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Abstract

Purpose To study whether different hormonal phases affect appetite regulation, food intake, and concentrations of leptin,
glucagon-like peptide-1 (GLP-1), and high-sensitivity C-reactive protein (hs-CRP) during a long agonist in vitro fertiliza-
tion (IVF) protocol.

Methods Fifty-four infertile women were encountered thrice, the first of which was at the beginning of their period (low
estradiol). The other two visits were during a gonadotrophin-releasing hormone (GnRH) analog downregulation (low estra-
diol) and at the end of a follicle-stimulating hormone (FSH) stimulation (high estradiol). The first visit was the reference; the
women served as their controls. The concentrations of leptin, GLP-1, and hs-CRP were assessed from plasma. Dietary intake
was assessed using food records (FRs). In addition, weight, height, body mass index (BMI), and plasma levels of estradiol,
glucose, HbAlc, insulin, and lipids were monitored. Twenty-six of the subjects also had a postprandial test.

Results During the stimulation protocol, leptin concentrations elevated (P <0.001), and energy intake decreased (P =0.03),
while estradiol levels increased (P <0.001). GLP-1 levels unchanged (P =0.75) and hs-CRP (P =0.03) concentrations dimin-
ished, while estradiol levels increased.

Conclusion No increased food intake or weight gain occurred during the stimulation protocol; thus, leptin may protect
from overeating during high estradiol levels, and leptin resistance may not occur during a short follow-up. Also, a favorable
anti-inflammatory effect was detected. During this study, we observed no harmful metabolic effects, which might affect
negatively maternal health.

Keywords Infertility - In vitro fertilization - Appetite regulation - Estradiol - Leptin

Abbreviations What does this study add to the clinical work
GLP-1  Glucagon-like peptide-1

hs-CRP High-sensitivity C-reactive protein
IVF In vitro fertilization

FSH Follicle stimulating hormone
GnRH  Gonadotrophin-releasing hormone
BMI Body mass index

NS Non-significant

LDL Low-density lipoprotein

HDL High-density lipoprotein

SD Standard deviation Introduction
SEM Standard error of mean

No increased food intake or weight gain occurred
during the long agonist IVF protocol, and a ben-
eficial anti-inflammatory effect was noticed. Thus,
no harmful metabolic effects were observed, which
might negatively affect maternal health.

Sex hormones have essential roles in regulating appetite, food
intake, and energy metabolism by interacting with gastroin-
D Jonna Leppénen testinal peptides, neurotransmitters, and adipocytes [1, 2].

jonna.leppanen @kubh.fi A . .
Estrogen inhibits food intake, but in the presence of estrogen,
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progesterone enhances appetite and promotes weight gain (2).
Thus, food intake varies during the menstrual cycle [2]. A
mean food intake is reduced during the periovulatory phase
of the menstrual cycle when estradiol levels are high [3, 4].

Adipocytes produce leptin. It inhibits food intake and
involves energy expenditure, storage of fat, and insulin sign-
aling [5]. When bodyweight is steady, leptin levels are an indi-
cator of body fat mass. In turn, during weight loss or weight
gain phases, leptin signals for an energy imbalance. Leptin
informs the central nervous system about the abundance and
availability of energy deposits [6]. Decreased leptin concen-
trations induce hunger, whereas high leptin concentrations in
obese individuals due to chronic overfeed lead to leptin resist-
ance [5].

Glucagon-like peptide-1 (GLP-1) is an anorexigenic pep-
tide hormone released in response to a meal from the intestinal
mucosa enteroendocrine cells. It is one of the gut peptides
that increases satiety and suppresses appetite in normal-weight
individuals [7]. GLP-1 receptors are located in the central
nervous system and the periphery [8, 9]. In addition, GLP-1
stimulates insulin release in pancreatic 3-cells, thus also regu-
lating glucose homeostasis [7]. GLP-1 concentrations are low
at fasting conditions; however, increasing rapidly after eating
fat or carbohydrates. Hence, GLP-1 regulates food intake, and
the administration of exogenous GLP-1 or its long-acting ana-
logs reduces food consumption [9].

Hs-CRP is a marker of low-grade inflammation, and it
is chronically elevated in patients with atherosclerosis and
obesity [10]. It is a robust independent predictor of future
atherothrombotic events among people without known car-
diovascular disease [10]. Hs-CRP facilitates the adhesion
and migration of monocytes into the arterial wall, and it also
has an inhibitory effect on nitric oxide synthesis following
altered vascular reactivity [6].

Estradiol levels are deficient at the beginning of a men-
strual cycle and the beginning of a long agonist IVF protocol
when patients are using GnRH-agonist medication. After
that period, patients start FSH stimulation and estradiol lev-
els increase. Estrogen concentrations may be tenfold greater
than levels during the ovulatory phase in a normal menstrual
cycle.

Our study aimed to examine appetite regulation, food
intake, and release of leptin, GLP-1, and hs-CRP in differ-
ent hormonal phases during a long agonist IVF protocol.

Methods
Participants
We studied 54 infertile women, ranging in age from 24 to

40 years (33 +4 years, mean + SD), who attended a long
agonist IVF protocol in the Kuopio University Hospital
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infertility clinic. Subjects were recruited from the infertility
clinic while meeting the doctor for IVF treatment planning.
Twenty-six of the subjects participated in a postprandial test,
and the rest twenty-eight patients had only fasting blood
samples of the different variables.

Study protocol and meal

The subjects were encountered thrice. The first time (Visit
1) was at the beginning of the menstrual cycle without any
hormonal treatment (from the second to the fifth days of the
period). Then, agonist medication (GnRH-analog, nafare-
lin acetate 800 mcg/day) was initiated approximately one
week before the next period. The patient came to the subse-
quent control (Visit 2) about one month after Visit 1. Then,
patient's estradiol level was supposed to be very low, like in
postmenopausal level. In Visit 2, subjects started the con-
trolled ovarian stimulation with FSH. The FSH dose var-
ied from 125 to 300 IU, and it was adapted to the patient's
body mass index (BMI), ovarian reserve, and age. In Visit
3, subjects met the doctor for the third time after administer-
ing FSH daily for nine days. Then, the estradiol levels were
supposed to be increased compared to periovulatory levels
during a normal menstrual cycle. Blood samples and clinical
measurements were obtained at every three visits. For the
hormonal intervention, primary outcome variables were the
concentrations of leptin, GLP-1, and hs-CRP.

A postprandial test was performed for 26 of the 54
patients. First, fasting samples were taken (0 min) and then
subjects ate a standard breakfast (185 g (g) of porridge,
150 g yogurt, and a glass of water, a total of 266 kcal).
Next, they had a cannula in the antecubital vein, and a nurse
took blood samples at 30, 60, 120, and 240 min (min). At
all three visits, plasma levels of leptin, GLP-1, and hs-CRP
were determined at those five time points.

Secondary outcomes were serum levels of glucose,
HbAlc, insulin, estradiol, and plasma lipid levels. If data
from any of the three visits were missing, the patient was
excluded from the study, except levels of glucose and HbAlc
(n=153), insulin (n=48), and leptin (n=44).

Height and weight were measured at each visit, and BMI
was calculated. All laboratory tests and data on appetite pro-
file and dietary intake were blindly analyzed by personnel
who had no information of the IVF cycle phase.

Appetite profile and dietary intake

Dietary intake was assessed using food records (FRs), in
which food and beverage intakes were reported for three
consecutive days before each study visit. Participants who
failed to fill FRs beforehand were advised to fill their FR
on the days following the study visit. Portion sizes were
weighed or estimated using household measures. Thirteen
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participants who failed to fill all three FRs were excluded
from the nutrient intake analyses. Nutrient intake from
the diet (i.e., vitamin and mineral supplements excluded)
was calculated using AivoDiet software (version 2.2.0.0.,
AivoFinland Oy, Turku, Finland) based on national and
international analyses, and international food composition
tables (fineli.fi).

Blood samples

Overnight fasting blood samples (12 h) were taken and
analyzed in the laboratory. Samples were centrifuged at
2000 rpm for 10 min, and serum plasma was separated. All
lipid, estradiol, and hs-CRP determinations were analyzed
using standard methods, as previously described [11, 12].
Total GLP-1 was analyzed with Cloud-Clone Corp., ELISA
(LOT: L190104265, Exp. Sep. 2019), with a working range
of 12.35 pg/ml-1000 pg/ml. Leptin was determined with
R&D systems (a Bio-techne brand, Quantikine ELISA.
Catalog No. DLP00, LOT: P221489, Exp. 03 Nov 2020),
with measurement lower boundary under 7.8 pg/ml. Glu-
cose was analyzed by enzymatic method with hexokinase
using Cobas 6000 (c 501) analyzer (Hitachi High Tech-
nology Co, Tokyo, Japan). Reagent assessed was Glucose
HK (GLUC3), (cat. nro 04404483 190, Roche Diagnostics
GmbH, Mannheim, Germany. ACN 717). The measuring
range was 0.1-41.6 mmol/l. HbAlc was determined by
Turbidimetric inhibition immunoassay (TINIA) with Cobas
6000-analyzer (Hitachi High Technology Co, Tokyo, Japan).
Reagents used: 1. Tina-quant Hemoglobin Alc Gen.3
(A1C-3), (Cat. no. 05336163 190, Cobas c systems, Roche
Diagnostics GmbH, Mannheim, Germany), 2. Hemolyzing
Reagent Gen.2 (A1CD2), (Cat. No. 04528182 190, Cobas ¢
systems, Roche Diagnostics GmbH, Mannheim, Germany),
and 3. Special Cell Cleaning Solution (SCCS), (Cat. No.
04880994 190, Cobas c systems, Roche Diagnostics GmbH,
Mannheim, Germany). Measuring range was Hb 40—400 g/1,
HbAIc 3.0-26.0 g/1, unit mmol/mol. Insulin was assessed by
ECLIA with a Cobas e 601-analyzer (Hitachi High Technol-
ogy Co, Tokyo, Japan). Reagent assessed was Insulin, (cat
nro 12017547 122, Roche Diagnostics GmbH, Mannheim,
Germany). The measuring range was 0.2—-1000 mU/1.

Statistical analyses

Statistical analyses and calculations were done with IBM
SPSS Statistics (version 27 for Macintosh, Armonk, NY.)
and R (version 4.2.1). Descriptive data are expressed as
means + SD in tables and as means (95% Confidence inter-
vals) in figures. Kolmogorov—Smirnov test was performed
to test distribution's normality. This test exhibited skewed

distributions in main variables, and statistical analyses were
accomplished with non-parametrical tests. Friedman’s test
was used to detect the difference in the values between sepa-
rate time points. If the significance was observed between
time points, Wilcoxon's test analyzed differences between
two time points. The responses to the postprandial tests were
compared between the study visits using repeated-measures
ANOVA, with log10-transformed values of either leptin,
GLP-1 or hs-CRP concentration as the dependent vari-
able and postprandial time point and study visit as within-
subjects factors. Univariate correlations were defined using
Spearman correlation. P <0.05 was considered statistically
significant.

Dietary data were analyzed using IBM SPSS Statistics
(version 27, IBM inc., Armonk, New York) and R (version
4.2.1). Shapiro—Wilk test was used to assess the normality
of the data. Non-normally distributed variables were log10-
transformed. Repeated-measures ANOVA and Friedman test
were used for normally and non-normally distributed vari-
ables, respectively. Bonferroni correction was applied to all
post hoc tests. A two-tailed P-value of <0.05 was considered
as statistically significant.

Results

The clinical characteristics in Visits 1, 2 and 3, and responses
to a long agonist IVF protocol are shown in Table 1.

The values in leptin, GLP-1, and hs-CRP at three visits
are shown in Fig. 1. Leptin levels varied significantly dur-
ing the IVF stimulation, and those levels were at the low-
est in Visit 2. The highest leptin levels were reached at the
third Visit. The changes in GLP-1 values were statistically
non-significant. The values in hs-CRP declined significantly
throughout the protocol from Visit 1 to Visit 3.

The changes in insulin and HbA1c levels were non-signif-
icant (Table 1). Fasting glucose levels diminished between
Visits 2 and 3 (Table 1).

Lipid profile changed through Visits 1, 2, and 3 (Table 1).
Total and LDL cholesterol concentrations decreased towards
the end of stimulation, and also, the total/HDL cholesterol
ratio diminished between Visits 2 and 3. However, HDL cho-
lesterol and triglyceride level were unchanged significantly.

The values of leptin, GLP-1, and hs-CRP during a post-
prandial test in three visits are presented in Fig. 2.

The changes in GLP-1 levels in three visits were
non-significant.

The leptin values were analyzed from 19 subjects at each
Visit for the postprandial test since some values were miss-
ing. Leptin levels were unchanged in Visit 1. In Visits 2
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Table 1 Clinical characteristics
and responses to a long agonist
IVF protocol

Fig. 1 Fasting plasma concen-
trations of leptin (a), glucagon-
like peptide-1 (GPL-1, b), and
high-sensitivity CRP (hs-CRP,
¢) at three visits. Points and
error bars indicate means and
their 95% confidence intervals

and 3, leptin values changed significantly. The most notable
change in leptin values in Visit 2 was between 30 and 60 min
(P=0.02), and in Visit 3, between 0 and 30 min (P =0.04).

@ Springer

Visit 1 Visit 2 Visit 3 P-value
Age (years) 33+4 - - -
Gravity 0.6+0.9 - - -
Para 0.3+0.5 - - -
Height (cm) 166 +5 - - -
Weight (kg) 69.9+14.3 69.9+14.1 69.7+13.8 -
Body mass index (kg/m?) 253+5.2 253+5.1 253+5 -
Glucagon-like peptide-1 (pg/ml) 34.1+5.8 33+54 33.1+5.6 NS
Leptin (pg/ml)* 17,887.3 16113.4 21356 <0.001
+13661.2% +14397.3§ +16038.2
High-sensitive C-reactive protein (mg/l) 3.5+8% 23+5.1 1.8+3.5 0.03
Insulin (mU/1)° 6.9+3 T+4.7 82+73 NS
Glucose (mmol/l) 5.3+0.4# 53+04 5.1+0.40 0.002
Hemoglobin Alc (mmol/mol)° 329425 32.8+2.8 32.6+2.7 NS
Total cholesterol (mmol/l) 4.7+0.8% 4.9+0.8° 45+0.7 <0.001
LDL cholesterol (mmol/I) 2.8+0.7+ 2.9+0.78 25407 <0.001
HDL cholesterol (mmol/1) 1.7+0.3 1.7+0.3 1.7+0.3 NS
Triglycerides (mmol/l) 0.8+0.3 0.8+0.3 0.8+0.3 NS
Total/HDL cholesterol 2.9+0.8+ 3+0.7 2.7+0.7 <0.001
Estradiol (nmol/1) 0.2+0.1% 0.1+0.1° 6.4+55 <0.001
Estradiol (nmol/l)e 0.04-0.75 0.04-0.61 0.63-31.5
The values are means +SD
¢ *P <0.05 Visit 1 vs. Visit 2
#P <0.05 Visit 1 vs. Visit 3
$P <0.001 Visit 2 vs. Visit 3
P <0.05 Visit 2 vs. Visit 3
TP <0.001 Visit 1 vs. Visit 3
P <0.001 Visit 1 vs. Visit 2
oA range of estradiol values
in=44
Pn=48
‘n=>53
a Leptin b GLP-1 C hs-CRP
301 P =0.004 371 "
W P=0.03
- . 361
251
351
E 2 £ ®
c o
331
151
321 1
101 311 0
1 2 1 2 3 1 2 3
Visit Visit Visit

The hs-CRP values decreased in Visits 1 and 2, but at

the third Visit, the change was non-significant. The most
notable change in hs-CRP levels in Visit 1 was between 0
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Fig.2 Changes in plasma
concentrations of leptin (a),

Visit - 1 = 2 4 3

glucagon-like peptide-1 (GPL- a Leptin b cLP-1 C hs-CRP
1, b), and high-sensitivity CRP 30 Primesvisi = 0.045 a8 Prinoavisi =036 6 Prinoavist =011
(hs-CRP, ¢) in response to the
postprandial test at three Visits. 25 36 5
Points and error bars indicate 34 4
means and their 95% confidence - 20 I h — _
. € E s
intervals > 32 23
S5 < I %
30 2
10 28 1
5 26 0
0 3060 120 240 0 3060 120 240 0 3060 120
Time, min Time, min Time, min
Table 2 Changes in nut.r ient Mean + SD or median (Q1; Q3) p-value  p-value of post hoc tests®
intake based on 3-day dietary
records (n=52) Visit(s) 1 2 3 1vs.2 2vs.3 1vs.3
Energy (kcal) 1940+422  1914+426  1795+337  0.025 1.000 0.172 0.026
Protein (E%)" 18.1+4.0 18.1+3.6 17.8+3.8 0.690 - - -
Carbohydrate (E%) 43.8+6.7 433+7.1 442+6.9 0.688 - - -
Total fat (E%) 353+59 355+7.3 354+6.9 0.977 - - -
UFA (% of fat)* 57.0+6.2 56.1+6.7 57.5+74 0.584 - - -
Cholesterol (mg)T 232+88 246+ 104 242 + 100 0.742 - - -
Fiber (g) 21.8+6.9 20.6+6.9 19.7+6.3 0.103 - - -
Bold values indicate p-value < 0.05 was considered statistically significant
UFA unsaturated fatty acids
Variable has been log,-transformed
Friedman test was used
“Bonferroni-corrected pairwise comparison between visits
Energy intake
and 30 min (P=0.002) and in Visit 2 between 0 and 240 min 21004 P=0.025
(P<0.001).
The changes in nutrient intake are presented in Table 2 2000
and Fig. 3. The energy intake differed significantly between
Visits 1 and 3, and it was at the lowest during the third Visit. -
The intake of energy nutrients and fiber were unchanged S 19007
between the three visits. Totally 21 patients reported using g
alcohol during stimulation, and intake diminished signifi- 1800
cantly during three visits (P =0.02), and only seven persons
reported using alcohol at Visit 3. 1700
The GLP-1 values correlated only with HbAlc in Visit
3 (r=0.279, P=0.04). No correlations between GLP-1 and ; ) 3
other variables existed. Visit

Statistically significant correlations between leptin and
hs-CRP and different variables are presented in Table 3.

Discussion

We found that during the stimulation phase of a long
agonist IVF protocol, when the estradiol level was low
and then increased, leptin concentrations peaked, and

Fig.3 The changes in energy intake in three visits. Points and error
bars indicate means and their 95% Confidence Intervals

energy intake decreased. GLP-1 values unchanged during
a long agonist protocol. Toward the end of stimulation,
hs-CRP concentrations decreased. During a postprandial
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Table 3 Statistically significant
correlations between leptin
and/or hs-CRP and selected

variables in Visits 1, 2, and 3.
Spearman correlation coefficient
was used

Leptin hs-CRP

1 2 3 1 2 3

r r r r r r
Insulin (mU/1) 0.494% 0.331* 0.4827 —0.332%
Total cholesterol (mmol/l) 0.310* 0.290* 0.407*
Low-density lipoprotein (mmol/l) 0.343* 0.398%* 0.462%*
High-density lipoprotein (mmol/l) —0.272* —0.364% —0.332%
Triglycerides (mmol/l) 0.469" 0.471%%  (0.589%* 0.379% 0.447~
Weight (kg) 0.685%%  0.735%*%  0.668**  0.429°  0.393* 0.514%%*
Leptin (pg/ml) 0.505**  0.426* 0.487+*

“p=0.001
*P<0.05
**P<0.001
#P=0.001

test, GLP-1 levels remained. Leptin values varied signifi-
cantly during low and high estradiol levels. Hs-CRP values
descended during the low estradiol levels.

Our findings are novel, with no earlier studies about appe-
tite regulation and food intake during a long agonist IVF
protocol. Therefore, we had to compare our results to other
hormonal statuses when estradiol levels are high or low.
Hormonal fluctuations during the menstrual cycle influence
appetite control and food intake [4, 13]. A mean food intake
decreases at the periovulatory phase with high estradiol lev-
els [2]. That finding is similar to our results.

An increase in food intake and appetite control occurs
during pregnancy to verify fetuses’ normal development and
growth [2]. The increase of food intake in humans is 10-15%
[14]. However, this enhancement of food intake remains
elucidated, but sex hormones, especially progesterone, are
probably involved [15]. Also, leptin levels increase during
pregnancy, and resistance to central anorectic actions of
leptin occurs [16]. In contrast, we found an increase in lep-
tin levels and a decrease in energy intake during the higher
estradiol levels. Unfortunately, we did not determine proges-
terone levels in our study. However, progesterone levels rise
during a long agonist IVF stimulation, which might affect
appetite and food intake [17, 18].

It has been shown that leptin is necessary for human
reproduction since starvation-induced leptin suppression and
genetic models of leptin deficiency are associated with hypo-
gonadism due to hypothalamic GnRH deficiency [19]. Lep-
tin also modulates steroidogenesis in human ovaries [19]. In
our study, the secretion of GnRH was blocked first, and then
exogenic FSH was used, which induced a rise in estradiol
levels and also an increase in leptin levels; hence our find-
ings were similar. Results about leptin levels during the men-
strual cycle are controversial, but some studies have reported
a slight increase in leptin during the late follicular phase
compared with the early follicular phase. This finding agrees
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with our results on leptin [20, 21]. According to a compre-
hensive review article, most studies have found a significant
alteration in leptin concentrations across the menstrual cycle
[22]. In addition, it has been demonstrated that leptin levels
remained relatively constant for two hours postprandially in
lean subjects and decreased gradually over the first 90 min
in obese subjects [23]. Our results were different, with the
most notable decrease between 30 and 60 min in Visit 2 and
between 0 and 30 min in Visit 3. We did not separate obese
and lean subjects, and the median BMI was 25.3. Further-
more, leptin induces sympathetic overactivity, particularly
in people with obesity, which results in enhanced energy
expenditure due to elevated epinephrine release at high
estradiol levels [24, 25]. This phenomenon prevents weight
gain and may explain our results about unchanging weight
during the stimulation.

GLP-1 is an anorexigenic hormone, and it increases insu-
lin secretion from the pancreatic b-cells, satiety and sup-
presses appetite [7, 8]. GLP-1 and insulin levels remained
stable in our study, and energy intake diminished during
the stimulation while rising estradiol levels. Evidence about
GLP-1's stimulatory impact on a hypothalamic—pituitary
level of the reproductive axis in animals exists [19]. GnRH-
agonist is used in a long agonist protocol, and the secretion
of endogenic FSH and LH is blocked, and then exogenic
FSH is used. The reason why GLP-1 levels were unchanged
in our study remains unclear. Also, no change in GLP-1 lev-
els occurred postprandially, which differs from the previous
results. It has been shown that GLP-1 levels rise quickly
(10 min) postprandially [7, 23]. On the other hand, leptin has
been shown to interact with GLP-1 and its receptor antago-
nist to induce satiety [9]. Leptin and GLP-1 seem to play an
important role together in modulating appetite [9]. However,
in our study, leptin levels peaked during the high estradiol
level, whereas GLP-1 remained.
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Toward the end of stimulation, while estradiol levels rose,
proinflammatory factor hs-CRP diminished. This result con-
flicts with previous findings [26, 27]. Those studies con-
cluded that controlled ovarian stimulation induces a state
of systemic inflammation. An inflammatory response may
also be stimulated by IVF-related treatments [28, 29]. Our
findings are, however, contrary.

Leptin correlated significantly with insulin, lipids, weight,
and hs-CRP in our study. Leptin has a similar anorexigenic
effect than insulin has, and it is involved with insulin sign-
aling, which explains the positive correlation [1, 5]. Leptin
levels are associated with a body fat mass, and during a
weight gain, leptin levels rise [6]. These things explain the
positive correlation between leptin and lipids or weight in
our results. The positive correlation between leptin and hs-
CRP remains unclear in our study. Hs-CRP correlated nega-
tively with HDL cholesterol concentration and positively
with triglyceride concentration and weight. As a marker of
low-grade inflammation, the hs-CRP level is chronically ele-
vated in people with obesity, which may explain the positive
correlation. Hs-CRP also correlated negatively with insulin
at Visit 3, and this finding remains unclear in our results.
Fasting glucose levels decreased between Visits 2 and 3,
and lipid profile improved during the stimulation, and these
findings support our earlier results about the safety of IVF
stimulation [11, 12].

The validity of this study can be considered good since all
these patients underwent the same IVF protocol in one unit,
and they served as their controls. All laboratory tests and
data about appetite profile and dietary intake were blindly
analyzed by personnel who had no information of the IVF
cycle phase. The diet was reported with eating diaries three
days before each visit, hence the impact of a long agonist
protocol on dietary intake could be examined. The cause
of underlying infertility (for example, obesity, polycystic
ovaries syndrome) may play a role in appetite regulation. A
limitation of this study is the relatively small study popula-
tion; limited statistical power in the analyses can affect our
results.

Conclusions

We found that, during a long agonist IVF protocol, when
estradiol levels were rising, leptin concentrations increased,
energy intake decreased, and weight remained stable. Thus,
leptin may protect from overeating during high estradiol
levels, and leptin resistance may not occur during a short
period. Also, fasting glucose decreased, and lipid profile
improved during the high estradiol levels. In addition,
hs-CRP concentrations diminished while estradiol levels
increased. Thus, an anti-inflammatory response was detected

in our study. All these metabolic changes could be consid-
ered favorable regarding the possible IVF pregnancy. These
results, similar to our previous findings, support the safety
of IVF stimulation.

Author contributions JL conceived the study, collected and analyzed
the data, and wrote the paper. PN analyzed the nutritional part of the
data and wrote that part of the paper. KR, SH, TL, US and JP conceived
the study and participated in writing. LK-N participated in writing the
paper. JR checked the laboratory analyses and participated in writing.

Funding Open access funding provided by University of Eastern Fin-
land (UEF) including Kuopio University Hospital. J.L. has received the
Medical Society of Finland’s Grant for this study (grant number 3368,
2019). J.L. has worked as a half-time researcher at the University of
Eastern Finland 2021.

Data availability The datasets generated and analyzed during the cur-
rent study are not publicly available due to privacy protection but are
available from the corresponding author on a reasonable request.

Declarations
Conflict of interest None of the authors have competing interests.

Ethical approval The study protocol was approved by the Ethics Com-
mittee of the Northern Savo Hospital District.

Consent to participate Written informed consents were obtained on
forms from all individuals included in the study.

Consent for publication The authors affirm that human research par-
ticipants provided informed consent for publication of the images in
Figs. 1, 2 and 3. Written informed consents were obtained on forms.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Asarian L, Geary N (2006) Modulation of appetite by gonadal
steroid hormones. Philos Trans R Soc Lond B Biol Sci
361(1471):1251-1263

2. Hirschberg AL (2012) Sex hormones, appetite and eating behav-
iour in women. Maturitas 71(3):248-256

3. Buffenstein R, Poppitt SD, McDevitt RM, Prentice AM (1995)
Food intake and the menstrual cycle: a retrospective analy-
sis, with implications for appetite research. Physiol Behav
58(6):1067-1077

@ Springer


http://creativecommons.org/licenses/by/4.0/

890 Archives of Gynecology and Obstetrics (2023) 308:883-891
4. Dye L, Blundell JE (1997) Menstrual cycle and appetite control: 18. Papanikolaou EG, Pados G, Grimbizis G, Bili E, Kyriazi L, Poly-
implications for weight regulation. Hum Reprod 12(6):1142-1151 zos NP et al (2012) GnRH-agonist versus GnRH-antagonist IVF
5. Michalakis K, Mintziori G, Kaprara A, Tarlatzis BC, Goulis cycles: is the reproductive outcome affected by the incidence of
DG (2013) The complex interaction between obesity, metabolic progesterone elevation on the day of HCG triggering? A rand-
syndrome and reproductive axis: a narrative review. Metabolism omized prospective study. Hum Reprod 27(6):1822-1828
62(4):457-478 19. Comninos AN, Jayasena CN, Dhillo WS (2014) The relation-
6. Stroescu RF, Marginean O, Bizerea T, Gafencu M, Voicu A, Doros ship between gut and adipose hormones, and reproduction. Hum
G (2019) Adiponectin, leptin and high sensitivity C-reactive pro- Reprod Update 20(2):153-174
tein values in obese children—important markers for metabolic 20. Asimakopoulos B, Milousis A, Gioka T, Kabouromiti G,
syndrome? J Pediatr Endocrinol Metab 32(1):27-31 Gianisslis G, Troussa A et al (2009) Serum pattern of circulating
7. Adam TC, Westerterp-Plantenga MS (2005) Glucagon-like pep- adipokines throughout the physiological menstrual cycle. Endocr
tide-1 release and satiety after a nutrient challenge in normal- J56(3):425-433
weight and obese subjects. Br J Nutr 93(6):845-851 21. Van Vugt DA (2010) Brain imaging studies of appetite in the
8. Martin AM, Sun EW, Keating DJ (2019) Mechanisms controlling context of obesity and the menstrual cycle. Hum Reprod Update
hormone secretion in human gut and its relevance to metabolism. 16(3):276-292
J Endocrinol 244(1):R1-R15 22. Salem AM (2021) Variation of Leptin during menstrual cycle and
9. Ronveaux CC, Tome D, Raybould HE (2015) Glucagon-like pep- its relation to the hypothalamic-pituitary-gonadal (HPG) axis: a
tide 1 interacts with ghrelin and leptin to regulate glucose metabo- systematic review. Int ] Womens Health 10(13):445-458
lism and food intake through vagal afferent neuron signaling. J 23. Lean ME, Malkova D (2016) Altered gut and adipose tissue
Nutr 145(4):672—680 hormones in overweight and obese individuals: cause or conse-
10. Belza A, Toubro S, Stender S, Astrup A (2009) Effect of diet- quence? Int J Obes (Lond) 40(4):622-632
induced energy deficit and body fat reduction on high-sensitive 24. Lu SC, Akanji AO (2020) Leptin, obesity, and hypertension: a
CRP and other inflammatory markers in obese subjects. Int J Obes review of pathogenetic mechanisms. Metab Syndr Relat Disord
(Lond) 33(4):456-464 18(9):399-405
11. Leppinen J, Randell K, Schwab U, Pihlajamiki J, Keski-Nisula 25. Terentes-Printzios D, Vlachopoulos C, Xaplanteris P, Ioakeimidis
L, Laitinen T et al (2020) The effect of different estradiol levels N, Aznaouridis K, Baou K et al (2017) Cardiovascular risk factors
on carotid artery distensibility during a long agonist IVF protocol. accelerate progression of vascular aging in the general population:
Reprod Biol Endocrinol 18(1):44-51 results from the CRAVE study (cardiovascular risk factors affect-
12. Leppinen J, Randell K, Schwab U, Pihlajamaiki J, Romppanen ing vascular age). Hypertension 70(5):1057-1064
J, Keski-Nisula L et al (2021) Endothelial function and concen- 26. Orvieto R, Chen R, Ashkenazi J, Ben-Haroush A, Bar J, Fisch
trations of high-sensitivity C-reactive protein, interleukin-6, and B (2004) C-reactive protein levels in patients undergoing con-
tumor necrosis factor-alpha during a long agonist IVF protocol. J trolled ovarian hyperstimulation for IVF cycle. Hum Reprod
Reprod Immunol 01(148):103434 19(2):357-359
13. Brennan IM, Feltrin KL, Nair NS, Hausken T, Little TJ, Gen- 27. Persson M, Ekerfelt C, Jablonowska B, Jonsson Y, Ernerudh J,
tilcore D et al (2009) Effects of the phases of the menstrual cycle Jenmalm MC et al (2012) Immunological status in patients under-
on gastric emptying, glycemia, plasma GLP-1 and insulin, and going in vitro fertilisation: responses to hormone treatment and
energy intake in healthy lean women. Am J Physiol Gastrointest relationship to outcome. J Reprod Immunol 96(1-2):58-67
Liver Physiol 297(3):602 28. Robinson S, Pemberton P, Laing I, Nardo LG (2008) Low grade
14. Wade GN, Schneider JE (1992) Metabolic fuels and reproduction inflammation, as evidenced by basal high sensitivity CRP, is not
in female mammals. Neurosci Biobehav Rev 16(2):235-272 correlated to outcome measures in IVF. J Assist Reprod Genet
15. Brunton PJ, Russell JA (2010) Endocrine induced changes in brain 25(8):383-388
function during pregnancy. Brain Res 10(1364):198-215 29. Seckin B, Ozaksit G, Batioglu S, Ozel M, Aydogan M, Senturk B
16. Ladyman SR, Augustine RA, Grattan DR (2010) Hormone inter- (2012) The relationship between the change in serum high sensi-
actions regulating energy balance during pregnancy. J Neuroen- tivity C-reactive protein levels and IVF success. Gynecol Endo-
docrinol 22(7):805-817 crinol 28(6):418-421
17. Huang R, Fang C, Xu S, Yi Y, Liang X (2012) Premature pro-

gesterone rise negatively correlated with live birth rate in IVF
cycles with GnRH agonist: an analysis of 2,566 cycles. Fertil
Steril 98(3):664-670.e2

Authors and Affiliations

Jonna Leppénen'

Petrus Nuotio
petrus.nuotio @uef.fi

Kaisa Randell
kaisa.randell @ fimnet.fi

@ Springer

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

- Petrus Nuotio? - Kaisa Randell® - Jarkko Romppanen* - Leea Keski-Nisula' - Tomi Laitinen® -
Jussi Pihlajaméki? - Ursula Schwab?> - Seppo Heinonen’

Jarkko Romppanen
jarkko.romppanen @islab.fi

Leea Keski-Nisula
leea.keski-nisula@kubh.fi


http://orcid.org/0000-0001-5201-295X

Archives of Gynecology and Obstetrics (2023) 308:883-891

891

Tomi Laitinen
tomi.laitinen @kuh.fi

Jussi Pihlajamaki
jussi.pihlajamaki@uef.fi

Ursula Schwab
ursula.schwab @uef.fi

Seppo Heinonen
seppo.heinonen @hus.fi

Department of Obstetrics and Gynecology, Kuopio
University Hospital and University of Eastern Finland,
Puijonlaaksontie 2, 70210 Kuopio, Finland

Institute of Public Health and Clinical Nutrition, University
of Eastern Finland, Kuopio Campus, P.O. Box 1627,
70211 Kuopio, Finland

Pihlajalinna Dextra Fertility Clinic, Helsinki, Finland

Eastern Finland Laboratory Centre, Puijonlaaksontie 2,
70210 Kuopio, Finland

Department of Medicine, Endocrinology and Clinical
Nutrition, Kuopio University Hospital, Puijonlaaksontie 2,
70210 Kuopio, Finland

Department of Clinical Physiology and Nuclear Medicine,
Kuopio University Hospital and University of Eastern
Finland, Puijonlaaksontie 2, 70210 Kuopio, Finland

Obstetrics and Gynecology, University of Helsinki
and Helsinki University Hospital, PO Box 140,
00029 Helsinki, Finland

@ Springer



	High estradiol levels during a long agonist IVF protocol are associated with decreased food intake, higher leptin concentrations, and lower levels of high-sensitivity C-reactive protein
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Participants
	Study protocol and meal
	Appetite profile and dietary intake
	Blood samples
	Statistical analyses

	Results
	Discussion
	Conclusions
	References




