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Summary

The treatment of hypercholesterolemia with bided (BA) sequestrants results in
upregulation of BA synthesis through the classpedhway initiated by cholesterodi7
hydroxylase (CYP7A1). To characterize the detailgdamics of serum lipid and BA
concentrations and the BA synthesis rate in resptmreatment with BA sequestrants and to
determine whether the -203A/C promoter polymorphidithe CYP7AL encoding gene
(CYP7AL) affects such a response, this pilot study wasezhout in healthy men (8
homozygous for the -203A allele and 8 homozygoushe -203C allele o€YP7A1). The
subjects were treated for 28 days with coleseva@adblood was drawn for analysis before
and on days 1, 3, 7, 14 and 28 of treatment.

The response of lipids, BA, fibroblast growtktta-19 (FGF19) andofhydroxy-4-
cholesten-3-one (C4) to colesevelam did not difistween carriers of -203A and -203C
alleles; their data were then aggregated for furdim@lysis. Colesevelam treatment caused
immediate suppression of FGF19 concentration a@nefold increase in CYP7AL activity,
as assessed from C4 concentration, followed by% tiécrease in LDL-cholesterol.
Although total plasma BA concentrations were nfgced, the ratio of cholic acid/total BA
rose from 0.25+£0.10 to 0.44+0.16 during treatmenihe expense of decreases in

chenodeoxycholic and deoxycholic acid.
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Introduction

Bile acid (BA) sequestrants were originally rgeized as the first drugs to efficiently
decrease cholesterolemia and diminish the rislaafiovascular disease (1984a, 1984Db).
However, due to their low efficiency and limitedtipat compliance, they were replaced by
more potent statins. Interest in their use wasvegl/after the arrival of new sequestrants
(colestipol, colesevelam) that were better toletdg patients and, more importantly, after
they were demonstrated to have a positive effegfiyremic control (Zievet al. 2007).

The direct effect of sequestrants on BA uptakardshes their enterohepatic recirculation,
resulting in upregulation of BAe novo synthesis from cholesterol in the liver. The
consumption of intracellular cholesterol inducesramease in LDL receptor activity and,
subsequently, a drop in LDL-cholesterol concentrainsull 2006, Couture and Lamarche
2013).

Cholesterol @-hydroxylase (CYP7A1), the first and key regulatenzyme of the classical
pathway of BA synthesis, plays a critical rolehistprocess. Its expression is controlled by
two main regulatory feedback mechanisms (Chian@p®rst, BA returning to the liver
binds to the hepatic farnesoid X receptor (FXR) sadices expression of the small
heterodimer partner (SHP). SHP then inhibits e)goesof the cholesterolizhydroxylase
gene (CYP7AL). Second, BA, after binding to FXRemterocytes, induce the intestinal
expression of fibroblast growth factor 19 (FGFMMjch is then secreted into systemic
circulation. FGF19 interacts with FGF receptor &ZHR4) on hepatocytes and inhibits
expression of CYP7At%ia the MAPK/ERK1/2 signaling pathway.

Interestingly, several functional polymorphishave been identified in the promoter region
of the CYP7A1 gene. One of them, the -203A/C polgphesm (rs 3808607), has been shown
to affect cholesterolemia (Wamgal. 1998, Couturet al. 1999) and/or cholesterolemia

responsiveness to diet (Hubaetlal. 2003, Hofmaret al. 2004, Kovaret al. 2004) and also



modulate the effectiveness of statin therapy(Kajingt al. 2004, 2005). It is not clear yet
whether this polymorphism may also affect the raspao BA sequestrant therapy in healthy
men.

Increased synthesis of BA through the clasgiathway initiated by CYP7AL1 can also be of
great importance with respect to the recently raczagl role of BA as important signaling
molecules involved in the regulation of lipid, ghse® and energy homeostasis (Chiang 2013,
Vitek and Haluzik, submitted). It has been shovat BA sequestrant treatment affects the
concentrations of individual BA in circulation (Baw et al. 2010), which might have an
impact on their signaling role, in particular doenmtarked differences in the biological
activities of individual BA (Liuet al. 2014).

Therefore, in this pilot study of healthy merg eharacterized in detail the dynamics of the
responses of lipids, BA, FGF19 and alsehdroxy-4-cholesten-3-one (C4) (a plasma
marker of CYP7AL1 activity (Axelsoa al. 1991, Sauteet al. 1996)) to treatment with
colesevelam, a novel bile acid sequestrant. Taméte whether such a response is affected
by the promoter polymorphism of the CYP7A1 gene,dtudy was carried out in subjects
homozygous either for the -203A or -203C allel€dP7AL. We also analyzed the effect of
treatment on parameters related to glycemic coatrdlthyroid hormone metabolism, which

can also be affected by bile acid sequestranty€&ieal. 2007, Ockengat al. 2012).

Methods
Subjects and study design

Sixteen healthy men (eight homozygous for thedléle and eight homozygous for the C
allele) were selected from the employees of botligiaating institutions and from a number
of healthy subjects who participated in a preventhedical program (Vitedt al. 2013). The

exclusion criteria included triglyceride (TG) cont&tion higher than 2.0 mmol/l and



abnormal liver function tests (AST > 0.58 pkat/LLTA> 0.75 pkat/l). Both groups did not
significantly differ in age, BMI or lipid concentian upon entering the study (Table 1).

The subjects were administered colesevelam (Claglek®, Genzyme Europe B.V., the
Netherlands) for 4 weeks. Colesevelam (3.75 g/deap given in one daily dose taken with a
meal except of one subject who preferred to taketivo doses due to discomfort when
taking six large tablets at once. Blood for deteation of biochemical parameters was drawn
on the first day of treatment (day 0) before aggtian of the first dose of the drug and on
days 1, 3, 7, 14 and 28 of treatment. Blood sargplias carried out in the morning in a
fasting state at exactly the same time of a daarh of the subjects to diminish the effect of
diurnal variation. The blood was collected in tubath EDTA and immediately transferred to
ice. A dipeptidyl peptidase-4 (DPP4) inhibitor wakdled immediately after blood samples
were drawn for glucagon-like peptide 1 (GLP-1) gsel. Plasma samples were stored at -
80°C until the analyses were performed.

The protocol of the study adhered to the Priesipf the Declaration of Helsinki and was
approved by the Ethics Committee of the InstitoteGlinical and Experimental Medicine
and Thomayer Hospital in Prague, Czech Republicpatticipants gave their informed
consent.

Analytical methods

The concentrations of cholesterol, HDL-cholestara triglyceride in plasma were measured
using enzymatic kits from Roche Diagnostics (Mammh&ermany), LDL-cholesterol was
calculated based on the Friedewald formula, noeréisd fatty acids (NEFA) were
determined using a kit from Wako Chemicals GmbHr{&ay), and glucose using a kit from
Erba Lachema (Brno, Czech Republic). Insulin cotre¢ions were determined using a
radioimmunometric kit from Beckman Coulter (PragGeech Republic). Insulin resistance

was assessed using the homeostasis model asses$imentin resistance (HOMA-IR)



(Matthewset al. 1985). Thyroxine (T4), free thyroxine (fT4), trlothyronine (T3), free
triiodothyronine (fT3) and thyroid-stimulating hoome (TSH) were determined using
radioimmunoassay kits (Beckman Coulter, PragueciCRe=public). Fibroblast growth
factor-19 (FGF-19) was measured using ELISA kit (R&ystems, Abingdon, UK) and total
GLP-1 and active GLP-1 (i.e. intact functional GLPwot subjected to the action of an
endogenous DPP-4 inhibitor) also with ELISA kit${B Millipore, St Charles, USA).

Serum levels of bile acids were determined as destpreviously (Setchell and Lawson
1989, Haluzikovat al. 2013). The levels ofafhydroxy-4-cholesten-3-one (C4) were
determined by HPLC and mass spectroscopy. BrigflQ, ul of serum and 2 ng of the internal
standard (@-hydroxy-4-cholesten-3-one d7, Santa Cruz Biotetdgyg USA) in 40 pl of
methanol were mixed and extracted as previouslgrte@ (Lenicelet al. 2008a). The

purified sample was dissolved in 50 pl of 75 % raatil, 15 ul were injected on HPLC
system (Dionex Ultimate 3000, Dionex Softron Gmd¢rmany) equipped with a Hypersil
GOLD column (150x2.1 mm, 3 um, Thermo Scientifi§A) and SecurityGuard column
(Phenomenex, USA). The sample was separated byanmwtfLC-MS grade, Biosolve BV,
the Netherlands), water and ammonium acetate (LGgM8e, Sigma-Aldrich, USA) at a
flow rate of 0.3 mL/min (40 °C). While the ammoniwaretate concentration was kept at 0.1
% (w/v) at all times, methanol concentrations (wi@re as follows: 1-8 min 82 %-90 %; 8-10
min 90 %; 10-12 min 99 %; 12-17 min 82 %.

A triple quadrupole mass spectrometer (TSQ Quamtooess Max with an H-ESI 1l probe,
Thermo Fisher Scientific, Inc., USA) operating ilMSnode was used as the detector.

Transitions used for monitoring C4 and the intestahdard were: m/z 401.4 177.3, 401.4

- 383.6 and 408.4. 184.3, 408.4- 390.6, respectively.



Genotyping

Determination of the -203A/C genotype of CYP7A1 wasied out as described earlier
(Leniceket al. 2008Db).

Statistics

The effect of the CYP7A1 genotype on changes tpatmeters during the study was
evaluated using ANOVA for repeated measures withgnouping factor (genotype). Data for
analysis were logarithmically transformed whereassary. ANOVA for repeated measures
or its non-parametric variant (the Friedman testjerthen used for analysis of the pooled
data from all subjects. Corresponding post hos teste carried out where significant
differences were detected using ANOVA or the Friadrtest (GraphPad InStat 3.00,

GraphPad Software, San Diego, CA, USA).

Results

The treatment with colesevelam was well toletdg all the subjects in the study and
resulted in expected decrease of cholesterol arldCIn all of them (Table 2).
The effect of the -203A/C polymorphism on CYP7AL activity and the response of
cholesterol to treatment with colesevelam

There were no significant differences betweemdmygous carriers of -203A and -203C
alleles for all parameters measured in the studhaseline (day 0) (Table 1). Importantly,
when the ANOVA for repeated measures with one graufactor (genotype) was used to
analyze the response of lipids, C4, FGF-19, BA parédimeters related to glucose control and
thyroidal function to colesevelam therapy, no digant differences between carriers of
-203A and -203C alleles were detected (data notshdnterestingly, the concentration of
C4 was more than twice as high, albeit not sigaiftty, in homozygous A allele carriers as in

C allele carriers on day 0 of the study (29.4 92&. 12.6 £ 7.8 pg/l, p = 0.115). However,



the response of C4 concentration to the therapyadidliffer between -203A and -203C
carriers (data not shown). Therefore, all otheha®s of the effect of colesevelam treatment
were carried out for all sixteen subjects altogetregardless of genotype.

The effect of colesevelam treatment on lipoproteins

Cholesterolemia decreased by 8 % after a wegleatment and remained stable till the end
of the study (Table 2). This decrease was causethlapproximate 17 % decrease in LDL-
cholesterol, which had already become significétetr 8 days on colesevelam (Table 2, Fig.
1A). Neither HDL-C nor TG concentration was affecty the treatment. Although the mean
TG concentration rose only non-significantly durscaesevelam therapy, transient elevations
in TG concentration were observed in 5 subjectsiomccasions (triglyceridemia was more
than twice as high when compared to day 0).

The effect of colesevelam treatment on regulation of BA synthesis and concentration

Concentration of FGF19 dropped to approximabely third of the baseline value as early
as on the first day of therapy and remained atléwesl until the end of the study (Fig. 1C).
Simultaneously, the concentration of C4 — a plasragker of CYP7AL activity — increased
more than twofold on day 1 and progressed to fidefigher levels on day 3, but did not then
change further (Fig. 1D).

Treatment with colesevelam had no significafectfeither on total concentrations of
plasma BA (Table 2, Fig. 1B) or individual BA, extdor concentration of DCA, which was
markedly suppressed after 3 and 7 days of therbglyl€ 2). However, the ratio of CA/total
BA rose from 0.25 + 0.10 at the beginning of thedgtto 0.44 + 0.16 at the end and the ratio
of CDCA/total BA dropped from 0.40 + 0.13 to 0.3D08 (Fig. 1E). Moreover, the share of
the sum of both primary BA, CA and CDCA from théaldBA concentration rose from 0.65

+0.17 t0 0.76 + 0.14 (Fig. 1F).



The effect of treatment on parameters related to glycemic control and thyroidal function

A transient 5 % decrease in glycemia was obskeoveday 3 of the study (Table 3).
However, treatment with colesevelam had no sigaifieffect on insulin or on total and
active GLP-1 concentrations in our group of heattign. Also, HOMA-IR was not affected
by the treatment.

Treatment with colesevelam resulted in a transrarease in TSH concentration, peaking
on day 7 (Table 3). Neither total nor free thyrofid) concentrations were affected by the
coleveselam treatment, although both total andtfieelthyronine (T3) concentrations tended
to be somewhat higher at the end of the study.r@tie of T3/T4 was approximately 10 %

higher at the end of the study.

Discussion

In our pilot study of healthy men, we documdnatttreatment with colesevelam, a new
generation BA sequestrant, resulted in an immediatenregulation of FGF-19 concentration
followed by a severalfold increase in BA synthesithin three days and a decrease in LDL-
cholesterol concentration within a week. Althouddisma concentrations of total BA were
not affected (presumably due to low baseline leirethe healthy individuals of the study),
changes to the spectrum of individual BA, charazter by an increase in CA and a decrease
in CDCA, were observed. These changes were nattaffdy the promoter polymorphism of
CYP7AL.

The -203A/C polymorphism, which has been presipshown to affect cholesterolemia
and cholesterol responsiveness to diet, did nohdedave any effect on the response of BA
synthesis and plasma cholesterol to treatmentauibsevelam in healthy volunteers. It can
be assumed that due to the high loss of BA asudt i@streament with the BA sequestrant,

CYP7AL activity must have been markedly upreguléecompensate for depletion of the



BA pool. The extent of such a depletion shouldtodie affected b YP7A1 promoter
polymorphism and may be the driving force in theegpilation of CYP7AL activity.
Therefore, under these conditions, the rate of pRlesis may not have been affected by the
CYP7AL polymorphism.

Because there were no differences between BO8A-and -203C allele homozygous
carriers at all, we aggregated all subjects foothler analyses.

It is worth noting that the response of FGF-d.$he treatment was immediate — it dropped
to 30 % of the baseline values as early as on dayd1did not change further (Fig 1A). The
activity of CYP7AL, as assessed from C4 concewinatlso responded very quickly — it
reached its maximum on day 3 and then did not ahamgnificantly (Fig 1A). The increased
consumption of hepatic cholesterol for BA synthessulted in a 13 % reduction of LDL-
cholesterol (Fig. 1A), which fully explains the dease of total cholesterol concentration
because the HDL-C concentration was unaffected fihnaéreduction of 17 % and 8 % for
LDL-C and total cholesterol, respectively, seembdan the line with other studies (Insull
2006). Importantly, although mean triglyceridenmoae during the study, the increase was not
significant. When the data were thoroughly examjnmesinoticed transient elevations of
triglyceridemia in some subjects. It has been ssiggkthat BA downregulate triglyceride
synthesis and VLDL secretiama a pathway involving FXR, SHP and SREBP-1c (Watanab
et al. 2004). It cannot be excluded that this signaliathpray is indeed attenuated in certain
subjects during colesevelam treatment because plytimCA, whose proportion is lower
during the treatment, is a weak agonist of FXR (dvral. 1999).

Importantly, coleveselam treatment did not affetal fasting BA concentrations, probably
due to their overall low plasma concentrationsun leealthy subjects. However, there were
marked changes in the spectrum of individual BAeButhe high variability of individual

BA concentrations, the changes to individual BAaantrations did not reach statistical
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significance during the study, except for a tramisdecrease in DCA concentration. However,
the ratio of CA/total BA increased 1.8 times wittimee days and then remained stable
during the treatment. This increase took placbaekpense of CDCA and DCA
concentrations. Moreover, the ratio of (CA + CD@¥/also increased after the treatment,
indicative of the higher contribution of primary B# the total BA pool. These findings are in
relatively close agreement with those of Bruéhal. (Brufauet al. 2010) who demonstrated
that the BA pool becomes more hydrophilic afteeselelam treatment in both healthy and
diabetic subjects. Based on our data, we can qaguate on the mechanisms behind these
changes. First, the increase in the proportionAhtay be due to the higher affinity of
colesevelam for more hydrophobic BA. But this seemigkely because colesevelam was
designed to bind to CA with higher efficiency (IH2006). Second, the higher proportion of
CA may result from the increased activity of stet@h-hydroxylase (CYP8B1). This enzyme
is responsible for CA synthesis and its expressiwagulated through the action of FXR and
SHP in exactly the same way as expression o€¥#7A1 gene (Goodwiret al. 2000). Third,
the proportion of CA may increase because of teta@onversion to DCA in the intestine.
This could provide an explanation for the transegtrease of DCA after 3 and 7 days of
treatment and also for the increased proportigorioiary BA in the total plasma BA pool. It
cannot be excluded that BA (when bound to colesewkehre better protected against the
metabolism by intestinal microbiota or that coledamnper se affects the composition and
metabolism of intestinal microbiota resulting ire thuppression of CA transformation.

Changes to the BA profile in plasma may haveoagunced impact on BA signaling in the
systemic circulation. Some of the positive effaftsolesevelam are assumed to be caused by
the interaction of BA with the FXR and TGRS receptddiowever, hydrophilic CA is a

weaker ligand for these receptors (Wahgl. 1999, Sat@t al. 2008), so it may be then
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expected that the more hydrophilic BA profile mamuhish the activation of these receptors
in circulation.

Despite the comprehensively described effecbtdsevelam treatment on glycemic control,
we did not observe any significant effect of coledam therapy on insulin, total and active
GLP-1 concentrations or HOMA-IR in our healthy mbenour study, we noted only a
transient decrease in glycemia. These findingsrarelatively close agreement with
observations that HOMA-IR improves after treatmeith colesevelam in diabetics only, and
not in healthy controls (Brufaet al. 2010). Therefore, it cannot be excluded that thetjye
effect of BA sequestrant therapy on glucoregulati@y be seen only in subjects who are
insulin-resistant, not in healthy subjects withmat insulin sensitivity.

Similar to the effect of the treatment on glyeewcontrol, only transient and modest
changes were observed in levels of TSH and T3 cdratens. It has been shown that BA
activate a cyclic-AMP-dependent thyroid hormoneiclhn turn activates type 2
iodothyronine deiodinase — an enzyme responsiblthéoconversion of T4 to T3 — through
activation of the TGR5-signaling pathway (Watanetbd. 2006). However, such an effect is
unlikely after colesevelam treatment, since hydiap&A binds to TGR5 with a lower
affinity than CDCA and DCA, which are more hydropio(Satoet al. 2008).

We are aware that there are some limitatiormitstudy — the sample size was small and
the method used to evaluate BA concentrations @licafiow us to discriminate between
conjugated and unconjugated BA. Moreover, the catnaBons of BA in fasting plasma may
not have corresponded to the changes in BA corat@is in portal circulation. In addition,
the study was carried out in healthy subjects aindrinot be excluded that the results in
patients that are insulin-resistant may be differen

Based on our pilot study, it can be concluded the -203A/C polymorphism of the

CYP7AL gene does not affect the response of cholestei@kand/or BA synthesis to
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colesevelam treatment, at least in healthy subjéugsortantly, we document that CYP7A1
activity is downregulated immediately after initgat of therapy. Although the treatment does
not affect plasma BA concentration, it results iarpunced changes in their spectrum,
characterized by an increase in hydrophilic CA.t@mother hand, it does not appear that BA
sequestrant treatment has any significant effat{samameters related to glycemic control and

thyroidal function in healthy, insulin-sensitivebects.
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Figurel
Theresponse of selected parameters of lipid and BA metabolism to treatment with

colesevelam

Data are mean + SD.

LDL-C ... low density lipoprotein-cholesterol, BA bile acids, C4 ...afhydroxy-4-
cholesten-3-one, FGF19 ... fibroblast growth fadi®y CA ... cholic acid, CDCA ...
chenodeoxycholic acid, DCA ... deoxycholic acid.

* ... p <0.05 vs baseline
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Tablel

Baseline characteristics of subjects separated according to the CYP7A1 genotype

AA cC
n 8 8 p value
age [years] 40.7£9.0 43.2+13.8 0.677
BMI [kg/m?] 254+21 240+27  0.258
cholesterol [mmol/l] 5.64+0.80 4.94+1.46 0.259
LDL-C [mmol/I] 3.77+0.63 297+1.17 0.118
HDL-C [mmol/I] 1.32+0.31 1.41+0.20  0.490
TG [mmol/l] 1.23+0.30 1.24+0.67 0.955
glucose [mmol/l] 5.50+£0.43 5.38 £0.37 0.547
C4 [ug/l] 294+219 126+7.8  0.115
FGF-19 [ng/I] 144 +90 187+142  0.573
BA [pmol/l] 1.60 238 0721
(0.92-3.25)  (1.07-3.43)
CA [Hmol/l] 0.27 053  0.279
(0.14-0.78)  (0.32-1.29)
CDCA [umol/I] 0.53 0.78 0.599
(0.42-1.13) (0.51-1.52)
DCA [umol/l] 0.85 0.30 0.270
(0.36-1.20) (0.20-0.66)

Data are mean £ SD or median (IQ range), deperatinge data normality. There were no
significant differences between groups. Differenoesveen groups were evaluated using the

unpaired t-test or the Mann-Whitney rank-sum tekgre appropriate.
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AA, CC ... homozygous carriers of the -203A and3Q@lleles of th€YP7A1 gene,

BMI ... body mass index, LDL-C ... low-density lipmtein cholesterol, HDL-C ... high-
density lipoprotein cholesterol, TG ... triglycexjdC4 ... @-hydroxy-4-cholesten-3-one,
FGF19 ... fibroblast growth factor-19, BA ... bdeids, CA ... cholic acid, CDCA ...
chenodeoxycholic acid, DCA ... deoxycholic acid A.C. lithocholic acid, UDCA ...
ursodeoxycholic acid. Lithocholic and ursodeoxyahatid concentrations are not shown

because they were under the limit of detection astnsubjects.
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Table?2

Theresponse of lipids, lipoproteins and bile acids to treatment with colesevelam

Day ANOVA
0 1 3 7 14 28

cholesterol 5.29 5.33 5.00 4.88** 4.83** 4.85**  <0.001
[mmol/l] +1.19 +1.13 +1.02 +1.0 +0.86 +0.91

LDL-C 3.37 3.43 2.92* 2.81* 2.74* 2.80*  <0.001
[mmol/l] +1.00 +1.00 +0.76 +0.83 +0.60 +0.85

HDL-C 1.36 1.34 1.30 1.38 1.39 1.43 0.098
[mmol/] +0.25 +0.26 +0.29 +0.27 +0.30 +0.30

TG 1.23 1.22 1.72 1.51 1.53 1.36 0.190
[mmol/] +0.50 +0.46 +1.22 +0.80 +1.11 +0.81

BA 1.91 1.56 1.25 1.49 1.84 1.40 0.7718
[umolll] (0.97-4.08) (0.80-4.27) (0.81-2.17) (0.95-2.06) (0.98-5.45) (1.05-1.82)

CA 0.38 0.45 0.42 0.54 0.67 0.45 0.1558§
[umol/l] (0.18-1.33) (0.20-1.54) (0.25-1.15) (0.32-1.06) (0.40-1.37) (0.42-0.93)

CDCA 0.65 0.49 0.43 0.42 0.58 0.46 0.654 8§
[umoll] (0.39-1.25) (0.32-0.98) (0.23-0.88) (0.38-0.66) (0.32-0.71) (0.36-0.72)

DCA 0.44 0.34 0.17* 0.24* 0.27 0.26 0.003 §
[umolll] (0.24-1.15) (0.16-0.83) (0.12-0.33) (0.18-0.37) (0.16-0.55) (0.17-0.41)

Data are mean £ SD or median (IQ range). ANOVAignificance calculated by ANOVA

for repeated measures or using the Friedman test.f < 0.01 vs day G,... p < 0.05 vs day
1,°...p<0.0lvsday3$,.. p<0.05vsday 7.

LDL-C ... low-density lipoprotein cholesterol, HDC-... high-density lipoprotein cholesterol,
TG ... triglyceride, BA ... bile acids, CA ... ciohcid, CDCA ... chenodeoxycholic acid,
DCA ... deoxycholic acid. Lithocholic and ursodeolglic acid concentrations are not shown

because they were under the limit of detection astnsubjects.
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Table3

Theresponse of parameter s of glycemic control and thyroidal function to treatment with

colesevelam
Day ANOVA

0 1 3 7 14 28
glucose 5.44 5.33 5.16* 5.23 5.22 5.46 0.013
[mmol/l] +0.40 +£033 +0.32 +£033 +039 +043
insulin 6.5 6.2 5.9 5.7 5.0 54 0241
[mIU/] +3.6 +2.2 +2.7 +3.0 +2.4 +2.7
HOMA-IR 1.61 1.48 1.36 1.34 1.16 1.32 0171

+0.97 057 +0.62 +075 +057 +0.70
active GLP-1 2.87 2.96 3.10 3.21 2.93 3.00 0.981
[pmol/I] +0.86 +0.93 +110 +£138 +068 +0.91
total GLP-1 9.00 8.53 11.08 10.72 10.24 10.48  0.150
[pmol/l] +342  +£420 +720 +483  £620 +7.97
TSH 3.22 3.00 2.95 3.8° 3.34 2.83  0.001
[umol/l] +172 +£136 +130 +£187 +149 125
T4 77.2 77.6 77.4 77.4 76.8 75.7  0.943
[nmol/l] +10.7  +£147  +112 +97  +£104  +10.1
free T4 15.3 15.4 15.1 14.9 15.3 151  0.713
[pmol/l] +2.2 +2.0 +2.1 +1.9 +2.0 +2.0
T3 1.61 1.62 1.52 1.57 1.66 1.69  0.007
[nmol/I] +0.20 022 +015 023 +031 +0.25
free T3 5.00 5.00 4.80 4.92 5.25° 5.09 0.011
[pmol/l] +0.84 +£072 +0.82 +061 +071  +0.64
1000*T3/T4 20.2 20.6 19.8 20.3 220  22.4°°  0.0048§

+2.4 +1.8 +2.2 +25 +3.0 +2.4

free T3/free T4 0.331  0.329 0.319 0.334 0.349 0.342  0.385

+0.057 +0.054 +0.053 +£0.047 +0.065 +0.054
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Data are mean + SD. ANOVA ... significance calcedbatrom ANOVA for repeated measures
and/or from § the Friedman teSt.. p < 0.05 vs day ®,... p < 0.01 vs day 3.... p < 0.05 vs
day 7.

HOMA-IR ... insulin resistance from the homeostasdel assessment, GLP-1 ... glucagon-

like peptide 1, TSH ... thyroid-stimulating hormoid ... thyroxine, T3 ... triiodothyronine.
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