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Abstract: Background: The goal of this study was to examine the impact of
body mass index (BMI) and age on the outcome of the IVF process. Materials and Met-
hods: This was a retrospective case — control study, of all patients undergoing IVF from
2008-2010 in the Re-Medika IVF Centre. A total of 1238 fresh, non-donor IVF cycles
were analyzed, but to minimize the bias, only the first cycle for each patient in that
period was analysed (N-920). The patients underwent standard protocols for COH and
embryology treatment. In all retrieved oocytes, or in 100% of the cases, the process of
fertilization was realized with the method of intracytoplasmic sperm insemination (ICSI).
The primary end-point assessed was clinical pregnancy rate. Patients were initially gro-
uped into four BMI categories. The data are presented as frequencies (qualitative data)
and as mean £+ SD (quantitative data). Preliminary comparisons between groups with
different BMI were made by the Chi-square and one-way ANOVA test. Because
fertility declines with age, there is a Pearson-correlation coefficient to see if BMI de-
pends on age, and the resulting value r = 0.15 (p < 0.05) showed that BMI is age-depen-
dent, the relationship between them showed multicollinearity. However, the calculated
error tolerance of 0.9 indicates stability of the model. Furthermore, to adjust the known
fertility decline with age, every response or outcome is analysed by the method of mul-
tiple linear (continuous data) or logistic (qualitative data) regression, where the indepen-
dent variables are taken: BMI, age and BMI interaction x age. Results: Increased BMI
significantly reduces the chance of clinical pregnancy (normal weight vs. overweight:
clinical pregnancy rate: 49.2%, vs. 34.3%). Age, analysed as a single factor, signifi-
cantly reduces clinical pregnancy rate. Interaction of BMI and age significantly affects
clinical pregnancy rate. (BMI vs. BMI x Age vs. Age — p 0,01 vs. 0,001 vs. < 0,0001).
Conclusion: Increased body mass of patients entering IVF has a negative impact on the
final outcome and certainly reduces the success of the process resulting in reduced
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clinical pregnancy. Interaction of BMI and age showed a strong significant impact on
the outcome of IVF seen through the achievement of clinical pregnancy.

Key words: body mass index (BMI), Controlled ovarian hyperstimulation (COH), in
vitro fertilization (IVF), clinical pregnancy rate, age, obesity.

Introduction

The incidence of people with increased body mass is on the rise in the
world population. The World Health Organization (WHO) issued the fact that
1.6 billion people worldwide are overweight and 400 million are obese. It is
interesting that the percentage of obese people in developing countries has
increased three times over the past twenty years [1]. The formula that is uni-
versally used in medicine for showing pathology in body mass of the human
body is the body mass index (BMI, Quetelet index) [2]. Body mass index is de-
fined as the quotient of the weight of the individual expressed in kilograms and
height in metres squared kg / m2.The initiation and maintenance of reproductive
functions are related to an optimal body weight in women. Underweight (BMI
under 19 kg/m2), as well as overweight (BMI over 25 kg/m2) and obesity (BMI
over 30 kg/m2) are associated with an increased risk of certain disorders. The
most common are: menstrual cycle disorders, the occurrence of an anovulatory
infertility and a pathological condition during pregnancy [3, 4]. This pathology
is the result of multiple endocrine and metabolic disorders that disrupt the
balance through several mechanisms, directly and indirectly. It has been proven
that fat tissue affects the secretion of sex hormones and their bio-availability.
Indirectly, obesity exerts its effect via leptin, insulin and adipokines [5, 6, 7, 8§,
9, 10]. Clinical observation on the effect of body weight during IVF are
interesting and controversial. Overall, most studies have shown that overweight
and obesity have a negative impact on the success of IVF [11, 12, 13, 9, 14, 15],
but there are studies that have not found negative impact [16, 17, 18, 19, 20,
21]. Obesity has been reported to affect Controled Ovarian Hyperstimulation
(COH) in women undergoing treatment. Reported effects include prolonged
COH, increased dose requirement of gonadothrophin, increased incidence of
follicular asynchrony and increasing cancelled cycles [20, 22, 23, 24, 25]. All
this leads to a smaller percentage of clinical pregnancies and a lower percentage
of births [9, 11, 12, 13, 14, 15]. Additionally, obese women who conceive follo-
wing IVF have been found to be at increased risk of an early pregnancy loss [9,
12]. Tt is an interesting conclusion of the study which compares the increased
body mass and age of the patient and their influence on the outcome of IVF,
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concluding that age has a stronger impact than body mass [26]. The objective of
this study was to examine the effects of body mass on the outcome of IVF. The
age of the patient as an established influencing factor on the final score was
analysed as an independent variable and with BMI to determine if these two
factors have an independent or interdependent effect on IVF. The basic hypo-
thesis was that overweight has a negative impact on the outcome of in vitro
fertilisation as seen by a decreased clinical pregnancy rate, but it has a strong
dependence on the age of the patient.

Material and methods

This was a retrospective case — control study, of all patients undergoing
IVF from 2008-2010 in the Remedika IVF Centre. A total of 1238 fresh, non-
donor, IVF cycles with COH were analysed, but to minimize the bias, only the
first cycle for each patient in that period was analysed. This produced the selec-
ted group of respondents that was analyzed and the number was 920 subjects.
The parameters were obtained from the medical documentation of each patient.
The information on height and weight obtained from each patient was the basis
for calculating BMI, as the quotient of weight and height in metres squared. The
study was approved by the ethics committee of the institution.

Treatment

The patients underwent COH by two standard protocols: mid-luteal and
short protocol. Female patients began pituitary down-regulation with a gonado-
troping releasing hormone agonist (GnRh- agonist — buserelin acetate, Suprefact
®, Aventis Pharma). The third day of the spontaneous or deprivationed bleeding
patients started with injectible FSH recombinant gonadotropin, beta folitropin
(Puregon ® NVOrganon), or urinary gonadotropins: human menopausal gona-
dotropin or urofolitropin (Merional ®, Fostimon ®, IBSA Institut Biochimigue)
at a dose of 150 to 600 UI depending on the patient's age and number of pre-
antral follicles. Further investigations of circulating levels of E2, LH and quan-
titative measurement of the size of follicles were defined by the response of the
ovaries to applied therapy. Criteria for application of human chorion gonado-
tropin (hCG, Pregnyl ®) as a trigger of maturation of oocites were at least two
follicles larger than 18 mm, mean diameter. hCG was used at a dose of 10,000
Ul Transvaginal ultrasound guided oocyte retrieval was performed 32-36 h
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after hCG injection in a short intravenous anaesthesia. The seed material was
gathered from the husband the same day. In cases where azoospermia was de-
tected, the material for further processing was received from previously per-
formed or on the same day TESE procedure (testicular biopsy and sperm extra-
ction) at the male factor. In all oocytes obtained, or in 100% of the cases, the
process of fertilization was realized with the method of intracytoplasmic sperm
insemination (ICSI), (Olympus Corporation, Tokyo, Japan, Narishige Co., Ltd,
Tokyo, Japan) without considering the quality of seed. After 18 hours the first
analysis was performed on the fertilized oocite with detection of pronucleus.
The properties of the embryos were scored for 72 hours of fertilization and
transfer of embryos selected depending on the scale, age and history of the
patient was performed on the third or fifth day of development of the embryos.
Progesterone supplementation was given with (Utrogestan ®) to all patients.
Pregnancy tests were completed the 14th day after ET. Two weeks after the
positive test was conducted there was a vaginal ultrasound examination for de-
tection of clinical pregnancy.

Analysis

The primary end-point assessed was the clinical pregnancy rate. The
secondary end-points included number of oocytes, number of mature oocytes,
fertilization rate, early pregnancies lost and delivery. Definitions of terms:
pregnancy, biochemical pregnancy, clinical pregnancy, early pregnancy loss are
defined by the revised terminology dictionary for terms of assisted reproduction
prepared by the International Committee for Monitoring Assisted Reproduction
Technologies (ICMART) and the World Health Organization (WHO) [27]. Pa-
tients were initially grouped into four BMI categories [26]. The data presented
in the tables below the numbers 1, 2, 3 and 4 are presented as frequencies (qua-
litative data) and as mean + SD (quantitative data). Preliminary comparisons
between groups with different BMI were made by Chi-square and one-way
ANOVA tests. Because fertility declines with age, there is a Pearson-correlation
coefficient to see if BMI depends on age, and the resulting value r = 0,15 (p <
0.05) showed that BMI is age dependent, the relationship between them showed
multicollinearity. However, the calculated error tolerance of 0.9 indicates stabi-
lity of the model. Furthermore, to adjust the known fertility decline with age,
every response or outcome is analysed by the method of multiple linear (conti-
nuous data) or logistic (qualitative data) regression, where the independent vari-
ables are taken: BMI, age and BMI interaction x age (Table 3a and 4a). Sta-
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tistical analysis was made using the SPSS 13,0 programme for Windows. In all
analysis, p < 0.05 is considered statistically significant.

Results

A total of 920 respondents was analysed, with an average age of 33.3 +
5.4 years. The patients were initially grouped in four BMI categories: MBI <
18.5 = Underweight, MBI >18.5-24.9 = Normal weight, MBI > 25-29.9 =
Overweight and MBI > 30 = Obese. Respondents in each BMI group were si-
milar with respect to primary diagnosis, type of infertility, basal hormonal pro-
file, and differed in terms of age and years of sterility (Table 1). Respondents in
each BMI group did not differ significantly in terms of protocol, type of indu-
cer, the average number of days of giving inducers or gonadotropin in the COH
(Table 2). The average time in days of COH, and the average number of vials
provided was significantly greater in obese subjects compared to those with nor-
mal body mass and low body mass (Table 2). Obese subjects had signifycantly
lower average values of estradiol in the first check-up compared to control sub-
jects with normal and low body mass (Table 2). Respondents in each BMI
group did not differ significantly in terms of number of follicles with a size of
18 mm, but differed significantly in terms of number of follicles sized from 14
to 17 mm. The average insignificant thickness of the endometrial differs bet-
ween subjects with different BMI (Table 2). The number of embryos transferred
did not depend significantly on BMI, as well as the interaction of MBI with age
(Table 3). Analysed as a single factor, BMI insignificantly influences the likely-
hood of a positive test for pregnancy, biochemical pregnancy and early preg-
nancy loss, but increased BMI significantly reduces the chance of clinical preg-
nancy and delivery (Table 4). Age analysed as a single factor significantly redu-
ces the number of embryos transferred, and reduces the chance of a positive test
for pregnancy, clinical pregnancy and delivery, and significantly increases the
risk of early pregnancy loss, while it is a non-significant factor for biochemical
pregnancy. Interaction of BMI and age significantly affect the positive test of
pregnancy, the risk of early pregnancy loss and childbirth (Tables 4 and 4a), and
significantly affects clinical pregnancy rate. (Fig 1).
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Table 1

Baseline characteristic of women at the First IVF Fertilization Cycle Stratified by BMI

Variable BMI (body mass index) kg/m2
<185 >18.5-249 >25-299
Underweight Normal Overweight
Number of 33(3.6%) 533(57.9%) 255(27,7%)
patient %
BMI + SD 18.1+0.8 224+1.5 269+14
Age £ SD 324+4.38 33.1+54 343+54
Analysis of Variance p < 0.05
Primary diagnosis n (%)
Tubal factors 3(9.1%) 92(17.3%) 50(19.6%)
Endometriosis 11(2.1%) 5(2.0%)
Male factor 13(39.4%) 202(37.9%) 86(33.7%)
Ovulation 0 (0%) 16(3.0%) 12(4.7%)
disorders PCO
Ovarian 0 (0%) 15(2.8%) 11(4.3%)
hypofunction
Unexplained 12(36.4%) 142(26.6%) 56(22.0%)
Male and 5(15.1%) 55(10.3%) 35(13.7%)
female
Chi-square p > 0.05
Type of infertility
primary 27(81.8%) 463(86.9%) 207(81.2%)
secondary 6(18.2%) 70(13.1%) 48(18.8%)

Chi-square p>0.05

>30
Obese

99(10.8%)

33.7+3.9
351+5.6

17(17.2%)
1(1.0%)
46(46.5%)
6(6.1%)

1(1.0%)

15(15.1%)
13(13.1%)

79(79.8%)
20(20.2%)

Hormonal basal profile — 3 th day gonadothropins level cycles before KOS

E2 40.7 +24.1 41.5+£30.5
FSH 83+£238 7.9+33
LH 6.4+49 6.1+4.5

Analysis of Variance p > 0.05
Ultrasound - Number of preantral follicles

Until 5 foll. 7(21.2%) 116(21.8%)
5 —10 foll. 25(75.8%) 392(73.5%)
> 10 foll. 1(3.0%) 25(4.7%)
Chi-square p > 0.05

years of 57+32 6.5+4.1
infertility

Analysis of Variance p < 0.05

40.7 +£30.2
7.6+3.0
5.6+£29

68(26.7%)
170(66.7%)
17(6.6%)

7.7+48

39.9 +£25.0
7.6+3.5
5.1£3.0

35(35.3%)
56(56(6%)
8(8.1%)

7.8+53
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p-value

>30
Obese

89(89.9%) NS*
10(10.1%)

49(49.5%) NS*
50(50.5%)

Table 2
Comparison of Controlled Ovarian Hyperstimulation Treatment
Outcomes Measures Based on BMI
BMI (body mass index)
<18.5 >18.5-249 >25-299
Underweight Normal Overweight
Protocol COH
Long lutheal 32(96.9%)  504(94.6%) 241(94.5%)
Short 1(3.1%) 29(5.4%) 14(5.5%)
gonadothropin COH
rFSH 22(66.7%)  286(53.7%) 135(52.9%)
pwHMG 11(33.3%)  247(46.3%) 120(47.1%)

Duration of COH 10.0+1.9 10.1+£1.9
(days)

Number of 309+11.6 32.1+11.5
ampoules

E2 -6 stday COH 370.8+376.6 300.9 +285.9
E2 —day of HCG 17333 +1045 1452.8 £ 867

Number of follicles rang 1-20 rang 1-28
>18mm median=5  mediana -5

Number of foll14- rang 1-25 rang 1-29
17mm median=5  median=35

Endometrial(kvant) 9.89 +1.7 9.92+2.0

102+£1.9

343 +10.5

282.7+273.9
1383.3 £ 889
rang 1-25
median = 5
rang 1-20
median = 4

9.78+1.8

* Chi-square; ** Analysis of Variance ; *** Kruskal-Wallis
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10.7+£2.5  0.039*%*

37.3+11.7 <0.0001**

212.5+202.1 0.012%**
1096.1 +648.9 0.0002%**
rang 1-24  NS**

median =5
rang 1-25  0.0002**

median = 3

9.67+1.8 NS**
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Table 3

Comparison of In Vitro Fertilization Treatment Outcomes Measures
Based on BMI — embryology part

Variable

Embryo transfer

With ET
Cancelled
Without ET

Retrieved
oocites
Mature oocites
Fertilized
oocytes
Fertilization
rate

Top quality
transferred
embryos

Table 3a

Variable

Without ET
Retrieved
oocites
Mature oocites
Fertilized
oocytes
Fertilization
rate

Top quality
transferred
embryos

BMI (body mass index)
<185 > 18.5-24.9
Underweight Normal
30(90.9%) 500(93.8%)
2(6.1%) 13(2.4%)
1(3.0%) 20(3.8%)
13.0+9.6 10.7 £ 6.8
10.7+ 8.5 8.8+5.7
82+6.2 6.5+4.4
81.0+18.6 76.7+19.7
2.0+1.1 2.1+1.0

Multiple regression of different variables — BMI,
Age and BMI x Age on embryology outcomes

P by Multiple regression

Type of
Multiple
regression

logistic
linear

linear
linear

linear

linear

BMI

NS

<0.000

0.01
0.001

NS

NS

>25-29.9 >30
Overweight Obese
239(93.7%) 87(87.9%)
12(4.7%) 5(5.0%)
4(1.6%) 7(7.1%)
99+6.5 7.7+53
83+5.7 63+42
6.0+4.1 4.6+3.0
76.3 +20.1 79..0£19.9
20+09 20+1.1
BMI x Age Age

NS 0.001
<0.000 <0.0001
0.001 <0.0001
0.001 <0.0001
NS <0.0001
NS <0.0001

Contributions, Sec. Biol. Med. Sci., XXXII/1 (2011), 155-171



Impact of body mass index (BMI)...

163

Table 4

Comparison of Controlled Ovarian Hiperstimulation Treatment Outcomes Measures

Variable

No.of embryos
transferred

pregnancy —
positive HCG
Clinical
pregnancy
Biochemical
pregnancy

Early pregnancy
loss

Delivery

Table 4a

Variable

No.of embryos
transferred

pregnancy —
positive HCG
Clinical
pregnancy
Biochemical
pregnancy

Early pregnancy
loss

Delivery

Based on BMI — Clinical outcomes

BMI (body mass index)

<18.5 >18.5-24.9 >25-29.9
Underweight Normal Overweight
23+0.8 2.5+0.7 24+0.7
13(43.3%) 271(54.2%) 102(42.7%)
12(40%) 246(49.2%) 82(34.3%)
1(3.3%) 25(5%) 20(8.4%)

0 36(7.2%) 12(5.0%)
12(40%) 212(42.4%) 70(29.3%)

Multiple regression of different variables — BMI,
Age and BMI x Age on clinical outcomes

P by Multiple regression

Type of BMI BMIxAge
Multiple

regression

linear NS NS
logistic NS 0.046
logistic 0.01 0.001
logistic NS NS
logistic NS 0.01
logistic 0.04 0.006
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> 30
Obese
23+0.9
39(44.8%)
34(39.1%)
5(5.75%)

5(5.7%)

29(33.3%)

Age

<0.0001
<0.0001
<0.0001
NS

<0.0001

<0.0001
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Fig. 1 — The effect of Age and BMI on clinical pregnancy rate

Discussion

Success in IVF depends directly on the optimization of the controlled
ovarian hyperstimulation. The end result is to obtain oocytes and embryos of
excellent quality. On the other hand, we must not neglect, nor it is necessary to
minimize the medical complications of the process. Three main factors affect
the process of induction of ovulation. These are: patient age, ovarian reserve
and the endocrine status of the patient. Overweight and obesity through certain
pathological mechanisms affect the endocrine status of the patient, follicular
synchrony and response to COH, resulting in a reduced chance of clinical preg-
nancy. The study shows the negative impact of overweight and obesity on the
outcome of COH and the success of IVF. Interaction of BMI and age showed a
strongly significant impact on the outcome of IVF seen through the achieve-
ment of clinical pregnancy and delivery. The reduced response to COH in terms
of weight gain that we detected is noted in other studies. This disorder is seen in
the increased dose requirement of gonadotrophin, prolonged ovarian stimula-
tion, and decreased serum estradiol concentrations [9, 17, 20, 22, 23, 24, 25].
One of the factors may be responsible for increased dose requirement in obese
women; obesity has been associated with a relative gonadotrophin resistance
[28, 29, 31]. The pathological mechanism goes through elevated intrafollicular
leptin concentrations that are associated with relative resistance to the applied
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gonadotrophins through a postulated inhibitory effect upon stimulated synthesis
by granulosa cells [32, 33, 34]. On the other hand, high doses of gonadotropins
that are applied to compensate this relative gonadotrophin resistance induced by
obesity, may have a detrimental impact on the quality of an egg, embryonic
development and implantation capacity, and of course affect the uterine recap-
tivity system. The result is a low pregnancy rate and higher early pregnancy loss
rate [28]. The results show that increasing BMI significantly reduces the num-
ber of oocytes, mature oocytes and fertilized oocites. After taking into account
the age, increased BMI still significantly affects the number of oocytes, mature
and fertilizirated oocytes (Tables 3 and 3a). This confirms the findings of the
possibility of obesity being an independent factor in the disorder of maturation
of the oocytes which is found in several studies [17, 21, 25]. Disruption of the
maturity of oocites or a decrease in the number of mature oocytes is the result of
lower values of intrafolicular human horion gonadrophin which is found in
some studies. It has been suggested that a reduction in delivery of hCG to the
follicles may be related to the impaired oocite maturation (metaphase II oocites)
seen in obese women [35], but another recent large retrospective study has not
found a decreased number or reduced oocyte quality and maturation. [36]. The
fertilization rate is also of concern to some studies which concluded that
overweight and obesity reduces fertilization rate [20, 37]. In our study, elevated
body mass had no influence on the fertilization rate, several other studies have
come to the same conclusion [9, 15, 17, 21, 25, 36]. Analysed as a single factor,
increased BMI significantly reduces the chance of clinical pregnancy and
delivery. Age analysed as a single stronger factor significantly reduces the chance
of clinical pregnancy and delivery, and significantly increases the risk of early
pregnancy loss. Interaction of MBI and age significantly affects clinical preg-
nancy, and the risk of early pregnancy loss. The results of this study confirmed
the findings of some studies about the negative impact of the rise in overweight
and obesity on clinical pregnancy rate compared with those with normal body
mass [9, 11, 12, 14, 26]. But some studies have not found a negative impact on
the pregnancy rate in overweight and obese women [16, 17, 18, 19, 20, 21],
some of them even found a smaller number oocytes in the overweight but not
reduced clinical pregnancy [17, 19, 20]. In contrast, some studies found an
increased number of follicles on ultrasound during COH, an increased number
of oocytes, a smaller number of vials of inducers and a smaller number of days
of COH [18]. Some authors suggested that obese women who conceive fol-
lowing IVF have been found to be at increased risk of early pregnancy loss
associated with the reduction in the oocyte quality, which in turn brings the
potential of the worse for his embryo implantation and development [38], others
talk about obesity and its impact on endocrine and biochemical processes,
reduction of endometrial receptivity, disrupted and disturbed growth of the early
embryo [39]. In our study, analysed as a single factor BMI insignificantly influ-
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enced the result of early pregnancy loss, but the interaction of BMI and age
significantly increased the risk of early pregnancy loss. The latter is confirmed
by several studies [9, 12]. But there are also quite the opposite, finding that in-
creased weight does not affect the early pregnancy [20, 26, 40, 41, 42]. Modi-
fications of lifestyle which include a minimum intake of calories and exercises
that should produce a negative energy balance bring some improvement in re-
productive function [43, 44]. Bariatric surgery is used to treat morbid obesity
that has been unable to achieve adequate weight loss through diet, And is pro-
ven make to some positive changes such as stabilizing the menstrual cycle [45].

Conclusion

This study attempted to answer the question of whether body weight,
especially overweight, affects the outcome of IVF. The fact that the total num-
bers of IVF procedures are realized in one laboratory with a small compact
team, with the same protocols on specific points of the process, all fertilized
oocytes were by ICSI, makes this study free from some impact of a certain
group of respondents. With this, the impact of body mass and age of the result
of IVF is certainly better perceived. Increased body mass of patients entering
IVF has a negative impact on the final outcome and certainly reduces the suc-
cess of the process resulting in reduced clinical pregnancy. Interaction of BMI
and age showed a strongly significant impact on the outcome of IVF seen thro-
ugh the achievement of clinical pregnancy and delivery. Reduction of body
mass at a younger age brings some progress mainly through the mechanism of
improvement of endocrine function and certainly a better response to COH.
With older patients with an increased BMI it was necessary to look for an
adequate solution that leads to successful IVF.

REFERENCES

1. Hossain P, Kawar B, El Nahas M. Obesity and diabetes in the developing
world — a growing challenge. N Engl J Med. 2007; 356: 213-215.

2. Eknoyan Garabed. Adolphe Quetelet (1796-1874) — the average man and
indices of obesity. Nephrol. Dial. Transplant. 2008; 23 (1): 47-51.

3. Sharpe RM, Franks S. Environment, lifestyle and infertility—an intergenera-
tional issue. Nature Cell Biol. 2004; 4(Suppl): 33-40.

4. American College of Obstetricians and Gynecologists. Obesity in pregnancy
ACOG Committee Opinion No. 315. Obstet Gynecol. 2005; 106: 671-675.

Contributions, Sec. Biol. Med. Sci., XXXII/1 (2011), 155-171



Impact of body mass index (BMI)... 167

5. Poretsky L, Cataldo NA, Rosenwaks Z & Giudice LC. The insulin related
ovarian regulatory system in health and disease; Endocrine Reviews. 1999; 20: 535-582.

6. Moschos S, Chan JL & Mantzoros CS. Leptin and reproduction: a review.
Fertility and Sterility. 2002; 77: 433—444.

7. Tang T, Glanville J, Hayden CJ, White D, Barth JH & Balen AH. Combined
lifestyle modification and metformin in obese patients with polycystic ovary syndrome.

A randomized, placebo-controlled, doubleblind multicentre study. Human Reproduc-
tion. 2006; 21: 80—89.

8. Pasquali R, Pelusi C, Genghini S, Cacciari M, Gambineri A. Obesity and
reproductive disorders in women. Hum Reprod Update. 2003; 9: 359-372.

9. Fedorcsak P, Olav Dale P, Storeng R, Ertzeid G, Bjercke S, Oldereid N, et
al. Impact of overweight and underweight on assisted reproduction treatment. Hum
Reprod. 2004; 19: 2523-2528.

10. Pasquali R & Gambineri A. Metabolic effects of obesity on reproduction.
Reproductive Biomedicine Online. 2006; 12: 542-551.

11. Loveland JB, McClamrock HD, Malinow AM, Sharara FI. Increased body
mass index has a deleterious effect on in vitro fertilization outcome. J Assist Reprod
Genet. 2000; 18: 382-386.

12. Wang JX, Davies M, Norman RJ. Body mass and probability of pregnancy
during assisted reproduction treatment: retrospective study. Br Med J. 2000; 321: 1320-
1321

13. Nichols JE, Crane MM, Higdon HL, Miller PB, Boone WR. Extremes of
body mass index reduce in vitro fertilization pregnancy rates. Fertil Steril. 2003; 79:
645-647.

14. Ferlitsch K, Sator MO, Gruber DM, Rucklinger E, Gruber CJ, Huber JC.
Body mass index, follicle-stimulating hormone and their predictive value in in vitro
fertilization. J Assist Reprod Genet. 2004; 21: 431-436.

15. Lintsen AME, Pasker-de Jong PCM, de Boer EJ, Burger CW, Jansen
CAM, Braat DDM, van Leeuwen FE. Effects of subfertility cause, smoking and body
weight on the success rate of IVF. Hum Reprod. 2005; 20: 1867—-1875.

16. Lashen H, Ledger W, Lopez Bernal A, Barlow D. Extremes of body mass
index do not adversely affect the outcome of superovulation and in-vitro fertilization.
Hum Reprod. 1999; 14: 712-715.

17. Wittemer C, Ohl J, Bailly M, Bettahar-Lebugle K, Nisand I. Does body
mass index of infertile women have an impact on IVF procedure and outcome? J Assist
Reprod Genet. 2000; 10: 547-552.

18. Frattarelli JL, Kodama CL. Impact of body mass index on in vitro fertili-
zation outcomes. J Assist Reprod Genet. 2004; 21: 211-215.

19. Spandorfer SD, Kump L, Goldschlag D, Brodkin T, Davis OK, Rosen-
waks Z. Obesity and in vitro fertilization: negative influences on outcome. J Reprod
Med. 2004; 49: 973-977.

Ipunosn, Opg. 6uon. Men. Hayku, XXXII/1 (2011), 155-171



168 Petanovski Z. et al.

20. van Swieten ECAM, van der Leeow-Harmsen L, Badings EA, van der
Linden PJQ. Obesity and clomiphene challenge test as predictors of outcome of in vitro
fertilization and intracytoplasmic sperm injection. Gynecol Obstet Invest. 2005; 59:
220-224.

21. Dokras A, Baredziak L, Blaine J, Syrop C, VanVoorhis BJ, Sparks A.
Obstetric outcomes after in vitro fertilization in obese and morbidly obese women.
Obstet Gynecol. 2006; 108: 61-69.

22. Mulders AG, Laven JS, Eijkemans MJ, Hughes EG & Fauser BC. Patient
predictors for outcome of gonadotrophin ovulation induction in women with normogo-
nadotrophic anovulatory infertility: a meta-analysis. Human Reproduction Update.
2003; 9: 429-449.

23. Balen AH, Platteau P, Andersen AN, Devroey P, Sorensen P, Helmgaard
L, Arce J. The influence of body weight on response to ovulation induction with gona-

dotrophins in 335 women with World Health Organization group II anovulatory infer-
tility. BJOG. 2006; 113: 1195-1202.

24. Maheshwari A, Stofberg L & Bhattacharya S. Effect of overweight and
obesity on assisted reproductive technology — a systematic review. Human Repro-
duction Update. 2007; 13 433-444.

25. Esinler I, Bozdag G & Yarali H . Impact of isolated obesity on ICSI out-
come. Reproductive Biomedicine Online. 2008; 17: 583-587.

26. Sneed ML, Uhler LM, Grotjan EH, Rapisarda JJ, Lederer KJ. and Beltsos
AN. Body mass index: impact on IVF success appears age-related. Human Reproduc-
tion. 2008; Vol. 23, No. 8, pp. 1835-1839.

27. Zegers-Hochschild F, Adamson GD, de Mouzon J, Ishihara OR, Mansour
O, Nygren K, Sullivan E, and van der Poel S. on behalf of ICMART and WHO The
International Committee for Monitoring Assisted Reproductive Technology (ICMART)
and the World Health Organization(WHO) Revised Glossary on ART Terminology,
THuman Reproduction. 2009; Vol. 24, No. 11 pp. 2683-2687.

28. Fedorcsak P, Dale PO, Storeng R, Tanbo T & Abyholm T. The impact of
obesity and insulin resistance on the outcome of IVF or ICSI in women with polycystic
ovarian syndrome. Human Reproduction. 2001; 16: 1086—1091.

29. Homburg R, Orvieto R, Bar-Hava I & Ben-Rafael Z. Serum levels of
insulin-like growth factor-1, IGF binding protein-1 and insulin and the response to
human menopausal gonadotrophins in women with polycystic ovary syndrome. Human
Reproduction. 1996; 11: 716-719.

30. Fulghesu AM, Villa P, Pavone V, Guido M, Apa R, Caruso A, Lanzone A,
Rossodivita A & Mancuso S. The impact of insulin secretion on the ovarian response to
exogenous gonadotropins in polycystic ovary syndrome. Journal of Clinical Endocrino-
logy and Metabolism. 1997; 82: 644—-648.

31. Dale PO, Tanbo T, Haug E & Abyholm T. The impact of insulin resis-
tance on the outcome of ovulation induction with low-dose follicle stimulating hormone
in women with polycystic ovary syndrome. Human Reproduction. 1998; 13 567-570.

Contributions, Sec. Biol. Med. Sci., XXXII/1 (2011), 155-171



Impact of body mass index (BMI)... 169

32. Zachow RJ & Magoffin DA. Direct intraovarian effects of leptin: impa-
irment of the synergistic action of insulin-like growth factor-I on follicle-stimulating
hormone-dependent estradiol-17b production by rat ovarian granulosa cells. Endocrino-
logy. 1997; 138: 847-850.

33. Agarwal SK, Vogel K, Weitsman SR, and Magoffin DA. Leptin antago-
nizes the insulin-like growth factor-I augmentation of steroidogenesis in granulosa and
theca cells of the human ovary. Journal of Clinical Endocrinology and Metabolism.
1999; 84: 1072-1076.

34, Tamer Erel C, and Senturk LM. The impact of body mass index on
assisted reproduction. Current Opinion in Obstetrics and Gynecology. 2009; 21: 228—
235.

35. Carrell DT, Jones KP, Peterson CM, Aoki V, Emery BR & Campbell BR.
Body mass index is inversely related to intrafollicular HCG concentrations,embryo
quality and IVF outcome. Reproductive Biomedicine Online. 2001; 3: 109-111.

36. Bellver J, Ayllon Y, Ferrando M, Melo M, Goyri E, Pellicer A, Remohi J
& Meseguer M. Female obesity impairs in vitro fertilization outcome without affecting
embryo quality. Fertility and Sterility. 2010; 93: 447-454.

37. Matalliotakis I, Cakmak H, Sakkas D, Mahutte N, Koumantakis G & Arici
A. Impact of body mass index on IVF and ICSI outcome: a retrospective study.
Reproductive Biomedicine Online. 2008; 16: 778-783.

38. Robker RL. Evidence that obesity alters the quality of oocytes and
embryos. Pathophysiology. 2008; 15: 115-121.

39. Cano F, Landeras J, Molla M, Gomez E, Ballesteros A & Remohi J. The
effect of extreme of body mass on embryo implantation at oocytesdonation program.
Fertility and Sterility. 2001; 76 S160-S161.

40. Clark AM, Thornley B, Tomlinson L, Galletley C & Norman RJ. Weight
loss in obese infertile women results in improvement in reproductive outcome for all
forms of fertility treatment. Human Reproduction. 1998; 13: 1502—-1505.

41. Crosignani PG, Ragni G, Parazzini F, Wyssling H, Lombroso G, Perotti L.
Anthropometric indicators and response to gonadotrophin for ovulation induction. Hum
Reprod. 1994; 9: 420-423.

42. Tang T, Glanville J, Hayden CJ, White D, Barth JH & Balen AH. Com-
bined lifestyle modification and metformin in obese patients with polycystic ovary
syndrome. A randomized, placebo-controlled, doubleblind multicentre study. Human
Reproduction. 2006; 21: 80-89.

43. Norman RJ, Noakes M, Wu R, Davies MJ, Moran L & Wang JX. Impro-
ving reproductive performance in overweight/obese women with effective weight
management. Human Reproduction Update. 2004; 10: 267-280.

44. Balen AH & Anderson RA. Impact of obesity on female reproductive
health: British Fertility Society, Policy and Practice Guidelines. Human Fertility. 2007;
10: 195-206.

45. Teitelman M, Grotegut CA, Williams NN & Lewis JD. The impact of
bariatric surgery on menstrual patterns. Obesity Surgery. 2006; 16 1457-1463.

Ipunosn, Opg. 6uon. Men. Hayku, XXXII/1 (2011), 155-171



170 Petanovski Z. et al.

Pe3sume

BJIMJAHUETO HA HHAEKCOT HA TEJIECHATA MACA (BMI)
N BO3PACTA HA UCXOJOT OJJ BOHTEJIECHOTO OIIVIOAYBAIBE

HeranoBcku 3., lumutpos I'., Ajaun b., Xagu-Jlera M., Cotuposcka B.,
Martesckn B., CtojkoBcka C., CantupoBcku C., lllymaecku J., [leranoscka E.

Lenitiap 3a eoHilienecro oilnodysarse, I[lpsa tipusailina ollwitia bonHuya,
Pe-Meouxa, Croiije, P. Makedonuja

IenTa Ha oBaa cTyauja Oemie Aa ro UCIUTA BIMjaHUETO HA MHJICKCOT Ha Te-
necHara maca (BMI) u Bo3pacta Bp3 MCXOAOT O IIPOLECOT Ha MH BUTPO (hepTHIIH3a-
111ja, OZJTHOCHO BOHTEIICCHO OILIIOAYBAbE.

Meitioou: PerpocniekTiBHa case control cTynuja, Kaj MAlMEHTKA KOW pealiu-
3upaa uH BUTPO (epTuim3anuja Bo LIeHTapoT 32 BOHTENIECHO OIUIOIYBAHkbE KOj € JIeN OJf
ITpBaTa npuBatHa omiura 6onHua — Pe-Menuka, Bo neproa ox 2008 no 2010 roauHa.
BkymHHOT Opoj Ha MAIMEHTH KOW pean3nupaa UH BUTPO (epTHin3anyja BO HaBeACHHOT
niepuoy Oeme 1.238 marenTku. 3apaau n30erHyBambe Ha BIIHjaHHE HA TIOBTOPYBamkE Ha
MOJIATOIIM BO TIOTJIE HA OCHOBHHUTE IMapaMeTpH Ha TallMeHTUTE BO CTyAHWjaTa BIIEroa
MAIMEeHTH KOW BO TOj IEPHOJ HalpaBHJIe CaMo elIeH, H TOa caMo MPBUOT OOWI 32 MH
BUTPO (epTHIM3alHja BO HaIllaTa YCTaHOBA BO rOpeHaBeNeHUOT neproa. Co Taa cenex-
[{ja ce J0jae 10 Tpylnara Ha UCIIMTAHUIM Koja Ocllle aHaTu3MpaHa a uuj Opoj u3Hecy-
Bare 920 ucnuranunu. Kaj cure Oere peanusnpaHa KOHTPOJIUpaHa OBapHjaHA XUIIEp-
CTHMYJIalldja ¥ BOHTEJIECHO (MH BHUTPO) OIUIOAYBame. BOHTENECHOTO OILIOAyBame Kaj
CHUTE MAalMeHTH Oellle HalpaBeHO CO METOJOT Ha MHTEPIUTOIIa3MaTCKa HHCEMHUHAIIN]a
Ha eneH criepmaro3ous (ICSI). [IpumapeH 3akiTydok 3a ycnexoT OJf HH BUTPO (hepTHITH-
3anujara Oemre KiIMHWYKata OpeMeHocT. IlanmeHTUTE C€ MHUIMjaIHO TPYNHUPAaHH BO
yetupu MBI kareropuu. ITogaTouute ce NprKakaHU Kako (PPEKBEHIIMU (KBATUTATUBHU
HojaToNN), U Kako mean + SD (kBaHTUTATUBHU mojarou). IIpenumuHapHUTe KOMIIa-
pauun mery rpynure co pasnumdeH BMI ce HampaBenu co Chi-square u one-way
ANOVA TectoT. buzejkn mimogHocta onara co Bo3pacta, HallpaBeHa € Kopenaiuja co
Pearson-oBuoT koeduireHT 3a fa ce Buau ganu BMI 3aBucu of Bo3pacta, U o godue-
Harta BpeaHoct r = 0,15 (p < 0,05). Ce nokaxa nexa BMI 3aBucu on Bo3pacra, 0IHOCHO
Mel'y HUB IIOCTOM MYJTHKOIMHeapHOCT. Ho, cemak, mpecMeTaHHMTe IpeIIKd Ha ToJe-
pantHoCT on 0,9 mokaxxyBaaT CTaOHITHOCT Ha MOJICIIOT.

[Monaramy, 3a ga ce mpwaroJu MO3HATHOT MaJ HA TUIOJHOCTA CO BO3pAacTa,
CEKOj OJIrOBOP HJIM UCXOJ] € aHAIM3UPaH CO METONOT Ha MynTHIUIa IMHEeapHa (KOHTH-
HYUpaHH TIOAATOIM) WM JIOTUCTHYKA (KBaJUTAaTHBHU MOAATOLM) pErpecuja, BO KOU
Kako He3aBUCHHU Bapujabmu ce 3emaar BMI, Bo3pacra u untepakuujata BMI X Bo3pacrt.
3ronemennor BMI 3HauuTenHO ja HamanyBa IIaHcaTa 3a KIMHHYKa OpemeHoct. Crarn-
KaTa Ha KIMHUYKaTa OPEMEHOCT Kaj MallMeHTKUTE CO HOPMAJIHA TEJIeCHa Maca U3HeCy-
Baie 49,2%, 3a pa3iiKa Kaj OHHE CO TOKaueHa TeliecHa Maca Kaze mmro oOere 34,3%.
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Bospacra ananu3upaHa Kako equHedeH (HakTop CUTHU(UKAHTHO ja HaMalyBa CTallKaTa
Ha KIMHHMYKa OpeMeHocT. MHTepakuujata Ha BMI u Bo3pacta CUTHU(UKAHTHO BIMjae
Ha cTarkara Ha kiuHn4ka oOpemeHoct (BMI vs BMI x Age vs Age —p 0,01 vs. 0,001 vs.
<0,0001).

3aknyuox: Cryaujara To MOKa)KyBa HEraTUBHOTO BIMjaHUE OJ 3rojeMeHaTa
TeleCHa Maca U o] 3/1e0eIEHOCTa BP3 UCXOJ0T Ol KOHTPOJIUpaHaTa OBapujalHa XUIep-
CTUMyJIallija U YCIIEXOT OJ BOHTENECHOTO OIUIOAYBame IVICNAaHO MPEeKy HamajeHara
CTaIlka Ha KIWHIYKa OPEMEHOCT.

Wnrepakuujara Ha BMI u Bo3pacTa nokaxka CHJIHO CUTHU(HMKAHTHO BIIMjaHUE
Ha UCXOJIOT OJ1 BOHTEJIECHOTO OIUIOJyBamb€, IJIeAaHa IPEKy MOCTUTHYBAhEe Ha KIIMHUY-
Kara OpeMEHOCT U IIOPOIyBAKETO.

Kinyuynu 300poBu: HHAEKC Ha TeJECHA Maca, KOHTPOJIUPAHA OBAapHjallHA XUIIEPCTUMY-
Jaluja, BOHTEIIECHO OIJIONYBame, CTAllKa Ha KIIMHUYKA OPEMEHOCT, BO3pacT, 00C3UTET.
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