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Abstract

Purpose To evaluate the association of objectively measured physical activity (PA) and sedentary behaviour before and during
in vitro fertilization (IVF) with controlled ovarian stimulation (COS) and pregnancy outcomes.

Methods This longitudinal study involved 107 infertile women undergoing IVF treatment. PA and sedentary behaviour were
measured for 14 consecutive days using accelerometry as follows: (1) before IVF treatment, (2) during IVF at the implantation
time, immediately after embryo transfer, and (3) after positive pregnancy test. Total screen time was assessed by questionnaires.
COS results were measured as the number of oocytes and embryos obtained, and the study outcomes included positive hCG,
clinical pregnancy, and live birth.

Results Compared with baseline activity levels, women significantly reduced their PA and increased sedentary behaviour during
IVF (p<0.001). Higher average PA, light PA, and ratio between breaks in every >30-min blocks of sedentary time showed
positive associations, while sedentary time, number, and time accumulated in blocks of > 30 min of sedentary time associated
negatively with oocyte and embryo counts (all p <0.05). Women with high total screen time during non-work days (=7 h)
obtained 4.7 oocytes (p = 0.005) and 2.8 embryos (p =0.008) less in COS. PA and sedentary behaviour before and during IVF
did not affect the positive hCG, clinical pregnancy, and live birth outcomes.

Key message Higher levels of light physical activity and shorter
sedentary behaviour and screen-watching times before entering infertility
treatment associate with better ovarian stimulation outcomes under IVF
treatment protocols.
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Conclusion Our study results suggest that higher time spent in PA and lower time spent in sedentary behaviour before entering
assisted reproduction is associated with better COS outcomes, while activity levels before and during IVF do not affect the

implantation, pregnancy, and live birth outcomes.

Keywords Controlled ovarian stimulation - In vitro fertilization - Physical activity - Pregnancy outcome - Sedentary behaviour

Introduction

Infertility is a growing medical and global public health con-
cern [1], with a prevalence of 12—15% of couples in childbear-
ing age [2]. Infertility is experienced by an estimated 48.5
million couples worldwide, and is steadily increasing with
the trend to delay the time of first pregnancy in developed
countries, and now also in developing countries [3]. Even
though the development of assisted reproductive technologies
(ARTs) and the constant improvements in the treatment pro-
tocols have helped many infertile couples to achieve pregnan-
cy, the rates of pregnancy and live births among all ART-
treated couples still remain ~30% per treatment cycle [4].
Ways to improve ARTSs outcomes have become a critical topic
for both clinicians and couples undergoing infertility
treatment.

Several of the most influential factors of infertility treat-
ment, such as female age and genetic factors, are non-modifi-
able, while there is emerging evidence that modifiable factors,
like smoking, weight, nutrition, or physical activity (PA)
among others, can influence assisted reproduction [5, 6]. In
fact, comparative studies indicate that PA intervention may be
as effective as other clinical interventions used for improving
reproductive health outcomes, while the type, intensity, fre-
quency, and duration of optimal PA remain unclear [7]. The
American Congress of Obstetricians and Gynaecologists rec-
ommends pregnant women to engage in moderate intensity
exercise for at least 30 min most days per week [8], and sug-
gests for overweight women to lose weight and become more
physically active prior to pregnancy [9]. There are, however,
no specific guidelines of PA for women attempting conception
or women undergoing infertility treatment. In fact, no consen-
sus has been reached regarding the effect of PA before/during
ART on pregnancy outcome [10]. The few studies of female
PA and infertility treatment success have produced mixed re-
sults, where higher PA has been associated with decreased
embryo implantation and live birth in in vitro fertilization
(IVF) [11], no effect [5, 1, 2], or others have reported benefi-
cial effect of PA on IVF outcomes [10, 13—16]. Nevertheless,
in all these studies, PA was measured using self-reported ques-
tionnaires, which are prone to recall bias and reliance prob-
lems [6], and clearly, more studies evaluating objectively PA
effects on assisted reproduction are needed.

High levels of sedentary behaviour, any waking behaviour
characterized by a very low energy expenditure while in a
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sitting or reclining posture, on the other hand, have been as-
sociated with many detrimental health consequences [17], but
its effect on infertility treatment outcomes remains unex-
plored. Another important unexplored question to clinical
practice is what PA levels to recommend for women after
embryo transfer, during the 2 weeks of critical time of embryo
implantation and early pregnancy establishment. Clarifying
the role of PA and sedentary behaviour in infertility treatment,
using objective methods for assessing PA and sedentary be-
haviour, may help to provide the long-sought-after PA recom-
mendations for women undergoing infertility treatment.

The objective of this study was to examine the associations
of objectively measured PA and sedentary behaviour before
and during assisted reproduction with IVF treatment
outcomes.

Materials and methods

This longitudinal study was carried out among infertile wom-
en in reproductive age, entering [VF/ICSI (intracytoplasmic
sperm injection) treatment cycle and receiving fresh embryo
transfer (ET) at Elite Clinic and Tartu University Hospital’s
Women’s Clinic, Estonia from January 2013 to December
2016. IVF treatment cycles with donor oocytes were exclud-
ed. After a detailed explanation, in total, 107 women agreed to
participate in the study (see Fig. 1 for the study design). Power
calculation analyses showed that sample size of 100 partici-
pants with an alpha error of 5% and a power of 90% would be
enough to detect an association of an effect size of 10% var-
iance explained of the study outcomes. At enrolment, all par-
ticipants were asked to fill out a questionnaire of general char-
acteristics, and reproductive health. Patient’s measurements of
weight, height, and waist and hip circumference were obtain-
ed by an assistant nurse. The BMI was calculated as weight
(kg)/height® (m).

IVF treatment protocol was conducted according to the
gonadotropin-releasing hormone (GnRH) antagonist or ago-
nist protocols. All patients started recombinant FSH (Gonal F,
Merck Serono, Italy; or Bemfola, Finox Biotech AG,
Switzerland) injections on day 2—7 of menses, continuing dai-
ly for 9 £2-3 days until 3 follicles achieved 18 mm of diam-
eter, and human chorionic gonadotrophin (hCG) (Merck
Serono, Italy) was administered. The controlled ovarian stim-
ulation (COS) follow-up included 3—4 ultrasound assessments
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Fig. 1 Study design. Three time points for physical activity (PA)/
sedentary behaviour and 5 time points for infertility treatment outcomes
were assessed in this longitudinal study. PA and sedentary behaviour
were measured for 14 consecutive days using accelerometry at each of
the three time points: (1) before IVF treatment, (2) during IVF at the

of endometrium and follicular growth. Final follicular matu-
ration was achieved using 250 mcg of hCG followed by oo-
cyte retrieval 36 h later.

Patients who received IVF or ICSI were both included
(later indicated in conjunction as ‘IVF’). Embryo transfer
(ET) was done after COS on days 2 to 5. A serum pregnancy
test, referred to as positive hCG, was performed on 14 + 2 days
after ET and considered to be positive if 5-hCG > 10 mLU/
mL. The ultrasound evaluation for defining clinical pregnancy
was performed 6 weeks after oocyte retrieval, and was con-
sidered positive in the presence of at least one intrauterine
gestational sac and cardiac activity on ultrasound. Live birth
was abstracted from medical records.

All women were Caucasians. Patients did not receive any
restrictions or recommendations for PA during the infertility
treatment. The study was approved by the Research Ethics
Committee of the University of Tartu, and written informed
consent was obtained from all subjects before their
participation.

Assessment of PA and sedentary behaviour

PA and sedentary behaviour were measured for 14 consecu-
tive days using accelerometry at each of the three time points
as follows: (1) before IVF treatment, (2) during IVF at the
implantation time, immediately after embryo transfer, and
(3) after positive pregnancy test (see Fig. 1 for the study
design).

x
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implantation time, immediately after embryo transfer, and (3) after posi-
tive pregnancy test. Total screen time was measured at the baseline, be-
fore any IVF treatment, using a questionnaire. The study outcomes in-
cluded the number of oocytes and embryos obtained after COS, and
positive hCG test, clinical pregnancy, and live birth

Uniaxial accelerometers GT1IM (ActiGraph LLC, FL,
USA) were placed on participants’ waists to objectively assess
PA and sedentary activities’ time. Detailed information on
accelerometer assessment is described elsewhere [18].
Briefly, patients were asked to wear accelerometers for 14
consecutive days and to only remove them for swimming,
bathing, and sleeping. Three measurements of PA and seden-
tary behaviour, up to 14 days each, were performed within the
study as follows: (1) one to 6 months before IVF, termed as
baseline activity; (2) after ET, starting from the day after the
embryo transfer (embryo implantation time); and (3) after
positive serum pregnancy test, from the next day after the test
(early pregnancy establishment) (Fig. 1).

ActiLife software version 6.10.2 (ActiGraph LLC, FL, USA)
was used to process accelerometer data. Accelerometer’s output
consists in a score calculated in a minute basis intended to mea-
sure movement, usually referred to as ‘activity counts’. Non-
wear time was defined using algorithm proposed by Choi
et al. [19, 20], which consists of 90 min of consecutive 0 cpm
with an allowance of 2 min of activity when it is placed between
two 30-min windows of O cpm. This algorithm outperformed
other algorithms on the detection of non-wear time according to
our recent systematic review on accelerometry’s data analyses
methods [21]. Only women wearing the accelerometer for at
least 10 h/day for 4 or more days were included into the analysis
(N=98) [21].

PA is usually classified into different intensity categories,
i.e., different levels of energy expenditure required to perform
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certain PA, usually measured as metabolic equivalents.
Metabolic equivalents are usually measured as oxygen con-
sumption relative to body weight per minute (ml/kg/min). In
this regard, all activities occurring below 1.5 metabolic equiv-
alents in a seated or reclined posture are considered sedentary
behaviour. PA requiring energy expenditure between 1.5 and
3 metabolic equivalents is considered of light intensity, and
between 3 and 6 metabolic equivalents is considered moderate
PA. Vigorous PA included the activities requiring hard phys-
ical effort and they require more than 6 metabolic equivalents.

Accelerometers are unable to measure the energy expendi-
ture required to perform PA, but the existing linear relation-
ship between movement/accelerations, expressed as cpm, and
metabolic equivalents allow to estimate PA intensity using
validated cpm cut-points [22]. In this regard, we calculated
time per day spent at different intensities of PA using the
Freedson’s cut-points [22]. Briefly, sedentary time, light PA,
moderate PA, and vigorous PA were considered when cpm
accumulation was <100 cpm, 100-1951 cpm, 1952—
5724 cpm and > 5724 cpm, respectively [22]. Moderate-to-
vigorous PA (MVPA) was calculated by summing the time
spent at moderate and vigorous PA. Average physical activity,
expressed as mean cpm, was computed as the sum of counts
per all valid days divided by the total wear time in minutes in
these days. Beyond, as maintained time in certain behaviours
can be important of health outcomes [23], the number and
time spent in bouts of at least 10 min of MVPA and 30 min
of sedentary time were computed. An interruption up to 2 min
below or above the threshold (i.e. < 1952 cpm for MVPA and
> 100 cpm for sedentary time, respectively) was allowed to
consider bouts of activity. A variable of sedentary breaks was
also computed as the total number of ‘breaks’ during contin-
uous sedentary bouts. Finally, we computed a ratio between
the number of breaks divided by the total time accumulated in
30 min (or longer) bouts of sedentary time.

In addition to the objectively measured PA and sedentary
time, the women filled in a questionnaire, where different
screen times (TV watching, DVD, computer) were assessed
by asking women to indicate the total screen time spent during
the last 5 work days and total screen time spent during the last
non-work days (e.g. weekend). These questions were obtained
from previous large-scale surveys and have shown good reli-
ability, validity, and relation with health outcomes [24].

Statistical analyses

Descriptive characteristics of the sample and baseline PA/
sedentary behaviour were calculated. The intra-subject chang-
es in PA/sedentary behaviour from baseline (before starting
infertility treatment) to the implantation period (2 weeks on-
wards from embryo transfer) were tested using repeated mea-
sured analysis of variance (ANOVA) models. Associations of
baseline PA/sedentary variables with oocytes and embryos
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obtained after hormonal stimulation were examined using lin-
ear regression models, after adjustment for a set of potential
confounders selected based on existing clinical knowledge:
accelerometer registered time, age, body mass index, educa-
tional level, smoking, infertility diagnosis, infertility duration,
and the amount of follicle stimulation hormone administered.
Finally, the associations of PA/sedentary levels at different
time points (i.e. baseline, after embryo transfer, and after pos-
itive serum hCG pregnancy test) or changes from baseline to
implantation period with different pregnancy outcomes (i.e.
positive hCG, clinical pregnancy, and live birth) were exam-
ined using binary logistic regression models after adjustment
for the same set of confounders. Further, we tested whether
PA/sedentary levels at the three different time points varied
between women who became pregnant and those who did not
(positive hCG, positive clinical pregnancy, and live birth)
using one-way analysis of covariance (ANCOVA) models,
with the PA/sedentary variables as dependent variables (one
per model), the pregnancy groups (Yes vs. No) as fixed factor,
and the same confounders previously selected. Next, we per-
formed isotemporal substitution modelling (also called reallo-
cation modelling, which is becoming more frequently used in
the field of sport sciences [25, 26]. The isotemporal concept is
based on the assumption that the sum of time spent in seden-
tary activities, plus those of light intensity, plus those of
moderate-to-vigorous intensity (MVPA) result in the total
waking time registered by the accelerometer, so that if a wom-
an increases the time spent in one of the components (e.g. light
PA), the time spent in another component (e.g. sedentary
time) must be reduced proportionally if the rest of components
remain unchanged. Statistically, this is handled with linear
regression models entering all the activity/sedentary variables
(e.g. total registered time, light PA, and MVPA) except one
(e.g. sedentary time), plus all the potential confounders.

All analyses were performed using the IBM-SPSS soft-
ware, version 20.0. Armonk, NY, USA. The level of signifi-
cance was set at p <0.05 for all the analyses.

Results
Characteristics

Characteristics of the study sample are presented in Table 1. In
total, 107 women agreed to participate in this longitudinal
study, but as 6 women cancelled the IVF treatment, the final
number of women for the analyses remained 101. Majority of
women (70%) underwent infertility treatment because of male
factor infertility, unexplained infertility, tubal factor infertility,
advanced age, or because of no partner. Seven per cent of
women were infertile due to polycystic ovary syndrome
(PCOS) and 23% due to endometriosis. The average time of
infertility in the study group was 4.6 years. Following IVF/
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Table 1 Characteristics of the study population (patients undergoing
in vitro fertilization, IVF)

n Mean SD
Age (years) 101 335 4.1
Height (cm) 101 167.1 5.5
Weight (kg) 101 66.9 12.8
BMI (kg/m?) 101 239 44
Infertility duration (years) 101 4.6 35
Total FSH dose (IU) 100 1560.7 575.0
Oocytes retrieved 101 11.6 7.1
Embryos obtained 101 6.6 4.5
Embryos transferred 101 1.5 0.6

Frequency %

Weight status (UW/NW/OW/OB) 101 7/61/23/10 6.9/60.4/22.8/9.9

Smoking (0/1/2) 101 57/36/8 56.4/35.6/7.9
Education (university) 101 65 64.4
Diagnosis (0/1/2) 101 71/7/23 70.3/6.9/22.8
Menstrual cycle (regular) 101 87 86.1
IVF protocol (agonist) 101 72 71.3
IVF/ICSI (IVF) 101 39 38.6
ET stage (2-3 day) 101 59 62.8
hCG (positive) 101 44 43.6
Clinical pregnancy (positive) 101 40 39.6
Live birth (yes) 101 29 28.7

BMI body mass index, ET embryo transfer, FSH follicle stimulating hor-
mone, /CSI intracytoplasmic sperm injection, /VF in vitro fertilization,
UW underweight if BMI < 18.5 kg/m®, NW normal-weight if BMI be-
tween 18.5 and 24.9 kg/m?, OW overweight if BMI between 25.0 and
29.9 kg/m?, and OB obese if BMI > 30 kg/m>

ET — embryo transfer

SD standard deviation

Smoking was coded as 0 =never, 1 = formerly, and 2 = currently
Educational level was coded as 0 = under university and 1 = university

Diagnosis group O—infertility is due to male factor infertility, unex-
plained infertility, tubal factor, female age, or no partner; Diagnosis group
1—infertility is due to PCOS (including male factor infertility and PCOS;
tubal factor and PCOS); Diagnosis group 2—infertility is due to endo-
metriosis (including women with endometriosis and spouses’ male factor
infertility)

Menstrual cycle was coded as regular vs. irregular

IVF protocol was coded as agonist vs. antagonist

IVF/ICSI was coded as IVF vs. ICSI

ET stage was coded as 2-3 day vs. blastocyst

hCG test and clinical pregnancy were coded as positive vs. negative
Live birth was coded as yes vs. no.

ICSI, 43.6% of women had a positive hCG test, 39.6% of
women had clinical pregnancy and finally 28.7% of women
gave live birth. As twin pregnancy was only reported for six
(15%) out of 40 women with clinical pregnancy, we were
unable to perform any analyses to assess the associations be-
tween PA/sedentary patterns and twinning rate. Spare embry-
os from 50 women were frozen for future embryo transfers,

but as most of them are still being stored, we were not able to
calculate the PA and sedentary behaviour effects on cumula-
tive pregnancy rate.

Baseline PA and sedentary behaviour among women be-
fore infertility treatment are presented in Supplementary
Table 1. The compliance wearing the accelerometer was high,
i.e. although the minimum required to be included in the anal-
yses was 4 days with > 10 wearing hours (N=98), among
those included, 90% of them had 10 valid days or more reg-
istered (V= 88). When comparing the baseline activity levels
of the infertile women, i.e. before IVF, with their PA levels
during the IVF treatment, specifically at the time of embryo
implantation, the women significantly reduced their PA levels
and increased sedentary time as follows: average PA reduced
18% (p<0.001), light PA reduced 6% (p=0.001), MVPA
reduced 27% (p<0.001), MVPA accumulated blocks of
10 min reduced 39% (p <0.001), vigorous PA reduced 72%
(»=0.008), and number of steps per day reduced 14%
(p<0.001), while daily total sedentary time increased 4%
(p<0.001) and sedentary time accumulated in 30-min blocks
increased 9% (p <0.001) (Fig. 2).

Relationships between baseline PA and sedentary
behaviour with COS outcomes

Linear regression analysis of the associations of PA/sedentary
variables with oocytes and embryos obtained after COS are
summarized in Table 2. The average PA (p =0.04), light PA
(p =0.03), and ratio between breaks in every 30-min sedentary
time (p = 0.002) showed positive association with the number
of oocytes obtained in COS, while sedentary time (p = 0.02),
number of 30-min blocks of sedentarism (p = 0.02), and time
accumulated in > 30-min blocks of sedentarism (p =0.01) as-
sociated negatively with the oocyte count in COS (Table 2).

Regarding the obtained embryos in COS and IVF, light PA
(p =0.03) and ratio between breaks in every 30-min sedentary
time (p =0.01) showed positive association with the number
of embryos obtained, while sedentary time (p = 0.03), number
of 30-min blocks of sedentarism (p = 0.01), and time accumu-
lated of 30-min blocks of sedentarism (p =0.04) associated
negatively with the number of obtained embryos.

When assessing the self-reported total screen time spent
during work days and non-work days, the women with high
self-reported total screen time during non-work days (=7 h
TV, DVD, computer screen time) obtained 4.7 oocytes (p =
0.005) and 2.8 embryos (p =0.008) less in COS than women
with low-medium screen time (Fig. 3).

Next, we performed an isotemporal analysis of the time
spent in different intensities of baseline PA and sedentarism
in association with the number of oocytes and embryos ob-
tained in COS (Fig. 4). This analysis predicted that if a woman
increased her daily light PA for 1.5 h, thereby reducing her
daily sedentary behaviour for 1.5 h, she would obtain 1.8
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oocytes and 1.2 embryos more under COS (p=0.03 and p =
0.03, respectively).

Relationships between PA and sedentary behaviour
with pregnancy outcomes

Logistic regression analysis of possible associations of PA/
sedentary behaviour at different time points (at baseline and
during IVF) with IVF outcomes such as positive hCG, clinical
pregnancy, and live birth are presented in Tables 3 and 4. No

@ Springer

Implantation

Baseline Implantation

statistically significant association of different PA and seden-
tary indicators with IVF outcomes were detected.

Next, we analysed whether changes in PA/sedentary be-
haviour from baseline to implantation were associated with
pregnancy outcomes. When the analyses of Tables 3 and 4
were conducted using changes in PA and sedentary time from
baseline to implantation period, the results were consistent to
those shown in the tables, i.e. no significant associations were
observed. Likewise, no significant association was found
when entering into the model activity/sedentary behaviour of
aperson in a specific time point plus the change observed over
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Table 2 Associations of baseline physical activity and sedentary time with controlled ovarian stimulation (COS) outcome — oocytes retrieved and

embryos developed (N=97)

Oocytes

Embryos

UnStnd. B Lower CI Upper CI Stnd. B p value UnStnd. B Lower CI Upper CI Stnd. B p value

Average PA (counts/min) 0.01 0.00 0.02

Sedentary time (hours/day) -1.29 -2.36 -0.22

Light PA (hours/day) 1.25 0.13 2.37

Moderate PA (min/day) 0.04 -0.05 0.12

Vigorous PA (min/day) 0.06 -0.19 0.31

MVPA (min/day) 0.04 -0.04 0.12

10 min bouts of MVPA (No./day) 0.64 -1.94 322

Time accumulated in 10 min bouts -0.01 -0.11 0.10
of MVPA (min/day)

30 min bouts of sedentarism (No./day) —0.88 -1.59 -0.18

Time accumulated in 30 min bouts -0.87 —1.55 -0.19
of sedentarism (hours/day)

Ratio breaks:sedentary time in 30 min  9.79 3.74 15.85
bouts (No./hours each day)

Steps (1000/day) 0.21 -0.36 0.77

0.21 0.04 0.01 0.00 0.01 0.19 0.07
-029 0.02 -0.77 —1.46 —0.08 -0.27 0.03
0.23 0.03 0.79 0.07 1.50 0.23 0.03
0.09 0.40 0.01 —0.05 0.06 0.03 0.78
0.05 0.64 0.06 —-0.10 0.22 0.08 0.44
0.11 0.30 0.01 —0.04 0.06 0.05 0.61
0.06 0.62 -0.57 221 1.07 —0.08 049
-0.01 093 —-0.03 —-0.09 0.04 -0.09 045
-027 0.02 —0.58 —-1.03 —-0.13 -0.28 0.01
-0.28 0.01 —0.47 —0.91 —-0.03 -0.24  0.04
0.34 0.002 5.12 1.18 9.05 0.28 0.01
0.08 0.47 0.06 —0.30 0.42 0.03 0.75

Linear regression models adjusted for accelerometer registered time, age, body mass index, educational level (university vs. below university), smoking
(never, before but not now and currently), infertility diagnosis (see Table 1 for coding), infertility duration (years), and follicle stimulation hormone
administered. Exploratory additional adjustments for treatment protocol (agonist/antagonist) or infertility centre did not alter the results

PA physical activity, MVPA moderate-to-vigorous PA, CI confidence intervals, UnStnd. unstandardized beta coefficient B, Stnd. B standardized beta

coefficient

time. Moreover, those women with proven positive hCG preg-
nancy tests were asked to wear the accelerometer for 14 more
days to test whether the PA and sedentary behaviour at that
period of pregnancy had any relation with the risk of miscar-
riage and early pregnancy establishment. We observed no
statistically significant associations (data not shown).

In further exploratory analyses, we tested whether PA and
sedentary behaviour at the different time points (baseline, after
ET, after positive hCG test) differed between women who
became pregnant and those who did not using ANCOVA
models and adjusting for the same set of confounders as in
the logistic regression models indicated in Tables 2, 3, and 4.
The results showed no significant differences in PA and sed-
entary behaviour between women who had a successful preg-
nancy and those who did not (in all cases P> 0.1, data not
shown). Further, no associations between IVF outcomes and
total screen time spent during work days and non-work days
were detected (data not shown).

Discussion

To the best of our knowledge, this is the first study where
PA and sedentary behaviour is objectively measured for
14 days before any infertility treatment and for 4 weeks
during IVF procedure, 14 days after ET and 14 days after
positive pregnancy test, in order to closely observe how the

activity levels relate to IVF outcomes. In our cohort of
infertile women, higher baseline light PA and lower base-
line sedentary behaviour were associated with higher num-
ber of oocytes and embryos obtained in IVF, while PA and
sedentary behaviour before and during IVF did not affect
the implantation, pregnancy, and live birth outcomes in
fresh embryo transfers. These associations suggest that
lifestyle changes such as increase in PA and reduction of
sedentary time may positively influence ovarian hyper-
stimulation under ART protocols. Indeed, a recent system-
atic review and meta-analysis concluded that PA may be an
affordable and feasible alternative or complementary ther-
apy to fertility treatments [7]. In our study, increased PA
and reduced sedentary time support obtaining higher num-
ber of oocytes and embryos per COS at ovarian puncture,
leading to more embryos available for spare embryo freez-
ing. In fact, a recent study shows that higher oocyte yield is
independently associated with more embryos obtained and
higher cumulative live birth rates [27]. Nevertheless, due
to the limited number of patients enrolled in our study, we
cannot directly prove that higher PA and decreased seden-
tary behaviour are related to higher cumulative pregnancy
rate combining the pregnancies from fresh and all frozen-
thawed embryo transfers. This seems highly likely and
should be demonstrated in larger patient cohorts. Our study
findings also suggest that PA (at the levels observed in our
study) during the most vulnerable period of establishing a
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Fig. 3 Differences in the number of oocytes and embryos obtained after
controlled ovarian stimulation according to different levels of self-
reported screen time in work days and during non-work days (NV=98).
Analysis of covariance (ANCOVA) models with oocytes or embryos as
dependent variables (in separate models), groups of screen time as fixed
factors, and a set of potential confounders as covariates: age, body mass
index, educational level (university vs. below university), smoking (nev-
er, before but not now and currently), infertility diagnosis (see Table 1 for

pregnancy, e.g., after embryo transfer and until confirma-
tion of a clinical pregnancy, is not harmful for the IVF
procedure to succeed.

A Light PA + 1.5h
\ Sedentary - 1.5h

= MVPA unchanged
_—

Hl Sedentary [ Light PA

Fig. 4 Graphical illustration of the accelerometer isotemporal analyses
showing the association of the time spent in different intensities of
physical and sedentarism activities with oocytes and embryos obtained
after stimulation in our study group (N=98). The interpretation of this
model is that by a given value of MVPA and registered time, an increase
in, for example, 1.5 h in light PA accumulated during the whole day (slow
walking, slow biking, some houseworks, etc.) should be mirrored by a
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coding), infertility duration (years), and follicle stimulation hormone ad-
ministered. High screen time was defined as belonging to the 3rd tertile,
while low-middle screen time was defined as belonging to 1st or 2nd
tertiles. High screen time in the non-work days (i.e. 3rd tertile) was equiv-
alent to watch screens (TV, DVD, computers) for 7 h or more during the
non-work days, i.e. about 3—4 h per day. When high screen time was
defined using the 4th quartile instead of 3rd tertile, the results were
consistent

The mechanisms through which PA affect fecundability

could be as follows: (1) PA may influence ovarian function
by altering production of oestrogens and other steroid

’1\ 2 Oocytes *

’T\ 1 Embryo *

@ MVPA

decrease in sedentary time (the only variable left out of the model), which
in turn would result in the change in the dependent variable indicated by
the unstandardized regression coefficient. In our study, the regression
coefficient for oocytes and embryos of the described models were 1.8
(P=0.03) and 1.2 (P =0.03), respectively (these values were rounded to
the closest entire number in the figure for simplicity)
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Table 3 Associations of baseline physical activity and sedentary time with in vitro fertilization (IVF) outcomes (N = 97)

Baseline physical and sedentary activities Positive hCG Clinical pregnancy Live birth

(14 days registered) OR Lower Upper OR Lower Upper OR Lower Upper

CI CI CI CI CI CI

Average PA (counts/min) 1.00 0.99 1.00 1.00 0.99 1.00 1.00 0.99 1.00

Sedentary time (hours/day) 1.09 0.79 1.52 1.06 0.76 1.48 1.08 0.75 1.57

Light PA (hours/day) 0.95 0.68 1.34 1.01 0.71 1.43 0.96 0.65 1.41

Moderate PA (min/day) 0.99 0.97 1.02 0.99 0.96 1.01 0.99 0.96 1.02

Vigorous PA (min/day) 0.93 0.82 1.04 0.93 0.83 1.05 0.95 0.83 1.09

MVPA (min/day) 0.99 0.96 1.01 0.98 0.95 1.01 0.99 0.96 1.02

10-min bouts of MVPA (No./day) 1.07 0.51 2.26 0.80 0.36 1.77 0.86 0.35 2.11

Time accumulated in 10 min bouts 0.99 0.96 1.02 0.99 0.95 1.02 0.99 0.95 1.03
of MVPA (min/day)

30-min bouts of sedentarism (No./day) 1.06 0.85 1.31 1.05 0.84 1.31 1.17 0.90 1.52

Time accumulated in 30-min bouts 1.05 0.85 1.30 1.03 0.83 1.28 1.06 0.83 1.34
of sedentarism (hours/day)

Ratio breaks:sedentary time in 30-min 0.72 0.11 4.55 0.84 0.13 5.54 2.26 0.28 18.58
bouts (No./hours each day)

Steps (1000/day) 0.93 0.79 1.11 091 0.77 1.09 0.95 0.78 1.16

Binary logistic regression models adjusted for accelerometer registered time, age, body mass index, educational level (university vs. below university),
smoking (never, before but not now and currently), infertility diagnosis (see Table 1 for coding), infertility duration (years), and follicle stimulation
hormone administered. Additional adjustment for the treatment protocol (agonist/antagonist), infertility centre and transferred embryo stage did not

change the results

PA physical activity, MVPA moderate-to-vigorous PA, OR odds ratio, CI confidence intervals

hormones via the hypothalamic-pituitary-ovarian-axis [28];
(2) PA can impact reproductive function through its ability
to regulate energy balance and affect BMI, which, in turn,
are correlated with the reproductive system [29]; (3) PA may
influence lipid profiles and inflammation [30]; (4) moderate
PA levels have been shown to increase the expression of an-
tioxidant enzymes throughout the body [31]; (5) PA may im-
prove the ART outcome through insulin sensitization, which
has been shown to have an effect on ovarian response to clo-
miphene citrate during ovulation induction [32]; and (6) PA
can help to relieve stress and anxiety, which have been shown
to affect negatively ARTs [33, 34]. On the other hand, extreme
levels of exercise and being underweight may result in disrup-
tion of menstrual cyclicity and increase risk for amenorrhea
and subfertility, mostly via disruption of hypothalamic-
pituitary endocrine axis [35]. However, we lack the informa-
tion on thresholds for the amount and intensity of activity to
achieve optimal fertility.

Our study results demonstrate that women who were en-
gaged in light PA before entering infertility treatment obtained
more oocytes and embryos after the stimulation than women
who were less active. Also a recent study has associated light
PA prior to pregnancy with improved fecundity among
overweight/obese women with previous pregnancy loss [36].
Different types of PA (e.g. household, recreational, work,
transportation) or exercise (e.g. aerobic, strength) may have
different impacts on fertility. Vigorous PA for instance has

been believed to be detrimental, while moderate PA could
have beneficial effects on fertility [6]. To our knowledge, only
two previous studies have assessed the influence of PA on
COS, and no association between PA and the number of oo-
cytes and embryos obtained was found [12, 15], although the
number of oocytes and embryos tended to be lower among
inactive women [12]. In both of these studies, PA was mea-
sured using self-reported questionnaires, which are more bi-
ased than objectively measured PA [13, 37] which could ex-
plain these differences.

Based on the current study, we believe that the public
health message is to encourage light PA among infertile wom-
en by reducing the time spent for sedentary behaviours.
Indeed, according to the recently published 2018 Physical
Activity Guidelines Advisory Committee Scientific Report,
the current evidence supports that, among individuals with
low levels of activity, replacing sedentary behaviour with
light-intensity PA is associated with a better systemic health
[23]. Our study results demonstrate that women with high
sedentary behaviour (> 8 h per day) and 30-min period blocks
of sedentarism (> 7) before treatment associate with a lower
number of oocytes and embryos in IVF. Furthermore, women
who broke more frequently their sedentary behaviour obtained
better COS outcomes than women who did less breaks.
Sedentary behaviour for prolonged periods of time has been
identified as an important public health concern, associated
with a range of health issues [38—40], and is another potential
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Table4  Associations of physical activity and sedentary time during IVF (during 14 days after embryo transfer, ET) with treatment outcomes (N = 79)

Physical and sedentary activities after ET Positive hCG Clinical pregnancy Live birth

OR  Lower Upper OR  Lower Upper OR  Lower Upper

CI CI CI CI CI CI

Average PA (counts/min) 1.00  0.99 1.00 1.00  0.99 1.00 1.00  0.99 1.00
Sedentary time (hours/day) .11 0.75 1.64 1.09 0.73 1.63 122 0.79 1.88
Light PA (hours/day) 094 0.63 1.41 099 0.65 1.50 0.87 0.56 1.35
Moderate PA (min/day) 098 094 1.01 096 092 1.00 095 0.90 1.01
Vigorous PA (min/day) 1.14 085 1.51 1.16  0.87 1.57 133 097 1.82
MVPA (min/day) 098 094 1.01 096 092 1.00 095 0.90 1.01
10-min bouts of MVPA (No./day) 1.17  0.40 3.44 083 027 2.55 0.73 020 2.61
Time accumulated in 10-min bouts of MVPA (min/day) 0.99 094 1.05 098 0.93 1.04 098 0.92 1.05
30-min bouts of sedentarism (No./day) .12 0.86 1.46 1.14 0.86 1.50 1.31 096 1.81
Time accumulated in 30-min bouts of sedentarism (hours/day) .11 0.87 1.41 1.10  0.85 1.41 1.18  0.90 1.55
Ratio breaks:sedentary time in 30-min bouts (No./hours each day) 1.60 0.31 8.37 1.63 028 9.34 292 038 22.50
Steps (1000/day) 1.03  0.96 1.10 0.83 0.61 1.12 0.73 051 1.04

Binary logistic regression models adjusted for accelerometer registered time, age, body mass index, educational level (university vs. below university),
smoking (never, before but not now and currently), infertility diagnosis (see Table 1 for coding), infertility duration (years), and follicle stimulation
hormone administered. Additional adjustment for the treatment protocol (agonist/antagonist), infertility centre, and transferred embryo stage did not

change the results

PA physical activity, MVPA moderate-to-vigorous PA, OR odds ratio, CI confidence intervals

modifiable risk factor for infertility. Indeed, in a recent study,
sedentary behaviour was strongly associated with female in-
fertility [41]. Even further, our isotemporal analysis predicted
that if a woman decreased her daily sedentary behaviour for
1.5 h a day and thereby increased 1.5 h light PA, she would
obtain 2 oocytes and 1 embryo more in COS. In our cohort of
101 women, we obtained in total ~ 1200 oocytes, while by
increasing PA and reducing sedentary behaviour, this number
could grow up to ~1400. A previous extensive study
analysing the reproductive potential of 207,000 oocytes in
fresh and frozen embryo transfers yielded 4.5% live birth
per oocyte [42], indicating that by exploiting these extra 200
oocytes in IVF, the birth of nearly 10 babies is expected.
Another intriguing result in our study is the link observed
between TV/screen watching and assisted reproduction out-
comes, which has not been studied before. We found that total
screen time at non-work days was strongly associated with the
number of oocytes and embryos obtained in COS. The effect
is even stronger than sedentary behaviour measured by
accelerometry, which could be explained by the fact that not
all sedentary behaviours seem to be equally harmful for
health, and TV watching seems to be the most harmful [17].
In fact, screen time during work days (which tends to be more
work-related) was not associated with COS outcomes among
our cohort of women, while the screen time during non-work
days should be more volunteer behaviour and more likely to
be TV based. TV watching has been associated with detrimen-
tal health consequences [43, 44], including lower sperm con-
centration and lower total sperm count in young men [45].

@ Springer

In our study, women while undergoing IVF significantly
reduced PA and increased sedentary behaviour, which means
that few women engaged in vigorous activity during IVF and
therefore we cannot adequately assess whether high-intensity
PA during treatment affects pregnancy outcomes. In fact, we
did not detect any associations of objectively measured PA
and sedentary behaviour before and during IVF treatment with
IVF outcomes such as positive hCG, clinical pregnancy, and
live birth. Our study results are in line with the only pre-
vious study that has objectively assessed PA, where wom-
en significantly reduced their PA and increased sedentary
behaviour levels during IVF and no association of PA on
IVF outcomes was detected [13]. Although they measured
objectively PA during IVF, for 1 week, and the activity
levels 1 year before entering IVF were assessed with self-
reported questionnaires [13]. In line with our objectively
measured data are a number of previous studies demon-
strating that bed rest after ET in IVF programs does not
influence pregnancy outcomes and is unnecessary [46—50].
Our results contribute to the existing knowledge suggest-
ing that, at least within the levels of PA observed in our
participants, higher levels of PA during this critical period
of implantation of the embryo had no negative impact on
the changes to become pregnant, supporting the notion that
there is no evidence to suggest to avoid PA during this
period. Nevertheless, we did not find very high/extreme
levels of PA within our sample; therefore, we cannot know
how these extreme doses of PA could affect successful
implantation.
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Limitations and strengths

First, the sample may not be generalizable and should be con-
firmed in other populations. Next, the accelerometer used in
the study required removal while in the water, meaning that
water-related activities could not be recorded. Our observa-
tional study design does not allow to draw conclusions on
causality. Likewise, despite the inclusion of a broad set of
potential confounders in this study, there is always the possi-
bility that other confounding factors not included in the anal-
yses could influence the results. There are, however, several
strengths in our study that should be highlighted. Firstly, that
PA and sedentary behaviour were measured objectively using
accelerometry and that we measured activities for 14 consec-
utive days during three critical periods. Also, our unique study
design should be acknowledged, where we included only
fresh embryo transfers, and measured PA before any infertility
treatment and 4 weeks during the treatment, which enabled us
to closely observe the periods of embryo implantation and
early pregnancy establishment. Further, the confirmation of
the study findings with self-reported method, screen time mea-
sure, strengthens our conclusions.

Conclusions

Infertility treatment is costly in time, money, and emotional
stress; therefore, it is of utmost importance to identify factors
which dictate the success of infertility treatment, especially the
factors that could be modifiable (e.g. lifestyle factors). This is
the first study to objectively measure PA before and during
infertility treatment and we show that PA and sedentary be-
haviour can influence ovarian stimulation outcomes in IVF
protocol. Our results suggest that increase in light PA and
reduction of sedentary behaviour and screen watching before
IVF may help infertile women to improve their results in COS.
On the other hand, no positive or negative association of PA
with pregnancy outcomes in fresh embryo transfers, including
during the critical period of embryo implantation, was ob-
served. Thus, we conclude that PA does not seem to affect
the quality of the oocytes (as measured by the achieved preg-
nancies), but rather the quantity of the oocytes obtained (as
measured by COS parameters). Whether the increased number
of oocytes collected in more active women is transformed into
improved pregnancy rate from cumulative fresh and frozen
embryo transfers should be proven by the forthcoming
studies.
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