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Summary

Context Mean insulin resistance (IR) is greater and it is also more
variable in overweight women with polycystic ovarian syndrome
(PCOS) compared to weight matched controls. Whilst treatment will
reduce the mean IR, it is not known if the IR variability is also
reduced.

Objective To compare the change in IR and its variability before
and after treatment with insulin sensitization through metformin
and pioglitazone, compared to that induced by weight loss with orlistat.
Design Randomized, open labelled parallel study.

Setting Endocrinology outpatient clinic at a referral centre.
Patients Thirty obese PCOS patients [BMI 36:0 + 1-2 kg/m’
(mean + SEM)] participated in the study.

Intervention The change in biological variability (BV) was
assessed by measuring IR (homeostasis model assessment method)
at 4-day intervals on 10 consecutive occasions before and 12 weeks
after randomization to metformin, pioglitazone or orlistat.
Outcome measured The primary end point of the study was a
change in BV of IR.

Results Treatment with pioglitazone, orlistat and metformin
reduced the overall IR by 41-0 £ 4:1%, 19-7 + 6:4% and 16:1 + 6-:8%
(P =0-005, P=0-013, P=0-17, respectively) and IR variability by
28:5+ 18:0%,41-8 £ 11:6% and 23-7 + 17-0 (P = 0-20, P = 0-015 and
P =028, respectively). Free androgen index reduced significantly
with all treatments.

Conclusion Only orlistat reduced both IR and its variability
significantly, though all three drugs were effective in reducing
hyperandrogenism within the 12-week period of the study.
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Introduction

Increased insulin resistance (IR) is an important feature in polycystic
ovary syndrome (PCOS) that contributes to the increased risk of
developing type 2 diabetes and is a feature of the adverse cardiovascular
risk profile seen in the metabolic syndrome."” Jayagopal et al. have
shown that the absolute and intra-individual variation in IR are
much greater in overweight women with PCOS compared to weight
matched women without PCOS,3 but it is unknown if this innate
variation of IR is modified following treatment and whether treatments
such as insulin sensitization or weight loss have the largest impact.
Therefore, this study has compared the effects of insulin sensitization
with metformin, pioglitazone, to that of weight loss (with orlistat)
on mean IR and its biological variability (BV) in women with PCOS.

Research design and methods

This was a randomized, open labelled, parallel study comparing
treatment with metformin (500 mg three times a day), orlistat
(120 mg three times a day) and pioglitazone (45 mg once daily).
Thirty obese hyperandrogenic, anovulatory Caucasian women with
PCOS [BMI 360 + 1-2 kg/m” and age of 26-4 + 1-5 year (mean +
SEM)] were recruited from the Hull Royal Infirmary endocrinology
clinic, where they were referred by their primary care physicians for
investigation of menstrual abnormalities, with or without hirsutism.
PCOS was diagnosed by the ESRM Rotterdam criteria;* all patients
had oligomenorrhea or amenorrhoea, hyperandrogenaemia and
polycystic ovaries on transvaginal ultrasound. None were on any
medications that would alter their IR at the time or for the preceding
3 months of entering the trial. Diabetes was excluded by a 75-g oral
glucose tolerance test. All subjects gave their informed written consent
that had been approved by the local research ethics committee. The
clinical trial registration number for this study is ISRCTN58369615
and the study is funded by University of Hull.

After initial screening, all women began with an 8-week run-in
period where they were given dietary advice and compliance
checked. At the end of the run-in phase, they were randomized using
a computer program. The number of patients to be recruited was
based on a previous study.’ Using NQuery version 4 and powered
for IR, a sample size of 10 patients in each treatment arm was
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determined for study completion. The dose of metformin was
in accord with a previous study showing the beneficial effect of
metformin in PCOS® and increased step-wise, from 500 mg once
daily for the first week to 500 mg twice daily for the next week, and
to 500 mg three times daily for the remainder of the study period.
The dose of orlistat was 120 mg three times daily before each meal.
Pioglitazone was started at 30 mg daily for the first 2 weeks and
further increased to 45 mg for the remainder of the study period.
After randomization, the subjects were advised not to modify
their eating habits throughout the study. Clinical and biochemical
assessments were performed at each visit on 10 consecutive occasions
at 4-day intervals before and 12-weeks after treatment. The primary
end points of the study were the change in IR and its biological
variability.

Study measurements

After an overnight fast, weight and blood pressure were measured
and blood samples were taken at screening, randomization, and on
completion of the study period. Compliance was monitored based
on counting returned medication. Fasting venous blood was
collected into serum gel tubes (Becton Dickinson) and one fluoride
oxalate tube at the same time each day (08-00—-09-00) on 10 consecutive
occasions at 4-day intervals before and 12-week after treatment.
Samples were separated by centrifugation at 2000 g for 15 min at
4 °C, and two aliquots of the serum were stored at —20 °C within
1 h of collection. Plasma glucose was analysed within 4 hours of
collection. The serum samples were split before assay.

Reagents

Serum insulin was assayed using a competitive chemiluminescent
immunoassay, supplied by Euro/DPC, Llanberis, UK. The assay was
performed on a DPC Immulite 2000 analyser (Euro/DPC, Llanberis,
UK), using the manufacturer’s recommended protocol. There was
no stated cross-reactivity with proinsulin. Plasma glucose was
measured using a Synchron LX 20 analyser (Beckman-Coulter, High
Wycombe, UK), using the manufacturer’s recommended protocol.
The coefficient of variation for this assay was 1-2% at a mean glucose
value of 94-6 mg/dl (5-3 mmol/l). The IR was calculated using
the homeostasis model assessment (HOMA) method (HOMA-
IR = (insulin X glucose)/ 22-5).” Serum testosterone was measured by
isotope dilution liquid chromatography-tandem mass spectromentry
(Waters Corporation, Manchester, UK) and SHBG was measured by
immunometric assay with fluorescence detection on the DPC
Immulite 2000 analyser using the manufacturer’s recommended
protocol. The free androgen index was obtained as the quotient 100
T/SHBG. Before analysis, all the serum samples were thawed and
thoroughly mixed. The duplicate samples (i.e. two per visit) were
randomized and then analysed in a single continuous batch using
a single batch of reagents.

Statistical analysis

Statistical analysis was performed using spss for Windows, version
14-0. Comparisons of percentage changes from baseline in the

metformin, orlistat and pioglitazone groups were carried out using
the paired -test in data showing a Gaussian distribution. In data
where distribution between individuals violated the assumptions of
normality when tested using the Kolmogorov—Smirnov test, differences
were calculated by paired Wilcoxon method. Biovariability data was
analysed by calculating analytical, within subject, and between
subject variances (SDi, SDf, SDé, respectively) according to the
methods of Fraser and Co-workers.*’ Using this technique, analytical
variance (SDi ) was calculated from the difference between duplicate
results for each specimen ( SDi = Y d*/2N where d is the difference
between duplicates, and N is the number of paired results). The
variance of the first set of duplicate results for each subject on the
10 assessment days was used to calculate the average biological intra-
individual variance (SD?) by subtraction of SDf\ from the observed
dispersion (equal to SD? + SD? ). Subtracting SD’ + SD? from the
overall variance of the set of first results determined the inter-
individual variance (SD,). The intra-individual (SD;) and inter-
individual (SD) variations were estimated as square roots of the
respective variance component estimates. For all analysis, a two-
tailed P < 0-05 was considered to indicate statistical significance.

Results

All subjects completed the study and the results are shown in Table 1.
Baseline differences between the three groups were nonsignificant
(ANOVA test).

Insulin resistance (IR)

HOMA-IR reduced significantly in both the orlistat (P = 0-013) and
pioglitazone (P =0-005) treated groups. Women treated with
metformin did not show significant reduction in HOMA-IR
(P=0-17) for the period studied. Comparison between the three
treatments showed a significant reduction in HOMA-IR favouring
the pioglitazone group (P =0-04). The differences between the
groups for percentage change in HOMA-IR remained significant
after adjustment for percentage change in BMI (P < 0-0001).

Biological variability (BV) of HOMA-IR

Figures 1-3 show the changes in BV of HOMA-IR after 12 weeks of
treatment for all the three groups. BV reduced significantly only in
the orlistat treated group compared to baseline (P = 0-015). Women
in the metformin and pioglitazone treated groups showed a trend
to reduction of BV of IR at but did not reach statistical significance
for the period studied. A discrepant HOMA-IR of 19-6 in one
patient on orlistat was included in the analysis that caused a
greater pretreatment variance, but had no influence on our overall
findings.

BV HOMA-IR was significantly correlated to HOMA-IR, the
Pearson correlation coefficient was 0-72 (P = 0-001; two-tailed). The
change in BV HOMA-IR significantly correlated with changes in
HOMA-IR (correlation coefficient 0-39, P = 0-035) and changes in
FAI (correlation coefficient 0-57, P = 0-001). There were no significant
correlations between changes in BV HOMA-IR with changes in BMI
or SHBG.
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Table 1. Percentage change for each parameter after 3 months of treatment
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Metformin

Orlistat

Pioglitazone

Baseline vs. 12 weeks % change Baseline vs. 12 weeks % change Baseline vs. 12 weeks % change
HOMA-IR 36+05vs 31+£06 —-16:1+6-8 50+ 0-8 vs. 37 £0-5 -19-7 £ 6-4* 45+£08vs. 2504 —41-0+4-1*
BV HOMA 1'1£0:5vs. 0704 -237+17-0 39+2:0vs.1-0£05 —41-8%11* 1-22+0:5vs. 0-5£02 -285+18-0
Insulin (WU/ml) 168 £2:3 vs. 151 £2:9 -12-8 77 23:6+39vs. 17-7+£2:3 -184+56% 20:0£29vs 120+ 15 -37-6+4-2*
SHBG (nmol/l) [range 35-100] 221 +2-5vs.25:3+32 133+31* 251+3-5vs5 29551 14-3 +5-0* 223+ 1-6vs.32£3:2 43-7 £10-2*
BMI (kg/m3) 343+1-8wvs332+19 -34+1.0%* 374+27vs.352+24 -57+08% 362+18wvs373+18 3-1+1-4
FAI (%) [range 0-3-0] 79+09vs 61109 -22:9+7-4* 87+19vs.69+1:6 -20-8+58* 61+12vs.47+£06 -161%51*

Data are presented as mean + SEM and local laboratory reference range given in brackets. All serum results are obtained from fasting variables. BV HOMA
denotes biological variation of HOMA. Baseline differences between groups were nonsignificant (ANOvA).

*P < 0-05 for changes compared to baseline.

To convert values for insulin to picomoles per litre, multiply by 6. To convert values for SHBG to micrograms per decilitre, divide by 34-7.
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resistance in women with PCOS pre- and
post-treatment with metformin.

BMI

BMI reduced significantly with both metformin (P = 0-013) and
orlistat (P =0-005), with a trend to an increase with pioglitazone
after 12 weeks of treatment. There was no difference between the
decrease in BMI with metformin to that of orlistat, P = 0-07.

Biochemical hyperandrogenaemia

FAI reduced significantly in all the three groups (P =0-017 in
metformin, P=0-007 in orlistat and P=0-012 in pioglitazone).
There was no difference between the three treatments for the change
in FAL P = 0-85 (Kruskal-Wallis test).

Discussion

Metformin therapy has been shown to have beneficial short-term

6,10-16

effects on IR in nondiabetic women with PCOS, and its use

© 2009 The Authors

IR pre treatment

IR post treatment

in women with PCOS is now regarded as acceptable practice.
Pioglitazone'’** and orlistat’ have also been shown to improve the
metabolic and hormonal consequence of PCOS. This study aimed
to contrast and compare the metabolic changes and BV of IR that
followed treatment with these three medications in women with
PCOS.

We have shown that weight reduction with orlistat was comparable
to insulin sensitization with pioglitazone in leading to a significant
reduction of IR over the time course of the study while treatment
with metformin showed a trend to reduction. The apparent lack of
effect by metformin may have been due to its reduced efficacy in
subjects with a high BML>' The percentage reduction of IR was
largest with pioglitazone compared to metformin and orlistat, but
with respect to the reduction in hyperandrogenism, the effect of
pioglitazone was comparable to the other two treatments.

IR is much more variable in women with PCOS compared to
weight matched controls’ and this study has shown that only weight
reduction through orlistat reduced IR variability of the HOMA-IR

Journal compilation © 2009 Blackwell Publishing Ltd, Clinical Endocrinology, 70, 233-237
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Fig.2 Changes in biological variability of insulin
resistance in women with PCOS pre- and

post-treatment with orlistat.
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Fig.3 Changes in biological variability of insulin
resistance in women with PCOS pre- and

post-treatment with pioglitazone.
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IR post treatment

IR pre treatment

unknown. However, speculatively, insulin sensitization by metformin

measurements, whilst insulin sensitization had no effect. This suggests

and pioglitazone is unidimensional, in that both reduce IR largely

that physiological reversal of both mean and variability of IR occurs

through a single mechanism which, in turn, would seem to pre-

with weight loss, whilst only mean IR is reduced with insulin

dominantly influence only mean IR rather than its variability. In

sensitization. The reduction in variability within the same individual
by weight loss also indicates that the large variability in HOMA-IR
is likely to be a true reflection of fluctuant IR in these patients, rather
than an artefact. The HOMA model itself is a validated technique

comparison, weight loss (in this case with orlistat) is more likely to

have a multidimensional effect by modulating several factors associated

with IR and hence the reducing both mean IR and its BV.

While variability in IR has not been proven to add to the risk

of assessing IR’ and studies comparing it to other measures of IR

already present in patients with high mean IR values, glucose

22,23

such as clamp studies have shown it to be a good measure of IR

variability has certainly been found to be associated with increased

and in practical terms the only method for such frequent sampling

free radical damage independently of mean glucose in type 2 diabetes

to determine BV.

(TZDM).24 However, it is not known if this relationship is actually

Why should weight loss reduce the BV of HOMA when insulin
sensitization does not? It has to be accepted that the cause for such

a reflection of the inherent variability of IR found in T2DM and

PCOS.

alarge degree of variability in IR amongst PCOS patients is currently

© 2009 The Authors
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In summary, only weight reduction with orlistat resulted in a

significant reduction in insulin resistance and its variability whist

insulin sensitization with metformin and pioglitazone had no effect

on insulin resistance variability despite a significant reduction in

mean insulin resistance seen with pioglitazone.
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    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


