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Summary

The aim of our study was to evaluate rapid insplifses and insulin secretion regularity in fasting
state in lean women with polycystic ovary syndro(POS) in comparison to lean healthy
women. PCOS (n=8) and controls (n=7) underwentyewanute blood sampling for 60 min.
Insulin pulsatility was assessed by deconvolutiod gsulin secretion regularity by approximate
entropy methodology. PCOS had higher testosterpx@.Q2), prolactin (p<0.05) and lower sex
hormone binding globuline (SHBG) (p<0.0006) leviblan controls. Approximate entropy, insulin
pulse frequency, mass, amplitude and interpulservat did not differ between PCOS and
controls. PCOS had broader insulin peaks deternmyesl common half-duration €0.07). Burst
mass correlated positively with testosterone (ps0ahd negatively with SHBG €0.0004) and
common half-duration correlated positively with jain (p<0.008) and cortisol levels (p<0.03).
Approximate entropy positively correlated with Bpi<0.04) and prolactin (p<0.03). Lean PCOS
patients tended to have broader insulin peaks mpewmison to healthy controls. Prolactin,
androgens and cortisol might participate in altematof insulin secretion in PCOS-affected

women. Body weight and prolactin levels could ieflge insulin secretion regularity.
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Introduction

Insulin is physiologically secreted in a pulsatitenner with a variable basal insulin
release. The contribution of pulsatile insulin séion to total insulin secretion has been
estimated as being at least 70%, both in fastinbimpostabsortive states (Porkstral. 1995,
Porksen 2002).

Insulin pulsatility is composed of rapid regularlggs of 5 to 15 min in frequency,
superimposed on ultradian (slow) oscillations vatperiod of 80-150 min. It has been assumed
that rapid insulin pulses suppress hepatic glucgaeesis and slow insulin pulses contribute to
glucose utilization in the peripheral tissues (Rerk 2002). Glucose is the most important
regulator of insulin secretion, with a feedbackpdeetween slow pulses and blood glucose
levels. Rapid insulin pulses, in addition to bedrtyen by glycaemic oscillations, are controlled
by the hypothetical intrapancreatic neuronal paé@marising from rich pancreatic innervation.
Many other metabolic substrates, hormones or neursmitters also influence insulin secretion
(Stagneeet al. 1980, Ahren 2000, Porksehal. 2000).

Polycystic ovary syndrome is one of the most comrandocrinopathies of women in
their fertile years. Together with the reproductafenormalities of chronic anovulation and
hyperandrogenism, hyperinsulinaemia and insulinstasce (IR) are present in ralevant
number of women affected with PCOS. The inciderfcengpaired glucose tolerance (IGT) and
diabetes mellitus type 2 (DM 2) is significantlycieased in PCOS in comparison with healthy
control subjects (Ehrmaret al. 1999, Legrcet al. 1999).

Besides insulin resistance, insulin secretory dystfon is another risk factor for DM 2.
The alterations in insulin pulsatile secretion ansulin release orderliness might be an early
marker of beta-cell dysfunction. Abnormal insulinlgatile patterns were detected even in first
degree relatives of patiens with DM 2, who stildhaormal first phase secretory response to

glucose (O'Rabhillyet al. 1988). Insulin secretion in PCOS was studied Inméted number of



studies (Dunaikt al. 1996, Ehrmanmet al. 1995, Holteet al. 1994) and the data about insulin
pulsatile release in PCOS is especially sparse $&konget al. 2001). Concerning slow insulin
pulses, others described significantly higher basallin secretory rates and attenuated secretory
responses to meals in obese women with PCOS (Cé\vealr. 1993).

The aim of our study was to evaluate the rapidlinqulses and the regularity of insulin

secretion in lean women affected with PCOS in campa to healthy lean women.

Subjectsand Methods

After an overnight fast, the participants were Igtduto the Clinical Research Unit in
Institute of Endocrinology. The protocol was apmovby the Instutional Ethical Committe.
Before entering the study, written informed conserds obtained after written and oral
information. The study group consisted of 8 womgecéed with PCOS fulfilling the diagnostic
criteria by using definition ESHRE/ASRM (2004). Tdegnosis of PCOS is accepted, when 2
out of 3 from: oligo/amenorhoea, hyperandrogenaesmnich or clinical manifestation of either
acne or hirsutismus and ultrasonographic morpholofyyolycystic ovary are present. The
control group (C) consisted of 7 healthy women wégular menstrual cycles and no clinical or
biochemical signs of hyperandrogenemia. Pelviastinography was not performed in healthy
controls. Both groups were without medication &ffegcarbohydrate metabolism including oral
contraceptives at least for the preceding 3 momthd without family history of diabetes
mellitus. Impaired glucose tolerance, diabetes itos|]l thyroid dysfunction,
hyperprolactinaemia, hypercortisolism and the tateet congenital adrenal hyperplasia were all
excluded using the appropriate biochemical parameietests.

Basal blood samples for the determination of teéstose, androstenedione,
dehydroepiandrosterone sulfate (DHEAS), lutropirH)L follitropin (FSH), progesterone,

estradiole, 17-hydroxyprogesterone (17-OHP) weleertain the fasting state in the early



follicular phase of the menstrual cycle (betweenabsl-5th day at, 7-8.30 a.m.) or in the case of
secondary amenorhoea at any time. After the caanwkxre placed in an antecubital vein for
sampling purposes, the women affected with PCOS camirol women underwent frequent

blood sampling in 1-minute intervals for 60 minoBt (cca 2 ml) was collected from 5 s before
to 5 s after each minute. After finishing each lklaampling 0.6 ml of saline solution was

administered to dead space. Ten seconds beforelisgmine saline solution from the dead

space was withdrawn and discarded. Serum insulicesdration was estimated each minute.
The samples were analyzed the same day as the wstglyperformed. The resultant insulin

concentration time series was analyzed by decotigalanalysis. Insulin secretion regularity

was estimated by approximate entropy. Both analgseslescribed below.

Quantitative insulin sensitivity check index (QUIQKvas calculated as 1/(log {3log
(lo)) where G is fasting plasma glucose (milligrams per degilitand § is fasting plasma
insulin (microunits per milliliter) (Katzt al. 2000).

Serum glucose concentrations were measured usigglicose-hexokinase method
(Integra 400 plus, Roche Diagnostics GmbH, Mannhe{dermany). Serum insulin was
determined in singlet by ELISA (Roche Diagnosticsiléil, Mannheim, Germany) using two
monoclonal murine antibodies. Intrassay CV 1.5 % amerassay CV 4.9 % are for insulin
detection range of 5.93 £+ 0.Q&/ml. The higher insulin detection range is 14.5.13 pU/ml
with intrassay CV 0.9 % and interassay CV 3.7 %niMal detection concentration is 0.20
pU/ml. The assay has no cross-reactivity with pralins C-peptide was measured by the
electrochemiluminescence immunoassay ECIModular E170, Roche Diagnostics GmbH,
Mannheim, Germany). The cross-reactivity of antiseiwith both insulin and glucagon is less
than 0.05 % with intra-and inter-assay CV of 0.5afa 1.6 %, respectively. Testosterone was
determined by standard RIA using anti-testoste@®carboxymethyloxime: bovine serum

albumin (BSA) antiserum and testosterone 3-carbetigoxime-tyrosylmethylester{1) as a



tracer; the intra-assay and inter-assay coeffisiehtvariation (CV values) were 10.2 % and 10
% respectively, and the sensitivity is 0.21 nm@ibrmal range 0.4 - 3.0 nmol/l). Prolactin was
measured in serum by chemiluminescence immunoasdy3 IA (Elecsys Prolactin 1l, Roche,
Germany) (normal range 6 - 29.9 ng/ml). Androstérse was determined using a standard RIA
with anti-androstenedione-6-carboxymethyloxime: B&#tiserum and*d) androstenedione as
a tracer; the intra-assay and inter-assay CV vakezs 10 % and 10.2 % respectively, and the
sensitivity is 0.39 nmol/l. Sex hormone binding lglbne (SHBG) was estimated using IRMA
method (Orion, Espoo, Finland) with an intra-asS&yof 6.1 % and an inter-assay CV of 7.9 %
(normal range 43.2 - 94.8 nmol/l). DHEAS (normaiga 2.4 - 14.5 umol/l; intra-assay CV of
3.5 % and inter-assay CV of 10.2 %), 17-OHP (nomaabge 1.1 - 8.4 nmol/l; intra-assay CV of
5.2% and inter-assay CV of 6.5%) and estradiolrfrabrange 0.11 - 1.29 nmol/l; intra-assay CV
of 4.4% and inter-assay CV of 4.6%) were measuyeth® RIA kit from Immunotech (Prague,
Czech Republic). LH was determined by IRMA (Immuweadt, Prague, Czech Republic) with an
intra-assay CV of 3.7 % and an inter-assay C of %3FSH was estimated by IRMA
(Immunotech, Prague, Czech Republic) with an iagsay CV of 2.6 % and an inter-assay CV
of 4.5 %. Total cholesterol, high-density lipopiat¢HDL)-cholesterol and triglycerides were
measured by photometry (Ecoline 25, Vitalab Eligderck; Darmstadt; Germany) with intra-

assay CVs 1.6 %, 1.7 % and 1.2 % and inter-assaydf¥.9 %, 2.1 % and 1.9 %, respectively.

Deconvolution analysis of the data

Deconvolution analysis was developed for endocogichl purposes as a mathematical
procedure for measuring simultaneously hormone etiear and elimination. Insulin
concentration time series was analyzed by decotigalumethod to detect and quantify insulin
secretory pulses. We employed several differenbrealution algorithms Pulse 2, Pulse 4 and

AutoDecon. The principle of deconvolution softwavas described previously (Veldhuis and



Johnson 1992, Veldhuis and Johnson 1994). Briefhe deconvolution method is a
multiparameter technique validated previously awdrectly identifying more than 90% of
hormone pulses (sensitivity) as correctly recogngziheir absence (Johnsenhal. 2004). The
insulin concentrations were assumed to result fieendeterminable and correlated parameters:
1) a finite number of separate insulin pulses awegrat specific times, 2) individual amplitudes,
3) a common half-duration (duration of an algelaliyc Gaussian secretory pulse at half-
maximal amplitude), 4) basal time invariant insuBecretion and 5) monoexponential or
biexponential insulin model of elimination in thgstemic circulation. Biexponential model of
insulin clearance was estimated with rapid (fiss§ min and slow (second) 5.0 min half-lives
with fractional slow compartment of 0.28. We caftal monoexponencial insulin half-life of
3.3(2.8-4.1) minin PCOS and 3.2 (2.6 - 4.1) mihealthy controls.

We used the root mean square of residuals (RMS)residual variance (%) to assess
optimal insulin kinetics parameters (best fit cor\&e derived the best-fit curve with following
RMS and residual variance in PCOS and healthy wo@etY £ 0.23 vs 0.9 + 0.26 mUl/l; 9.44
+4.73 vs 9.14 + 8.79 %, respectively).

The following parameters were calculated: secretomyse number (the number of
significant secretory pulses per 60 min), interpuisterval (time in minutes separating
successive pulses), pulse mass (the mass of tbalatald secretory pulses) (mUl/l), amplitude
(maximal secretory rate within a pulse) (mUI/I/miMUCy.¢, (area under the curve, overall
insulin secretion per 60 min) (mUl/l), common hdifration (mUI/min) and basal secretion
(mUI/l/min).

Approximate entropy (ApEn) is used as a model-ietejent and scale-invariant statistic.
In brief, ApEn assumes the orderliness of hormoekdasepatterns. ApEn is computed as the
sum of the negativimgarithms of the conditional probabilities thabpatternof length m in a

time series recur upon next (m + 1) incremecwahparison within a given tolerance range r. We



used m= 1 and r = 20 % of the intraseriges, which provides a normalized (scale-independent)

ApEn statistics. ApEn was in detail described prasly (Pincust al. 1999) .

Satistics

All data are given as retransformed means with &®9&onfidence interval. Unpaired t-
tests and Pearson correlation coefficients werd osetransformed data to evaluate differences
between groups and the mutual relationship amoegvtriables, respectively (p<0.05) was

considered statistically significant. RMS and rasidvariance are given as means = SD.

Results

The clinical, basal biochemical and hormonal patanseof women affected with PCOS
and healthy subjects are given in Table 1. PCOS emohad significantly higher testosterone
(p<0.02), prolactin (p<0.05), 17-OHP (p<0.03) astradiol (p<0.05) concentrations and lower
SHBG levels (p<0.0006). We did not observe sigaificdiference between groups in basal

insulinaemia, basal glucose levels, C-peptide adtO®&l.

Pulsatile insulin secretion results

Deconvolution analysis results are given in TahlaA®men affected with PCOS and
healthy controls had similar average frequency @firtsulin pulses per 60 min. Variation in
insulin burst frequency ranges from 6 to 13 insylitses per hour in both groups. We did not
observe differences in number of insulin pulsesab&sulin secretion, pulse amplitude, pulse
mass or in interpulse interval between the two gsolPCOS-affected women had broader
insulin peaks in comparison to control group, a®meined by the common-half pulse duration

(1.97 (1.1 - 3.37) vs 0.89 (0.51 - 1.49) mUI/mirD®7).



Basal insulin secretion correlated negatively withL-cholesterol (r = -0.85; p<0.004),
QUICKI (r = -0.77; p<0.002) and positively with gtycerides (r = 0.75; p<0.03). AWGo
correlated negatively with QUICKI (r = -0.99; p=0@L), HDL-cholesterol (r = -0.89; p<0.0006)
and positively with triglycerides (r = 0.78; p<09)(Table 3.).

Insulin pulse amplitude (r = -0.61; p<0.03) simyaas insulin pulse mass (r = -0.59;
p<0.03) correlated negatively with QUICKI. CommoaHhpulse duration correlated positively
with prolactin (r = 0.76; p<0.008) and cortisol ¢ (r = 0.64; p<0.03). Burst mass correlated
positively with testosterone (r = 0.61; p<0.05) amebatively with SHBG levels (r = -0.88;

p<0.0004) (Table 3.).

Insulin secretion regularity

Insulin burst orderliness evaluated by ApEn did differ significantly between women
affected with PCOS and healthy subjects (1.14 #.091.178) vs 1.079 (0.94 - 1.164),
respectively; p<0.2). ApEn correlated positivelywprolactin levels (r = 0.68; p<0.03) and with

BMI (r = 0.57; p<0.04).

Discussion

The present study was designed to assess the irsgulin pulses, insulin secretion
regularity and the potential factors affecting insypulsatile secretion in lean women affected
with PCOS in comparison to healthy lean women. fitaén findings are as follows: 1. PCOS-
affected women tended to have different insulinsgtile secretion patterns described by the
broader insulin pulses in comparison to healthytrod® 2. Steroid hormones and prolactin
levels were related to different aspects of insplitsatile secretion.

We observed the tendency toward broader insulikkpéa PCOS, but no differences

between PCOS and controls in number of insulinetecy events, insulin pulse amplitude, pulse



mass, interpulse interval or insulin secretion didess. Many studies have shown alterations in
insulin pulsatility and insulin release orderliness different states connected with insulin
resistance, such as in patients with diabetes toelliype 2 (Porksen 1999), in first degree
relatives of DM 2 patients (O"Rabhilt al. 1988), in obesity (Peirist al 1992, Zarkovicet al.
2000) or in old people (Meneillst al. 1999). Conversely, there are only few studies eonng
insulin pulsatility in PCOS as in another stategmiconnected with insulin resistance. In one of
these studies, no significant difference in ragistihg insulin pulse frequency, total insulin area
or total pulse related area was found between P@bShealthy controls (Armstrong al.
2001).

We have found that higher prolactin levels wereoaiséed with more irregular insulin
secretion as determined by higher ApEn and witfedkht insulin secretory patterns. Prolactin
could influence insulin secretion. In vitro, betls of the pancreatic islets express prolactin
receptors. Prolactin supports the growth of thecpaatic islets and stimulates insulin secretion
(Ben-Jonathanet al. 2006). Prolactin could induce insulin resistane@s, women with
microprolactinomas were more insulin resistant thealthy women (Sergt al. 1986, Seki and
Nagata 1991). Similarly hyperprolactinemic PCOS warwere more insulin resistant than their
normoprolactinemic counterparts (Bahcetcl. 2003).

We have also observed a positive correlation betwasulin secretion regularity, as
determined by ApEn values, and BMI. This findingsispported by other authors who have
found an association of overweight and irregulaulim secretion with improvement after weight
loss (Zarkovicet al. 2000).

Further, cortisol was positively correlated withe tkommon half-duration of insulin
peaks. Similarly to us, others shown that glucortis could influence insulin secretion. Short-
term glucocorticoid treatment impaired insulin @uilsty, probably by a disruption of the normal

glucose-insulin feedback loop (Hollingdatlal. 2002).



Afterwards, we observed positive correlation oftdeterone levels and negative
correlation of SHBG and insulin pulse mass. Insufioreases the biological availability of
testosterone through the suppression of SHBG sisthdyperinsulinemia increases ovarian
androgen production. Conversely, testosterone mdyeictly contribute to insulin resistance
throught facilitating free fatty acids release frabdominal fat and perhaps directly from
muscular tissue reducing insulin-mediated glucgiake (Holte 1994, Holtet al. 1996, Cahova
et al. 2007).

We used QUICKI to determine insulin sensitivityRCOS-affected women and healthy
controls. Both groups had the same insulin seitsitivwe observed a negative correlation
between insulin sensitivity and basal insulin siéene But we did not ascertain any correlation
between insulin pulse frequency or interpulse wdkrand insulin sensitivity. Previously
published results concerning the relationship betwansulin sensitivity, measured by
euglycaemic clamp, and insulin pulse frequency laogvever, discrepant. One study concluded
that the increased frequency of rapid insulin pulseght be related to the insulin resistance in
patients with abdominal obesity. The number of dapisulin pulses was reduced and insulin
sensitivity was improved after weight loss (Peatisl. 1992). On the other hand, insulin pulse
frequency was not the indicator of insulin sengitiin healthy subjects (Courtneyal. 2003) or
women with polycystic ovary syndrome (Armstroetgal. 2001). These divergent results could
be explained by different studied populations oth®/ use of varying approaches for assessment
of insulin pulsatile secretion.

In conclusion, PCOS-affected women tended to havader insulin peaks in comparison
to healthy lean women. Prolactin, cortisol and agdns were related to some of the insulin
pulsatile secretion characteristics, whereas pasee describing insulin pulsatility were not

significant determinants of insulin sensitivity.
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Table 1. Clinical, hormonal and biochemical parameters of PCOS subjects (n=8) and controls (n=7)

PCOS Controls
Mean Cl Lower CIl Upper Mean Cl Lower CI Upper

limit limit limit limit p<
BMI (kg/m?) 21.¢ 20.2 23k 20.1 18.¢ 21.z 0.06
Age (years) 25.1 21.8 29.5 0.23 25.1 38.1 0.08
Insulinaemia basal (mUI/I) 5.1 3.9 6.5 4.2 3.1 5.6 0.5
Blood glucose basal (mmol/l) 417 4 4.35 412 4 4.4 0.9
C-peptide (nmoll/l) 85 0.4 0.71 0.51 0.23 0.96 0.8
QUICKI 0.39 0.37 0.4 0.4 8.3 0.43 0.5
Total cholesterol (mmol/l) 4 3.7 4.8 4 3.6 4.7 NS
HDL cholesterol (mmol/l) 1.6 1.2 1.8 1.8 1.6 1.9 NS
Triglycerides (mmol/l) 0.75 0.6 0.9 0.7 0.4 0.9 NS
Testosterone (nmol/l) 3.2 2.8 3.6 2.3 0 3 3. 0.02
DHEAS (mmol/l) 7.1 5.6 8.3 55 0 8.1 NS
Androstendione (nmol/l) 8.6 5.9 12.9 7.4 5 11.4 NS
SHBG (nmol/l) 46.3 28.4 64.1 b8. 83.1 1131 0.0006
Prolactin (ng/ml) 23.8 16.8 325 13.7 36 25.4 0.05
Estradiol (nmol/l) 0.12 0.1 0.14 0.09 .0D 0.13 0.05
Progesteron (nmol/l) 2.5 1.4 3.6 2.8 0 7.4 04
LH (1U/1) 4.5 2.8 8.4 6.5 13. 20.4 NS
FSH (Ul ) 6.3 5.25 7.8 8 6.4 104 0.07
Cortisol (nmol/l) 564 442 729 448.7 063 680 NS
17-hydroxyprogesterone (nmol/l) 2.5 1.8 3.7 1.4 0.9 2.2 0.03

Values are given as means and 95% confidence interval (CI); p-value-statistical significance;
NS-not significant; QUICKI-Quantitative insulin sensitivity check index; LH-luteinising hormone; FSH-follicle

stimulating hormone; DHEAS-dehydroepiandrosteronsulfate; BMI-body mass index



Table 2: Deconvolution analysis results of rapid insulin pulsatile secretion in PCOS (n=8) and

controls (n=7)

PCOS Controls
Mean Cl Lower CIl Upper Mean Cl Lower CI Upper
limit limit limit limit p<
Number of peaks per 1 hour 9.7 7.7 11.7 9.9 7.2 12.55 NS
Basal secretion (mUl/I/min) 0.7 0.4 0.98 0.5 0.24 0.82 NS
Half-life of insulin (min) 3.3 2.8 4.1 3.2 2.6 4.1 NS
AUCO0-60 (mUI/) 300.5 235.6 398.2 255.3 188.2 340.2 NS
Common half-duration (mUl/min) 1.97 1.1 3.37 0.89 0.51 1.49 0.07
Secretory pulse amplitude (mUI/l/min) 1.1 0.7 2.1 15 1 2.6 NS
Secretory pulse mass (mUl/l) 2.1 1.55 3 1.4 0.96 2.4 NS
Interpulse interval (min) 5.87 5 7.2 5.56 4.6 7.1 NS
Approximate entropy 1.14 1.09 1.19 1.08 0.94 1.16 NS
Values are given as means and 95% confidence interval (CI);
NS-not significant; AUCqy.¢ - area under the curve, overall insulin secretion during 1 hour;
p-value-statistical significance
Table 3: Correlations in PCOS subjects (n=8) and controls (n=7)
Basal Insulinaemia Common Insulin
insulin secretion basal AUCO0-60 ApEn half-duration pulse mass
(mUI/I/min) (mul/) (mul/) (mUl/min) (muin)
r-value p< r-value p< r-value p< r-value p< r-value p< r-value p<
C-peptide (nmol/l) 0.78 0.008 0.75 0.008 0.75 0.008 NS NS NS
HDL cholesterol (mmol/l) 0.85 0.004 -0.88  0.0007 -0.89 0.006 NS NS NS
Triglyceride (mmol/l) 0.75 0.03 0.78 0.008 0.78 0.009 NS NS NS
QUICKI -0.77 0.002 -0.99  0.0001 0.99 0.0001 NS NS -0.59 0.03
Prolactin (ng/ml) NS NS NS 0.68 0.03 0.76  0.008 NS
BMI (kg/m2) NS NS NS 0.57 0.04 NS NS
Cortisol (nmol/l) NS NS NS NS 0.64 0.03 NS
Testosterone (nmol/l) NS NS NS NS NS 0.61 0.05
SHBG (nmol/l) NS NS NS NS NS -0.88 0.0004
DHEAS (nmol/l) NS 0.73 0.02 0.73 0.02 NS NS NS

r-value-coefficient of correlation; p-value-statistical significance; NS-not significant; QUICKI-
Quantitative insulin sensitivity check index; AUC0-60 -area under the curve, overall insulin secretion

per 60 minutes; ApEn-Approximate entropy; DHEAS-dehydroepiandrosteronacetate; SHBG-sex
hormone binding globulin



