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Abstract: 113 programs for infertility treatment by in vitro fertilization method with further embryo transfer to
a female’s uterus (IVF and ET), realized in the territory of Omsk, Siberian Federal District (RF), were
retrospectively analyzed. Influence of environmental factors (average monthly humidity, temperature,
atmospheric pressure and day length) on IVF procedure efficiency was evaluated considering the patients’ age,
factors and duration of sterility. Pregnancy begins less frequently at secondary absolute tubal infertility
(14.0%). Age, infertility duration and number of previous inefficient cycles are not bound with the efficiency
of infertility treatment by IVF method. From evaluation of IVF programs efficiency taking into account
environmental factors it was found out that the air temperature below zero and humidity over 70% were
connected  with unsatisfactory results of the performed treatment. IVF treatment cycle efficiency increases
when day length was over 300 hours a months. The most favorable periods in terms of IVF procedure efficiency
(from 33.3 to 54.5%) at climatic conditions of the studied territory were summer and autumn seasons.
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INTRODUCTION The detection of environmental factors and

The problem of sterility (fertility) is an important efficiency of sterility treatment using IVF along with new
characteristic of quality and potential of reproductive diagnostics of patients, drugs, cultural media,
health.  In  Russia  about  17%  of population can not embryologic and genetic techniques.
have children and the number of sterile marriages reaches There are some research works on the assessment of
7 million. The Russian Federation Government declared IVF and ET considering seasonal and nature conditions
that protection of reproductive health of the nation and [7-11].
birth rate increase are the most important tasks of the Among publications there are some works evaluating
country, besides, it is one of the priority components of IVF and ET efficiency considering influence of seasonal
the national project “Health” [1-3]. and weather conditions. Some investigations indicate

One of science-intensive and high-technology changes in natural concept of a human [12-14] and others
methods of infertility treatment is the procedure of in vitro do not prove presence of seasonal variations [9, 11-18].
fertilization  (IVF)  with  further   embryo   transfer  (ET) The above mentioned data served as a basis for
(IVF and ET) in uterine lumen The considered treatment investigation of IVF program efficiency in heavy
method becomes more and more successful from year to continental climate of Siberia characterized by severe long
year; however, only three of ten women receive the winters and short hot summers.
expected pregnancy and even less women leave the The present work was undertaken to explore the
maternity clinic with the desired child [2, 4]. dependence of results of sterility treatment with IVF on

Within the frameworks of  reproductive  medicine it medical and social characteristics of women (age, factor
is especially important to study influence of and duration of sterility, number of previous inefficient
meteorological phenomena on gametogenesis, IVF procedures). Also, this article was aimed to evaluate
fertilization, preimplantation development and early stages IVF programs efficiency considering influence of
of embryogenesis. These  stages  are  the  key  issues  for environmental  factors (humidity, atmospheric pressure,
further birth, development and life of a child [5, 6]. air  temperature,   day  length)  and  to  analyze  results  of

clarification of optimal conditions are ways to improve the
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 infertility treatment with IVF and ET methods depending Oocyte fertilization and embryo culture were
on the period of a calendar year (season, month) at
climatic conditions of Omsk, Siberian Federal District.

MATERIALS AND METHODS

In the territory of Omsk, Siberian Federal District (RF),
113 cycles of sterility treatment with IVF and ET methods
performed in 2011 on the basis of the Department of
Assisted Reproductive Technologies of the Budgetary
Health Care Institution of Omsk Region “Clinical
Maternity Hospital No. 1” were retrospectively analyzed.

The criterion for IVF procedure efficiency was clinical
pregnancy registered by transvaginal ultrasound method
at the presence of an embryonic vesicle in the uterine
lumen on the 21  day after an ET.st

Efficiency of IVF and ET programs was evaluated
considering the environmental factors. Average monthly
values of these factors, namely: humidity, atmospheric
pressure, air temperature and day length were calculated.

The groups for research were formed depending on
the efficiency of the performed treatment. The group A
included  data  of  30 (26.5%)  IVF  programs  that ended
up  with  clinical  pregnancies.   The   group   B  included
83 (76.5%) inefficient treatment cycles.

Among the efficient programs monocyesis was
diagnosed in 24 (80%) cases, including 1 abdominal
pregnancy and 4 early losses (spontaneous miscarriages
in the first 12 weeks of pregnancy). The share of multiple
pregnancy (20%) was made up by 5 twins and 1 triplet.

Cycles of superovulation stimulation were performed
with the analogues of gonadotropin-releasing hormones
and their antagonists according to the long (39.8%) or
short protocols (60.2%); the applied schemes included
Triptorelin 0.1 mg (Diphereline®; Ipsen, France) and
Cetrorelix 0.25 mg (Cetrotide®; Serono, Switzerland).

Superovulation was stimulated by recombinant
gonadotropin preparations: - follitropin (Gona-F®;
Serono, Switzerland) or -follitropin (Puregon®; Organon,
the Netherlands) in individual dosage and protocol types.

Once the leading follicles reached 17 mm,
recombinant chorionic gonadotropin was used for
ovulation induction (Ovitrell®; Serono, Switzerland).

The oocytes were obtained by means of transvaginal
puncture in 36 hours after chorionic gonadotropin
injection.

The oocyte quality was assessed with the use of the
inverted microscope (1Õ71 Olympus, Hamburg, Germany)
according to the earlier published method classifying
anomalies as cytoplasmic and extracytoplasmic [10, 13].

performed in the media Vitrolife (Sweden). Frequency of
fertilization in IVF and ET programs was 92.0%, including
15.0% of anomalies.

Embryo morphology was assessed in 42-44, 68-70,
115-118 hours after insemination according to universal
categories based on the character of embryo
fragmentation and form and size of blastomeres [1].
Blastocyst quality was evaluated on the basis of Garner
classification [5].

From 1 to 3 embryos were transferred into the uterine
lumen. In 14 (12.4%) cases of ET was performed on the
2nd  day,  in  84 (74.3%)  cases -  on  the  3   day   and  inrd

15 (13.3%) programs - on the 5th day after transvaginal
puncture. Percentage of excellent quality embryos on the
day of transfer was 35.4%.

Ultrasound monitoring of follicles growth and
endometrium evaluation, as well as transvaginal puncture
control and registration of clinical pregnancy were
performed with the use of ultrasound diagnostical system
LOGIQ P5 (GE Medical Systems, USA) and intracavitary
sensor (E8C) with the range of 4-11 MHz.

The obtained data were processed with the use of
Statistica 6.0 software (StatSoft, Inc., USA). Normality of
quantitative parameters distribution was tested according
to the criteria of Kolmogorov-Smirnov and Shapiro-Wilk.
Distributions of continuous quantitative data, being
approximately normal, were described by the central
tendency and dispersion: the averaged (M) and standard
deviation (standard deviation; SD). To describe
distributions that were not considered normal the median
(Me) and percentile (ME 25%; 75%) were applied.
Comparison of quantitative and ordinal variables was
performed with non-parametric variables of Mann-Witney
(U), Willkockson (W) and Z-criterion (Z) and in case of
categorical variables (absolute and relative frequencies
and portions) - chi-square test (x ), considering the2

degree of freedom (df). The Spearman’s coefficient of
correlation analysis (r) was used to assess relation of
variables. The reached level of significance (p) was
calculated considering the critical value (0.05) and
significant factors were marked with (*).

RESULTS

Investigation into medical and social parameters of
women revealed that age (Fig. 1) and sterility duration
(Fig. 2) were not bound with efficiency of the applied
treatment.
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Fig. 1: Age distribution of women taking part in IVF Fig. 2: Distribution of women taking part in IVF programs
programs according to sterility duration

Table 1: Sterility factor distribution at different results of treatment
Group A Group B Total IVF effect
--------------------- ----------------------- ------ ------------------------

Characteristics of sterility abs % abs % abs % P
Sterility structure Female 16 53.3 63 75.9 79 20.3 0.088

Combined 10 33.3 15 18.1 25 40.0
Male 2 6.7 1 1.2 3 66.7
Unclear 2 6.7 4 4.8 6 33.3
Total 30 100.0 83 100.0 113 26.5

IVF procedure, number 1  trial 26 86.7 70 84.4 96 27.1 0. 714st

2  trial 4 13.3 10 12.0 14 28.6nd

3  trial - - 3 3.6 3 -rd

Total 30 100.0 83 100.0 113 26.5
Sterility factor Absolute tubal 11 36.7 52 62.7 63 17.5 0.039*

Tubal and peritoneal 14 46.7 26 31.3 40 35.0
No tubal factor 5 16.6 5 6.0 10 50.0
Total 30 100.0 83 100.0 113 26.5

Form of sterility Primary 12 40.0 27 32.5 39 30.8 0. 092
Secondary 18 60,0.0 56 67,5.0 74 24.3
Total 30 100.0 83 100.0 113 26.5

The studied groups of women ranged from 26 to 46 The structure of infertility treated with IVF and ET
years of age and the average age was 33.8±4.1 years. cycles  and  considered  in the work was as follows.
Sterility duration among the patient population varied Female sterility was 69.9%, combined sterility - 22.1%,
from 1 to 20 years that was on average 8.1±4.3 years. male sterility - 2.7%, sterility of unclear aetiology or

Patients of the group A ranged from 26 to 41 years of unexplained - 5.3%.
age and their average age was 33.5±3.6 years. At efficient Among females tubal infertility dominated; absolute
treatment sterility duration varied from 1 to 17 years that tubal factor (55.8%) and tubal and peritoneal factor
was on average 8.8±4.9 years. (35.4%). Patients with secondary infertility prevailed

In the group B of inefficient IVF programs the (65.5%); among them 17.7% were multiparous and 54.0%
average age of patients was 34.0±4.3 years and sterility of women had artificial and/or spontaneous abortions in
duration was 7.8±4.1 years. their medical histories. Along with main reasons of

The working women (82.3%) did not deal with hard infertility the women were diagnosed with endometritis
manual labor and occupational hazards by their trade. (30.1%),  endometriosis  (20.4%),  trombophilia  (13.3%)

85.0%  of  IVF  treatment  cycles  were   performed and endocrinopathy (11.5%).
first time, 12.4% - second time and 2.7% - third time. An We have found out significant differences in factor
average number of IVF trials in the patients’ anamnesis distribution  at  different results of sterility treatment
was - 1.2±0.5. (Table 1).
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Table 2: Comparison of environmental indicators during IVF and ET procedures at efficient and inefficient infertility treatment

Indicator Day length, h/month Air temperature, °C Air humidity, % Atm. Pressure, mm Hg

------------------------- ------------------------- ----------------------- --------------------------

Groups A B A B A B A B

N 30 83 30 83 30 83 30 83

Descriptive statistics

M 393 355 6.7 -0.8 68.7 73.4 753 755

SD 98,2 106 13.1 14.1 10.3 10.8 4.7 4.8

Me 25% 316 249 -1.5 -13.4 60.3 65.7 750 751

Me 50% 403 353 12 1.3 65.9 77.6 753 754

Me 75% 485 456 17 11.9 78.3 82.6 757 759

Non-parametric criteria

U 975 842 925 996

W 4461 4328 1390 1461

Z -1.76 -2.63 -2.09 -1.65

X 2.93 6.19 4.11 3.582

p 0.078 0.008 0.037 0.099

The reasons of infertility in the group of inefficient and 1 procedure resulted in the diagnosed tubal
treatment with IVF and ET methods were as follows: pregnancy. Recurring programs (14 cycles) performed
female - 75.9%, combined - 18.1%, male - 1.2% and second time, ended up with   childbirth   in   28.6%   of
unexplained - 4.8%. cases.   All  procedures (3 cycles) performed third time

Clinical pregnancy within the frameworks of IVF turned out to be inefficient.
program most often began in case of male and/or The environmental conditions during the period
combined infertility factors (p=0.088). Among the patient including   the  procedure   of   ET   to   uterine  lumen
population  the  share  of  female  infertility  factor  was agreed  with  average  monthly  indicators  in   the
less - 53.3%; the more frequently observed cases were: territory  of  Omsk,   Siberian   federal   District,  RF.
combined (33.3%), male (6.7%) and unexplained infertility Despite that all the results of treatment programs were
(6.7%). registered in a wide range of environmental factors

In both groups patients with secondary infertility variation (25  and 75  percentiles), certain regularities in
prevailed;  but  at  efficient  treatment  in  the  group A the performed treatment efficiency have become clear
their number was less - 60% and accordingly in the group (Table 2).
B - 67.5% (p=0.092). At unsatisfactory IVF treatment An average air temperature at the procedure of ET to
programs the majority of women had absolute tubal uterine lumen was higher for efficient IVF cycles (from -1.5
sterility - 62.7% and accordingly in the group A the to +17°C), accordingly the lower temperature values were
number of such patients was - 36.7% (p=0.039). Clinical registered during inefficient programs (from -13 to +12°C).
pregnancy began significantly rarer for the patients with Change of relative air humidity at the procedures of ET in
secondary absolute tubal sterility. From 50 women with the group B agreed with the indicators of very humid
secondary absolute infertility the clinical pregnancy climate (from 65.7 to 82.6%) and exceeded the values for
began only for 7 (14.0%). the group A (from 60.3 to 78.3%).

The number of previous inefficient treatment cycles  Observing significant differences in temperature
did not significantly affect the results of IVF and ET characteristics (p=0.008) and levels of relative air humidity
procedures (p=0.714). At that it should be noted that all (p=0.037), that complied with satisfactory and
multiple pregnancies (6 cycles) began only in the unsatisfactory results of infertility treatment with IVF and
programs performed first time. ET methods, we could not register significant differences

IVF programs  performed  first  time   (96  cycles), in the indicators of atmospheric pressure (p=0.099) and
were efficient in 27.1% of cases. Among those 21 day length (p=0.078).
pregnancies resulted in  childbirth  (15  monocyesis  and Correlation dependences of IVF treatment efficiency
6 polycyesis), 4 pregnancies ended before  the 12   week on environmental factors were found out (Fig. 3, 4, 5).th

th th
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Fig. 3: Dependence of IVF treatment cycles efficiency on Fig. 5: Dependence of IVF treatment cycles efficiency on
ambient air temperature day length

Fig. 4: Dependence   of   IVF   treatment   efficiency  on Fig. 6: Results of IVF programs taking into account
the indicators of relative humidity of ambient months of a calendar year at climatic conditions of
medium Omsk, Siberian District, RF

Occurrence of clinical pregnancy is influenced by air seasons (p=0.038). Frequency of pregnancy beginning
temperature; the connection here is positive, strong and depending on the season for ET procedure was higher in
significant (r=0.837; p=0.001); in combination with summer-autumn period - from 33.3 to 41.7%, whereas in
humidity the connection is negative, average and the programs realized in winter-spring period the
significant (r= -0.694; p=0.012); and with day length - the satisfactory results were registered less frequently - from
connection is positive, average and significant (r=0.618; 14.8 to 17.2%.
p=0.032). Change of atmospheric pressure had no
significant influence on the results of IVF and ET DISCUSSION
procedures, so the connection was negative, average and
insignificant (r = -0.551; p=0.157). Seasonal variations have been reported for a wide

Analyzing the results of IVF treatment cycles and range of reproductive parameters such as human
taking into account the month of ET (Fig. 6) we observed conception rates [14, 19], semen quality [18, 20],
the increased efficiency of the performed treatment frequency of ovulation [21], sexual activity [22], length of
(ð=0.067) from February (16.7%) to September (54.5%) and the menstrual cycle [23], endometrial receptivity [11],
decreased results from October (28.6%) to January occurrence of spontaneous abortions [24], sex ratio at
(14.3%). birth [25] and even fertilisation rates in women

Differences in treatment efficiency for a calendar year undergoing in vitro fertilisation [15, 26]. The activity of
turned out to be significant according to the comparison the HPG-axis has also been reported to exhibit seasonal
of absolute values of the studied results for the year fluctuations  both in men [27] and women, with a decrease



World Appl. Sci. J., 19 (8): 1174-1181, 2012

1179

in  pituitary-gonadal  function  during  the  dark season various parts of the world and consequently different
[21, 28]. So it is conceivable that the seasonal fluctuation environment and climate conditions such as temperature
of reproductive parameters like the activity of the HPG- and daylight changes that could affect their results.
axis might influence fetal development of reproductive Therefore, the studies are not directly comparable. It
organs and physiology. seems likely that medicaments used in order to control

The effect of seasonality and daylight length on ovarian  and  endometrial  function  in IVF cycles as well
mammalian  reproduction  leading to spring births has as  sophisticated  laboratory  equipment and procedures
been  well established and is known as photoperiodism. in  use,  lower  the  influence of seasonal variations on
In assisted reproduction there is much greater uncertainty IVF-related parameters.
as to the effect of seasonality. In Siberian Federal District (RF) for the first time

Results from one recent study that analyzed researchers evaluated influence of meteorological factors
seasonality of births in Croatia, although naturally (average monthly humidity, atmospheric pressure and day
conceived, showed an increase in the summer birth length) on IVF procedure efficiency taking into account
proportion [29, 30] that correspondent to higher patients’ age and factors and duration of infertility.
pregnancy rate in fall found in our study. The effect of Periods considered the most favorable for IVF and ET
seasonality in the light/dark cycle on spontaneous procedures at climatic conditions of the studied territory
conception  has  been  established  among humans [31] have been determined.
but it seems to be belittled in IVF, most likely by pituitary Occurrence of clinical pregnancy in IVF and ET
suppression and the administration of the exogenous programs may be expected more frequently for the
supplement that allows complete control to be taken over patients with primary infertility (30.8%). IVF programs
the ovulation. It has been suggested that melatonin, a realized for the women with secondary infertility are more
hormone with higher secretion during darkness may often unsatisfactory (24.3%) and even rarer pregnancy
influence reproduction [28] in both maturation and begins at secondary absolute tubal infertility (14.0%).
fertilization rates [32]. Age, infertility duration and number of previous

In a published data reporting seasonality the inefficient cycles are not bound with the efficiency of
observed  differences  among   results   are  remarkable. infertility treatment with IVF and ET methods.
For example, Stolwijk et al. in the Dutch study found The performed work revealed the following
better pregnancy rates during the period from November significant dependences: decrease of air temperature
to December and February to March [16]. On the contrary, below 0°C (r=0.837; p=0.001) and increase of relative
Vahidi et al. (Iran) demonstrated significantly higher humidity over 70% (r= -0.694; p=0.012) are bound with
pregnancy  rates during the March-July period [17]. unsatisfactory results of the performed treatment;
Others presented the lowest pregnancy rates in the increase in the efficiency of IVF treatment cycles is
months of December, January, February [7] and March observed at day length over 300 hours per month
[15]. (r=0.618; p=0.032).

A recent study was completed in Brazil on whether or The investigations allowed concluding that the most
not the time of year affected the fertilization rate during an favorable period for efficient IVF procedures (from 33.3 to
IVF cycle [33]. What the study found was quite 54.5%) at climatic conditions of the studied territory are
interesting, Spring IVF procedures with ICSI had higher summer and autumn seasons (p=0.038).
fertilization rates than any other season by approximately Promising fields for future research may be
4.0% more depending on the comparison season. The comparative studies on populations of different
rates were specifically: Spring- 73.5%, Summer- 68.7%, geographic regions, supplemented with experimental
Autumn- 69.0%, Winter-67.9%. studies on animal models, where individual environmental

Occurred differences between studies may be or maternal factors are manipulated during specific
explained by various stimulation protocols in use, climate periods of early development, thereby investigating the
conditions and studies design along with different underlying physiological and molecular mechanisms.
statistical approach. Considering stimulation protocols in Such studies could help to understand early causes of
use some authors decided to include down-regulation but subfertility and reproductive disorders, opening the door
others did not. Second, studies have been conducted in for the development of preventive strategies.
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The results of this work may serve as a basis for 7. Casper,   R.F.,    H.J.    Erskine,     D.T.   Armstrong,
determination of both the most favorable and unfavorable
environmental  conditions  for infertility treatment with
IVF method  with  the  view  of optimizing the period of
IVF realization and increasing its efficiency.

Analyzing factors that might have lead to
unsatisfactory results for the patients who showed
failures of infertility treatment with IVF method it is
expedient to consider environmental factors taken place
at the moment of unsuccessful cycles in order to select
optimal conditions for further treatment with auxiliary
reproductive technologies.

To   improve    IVF and   ET   procedures  efficiency
it is recommended to consider the predictable
meteorological   conditions     during     its    preparation
and  realization.  Taking  into  account  influence of
climatic  conditions  on  IVF  procedure  efficiency,
attention should focused at preparation of
meteodependent patients targeting at reduction of
possible meteotropic reactions.
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