show an early peak in the 30th minute and a
delayed peak at the 60th or the 120th minute.

Based on our results, total insulin response during the
OGTT correlates with insulinemias during the test, whereas
the HOMA-IR does not correlate. Clinical importance of
these two data should be defined and requires further study.

In the study that was engaged in the reproducibility of
morphological parameters of the glucose curve during the
OGTT, such are the time of the insulin peak, the time of gly-
cemia peak, the shape of the curve, the glucose concentration
in 1h after testing, that the time of the glycemic peak proved
to be the most reliable parameter 2,

In general, it has been shown that people with biphasic
glucose curves have lower BMI, better glucose tolerance, in-
sulin sensitivity, and beta cell function, compared to those
patients that are characterized by the monophasic shape of
the glucose curve & 1011,

A more complicated glycemic and insulin response dur-
ing the 3h-OGTT (that involves a greater number of phases)
is associated with better glucose tolerance, beta cell function
and greater insulin sensitivity 1.

In our study, the majority of patients were characterized
by the monophasic shape of the glucose curve (70.26%),
while the frequency of biphasic (13.43%) and triphasic
curves (16.31%) was almost identical. Having in mind the
results of previous studies that dealt with the shapes of glu-
cose curve in the population of patients with normal glucose
tolerance, as well as in the population of patients with im-
paired glucose tolerance (IGT) and diabetes mellitus, it was
expected that the incidence of insulin resistance was the
highest in the group of patients with monophasic glucose
curve shape, while the more complex shapes of the curve
(biphasic and triphasic in our case) should act protective, in
the sense of improving the insulin sensitivity. This was not
the case in our research. As already mentioned, most patients
with PCOS have a monophasic shape of glucose curve, but
when the insulin resistance is defined by HOMA-IR, we no-
tice approximately the same frequency. On the other hand,
when the insulin resistance is defined by insulinemias during
the OGTT, the frequency of insulin resistance in the popula-
tion of patients with triphasic shape of the glucose curve is as
high as 88.23%.

Conclusion

According to results of the study, the most patients with
PCOS have a monophasic shape of glucose curve. When we
take frequency of insulin resistance into account, we notice
approximately the same frequency in all types of curves,
when it is defined by the HOMA-IR. On the other hand,
when insulin resistance is defined by insulinemias during the
OGTT, resistant patients with PCOS mostly have triphasic
glucose curve shape. The time of glycemic peak is not relat-
ed to the frequency of insulin resistance in patients with
PCOS, under no criteria of insulin resistance.

REFERENCES

1. Diamanti-Kandarakis E, Kouli CR, Bergiele AT, Filandra FA,
Tsianateli TC, Spina GG, et al. A survey of the polycystic ova-
ry syndrome in the Greek island of Lesbos: hormonal and
metabolic profile. ] Clin Endocrinol Metab 1999; 84(11):
4006-11.

2. Asuncion M, CalvoRM, San Milla'n JL, Sancho ], Avila S, Escobar-
Morreale HF. A prospective study of the prevalence of the pol-
yeystic ovary syndrome in unselected Caucasian women from
Spain. J Clin Endoctinol Meta. 2000; 85(7): 2434-8.

3. Agzziz R, WoodsKS, Reyna R, Key T], Knochenbauer ES, Yildiz BO.
The prevalence and features of the polycystic ovary syndrome
in an unselected population. | Clin Endocrinol Metab 2004;
89(6): 2745-9.

4. Dumesic DA, Oberfield SE, Stener-Victorin E, Marshall ]JC, Laven
JS, Legro RS. Scientific Statement on the Diagnostic Criteria,
Epidemiology, Pathophysiology, and Molecular Genetics of
Polycystic Ovary Syndrome. Endoct Rev 2015; 36(5): 487—
525.

5. Wild RA, Carmina E, Diamanti-Kandarakis E, Dokras A, Escobar-
Morreale HF, Futterweit W, et al. Assessment of cardiovascular

risk and prevention of cardiovascular disease in women with
the polycystic ovary syndrome: a consensus statement by the
Androgen Excess and Polycystic Ovary Syndrome (AE-PCOS)
Society. ] Clin Endocrinol Metab 2010; 95(5): 2038—49.

6. Carmina E, Lobo RA. Use of fasting blood to assess the preva-
lence of insulin resistance in women with polycystic ovary
syndrome. Fertil Steril 2004; 82(3): 661-5.

7. DeUgarte CM, Bartolucci AA, Azziz R. Prevalence of insulin re-
sistance in the polycystic ovary syndrome using the homeosta-
sis model assessment. Fertil Steril 2005; 83(5): 1454—60.

8. Tschritter O, Fritsche A, Shirkavand F, Machicao T, Hdring H,
Stumwoll M. Assessing the shape of the glucose cutve during an
oral glucose tolerance test. Diabetes Care 2003; 26(4):
1026-33.

9. Abdul-Ghani MA, Lyssenko V', Tuomi T, Defronzo RA, Grogp L.
The shape of plasma glucose concentration curve during
OGTT predicts future risk of type 2 diabetes. Diabetes Metab
Res Rev 2010; 26(4): 280-6.

10. Kanauchi M, Kimura K, Kananchi K, Saito Y. Beta-cell function
and insulin sensitivity contribute to the shape of plasma glu-

Spremovi¢ Radenovi¢ S, Pupovac M. Vojnosanit Pregl 2021; 78(5): 487-494.



Page 494

VOJINOSANITETSKI PREGLED

Vol. 78, No 5

11.

12.

13.

14.

15.

16.

cose curve during an oral glucose tolerance test in non diabetic
individuals. Int ] Clin Pract 2005; 59(4): 427-32.

Tura A, Morbiducci U, Sbrignadello S, Winhofer Y, Pacini G, Kautzy-
Willer A. Shape of glucose, insulin, C-peptide curves during a
3-h oral glucose tolerance test: any relationship with the degree
of glucose tolerance? Am J Physiol Regul Integr Comp Physiol
2011; 300(4): R941-8.

The Rotterdam ESHRE/ASRM-sponsored PCOS consensus work-
shop group. Revised 2003 consensus on diagnostic criteria and
long-term health risks related to polycystic ovary syndrome
(PCOS). Hum Reprod 2004; 19(1): 41-7.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessment: insulin resistance
and beta-cell functionfrom fasting plasma glucose and insulin
concentrations in man. Diabetologia 1985; 28(7): 412-9.
Apendix: Normal Hormone Reference Ranges. In: Gardner
DG, Shoback D, editors. Greenspan's Basic and Clinical Endo-
crinology, 10th ed. The International Edition: The McGraw-
Hill Companies; 2018. p. 847—68.

Nolfe G, Spreghini MR, Sforza RW, Morino G, Manco M. Beyond
the morphology of the glucose curve following an oral glucose
tolerance test in obese youth. Eur ] Endocrinol 2012; 166(1):
107-14.

Bianchi C, Miccoli R, Trombetta M, Giorgino F, Frontoni S, Falvia E,
et al. Elevated 1-hour postload plasma glucose levels identify
subjects with normal glucose tolerance but impaired beta-cell
function, insulin resistance, and worse cardiovascular risk pro-
file: the GENFIEV study. ] Clin Endocrinol Metab 2013;
98(5): 2100-5.

17.

18.

19.

20.

21.

Chung ST, Kasturi K, Bingham BA, Onnzurnike A, Baker RL,
Utnmatwishima JN, et al. Time to Glucose Peak During an Oral
Glucose Tolerance Test Identifies High Risk for Prediabetes:
Results from a Multiethnic Study. Endocr Soc 2017; 2017:
OR14.

Kim ], Michaliszyn S, Nasr A, Lee S, Tfayli H, Hannon T, et al.
The Shape of the Glucose Response Curve During an Oral
Glucose Tolerance Test Heralds Biomarkers of Type 2 Diabe-
tes Risk in Obese Youth. Diabetes Cate 2016; 39(8): 1431-9.
Abdul-Ghani MA, Jenkinson CP, Richardson DK, Tripathy D, De-
Fronzo RA. Insulin secretion and action in subjects with im-
paired fasting glucose and impaired glucose tolerance: results
from the Veterans Administration Genetic Epidemiology
Study. Diabetes 2006; 55(5):1430-5.

Yeckel CW, Taksali SE, Dzinra |, Weiss R, Burgert TS, Sherwin
RS, et al. The normal glucose tolerance continuum in obese
youth: evidence for impairment in beta-cell function inde-
pendent of insulin resistance. ] Clin Endoctinol Metab 2005;
90(2): 747-54.

Kramer CK, Vuksan V', Choi H, Zinman B, Retnakaran R. Emerg-
ing parameters of the insulin and glucose response on the oral
glucose tolerance test: reproducibility and implications for glu-
cose homeostasis in individuals with and without diabetes. Di-
abetes research and clinical practice. 2014; 105(1): 88-95.

Received on July 15, 2019.
Revised on August 18, 2019.
Accepted August 20, 2019.
Online First September, 2019.

Spremovi¢ Radenovi¢ S, Pupovac M. Vojnosanit Pregl 2021; 78(5): 487—494.



